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Introduction 

I The NEC microcomputer data book is issued in two 
volumes. 

• Volume 1: Single-Chip Products 

• Volume 2: Microprocessors, Peripherals, and DSP 
Products 

NEC offers a wide variety of microprocessors and Digital 
Signal Processing (DSP) products for you to choose 
from. Volume 2 covers microprocessor, peripheral, 
DSP, and speech products. These products are offered 
in a variety of processes (NMOS and CMOS) and in a 
variety of package types. This extraordinary selection 
of products provides the systems designer with a wide 
assortment of design alternatives with products that 
truly fit your data processing, communications, in
strumentation, industrial, and telecommunications 
needs. 

Volume 2 is divided into the following sections. 

1. General Information. This section includes ordering 
information, product selection guides, and ROM Code 
submission procedures. 

2. Quality and Reliability. The NEC concepts of de
signed-in quality and total quality control as a com
pany-wide activity are discussed here. 

3. CMOS Microprocessors. This section covers NEC's 
8-bit, 16-bit and 32-bit lines of CMOS microprocessors. 
Included is NEC's proprietary V-Series of advanced 
CMOS microprocessors and co-processors. 

4. NMOS Microprocessors. This section covers NEC's 
8-bit, 16-bit lines of NMOS microprocessors. 

5. Digital Signal Processors and Speech. This section 
covers NEC's line of low cost 16-bit NMOS and CMOS 
Signal Processing Peripherals, advanced Non-Von
Neuman Image Processor, advanced 32-bit CMOS 
Signal Processor, and various speech products. 

6. Intelligent Peripheral Controllers. This section 
Icovers NEC's line of Magnetic Media, Communication 
and Graphic Controllers. Included are floppy disk, 
hard disk, disk support chips, serial controllers, LAN 
controller, and GPIB controller. 

7. CMOS System Support Products. This section 
covers NEC's line of CMOS System Support Products. 
rhese products are CMOS versions of most of the 
NMOS System Support Products. They have been 
specially designed for low cost, low power system 
needs. 

~. NMOS System Support Products. This section 
~overs NEC's line of 808S/8088/8086 NMOS and Bipolar 
:;ystem support chips. 

GENERAL INFORMATION 

9. Development Tools. A comprehensive line of de
velopment hardware and software products support 
NEC's single-chip microcomputer families. 

10. Packaging. This section provides dimensioned 
package drawings and a cross-reference from package 
type to device numbers . 

Ordering Information 

Part numbers for ordering microcomputer products 
are listed on the first page of each data sheet. NEC's 
part numbers consist of four elements as shown in the 
example that follows. 

Part Numbering System 

fJP D 710S4 C 

Ta.....-. __ Package type 
Plastic DIP = C, C-1, C-2, 

C-4, C-S, C-6, C-8 
Plastic shrink DIP = CT 
Plastic skinny DIP = CX 
Ceramic DIP = D, D-1, 

D-2, D-S, D-8, D-10, D-18 
Cerdip DIP= D, D-2 (make 

sure you have pointed 
out Cerdip.) 

Plastic SO = G 
Plastic miniflat = G, G-4, 

G-S, G-6, G-8 
PLCC = L, L-S, L-8 
PGA = R, R-8 

L...-__ Device identifier (alphanumeric) 

L..-__ Device type: D = Digital MOS 
B = Bipolar 

L...-__ NEC monolithic silicon integrated circuit 

1-3 
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Highlights of New Products Coming 

pPD70616 [V60] 32-Bit CMOS Microprocessor 

The jJPD70616 (V60) is a high-performance, 32-bit 
CMOS microprocessor. The V60 includes advanced 
features such as thirty-two 32-bit general-purpose 
registers and a powerful instruction set optimized for 
high-level languages and operating systems such as 
UNIX™ and MS-DOSTM. The on-chip, demand-paged 
memory management and floating point units further 
increase performance and design flexibility. 

The V60 has 24-bit address lines and a 16-bit data path. 
It will address 16 megabytes in real physical memory 
and 4 gigabytes in virtual memory. The device will be 
run on 16-MHz speed clock and offered in a 68-pin pin 
grid array (PGA) package. The part and data sheet will 
be available after June 1986. 

1-4 
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pPD70611 Clock Generator/Driver 

The jJPD70611 is a CMOS clock generator for the V60. 
From 32-MHz crystal oscillator, in generates and 
supplies 16-MHz clock to the V60, as well as various 
synchronized signals. It will be offered in a 20-pin 
plastic DIP package and be available after June 1986. 

pPD71613 System Controller 

ThejJPD71613 is a CMOS system controllerforthe V60. 
It employs output signals for the V60, e.g. status 
signals, providing simple interface with external devices 
e.g. memory, I/O etc. 

pPD7261 BD-23 High Speed Hard Disk Controller 

The jJPD7261 8D-23 is a speed enhanced version of the 
jJPD7261 8D-18. It is designed to work in SMD systems 
that have a data rate above -20-MHz. 
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CMOS Microprocessor Selection Guide 

Device 

pPD70008C 

pPD70008AC-4 

pPD70008AC-6 

pPD70008AG-4 

pPD70008AG-6 

pPD70008AL-6 

pPD70108C-5 

pPD70108C-8 

pPD70108D-5 

pPD70108D-8 

pPD70108D-10 

pPD70108G-5 

pPD70108G-8 

pPD70108L-5 

pPD70108L-8 

pPD70116C-5 

pPD70116C-8 

pPD70116D-5 

pPD70116D-8 

pPD70116D-10 

pPD70116G-5 

pPD70116G-8 

pPD70116L -5 

pPD70116L-8 

~PD70208R-8 

IlPD70208L-8 

uPD70208G-8 

uPD70216R-8 

:.tPD70216L-8 

lPD70216G-8 

,PD70616R 

,PD72191D 

",ote: 

Description 

Microprocessor 
(CMOS Z80) 

Microprocessor 
(CMOS Z80) 

Microprocessor 
(CMOS Z80) 

Microprocessor 
(CMOS Z80) 

Microprocessor 
(CMOS Z80) 

Microprocessor 
(CMOS Z80) 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Microprocessor 

Floating Point 
Processor 

Available fourth quarter 1986. 

1. Not available introduction date. 

Data 
Bits 

8 

8 

8 

8 

8 

8 

8/16 

8/16 

8/16 

8/16 

8/16 

8/16 

8/16 

8/16 

8/16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

8/16 

8/16 

8/16 

16/16 

16/16 

16/16 

16/32 

16/321 
64/80 

Clock 
[MHz) 

4 

4 

6 

4 

6 

6 

5 

8 

5 

8 

10 

5 

8 

5 

8 

5 

8 

5 

8 

10 

5 

8 

5 

8 

8 

8 

8 

8 

8 

8 

16 

8 

Supply 
Voltage 

[V) 

+5 

+5 

+5 

+5 

+5 

+5 

+5 
+5 
+5 
+5 
+5 
+5 
+5 
+5 
+5 
+5 
+5 
+5 
+5 
+5 
+5 
+5 
+5 
+5 
+5 
+5 
+5 

+5 
+5 
+5 

+5 
+5 

GENERAL INFORMATION 

Power Dissipation 

Active Standby 
[rnA) [rnA) 

30 .5 

30 .4 

30 .4 

30 .4 

30 .4 

30 .4 

45 6 

45 6 

45 6 

45 6 

45 6 

45 6 

45 6 

45 6 

45 6 

45 6 

45 6 

45 6 

45 6 

45 6 

45 6 

45 6 

45 6 

45 6 

50 10 

50 10 

50 10 

50 10 

50 10 

50 10 

(Note 2) (Note 2) 

(Note 2) (Note 2) 

Package 

Plastic DIP 

Plastic DIP 

Plastic DIP 

Plastic Miniflat 

Plastic Miniflat 

PLCC 

Plastic DIP 

Plastic DIP 

Ceramic DIP 

Ceramic DIP 

Ceramic DIP 

Plastic Miniflat 

Plastic Miniflat 

PLCC 

PLCC 

Plastic DIP 

Plastic DIP 

Ceramic DIP 

Ceramic DIP 

Ceramic DIP 

Plastic Miniflat 

Plastic Miniflat 

PLCC 

PLCC 

PGA 

PLCC (Note 1) 

Plastic Miniflat 
(Note 1) 

PGA 

PLCC (Note 1) 

Plastic Miniflat 
(Note 1) 

PGA (Note 2) 

Ceramic DIP 

Pins 

40 

40 

40 

44 

44 

44 

40 

40 

40 

40 

40 

52 

52 

44 

44 

40 

40 

40 

40 

40 

52 

52 

44 

44 

68 

68 

80 

68 

68 

80 

68 

40 
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NMOS and HMOS Microprocessor Selection Guide 

Supply 
Power Dissipation 

Data Clock Voltage Active Standby 
Device Description Bits (MHzl (VI (mAl (mAl Package Pins 

JlPD780C NMOS Microprocessor 8 2.5 +5 150 Plastic DIP 40 

JlPD780C-1 NMOS Microprocessor 8 4 +5 200 Plastic DIP 40 

JlPD780C-2 NMOS Microprocessor 8 6 +5 200 Plastic DIP 40 

JlPD8085AC-2 NMOS Microprocessor 8 5 +5 170 Plastic DIP 40 

JlPD8085AHC HMOS Microprocessor 8 3 +5 135 Plastic DIP 40 

JlPD8085AHC-2 HMOS Microprocessor 8 5 +5 135 Plastic DIP 40 

JlPD8086D HMOS Microprocessor 16 5 +5 340 Ceramic DIP 40 

JlPD8086D HMOS Microprocessor 16 5 +5 340 Cerdip 40 

JlPD8086D-2 HMOS Microprocessor 16 8 +5 350 Cerdip 40 

JlPD8088D HMOS Microprocessor 8 5 +5 340 Ceramic DIP 40 

JlPD8088D-2 HMOS Microprocessor 8 8 +5 350 Ceramic DIP 40 

Digital Signal Processor and Speech Selection Guide 

Supply 
Power Dissipation 

Data Clock Voltage Active Standby 
Device Description Bits (MHzl (VI (mAl (mAl Package Pins 

JlPD7281D NMOS Image 16 5 +5 500 Ceramic DIP 40 
Pipelined Processor 

JlPD9305R CMOS IPP 8/16 10 +5 100 PGA 132 
Support Chip 

JlPD7720AC NMOS Digital 16 8 +5 170 Plastic DIP 28 
Signal Processor 

JlPD7720AD NMOS Digital 16 8 +5 170 Ceramic DIP 28 
Signal Processor 

JlPD77C20D CMOS Digital 16 8 +5 40 Ceramic DIP 28 
Signal Processor 

JlPD77C20L CMOS Digital 16 8 +5 40 PLCC 44 
Signal Processor 

JlPD77P20D NMOS Digital 16 8 +5 350 Cerdip 28 
Signal Processor 

JlPD77230R CMOS Advanced 32 13.3 +5 340 PGA 68 
Signal Processor 

JlPD7730C NMOS ADPCM Speech 8 8 +5 210 Plastic DIP 28 
Encoder 1 Decoder 

JlPD7755C CMOS ADPCM Speech .7 2.7 to 5.5 0.6 Plastic DIP 18 
Synthesizer 

JlPD7756C CMOS ADPCM Speech .7 2.7 to 5.5 0.6 Plastic DIP 18 
Synthesizer 

JlPD7759C CMOS ADPCM Speech 8 .7 2.7 to 5.5 0.6 Plastic DIP 40 
Synthesizer 
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I NEe GENERAL INFORMATION 

Intelligent Peripheral Controller Selection Guide 

Supply 
Power Dissipation 

Data Clock Voltage Active Standby 
Device Description Bits (MHz) (V) (rnA) (rnA) Package Pins 

Magnetic Media Controllers 

J.lPD765AC NMOS Singlel 8 8 +5 150 Plastic DIP 40 
Double Density FDC I J.lPD765AC-2 NMOS Singlel 8 8 +5 150 Plastic DIP 40 
Double Density FDC 

J.lPD7265C NMOS Singlel 8 8 +5 150 Plastic DIP 40 
Double Density FDC 

J.lPD7265C-2 NMOS Singlel 8 8 +5 150 Plastic DIP 40 
Double Density FOC 

J.lPD72065C CMOS Singlel 8 8 +5 10 .5 Plastic DIP 40 
Double Density FDC 

J.lPD72065G CMOS Singlel 8 8 +5 10 .5 Plastic Miniflat 52 
Double Density FDC 

J.lPD72065L CMOS Singlel 8 8 +5 10 .5 PLCC 44 
Double Density FDC 

J.lPD72066C CMOS Singlel 8 8 +5 10 .5 Plastic DIP 40 
Double Density FDC 

J.lPD72066G CMOS Singlel 8 8 +5 10 .5 Plastic Miniflat 52 
Double Density FDC 

J.lPD72066L CMOS Singlel 8 +5 10 .5 PLCC 44 
Double Density FDC 

J.lPB9201C Bipolar Floppy 16 +5 270 Plastic DIP 40 
Disk Interface 

J.lPD71065G CMOS Analog 19.2 +5 25 Plastic SO 28 
Phase-Locked Loop 

~PD71066CT CMOS Analog 19.2 +5 25 Plastic Shrink DIP 30 
Phase-Locked Loop 

uPD7260D NMOS Hard/Floppy 8 12 +5 320 Ceramic DIP 40 
Disk Controller 

uPD7261AD NMOS Hard Disk 8 12 +5 320 Ceramic DIP 40 
Controller 

1PD7261 BD-18 NMOS Hard Disk 8 18 +5 320 Ceramic DIP 40 
Controller 

lPD9306AC CMOS Hard Disk 10 +5 30 Plastic DIP 28 
Interface 

lPD7262D NMOS ESDI 8 18 +5 320 Ceramic DIP 40 
Controller 
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GENERAL INFORMATION t\'EC 
Intelligent Peripheral Controller Selection Guide (cont) 

Supply 
Power Dissipation 

Data Clock Voltage Active Standby 
Device Description Bits (MHz) (V) (mA) (mA) Package Pins 

Communications Controllers 

pPD7201AC NMOS MPS 8 4 +5 230 Plastic DIP 40 
Communications 
Controller 

pPD7201AD NMOS MPS 8 4 +5 230 Ceramic DIP 40 
Communications 
Controller 

pPD72001C CMOSMPS 8 8 +5 40 2 Plastic DIP 40 
CommUnications 
Controller 

pPD72001L CMOS MPS 8 8 +5 40 2 PLCC 44 
Communications 
Controller 

pPD72105C CMOS Omninet 8 8 +5 40 2 Plastic DIP 48 
Local Network 
Controller 

pPD72105L CMOS Omninet 8 8 +5 40 2 PLCC 52 
Local Network 
Controller 

pPD7210C NMOS Intelligent 8 8 +5 180 Plastic DIP 40 

Graphics Controllers 

pPD7220AD NMOS Graphics 8 6 +5 270 Ceramic DIP 40 
Display Controller 

pPD7220AD-1 NMOS Graphics 8 7 +5 270 Ceramic DIP 40 
Display Controller 

pPD7220AD-2 NMOS Graphics 8 8 +5 270 Ceramic DIP 40 
Display Controller 
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CMOS System Support Product Selection Guide 

Supply 
Power Dissipation 

Data Clock Voltage Active Standby 
Device Description Bits [MHz) [V) [rnA) [rnA) Package Pins 

JlPD71011C Clock Pulse 20 4.5 to 5.5 30 Plastic DIP 18 
Generator /Driver 

JlPD71011G Clock Pulse 20 4.5 to 5.5 30 Plastic SO 20 I Generator / Driver 

JlPD71051C Serial Control Unit 8 8 4.5 to 5.5 10 .05 Plastic DIP 28 

JlPD71051G Serial Control Unit 8 8 4.5 to 5.5 10 .05 Plastic Miniflat 44 

JlPD71051L Serial Control Unit 8 8 4.5 to 5.5 10 .05 PLCC 28 

JlPD71054C Programmable 8 8 4.5 to 5.5 30 .05 Plastic DIP 24 
Timer /Counter 

JlPD71054G Programmable 8 8 4.5 to 5.5 30 .05 Plastic Miniflat 44 
Timer /Counter 

JlPD71054L Programmable 8 8 4.5 to 5.5 30 .05 PLCC 28 
Timer /Counter 

JlPD71055C Parallel Interface 8 8 4.5 to 5.5 15 .05 Plastic DIP 40 
Unit 

JlPD71055G Parallel Interface 8 8 4.5 to 5.5 15 .05 Plastic Miniflat 44 
Unit 

JlPD71055L Parallel Interface 8 8 4.5 to 5.5 15 .05 PLCC 44 
Unit 

JlPD71059C Interrupt Control Unit 8 8 4.5 to 5.5 9 .05 Plastic DIP 28 

JlPD71059G Interrupt Control Unit 8 8 4.5 to 5.5 9 .05 Plastic Miniflat 44 

JlPD71059L Interrupt Control Unit 8 8 4.5 to 5.5 9 .05 PLCC 28 

JlPD71071C DMA Controller 8/16 8 4.5 to 5.5 30 .01 Plastic DIP 48 

JlPD71071D DMA Controller 8/16 8 4.5 to 5.5 30 .01 Ceramic DIP 48 

JlPD71071G DMA Controller 8/16 8 4.5 to 5.5 30 .01 Plastic Miniflat 52 

tJPD71071L DMA Controller 8/16 8 4.5 to 5.5 30 .01 PLCC 52 

tJPD71082C Transparent Latch 8 8 4.5 to 5.5 20 .08 Plastic DIP 20 

uPD71082G Transparent Latch 8 8 4.5 to 5.5 20 .08 Plastic SO 20 

uPD71083C Transparent Latch 8 8 4.5 to 5.5 20 .08 Plastic DIP Inverted 20 

uPD71083G Transparent Latch 8 8 4.5 to 5.5 20 .08 Plastic SO 20 

uPD71084C Clock Pulse 25 4.5 to 5.5 30 Plastic DIP 18 
Generator /Driver 

JPD71084G Clock Pulse 25 4.5 to 5.5 30 Plastic SO 20 
Generator / Driver 

JPD71086C Bus Buffer/Driver 8 8 4.5 to 5.5 40 .08 Plastic DIP 20 

,PD71086G Bus Buffer/Driver 8 8 4.5 to 5.5 40 .08 Plastic SO 20 

,PD71087C Bus Buffer/Driver 8 8 4.5 to 5.5 40 .08 Plastic DIP Inverted 20 

,PD71087G Bus Buffer/Driver 8 8 4.5 to 5.5 40 .08 Plastic SO 20 

',PD71088C System Bus Controller 8 4.5 to 5.5 20 .08 Plastic DIP 20 

!PD71088G System Bus Controller 8 4.5 to 5.5 20 .08 Plastic SO 20 

[PD82C43C Input/Output Expander 5 4.5 to 5.5 40 Plastic DIP 24 

rPD82C43CX Input/Output Expander 5 4.5 to 5.5 40 Plastic Skinny DIP 24 
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GENERAL INFORMATION t-IEC 
NMOS System Support Product Selection Guide 

Supply 
Power Dissipation 

Data Clock Voltage Active Standby 
Device Description Bits (MHz) (V) (rnA) (rnA) Package Pins 

pPD8155C 256 x 8 RAM with 8 3 4.5 to 5.5 180 Plastic DIP 40 
1/0 Ports and Timer 

pPD8155C-2 256 x 8 RAM with 8 5 4.5 to 5.5 180 Plastic DIP 40 
1/0 Ports and Timer 

pPD8155HC 256 x 8 RAM with 8 3 4.5 to 5.5 180 Plastic DIP 40 
1/0 Ports and Timer 

pPD8155HC-2 256 x 8 RAM with 8 5 4.5 to 5.5 180 Plastic DIP 40 
1/0 Ports and Timer 

pPD8156C 256 x 8 RAM with 8 3 4.5 to 5.5 180 Plastic DIP 40 
1/0 Ports and Timer 

pPD8156C-2 256 x 8 RAM with 8 5 4.5 to 5.5 180 Plastic DIP 40 
1/0 Ports and Timer 

pPD8156HC 256 x 8 RAM with 8 3 4.5 to 5.5 180 Plastic DIP 40 
1/0 Ports and Timer 

pPD8156HC-2 256 x 8 RAM with 8 5 4.5 to 5.5 180 Plastic DIP 40 
1/0 Ports and Timer 

pPD8216C Parallel Bidirectional 4 4.5 to 5.5 130 Plastic DIP 16 
Bus Driver 

pPB8216C Parallel Bidirectional 4 4.5 to 5.5 130 Plastic DIP 16 
Bus Driver 

pPB8226C Parallel Bidirectional 4 4.5 to 5.5 120 Plastic DIP 16 
Bus Driver 

pPD8237 AC-5 Programmable 8 5 4.5 to 5.5 150 Plastic DIP 40 
DMA Controller 

pPD8243C Input/Output 5 4.5 to 5.5 20 Plastic DIP 24 
Expander 

pPD8243HC HMOS Input/Output 5 4.5 to 5.5 20 Plastic DIP 24 
Expander 

pPD8251AC Programmable 8 3/5 4.5 to 5.5 100 Plastic DIP 28 
Conimunication 
Interface 

pPD8251AFC Programmable 8 3/5 4.5 to 5.5 100 Plastic DIP 28 
Communication 
Interface 

pPD8253C-2 Programmable 8 5 4.5 to 5.5 140 Plastic DIP 24 
Internal Timer 

pPD8253C-5 Programmable 8 4 4.5 to 5.5 140 Plastic DIP 24 
Internal Timer 

pPD8255AC-2 Programmable 8 5 4.5 to 5.5 120 Plastic DIP 40 
Peripheral Interface 

pPD8255AC-5 Programmable 8 4 4.5 to 5.5 120 Plastic DIP 40 
Peripheral Interface 

pPD8257C-2 Programmable 8 5 4.5 to 5.5 100 Plastic DIP 40 
DMA Controller 

pPD8257C-5 Programmable 8 3 4.5 to 5.5 120 Plastic DIP 40 
DMA Controller 

pPD8259AC Programmable 8 4 4.5 to 5.5 85 Plastic DIP 28 
Interrupt Controller 
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NMOS System Support Product Selection Guide (cont) 

Data Clock 
Device Description Bits (MHz) 

JlPD8259AC-2 Programmable 8 5 
Interrupt Controller 

JlPD8279C-2 Programmable 5 
Keyboard/Display 
Interface 

JlPD8279C-5 Programmable 3 
Keyboard/Display 
Interface 

JlPB8282C Octal Latch 8 8 

JlPB8283C Octal Latch 8 8 

JlPB8284AD Clock Generator/ 24 
Driver 

JlPB8286C Octal Bus 8 8 
Transceiver 

JlPB8287C Octal Bus 8 8 
Transceiver 

JlPB8288D CPU System 10 
Bus Controller 

JlPB8289D Bus Arbiter 8 

pPD7720 Hardware 
Development Tool Selection Guide 
Device 

EVAKIT-7720B 

Description 

Stand-alone Evakit for JlPD7720 Digital Signal 
Processor 

uPD70208/216 Hardware Development 
Tool Selection Guide 
Device Description 

E-70208-S008 In-circuit emulator for JlPD70208 (with V40 pod) 

E-70216-S008 In-circuit emulator for JlPD70216 (with V50 pod) 

E-70208-1008 Optional pod unit for JlPD70208 emulation 

E-70216-1008 Optional pod unit for JlPD70216 emulation 

E-70216-1508 Converts IE-70108/70116-S to IE-70208/70216-S008 

Supply 
Power Dissipation 

Voltage Active Standby 
(V) (rnA) (rnA) Package Pins 

4.5 to 5.5 85 Plastic DIP 28 

4.5 to 5.5 120 Plastic DIP 40 

4.5 to 5.5 120 Plastic DIP 40 

4.5 to 5.5 160 Plastic DIP 20 

4.5 to 5.5 160 Plastic DIP 20 

4.5 to 5.5 140 Cerdip 18 

4.5 to 5.5 160 Plastic DIP 20 

4.5 to 5.5 130 Plastic DIP 20 

4.5 to 5.5 230 Cerdip 20 

4.5 to 5.5 165 Cerdip 20 

pPD7281 Software 
Development Tool Selection Guide 
Device Description 

SW7281-D52 MS-DOS, 5-1/4" double-density floppy diskette 

SW7281-M52 CP/M-86, 5-t/4" double-density floppy diskette 

SW7281-M81 CP/M-86, 8" single-density floppy diskette 

CP/M-S6 and MP/M-S6 are registered trademarks of Digital Research 
Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 
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GENERAL INFORMATION 

pPD7720 Software 
Development Tool Selection Guide 
Device 

ASM77-C81 

ASM77-D52 

ASM77-181 

ASM77-182 

ASM77-M52 

ASM77-M81 

ASM77-F9T1 

SIM77-C81 

SIM77-D52 

SIM77-181 

SIM77-182 

SIM77-M52 

SIM77-M81 

Description 

CP/M-80, 8" single-density floppy diskette 

MS-DOS, 5-1/4" double-density floppy diskette 

ISIS-II, 8" single-density floppy diskette 

ISIS-II, 8" double-density floppy diskette 

CP/M-86, 5-1/4" double-density floppy diskette 

CP/M-86, 8" single-density floppy diskette 

Fortran IV ANSI X3.9-1966 source program 
9-track 1600 BPI magnetic tape 

CP/M-80, 8" single-density floppy diskette 

MS-DOS, 5-1/4" double-density floppy diskette 

ISIS-II, 8" single-density floppy diskette 

ISIS-II, 8" double-density floppy diskette 

CP/M-86, 5-1/4" double-density floppy diskette 

CP/M-86, 8" single-density floppy diskette 

pPD7010S/116/20S/216 
Software Relocatable Assembler 
Development Tool Selection Guide 
Device Description 

RA70116-D52 MS-DOS, 5-1/4" double-density floppy diskette 

RA70116-181 ISIS-II, 8" single-density floppy diskette 

RA70116-182 ISIS-II, 8" double-density floppy diskette 

RA70116-M52 CP/M-86, 5-1/4" double-density floppy diskette 

RA70116-M81 CP/M-86, 8" single-density floppy diskette 

RA70116-VVT1 VAXIVMS, 9-track 1600 BPI magnetic tape 

RA70116-VXT1 VAX/UNIX, 9-track 1600 BPI magnetic tape 

pPD7010S/116/20S/216 Software 
C Compiler Development Tool 
Selection Guide 
Device Description 

CC70116-D52 MS-DOS, 5" double-density floppy diskette 

CC70116-181 ISIS-II, 8" single-density floppy diskette 

CC70116-182 ISIS-II, 8" double-density floppy diskette 

CC70116-M52 CP/M-86, 5" double-density floppy diskette 

CC70116-M81 CP/M-86, 8" single-density floppy diskette 

CC70116-VVT1 VAXIVMS, 9-track 1600 BPI magnetic tape 

CC70116-VXT1 VAX/UNIX, 9-track 1600 BPI magnetic tape 

UNIX is a trademark of AT&T 

VAX and VMS are trademarks of Digital Equipment Corporation 
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MD·OS6 Series Microcomputer 
Development System Selection Guide 
Device Description 

MD-086FD-10 MD-086 series, floppy-disk based system 

MD-086HD-10 MD-086 series, floppy-/hard-disk based system 

MD-086DK Hard-disk upgrade for MD-086FD-10 

MD-910TM Character display terminal 

MD·91 OTMCharacter Display Terminal 
Development Tool Selection Guide 
Device Description 

MD-910TM Character display terminal 

PG1000 PROM Programmer 
Selection Guide 
Device Description 

PG1003 Plug-in personality module 

PG1005 Plug-in personality module 
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Ordering Procedure for 
ROM-Based Microprocessor Products 

The devices listed below are ROM-based micro
computer products. 

pPD7720 pPD77230 pPD77220 

Please use the following guidelines for ordering the 
above products. Contact your local sales representative 
for assistance and to obtain the necessary forms. 

A complete order must include: 

D Two copies of ROM code information contained in 
either the equivalent memory EPROMs or EPROM
based microcomputers. 

D ROM code submission form (provided by your 
local sales representative); see next page. 

D Your engineering specifications, if applicable. 
Please ignore this item if NEC has already reviewed 
your specification. 

D Mask charge payment. 

D Liability agreement for ROM-based work-in-prog
ress. The NECform, "ROM-Based Microprocessors 
Agreement," can be obtained from your local sales 
representative. 

D Your purchase order. 

NEC Electronics Inc. will return the ROM code patterns 11 
in the EPROM media together with a code listing and a 
ROM-code verification form to you. Please return the 
verification form to verify the code in the EPROM 
provided by NEC. NEC guarantees that the final 
product will contain the same code you verified. 

Summary: 

Step 1 D Customer submits a complete order, includ
ing the items listed above. 

Step 2 0 NEC returns ROM pattern to customer 
together with a ROM-code verification form 
and a code listing. 

Step 3 0 Customer verifies code received from N EC 
and returns verification form. 

Step 4 0 NEC acknowledges customer order and 
begins production. 
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NEe Electronics Inc. 

To: NEC .Electronics Inc. 
Corporate Headquarters 
401 Ellis Street, P.O. Box 7241 
Mountain View, CA 94039 

Attn: ROM Code Administrator 

ROM CODE 
SUBMISSION 

Date _________ _ 

We are ready to place a purchase order for our Customer Part Number ' your NEC Part Number ' and are 

submitting two copies of the ROM code on the following medium/media. (Please check all applicable boxes.) 

D pPD2764 D pPD70P322 D pPD78P09 D pPD8741A 

D pPD27128 D pPD75P108 D pPD78P312 D pPD8748H 

D pPD77P20 D pPD8749H 

D pPD8755A 

This device should be manufactured as follows: (Please check all applicable boxes.) 
D To our engineering specification# _________________ _ 

D With special marking: ______________________ _ 

D With the I/O port loading options (available only on the devices listed on this form). 

D Lead type (if applicable) Bent Straight ______ _ 
D Application __________________________ _ 

NEC Electronics Inc. 
Please return the processed ROM code to the following individual for our verification. 

Name 

Company 

Division 

Shipping Address (not a P.O. Box. please) 

City State ZIP 

Telephone Number 

Customer 
Please send this form and the items listed below in a package clearly marked "ROM CODE Enclosed" to the address 
above. 

• Two copies of ROM code 
• Engineering specification, if applicable. Not required if NEC has already reviewed the specification. 
• Mask charge payment. 
• Signed "ROM-Based Microprocessors Agreement" 
• Purchase order 

Form No. NEC-0000071 Rev. B 7/86 ©1986 NEC Electronics Inc. 
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Introduction 

As large-scale integration reaches a higher level of 
density, reliability of devices imposes a profound 
impact on system reliability. And as device reliability 
becomes a major factor, test methods to assu re accept
able reliability become more complicated. Simply 
performing a reliability test according to a con
ventional method cannot satisfy the demanding require
ments for higher reliability. At these new, higher levels 
of LSI density, it is increasingly difficult to activate all 
the elements in the internal circuits. A different phi
losophy and methodology is needed for reliability as
surance. Moreover, as integration density increases, 
the degradation of internal elements in an LSI device is 
seldom detected by measuring characteristics across 
external terminals. 

In order to improve and guarantee a certain level of 
reliability for large-scale integrated circuits, it is es
sential to build quality and reliability into the product. 
Then, the conventional reliability tests are followed to 
ensure that the product demonstrates an acceptable 
level of reliability. 

NEG has introduced the concept of total quality control 
(TOG) across its entire semiconductor product line. 
By adopting TOG, NEG can build quality into the 
product and thus assure higher reliability. The concept 
and methodology of total quality control are company
wide activities involving workers, engineers, quality 
control staffs, and all levels of management. 

NEG has also introduced a prescreening method into 
the production line that helps eliminate potentially 
defective units. The combination of building quality in 
and screening projected early failures out has resulted 
in superior quality and excellent reliability. 

Technology Description 

Most large-scale integrated circuits utilize high-density, 
MOS technology. State-of-the-art high performance 
has been achieved by introducing fine-line generation 
techniques. By reducing physical parameters, circuit 
density and performance increase while active circuit 
power dissipation decreases. The data presented here 
shows that this advanced technology yields products 
as reliable as those from previous technologies. 

QUALITY AND RELIABILITY 

Reliability Testing 

Reliability is defined as the characteristics of an item 
expressed by the probability that it will perform a 
required function under stated conditions for a stated 
period of time. This involves the concept of probability, 
definition of required function(s), and the critical 
time used in defining the reliability. 

Definition of a required function, by implication, treats 
the definition of a failure. Failure is defined as the 
termination of the ability of a device to perform its 
required function. Furthermore, a device is said to 
have failed if it shows inability to perform within 
quaranteed parameters as given in an electrical 
specification. 

Discussion of reliability and failure can be approached 
in two ways: with respect to systems or to individual 
devices. The accumulation of normal device failure 
rates constitutes the expected failure rate of the system 
hardware. Important considerations here are the con
stant failure period, the early failure (infant mortality) 
period, and overall reliability level. With regard to 
individual devices, areas of prime interest include 
specific failure mechanisms, failures in accelerated 
tests, and screening tests. 

Some of these failure considerations pertain to both 
systems and devices, The probability of no failures in a 
system is the product of the probability of no failure in 
each of its components. The failure rate of system 
hardware is then the sum of the failure rates of the 
components used to construct the system. 

Figure 1. Reliability Life (Bathtub) Curve 

..... ------------------~ ::~~~~ Random Failure Period ~ 

Time_ 
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QUALITY AND RELIABILITY 

Life Distribution 

The fundamental principles of reliability engineering 
predict that the failure rate of a group of devices will 
follow the well-known bathtub curve in figure 1. The 
curve is divided into three regions: infant mortality, 
random failures, and wearout failures. 

Infant mortality, as the name implies, represents the 
early-life failures of devices. These failures are usually 
associated with one or more manufacturing defects. 

After some period of time,the failure rate reaches a low 
value. This is the random failure portion of the curve, 
representing the useful portion of the life of a device. 
During this random failure period, there is a decline in 
thefailure rate due to the depletion of potential random 
failures from the general population. 

The wearout failures occur at the end of the device's 
useful life. They are characterized by a rapidly rising 
failure rate over time as devices wear out both physical
ly and electrically. 

Thus, for devices that have very-long life expectancies 
compared to those of systems, the areas of concern 
will be the infant mortality and the random failure 
portions of the population. 

The system failure rates are related to the collective 
device failure rates. In a given system, afterelimination 
of the early failures, the system will be left to the failure 
rate of its components. I n order to make proper 
projections of the failure rate in the operating environ
ment, time-to-failure must be accelerated in tests in a 
predictable way. 

Failure Distribution at NEe 

Integrated circuits returned to NEG from the field 
underwent extensive failure analysis at NEG's Inte
grated Gircuit Division. 

First, approximately 50 percent of the field returns 
were found to be damaged either from improper 
handling or misuse of the devices. These units were 
eliminated from the analysis. The remaining failed 
units were classified by their failure mechanisms as 
depicted in figure 2. These failures were then related to 
the major integrated circuit failure mechanisms and to 
their origins in a particular manufacturing step. 

As shown in figure 2, the first four failure mechanisms 
accounted for more than 90 percent of total failures. As 
a result, NEG improved processes and material to 
reduce these failures. Additionally, NEG introduced 
screening procedures to detect and eliminate defective 
devices. 
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Temperature, humidity, and bias tests are used for 
testing the moisture resistance of plastic encapsulated 
integrated circuits. NEG developed a special process 
to improve the plastic encapsulation material. As a 
result, moisture-related-thus packaging-related-fail
ures have been drastically reduced. 

As a preventive measure, NEG has introduced a special 
screening procedure embedded in the production line. 
A burn-in at an elevated temperature is performed for 
100 percent of the lots. This burn-in effectively removes 
the potentially defective units. In addition, improvement 
of the plastic encapsulation material has lowered the 
failures in a high-temperature and high-humidity 
environment. 

Figure 2. Failure Distribution of MOS Integrated 
Circuits 

Oxide 
Destroyed 

Si02 Pattern 
Defects 

Bond-Wire 
Peel or Cut 

Metalization 
Defects 

Moisture 
Penetration 

Parameter 
Degradation 

Scratch 

Chip/Peel/ 
Crack 

Metalization 
Corrosion 

Other 

Percent Failures 

20 40 60 80 

Percent 
Cumulative 
Failures 

100 



t-IEC 
Accelerated Reliability Testing 

As an example, assume that an electronic system 
contains 1000 integrated circuits and can tolerate 1 
percent system failures per month. The failure rate per 
component is: 

0.01 Failures 

720K Device Hours 

13.888 X 1G-9 Failures/Hour 
or 13.8888 FITs 

where FIT = Failure units per 109 device hours 

To demonstrate this failure rate, note that 13.8888 FITs 
corresponds to one failure in about 7000 devices 
during an operating test of 10,000 hours. It is quickly 
apparent that a test condition is required to accelerate 
the time-to-failure in a predictable and understandable 
way. The implicit requirement for the accelerated 
stress test is that the relationship between the ac
celerated stress testing condition and the condition of 
actual use be known. 

A most common time-to-failure relationship involves 
the effect of temperature, which accelerates many 
physiochemical reactions leading to device failure. 
Other environmental conditions are voltage, current, 
humidity, vibration, or some combination of these. 
Table 1 lists the reliability assurance tests performed at 
NEC for integrated circuits. 

Table 1. Monthly NEe Reliability Tests 

Test 

Life Test 
High-temperature, 
operating 

High-temperature, 
storage 

High-temperature, 
high-humidity test 

Pressure cooker test 

:nvironmental Test 
Soldering heat test 

Temperature cycle 

I Thermal shock 

I Lead fatigue 

ISolderability 

MIL-STD-883 
Method Test Conditions 

1005A, 0 T A = 100 to 125°C 
for 1000 hours 

1008C T A = 150°C for 1000 hours 

T A = 85°C at 85% RH 
for 1000 hours 

TA = 125°C at 2.3 atm 
for 168 hours 

2031 T = 260°C for 10 s 
(MIL-STD-750) without flux 

1010C T = -65 to +150°C for 
10 cycles 

1011A T = 0 to 100°C for 
15 cycles 

200482 at 250 gm: 3 leads, 3 bends 

2003 T = 230°C for 5 s with flux 

QUALITY AND RELIABILITY 

Temperature Effect. The effect of temperature that 
concerns us is that which responds to the Arrhenius 
relationship. This relates the reaction rate to tem
perature. 

R = Ro exp(-Ea/kT) 

where Ro = Constant 
Ea = Activation energy in eV 
k = Boltzmann's constant 

= 8.617 x 10-5 eV/K 
T = Absolute temperature in kelvin (K) 

The significance of this relationship is that the failure 
mechanisms of semiconductor devices are directly 
applicable to it. A linear relationship between failure 
mechanism and time is assumed. 

Activation Energy. Associated with each failure mech
anismis an activation energy value. Table 2 lists some 
of the more common failure mechanisms and the 
associated activation energy of each. 

Table 2. Activation Energy and Detection of Failure 
Mechanisms 

Failure Mechanism 

Oxide defect 

Silicon defect 

Ionic contamination 

Electromigration 

Charge injection 

Gold-aluminum 
interface 

Metal corrosion 

Activation 
Energy 

0.3 eV 

0.3 eV 

1.0-1.35 eV 

0.4-0.8 eV 

1.3 eV 

0.8 eV 

0.7 eV 

Detection 

High-temperature operating 
life test 

High-humidity operating 
life test 

High-Temperature Operating Life Test. This test is 
used to accelerate failure mechanisms by operating 
the devices at an elevated temperature of 125°C. The 
data obtained is translated to a lower temperature by 
using the Arrhenius relationship. 

High-Temperature and High-Humidity Test. Semi
conductor integrated circuits are highly sensitive to 
the general accelerating effect of humidity in causing 
electrolytic corrosion between biased lines. The high
temperature and high-humidity test is performed to 
detect failure mechanisms that are accelerated by 
these conditions. This test is effective in accelerating 
leakage-related failures and drifts in device parameters 
due to process instability. 
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High-Temperature Storage Test. Another common test 
is the high..;temperature storage test in which devices 
are subjected to elevated temperatures with nbapplied 
bias. This test is used to detect mechanical problems 
and process instability. 

Environmental Test. Other environmental tests are 
performed to detect problems related to the package, 
material, susceptibility to extremes in environment, 
and problems related to usage of the devices. 

Failure Rate Calculation and Prediction 

Analysis of integrated circuit failure rate!) can serve 
many useful purposes. For example, the early-life 
failure rate helps establish a warranty period, while the 
mature-life failure rate aids in estimating repair costs, 
spare parts stock requirements, or product downtime. 
Accurate prediction of failure rates can also be used for 
process control. 

The following sections describe the failure rate cal
culation and prediction methods used by NEC's 
Integrated Circuit Division. 

The Arrhenius Model 

Most integrated circuit failure mechanisms depend to 
some degree on temperature. This relationship can be 
represented by the Arrhenius model, which includes 
the effects of temperature and activation energy of the 
failure mechanisms. 

As applied to accelerated life testing of integrated 
circuits, the Arrhenius model assumes that degradation 
of a performance parameter is linear with time. Tem
perature dependence is taken to be the exponential 
function that defines the probability of occurrence. 
The relationship of failure rate to temperature is 
expressed as: 

F1 = F2 exp[(Eafk} x (1fT1 - 1fT2)] 

= Failure rate at T 2 
= Failure rate at T 1 
= Activation energy in eV 
= Boltzmann's constant 
= Operating junction temperature in 

kelvin (K) 

The equation explains the thermal dependence of 
integrated circuit failure rates and is used for derating 
the resulting failure rate to a more realistic temperature. 
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Acceleration Factor 

The acceleration factor is the factor by which the 
failure rate can be accelerated by increased tem
perature. This factor is derived from the Arrhenius 
failure rate expression, resulting in the following form. 

A = F1fF2 = exp[(Eafk} x (1fT1 - 1fT 2)] 

where A = Acceleration factor 
F2 = Failure rate at T 2 

F1 = Failure rate at T 1 

In calculating the field reliability of an integrated 
circuit, it is necessary to calculate the junction tem
perature. In general, the junction temperature will 
depend on the ambient temperature, cooling, package 
type, operating cycle time, and power dissipation of 
the circuit itself. In these terms, the junction tem
perature (T J) is expressed as: 

T J = T A + P d At 8JA 

where TJ = Junction temperature 
T A = Ambient temperature 
Pd = Power dissipation 
At = Air flow factor 
8JA = Package thermal resistance 

Table 3 lists derating factors of various failure mecha
nisms. This table is generated assuming that an ac
celerated test is performed at a junction temperature of 
125°C. The result is then derated to 55°C junction 
temperature. The acceleration factor may then be 
obtained by taking the inverse of the derating factor. 

Table 3. Derating Factors of Failure Mechanisms 

Activation 
Failure Mechanisms Energy, eV Derating Factor 

Oxide defect 0.3 0.1546 

Silicon defect 0.3 0.1546 

Ionic contamination 1.0 0.001984 

Electromigration 0.4 0.08307 

Charge injection 1.3 0.0003067 

Metal corrosion 0.7 0.01315 

Gold-aluminum interface 0.8 0.006886 

The acceleration of failure mechanisms in a high
humidity and high-temperature environment must be 
expressed as a function not only of temperature bU1 
also of humidity. 
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According to the reliability test statistics, the ac
celeration factor in such an environment can best be 
approximated with Peck's model as follows. 

A = exp[(Ea/k} x (1/T1 - 1/T2)] X (H2/H1}4.5 

where Ea = Activation energy 
k = Boltzmann's constant 
T = Junction temperature 
H = Relative humidity 

For example, the acceleration factor for high-humidity 
and high-temperature or pressure cooker tests ranges 
from 100 to 1000 times that of the normal operating 
environment. 

Failure Rate Calculation 

As an example, suppose that product samples are 
submitted to a 1000-hour life test at 125°C junction 
temperature and two failures are encountered: one 
oxide and one metalization defect. The sample size is 
885 units. 

Thus, the oxide failure rate is 0.11 percent per 1000 
hours and the metalization failure rate is 0.11 percent 
per 1000 hours. Therefore, the total failure rate at 
125°C sums to 0.22 percent per 1000 hours at 1 K hours. 

Failure Rate Prediction 

To derate these failure rates to a normal operating 
environment, use the derating factors listed in table 3. 

Oxide failures = 0.11 x 0.1546 = 0.01701 % per 1 K hrs 
Metal failures = 0.11 x 0.01315 = 0.00145% 

per 1K hrs 
Total failures = 0.01846% per 1 K hrs 

Note that the example above is a snapshot of the high
temperature life test performed on a particular lot. It is 
not accumulated data that can be used to represent 
:)verall reliability. This conservative illustration, how
:wer, shows that the failure rate in a normal operating 
:mvironment is approximately one-twelfth the failure 
'ate in a higher-temperature environment. 

rhe failure rate prediction takes different activation 
mergies into account whenever the causes of failures 
'ire known through performing failure analysis. In 

I tome cases, however: an activ~tion.energy is assumed 
n order to accomplish a qUick first-order approxi
hation. To yield a conservative estimate of failure rates, 
'~EC assumes an average activation energy of 0.7 eV 

Ilvhenever the exact failure mechanism is not known. 

QUALITY AND RELIABILITY 

Reliability Test Results 

Before introducing new technologies or products, 
NEC's internal reliability goals must be attained. Several 
categories of testing are used in the internal qual
ification program to assure that product reliability 
meets NEC's reliability goals. Once the product is 
qualified, its reliability level is regularly monitored in a 
monthly reliability test. 

NEe's Goals on Failure Rates 

NEC's approach to achieving high reliability is to build 
quality into the product, as opposed to merely screen
ing out defective units. The use of distributed control 
methods embedded in the production line, in con
junction with conventional screening methods, results 
in the highest reliability at the lowest cost. 

NEC's maximum failure rate goals for infant mortality 
and long-term device operation are listed in table 4. 

Table 4. Infant Mortality and Long-Term Failure Rates 

Type 

Infant mortality 

Long-term 
1.2M device hours average 
3.0M device hours average 

Infant Mortality Failure Rate 

Failure Rate 
Percentl1000 Hours 

0.10 max 

0.02 max 
0.01 max 

The infant mortality goal for each product group is set 
at 0.10 percent maximum. When a failure rate exceeds 

,this level, there is prompt remedial action. 

Long-Term Failure Rate 

The long-term failure rate goal is based on the 
following conditions: 

• A minimum of 1.2 million device hours at 125°C is 
accumulated to resolve 0.02 percent per 1000 hours 
at 55°C with a 60-percent confidence level. 

• A minimum of 3 million device hours at 125°C is 
accumulated to resolve 0.01 percent per 1000 hours 
at 55°C with a 60-percent confidence level. 
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Infant Mortality Failure Screening 

It is logical to assume the integrated circuit that fails at 
one tem peratu rewou Id also fai I at another tem peratu re, 
except it would fail sooner at a higher temperature. As 
can be expected, the failure rate is a function of 
activation energy. Establishing infant mortality screen
ing, therefore, requires knowledge of the likely failure 
mechanisms and their associated activation energy. 

The most likely mechanisms associated with infant 
mortality failures are generally manufacturing defects 
and process anomalies. These generally consist of 
contamination, cracked chips, wire bond shorts, or bad 
wire bonds. Since these describe a numberof possible 
mechanisms, anyone of which might predominate at a 
given time, the activation energy for infant mortality 
might be expected to vary considerably. 

The effectiveness of a screening condition, preferably 
at some stress level in order to shorten the time, varies 
greatly with the failure mechanism being screened for. 
Another factor is the economics of the screening 
process introduced into the production line. Optimal 
conditions and duration of a screening process will be 
a compromise of these two factors. 

For example, failures due to ionic contamination have 
an activation energy of approximately 1.0 eV. There
fore, a 15-hour stress at 125°C junction temperature 
would be the equivalent of approximately 90 days of 
operation at a junction temperature of 55°C. On the 
other hand, failures due to oxide defects have an 
activation energy of approximately 0.3 eV, and a 15-
hour stress at 125°C junction temperature would be 
the equivalent of approximately one week's operation 
at 55°C junction temperature. As indicated by this, the 
condition and duration of infant mortality screening 
would be a strong function of the allowable component 
failures, hence the system failure, in the field. 

Em pi rical data, gathered over more than a year at N EC, 
indicates that early failure does occur after less than 4 
hours of stress at 125°C ambient temperature. This 
fact is supported by the life test of the same lot, where 
the failure rate shows random distribution, as opposed 
to a decreasing failure rate that then runs into the 
random failure region. 

NEC has adopted the initial infant mortality burn-in at 
125°C as a standard production screening procedure. 
As a result, the field reliability of NEC devices is an 
order of magnitude higher than the goals set for NEC's 
integrated circuit products. 
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Life Tests 

The most significant difference between NEC's prod
ucts and those of other integrated ci rcu it man ufactu rers 
is that NEC's have been prescreened for their infant 
mortality defects. The products delivered to customers 
are operating at the beginning of the random failure 
region of the life curve. The life test data also reflects 
this fact, as will be shown. 

The failure mechanism distribution from field failures, 
as previously shown in figure 2, also contains a very 
low percentage due to infant mortality. The majority of 
failures are long-term life failures, and these can be 
eliminated by stringent process control. Usually, these 
failure mechanisms have low activation energy associ
ated with them. 

Another significant improvement devised by NEC is 
plastic encapsulation and passivation. As a result, NEC 
products show excellent reliability in both high
humidity and high-temperature environments. Follow
ing is life test data accumulated over more than a year 
for large-scale integrated circuits. 

High-Temperature Operating Life Test 

This test is used to accelerate failure mechanisms by 
operating the devices at an elevated temperature. For 
large-scale integrated circuits, the failure rate is 0.242 
percent per 1000 hours at 125°C. This is equivalent to 
0.0071 percent per 1000 hours in an operating en
vironment of 55°C (table 5). 

Table 5. High-Temperature Operating Life Test 

Number Df 
Samples 

3317 

Number Df Failures at 

48 hrs 96 hrs 168 hrs. 500 hrs 1 K hrs 

o 1 3 

Total number of failures at 1K hrs = 8 
Failure rate at 1K hrs at 125°C = 0.242% per 1K hrs 
Projected failure rate at 1K hrs at 55°C = 0.007% per 1K hrs 

High-Temperature and High-Humidity Life Test 

This test is used to accelerate failure mechanisms by 
operating the devices at high temperature and hig~ 
humidity. Leakage-related failures and device para, 
meter drift are accelerated by this test. For thesE' 
large-scale integrated circuits, the failure rate is 0.091'1 
percent per 1000 hours. This is equivalent to 0.002i,!\I, 
percent per 1000 hours in an operating environment 0 

55°C. The test conditions are T A = 85°C and relativE 
humidity (RH) = 80% (table 6). 
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Table 6. High-Temperature and High-Humidity Life 

Test 

Number of Failures at Number of 
Samples 48 hrs 96 hrs 168 hrs 500 hrs 1 K hrs 

2190 o 0 0 0 2 

Total number of failures at 1 K hrs = 2 
Failure rate at 1K hrs at 85°C/80% RH = 0.091% per 1K hrs 
Projected failure rate at 1 K hrs at 
55°C/60% RH = 0.003% per 1 K hrs 

High-Temperature Storage Life Test 

This test is effective in accelerating the failure 
mechanisms related to mechanical reliability problems 
and process instability. For these LSI devices, the 
failure rate is 0.207 percent per 1000 hours at 125°C. 
This is equivalent to 0.0061 percent per 1000 hours in 
an operating environment of 55°C (table 7). 

Table 7. High-Temperature Storage Life Test 

Number of Failures at Number of 
Samples 48 hrs 96 hrs 168 hrs 500 hrs 1 K hrs 

2410 

Total number of failures at 1 K hrs 
Failure rate at 1K hrs at 125°C 

I Projected failure rate at 1 K hrs 
at 55°C 

IPressure Cooker Test 

o o 4 

=5 
= 0.207% per 1 K hrs 

= 0.006% per 1K hrs 

This test is effective in accelerating failure mechan
isms related to metalization corrosion due to moistu reo 
The failure rate is 0.52 percent per 1000 hours at T A = 
125°C and 2.3 atm at 100 percent humidity. This is 
equivalent to 0.0013 percent per 1000 hours at 55°C 
and an environment of 60 percent humidity (table 8). 

Table 8. Pressure Cooker Test 

~umber of Number of Failures at 

lamples 48 hrs 96 hrs 168 hrs 500 hrs 1 K hrs 

1718 0 4 No test performed 

atal number of failures at 168 hrs = 9 
'[ailure rate at 125°C = 0.54% per 1 K hrs 
rrojected failure rate at 55°C = 0.001% per 1K hrs 

life Test Data Summary 

lable 9 summarizes the life test results and projected 
I ailure rates in the normal operating environment. The 
lailure rate shows random distribution as opposed to a 
!ecreasing failure rate. This is a result of infant 
I,ortality screening. 

QUALITY AND RELIABILITY 

Table 9. Life Test Data 

Number of Failures at Total 
Number of Number of 

Test Time Samples 96 hrs 168 hrs 500 hrs 1 K hrs Failures 

High-temperature 3317 0 1 3 
life test 

High-humidity 2190 0 2 
life test 

High-temperature 2410 0 4 
storage life test 

Pressure 1718 4 5 No test 
cooker test performed 

Total 9635 4 6 9 24 

The projected failure rate in the normal operating 
environment is calculated assuming that the average 
activation energy is 0.7 eV. 

Figure 3 shows the life distribution of NEC integrated 
circuits as a form of the bathtub curve. 

This life test data shows improvements of approxi
mately an order of magnitude better than NEC's goal. 
The hours of operation are equivalent to the normal 
operating environment. Wear-out failures, which had 
been the main target for reliability improvement, have 
also been significantly reduced. This result comes 
mainly from process improvements and stringent manu
facturing process control. 

NEC's main goal has been to improve reliability with 
respect to infant mortality and long-term life failures. 
This can be achieved by introducing an effective 
screening method for infant mortality and building 
quality into the product. 

Figure 3. Plot of Life Test Results 

0.10 +------- Infant Mortality Failure Rate Goal 
0.10 percent per 1000 hours maximum 

0.05 

-t--+------ Long-Term Life Failure Rate Goal 
0.02 percent per 1000 hours maximum 

0.01 

0.005 

O.SK 1K 2K 3K 4K 5K 10K 20K 30K 40K 

Hours_ 
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Thermal Stress Tests 

Temperature cycling and thermal shock test the thermal 
compatibility of material and metal used to make 
integrated circuits. Table 10 lists the reliability test 
results of thermal stress tests. 

Table 10. Thermal Stress Tests 

Teslltem 

Soldering heat test 
T A = 260°C for 10 seconds 

Number of 
Samples 

1891 

Temperature cycle 1891 
TA = -65 to +150°C, 10 cycles 

Thermal shock test 1891 
T A = 0 to +100 °C, 15 cycles 

Mechanical Stress Tests 

Number of 
Failures 

In addition to the device life test, NEG performs 
mechanical stress tests to detect reliability problems 
related to the package, material, and device suscept
ibility to an extreme environment. Table 11 lists 
mechanical stress test results. 

Table 11. Mechanical Stress Tests 

Number of Number of 
Teslltem Samples Failures 

Mechanical shock test 315 0 
at 15 kg, 3 axis 

Vibration test 315 0 
at 100 Hz to 2 kHz, 20 g 

Constant acceleration 315 0 
at 20 kg, 3 axis 

Lead fatigue test 538 
at 240 grams 

Solderability test 638 
at 230°C for 5 seconds 

Built-In Quality and Reliability 

As large-scale integration reaches even higher levels 
of density, simple quality inspections cannot assure 
adequate levels of product quality and reliability. In 
order to ensure the reliability of state-of-the-art VLSI, 
NEG has adopted another approach. Highest reliability 
and superior quality of a device can only be achieved 
by building these characteristics into the product at 
each process step. NEG, therefore, has introduced the 
notion of total quality control (TQG) into its entire 
semiconductor production line. Quality control is dis
tributed into each process step and then summed to 
form a consolidated system. 
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Approaches to Total Quality Control 

First, the quality control function is embedded into 
each process. This method enables early detection of 
possible causes of failure and immediate feedback. 

Second, the reliability and quality assurance policy is 
an integral part of the entire organization. This enables 
a companywide quality control activity. At NEG, every
one in the company is involved with the concept and 
methodology of total quality control. 

Third, there is an ongoing research and development 
effort to set even higher standards of device quality and 
reliability. 

Fourth, extensive failure analysis is performed period
ically and corrective actions are taken as preventive 
measures. Process control is based on statistical data 
gathered from this analysis. 

The goal is to maintain the superior product quality 
and reliability that has become synonymous with the 
NEG name. The new standard is continuously upgraded 
and the iterative process continues. 

Implementation of Distributed Quality Control 

Building quality into a product requires early detection 
of possible causes of failure at each process step. 
Then, immediate feedback to remove the causes is a 
must. A fixed station quality inspection is often lacking 
in immediate feedback. It is, therefore, necessary to 
distribute quality control functions to each process 
step, including the conceptual stage. NEG has imple
mented a distributed quality control function at each 
step of the process. Following is a breakdown of the 
significant steps: 

• Product development phase 
• Wafer processing 
• Ghip mounting and packaging 
• Electrical testing and thermal aging 
• Incoming material inspection 

'I 
Product Development Phase. The product developmen

l 

phase includes conception of a product, review of thE 
device proposal, organization and physical elemen I 
design, engineering evaluation, and finally, transfer 0

1

• 

the product to manufacturing. Quality and reliabilit)' 
are considered at every step. More significantly, at tht 
design review stage and prior to product transfer, thl . 
quality and reliability requirements have to be examinel 
and determined to be satisfactory. This often adds 2 tl' 
3 months to the product development cycle. Buildini' 
in high reliability, however, cannot be sacrificed. II 
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Wafer Processing Stage Inspection. The in-process 

, quality inspections that occur at the wafer fabrication 
I stage are listed in table 12. 

Table 12. Wafer Processing Inspection 

Process Inspection Item 

Wafer Resistivity, dimension, and appearance, 
(lot sampling inspection) 

Mask 

Photolithography Alignment and etching (100% inspection) 

Cleaning 

Diffusion and oxidation Oxide thickness, sheet resistivity (lot 
sampling inspection) 

Metalization and passivation Thickness, Vth, C-V characteristics (lot 
sampling) 

Wafer sort and scribe Dc parameters (100% inspection) 

Die sort 100% visual inspection 

Chip Mounting and Packaging. The in-process quality 
inspections done at the chip mounting and packaging 
stage are listed in table 13. 

rable 13. Chip Mounting and Packaging Inspection 

~rocess Inspection Item 

)ie Incoming material Inspection 

lie attach Appearance (lot sampling inspection) 

rvire bonding Bond strength, appearance (lot sampling) 

'ackaging 100% appearance inspection 

:ine leak* Lot sampling 

iross leak* 100% inspection 

For ceramic package devices only. 

:Iectrical Testing and Screening. Electrical testing and 
1fant mortality screening are performed at this stage. 
I flowchart of the process is depicted in figure 4. 

It the first electrical test, dc parameters are tested 
ccording to the electrical specifications on 100% of 
ach lot. This is a prescreening prior to the infant 
lOrtality test. At the second electrical test, ac function
I tests as well as dc parameter tests are performed on 
)0% of the su bjected lot. If the percentage of defective 
nits exceeds the limit, the lot is subjected to an 
::Iditional burn-in. During this time, the defective units 
'e undergoing a failure analysis, the results of which 
~e then fed back into the process for corrective action. 

QUALITY AND RELIABILITY 

Figure 4. Electrical Testing and Screening 

DC Parameters 

DC Parameters, 
AC Functional 

Electrical, 
Appearance, and 
Dimensions 

83·003942A 

Incoming Material Inspection. Prior to warehouse 
storage, lots are subjected to an incoming inspection 
according to the following sampling plan. 

• Electrical test: Dc parameters 
Functional test 

• Appearance 

Reliability Assurance Test 

LTPD 
LTPD 

LTPD 

3% 
3% 

3% 

Samples are continually taken from the warehouse and 
subjected to monthly reliability tests as discussed 
previously. They are taken from similar process groups 
so that it can be assumed that any device is rep
resentative of the reliability of the group. 
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In-Process Screening· 

Perhaps the most significant preventive measure that 
NEG has implemented is the introduction of 100% 
burn-in as an integral part of the standard production 
process. Most of the potential infant failures are ef
fectively screened from every lot, thereby improving 
reliability. Assuming average activation energy of 0.7 
eV, burn-in at T A = 125 °G for 4 hours is equivalent to a 
week's operation in a normal operating environment. 
This appears to be ample time for accelerating the 
time'-to-failure mechanisms for early failures. 

Process automation, as previously mentioned, has also 
contributed a great deal toward improving reliability. 
Since its introduction, assembly related failure mech
anisms have been substantially reduced. And, in 
combination with in-process screening and materials 
improvement, it has helped establish quality and 
reliability above NEG's initial goals. 
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Summary and Conclusion 

As has been discussed, building quality and reliability 
into products is the most efficient way to ensure 
product reliability. NEG's approach of distributing 
quality control functions to process steps, then forming 
a consolidated quality control system, has produced 
superior quality and excellent reliability. 

Prescreening, introduced as an integral part of large
scale integrated circuit protection, has been a major 
factor in improving reliability. The most recent year's 
production clearly demonstrates continuation of NEG's 
high reliability and the effectiveness of this method. 

Reliability assurance tests (RATs), performed monthly, 
have ensured high outgoing quality levels. The com
bination of building quality into products, effective 
prescreening of potential failures, and the reliability 
assurance test has established a singularly high stan
dard of quality and reliability for NEG's large-scale 
integrated circuits. 

With a companywide quality control program, NEG is 
committed to building superior quality and highest 
reliability into all its products. Through continuous 
research and development activities, extensive failure 
analysis, and process improvements, a higherstandard, 
of quality and reliability will continuously be set and 
maintained. 
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Section 3 - CMOS Microprocessors 

pPD7000S/A S-Bit Microprocessors ...................................... 3-3 
pPD7010S S/16-Bit High-Performance Microprocessor (V20TM) .......... 3-31 
pPD70116 16-Bit High-Performance Microprocessor (V30™) ............ 3-63 
pPD7020S S/16-Bit High-Integration Microprocessor (V40TM) ............ 3-95 
pPD70216 16-Bit High-Integration Microprocessor (V50™) ............. 3-161 
pPD70616 32-Bit Virtual Memory Microprocessor (V60™) .............. 3-229 
pPD72191 Floating Point Processor ....................... '" ....... , 3-233 
V20 through V60 are trademarks of NEC Corporation. 
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NEe Electronics Inc. 

Description 

The J.lPD70008 and J.lPD70008A are power saving, high 
performance, general purpose 8-bit microprocessor. It 
is a CMOS-process part with a standby mode that 

I greatly reduces power consumption. 

Features 

o High performance J.lPD780 instruction set 
o Instruction cycle: 

1 J.ls at 4 MHz (J.lPD70008, J.lPD70008A-4) 
0.66 J.ls at 6 MHz (J.lPD70008A-6) 

o Direct addressing of up to 64 K bytes of memory 
o Memory refresh function 
o Interrupt functions: 

- Maskable external interrupt (INT) 
- Nonmaskable external interrupt (NMI) 

o low-power standby mode (HALT) 
o CMOS standby mode (HALT) 
o Single power supply 

)rdering Information 
,art 
lumber Package Type 

PD70008C 40-pin plastic DIP 

PD70008AC-4 40-pin plastic DIP 

PD70008AC-6 40-pin plastic DIP 

PD70008AG-4 44-pin plastic miniflat 

PD70008AG-6 44-pin plastic miniflat 

)D70008AL -6 44-pin PLCC 

'bsolute Maximum Ratings 
:A = 25°C 

'pwer supply voltage, Voo 

iput voltage, VIN 

~tPut voltage, Vo 

berating temperature, TOPT 

Max Frequency 
of Operation 

4 MHz 

4 MHz 

6 MHz 

4 MHz 

6MHz 

6 MHz 

-0.3Vto +7V 

- 0.3 V to Voo +0.3 V 

-0.3VtoVoo +0.3V 

j./PD70008 -10°C to +70°C 
Ij./PD70008A - 45°Cto +85°C 

liorage temperature, T STG - 65°C to + 150°C 

I[)mment: Exposing the device to stresses above those listed in Abso
I'te Maximum Ratings could cause permanent damage. The device is 
)t meant to be operated under conditions outside the limits de
Ilkibed in the operational sections of the specification. Exposure to 
Isolute maximum rating conditions for extended periods may affect 
\vice reliability. 

J..lPD70008/A 
8·BITCMOS 

MICROPROCESSORS 

Pin Configurations 

40-Pin Plastic DIP 

44·Pin Plastic Miniflat 

CLK 

04 2 0 
03 

05 

06 

VDD 

02 

07 

DO 

D1 10 

NC 11 

~P070008A 

Al0 

Ag 

As 
A7 

As 
As 
A4 
A3 
A2 

Al 

Au 
GND 

RFSH 

M1 
RESET 

BUSRO 

I~ I~I~ II~ § I~ I~ ~ ~I! 

83.OQ3363A 

NC 

32 A5 

31 A4 

30 A3 

29 A2 

28 A1 

27 AO 

26 GNO 

25 RFSH 

24 M1 

23 RESET 

83·003362A 
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Pin Identification 

40-Pin Plastic DIP 

No. Symbol 

1-5 A1rA15 

6 ClK 

7-10 DTD6 

11 Voo 
12 D2 

13 D7 

14,15 Do, D1 

16 INT 

17 NMI 

18 HALT 

19 MREO 

20 lORa 

21 RD 

22 WR 

23 BUSAK 

24 WAIT 

25 BUSRO 

26 RESET 

27 M1 

28 RFSH 

29 GND 

30-40 Ao-Am 

Pin Functions 

A1S-Ao (Address Bus) 

Function 

Address bus, high bits, outputs 

Clock input 

Data bus, bits 3-6, inputs/outputs 

Power supply 

Datra bus, bit 2, input/output 

Data bus, bit 7, input/ output 

Data bus, bits 0, 1, inputs/outputs 

Interrupt input 

Nonmaskable interrupt input 

Halt / standby mode output 

Memory request output 

I /0 request output 

Read strobe output 

Write strobe output 

Bus acknowledge output 

Wait input 

Bus request input 

Reset input 

Machine cycle 1 output 

Refresh request output 

Ground 

Address bus, low bits, outputs 

These three-state output pins form a 16-bit address bus 
for addressing memory or peripheral devices. The ad
dress bus enters the high impedance state when bus 
acknowledge is active. In the standby mode, these pins 
output high- or low-level signals. 

07-DO (Data Bus) 

These three-state pins form an 8-bit bidirectional data 
bus. On this bus data is transferred between the 
",PD70008! A and memory or peripheral devices. This 
bus enters the high impedance state when bus ac
knowledge is active. In the standby mode, these pins 
are high-level. 

INT (Interrupt) 

This pin is an active-low interrupt input which can be 
masked by software. N M I has a lower priority than N M I 
and BUSRO.INT releases the standby mode. 

3-4 
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44-Pin Plastic Minlflat 

No. Symbol Function 

40-44 A1rA15 Address bus, high bits, outputs 

1 ClK Clock input 

2-5 Da-D6 Data bus, bits 3-6, inputs /outputs 

6 Voo Power supply 

7 D2 Datra bus, bit 2, input/output 

8 D7 Data bus, bit 7, input/ output 

9-10 Do, D1 Data bus, bits 0,1, inputs/outputs 

12 INT Interrupt input 

13 NMI Nonmaskable interrupt fnput 

14 HALT Halt/ standby mode output 

15 MREO Memory request output 

16 lORa I / 0 request output 

18 RD Read strobe output 

19 WR Write strobe output 

20 BUSAK Bus acknowledge output 

21 WAIT Wait input 

22 BUSRQ Bus request input 

23 RESET . Reset input 

24 M1 Machine cycle 1 output 

25 RFSH Refresh request output 

26 GND Ground 

28-32,34-38 Ao-A10 Address bus, low bits, outputs 

17 IC Internally connected 

11,33,39 NC Not connected 

NMI (Nonmaskable Interrupt) 

This pin inputs an interrupt which is not maskable b 
software. NMI is active-low in the JlPD70008, and is fali 
ing edge triggered in the JlPD70008A. NMI has a high~ 
priority than INT, but a lower priority than BUSRO ani 
RESET. NMI releases the standby mode. 

MREQ (Memory Request) 

This three-state pin is an active-low output. T~~~ 
JlPD70008! A asserts M REO to indicate that the inform! ,II 
tion on the address bus is a memory address. This pi I 

enters the high impedance state when bus ackno\l\ 
edge is active. MREQ is inactive (high) in the standt 
mode. 
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Pin Functions (cont) 

10RQ (110 Request) 

This three-state pin is an active-low output. The 
/-lP0700081 A asserts IORQ to indicate that the informa
tion on the address bus is a peripheral device address. 

'I IORQ is also asserted during a maskable interrupt serv
I ice to request the interrupting device to output its inter
, rupt vector to the data bus. This pin enters the high 

impedance state when bus acknowledge is active. 
IORQ is inactive (high) in the standby mode. 

RD (Read Strobe) 

This three-state active-low output provides a read strobe 
for the memory and peripheral devices. The pin enters 
the high impedance state when the bus acknowledge is 
active. RO is inactive (high) in the standby mode. 

WR (Write Strobe) 

This three-state active-low output provides a write 
strobe for the memory and peripheral devices. This pin 
enters the high impedance state when bus acknowl
edge is active. WR is inactive (high) in the standby 
mode. 

BUSRQ (Bus Request) 

IThis is an active-low input. Peripheral devices assert 
BUSRQ to request the /-lP0700081 A to release control of 
the address bus (A15-AO), data bus (07-00) and control 
bus (M REQ, IORQ, RO and WR) and assert bus acknowl
edge. BUSRQ has a higher priority than either INT or 
NMI, but is lower in priority than RESET. BUSRQ will 
temporarily suspend the standby mode. The /-lP0700081 
1\ leaves standby mode when BUSRQ is asserted, but 
'eturns to the standby mode when BUSRQ is released. 

BUSAK (Bus Acknowledge) 

rhis active-low output indicates that the data bus 
107-00), address bus (A15-AO), and control bus (MREQ, 
ORQ, RO and WR) have entered the high impedance 
~tate. This releases the buses from CPU control and 
nakes them available to the peripheral devices for data 
Ixchange. This state cannot be released by NMI or INT, 
IUt responds only to RESET or the release of BUSRQ. 

tALT (Halt/Standby Mode) 

[his active-low output is asserted after the halt corn
land has been executed and indicates that the 
F0700081 A has entered the standby mode. 

J.tPD70008/A 

WAIT (Wait) 

This pin is an active-low input. Memory and peripheral 
devices assert this signal to increase read or write ac
cess time. When WAIT is asserted, the /-lP0700081 A in
serts wait states (TW) into the machine cycle until WAIT 
is released. 

RESET (Reset) 

This active-low input is used to reset the /-lP0700081 A. 
The standby mode is released on Reset. Reset has the 
highest priority. 

INTI < NMI < BUSRQ < RESET 

RFSH (Refresh Request) 

This pin is an active-low output. The /-lP0700081 A as
serts RFSH to trigger the external memory refresh oper
ation. When RFSH is low, the lower seven bits of the 
address bus (As-Ao) are a refresh address. This pin is 
inactive (high) in the standby mode. 

M1 (Machine Cycle 1) 

This pin is an active-low output. When M1 is asserted, it 
indicates that the /-lP0700081 A is in the opcode fetch cy
cle, M1. 

CLK(Clock) 

This pin is the system clock input. 

Voo (Power Supply) 

This pin is the +5 V power supply input. 

GND (Ground) 

This pin is the ground pin. 
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Block Diagram 

07-Do 

Timing &. Control 

M1 MREQ IORQ RD VIR 

DC Characteristics 
/-IPD70008:TA= -10 0 Cto +70 0 C,/-IPD70008A:TA= -40 0 Cto +85°C, 
voo= +5V±10% 

Limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

Input voltage VIH1 2.2 Voo V Except elK, 
high RESET 

VIH2 Voo-0.6 Voo+0.3 V elK, RESET 

Input voltage VIL1 -0.3 O.S V Except elK, 
low RESET 

VIL2 -0.3 0.45 V elK, RESET 

Output voltage VOH 2.4 V 10H= -400j.tA 
high 

Output voltage VOL 0.4 V IOL=2.5rnA 
low 

Input leakage IUH 10 j.tA VI=VOO 
current high 

Input leakage IUL -10 j.tA VIN=OV 
current low 

Output leakage ILOH 10 j.tA VO=VDO 
current high 

Output leakage ILOL -10 j.tA Vo=OV 
current low 

3-6 

NMI RALf elK VDD GNO 

Limits 

Parameter Symbol Min Typ Max 

Supply current 
(Note 1) 

j.lP07000S 10D1 10 30 

1002 500 

j.lP07000SA-4 10D1 9 20 

1002 SO 240 

j.lP07000SA-6 1001 14 30 

1002 120 360 

Note: 
(1) 1001 is normal operating current. 

1002 is standby mode current. 

ttiEC 

SP(16) 

PC (16) 

Inc/Dec(16) 

A!5-Ao 

Main 
8x8 

Alt 
8x8 

83-0033641 

Test 
Unit Conditions 

rnA tCYK= 0.25/-1s 

j.tA tCYK=0.25j.ls 

rnA tCYK = O. 25 j.ls 

j.tA tCYK=0.25j.ls 

rnA tCYK=0.165 j.ls III 

j.tA tCYK=0.165j.ls ;~ 

:~ 
II 

I 
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Capacitance 
TA = 25°e, fe = 1 MHz 

Limits 

Parameter Symbol Min Typ Max Unit 

ClK input 
capacitance 

Input CI 
capacitance 

Output Co 
capacitance 

pF 

10 pF 

Test 
Conditions 

(Note 1) 

(Note 1) 

(Note 1) 

AC Test Points 

RESET,CLK 

Voo-O.6V Voo-0.6V 

-V---V---..I\. Test Points ~ 

0.45 V 

OUTPUT, INPUT 

0.45 V 
UV UV 

0
2.
45
·4-V---------V--..I\. Test Points ~ 

O.BV O.BV 

I/O capacitance Cia 10 pF (Note 1) 83-003888A 

Note: 
(1) All unmeasured pins returned to 0 V. 

AC Characteristics 
I-IPD70008: TA = -1ooe to + 70oe, I-IPD70008A: TA = - 40 0 e to +85°e, vee = 5 V ±10% 

Limits 

/APD70008/A·4 /APD70008A.8 

Signal Parameter Symbol Min Max Min Max 

ClK Clock period tCYK 0.25 (Note 1) 0.165 (Note 8) 

Clock pulse width high tKKH 0.11 200 0.065 200 

Clock pulse width low tKKL 110 2000 65 2000 

Clock pulse rise and fall time tKR. tKF 30 20 

Address output delay tOKA 110 90 

Address delay to float tFKA 90 80 

Address stable prior to MREO, tSAM (Note 2) (Note 9) 
memory cycle 

Address stable prior to 10RO in tSAI tCYK-70 (Note 10) 
I/O cycle 

Address stable from RD, WR, tHRA (Note 3) (Note 11) 
10RO, MREO 

Address stable from RD, WR tFCA (Note 4) (Note 12) 
during float 

Data output delay tOKD 180 130 

Delay to float during write cycle tFKO 90 80 

Data setup time to ClK during M1 tSOKR 35 30 
cycle 

Data setup time to ClK during M2 tSOKF 50 40 
to M5 cycles 

Data stable prior to WR (memory tSMOW tCYK-170 (Note 13) 
cycle) 

Data stable prior to WR (I/O tSIDW tKKL +tKR -170 (Note 14) 
cycle) 

Data stable from WR tFCO (Note 5) (Note 15) 

WR delay from ClK t to WR low tOKRWL 65 60 

WR delay from ClK + to WR low tOKFWL 80 70 

WR delay from ClK + to WR high tOKFWH 80 70 

WR low pulse width tWWL tCYK-30 (Note 18) 

M1 delay from ClK t to M110w tOKM1L 100 80 

M1 delay from ClK t to M1 high tOKM1H 100 80 

Unit 

,",S 

,",S 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Test 
Conditions 

CL =100 pF 

CL =100 pF 

CL =100 pF 

CL =100pF 

CL =100 pF 

CL =100 pF 

CL =100 pF 

CL =100 pF 

CL =100 pF 

CL =100 pF 

CL =100pF 

CL =100 pF 
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AC Characteristics (cont) 
",PD70008:TA= -100cto +70oc,,,,PD70008A:TA= -40°C to +85°c,Vcc=5V±10% 

Limits 

IlPD700081A.4 IlPD70008A·6 
r-

Test 
Signal Parameter Symbol Min Mall Min Mall Unit Conditions 

RFSH RFSH delay from ClK t to RFSH tOKRFL 130 110 ns CL =100 pF 
low 

RFSH delay from ClK t to RFSH tOKRFH 120 100 ns CL =100 pF 
high 

WAIT WAIT setup time to ClK + tSWTK 70 60 ns 

HALT HALT delay from ClK + tOKHT 300 260 ns CL =100 pF 

INT INT setup time to ClK t tSITK 80 70 ns 

NMI NMIIow pulse width tNNL 80 70 ns 

BUSRO BUSRO setup time to ClK + tSBQK 50 50 ns 

BUSAK BUSAK delay from ClK t to tOKRBA 100 90 ns CL =100 pF 
BUSAKlow 

BUSAK delay from ClK + to tOKFBA 100 90 ns CL =100 pF 
BUSAK high 

RESET RESET setup to ClK tSRSK 60 60 ns 

Other Delay to float (MREO. 10RO. RD. tFKC 80 70 ns 
WR) 

M1 stable prior to 10RO (interrupt tSM11 (Note 7) (Note 19) ns 
acknowledge) 

Hold time for setup time tH 0 ns 

MREO MREO delay from ClK + to MREO tOKFML 85 70 ns CL =100 pF 
low 

MREO delay from ClK t to MREO tOKRMH 85 70 ns CL =100 pF 
high 

MREO delay from ClK + MREO tOKFMH 85 70 ns CL =100 pF 
high 

Pulse width MREO low tMML tCYK-30 (Note 16) ns CL =100 pF 

Pulse width MREO high tMMH (Note 6) (Note 17) ns CL =100 pF 

10RO IORO delay from ClK t to 10RO tOKRIL 75 65 ns CL =100 pF 
low 

10RO delay from ClK + to 10RO tOKFIL 85 70 ns CL =100 pF 
low 

IORO delay from ClK t to 10RO tOKRIH 85 70 ns CL =100 pF 
high 

10RO delay from ClK + to 10RO tOKFIH 85 70 ns CL =100 pF 
high 

RD RD delay from ClK t to RD low tOKRRL 85 70 ns CL =100 pF 

RD delay from ClK + to RD low tOKRFL 95 80 ns CL =100 pF 

RD delay from ClK t to RD high tOKRRH 85 70 ns CL =100 pF 

RD delay from ClK + to RD high tOKFRH 85 70 ns CL =100 pF 

Note: (7) tSM11 = 2tCYK + tKKH + tKF - 65 (14) tSIDW = tKKL +tKR -140 
(1) tCYK=tKKH+tKKL +tKR+tKF (8) tCYK = tKKH +tKKL +tKR +tKF (15) tFCD = tKKL +tKR - 55 
(2) tSAM =tKKH +tKF-65 (9) tSAM = tKKH +tKF - 50 (16) tMML = tCYK - 30 
(3) tHRA = tKKL + tHR - 50 (10) tSAI = tCYK - 55 (17) tMMH = tKKH +tKF - 20 
(4) tFCA = tKKL +tKR - 45 (11) tHRA = tKKL + tKR - 50 (18) tWWL = tCYK - 30 
(5) tFCD = tKKL +tKR - 70 (12) tFCA = tKKL + tKR - 40 (19) tSM11 = 2tCYK +tKKH +tKF-
(6) tMMH = tKKH + tKF - 20 (13) tSMDW = tCYK -140 
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Timing Waveforms 

elK 

Ao-A15 

Ao-A15 

IN 

OUT IE] 
M1 

RFSH 

MREO 

Rli 

WR 

IORO 

i'iii 

83-003816C 
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Register Configuration 

Program Counter (PC) 

The 16-bit program counter contains the address of the 
next instruction to be fetched and executed. It is set to 
OOOOH at reset. 

Stack Pointer (SP) 

The 16-bit stack pointer stores the first address of the 
portion of main memory used as a UFO stack. SP is de
cremented when a CALL or PUSH is executed, or when 
an interrupt occurs. It is incremented when a RET, POp, 
or interrupt return is executed. 

Index Registers (IX, IV) 

These two 16-bit registers are used to perform indexed 
addressing. 

Accumulators (A, A') 

The J.tPD70008! A has two 8-bit accumulators: the main 
accumulator (A) which is used to perform arithmetic 
and logic operations, and an alternate accumulator(A'). 
The contents of the main and alternate accumulators 
can be exchanged using the (EX) instruction. The alter
nate accumulator can be used for background opera
tion, or to save the data in the main accumulator when 
an interrupt is processed. 

Flag Registers (F, F') 

The J.tPD70008! A has two 8-bit flag registers: main (F) 
and alternate (F') of the format shown in figure 1. The 
main flag register(F) has the status flags resulting from 
normal operation. The contents of the main and alter
nate registers can be exchanged using the exchange 
(EX) instruction. The alternate (F') register can be used 
for background operation, or to save the state of the 
main flag register when an interrupt is processed. 

Figure 1. Flag Register Format 

I S I z I - I AC I - I P/v I N I Cy I 
I I 

3-10 

F,F' 

Carry 

Addition/Subtraction 

Parity/Overflow 

Auxiliary Carry 

Zero 

Sign 

83·003889A 

tt¥EC 
General Purpose Registers 

The ",PD70008! A has twelve 8-bit general purpose regis
ters: six main registers (B, C, D, E, H, and L) and six alter
nate registers (B', C', D', E', H', and L'). Each register can 
be used individually as an 8-bit register, or can be used 
in pairs as 16-bit registers (BC, B'C', DE, D'E', HL, and 
H'L'). 

The main registers are used when instructions are exe
cuted normally. The contents of the main and alternate 
registers are exchanged using the EX instruction. The 
alternate registers may be used for background opera
tion or to save the contents of the main registers when 
an interrupt is processed. 

Interrupt Page Address Register (I) 

This 8-bit register is used to generate addresses in 
maskable interrupt mode 2. See figure 2. These ad
dresses are used with externally input data to reference 
an interrupt start address table. 

This register is cleared to OOH at reset. 

Figure 2. Interrupt Reference Address 

15 8 7 1 0 

Input Data o I 
83·003890A 

Memory Refresh Register (R) 

This 7-bit register retains the refresh address for the ex
ternal dynamic memory. The contents of this registel 
are automatically incremented in each opcode fetct 
(M1) cycle. The contents of this register are output or 
the lower 7 bits of the address bus (A6-AO). 

This register is cleared to OOH at reset. 

Timing 

This section describes read and write timing for merr 
ory and I/O devices in connection with CPU operatio! 
timing. A single clock cycle (from one leading edge tl 
the next) is defined as one timing state. The nth state i 
represented as Tn. A Single instruction consists of tw 
to six machine cycles. A single machine cycle require 
three to six timing states. The nth machine cycle is rei 
resented as Mn. 

Table 1 lists the number of states normally required t 
each cycle. 



NEe 
Table 1. Timing States per Cycle 

Cycle 

Opcode fetch 

Memory read 

Memory write 

J 10 read 

J/Owrite 

Number of State. 
per Machine Cycle 

4 

3 

3 

4 

4 

The four states for 1/0 read and write include a single 
wait state (TW). The I-LPD700081 A inserts one wait state 
in every 1/0 read or write. Slower external devices may 
assert the WAIT signal to request longer read and write 
access times. This time will be added to the original 
number of clock states. The WAIT signal is monitored 
on the trailing edge of clock state T2. If WAIT is as
serted, a wait state (TW) is generated. The I-LPD700081 A 
continues to monitor WAIT on the clock's trailing edge, 
and supplies additional wait states a long as that signal 
is asserted. When WAIT is released the I-LPD700081 A 
proceeds to the T3 state. 

Figure 3. Opcode Fetch Cycle 

T1 T2 T3 T4 T1 

07-0 0 -+-----+--{ 

83-003891 A 

JJPD70008/A 

Opcode Fetch Cycle 

The first machine cycle of each instruction, M1, is the 
opcode fetch cycle. See figure 3. The opcode is fetched 
from memory during the first half of this cycle, and the 
dynamic memory is refreshed during the latter half. 

The memory outputs the opcode to the data bus when 
MREO, RD, or M1 is asserted. It is then read into the CPU 
at the leading edge of clock state T3. 

The CPU outputs a refresh address onto A6-AO during 
T3. It is applied to the dynamic memory when RFSH or 
MREO are asserted. 

Memory Read Cycle 

The memory contents are read out to the data bus when 
MREO or RD is asserted. The I-LPD700081 A reads data 
from the data bus on the trailing edge of T3. See figure 4. 

Memory Write Cycle 

Write data is output to the data bus between the last 
half of state T1 of the current machine cycle and the first 
half of state T1 of the next cycle. It is written to memory 
when WR or MREO is asserted. See figure 5. 

Figure 4. Memory Read Cycle 

T1 T2 T3 T1 

01-00 -1----+--( 

83-003892A 
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Figure 5. Memory Write Cycle 

T1 T2 T3 T1 

83-003893A 

110 Read Cycle 

The contents of an 110 device are read out to the data 
bus when lORa or RD is asserted. The JAPD700081 A 
reads the data bus on the trailing edge of the T3 clock 
state. See figure 6. To compensate for 1/0 devices with 
longer access times, the JAPD700081 A generates one 
wait state (TW) regardless of the condition of the WAIT 
signal. To extend the access time, the CPU must detect 
the WAIT signal asserted at the falling edge of TW. 

110 Write Cycle 

Write data is output to the data bus between the last 
half of state T1 of the current machine cycle and the first 
half of T1 of the next machine cycle. It is written to an 
1/0 device when lORa or WR is asserted. As in the 1/0 
read cycle, one wait state is automatically inserted in 
the I/Owritecycle. See figure 7. The WAIT signal is used 
to insert additional wait states in the 1/0 write cycle in 
exactly the same way as in the read cycle. 

3-12 
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Figure 6. I/O Read Cycle 

T1 T2 TW T3 T1 

eLK 

07-Do -1----4-----1-< 

83-003894A 

Figure 7. I/O Write Cycle 

T1 T2 TW T3 T1 

Or-Do ---

83-00389! 
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Bus Request State 

The bus request causes the IiPD7000B/ A address bus 
(A15-AO), data bus (D7-DO), and control bus (MREQ, 
IORQ, RD, and WR) pins to enter the high impedance 
state.This makes the buses available to external de
vices for DMA access. 

. i The bus request state is controlled by the bus request 
II (BUSRQ) signal. See figure B. The IiPD7000B/ A detects 
I BUSRQ at the rising edge of the last state of each ma
I chine cycle. If it is active (low) the IiPD7000B/ A does not 

I move on the next machine cycle, but enters the bus re-
quest state. The IiPD7000B/ A asserts BUSAK to indi
cate that the BUSRQ signal has been received, and the 
three buses have entered the high impedance state. 

BUSRQ is checked at the rising edge of all clock states. 
When it becomes inactive the IiPD7000B/ A leaves the 
bus request state, and proceeds to the next cycle. 

BUSRQ temporarily suspends the standby mode. When 
'BUSRQ is asserted, the IiPD7000B/ A leaves the standby 
mode and enters the bus request state. When BUSRQ is 
released the IiPD7000B/ A returns to the standby mode. 

Interrupts are disabled during the bus request state. 

Interrupts 

rhe IiPD7000B/ A has two types of interrupt: maskable 
liNT) and nonmaskable (NMI). The nonmaskable inter
upt request cannot be masked by software. It will be ac
;nowledged unless the IiPD7000B/ A is in the bus 

~igure 8. Bus Request State 

Tn TLAST THlD 

elK 

Address Bus 

Data Bus 

Control Bus 

J.lPD70008/A 

request state. The maskable interrupt can be masked by 
software. It is controlled by setting or resetting the inter
rupt enable flip-flop (IFF) using the EI or DI instructions. 
INT has a lower priority than the nonmaskable interrupt. 
The maskable interrupt will therefore not be acknowl
edged if there is a nonmaskable interrupt, or if the 
IiPD7000B/ A is in the bus request state. 

INTI < NMI < BUSRQ < RESET 

Nonmaskable Interrupt Operation 

The falling edge of NMI always sets the nonmaskable 
interrupt flip-flop. The IiPD7000B/ A checks the flip-flop 3 
at the rising edge of the last clock state of an instruc-
tion. If it is set, the IiPD7000B/ A transfers control to the 
nonmaskable interrupt service routine. The interrupt 
process starts at the opcode fetch cycle, (M1, 5 states) 
but the opcode fetched at this point is ignored. The con-
tents of the PC are stored on the stack in the next two 
machine cycles (M2, 3 states and M3, 3 states). At the 
same time, the address 0066H is loaded into the PC, and 
the state of the interrupt enable flip-flop is saved to an 
exclusive flip-flop. The entire interrupt routine requires 3 
machine cycles (11 states). The contents of the PC and 
IFF are restored by the execution of the RETN instruc-
tion at the end of the interrupt procedure. 

THLD THLD T1 

83·0038968 
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Maskable Interrupt Operation 

Maskable interrupts are processed in three modes. In 
each mode, the INTsignal is detected atthe rising edge 
of the last clock state of each instruction. The M1 in
struction specifies which mode is to be used. 

Mode o. In this mode, the data placed on the bus by the 
interrupting device is treated as an instruction. It is 
fetched in the opcode fetch cycle (M1, 7 states) and exe
cuted. The instruction used in this mode is usually a 
CALL (3 bytes) or RST (1 byte). 

If a 1-byte RST instruction is executed, the contents of 
the PC are saved to the stack. A fixed address specified 
by the opcode is loaded into the PC during the next M2 
(3 states) and M3 (3 states). The execution of this inter
rupt requires 3 machine cycles or 13 states. 

If a 3-byte CALL instruction is executed, the second and 
third bytes are fetched during the M2 and M3 cycles (3 
states each). During M4 and M5 (3 states each), the con
tents of the PC are saved to the stack and the second 
and third bytes of the CALL instruction are loaded into 
the PC. This interrupt requires 5 machine cyces and a 
total of 19 clock states. 

Mode 1. In this mode, the data fetched during M1 (7 
states) is ignored, and the ",PD700081 A proceeds to the 
next cycle. During the M2 and M3 machine cycles (3 
states each), the contents of the PC are saved to the 
stack and replaced by the interrupt address 0038H. This 
interrupt requires 3 machine cycles or 13 states. 

Mode 2. In this mode, the data fetched from the inter
rupting device and the contents of the interrupt page 
register (I) are used to reference an interrupt start ad
dress table. Program execution jumps to the 16-bit ad
dress referenced by the table. See figure 9. The data is 
fetched during the opcode fetch cycle (M1, 7 states). 
During M2 and M3 (3 states each) the contents of the PC 
are saved to the stack. During the M4 and M5 cycles, (3 
states each) the table is referenced and the contents of 
the table location are loaded into the PC. This interrupt 
requires 5 machine cycles or 19 states. 

Standby Mode 

The ",PD700081 A is provided with a standby mode 
(HALT). In the standby mode, powerconsumption is ap
proximately 2% of normal operating power consump
tion. The standby mode is set by executing the HALT 
instruction. 

In the standby mode, the state of the ",PD700081 A is re
tained. The contents of all registers and the state of all 
flags are retained as well. Clock Signals are supplied 
only to indispensable circuits in the ",PD700081 A to min
imize power consumption. 

3-14 
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Figure 9. Interrupt Address Table 

15 8 7 1 0 

1 1(8) I . I I Table Reference Address 
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Interrupt 
Address 
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83·003897A 

External operations such as memory access and mem
ory refresh are not performed in the standby mode. 

Table 2 shows the state of each output pin in thE 
standby mode. 

Table 2. Standby Mode 

PIn 

Data bus 
DrDo 

Address bus 
A15-AO 

Control bus 
RD, WR, MREO, IORO, M1 
RFSH 

Statu. 

High level, pulled up through internal 
resistance 

High or low level signals 

High level (inactive) 

High level (inactive) 

Low level (active) 

The standby mode is released when a reset or an intE 
rupt occurs. The standby mode is temporarily su 
pended by a bus request, but not released. 

RESET in Standby Mode 

When the RESET Signal becomes active (low) tl 
standby mode is released and a normal reset is pi 
formed. 

NMI in Standby Mode 

When the NMI Signal is asserted (low) the standby mo 
is released and normal nonmaskable interrupt proce: 
ing is performed. The interrupt is not performed in t 
bus request state. 



t'tfEC 
INT in Standby Mode 

When the INT signal is asserted (low) the standby mode 
is released. If the interrupt is enabled, normal interrupt 
processing is performed. If the interrupt is disabled, ex
ecution resumes at the instruction following the HALT 
instruction. 

BUSRQ in Standby Mode 

The""'BlJSRQ signal is detected at the rising edge of each 
clock in the standby mode. If the BOSRQ signal is active 
(low) the ~P0700081 A leaves the standby mode, and en
ters the bus request state. When BUSRQ is released, the 
standby mode is resumed. The standby mode is not re
leased by the BUSRQ signal. 

RESET 

The RESET signal must be asserted (low) for over 3 
clock cycles to be recognized. The following steps are 
the reset initialization process: 

• The program counter (PC) is cleared to OOOOH. 

• The interrupt enable flip-flop (IFF) is reset to 0, disa
bling maskable interrupts.The interrupt mode is set 
toO. 

• The interrupt page address register (I) is cleared to 
OOH. 

• The memory refresh register (R) is cleared to OOH. 

• The address bus (A15-AO) and data bus (07-00) are. 
set to high impedance. 

t All control outputs are set in their inactive state. 

t The standby mode is released. 

fhe following registers are undefined at reset: 

Stack pointer (SP) 
Accumulators (A,A') 
Flag registers (F,F') 
General purpose registers 

(B, B', C, C', 0, 0', E, E', H, H', L, L') 
Index registers (IX,IV) 

Vhen RESET is released the program will begin execu
ion from location OOOOH. 

nstruction Set 

ach operand should be written in the operand column 
f an instruction according to the description in table 3. 
lapital letters are keywords and should be written as 
ley appear. 

f..'PD70008/A 

Table 3. Operand Description' 

Indentlfler 

addr 

faddr 

word 

byte 

Description 

16-bit immediate data or label 

OOH, 08H, 10H, 18H, 20H, 28H, 30H, 38H 
immediate data or label 

16-bit immediate data or label 

8-bit immediate data or label 

bit 3-bit immediate data or label (bit specification of 
8-bit register / memory) 

r' 

rp 

rp1 

rp2 

rp3 

8-bit displacement (signed 2's complement) 

A,B,C,D,E,H,L 

A' , B' , C' , D' , E' , H' , L' 

BC,DE,HL,AF 

BC,DE,HL,SP 

BC, DE, IX, SP 

BC, DE, IY, SP 

Displacement for relative jump (signed 2's 
complement) 

Selection of Register and Condition 

rp qq rpl lI,dd 

BC 00 BC 00 

DE 01 DE 01 

HL 10 HL 10 

AF 11 SP 11 

r, r' r, r' bit 

BB' 000 0 

CC' 001 

DD' 010 

EE' 011 

H H' 100 4 

L L' 101 

AA' 111 6 

Flag Operation 

(Blank): Flag not affected 

0: Flag reset 

1: Flag set 

rp2 pp rp3 

BC 00 Be 

DE 01 DE 

IX 10 IY 

SP 11 SP 

b faddr 

000 OOH 

001 08H 

010 10H 

011 18H 

100 20H 

101 28H 

110 30H 

111 38H 

X: Flag affected according to result of operation 

U: Flag unknown 

rr 

00 

01 

10 

11 

000 

001 

010 

011 

100 

101 

110 

111 

3-15 



#-,PD70008/A NEe 
Structure of Instruction Byte for Addressing 

Byte 1 OpCode I Byte I 
(lx+d)or(lY+d)1 OpCode I OpCode I Displacement I 

I OpCode I OpCod.e I Displacement I OpCode I 
or ~~ :~l: :~: I OpCode I OpCode I Displacement I Byte I 

o~~1 OpCode I WordL I WordH I 
I OpCode I OpCode I WordL I WordH I 

Addrl OpCode I AddrL I AddrH I 
el OpCode I e-2 I 

83·003898A 

3-16 



- -- -------- ---

~ Operation Coele No.of No. of Flags 
Mnemonic Operands Operation 7 6 5 4 3 2 1 0 7 6 5 4 3 2 0 Clocks Bytes S Z H PlV N C 

8-Bit Transfer Instructions 
LO r,r' r-r' 0 r' 4 0 r, byte r- byte 0 0 0 

r, (HL) r-(HL) 0 1 0 7 1 

r, (IX +d) r - (IX + disp) 0 0 0 0 19 3 

disp 

r, (IY = dl r - (IY + disp) 1 1 0 0 0 19 3 

disp 

(HL), r (HL)-r 0 1 1 0 7 1 

(IX +d), r (IX + disp) - r 1 0 0 0 0 19 3 

disp 

(IY +d), r (IY + disp) - r 1 1 0 0 0 19 3 

disp 

(HL), byte (HL) - byte 0 0 1 0 1 0 10 

(IX + d), byte (IX + disp) - byte 0 0 0 0 0 0 19 4 

disp 

(IY + dl. byte (IY + disp) - byte 1 1 0 0 0 0 0 19 4 

disp 

A, (BC) A-(BC) 0 0 0 0 1 0 0 7 

A, (DE) A-(OE) 0 0 0 0 0 

A, (word) A-(word) 0 0 1 1 1 0 0 13 3 

(BC), A (BC)-A 0 0 0 0 0 0 0 7 

(DE), A (OE)-A 0 0 0 0 0 0 7 1 

(word),A (word)-A 0 0 1 .1 0 0 0 13 3 

A,I A-I 0 0 0 0 0 9 x - x 0 IFF 0 

A,R A-R 0 0 0 0 1 1 9 2 x 0 IFF 

I,A I-A 0 0 0 0 0 0 9 2 

R,A R-A 1 1 1 0 1 1 0 0 0 0 9 2 
1:: 

rp1, word rp1-word 0 0 d d 0 0 0 10 3 " IX, word IX -word 0 0 0 0 0 0 0 0 14 4 g 
IY, word', IY-word 1 1 0 0 0 0 0 0 0 14 4 -III 

0 
HL, (word) H - (word + 1), 0 0 0 0 0 16 3 0 

L-(word) 0 
CD 

CN ..... 
..!... ~ ....... 

• 



to) Instruction Set (cont) "l: ..!... 'V (X) Operation Code Flags No. of No. of a 
Mnemonic Operands Operation 7 6 5 4 3 2 1 0 7 6 5 4 3 2 0 Clocks Bytes S Z H PlY N C ..... 
Sixteen-Bit Transfer Instructions 0 
LD rp1, (word) rp1H - (word + 1), 0 0 0 d d 0 20 4 0 

rp1L - (word) 0 
IX, (word) IXH - (word + 1), 0 0 0 0 0 0 0 20 4 

CD -. 
IXL -(word) • IV, (word) IVH - (word + 1), 0 0 0 0 0 0 20 4 
IVL -(word) 

(word), HL (word + 1) - H, 0 0 0 0 0 0 16 3 
(word)- L 

(word), rp1 (word + 1) - rp1H, 0 0 0 d d 0 0 20 4 
(word) ~ rp1L 

{word),IX (word + 1) - IXH, 0 0 0 0 0 0 0 0 20 4 
{word)-IXL 

(word),IV (word + 1) -IVH, 0 0 0 0 0 0 0 20 4 
(word) -IVL 

SP, HL SP-HL 1 0 0 6 

SP,IX SP-IX 0 0 0 0 10 

SP,IV SP-IV 0 0 0 10 

PUSH rp (SP - 1) - rpL, 0 0 11 
(SP - 2) - rPH, 
SP-SP - 2 

IX (SP - 1) - IXL, 0 0 0 0 0 15 
(SP - 2) -IXH, 
SP-SP - 2 

IV (SP - 1) - IVL, 0 0 0 0 15 
(SP - 2) - IVH, 
SP-SP - 2 

POP rp rpL -(SP), 0 0 0 10 
rpH - (SP + 1), 
SP-SP = 2 

IX IXL -(SP), 0 0 0 0 0 0 14 
IXH - (SP + 1), 
SP-SP +2 

IV IVL-{SP), 0 0 0 0 0 14 
IVH -(SP +1), 

~ 
SP-SP +2 

~ 



InSUUCllon:»et (colit) 

~ Operation Code No. of No. of Flags 
Mnemonic Operands Operation 7 6 5 4 3 2 1 0 7 6 5 4 3 2 0 Clocks Bytes S Z H PlY N C 

Data Conversion Instructions 
EX DE,HL DE-HL 1 1 0 0 1 1 4 

~ AF, AF' A-A',F-F' 0 0 0 0 0 0 0 4 

EXX BC-BC', 0 0 4 
DE - DE' , HL - HL' 

EX (SP), HL (SP)-L, 0 0 0 19 
(SP +1)- H, 
SP-SP + 2 

(SP), IX (SP)-IXL, 0 0 0 0 0 23 
(SP + 1) - IXH, 
SP-SP +2 

(SP), IV (SP)-IVL, 0 0 0 0 23 
(SP + 1) - IVH, 
SP-SP +2 

Block Transfer Instructions 

LDI (DE) -(HL), 0 0 0 0 0 0 0 0 16 0 x 0 
DE-DE +1, 
HL- HL +1, 
BC -BC-1 

LDIR (DE)-(HL), 0 0 0 0 0 0 0 21/16(1) 0 0 
DE-DE +1, 
HL-HL +1, 
BC-BC -1, 
End if BC = 0 

LDD (DE)-(HL), 0 0 0 0 0 0 0 16 0 0 
DE-DE -1, 
HL-HL -1, 
BC-BC -1 

LDDR (DE) -(HL), 0 0 0 0 0 0 21/16(1) 0 0 0 
DE-DE -1, 
HL-.HL -1, 
BC -BC -1, 
End if BC = 0 

Block Search Instructions 1:: 
CPI A - (HL), 0 0 0 0 0 0 0 16 x x x x ." 

HL-HL +1, D 
BC ~BC-1 ~ 

0 
CPIR A - (HL), 0 0 0 0 0 0 1 21/16(2) x x x x 0 

HL- HL +1, 0 
Be-Be -1, CD 

w End if A = (HL) or Be = 0 .... 
.!... • CD 

rI 



(J.) Instruction Set (cont) 1:: 
N " 0 Operation Coele No.of No. of Flags g 

Mnemonic Operands Operation 7 8 5 4 3 2 1 0 7 8 5 4 3 2 0 Clocks Bytes S Z H PlY N C 

---Block Search Instructions (cont) 0 
CPO A - (HL), 0 0 0 0 0 0 16 x x x x 0 

HL-HL -1, 0 
BC-BC -1 CD -. 

CPDR A - (HL), 0 0 0 0 0 1 21/16(2) x x x x • HL-HL -1, 
BC-BC -1, 
End if A = (HL) or BC = 0 

Eight-Bit Arithmetic Operation Instructions 
ADD A, r A-A+r 0 0 0 0 4 x x x V 0 x 

A, byte A-A + byte 1 0 0 0 0 7 x x x V 0 x 
A, (HL) A-A + (HL) 0 0 0 0 1 0 7 1 x x x V 0 x 
A, (IX +d) A -A + (IX + disp) 0 0 0 0 0 0 0 19 3 x x x V 0 x 

disp 

A, (IV +d) A-A +(IV +disp) 1 1 0 0 0 0 0 0 19 3 x x x V 0 x 
disp 

ADC A, r A-A +r +CY 0 0 0 1 4 x x x V 0 x 
A, byte A - A + byte + CY 1 0 0 0 7 x x x V 0 x 
A, (HL) A-A +(HL) + CY 0 0 0 0 7 1 x x x V 0 x 
A, (IX +d) A-A + (IX + disp) + CY 0 0 0 0 0 0 19 3 x x x V 0 x 

disp 

A, (IY +d) A - A + (IV + disp) + CY 1 1 0 0 0 0 0 19 3 x x x V 0 x 
disp 

SUB A, r A-A- r 0 0 1 0 4 1 x x x V x 
A, byte A-A - byte 1 0 1 0 0 7 2 x x x V x 
A, (HL) A-A - (HL) 0 0 1 0 1 0 7 x x x V x 
A, (IX +d) A-A - (IX +disp) 0 0 0 0 0 0 19 3 x x x V x 

disp 

A, (IV +d) A - A -(IV + disp) 1 1 0 0 0 0 0 19 3 x x x V x 
disp 

--=--=---c::--=------~ ____ 

~ 
~ 



"f.''''U~lIun-.::fe'( (aOnl,-

~ Operation Code No. of No. of Flags 
Mnemonic Operands Operation 7 6 5 4 3 2 1 0 7 6 5 4 3 2 0 Clocks Bytes S Z H PIV N C 
Eight-Bit Arithmetic Operation Instructions (cont) 

SBC A, r A-A - r - CV 0 0 4 x x V 

~ A, byte A - A - byte - CV 0 0 7 x x V x 

A, (HL) A-A - (HL) - CV 0 0 1 0 1 x x V x 

A, (IX +d) A - A - (IX + disp) - CV 0 0 0 0 0 19 3 x x V x 

disp 

A, (IV +d) A-A - (IV + disp) - CV 1 1 0 0 0 0 19 x x V x 

disp 

Eight-Bit Logical Operation Instructions 
AND A, r A-AANDr 0 0 0 4 x P 0 

A, byte A -AANDbyte 0 0 0 7 x P 0 

A, (HL) A-AAND(HL) 0 0 0 0 x 0 

A, (IX +d) A-AAND(IX +disp) - CV 0 0 0 0 0 19 x 0 

disp 

A, (IV +d) A - A AND (IV + disp) 1 1 0 0 0 19 3 x P 0 

disp 

OR A, r A-AORr 0 1 0 4 P 0 

A, byte A -AOR byte 0 0 x 0 P 0 

A, (HL) A-AOR(HL) 0 1 0 0 x 0 P 0 

A, (IX +d) A-AOR(IX +disp) 0 0 0 0 0 19 x 0 P 0 

disp 

A, (IV +d) A - A OR (IVJ + disp) 1 1 0 0 0 0 19 3 0 P 

disp 

XOR A,r A -AXOR r 0 0 1 4 0 P 0 

A, byte A -AXORbyte 0 0 7 x 0 P 0 

A, (HL) A -AXOR (HL) 0 0 0 1 x 0 P 0 

A, (IX +d) A - A XOR (IX + disp) 0 0 0 0 0 19 3 x 0 0 

disp '1:: 
A, (IV +d) A - A XOR (IV + disp) 1 1 0 0 0 0 19 3 x 0 P 0 

,. 
disp a 

--a 
0 
0 
0 
CD 

'f .... 
~ • 

rI 



c.l 
N Instruction Set (cont) 
I\) Operation Code 

Mnemonic Operands Operation 7 8 5 4 3 2 078 
Eight-Bit Logical Operation Instructions (cont) 
CP A, r A - r o 

A, byte A - byte o 
A, (HL) A - (HL) o o 
A, (IX +d) A - (IX + disp) o o 0 

disp 

A, (IV +d) A - (IV + disp) o o 
disp 

Eight-Bit Increment / Decrement Instructions 

INC r-r+1 o 0 o 0 

(HL) (HL) - (HL) + 1 o 0 o o 0 

(IX +d) (IX + disp) - (IX + disp) + 1 o o 0 0 

disp 

(IV +d) (IV + disp) - (IX + disp) + 1 o o 0 

disp 

DEC r-r-1 o 0 o 
(HL) (HL) - (HL) - 1 o 0 o o 
(IX +d) (IX + disp) - (IX + disp) - 1 o o o 0 

disp 

(IV +d) (IV + disp) - (IV + disp) - 1 o o 0 

disp 

Sixteen-Bit Arithmetic Operation Instructions 

ADD HL, rp1 HL - HL + rp1 o 0 o 0 

ADC HL, rp1 Hl-HL +rp1 +CV o o o 
SSC HL, rp1 HL-HL - rp1- CV o o o 
ADD IX, rp2 IX -IX + rp2 o o o o 

IV, rp3 IV -IV + rp3 o o 0 

Sixteen-Bit Increment / Decrement Instructions 

INC rp1 rp1 - rp1 + 1 o 0 o 1 
---

IX IX-IX +1 1 0 1 0 o 0 

IV IV-IV +1 o o 
DEC rp1 rp1 - rp1 - 1 o o 

IX IX-IX-1 o o o 0 

IV IV-IV-1 o o 0 

5 4 3 2 o 

o 

o 

o o 0 

o o 0 

o o 

o o 

o o 
o o o 

o o 
o 0 

o 0 0 

000 

o 0 

o 0 

No. of 
Clocks 

4 

7 

19 

19 

4 

11 

23 

23 

4 

11 

23 

23 

11 

15 

15 

15 

15 

6 

10 

10 

6 

10 

10 

No. of 
Bytes 

3 

3 

3 

3 

3 

3 

2 

s 

x 
x 
x 
x 

z 

x 
x 
x 
x 

Flags 
H PlY N 

x V 

x V 
x V 

x V 

x x x V 

x x x V 0 

x x V 0 

x x V 0 

x x x V 0 

x x x V 
x x V 

x x x V 

x x x V 

C 

x 
x 
x 
x 

x 

u o x 
x U V 0 x 

x x U V x 

u o x 
u o x 

1:: ,. 
o 
--a 
o o o 
C» .... • 

~ 
.~ 



c.> 
I 

I\) 
c.> 

-IR51rU-Cnon-:rer-(COftt) 

Mnemonic Operands Operation 

Accumulator Operation Instructions 
DAA Decimal adjust accumulator 

CPL A~A 

NEG A-A+1 

CCF CV-CV 

SCF CV-1 

Rotate Instructions 
RLCA 

RLA 

RRCA 

RRA 

RLC 

(HL) 

(IX +d) 

(IV +d) r, (HL), (IX + disp), (IV + disp) 

RL 

(HL) 

(IX +d) 

(IV +d) r, (HL), (IX + disp), (IV + disp) 

RRC 

(HL) 

(IX +d) 

(IV +d) r, (HL), (IX + disp), (IV + disp) 

Operation Code 
7 8 5 4 3 2 o 854 3 2 

000 

o 0 

o o 0 0 0 

o 
o 

o 0 0 0 0 

o 0 o 

o 0 0 

o 0 

o 0 o 000 

o 0 o o 0 0 0 

o o o 0 0 

disp 000 

o 000 

disp o 0 0 0 0 

o 0 o o 0 

o 0 o 000 

o o o 0 

disp 000 

o 000 

disp 000 

o 0 o 000 

o 0 o 000 

o o o 0 0 

disp 000 

o 000 

disp 000 

No. of 
o Clocks 

4 

4 

o 0 8 

4 

4 

4 

4 

4 

4 

8 

o 15 

23 

o 
23 

o 
8 

o 15 

23 

o 
23 

o 
8 

o 15 

23 

o 
23 

o 

Ill) 

No. of 
Bytes 

4 

4 

4 

4 

2 

4 

4 

Flags 

S Z H PlY N C 

x x x P x 

x x x V x 

U 0 x 

o 0 

o o x 

o o x 

o o 

o 0 x 

x x 0 POx 

x x 0 POx 

x x 0 POx 

x x 0 0 x 

x x 0 POx 

x x 0 POx 

x x 0 POx 

x x 0 POx 

x x 0 POx 

x x 0 POx 

x x 0 POx 

x 0 o x 

~ 
~ 

1:: -a a 
I11III 
o o o 
CD .... • 



'f Instruction Set (cont) 1:: 
N 'V ~ Operation Code No. of No. of Flags D 

Mnemonic Operands Operation 7 8 5 4 2 1 0 7 8 5 4 2 0 Clocks Bytes 5 Z H PIV N C 

---Rotate Instructions (cont) 0 
RR 0 0 0 0 0 8 x x 0 P 0 0 

0 
(HL) 0 0 0 0 0 15 x x 0 P 0 CD 
(IX +d) 0 0 1 0 0 1 23 4 x x 0 0 x ... 

disp 0 0 1 1 0 
J:. 

(IV +d) r, (HL), (IX + disp), (IV + disp) 1 1 0 0 0 23 4 x 0 ·0 x 
disp 0 1 0 

RLD 0 1 0 0 18 x 0 P 0 

RRD 0 0 18 x x 0 P 0 

Shift Instructions 
SLA 0 0 0 0 0 8 x x 0 P 0 x 

(HL) 0 0 0 1 0 1 0 0 15 x 0 P 0 x 
(IX +d) 0 1 0 0 0 0 1 23 4 x 0 P 0 x 

disp 0 0 1 0 1 0 

(IV +d) r, (HL), (IX + disp), (IV + disp) 1 1 0 1 0 0 0 23 4 x 0 P x 
disp 0 0 0 

SRA 0 0 1 0 0 8 x 0 P x 
(HL) 0 0 1 0 0 1 0 1 0 15 x 0 P 0 x 
(IX +d) 0 0 1 0 0 0 23 4 x x 0 P 0 x 

disp 0 0 1 0 

(IV +d) r, (HL), (IX + disp), (IV + disp) 1 1 0 1 0 0 1 23 4 x 0 0 x 
disp 0 0 0 

SRL 0 0 1 0 0 8 x x 0 P 0 x 
(HL) 0 0 1 0 1 0 1 0 15 x 0 P 0 x 
(IX +d) 0 0 0 0 23 4 x 0 P 0 x 

disp 0 1 1 1 0 

(IV +d) r, (HL), (IX + disp), (IV + disp) 1 1 0 1 1 0 0 0 1 23 4 x 0 P 0 x 
disp 0 0 0 

~ 
~ 



1n5ll"UCllon-aet le-On!J 

~ Operation Code No. of No. of Flags 

Mnemonic Operands Operation 7 6 5 4 3 2 1 0 7 6 5 4 3 2 0 Clocks Bytes S Z H PIV N C 

Bit Operation Instructions 
BIT bit, r Z-rb 0 0 0 0 b 8 2 U x U 0 

~ bit, (HL) Z-(HL)b 0 0 0 0 b 1 12 2 U U 0 

bit, (IX +d) Z - (IX + disp)b 0 0 0 0 0 1 20 4 U x U 0 

disp 0 b 1 0 

bit, (IV +d) Z - (IV + disp)b 1 1 0 0 0 0 20 4 U x U 0 

disp 0 0 

SET bit, r rb- 1 0 0 1 0 8 

bit, (HL) (HL)b- 1 0 0 0 0 15 

bit (IX + d) (IX + disp)b-1 0 0 0 0 23 4 

disp 

bit (IV +d) (IV + disp)b -1 1 1 0 0 0 0 23 4 

disp 1 0 

RES bit, r rb- O 0 0 1 0 0 8 

bit, (HL) (HL)b -0 0 0 1 0 0 0 15 2 

bit (IX +d) (IX + disp)b - 0 0 0 0 1 23 4 

disp 0 b 1 0 

bit (IV + d) (IV + disp)b - 0 1 1 0 1 0 0 23 4 

disp 0 b 

Jump Instructions 
JP addr PC -addr 0 0 1 10 3 

NZ, addr If Z = 0, PC - addr 0 0 0 0 0 10 3 

Z, addr IfZ = 1, PC-addr 0 0 1 0 0 10 3 

NC, addr If C = 0, PC - addr 0 0 0 0 10 3 

JP C, addr If C = 1, PC - addr 0 1 0 0 10 3 

PO, addr If P =0, PC - addr 0 0 0 0 10 3 

PE, addr If P = 1, PC - addr 0 0 0 10 3 

P, addr If S = 0, PC - addr 0 0 10 3 1:: 
M, addr If S = 1, PC -- addr 0 0 10 "'II a 

~ 
0 
0 
0 
CD 

cu .... 
I 

I\) ~ 01 

III 



CN Instruction Set (cont) ~ I 
N ,. 
0'> Operation CoeIe No.of No. of Flags a 

Mnemonic Operands Operation 7 6 5 4 3 2 1 0 7 6 5 4 3 2 0 Clocks Bytes S Z H PlY N C --.. 
Jump Instructions (cont) 0 
JR PC-PC +e 0 0 0 1 0 0 0 12 0 

NZ, e If Z = 0, PC - PC + e 0 0 0 0 0 0 0 12/7(3) 0 
CD 

Z, e If Z = 1, PC - PC + e 0 0 0 1 0 0 0 12/7(3) .... 
NC, e If C = 0, PC - PC + e 0 0 0 0 0 0 12/7(3) J:. 
C, e If C = 1, PC - PC + e 0 0 1 0 0 0 12/7(3) 2 

JP (HL) PC-HL 1 0 0 0 4 - 1 

(IX) PC-IX 0 0 0 0 0 8 

(IV) PC-IV 1 1 1 1 0 1 0 0 0 8 2 

DJNZ B-B-1; 0 0 0 0 0 0 0 8/13(4) 2 
if B * 0, PC - PC + e 

Call Instructions 

CALL addr (SP - 1) - PCH, 0 0 0 17 3 
(SP - 2) - PCl, 
SP-SP - 2, 
PC -addr 

NZ, addr If conditions met, (SP - 1) - 0 0 0 0 0 17/10(5) 3 
PCH, 
(SP - 2) - PCl, SP - SP - 2, 
PC -addr 

Z, addr If conditions met, (SP - 1) - 0 0 0 0 17/10(5) 3 
PCH, 
(SP - 2) - PCl, SP - SP - 2, 
PC -addr 

NC, addr If conditions met, (SP - 1) - 0 0 0 0 17/10(5) 3 
PCH, 
(SP - 2) - pel, SP - SP - 2, 
PC-addr 

C, addr If conditions met, (SP - 1) - 0 0 0 17/10(5) 3 
PCH, 
(SP - 2) - PCl, SP - SP - 2, 
PC -addr 

PO, addr If conditions met, (SP - 1) - 0 0 0 0 17/10(5) 3 
PCH, 

~ 
(SP - 2) - PCl, SP - SP - 2, 
PC -addr 

~:::;;:::::""--=--~~~~---o __ ~ ___ ~ 
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~ Operation Code No. of No.of Flags 
Mnemonic Operands Operation 7 6 5 4 3 2 1 0 7 6 5 4 3 2 0 Clocks Bytes S Z H PlY N C 

Call Instructions (cont) 
CALL PE, addr If conditions met, (SP - 1) -- 0 0 0 17/10(5) 3 

~ PCH, 
(SP - 2) -- PCl, SP -- SP - 2, 
PC --addr 

P, addr If conditions met, (SP - 1) -- 0 0 0 17/10(5) 3 
PCH, 
(SP - 2) -- PCl, SP -- SP - 2, 
PC --addr 

M, addr If conditions met, (SP - 1) -- 0 0 17/10(5) 
PCH, 
(SP - 2) -- PCl, SP -- SP - 2, 
PC --addr 

RST faddr (SP -1) -- PCH, (SP - 2)-- 11 
PCl, SP--SP - 2, PCH -0, 
PCl - faddr 

Return Instructions 
RET PCl -- (SP), PCH -- (SP + 1), 0 0 0 0 10 

sp-sp +2 

NZ If conditions met, PCl - (SP), 0 0 0 0 0 0 11/5(6) 
PCH - (SP + 1), SP -- SP + 2 

Z If conditions met, PCl -- (SP), 0 0 0 0 0 11/5(6) 
PCH - (SP + 1), SP -- SP + 2 

NC If conditions met, PCl -- (SP), 0 0 0 0 0 11/5(6) 
PCH -- (SP + 1), SP -- SP + 2 

C If conditions met, PCl - (SP), 0 0 0 0 11/5(6) 
PCH - (SP + 1), SP - SP + 2 

PO If conditions met, PCl -- (SP), 0 0 0 0 0 11/5(6) 
PCH -(SP +1), SP--SP +2 

PE If conditions met, PCl -- (SP), 0 0 0 0 11/5(6) 
PCH -- (SP + 1), SP -- SP + 2 

P If conditions met, PCl - (SP). 0 0 0 0 11/5(6) 
PCH - (SP + 1), SP -- SP + 2 

M If conditions met, PCl -- (SP), 0 0 0 11/5(6) 1:: 
PCH -- (SP + 1), SP -- SP + 2 -V 

D 
RETI Return from interrupt 0 0 0 0 0 1 0 14 2 --.. 
RETN Return from interrupt, 0 0 0 0 0 0 0 14 2 0 

nonmaskable 0 
0 
CD 

CAl .... I 

~ I\) 
...... 

ftII 



Cf Instruction Set (cont) 1:: 
N " (XI Operation Code Flags a No. of No. of 

Mnemonic Operands Operation 7 6 5 4 3 2 1 0 7 6 5 4 3 2 0 Clocks Bytes 5 Z H PlY N C 

---Return Instructions (cont) 0 
IN A, byte A - (byte), 0 0 11 0 

0 
A7-AO - byte, CD 
A15-AS - byte .... 

r, (C) r - (C), ArAo - C, 0 0 0 0 0 0 12 2 x x x ,. 
A15-AS - B 

INI (HL) -(C), B - B-1, 0 0 0 0 0 0 0 16 2 U x U U 
HL-HL +1,ArAo-C, 
A15-AS- B 

INO (HL) - (C), B - B-1, 0 0 0 0 0 0 16 U x U U 
HL - HL - 1, ArAo - C, 
A15-AS - B 

INIR (HL) - (C), B - B-1, 0 0 0 0 0 0 21/16(7) U U U 
HL - HL + 1, A7-AO - C, 
A15-AS - B, End if B = 0 

INOR (HL) - (C), B -B -1, 0 0 0 0 0 21/16(7) U U U 
HL - HL - 1, ArAo - C, 
A15-AS - B, End if B = 0 

OUT byte, A (byte) - A, ArAo - byte, 0 0 0 11 
A15-AS- B 

(C), r (C) - r, A7-AO - C, 0 0 0 0 0 12 
A15-AS- B 

OUTI (C) - (HL), B - B-1, 0 0 0 0 0 0 16 U x U U 
HL - HL + 1, ArAo - C, 
A15-AS- B 

OUTO (C) - (HL), B - B-1, 0 0 0 0 0 16 U U U 
HL - HL - 1, ArAo - C, 
A15-AS - B 

OUTIR (C) - (HL), B - B-1, 0 0 0 0 0 1 21/16(7) U U U 
HL - HL + 1, A7-AO - C, 
A15-AS - B, End if B = 0 

OUTOR (C) - (HL), B - B-1, 0 0 0 16 U U U 
HL - HL - 1, ArAo - C, 
A15-AS - B, End if B = 0 

~.-- ---~---~--=:'-==--~~-- -
~ 
~ 



(J.) 
I 

N 
<D 

InstruCt-Ion ::tet (cont) 

Mnemonic Operands Operation 

CPU Control Instructions 

NOP No operation 

HALT Halt 

01 Disable interrupts 
(IFF-O) 

EI Enable interrupts 
(IFF-1) 

1M 0 Set interrupt mode 0 

1 Set interrupt mode 1 

2 Set interrupt mode 2 

Note: 
(1) 21 if Be .;. 0, 16 if Be = ° 
(2) 21 if Be.;. ° and A.;. (HL), 16 if Be = ° or A = (HL) 

(3) 12 if condition is met, 7 if not 

(4) 8 if B = 0, 13 if B .;. ° 
(5) 17 if condition is met, 10 if not 

(6) 11 if condition is met, 5 if not 

(7) 21 if B = 0, 16 if B .;. ° 

7 8 5 4 3 2 

0 0 0 0 0 0 

0 0 

0 0 

0 

0 

0 

0 

Operation Code 
1 0 7 8 5 4 3 2 

0 0 

0 

0 0 0 0 0 

0 0 0 0 

0 0 0 

No. of No. of 
0 Clocks Bytes S Z 

4 

4 

4 

4 

0 8 

0 8 

0 8 

III 

Flags 
H PIV N C ~ 

~ 

1:: 

" g 
..... o o 
o m .... 
~ 
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NEe 
NEe Electronics Inc. 

Descri ption 
ThepPD70108 (V20) is a CMOS 16-bit microprocessor 
with internal 16-bit architecture and an 8-bit external 
data bus. The pPD701 08 instruction set is a superset of 
thepPD8086/8088; however, mnemonics and execution 
times are different. The pPD70108 additionally has a 
powerful instruction set including bit processing, 
packed BCD operations, and high-speed multiplication/ 
division operations. The pPD70108 can also execute 
the entire 8080 instruction set and comes with a 
standby mode that significantly reduces power con
sumption.lt is software-compatible with thepPD70116 
16-bit microprocessor. 

Features 
o Minimum instruction execution time: 250 ns 

(at 8 MHz) 
o Maximum addressable memory: 1 Mbyte 
o Abundant memory addressing modes 
o 14 x 16-bit register set 
D 101 instructions 
D Instruction set is a superset of pPD8086/8088 

instruction set 
o Bit, byte, word, and block operations 
o Bit field operation instructions 
o Packed BCD instructions 
D Multiplication/division instruction execution 

time: 4 JlS to 6 JlS (at 8 MHz) 
o High-speed block transfer instructions: 

1 Mbyte/s (at 8 MHz) 
::::J High-speed calculation of effective addresses: 

2 clock cycles in any addressing mode 
::::J Maskable (INT) and nonmaskable (NMI) 

interrupt inputs 
=:J IEEE-796 bus compatible interface 
=:J 8080 emulation mode 
] CMOS technology 
] Low-power consumption 
] Low-power standby mode 
] Single power supply 
] 5 MHz, 8 MHz or 10 MHz clock 

pPD70i0S (V20TM) 
S/i6·BIT HIGH·PERFORMANCE 

CMOS MICROPROCESSOR 

Ordering Information 
Part 
Number Package Type 

jlPD70108C-5 40-pin plastic DIP 

jlPD70108C-8 40-pin plastic DIP 

jlPD70108D-5 40-pin ceramic DIP 

jlPD70108D-8 40-pin ceramic DIP 

jlPD701 080-1 0 40-pin ceramic DIP 

jlPD70108G-5 52-pin miniflat 

jlPD70108G-8 52-pin miniflat 

jlPD70108L-5 44-pin PLCC 

jlPD70108L-8 44-pin PLCC 

Pin Configurations 

40-Pin Plastic DIP/Cerdip 

Max Frequency 
of Operation 

5 MHz 

8 MHz 

5 MHz 

8 MHz 

10 MHz 

5 MHz 

8 MHz 

5 MHz 

8 MHz 

35 A19/PS3 

LBSo[HIGH] 

S/LG 

HLDRQ [RO/AKo] 

HLDAK [RO/AK1] 

29 WR [BUSLOCK] 

83-000102A 
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Pin Configurations (cont) 

44-Pin Plastic Leadless Chip Carrier (PLCC) 

I I I I I I I I I I I I I I I I I I 
L.J L.J L.J L.J L.J I I L J L..J L.J 

-., 6 I : 44 
Al0 _.J 7 L.J 

1 
A9 _.J 

A8 _.J 

J.lPD70108 

ADO 

52-Pin Plastic Min/fiat 

Al91PS2 

A17/PSI 

AUYPSO 

AD15 

VDD 

VDO 

GND 

GND 

3-32 

IC 

A14 

An 

A12 

All 

NC 

Al91PS3 

LBSo[HIGH) 

S/~ 

RD 

HLDRQ [RQ/AKol 

HLDAK [RQ/AK11 

Wii[BUSLOCKI 

101M [BS2) 

BUFii/W [BS11 

i!iUm [BSol 

B3-001872A 

ASTB [QSol 

INTAK [QS11 

POLL 

READY 

RESET 

GND 

GND 

NC 

GND 

CLK 

INT 

NMI 

NC 

83-001871A 

Pin Identification 
Symbol 

IC· 

NMI 

INT 

ClK 

GND 

RESET 

READY 

POll 

INTAK (OS1) 

ASTB (OSo) 

BUFEN (BSo) 

WR (BUSlOCK) 

HlDAK (RO/ AK1) 

HlDRO (RO/ AKo) 

RD 

S/lG 

lBSO (HIGH) 

VDD 

Direction 

Out 

In/Out 

In 

In 

In 

In 

In 

In 

Out 

Out 

Out 

Out 

Out 

Out 

Out 
(In/Out) 

In 
(In/Out) 

Out 

In 

Out 

Out 

Out 

NEe 
Function 

Internally connected 

Address bus, middle bits 

Address/data bus 

Nonmaskable interrupt 
input 

Maskable interrupt input 

Clock input 

Ground potential 

Reset input 

Ready input 

Poll input 

Interrupt acknowledge 
output (queue status bit 1 
output) 

Address strobe output 
(queue status bit 0 output) 

Buffer enable output (bus 
status bit 0 output) 

Buffer read/write output 
(bus status bit 1 output) 

Access is I/O or memory 
(bus status bit 2 output) 

Write strobe output (bus 
lock output) 

Hold acknowledge output, 
(bus hold request 
input/ acknowledge 
output 1) 

Hold request input (bus hold 
request input/ acknowledge 
output 0) 

Read strobe output 

Small-scale/large-scale 
system input 

latched bus status output 0 
(always high in large-scale 
systems) 

Address bus, high bits or 
processor status output 

Address bus, bit 15 

Power supply 

Notes: * Ie should be connected to ground_ 

Where pins have different functions in small- and large
scale systems, the large-scale system pin symbol and 
function are in parentheses_ 

Unused input pins should be tied to ground or Voo to 
minimize power dissipation and prevent the flow of poten
tially harmful currents_ 
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Block Diagram 

ao 

Sub Data Bus [16) 

PS 

SS 

DSo 

lC 

PC 

AW 

BW 

CW 

OW 

IX 

IY 

BP 

SP 

PSW 

Main Data Bus [16) 

~ 
on 

" ID .. .. 
o .. 
" .. 
" o 

pPD70108(V20) 

Bus 
Buffer 

Status 
Control 

A16/PSo - A19/PS2 
As-A15 

lSBO 
BUFEN [BSO), BUFR/W [BS1) 
101M [BS2) 
ASTB [aso), INTAK [aS1) 
RD, WR [BUSlOCK) 

S/LG 

READY 

RESET 

POll 

HlDRa [RQ/AKo) 

HlDAK [RQ/AK1) 

NMI 

INT 

L 
__ S_ta_n_db_Y_-I1_ ClK Control r-

Bus 
Control 

Unit 
[BCUj 

Effective Address 
Generator 

Microinstruction 
Storage 

Microsequence 
Control 

Instruction Decoder 

Execution 
Unit 

[EXUj 

29 Microinstruction 

83-000072C 
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Pin Functions 
Some pins of the pPD70108 have different functions 
according to whether the microprocessor is used in a 
small- or large-scale system. Other pins function the 
same way in either type of system. 

A15 - As [Address Bus] 
For small- and large-scale systems. 

The CPU uses these pins to output the middle 8 bits of 
the 20-bit address data. They are three-state outputs 
and become high impedance during hold acknowledge. 

AD7 - ADo [Address/Data Bus] 
For small- and large-scale systems. 

The CPU uses these pins as the time-multiplexed 
address and data bus. When high, an AD bit is a one; 
when low, an AD bit is a zero. This bus contains the 
lower 8 bits of the 20-bit address during T1 of the bus 
cycle and is used as an 8-bit data bus during T2, T3, 
and T 4 of the bus cycle. 

Sixteen-bit data I/O is performed in two steps. The low 
byte is sent first, followed by the high byte. The ad
dress/data bus is a three-state bus and can be at a high 
or low level during standby mode. The bus will be high 
impedance during hold and interrupt acknowledge. 

NMI [Nonmaskable Interrupt] 
For small- and large-scale systems. 

This pin is used to input nonmaskable interrupt 
requests. NMI cannot be masked by software. This 
input is positive edge triggered and must be held high 
for five clocks to guarantee recognition. Actual inter
rupt processing begins, however, after completion of 
the instruction in progress. 

The contents of interrupt vector 2 determine the 
starting address for the interrupt-servicing routine. 
Note that a hold request will be accepted even during 
NMI acknowledge. 

This interrupt will cause the pPD70108 to exit the 
standby mode. 

INT [Maskable Interrupt] 
For small- and large-scale systems. 

This pin is an interrupt request that can be masked by 
software. 

INT is active high level and is sensed during the last 
clock of the instruction. The interrupt will be accepted 
if the interrupt enable flag IE is set. The CPU outputs 
the INTAK signal to inform external devices that the 
interrupt request has been granted. INT must be 
asserted until the interrupt acknowledge is returned. 

If NMI and INT interrupts occur at the same time, NMI 
has higher priority than INT and INT cannot be 
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accepted. A hold request will be accepted during INT 
acknowledge. 

This interrupt causes the pPD701 08 to exit the standby 
mode. 

ClK [Clock] 
For small- and large-scale systems. 

This pin is used for external clock input. 

RESET [Reset] 
For small- and large-scale systems. 

This pin is used for the CPU reset signal. It is an active 
high level. Input of this signal has priority over all other 
operations. After the reset signal input returns to a low 
level, the CPU begins execution of the program starting 
at address FFFFOH. 

In addition to causing normal CPU start, RESET input 
will cause the pPD70108 to exit the standby mode. 

READY [Ready] 
For small- and large-scale systems. 

When the memory or I/O device being accessed 
cannot complete data read or write within the CPU 
basic access time, it can generate a CPU wait state 
(Tw) by setting this signal to inactive (low level) and 
requesting a read/write cycle delay. 

If the READY signal is active (high level) during either 
the T3 or Tw state, the CPU will not generate a wait 
state. 

POll [Poll] 
For small- and large-scale systems. 

The CPU checks this input upon execution of the POLL 
instruction. If the input is low, then execution continues. 
If the input is high, the CPU will check the PO[[ input 
every five clock cycles until the input becomes low 
again. 

The POLL and READY functions are used to syn
chronize CPU program execution with the operation of 
external devices. 

RD [Read Strobe] 
For small- and large-scale systems. 

The CPU outputs this strobe signal during data read 
from an I/O device or memory. The 10/M signal is used 
to select between I/O and memory. 

The three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 

S/lG [Small/Large] 
For small- and large-scale systems. 

-This signal determines the operation mode of the CPU. 
This signal is fixed at either a high or low level. When 
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this signal is a high level, the CPU will operate in small
scale system mode, and when low, in the large-scale 
system mode. A small-scale system will have at most 
one bus master such as a DMA controller device on the 
bus. A large-scale system can have more than one bus 
master accessing the bus as well as the CPU. 

INTAK [Interrupt Acknowledge] 
For small-scale systems. 

The CPU generates the INTAK signal low when it 
accepts an INT signal. 

The interrupting device synchronizes with this signal and 
outputs the interrupt vector to the CPU via the data bus 
(AD7 - ADo)· 

ASTB [Address Strobe] 
For small-scale systems. 

The CPU outputs this strobe signal to latch address 
information at an external latch. 

ASTB is held at a low level during standby mode and 
hold acknowledge. 

BUFEN [Buffer Enable] 
For small-scale systems. 

This is used as the output enable signal for an external 
bidirectional buffer. The CPU generates this signal during 
data transfer operations with external memory or 
I/O devices or during input of an interrupt vector. 

This three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 

BUFR/W [Buffer Read/Write] 
For small-scale systems. 

The output of this signal determines the direction of 
data transfer with an external bidirectional buffer. A 
high output causes transmission from the CPU to the 
external device; a low signal causes data transfer from 
the external device to the CPU. 

BUFR/W is a three-state output and becomes high 
;mpedance during hold acknowledge. 

IO/M [IO/Memory] 
=or small-scale systems. 

rhe CPU generates this signal to specify either I/O 
iccess or memory access. A high-level output specifies 
I/o and a low-level signal specifies memory. 

Io/M's output is three state and becomes high 
mpedance during hold acknowledge. 

pPD70108 (V20) 

WR [Write Strobe] 
For small-scale systems. 

The CPU generates this strobe signal during data write 
to an I/O device-or memory. Selection of either I/O or 
memory is performed by the 101M signal. 

This three-state output is held high during standby 
mode and enters the high-impedancestate during hold 
acknowledge. 

HLDAK [Hold Acknowledge] 
For small-scale systems. 

The HLDAK signal is used to indicate that the CPU 
accepts the hold request signal (HLDRQ). When this 
signal is a high level, the address bus, address/data 
bus, and the control lines become high impedance. 

HLDRQ [Hold Request] 
For small-scale systems. 

This input signal is used by external devices to request 
the CPU to release the address bus, address/data bus, 
and the control bus. 

LBSo [Latched Bus Status 0] 
For small-scale systems. 

The CPU uses this signal along with the 10/M and 
BUFR/W signals to inform an external device what the 
current bus cycle is. 

101M BUFR/W LBSo Buseyele 

0 0 0 Program fetch 

0 0 1 Memory read 

0 0 Memory write 

0 1 1 Passive state 

0 0 Interrupt acknowledge 

0 I/O read 

0 I/O write 

Halt 
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A19/PS3 - A16/PSO [Address Bus/Processor Status] 
For small- and large-scale systems. 

These pins are time multiplexed to operate as an 
address bus and as processor status signals. 

When used as the address bus, these pins are the high 4 
bits of the20-bit memory address. During I/O access, 
all 4 bits output data O. 

The processor status signals are provided for both" 
memory and I/O use. PS3 is always 0 in the native mode 
and 1in 8080 emulation mode. The interrupt enable 
flag (IE) is pin on pin PS2. Pins PS1 and PSo indicate which 
memory segment is being accessed. 

AI7/PS1 AI6/PSo Segment 

0 Data segment 1 

Stack segment 

0 Program segment 

Data segment 0 

The output of these pins is three state and becomes 
high impedance during hold acknowledge. 

QS1, QSO [Queue Status] 
For large-scale systems. 

The CPU uses these signals to allow external devices, 
such as the floating-point arithmetic processor chip, 
(pPD72091) to monitor the status of the internal CPU 
instruction queue. 

QSo Instruction Queue Status 

o o NOP (queue does not change) 

1 First byte of instruction 

o Flush queue 

Subsequent bytes of instruction 

The instruction queue status indicated by these signals 
is the status when the execution unit (EXU) accesses 
the instruction queue. The data output from these pins 
is therefore valid only for one clock cycle immediately 
following queue access. These status signals are 
provided so that the floating-point processor chip can 
monitor the CPU's program execution status and 
synchronize its operation with the CPU when control is 
passed to it by the FPO (Floating Point Operation) 
instructions. 

BS2 - BSo [Bus Status] 
For large-scale systems. 

The CPU uses these status signals to allow an external 
bus controllerto monitor what the current bus cycle is. 

The external bus controller decodes these signals and 
generates the control signals required to perform 
access of the memory or I/O device. 
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BS2 BS1 BSo Bus Cycle 

0 0 0 Interrupt acknowledge 

0 0 110 read 

0 110 write 

0 Halt 

0 Program fetch 

0 Memory read 

Memory write 

Passive state 

The output of these signals is three state and becomes 
high impedance during hold acknowledge. 

BUSLOCK [Bus Lock] 
For large-scale systems. 

The CPU uses this signal to secure the bus while 
executing the instruction immediately following the 
BUSLOCK prefix instruction, or during an interrupt 
acknowledge cycle. It is a status signal to the other bus 
masters in a multiprocessor system, inhibiting them 
from using the system bus during this time. 

The output of this signal is three state and becomes 
high impedance during hold acknowledge. BUSLOCK 
is high during standby mode except if the HALT 
instruction has a BUSLOCK prefix. 

RQ/AKh RQ/AKo [Hold Request/Acknowledge] 
For large-scale systems. 

These pins function as bus hold request inputs (RQ) I 

and as bus hold acknowledge outputs (AK). RQ/AKo 
has a higher priority than RQ/ AK1. 

These pins have three-state outputs with on~chip pull-. 
up resistors which keep the pin at a high level when the 
output is high impedance. 

Vee [Power Supply] 
For small- and large-scale systems. 

This pin is used for the +5 V power supply. 

GND [Ground] 
For small- and large-scale systems. 

This pin is used for ground. 

IC [Internally Connected] 
This pin is used for tests performed at the factory b~ I' 

NEC. The pPD70108 is used with this pin at grounc 
potential. 
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Absolute Maximum Ratings 
TA = +25°e 

Power supply voltage, Voo -0.5 V to +7.0 V 

Power dissipation, PDMAX 0.5W 

Input voltage, VI -0.5 V to Voo + 0.3 V 

elK input voltage, VK -0.5 V to Voo + 1.0 V 

Output voltage, Va -0.5 V to Voo + 0.3 V 

Operating temperature, T OPT 

Storage temperature, T STG 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

DC Characteristics 
pPD70108-5, TA = -40 oe to +85°e, Voo = +5 V ± 10% 
pPD70108-8, pPD70108-10, TA = -1Qoe to +70oe, VOD = +5 V ± 5% 

Parameter Symbol Min 

Input voltage high VIH 2.2 

Input voltage low VIL -0.5 

elK input voltage high VKH 3.9 

elK input voltage low VKL -0.5 

Output voltage high VOH 0.7 x VOO 

Output voltage low VOL 

Input leakage current high IUH 

Input leakage current low IUL 

Output leakage current high ILOH 

Output leakage current low ILOL 

70108-5 

5 MHz 

Supply current 100 70108-8 

8 MHz 

70108-10 

10 MHz 

pPD701 08 (V20) 

Capacitance 
TA = +25°e, Voo = 0 V 

Limits 
Test 

Parameter Symbol Min Max Unit Conditions 

Input capacitance C1 15 pF fc = 1 MHz 
Unmeasured pins 

I/O capacitance CIO 15 pF returned to 0 V 

II 
Limits Test 

Typ Max Unit Conditions 

Voo +0.3 V 

0.8 V 

VOO + 1.0 V 

0.6 V 

V 10H = -400 pA 

0.4 V 10L = 2.5 rnA 
10 pA VI = VOO 

-10 pA VI=OV 

10 pA Vo = Voo 

-10 pA VO=O V 

30 60 rnA Normal operation 

5 10 rnA Standby mode 

45 80 rnA Normal operation 

6 12 rnA Standby mode 

60 100 rnA Normal operation 

7 14 rnA Standby mode 
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AC Characteristics 
pPD7010S-5, TA = -40°C to +S5°C, Voo = +5 V ± 10% 
pPD7010S~S, pPD70108-10,TA,= -1Q°C to +70°C, Voo = +5 V ± 5% 

pP070108-5 pP070108-8 pP070108-10 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 

Small/Large Scale 

Clock cycle tCYK 200 500 125 500 100 500 ns 

Clock pulse width high tKKH 69 44 41 ns VKH = 3.0 V 

Clock pulse width low tKKl 90 60 49 ns VKl = 1.5 V 

Clock rise time tKR 10 8 5 ns 1.5 V to 3.0 V 

Clock fall time tKF 10 7 5 ns 3.0 V to 1.5 V 

READY inactive setup to ClK! tSRYlK -8 -8 -10 ns 

READY inactive hold after ClKt tHKRYH 30 20 20 ns 

READY active setup to CLKt tSRYHK tKKl - 8 tKKl - 8 tKKl -10 ns 

READY active hold after ClKt tHKRYl 30 20 20 ns 

Data setup time to ClK ! tSOK 30 20 10 ns 

Data hold time after ClK ! tHKO 10 10 10 ns 

NMI, INT, POll setup time tSIK 30 15 15 ns 
to elK t 

Input rise time (except ClK) tlR 20 20 20 ns 0.8 V to 2.2 V 

Input fall time (except ClK) tlF 12 12 12 ns 2.2V to 0.8 V 

Output rise time tOR 20 20 20 ns 0.8 V to 2.2 V 

Output fall time tOF 12 12 12 ns 2.2V to 0.8 V 

Small Scale 

Address delay time fromClK tOKA 10 90 10 60 10 48 ns 

Address hold time from ClK tHKA 10 10 10 ns 

PS delay time from ClK ! tOKP 10 90 10 60 10 50 ns 

PS float delay time from ClK t tFKP 10 80 10 60 10 50 ns 

Address setup time to ASTB ! tSAST tKKl- 60 tKKl - 30 tKKl - 30 ns 

Address float delay time from tFKA tHKA 80 tHKA 60 tHKA 50 ns Cl = 100 pF 
ClK! 

ASTB t delay time from ClK ! tOKSTH 80 50 40 ns 

ASTB ! delay time from ClK t tOKSTl 85 55 45 ns 

ASTB width high tSTST tKKl - 20 tKKl -10 tKKl - 10 ns 

Address hold time from ASTB ! tHSTA tKKH -10 tKKH -10 tKKH -10 ns 
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AC Characteristics (cont) 
I pPD70108-5, TA = -40oe to +85°e, Voo = +5 V ± 10% 

pPD70108-8, pPD70108-10, TA = -1Qoe to +70 oe, Voo = +5 V ± 5% 

JlPD70108-5 JlPD70108-8 JlPD701 08-1 0 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 

Small Scale (cont) 

Control delay time from ClK tOKCT 10 110 10 65 10 55 ns 

Address float to RD! tAFRL 0 0 0 ns 

RD ! delay time from ClK ! tOKRL 10 165 10 80 10 70 ns 

RD 1 delay time from ClK ! tOKRH 10 150 10 80 10 60 ns 

Address delay time from RD 1 tORHA tCYK - 45 tCYK - 40 tCYK - 35 ns 

RD width low tRR 2tCYK-75 2tCYK-50 2tCYK-40 ns CL = 100 pF 

II Data output delay time from tOKO 10 90 10 60 10 50 ns 
cld 

Data float delay time from tFKO 10 80 10 60 10 50 ns 
ClK! 

WR width low tww 2tCYK-60 2tCYK-40 2tCYK-35 ns 

HlDRQ setup time to ClK 1 tSHaK 35 20 20 ns 

HlDAK delay time from ClK ! tOKHA 10 160 10 100 10 60 ns 

Large Scale 

Address delay time from ClK tOKA 10 90 10 60 10 48 ns 

Address hold time from ClK tHKA 10 10 10 ns 

PS delay time from ClK ! tOKP 10 90 10 60 10 50 ns 

PS float delay time from ClK 1 tFKP 10 80 10 60 10 50 ns 

Address float delay time from tFKA tHKA 80 tHKA 60 tHKA 50 ns 
ClK! 

Address delay time from RD 1 tORHA tCYK - 45 tCYK - 40 tCYK -35 ns 

ASTB delay time from BS ! tOBST 15 15 15 ns 

BS ! delay time from ClK 1 tOKBL 10 110 10 60 10 50 ns 

BS 1 delay time from ClK ! tOKBH 10 130 10 65 10 50 ns 

RD ! delay time from address tOAFRL 0 0 0 ns CL = 100 pF 
float 

RD ! delay time from ClK ! tOKRL 10 165 10 80 10 70 ns 

RD t delay time from ClK ! tOKRH 10 150 10 80 10 60 ns 

RD width low tRR 2tCYK-75 2tCYK-50 2tCYK-40 ns 

Date output delay time from tOKO 10 90 10 60 10 50 ns 
ClK! 

Data float delay time from 
ClK t 

tFKO 10 80 10 60 10 50 ns 

AK delay time from ClK ! tOKAK 70 50 40 ns 

,RQ setup time to ClK 1 tSRaK 20 10 9 ns 

RQ hold time after ClK 1 tHKRQ 40 30 20 ns 

I 
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Timing Waveforms 

AC Test Input Waveform [Except ClK] Clock Timing 

2.2V 2.2V 

~::~:x> Test Points <X:: 
O.BV O.BV 

ClK 
AC Output Test Points 

2.2V 2.2V =X:> Test pOlnts<:X= 
49·000239A 

O.BV O.BV 

49·000238A 

Wait [Ready] Timing BUSlOCK Output Timing 

ClK 

Ready 

POll, NMI, INT Input Timing 

C"~ 
~~,~~IK ______ _ 

49·000240A 
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Timing Waveforms (coni) 

Read Timing [Small Scale] 

Read Timing [Large Scale] 

ClK 

lBSo 

AD7-ADO 

ASTB 
(71088 
Output) 

BS2- BSo 

OSl - OSo __ ..1,"---_----', '"--__ ..I '"-_ ..... 1'--_----'1'--

A15-Aa ____ J1~ ________________________ ~,~ 

pPD70108 (V20) 

Write Timing [Small Scale] 

T4 T1 T2 T3 T4 

elK 

A,/PS,-
A,/PS. 

lBS. 

AD7 -AD. 

ASTB IE 
BUFEN 

BUFR/W 

101M" V--"---. ------~ 

A,s-A. =::x'--_______ )E 
49000242A 

Write Timing [Large Scale] 

T4 T1 T2 T3 T4 
ClK 

Alg/PS3 -
Als1PSo 

LBSo 

AD7-ADo 

ASTB 
(71088 
Output) 

BS2 - BSo \ Bus Status I 

OSl- OSo 

A15- Aa =::X '----------~ 
49·000244A 
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Timing Waveforms (conI) 

Interrupt Acknowledge Timing 

BUFR/W 

101M 

BUSlOCK* 

---=!.J tFKA 

A'S-A.~~----------------------------------------------------------
* : Large Scale Mode Only 

Hold Request/Acknowledge Timing [Small Scale] 
10r2 

ClK 

HlDRQ 

HlDAK ------------------¥ 

* : A,,,tPS. - A,.tPSo' A,s - As. AD7 - ADo. RD. lBSo' 101M. BUFR/W. ViR iiUFEN 
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Timing Waveforms (cont) 

Bus Request/Acknowledge Timing [Large Scale] 

11 
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Register Configuration 
Program Counter [PC] 

The program counter is a 16-bit binary counter that 
contains the segment offset address of the next 
instruction which the EXU is to execute. 

The PC increments each time the microprogram fetches 
an instruction from the instruction queue. A new 
location value is loaded into the PC each time a branch, 
call, return, or break instruction is executed. At this 
time, the contents of the PC are the same as the 
Prefetch Pointer (PFP). 

Prefetch Pointer [PFP] 

The prefetch pointer (PFP) is a 16-bit binary counter 
which contains a segment offset which is used to 
calculate a program memory address that the bus 
control unit (BCU) uses to prefetch the next byte for 
the instruction queue. The contents of PFP are an 
offset from the PS (Program Segment) register. 

The PFP is incremented each time the BCU prefetches 
an instruction from the program memory. A new 
location will be loaded into the PFP whenever a branch, 
call, return, or break instruction is executed. At that 
time the contents of the PFP will be the same as those 
of the PC (Program Counter). 

Segment Registers [PS, SS, OSo, and OS1] 

The memory add resses accessed by the pPD701 08 are 
divided into 64K-byte logical segments. The starting 
(base) address of each segment is specified by a 16-bit 
segment register, and the offset from this starting 
address is specified by the contents of another register 
or by the effective address. 

These are the four types of segment registers used. 

Segment Register Default Offset 

PS (Program Segment) PFP 

SS (Stack Segment) SP, effective address 

DSo (Data Segment 0) IX, effective address 

DS1 (Data Segment 1) IV 

General-Purpose Registers [AW, BW, CW, and OW] 
There are four 16-bit general-purpose registers. Each 
one can be used as one 16-bit register or as two 8-bit 
registers by dividing them into their high and low bytes 
(AH, AL, BH, BL, CH, CL, DH, DL). 

Each register is also used as a default register for 
processing specific instructions. The default assign
ments are: 

AW: Word multiplication/division, word I/O, data 
conversion 
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AL: Byte multiplication/division, byte I/O, BCD 

rotation, data conversion, translation 

AH: Byte multiplication/division 

BW: Translation 

CW: Loop control branch, repeat prefix 

CL: Shift instructions, rototation instructions, 
BCD operations 

DW: Word multiplication/division, indirect 
addressing I/O 

Pointers [SP, BP] and Index Registers [IX, IV] 

These registers serve as base pointers or index registers 
when accessing the memory using based addressing, 
indexed addressing, or based indexed addressing. 

These registers can also be used for data transfer and 
arithmetic and logical operations in the same manner 
as the general-purpose registers. They cannot be used 
as 8-bit registers. 

Also, each of these registers acts as a default register 
for specific operations. The default assignments are: 

SP: Stack operations 

IX: Block transfer (source), BCD string operations 

IV: Block transfer (destination), BCD string operations 

Program Status Word [PSW] 

The program status word consists of the following six 
status and four control flags. 

Status Flags Control Flags 

• V (Overflow) • MD (Mode) 
• S (Sign) • DIR (Direction) 
• Z (Zero) • IE (Interrupt Enable) 
• AC (Auxiliary Carry) • BRK (Break) 
• P (Parity) 
• CV (Carry) 

When the PSW is pushed on the stack, the word images 
of the various flags are as shown here. 

PSW 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

M 
D 

V D 
I 
R 

B S Z 0 A 0 P 
R C 
K 

C 
V 

The status flags are set and reset depending upon thE 
result of each type of instruction executed. 

I nstructions are provided to set, reset, and complemen 
the CV flag directly. 

Other instructions set and reset the control flags anc 
control the operation of the CPU. 
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High-Speed Execution of Instructions 
This section highlights the major architectural features 
that enhance the performance of the pPD70108. 

• Dual data bus in EXU 
• Effective address generator 
• 16/32-bit temporary registers/shifters (TA, TB) 
• 16-bit loop counter 
• PC and PFP 

Dual Data Bus Method 

To reduce the number of processing steps for in
struction execution, the dual· data bus method has 
been adopted for the pPD70108 (figure 1). The two 
data buses (the main data bus and the subdata bus) are 
both 16 bits wide. For addition/subtraction and logical 
and comparison operations, processing time has been 
speeded up some 30% over single-bus systems. 

Figure 1. Dual Data Buses 

Registers 

16 

Subdatabus 

16 

Main data bus 

83-000103A 

pPD70108 (V20) 

Example 

ADD AW,BW ;AW-AW+BW 

Single Bus 

Step 1 TA -AW 

Step 2 TB - BW 

Step 3 AW - TA + TB 

Dual Bus 

TA -AW, TS - BW 

AW-TA+TB 

Effective Address Generator 

This circuit (figure 2) performs high-speed processing to 
calculate effective addresses for accessing memory. 

Calculating an effective address by the microprogram
ming method normally requires 5 to 12 clock cycles. 
This circuit requires only two clock cycles for 
addresses to be generated for any addressing mode. 
Thus, processing is several times faster. 

Figure 2. Effective Address Generator 

First and second byte of instruction 

mod rim 

EA Generator 

Effective address 
83-000104A 

16/32-Bit Temporary Registers/Shifters [TA, TB] 

These 16-bit temporary registers/shifters (TA, TB) 
are provided for multiplication/division and shift/ 
rotation instructions. 

These circuits have decreased the execution time of 
multiplication/division instructions. In fact, these 
instructions can be executed about four times faster 
than with the microprogramming method. 

TA + TB: 32.:..bit temporary register/shifter for multi
plication and division instructions. 

TB: 16-bit temporary register/shifter for shift/rotation 
instructions. 
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Loop Counter [LC] 

This counter is used to count the number of loops for a 
primitive block transfer instruction controlled by a 
repeat prefix instruction and the number of shifts that 
will be performed for a multiple bit shift/rotation in
struction. 

The processing performed for a multiple bit rotation of 
a register is shown below. The average speed. is 
approximately doubled overthe microprogram method. 

Example 

RORC AW,CL ;CL=5 

Microprogram method LC method 

8 + (4 x 5) = 28 clocks 7 + 5 = 12 clocks 

Program Counter and Prefetch Pointer [PC and PFP] 

ThepPD701 08 microprocessor has a program counter, 
(PC) which addresses the program memory location of 
the instruction to be executed next, and a prefetch 
pointer(PFP), which addresses the program memory 
location to be accessed next. Both functions are 
provided in hardware. A time saving of several clocks 
is realized for branch, call, return, and break instruction 
execution, compared with microprocessors that have 
only one instruction pointer. 

Enhanced Instructions 
In addition to the pPD8088/86 instructions, the 
pPD70108 has the following enhanced instructions. 

Instruction 

PUSH imm 

PUSH R 

POP R 

MUL imm 

SHL immB 
SHR immB 
SHRA immB 
ROL immB 
ROR imm8 
ROLC immB 
RORC immB 

CHKIND 

INM 

OUTM 

PREPARE 

DISPOSE 
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Function 

Pushes immediate data onto stack 

Pushes B general registers onto stack 

Pops B general registers from stack 

Executes 16-bit multiply of register or memory contents 
by immediate data 

Shifts/rotates register or memory by immediate 
value 

Checks array index against designated boundaries 

Moves a string from an 110 port to memory 

Moves a string from memory to an 110 port 

Allocates an area for a stack frame and copies previous 
frame pointers 

Frees the current stack frame on a procedure exit 

NEe 
Enhanced Stack Operation Instructions 

PUSH imm 

This instruction allows immediate data to be pushed 
onto the stack. 

PUSH R/POP R 

These instructions allow the contents of the eight 
general registers to be pushed onto or popped from 
the stack with a single instruction. 

Enhanced Multiplication Instructions 

MUL reg16, imm16/MUL mem16, imm16 

These instructions allow the contents of a register or 
memory location to be 16-bit multiplied by immediate 
data. 

Enhanced Shift and Rotate Instructions 

SHL reg, immS/SHR reg, immS/SHRA reg, immS 

These instructions allow the contents of a register to be 
shifted by the number of bits defined by the immediate 
data. 

ROL reg, immS/ROR reg, immS/ROLC reg, immSI 
RORC reg, immS 

These instructions allow the contents of a reg ister to be 
rotated by the number of bits defined by the immediate 
data. 

Check Array Boundary Instruction 

CHKINO reg16, mem32 

This instruction is used to verify that index values 
pointing to the elements of an array data structure are 
within the defined range. The lower limit of the array 
should be in memory location mem32, the upper limit 
in mem32 + 2. If the index value in reg16 is not between 
these limits when CHKIND is executed, a BRK 5 will 
occur. This causes a jump to the location in interrupt 
vector 5. 

Block I/O Instructions 

OUTM OW, src-blockllNM dst-block, OW 

These instructions are used to output or input a string 
to or from memory, when preceded by a repeat prefix. 

Stack Frame Instructions 

PREPARE imm16, immS 

This instruction is used to generate the stack frames 
required by block-structured languages, such as 
PASCAL and Ada. The stack frame consists of two 
areas. One area has a pointer that points to another 
frame which has variables that the current frame can 
access. The other is a local variable area forthe current 
procedure. 
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DISPOSE 

This instruction releases the last stack frame generated 
I by the PREPARE instruction. It returns the stack and 

base pOinters to the values they had before the 
PREPARE instruction was used to call a procedure. 

I Unique Instructions 
• In addition to the JlPD8088/86 instructions and the 
I enhanced instructions, theJlPD701 08 has the following 
. unique instructions. 

Instruction Function 

INS Insert bit field 

EXT Extract bit field 

ADD4S Adds packed decimal strings 

SUB4S Subtracts one packed decimal string from another 

CMP4S Compares two packed decimal strings 

ROL4 Rotates one BCD digit left through AL lower 4 bits 

ROR4 Rotates one BCD digit right through AL lower 4 bits 

TEST1 Tests a specified bit and sets/resets Z flag 

NOT1 Inverts a specified bit 

CLR1 Clears a specified bit 

SET1 Sets a specified bit 

I REPC Repeats next instruction until CY flag is cleared 

REPNC Repeats next instruction until CY flag is set 

FP02 Additional floating point processor call 

Figure 3. Bit Field Insertion 

Bit length 

AW 

pPD70108 (V20) 

Variable Length Bit Field Operation Instructions 

This category has two instructions: INS (Insert Bit 
Field) and EXT (Extract Bit Field). These instructions 
are highly effective for computer graphics and high
level languages. They can, for example, be used for 
data structu res such as packed arrays and record type 
data used in PASCAL. 

INS regS, regS/INS regS, imm4 

This instruction (figure 3) transfers low bits from the 
16-bit AW register (the number of bits is specified by 
the second operand) to the memory location specified 
by the segment base (DS1 register) plus the byte offset 
(IY register). The starting bit position within this byte is 
specified as an offset by the lower 4-bits of the first 
operand. 

After each complete data transfer, the IY register and 
the register specified by the first operand are auto
matically updated to point to the next bit field. 

Either immediate data or a register may specify the 
number of bits transferred (second operand). Because 
the maximum transferable bit length is 16-bits, only the 
lower 4-bits of the specified register (OOH to OFH) will 
be valid. 

Bit field data may overlap the byte boundary of memory. 

Byte offset (IY)=1 

l ~ 
I Memory 

t 
Byte boundary Segment base (051) 

83-000106A 

3-47 



pPD70108 (V20) 

EXT reg8, reg8/EXT reg8, imm4 

This instruction (figure 4) loads to the AW register the 
bit field data whose bit length is specified by the 
second operand of the instruction from the memory 
location that is specified by the DSO segment register 
(segment base), the IX index register (byte offset), and 
the lower 4-bits of the first operand (bit offset). 

After the transfer is complete, the IX register and the 
lower 4-bits ·of the first operand are automatically 
updated to point to the next bit field. 

Either immediate data or a register may be specified for 
the second operand. Because the maximum trans
ferrable bit length is 16 bits, however, only the lower 
4-bits of the specified register (OH to OFH) will be valid. 

Bit field data may overlap the byte boundary of memory. 

Packed BCD Operation Instructions 
The instructions described here process packed BCD 
data either as strings (ADD4S, SUB4S, CMP4S) or 
byte-format operands (ROR4, ROL4). Packed BCD 
strings may be from 1 to 254 digits in length. 

When the number of digits is even, the zero and carry 
flags will be set according to the result ofthe operation. 
When the number of digits is odd, the zero and carry 
flags may not be set correctly in this case, (CL = odd), 
the zero flag will not be set unless the upper4 bits of the 
highest byte are all zero. The carry flag will not be set 
unless there is a carry out of the upper 4 bits of the 
highest byte. When CL is odd, the contents of the upper 
4 bits of the highest byte of the result are undefined. 

Figure 4. Bit Field Extraction 
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ADD4S 

This instruction adds the packed BCD string addressed 
by the IX index register to the packed BCD string 
addressed by the IY index register, and stores the 
result in the string addressed by the IY register. The 
length of the string (numberof BCD digits) is specified 
by the CL register, and the result of the operation will 
affect the overflow flag {V}, the carry flag (CY), and 
zero flag (Z). 

BCD string (IY, CL) - BCD string (IY, CL) + BCD 
string (IX, CL) 

SUB4S 

This instruction subtracts the packed BCD string 
addressed by the IX index register from the packed 
BCD string addressed by the IY register, and stores the 
result in the string addressed by the IY register. The 
length of the string (number of BCD digits) is specified 
by the CL register, and the result of the operation will 
affect the overflow flag (V), the carry flag (CY), and 
zero flag (Z). 

BCD string (IY, CL) - BCD string (IY, CL) - BCD 
String (IX, CL) 

CMP4S 

This instruction performs the same operation as 
SU B4S except that the resu It is not stored and on Iy the 
overflow (V), carry flags (CY) and zero flag (Z) are 
affected. 

BCD string (IY, CL) - BCD string (IX, CL) 

t i 
Byte Boundary Segment base (050) 

83-0001076 
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ROL4 

This instruction (figure 5) treats the byte data of the 
register or memory directly specified by the instruction. 
byte as BCD data and uses the lower 4-bits of the At.,. 
register (ALd to rotate that data one BCD digit to the" 
left. 

Figure 5. BCD Rotate Left (ROL4) 

ROR4 

This instruction (figure 6) treats the byte data of the 
reg ister or memory directly specified by the instruction 
byte as BCD data and uses the lower 4-bits of the AL 
Iregister (ALd to rotate that data one BCD digit to the 
right. 

Figure 6. BCD Rotate Right (ROR4) 

~it Manipulation Instructions 

rEST1 

-his instruction tests a specific bit in a register or 
nemory location. If the bit is 1, the Z flag is reset to O. If 
he bit is 0, the Z flag is set to 1. 

l'OT1 
I 

ihis instruction inverts a specific bit in a register or 
lemory location. 

·;LR1 

his instruction clears a specific bit in a register or 
lemory location. 

ET1 

I his instruction sets a specific bit in a register or 
lemory location. 

,epeatPrefix Instructions 

I~PC 
II~iS instruction causes the pPD70108 to repeat the 
lIowing primitive block transfer instruction until the 

flag becomes cleared or the CW register becomes 
Iro. 

pPD70108 (V20) 

REPNC 

This instruction causes the pPD70108 to repeat the 
following primitive block transfer instruction until the 
CY flag becomes set or the CW register is decremented 
to zero. 

Floating Point Instruction 

FP02 

This instruction is in addition to the pPD8088/86 
floating point instruction, FP01. These instructions 
are covered in a later section. 

Mode Operation Instructions 
The pPD70108 has two operating modes (figure 7). 
One is the native mode which executes pPD8088/86, 
enhanced and unique instructions. The other is the 
8080 emulation mode in which the instruction set of the 
pPD8080AF is emulated. A mode flag (MD) is provided 
to select between these two modes. Native mode· is 
selected when MD is 1 and emulation mode when MD is 
O. MD is set and reset, directly and indirectly, by 
executing the mode manipulation instructions. 

Two instructions are provided to switch operation from 
the native mode to the emulation mode and back: 
BRKEM (Break for Emulation), and RETEM (Return 
from Emulation). 

Two instructions are used to switch from the emulation 
mode to the native mode and back: CALLN (Call Native 
Routine), and RETI (Return from Interrupt). 

The system will return from the 8080 emulation mode 
to the native mode when the RESET signal is present, 
or when an external interrupt (NMI or INT) is present. 

Figure 7. V20 Modes 

HOLD REO/HOLD ACK 

i ~ndbY 
~ Mode 

r---... ! HOLD REO/HOLD ACK 

83-000775A 

'LAC 
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BRKEM immS 

This is the basic instruction used to start the BOBO 
emulation mode. This instruction operates exactly the 
same as the BRK instruction, except that BRKEM 
resets the mode flag (MO) toO. PSW, PS, and PC are 
saved to the stack. MO is then reset and the interrupt vector 
specified by the operand immB of this command is 
loaded into PS and PC. 

The instruction codes of the interrupt processing 
routine jumped to are then fetched. Then the CPU 
executes these codes as pPOBOBOAF instructions. 

In BOBO emulation mode, registers and flags of the 
pPOBOBOAF are performed by the following registers 
and flags of the pP0701 OB. 

pPD8080AF pPD70108 

Registers: A AL 
B CH 
C CL 
D DH 
E DL 
H BH 
L BL 

SP BP 

PC PC 
Flags: C CY 

Z Z 

S S 
P P 

AC AC 

In the native mode, SP is used forthestack pointer. In the 
80BO emulation mode this function is performed by BP. 

This use of independent stack pointers allows indepen
dent stack areas to be secured for each mode and 
keeps the stack of one of the modes from being 
destroyed by an erroneous stack operation in the other 
mode. 

The SP, IX, IY and AH registers and the four segment 
registers (PS, SS, OSo, and OS1) used in the native 
mode are not affected by operations in BOBO emulation 
mode. 

In the BOBO emulation mode, the segment register for 
instructions is determined by the PS register (set 
automatically by the interrupt vector) and the segment 
register for data is the OSo register (set by the 
programmer immediately before the BOBO emulation 
mode is entered). 

It is prohibited to nest BRKEM instructions. 

I) r.n 
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RETEM [no operand] 

When RETEM is executed in BOBO emulation mode 
(interpreted by the CPU as apP08080AF instruction), 
the CPU restores PS, PC, and PSW (as it would when 
returning from an interrupt processing routine), and 
returns to the native mode. At the same time, the 
contents of the mode flag (MO) which was saved to the 
stack by the BRKEM instruction, is restored to MO = 1. 
The CPU is set to the native mode. 

CALLN immS 

This instruction makes it possible to call the native 
mode subroutines from the BOBO emulation mode. To 
return from subroutine to the emulation mode, the 
RETI instruction is used. 

The processing performed when this instruction is 
executed in the BOBO emulation mode (it is interpreted 
by the CPU as pPOBOBOAF instruction), is similar to 
that performed when a BRK instruction is executed in the 
native mode. The immB operand specifies an interrupt 
vector type. The contents of PS, PC, and PSW are 
pushed on the stack and an MO flag value of 0 is saved. 
The mode flag is set to 1 and the interrupt vector 
specified by the operand is loaded into PS and PC. 

RETI [no operand] 

This is a general-purpose instruction used to returr 
from interrupt routines entered by the BRK instructior 
or by an external interrupt in the native mode. Wher 
this instruction is executed at the end of a subroutinE 
entered by the execution of the CALLN instruction, thE 
operation that restores PS, PC, and PSW is exactly th~ 
same as the native mode execution. When PSW i: 
restored, however, the BOBO emulation mode value a 
the mode flag (MO) is restored, the CPU is set il 
emulation mode, and all subsequent instructions ar' 
interpreted and executed as pPOBOBOAF instructions 

RETI is also used to return from an interrupt procedur 
initiated by an NMI or INT interrupt in the emulatio 
mode. 

Floating Point Operation Chip 
Instructions 
FP01 fp-op, mem/FP02 fp-op, mem 1 I 

These instructions are used for the external floati~ " 
point processor. The floating point operation is pass~il 
to the floating point processor when the CPU fetch •. 1 
one of these instructions. From this pOint the CR ~ 
performs only the necessary auxiliary processi~~1 
(effective address calculation, generation of physic 
addresses, and start-up of n,d memory read cycle). 
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The floating pOint processor always monitors the 
instructions fetched by the CPU. When it interprets one 
as an instruction to itself, it performs the appropriate 
processing. At this time, the floating pOint processor 
chip uses either the address alone or both the address 
and read data of the memory read cycle executed by the 
CPU. This difference in the data used depends on 
which of these instructions is executed. 

Note: During the memory read cycle initiated by the CPU for FP01 
or FP02 execution, the CPU does not accept any read data 
on the data bus from memory. Although the CPU generates 
the memory address, the data is used by the floating point 
processor. 

Interrupt Operation 
The interrupts used in the pPD701 OB can be divided 
into two types: interrupts generated by external inter
rupt requests and interrupts generated by software 
processing. These are the classifications. 

External Interrupts 

(a) NMI input (nonmaskable) 
(b) INT input (maskable) 

Software Processing 

As the result of instruction execution 

When a divide error occurs during execution 
of the DIV or DIVU instruction 
When a memory-boundary-over error is detected 
by the CHKIND instruction 

Conditional break instruction 

- When V = 1 during execution of the BRKV 
instruction 

Unconditional break instructions 

- 1-byte break instruction: BRK3 
- 2-byte break instruction: BRK immB 

=Iag processing 

- When stack operations are used to set the 
BRK flag 

lOBO Emulation mode instructions 

- BRKEM immB 
- CALLN immB 

nterrupt Vectors 

tarting addresses for interrupt processing routines 
re either determined automatically by a single location 
'f the interrupt vector table or selected each time 
lterrupt processing is entered. 

pPD70108 (V20) 

The interrupt vector table is shown in figure B. The 
table uses 1 K bytes of memory addresses OOOH to 
3FFH and can store starting address data for a 
maximum of 256 vectors (4 bytes per vector). 

The corresponding interrupt sources for vectors 0 
to 5 are predetermined and vectors 6 to 31 are reserved. 
These vectors consequently cannot be used for 
general applications. 

The BRKEM instruction and CALLN instruction (in the 
emulation mode) and the INT input are available for 
general applications for vectors 32 to 255. 

Asingle interrupt vector is made up of 4 bytes (figure9). 
The 2 bytes in the low addresses of memory are 
loaded into PC as the offset, and the high 2 bytes are Il 
loaded into PS as the base address. The bytes are 
combined in reverse order. The lower-order bytes in 
the vector become the most significant bytes in the PC 
and PS, and the higher-order bytes become the least 
significant bytes. 

Figure 8. Interrupt Vector Table 

OOOH 

VectorO Divide Error 

004H 
Vector 1 Break Flag 

008H 

Vector 2 NMllnput 

OOCH Dedicated 

Vector 3 BRK 3 Instruction 

010H 

Vector 4 BRKV Instruction 

014H 

Vector 5 CHKIND Instruction 

Vector6 

Vector 31 

018H 

07CH l·~·~ 
080H 

Vector 32 

• BRK imm8 Instruction 

} 

General Use 

3FCH 

Vector 225 

Figure 9. Interrupt Vector 0 

Vector 0 

OOOH 

002H 

PS ~ (OO3H, 002H) 
PC ~ (OOIH, OOOH) 

• BRKEM Instruction 
• INT Input [External] 
• CALLN Instruction 

83-Q00111A 

001H 

003H 

83-000112A 
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Based on this format, the contents of each vector 
should be initialized atthe beginning of the program. 

The basic steps to jump to an interrupt processing 
routine are now shown. 

(SP - 1, SP - 2) - PSW 
(SP-3, SP-4) - P$ 
(SP - 5, SP - 6) - PC 
SP - SP-6 
IE-0,BRK-0,MD-1 
PS - vector high bytes 
PC - vector low bytes 

Standby Function 
The pPD70108 has a standby mode to reduce power 
consumption during program wait states. This mode is 
set by the HALT instruction in both the native and the 
emulation mode. 

In the standby mode, the internal clock is supplied only 
to those circuits related to functions required to 
release this mode and bus hold control functions. As a 
result, power consumption can be reduced to 1/10 the 
level of normal operation in either native or emulation 
mode. 

The standby mode is released by inputting a RESET 
Signal or an external interrupt (NMI, INT). 

The bus hold function is effective during standby 
mode. The CPU returns to standby mode when the bus 
hold request is removed. 

During standby mode, all control outputs are disabled 
and the addres/data bus will be at either high or low 
levels. 

Instruction Set 

Symbols 

Preceding the instruction set, several tables explain 
symbols, abbreviations, and codes. 

Clocks 

In the Clocks column of the instruction set, the numbers 
cover these operations: instruction decoding, effective 
address calculation, operand fetch, and instruction 
execution. 

Clock timings assume the instruction has been pre
fetched and is present in the four-byte instruction 
queue. Otherwise, add four clocks for each byte not 
present. 

For instructions that reference memory operands, the 
number on the left side of the slash (I) is for byte 
operands and the number on the right side is for word 
operands. 
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For conditional control transfer or branch instructions, 
the number on the left side of the slash is applicable if 
the transfer or branch takes place. The number on the 
right side is applicable if it does not take place. 

If a range of numbers is given, the execution time 
depends on the operands involved. 

Symbols 

Symbol 

ace 

disp 

dmem 

dst 

ext-disp8 

far-tabel 

fac.proc 

imm 

imm3/4 

imm8 

imm16 

mem 

mem8 

mem16 

mem32 

memptr16 

memptr32 

mod 

neaLJabel 

near-proc 

offset 

reg 

reg8 

reg16 

regptr 

regptr16 

seg 

shorUabel 

Meaning 

Accumulator (AW or AL) 

Displacement (8 or 16 bits) 

Direct memory address 

Destination operand or address 

16-bit displacement (sign-extension byte 
+ 8-bit displacement) 

Label within a different program 
segment 

Procedure within a different program 
segment 

Floating point instruction operation 

8- or 16-bit immediate operand 

3/4-bit immediate bit offset 

8-bit immediate operand 

16-bit immediate operand 

Memory field (000 to 111); 
8- or 16-bit memory location 

8-bit memory location 

16-bit memory location 

32-bit memory location 

Word containing the destination address 
within the current segment 

Double word containing a destination 
address in another segment 

Mode field (00 to 10) 

Label within the current segment 

Procedure within the current segment 

Immediate offset data (16 bits) 

Number of bytes to discard from the stack 

Register field (000 to 111); 
8- or 16-bit general-purpose register 

8-bit general-purpose register 

16-bit general-purpose register 

16-bit register containing a destination 
address within the current segment 

Register containing a destination address 
within the current segment 

Immediate segment data (16 bits) 

Label between -128 and +127 bytes frorr 
the end of the current instruction 



Symbols (cont) 

Symbol Meaning 

sr Segment register 

src Source operand or address 

temp Temporary register (8/16/32 bits) 

I tmpcy Temporary carry flag (1 bit) 

AC Auxiliary carry flag 

AH Accumulator (high byte) 

AL Accumulator (low byte) 

AND Logical product 

AW Accumulator (16 bits) 

BH BW register (high byte) 

BL BW register (low byte) 

BP BP register 

BRK Break flag 

BW BW register (16 bits) 

CH CW register (high byte) 

CL CW register (low byte) 

CW register (16 bits) 

Carry flag 

lH DW register (high byte) 

llR Direction flag 

IL DW register (low byte) 

ISO Data segment 0 register (16 bits) 

Data segment 1 register (16 bits) 

W DW register (16 bits) 

Interrupt enable flag 

Index register (source) (16 bits) 

Symbols 

Symbol 

IV 

MD 

OR 

P 

PC 

PS 

PSW 

R 

S 

S 

SP 

SS 

v 
W 

x, XXX, VVV, ZZZ 

XOR 

XXH 

XXXXH 

Z 

() 

+ 

x 

% 

pPD70108 (V20) 

Meaning 

Index register (destination) (16 bits) 

Mode flag 

Logical sum 

Parity flag 

Program counter (16 bits) 

Program segment register (16 bits) 

Program status word (16 bits) 

Reg ister set 

Sign extend operand field 
S = 0 No sign extension 
S = 1 Sign extend immediate byte 

operand 

Sign flag 

Stack pointer (16 bits) 

Stack segment register (16 bits) 

Overflow flag 

Word/byte field (0 to 1) 

Data to identify the instruction code of the 
external floating point arithmetic chip 

Exclusive logical sum 

Two-digit hexadecimal value 

Four-digit hexadecimal value 

Zero flag 

Values in parentheses are memory contents 

Transfer direction 

Addition 

Subtraction 

Multiplication 

Division 

Modulo 
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Flag Operations Register Selection (mod = 11) 

Symbol Meaning reg W=O W=l 

(blank) No change 000 AL AW 

o Cleared to 0 001 CL CW 

Set to 1 010 DL OW 

x Set or cleared according to result 011 BL BW 

Undefined 100 AH SP 

R Restored to previous state 101 CH BP 

110 DH IX 

Memory Addressing Modes 111 BH IV 

mem mod = 00 mod = 01 mod = 10 

000 BW+IX BW + IX + disp8 BW + IX + disp16 Segment Register Selection 

001 BW+IV BW + IV + disp8 BW + IV + disp16 sr Segment Register 

010 BP+ IX BP + IX + disp8 BP + IX + disp16 00 DS1 

011 BP+ IV BP + IV + disp8 BP + IV + disp16 01 PS 

100 IX IX + disp8 IX + disp16 10 SS 

101 IV IV + disp8 IV + disp16 11 DSO 

110 Direct BP + disp8 BP + disp16 

111 BW BW + disp8 BW + disp16 
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Instruction Set 

Opcode Flags 
Mnemonic Operand 6 4 3 0 7 6 543 2 1 0 Clocks Bytes AC CY V P S Z 

Data Transfer Instructions 

MOV reg, reg 0 0 W reg reg 2 2 

mem, reg 0 0 1 0 0 W mod reg mem 9/13 2-4 

reg, mem 0 0 1 W mod reg mem 11/15 2-4 

mem, imm 1 0 0 W mod reg mem 11/15 3-6 

reg, imm 0 1 W reg 4 2-3 

ace, dmem 0 0 0 0 W 10/14 3 

dmem, ace 0 0 0 0 W 9/13 3 

sr, reg16 0 0 1 1 0 sr reg 2 2 

Il sr, mem16 0 0 0 0 mod 0 sr mem 11/15 2-4 

reg16, sr 0 0 0 1 1 0 sr reg 2 

mem16, sr 0 0 0 0 mod 0 sr mem 10/14 2-4 

DSO, reg16, mem32 0 0 0 0 mod reg mem 18/26 2-4 

DS1, reg16, mem32 1 0 0 0 mod reg mem 18/26 2-4 

AH, PSW 0 0 1 2 1 

PSW, AH 0 0 1 0 3 1 x x x x x 

LDEA reg16, mem16 0 0 mod reg mem 4 2-4 

TRANS srctable 1 0 1 9 

XCH reg, reg 0 0 0 0 W 1 1 reg reg 3 2 

mem, reg 0 0 0 W mod reg mem 16/26 2-4 

AW, reg16 0 0 reg 3 

Repeat Prefixes 

~EPC 0 0 1 0 1 2 

~EPNC 0 0 0 0 

lEP 0 1 2 
IEPE 
tEPZ 

:EPNE 1 1 1 1 0 0 1 0 2 
:EPNZ 

J/ock Transfer Instructions 

IOVBK dst, src 0 0 0 0 W 11 +8n 

MPBK dst, src 0 0 0 W 7+ 14n x x x x x x 

MPM dst 0 0 W 7 + 10n x x x x x x 

DM src 0 0 1 0 W 7+9n 

fM dst 0 0 0 W 7+4n 

n = number of transfers 

'0 Instructions 

ace, imm8 0 0 W 9/13 

ace, DW 1 W 8/12 

JT imm8, ace 0 0 W 8/12 2 
I 

DW, ace 0 W 8/12 

M dst, DW 0 W 9+8n 

ITM DW, src W 9+8n 

n = number of transfers 
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Instruction Set (cont) 

Opcode Flags 
Mnemonic Operand 7 6 5 4 3 2 o 7 6 5 4 3 2 1 0 Clocks Bytes AC CY V P S Z 

BCD Instructions 

ADJBA o 0 1 0 3 xxuuuu 

ADJ4A o 0 0 0 3 x x u x x x 

ADJBS o 0 7 xxuuuu 

ADJ4S o 0 o 7 x x u x x x 

ADD4S dst, src o 000 o 0 o 000 0 7 + 19n uxuuux 

SUB4S dst, src 000 0 o 0 o 0 0 o 7 + 19n 2 uxuuux 

CMP4S dst, src o 0 0 0 o 0 o o 7 + 19n 2 uxuuux 

ROL4 reg8 00001 000000 25 3 
1 1 0 0 0 reg 

mem8 0000111100 0 000 28 3-5 
mod 0 0 0 mem 

ROR4 reg8 0000111100 0 0 0 29 3 
1 1 0 0 0 reg 

mem8 0000111100000 33 3-5 
mod 0 0 0 mem 

n = number of BCD digits divided by 2 

Data Type Conversion Instructions 

CVTBO 1 o o o 0 0 0 0 o o 15 2 u u u x x x 

CVTOB o 01010000 o o 7 2 uuuxxx 

CVTBW o 0 000 2 

CVTWL o 0 o 0 4-5 

Arithmetic Instructions 

ADD reg, reg 0 0 0 0 0 0 W 1 1 reg reg 2 2 x x x x x x 
------------------------------------------------------------------------------

mem, reg o 0 0 0 0 0 W mod reg mem 16/24 2-4 x x x x x x 

reg, mem o 0 0 0 0 0 1 W mod reg mem 11/15 2-4 x x x x x x 

reg, imm o 0 0 0 0 S W 1 1 0 0 0 reg 4 3-4 xxxxxx 

mem, imm o 0 0 0 0 S W mod 0 00 mem 18/26 3-6 x x x x x x 

ace, imm 000010W 4 2-3 x x x x x x 

AD DC reg, reg o 0 0 1 0 0 W 1 1 reg reg 2 2 x x x x x x 

mem, reg o 0 0 0 0 W mod reg mem 16/24 2-4 x x x x x x 

reg, mem 0001001W mod reg mem 11/15 2-4 x x x x x x 

reg, imm o 0 0 0 0 S W 1 1 0 0 reg 4 3-4 x x x x x x 

mem, imm o 000 0 S W mod 0 1 0 mem 18/26 3-6 x x x x x x 

ace, imm 000010W 4 2-3 x x x x x x 

SUB reg, reg o 0 0 0 1 W 1 1 reg reg 2 2 x x x x x x 

mem,reg 001000W mod reg mem 16/24 2-4 x x x x x x 

reg, mem 0010101W mod reg mem 11/15 2-4 x x x x x x 

reg, imm 000 0 0 S W 1 1 1 0 1 reg 4 3-4 x x x x x x 
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Instruction Set (cont) 

Flags 
Mnemonic Operand 6 5 432 

Opcode 
o 7 4 3 2 1 0 Clocks Bytes AC CY V P S Z 

Arithmetic Instructions (cont) 

mem, imm 1 0 0 0 0 0 S W mod o mem 18/26 3-6 x x x x x x 
ace, imm o 0 1 0 0 W 4 2-3 x x x x x x 

I SUBC reg, reg o 0 0 0 W 1 1 reg reg 2 2 x x x x x x 
mem, reg o 0 0 0 W mod reg mem 16/24 2-4 x x x x x x 
reg, mem 0001 01W mod reg mem 11/15 2-4 x x x x x x 
reg, imm o 0 0 0 0 S W 1 1 0 1 reg 4 3-4 x x x x x x 
mem, imm o 0 0 0 0 S W mod 0 mem 18/26 3-6 x x x x x x 
ace, imm 000 o W 4 2-3 x x x x x x 

INC reg8 o 1 1 0 0 0 reg 2 2 x x x x 
mem W mod 0 0 0 mem 16/24 2-4 x x x x 
reg16 000 reg 2 x x x x 

DEC reg8 o 1 1 0 0 reg 2 2 x x x x 
mem 1 1 1 W mod 0 0 mem 16/24 2-4 x x x x 
reg16 o o 1 reg 2 x x x x 

MULU reg o W 1 1 0 0 reg 21-30 2 uxxuuu 
mem o 1 1 W mod 0 0 mem 27-36 2-4 uxxuuu 

MUL reg o W 1 1 0 reg 33-47 2 uxxuuu 
mem 1 0 W mod 0 mem 39-57 2-4 uxxuuu 
reg16,reg16,imm8 o o 1 1 reg reg 28-34 3 uxxuuu 
reg16,mem16,imm8 o 1 mod reg mem 34-44 3-5 uxxuuu 
reg16,reg16,imm16 o 0 1 1 reg reg 36-42 4 uxxuuu 
reg16,mem16,imm16 o 1 0 0 1 mod reg mem 46-52 4-6 uxxuuu 

IIVU reg o 1 W 1 1 0 reg 19-25 uuuuuu 
mem W mod 0 mem 25-35 2-4 uuuuuu 

IIV reg o W 1 1 reg 29-43 2 uuuuuu 
mem o W mod mem 35-53 2-4 uuuuuu 

:omparison Instructions 

o MP reg, reg 0 0 reg W 1 1 reg 2 2 x x x x x x 
------------------------------------------------------------------------------

mem, reg o 0 0 0 W mod reg mem 11/15 2-4 x x x x x x 
reg, mem o 0 o W mod reg mem 11/15 2-4 x x x x x x 
reg, imm o 0 0 0 0 S W 1 1 1 1 1 reg 4 3-4 x x x x x x 
mem, imm 100000SW mod 1 1 1 mem 13/17 3-6 x x x x x x 
ace, imm o 0 0 W 4 2-3 x x x x x x 

ogicallnstructions 

IT reg 0 W 1 1 0 reg 2 2 
------------------------------------------------------------------------------

iG 
I 

1ST 

mem 

reg 

mem 

reg, reg 

mem, reg 

reg, imm 

o 
o 

1 0 

o o 0 

000 0 

o 

W mod 0 0 mem 16/24 2-4 

W 1 1 0 reg 2 2 x x x x x x 
1 W mod 0 mem 16/24 2-4 x x x x x x 
o W 1 1 reg reg 2 2 u 0 0 x x x 
o W mod reg mem 10/14 2-4 u 0 0 x x x 

W 1 1 0 0 0 reg 4 3-4 u 0 0 x x x 
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Instruction Set (cant) 

Mnemonic Operand 

Logica/lnstructlons (cant) 

mem, imm 

ace, imm 

AND reg, reg 

mem, reg 

reg, mem 

reg, imm 

mem, imm 

ace, imm 

OR reg, reg 

mem, reg 

reg, mem 

reg, imm 

mem, imm 

ace, imm 

XOR reg, reg 

mem, reg 

reg, mem 

reg, imm 

mem, imm 

ace, imm 

Bit Manipulation Instructions 

INS regS, regS 

regS, immS 

EXT regS, regS 

regS, immS 

TEST1 reg, CL 

mem, CL 

reg, imm3/4 

mem, imm3/4 

SET1 reg, CL 

mem,CL 
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Opcode 
o 7 5 4 3 2 1 0 Clocks Bytes 

o 1 W mod 0 0 0 mem 11/15 3-6 

o o 1 0 0 W 4 2-3 

o 0 o 0 0 W 1 1 reg reg 2 2 

o 0 000 W mod reg mem 16/20 2-4 

o 0 0 0 0 1 W mod reg mem 11/15 2-4 

o 0 0 0 0 0 W 1 1 1 0 0 reg 4 3-4 

o 0 0 0 0 (J W mod 1 0 0 mem 1S126 3-6 

0010010W 4 2-3 

o 0 0 0 1 0 1 W 1 1 reg reg 2 

o 0 0 0 0 0 W mod reg mem 16/24 2-4 

o 0 0 0 0 W mod reg mem 11/15 2-4 

o 0 0 0 0 W 1 1 0 0 reg 4 3-4 

OOOOOOW mod 0 0 1 mem 1S/26 3-6 

000010W 4 2-3 

o 0 0 0 W 1 1 reg reg 2 2 

o 0 0 0 0 W mod reg mem· 16/24 2-4 

0011001W 

OOOOOOW 

100000 W 

o 0 0 0 0 W 

00001111 
1 1 reg reg 

00001111 
1 1 0 0 0 reg 

00001111 
1 1 reg reg 

00001111 
1 1 0 0 0 reg 

00001111 
1 1 0 0 0 reg 

00001111 
mod 0 0 0 mem 

00001111 
1 1 0 0 0 reg 

00001111 
mod 0 0 0 mem 

00001111 
1 1 0 0 0 reg 

00001111 
mod 0 0 0 mem 

mod reg mem 11/15 2-4 

1 1 1 0 reg 4 3-4 

mod 1 1 0 mem 1S/26 3-6 

4 2-3 

o 0 o 0 0 35-133 3 

o 0 o 0 35-133 4 

o 0 o 0 34-59 3 

o 0 o 34-59 4 

000 o 0 0 W 3 3 

000 o 0 0 W 12/16 3-5 

000 o 0 W 4 4 

000 o 0 W 13/21 4-6 

000 o o W 4 3 

000 o o W 13/21 3-5 

NEe 
Flags 

AC CV V P S Z 

u 0 0 x x x 

u 0 0 x x x 

u 0 0 x x x 

u 0 0 x x x 
u 0 0 x x x 

u 0 0 x x x 

u 0 0 x x x 
o 0 x x x 

u 0 0 x x x 
u 0 0 x x x 

u 0 0 x x x 
o 0 x x x 

u 0 0 x x x 

o 0 x x x 

uOOxxx 

u 0 0 x x x 

u 0 0 x x x 

o 0 x x x 

o 0 x x x 

o x x x 

uOOuux 

uOOuux 

uOOuux 

uOOuux 



'NEe pPD70108 (V20) 

Instruction Set (cont) 

Opcode Flags 
Mnemonic Operands 7 6 5 4 3 2 0 7 6 5 4 3 2 0 Clocks Bytes AC CY V P S Z 

Bit Manipulation Instructions (cont) 

reg, imm3/4 0 0 0 0 1 0 0 0 0 W 5 4 
1 1 0 0 0 reg 

mem, imm3/4 0 0 0 0 1 1 1 1 0 0 0 0 W 14/22 4-6 
mod 0 0 0 mem 

CY o 0 2 

DIR 1 1 1 1 0 1 2 

CLR1 reg, CL 00001111000 o 0 W 5 3 
1 1 0 0 0 reg 

3-5 E mem, CL 00001111000 
mod 0 0 0 mem 

4 reg, imm3/4 00001111000 
1 1 0 0 0 reg 

o 0 W 14/22 

o W 6 

mem, imm3/4 00001111000 o W 15/27 4-6 
mod 0 0 0 mem 

CY 1 0 0 0 2 o 
DIR 1 1 1 1 1 1 0 0 

NOT1 reg, CL 00001111000 o W 4 3 
1 1 0 0 0 reg 

mem, CL 00001111000 o W 18/26 3-5 
mod 0 0 0 mem 

reg, imm3/4 00001111000 W 5 4 
1 1 0 0 0 reg 

mem, imm3/4 00001111000 W 19/27 4-6 
mod 0 0 0 mem 

CY o o 2 x 
Shift/Rotate Instructions 

;HL reg, 1 o OOOW 11 o 0 reg 2 2 u x x x x x 
mem, 1 o 0 0 0 W mod o 0 mem 16/24 2-4 u x x x x x 
reg, CL o 0 0 W 1 1 o 0 reg 7+n 2 uxuxxx 
mem, CL o 0 q 1 W mod o mem 19/27 + n 2-4 u x u x x x 
reg, imm8 OOOOOW 11 o 0 reg 7+n 3 u x u x x x 
mem, imm8 o 0 0 0 0 W mod o 0 mem 19/27 + n 3-5 u x u x x x 

HR reg, 1 o 0 0 W 1 1 o reg 2 2 u x x x x x 
mem,1 o 0 0 W mod o mem 16/24 2-4 u x x x x x 
reg, CL o 0 0 W 1 1 o reg 7+n 2 u x u x x x 
mem, CL o 1 0 0 1 W mod o mem 19/27 + n 2-4 u x u x x x 
reg, imm8 OOOOOW 11 o reg 7+n 3 u x u x x x 
mem, imm8 o 0 0 0 W mod o mem 19/27 + n 3-5 u x u x x x 

n = number of shifts 

3-59 



pPD70108(V20) NEe 
Instruction Set (cont) 

Opcode Flags 
Mnemonic Operands 6 5 4 3 2 o 7 6 5 4 2 1 0 Clocks Bytes AC CY V P S Z 

Shift/Rotate Instructions (cont) 

SHRA reg, 1 0 0 0 0 W reg 2 2 u x 0 x x x 
------------------------~----------------------------------------------------

mem, 1 0 0 0 0 W mod mem 16/24 2-4 u x 0 x x x 

reg, CL 0 0 0 W 1 1 reg 7 + n 2 uxuxxx 

mem, CL 0 1 0 0 1 W mod mem 19/27 + n 2-4 uxuxxx 

reg, immB 0 0 0 0 0 W 1 1 reg 7 + n 3 uxuxxx 

mem, immB 0 0 0 0 0 W mOd 1 mem 19/27 + n 3-5 uxuxxx 

ROL reg, 1 0 0 0 0 W 1 1 0 0 reg 2 2 x x 
mem,1 o 0 0 0 W mod 0 0 0 mem 16/24 2-4 x x 

reg, CL o 0 0 W 1 1 0 0 reg 7 + n x u 
mem, CL o 0 0 1 W mod 0 0 0 mem 19/27 + n 2-4 x u 

reg, imm o 0 0 0 0 W 1 1 0 0 0 reg 7 + n 3 x u 

mem, imm o 0 0 0 0 W mod 0 0 0 mem 19/27 + n 3-5 x u 

ROR reg, 1 o 1 0 0 W 1 1 0 0 reg 2 2 x u 

mem, 1 o 0 0 0 W mod 0 0 mem 16/24 2-4 x x 
reg, CL o o 0 W 1 1 0 0 reg 7 + n 2 x u 
mem, CL o o 0 W mod 0 0 mem 19/27 + n 2-4 x u 

reg, immB o 0 0 0 0 W 1 1 0 0 reg 7 + n 3 x u 

mem, immB o 0 0 0 0 W mod 0 1 mem 19/27 + n 3-5 x u 

ROLC reg, 1 o 0 0 0 W 1 1 0 0 reg 2 x x 

mem, 1 o 0 0 0 W mod 0 o mem 16/2B 2-4 x x 
reg, CL o 0 0 W 1 1 0 o reg 7+n 2 x u 

mem, CL 01001W mod 0 o mem 19/27 + n 2-4 x u 

reg, immB o 0 0 0 0 W 1 1 0 o reg 7+n 3 x u 
mem, immB o 0 0 0 0 W mod 0 o mem 19/27 + n 3-5 x u 

RORC reg, 1 o 0 0 0 W 1 1 reg 2 2 x x 
mem, 1 o 0 0 0 W mod 0 mem 16/24 2-4 x x 
reg, CL o 0 0 W 1 1 0 reg 7+n 2 x u 
mem,CL o 1 0 0 1 W mod 0 mem 19/27 + n 2-4 x u 

reg, immB o 0 0 0 0 W 1 1 0 reg 7+n 3 x u 

mem, immB OOOOOW mod 0 mem 19/27 + n 3-5 x u 

n = number of shifts 

Stack Manipulation Instructions 

PUSH mem16 1 1 1 1 1 mod 1 1 0 mem 26 2-4 

reg16 0 1 0 reg 12 

sr 0 0 0 sr 0 12 

PSW 1 0 0 1 1 1 0 0 12 

R o 0 0 0 0 0 67 

imm o 0 0 S 0 11/12 2-3 

3-60 



NEe pPD70108 (V20) 

Instruction Set (cont) 

Opcode Flags 
Mnemonic Operands 7 6 5 4 3 2 0 7 5 4 3 2 1 0 Clocks Bytes AC CY V P S Z 
Stack Manipulation Instructions (cont) 

POP mem16 1 0 0 0 mod 0 0 mem 25 2-4 

reg16 0 1 0 reg 12 

sr 0 sr 1 1 12 

PSW 0 0 1 1 1 0 12 R R R R R R 

R 0 0 0 0 1 75 

PREPARE imm16, imm8 0 0 0 * 4 
*imm8 = 0: 12 
imm8> 1 : 19 + 8 (imm8 - 1) 

DISPOSE 0 0 0 0 1 10 III Control Transfer Instructions 

CALL near-proc 0 0 0 0 20 3 

regptr 1 1 0 reg 18 

memptr16 1 1 1 mod 0 mem 31 2-4 

far-proc 0 0 0 0 29 5 

memptr32 1 1 1 1 mod 0 mem 47 2-4 

RET 0 0 0 0 1 19 1 

pop_value 0 0 0 0 0 24 3 

0 0 0 1 1 29 1 

pop_value 0 0 0 1 0 32 3 

3R near_label 0 0 0 13 3 

shorLiabel 0 0 0 12 2 

reg 1 1 0 0 reg 11 2 

memptr16 1 1 mod mem 24 2-4 

far.Jabel 0 0 0 15 5 

memptr32 1 1 1 1 mod 0 mem 35 2-4 

V nearjabel 0 0 0 0 0 14/4 2 

NV near-'abel 0 0 0 0 14/4 2 

C,BL near-'abel 0 0 0 0 14/4 2 

NC,BNL near_label 0 0 0 1 1 14/4 2 

E, BZ near-'abel 0 0 0 0 14/4 2 

'JE, BNZ near-'abel 0 0 0 14/4 2 

IJH near_label 0 0 0 14/4 2 

-I near_label 0 0 1 1 14/4 2 

~ near-'abel 0 0 0 0 14/4 2 

near_label 0 0 0 14/4 2 

IE near_label 0 0 14/4 2 

'0 near-'abel 0 0 1 14/4 2 

T near-'abel 0 0 0 14/4 2 

IE near_label 0 0 14/4 2 

3-61 



pPD7,0108 (V20) NEe 
Instruction Set (cont) 

Opcode Flags 
Mnemonic Operand 5 4 3 2 0 7 654321 0 Clocks Bytes AC CY V P S Z 
Control Transfer Instructions (cont) 

BLE near-'abel 0 1 0 14/4 2 

BGT near-'abel 0 1 1 1 1 14/4 2 

OBNZNE near-'abel 0 0 0 0 0 14/5 

OBNZE near-'abel 0 0 0 0 1 14/5 2 

OBNZ near-'abel 0 0 0 0 13/5 2 

BCWZ near-'abel 0 0 0 13/5 2 

Interrupt Instructions 

BRK 3 0 0 0 0 50 1 

immB 0 0 0 1 50 2 

BRKV immB 1 0 0 1 52/3 

RETI 1 0 0 1 0 39 R R R R R R 

CHKINO reg16, mem32 0 0 0 0 0 mod reg mem 73-76/26 2-4 

BRKEM immB 0 0 0 0 1 1 1 1 1 1 1 1 50 3 

CPU Control Instructions 

HALT 0 1 0 0 2 

BUSLOCK 1 0 0 0 0 2 1 

FP01 fp_op 0 1 X X X 1 1 Y Y Y Z Z Z 2 

fp_op, mem 1 0 1 1 X X X mod Y Y Y mem 15 2-4 

FP02 fp_op 0 0 0 X 1 1 Y Y Y Z Z Z 2 2 

fp_op, mem 0 1 0 0 1 X mod y y y mem 15 2-4 

POLL 0 0 1 1 0 1 2 +5n 
n = number of times POLL pin is sampled. 

NOP 0 0 0 0 0 0 3 

01 0 0 2 

EI 0 2 

8080 Instruction Set Enhancements 

RETEM 1 0 0 0 39 2 R R R R R R 

CALLN immB 1 0 0 0 5B 3 
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NEe Electronics Inc. 

Description 
ThellPD70116 (V30) is a CMOS 16-bit microprocessor 
with an internal 16-bit architecture and a 16-bit external 
data bus. The IlPD70116 instruction set is a superset of 
the IlPD8086/8088; however, mnemon ics and execution 
times are different. The IlPD70116 additionally has a 
powerful instruction set including bit processing, 
packed BCD operations, and high-speed multiplication/ 
division operations. The IlPD70116 can also execute 
the entire 8080 instruction set and comes with a 
standby mode that significantly reduces power consump
tion. It is software-compatible with the IlPD70108 
microprocessor. 

Features 
o Minimum instruction execution time: 

250 ns (at 8 MHz) 
o Maximum addressable memory: 1 Mbyte 
o Abundant memory addressing modes 
o 14 x 16-bit register set 
o 101 instructions 
o Instruction set is a superset of IlPD8086/8088 

instruction set 
o Bit, byte, word, and block operations 
o Bit field operation instructions 
o Packed BCD instructions 
::J Multiplication/division instruction execution 

time: 41ls to 61ls (at 8 MHz) 
::J High-speed block transfer instructions: 

2 Mbyte/s (at 8 MHz) 
] High-speed calculation of effective addresses: 

2 clock cycles in any addressing mode 
] Maskable (INT) and nonmaskable (NMI) 

interrupt inputs 
] IEEE-796 bus compatible interface 
] 8080 emulation mode 
] CMOS technology 
J Low-power consumption 
IJ Low-power standby mode 
IJ Single power supply 
] 5-MHz, 8-MHz or 1 O-MHz clock 

pPD701i6 (V30™) 
i6·BIT HIGH· PERFORMANCE 

CMOS MICROPROCESSOR 

Ordering Information 
Part Max Frequency 
Number Package Type of Operation 

jJPD70116C-5 40-pin plastic DIP 5 MHz 

jJPD70116C-8 40-pin plastic DIP 8 MHz 

jJPD70116D-5 40-pin ceramic DIP 5 MHz 

jJPD70116D-8 40-pin ceramic DIP 8 MHz 

jJPD70116D-10 40-pin ceramic DIP 10 MHz 

jJPD70116G-5 52-pin plastic miniflat 5 MHz 

jJPD70116G-8 52-pin plastic miniflat 8 MHz 

jJPD70116L-5 44-pin PLCC 

jJPD70116L -8 44-pin PLCC 

Pin Configurations 

40-Pin Plastic DIP/Cerdlp 

INT 

ClK 

GND 

Voo 

A D15 

A16I'PSo 

A'7/PS, 

A,alPS2 

A'9/PS3 

UBE 

S/LG 

AD 

5 MHz 

8 MHz 

HlDRO [RQ/AKoJ 

HlDAK [RQ/AK,J 

WI! [BUSlOCKJ 

BUFR/W [BS,J 

BUFEN [BSoJ 

ASTB [OSoJ 

INTAK [OS,J 

POLL 

READY 

83-000172A 
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Pin Configurations (cont) 

44-Pin Plastic Leadless Chip Carrier (PLCC) 

AD9 

ADa 

AD7 

ADS 

ADS 

ADO 

g ~ i 
C'>"'c op~t::.'" C Q 0 C Z U 0 Q Q Q Q 

c c c c ~ z > C C C C 

I I I I I I I I I I I I I r I I 
L.J L.J I I LJ LJ LJ LJ LJ 

: : 44 40 r-
L.J 39 ... _ NC 
1 

pPD70ll6 

PS3 

UBE 

S/i;G 

L_ All 

~= HlDRQ [RQ/AKoI 

~= HLDAK [RO/iif.iJ 

2829~= 

Wii [BUSlOCKI 

101M [BS2l 

BUFRIW [BSll 

BUFEN [BSol 

,-, r, r, r-l r, r' rl r1 rl 
I I I I I I I I I I I I I I I I I I 

63-001674 

52-Pin Plastic Mlnlflat 

A18/PS2 

A17/PS1 

Ala/PSO 

AD15 

VDD 

VDD 

GND 

GND 

Ie 

AD14 

AD13 

AD12 

ADll 

3-64 

ASTB [QSol 

INTAK [QSll 

POll 

READY 

RESET 

GND 

GND 

NC 

GND 

ClK 

INT 

NMI 

NC 

83-001673A 

Pin Identification 
Symbol 

IC· 

AD14 - ADo 

NMI 

INT 

ClK 

GND 

RESET 

READY 

POll 

ASTB (OSo) 

BUFEN (BSo) 

WR (BUSlOCK) 

HlDAK (RO/ AK1) 

HlDRO (RO/ AKo) 

RD 

S/lG 

UBE 

Voo 

Direction 

In/Out 

In 

In 

In 

In 

In 

In 

Out 

Out 

Out 

Out 

Out 

Out 

Out 
(In/Out) 

In 
(In/Out) 

Out 

In 

Out 

Out 

In/Out 

t-IEC 

Function 

Internally connected 

Address/data bus 

Nonmaskable interrupt 
input 

Maskable interrupt input 

Clock input 

Ground potential 

Reset input 

Ready input 

Poll input 

Interrupt acknowledge 
output (queue status bit 1 
output) 

Address strobe output 
(queue status bit 0 output) 

Buffer enable output (bus 
status bit 0 output) 

Buffer read/write output 
(bus status bit 1 output) 

Access is I/O or memory 
(bus status bit 2 output) 

Write strobe output (bus 
lock output) 

Hold acknowledge output, ' 
(bus hold request input/ 
acknowledge output 1) 

Hold request input (bus 
hold request input/ 
acknowledge output 0) 

Read strobe output 

Small-scale/large-scale 
system input 

Upper byte enable 

Address bus, high bits or 
processor status output 

Address/data bus, bit 15 

Power supply 

Notes: • Ie should be connected to ground. 

Where pins have different functio~s in small- and larg~-scl .11 

systems, the large-scale system pin symbol and function e 'I 
in parentheses. 

Unused input pins should be tied to ground or Voo 
minimize power dissipation and prevent the flow of potE 
tially harmful currents. 



NEe 
Block Diagram 

PS 

SS 

DSo 

DS1 

PFP 

DP 

TEMP 

Qo Q1 

LC 

PC 

AW 

BW 

CW 

ow 

IX 

IY 

BP 

SP 

PSW 

Sub Data Bus [16J Main Data Bus [16J 

pPD70116 (V30) 

Bus 
Buffer 

Status 
Control 

UBE 
BUFEN[BSoJ. BUFR/W [BS1J 
I~/M [BS2J __ 
ASTB [QSoJ. INTAK [QS1J 
RD.WR[~J 

S/LG 

READY 

RESET 

POLL 

HLDRQ [RQ/AKoJ 

HLDAK [RQ/AK1J 

NMI 

INT 

L 
__ S_ta_nd_b_y_ ...... '- ClK Control r-

Bus 
Control 

Unit 
[BCUI 

Effective Address 
Generator 

Microinstruction 
Storage 

Microsequence 
Control 

Instruction Decoder 

Execution 
Unit 

[EXUI 

29 Microinstruction 

83-000173C 
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Pin Functions 
Some pins of the J.lPD70116 have different functions 
according to whether the microprocessor is used in a 
small- or large-scale system. Other pins function the 
same way in either type of system. 

AD15 - ADo [Address/Data Bus] 
For small- and large~scale systems. 

AD15 - ADo is a time-multiplexed address and data bus. 
When high, an AD bit is a one; when low, an AD bit is a 
zero. This bus contains the lower 16 bits of the 20-bit 
address during T1 of the bus cycle. It is used as a 16-bit 
data bus during T2, T3, and T4 of the bus cycle. 

The address/data bus is a three-state bus and can be at 
a high or low level during standby mode. The bus will 
be high impedance during hold and interrupt 
acknowledge. 

NMI [Nonmaskable Interrupt] 
For small- and large-scale systems. 

This pin is used to input nonmaskable interrupt 
requests. NMI cannot be masked by software. This 
input is positive edge triggered and must be held high 
for five clocks to guarantee recognition. Actual inter
rupt processing begins, however, after completion 
of the instruction in progress. 

The contents of interrupt vector 2 determine the 
starting address for the interrupt-servicing routine. 
Note that a hold request will be accepted even during 
NMI acknowledge. 

This interrupt will cause the J.lPD70116 to exit the 
standby mode. 

INT [Maskable Interrupt] 
For small- and large-scale systems. 
This pin is an interrupt request that can be masked by 
software. 

INT is active high level and is sensed during the last 
clock of the instruction. The interrupt will be accepted 
if the interrupt enable flag IE is set. The CPU outputs 
the INTAK signal to inform external devices that the 
interrupt request has been granted. INT must be 
asserted until the interrupt acknowledge signal is 
returned. 
If NMI and I NT interrupts occur at the same time, NMI 
has higher priority than INT and INT cannot be 
accepted. A hold request will be accepted during INT 
acknowledge. 
This interrupt causes theJ.lPD70116 to exit the standby 
mode. 

elK [Clock] 
For small- and large-scale systems. 
This pin is used for external clock input. 

~EC 

RESET [Reset] 
For small- and large-scale systems. 
This pin is used for the CPU reset signal. It is an active 
high level. Input of this signal has priority over all other 
operations. After the reset signal input returns to a low 
level, the CPU begins execution of the program starting 
at address FFFFOH. 
In addition to causing normal CPU start, RESET input 
will cause the J.lPD70116 to exit the standby mode. 
READY [Ready] 
For small- and large-scale systems. 

When the memory or I/O device being accessed 
cannot complete data read or write within the CPU 
basic access time, it can generate a CPU wait state 
(Tw) by setting this signal to inactive (low level) and 
requesting a read/write cycle delay. 
If the READY signal is active (high level) during either 
the T3 or Tw state, the CPU will not generate a wait 
state. 
POll [Poll] 
For small- and large-scale systems. 
The CPU checks this input upon execution of the POLL 
instruction.lfthe input is low, then execution continues. 
If the input is high, the CPU will check the POLL input 
every five clock cycles until the input becomes low 
again. 

The POLL and READY functions are used to syn
chronize CPU program execution with the operation 01 
external devices. 
R D [Read Strobe] 
For small- and large-scale systems. 
The CPU outputs this strobe signal during data reac 
from an I/O device or memory. The 10/M signal is usee 
to select between I/O and memory. 
This three-state output is. held high during standb~ 
mode and enters the high-impedance state during hole 
acknowledge. 
S/lG [Small/large] 
For small- and large-scale systems. 

This signal determines the operation mode of the CPL 
This signal is fixed at either a high or low level. Whe 
this signal is a high level, the CPU will operate in smali 
scale system mode, and when low, in the large-scal 
system mode. A small-scale system will have at mo! I 

one bus master such as a DMA controller device on th 
bus. A large-scale system can have more than one bL 
master accessing the bus as well as the CPU. 
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INTAK [Interrupt Acknowledge] 
For small-scale systems. 

The CPU generates the INTAK signal low when it 
accepts an INT signal. 

The interrupting device synchronizes with this signal 
and outputs the interrupt vector to the CPU via the data 
bus (AD? - ADo). 

ASTB [Address Strobe] 
For small-scale systems. 

The CPU outputs this strobe signal to latch address 
information at an external latch. 

ASTB is held at a low level during standby mode and 
hold acknowledge. 

BUFEN [Buffer Enable] 
For small-scale systems. 

This is used as the output enable signal for an external 
bidirectional buffer. The CPU generates this signal 
during data transfer operations with external memory 
or I/O devices or during input of an interrupt vector. 

This three-state output is held high during standby 
mode and enters the high-impedance state during hold 

I acknowledge. 

IBUFR/W [Buffer Read/Write] 
For small-scale systems. 

The output of this signal determines the direction of 
data transfer with an external bidirectional buffer. A 
high output causes transmission from the CPU to the 
lexternal device; a low signal causes data transfer from 
the external device to the CPU. 

9UFR/W is a three-state output and enters the high
mpedance state during hold acknowledge. 

O/M [IO/Memory] 
;or small-scale systems. 

-he CPU generates this signal to specify either I/O 
lccess or memory access. A low-level output specifies 
10 and a high-level signal specifies memory. 

D/M's output is three state and becomes high 
npedance during hold acknowledge. 

IfR [Write Strobe] 
or small-scale systems. 

I 

'he CPU generates this strobe signal during data write 
I) an I/O device or memory. Selection of either I/O or 
lemory is performed by the iO/M signal. 

his three-state output is held high during standby 
lode and enters the high-impedance state during hold 
~knowledge. 

pPD70116 (V30) 

HLDAK [Hold Acknowledge] 
For small-scale systems. 

The HLDAK signal is used to indicate that the CPU 
accepts the hold request signal (HLDRQ). When this 
signal is a high level, the address bus, address/data 
bus, the control lines become high impedance. 

HLDRQ [Hold Request] 
For small-scale systems. 

This input signal is used by external devices to request 
the CPU to release the address bus, address/data bus, 
and the control bus. 

UBE [Upper Byte Enable] 
For small- and large-scale systems. 3 
UBE indicates the use of the upper eight bits (AD16 
-ADa) of the address/data bus during a bus cycle. This 
signal is active low during T1 for read, write, and 
interrupt acknowledge cycles when AD15 - ADa are to 
be used. Bus cycles in which UBE is active are shown in 
the following table. 

Type of Number of 
Bus Operation UBE ADo Bus Cycles 

Word at even address 0 0 

Word at odd address 0 1* 2 
1 0** 

Byte at even address 1 0 

Byte at odd address 0 

Notes: * First bus cycle 
** Second bus cycle 

UBE is low continuously during the interrupt acknow
ledge state. 

The three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 

A19/PS3-A1s1PSo [Address Bus/Processor Status] 
For small- and large-scale systems. 

These pins are time multiplexed to operate as an 
address bus and as processor status signals. 

When used as the address bus, these pins are the high 4 
bits of the 20-bit memory address. During I/O access, 
all 4 bits output data O. 
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The processor status signals are provided for both 
memory and I/O use. PS3 is always 0 in the native mode 
and 1in 8080 emulation mode. The interrupt enable 
flag (IE) is output on pin PS2. Pins PS1 and PSo indicate 
which memory segment is being accessed. 

A17/PSI AIS/PSD Segment 

0 0 Data segment 1 

0 1 Stack segment 

0 Program segment 

Data segment 0 

The output of these pins is three state and becomes 
high impedance during hold acknowledge. 

QS1, QSO [Queue Status] 
For large-scale systems. 

The CPU uses these signals to allow external devices, 
such as the floating-point arithmetic processor chip 
(pPD72091), to monitor the status of the internal CPU 
instruction queue. 

QSI QSD Instruction Queue Status 

0 0 NOP (queue does not change) 

0 1 First byte of instruction 

0 Flush queue 

Subsequent bytes of instruction 

The instruction queue status indicated by these signals 
is the status when the execution unit (EXU) accesses 
the instruction queue. The data output from these pins 
is therefore valid only for one clock cycle immediately 
following queue access. These status signals are 
provided so that the floating-point processor chip can 
monitor the CPU's program execution status and 
synchronize its operation with the CPU when control is 
passed to it by the FPO (Floating Point Operation) 
instructions. 

BS2 - BSO [Bus Status] 
For large-scale systems. 

The CPU uses these status Signals to allow an external 
bus controller to mon itor what the cu rrent bus cycle is. 

The external bus controller decodes these Signals and 
generates the control signals required to perform 
access of the memory or 1/0 device. 
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BS2 BSI BSD Bus Cycle 

0 0 0 Interrupt acknowledge 

0 0 1 I/O read 

0 0 I/O write 

0 Halt 

0 0 Program fetch 

0 1 Memory read 

0 Memory write 

Passive state 

The output of these signals is three state and becomes 
high impedance during hold acknowledge. 

BUSLOCK [Bus Lock] 
For large-scale systems. 

The CPU uses this signal to secure the bus while 
executing the instruction immediately following the 
BUSLOCK prefix instruction and during interrupt 
acknowledge cycles. It is a status signal to the other 
bus masters in a multiprocessor system inhibiting 
them from using the system bus during this time. 

The output of this signal is three state and becomes 
high impedance during hold acknowledge. BUSLOCK 
is high during standby mode except if the HAL-r: 
instruction has a BUSLOCK prefix. 

RQ/AK1, RQ/AKo [Hold Request/Acknowledge] 
For large-scale systems. 

These pins function as bus hold reques!..J!lpu~ (RQ: 
and as bus hold acknowledge outputs (AK). RQ/AK( 
has a higher priority than RQ/AK1. 

These pins have three-state outputs with on-chip pull 
up resistors which keep the pin at a high level when thl 
output is high impedance. 

Voo [Power Supply] 
For small- and large-scale systems. 

This pin is used for the +5 V power supply. 

GND [Ground] 
For small- and large-scale systems. 

This pin is used for ground. 1'1 

IC [Internally Connected] II 
This pin is used for tests performed at the factory 9' 
NEC. The pPD70116 is used with this pin at groun

l 

• 

potential. . II 
,.! 
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Absolute Maximum Ratings 
TA = +25°0 

Power supply voltage, Voo -0.5 V to +7.0 V 

Power dissipation, PDMAX 0.5W 

Input voltage, VI -0.5 V to Voo + 0.3 V 

ClKinputvoltage, VK -0.5 V to Voo +1.0 V 

Output voltage, Vo -0.5 V to Voo + 0.3 V 

Operating temperature, T OPT 

Storage temperature, T STG 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

DC Characteristics 
pPD70116-5, TA = -40°C to +85°C, VDD = +5 V ± 10% 
pPD70116-8, pPD70116-10, TA = -10°C to +70°C, VDD = +5 V ± 5% 

Parameter Symbol Min 

Input voltage high VIH 2.2 

Input voltage low VIL -0.5 

elK input voltage high VKH 3.9 

ClK input voltage low VKL -0.5 

Output voltage high VOH 0.7 x VOO 

Output voltage low VOL 

Input leakage current high ILiH 

Input leakage current low IUL 

Output leakage current high ILOH 

Output leakage current low ILOL 

70116-5 
5 MHz 

Supply current 100 
70116-8 
8 MHz 

70116-10 

10 MHz 

pPD70116 (V30) 

Capacitance 
TA = +25°C, VDD = 0 V 

Limits 
Test 

Parameter Symbol Min Max Unit Conditions 

fc = 1 MHz 
_In_p_u_t c_a_p_ac_it_a_nc_e __ C_1 _____ 15 __ p_F Unmeasured pins 

I/O capacitance CIO 15 pF returned to 0 V 

Limits 

Typ Max 

VOD +0.3 

0.8 

VOO + 1.0 

0.6 

0.4 

10 

-10 

10 

.....:10 

30 60 

5 10 

45 80 

6 12 

60 100 

7 14 

Unit 

V 

V 

V 

V 

V 

V 

pA 

pA 

pA 

pA 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

Test 

Conditions 

IOH = -400pA 

IOL = 2.5 rnA 

Vo = Voo 

VO=OV 

Normal operation 

Standby mode 

Normal operation 

Standby mode 

Normal operation 

Standby mode 
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AC Characteristics 
pPD70116-!5. TA = -40°C to +S5°C, Voo = +5 V ±10% 
pPD70116-S, pPD70116-10 TA = -10°C to HO°C, Voo = +5 V ± 5% 

ttPD7011&-5 pPD7011&-8 ttPD70116-10 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 

Sma III Large Scale 

Clock cycle tCYK 200 500 125 500 100 500 ns 

Clock pulse width high tKKH 69 44 41 ns VKH = 3.0 V 

Clock pulse width low tKKL 90 60 49 ns VKL = 1.5 V 

Clock rise time tKR 10 5 ns 1.5 V to 3.0 V 

Clock fall time tKF 10 7 5 ns 3.0 V to 1.5 V 

READY inactive setup to CLK l tSRYLK -8 -8 -10 ns 

READY inactive hold after ClKt tHKRYH 30 20 20 ns 

READY active setup to ClKt tSRYHK tKKL - 8 tKKL - 8 tKKL -10 ns 

READY active hold after ClK t tHKRYL 30 20 20 ns 

Data setup time to ClK l tSOK 30 20 10 ns 

Data hold time after ClK l tHKO 10 10 10 ns 

NMI, INT, POLL setup time tSIK 30 15 15 ns 
to ClK t 

Input rise time (except ClK) tlR 20 20 20 ns 0.8 V to 2.2 V 

Input fall time (except ClK) tlF 12 12 12 ns 2.2 V to 0.8 V. 

Output rise time tOR 20 20 20 ns 0.8 V to 2.2 V 

Output fall time tOF 12 12 12 ns 2.2 V to 0.8 V 

Small Scale 

Address delay time from ClK tOKA 10 90 10 60 10 48 ns 

Address hold time from ClK tHKA 10 10 10 ns 

PS delay time from ClK l tOKP 10 90 10 60 10 50 ns 

PS float delay time from ClK t tFKP 10 80 10 60 10 50 ns 

Address setup time to ASTB l tSAST tKKL- 60 tKKL - 30 tKKL - 30 ns 

Address float delay time from tFKA tHKA 80 tHKA 60 tHKA 50 ns CL=100pF 
ClK l 
ASTB t delay time from ClK l tOKSTH 80 50 40 ns 

ASTB l delay time from ClK t tOKSTL 85 55 45 ns 

ASTB width high tSTST tKKL - 20 tKKL -10 tKKL - 10 ns 

Address hold time from ASTB l tHSTA tKKH -10 tKKH -10 tKKH -10 ns 
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AC Characteristics (cont) 
pPD70116-5, TA = -40°C to +S5°C, Voo = +5 V ± 10% 
pPD70116-S, pPD70116-10, TA = -10°C to +70°C, Voo = +5 V ± 5% 

J.lP070116-5 J.lP070116-8 J.lP070116-10 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 

Small Scale (conti 
Control delay time from ClK tOKCT 10 110 10 65 10 55 ns 

Address float to RDl tAFRL 0 0 0 ns 

RD l delay time from ClK l tOKRL 10 165 10 80 10 70 ns 

RD t delay time from ClK l tOKRH 10 150 10 80 10 60 ns 

Address delay time from RD t tORHA tCYK - 45 tCYK - 40 tCYK - 35 ns 

RD width low tRR 2tCYK-75 2tCYK-50 2tCYK-40 ns CL = 100 pF 

Data output delay time from tOKD 10 90 10 60 10 50 ns 
ClK l 

Data float delay time from tFKD 10 80 10 60 10 50 ns 
ClK l 

WR width low tww 2tCYK-60 2tCYK-40 2tCYK-35 ns 

HlDRQ setup time to ClK t tSHaK 35 20 20 ns 

HlDAK delay time from ClK l tOKHA 10 160 10 100 10 60 ns 

large Scale 
Address delay time from ClK tOKA 10 90 10 60 10 48 ns 

Address hold time from ClK tHKA 10 10 10 ns 

PS delay time from ClK l tDKP 10 90 10 60 10 50 ns 

PS float delay time from ClK t tFKP 10 80 10 60 10 50 ns 

Address float delay time from tFKA tHKA 80 tHKA 60 tHKA 50 ns 
ClK l 

Address delay time from RD t tORHA tCYK - 45 tCYK - 40 tCYK -35 ns 

ASTB delay time from BS l tOBST 15 15 15 ns 

BS l delay time from ClK t tOKBL 10 110 10 60 10 50 ns 

BS t delay time from ClK l tOKBH 10 130 10 65 10 50 ns 

RD l delay time from address tOAFRL 0 0 ns CL=100pF 
float 

RD l delay time from ClK l tDKRL 10 165 10 80 10 70 ns 

RD t delay time from ClK l tOKRH 10 150 10 80 10 60 ns 

RD width low tRR 2tCYK-75 2tCYK-50 2tCYK-40 ns 

Date output delay time from tOKD 10 90 10 60 10 50 ns 
ClK l 

Data float delay time from tFKO 10 80 10 60 10 50 ns 
ClK t 
AK delay time from ClK l tOKAK 70 50 40 ns 

RQ setup time to ClK t tSRaK 20 10 9 ns 

RQ hold time after ClK t tHKRa 40 30 20 ns 
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Timing Waveforms 

AC Test Input Waveform [Except ClK] Clock Timing 

2.2V 2.2V 

~::~ =:x> Test Points <x= 
O.BV O.BV 

ClK 

AC Output Test Points 
2.2V 2.2V :=x:> Test Points <OX:: 49-000248A 

O.BV O.BV 

49-000247A 

Wait [Ready] Timing BUSlOCK Output Timing 

ClK 

Ready 

POll,NMI, INT Input Timing 

~K~ 
POll ----=:1---------
NMI,INT ~;....-. ______ _ 

49-000249B 
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Timing Waveforms (coni) 

Read Timing [Small Scale] 

T4 T1 T2 T3 T4 

elK 

AD,s-AD. 

ASTB 

BUFR/W 

RD+-----~ 

49-000231A 

Read Timing [Large Scale] 

T4 T1 T2 T3 T4 

elK 

A,JPS. - +--t\Jt----hLr---+----t+--~~'""\. 

A,./PS. 

AD,.-AD. 

ASTB 
(71088 

Output) 

BS2 - BS. 

QS,-QS. 
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Write Timing [Small Scale] 

T4 T1 T2 T3 T4 

elK 

A,JPS. - ---I\. ,r-t-,. r------t-~~-1\ 
A,.tPS• 

ASTB 

BUFR/W 

~/M :J(~ ____________ _ 

49-000232A 

3-73 



pPD70116 (V30) 

Timing Waveforms (coni) 

Interrupt Acknowledge Timing 

T1 

ClK 

AD,.-AD. 

ASTB 

BUFR/W 

loiM 

T2 T3 TI TI TI T4 T1 

______________________________ -J! 

Hold Request/Acknowledge Timing [Small Scale] 
1or2 

ClK 

HlDRQ 

HlDAK 
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T2 T3 TI 

49-()()()235B 
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Timing Waveforms (conI) 

Bus Request/Acknowledge Timing [Large Scale] 

70116 Input 

""~-=::I~ ______ 7 __ 0116_ln_p_~ ______ '1 

h Coprocessor 70116 

*: A,,,IPS, - A,/PSo' AD,. - ADo.,BS. - BSo' RD. BUSLOCK 
49-000237B 
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Register Configuration 
Program Counter [PC] 

The program counter is a 16-bit binary counter that 
contains the segment offset address of the next 
instruction which the EXU is to execute. 

The PC increments each time the microprogram fetches 
an instruction from the instruction queue. A new 
location value is loaded into the PC each time a branch, 
call, return, or break instruction is executed. At this 
time, the contents of the PC are the same as the 
Prefetch Pointer (PFP). 

Prefetch Pointer (PFP] 

The prefetch pointer (PFP) is a 16-bit binary counter 
which contains a segment offset which is used to 
calculate a program memory address that the bus 
control unit (BCU) uses to prefetch the next word for 
the instruction queue. The contents of PFP are an 
offset from the PS (Program Segment) register. 

The PFP is incremented each time the BCU prefetches 
an instruction from the program memory. A new 
location will be loaded into the PFP whenever a branch, 
call, return, or break instruction is executed. At that 
time the contents of the PFP will be the same as those 
of the PC (Program Counter). 

Segment Registers [PS, SS, OSo, and OS1] 

The memory addresses accessed by the IlPD70116 are 
divided into 64K-byte logical segments. The starting 
(base) address of each segment is specified by a 
16-bit segment register, and the offset from this starting 
add ress is specified by the contents of another reg ister 
or by the effective address. 

These are the four types of segment registers used. 

Segment Register Default Offset 

PS (Program Segment) PFP 

SS (Stack Segment) SP, effective address 

DSo (Data Segment 0) IX, effective address 

DS1 (Data Segment 1) IV 

General-Purpose Registers [AW, BW, CW, and OW] 
There are four 16-bit general-purpose registers. Each 
one can be used as one 16-bit register or as two a-bit 
registers by dividing them into their high and low bytes 
(AH, Al, BH, Bl, CH, Cl, DH, Dl). 

Each register is also used as a default register for 
processing specific instructions. The default assign
ments are: 

AW: Word multiplication/division, word I/O, data 
conversion 
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Al: Byte multiplication/division, byte 110, BCD 

rotation, data conversion, translation 

AH: Byte multiplication/division 

BW: Translation 

CW: loop control branch, repeat prefix 

Cl: Shift instructions, rototation instructions, 
BCD operations 

OW: Word multiplication/division, indirect 
addressing 110 

Pointers [SP, BP] and Index Registers [IX, IV] 

These registers serve as base pointers or index registers 
when accessing the memory using based addressing, 
indexed addressing, or based indexed addressing. 

These registers can also be used for data transfer and 
arithmetic and logical operations in the same manner 
as the general-purpose registers. They cannot be used 
as a-bit registers. 

Also, each of these registers acts as a default register 
for specific operations. The default assignments are: 

SP: Stack operations 

IX: Block transfer (source), BCD string operations 

I Y: Block transfer (destination), BCD string operations 

Program Status Word [PSW] 

The program status word consists of the following six 
status and four control flags. 

Status Flags Control Flags 

• V (Overflow) • MD (Mode) 
• S (Sign) • DIR (Direction) 
• Z (Zero) • IE (Interrupt Enable) 
• AC (Auxiliary Carry) • BRK (Break) 
• P (Parity) 
• CY (Carry) 

When the PSW is pushed on the stack, the word images 
of the various flags are as shown here. 

PSW 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

M 
D 

V D IBSZOAOP 
I ERe 
R K 

C 
V 

The status flags are set and reset depending upon the 
result of each type of instruction executed. 

I nstructions are provided to set, reset, and complement 
the CY flag directly. 

Other instructions set and reset the control flags and 
control the operation of the CPU. 
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High.Speed Execution of Instructions 
This section highlights the major architectural features 
that enhance the performance of the pPD70116. 

• Dual data bus in EXU 
• Effective address generator 
• 16/32-bit temporary registers/shifters (TA, TB) 
• 16-bit loop counter 
• PC and PFP 

Dual Data Bus Method 

To reduce the number of processing steps for in
struction execution, the dual data bus method has 
been adopted for the pPD70116 (figure 1). The two 
data buses (the main data bus and the subdata bus) are 
both 16 bits wide. For addition/subtraction and logical 
and comparison operations, processing time has been 
speeded up some 30% over single-bus systems. 

Figure 1. Dual Data Buses 

Registers 

16 

Subdatabus 

16 

Main data bus 

83-000103A 
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Example 

ADD AW,BW ;AW-AW+BW 

Single Bus Dual Bus 

Step 1 TA - AW TA - AW, TB - BW 

Step2TB-BW AW-TA+TB 

Step 3 AW - TA + TB 

Effective Address Generator 

This circuit (figure 2) performs high-speed processing to 
calculate effective addresses for accessing memory. 

Calculating an effective address by the microprogram
ming method normally requires 5 to 12 clock cycles. 
This circuit requires only two clock cycles for IE 
addresses to be generated for any addressing mode. 
Thus, processing is several times faster. 

16/32-Bit Temporary Registers/Shifters [TA, TBl 

These 16-bit temporary registers/shifters (TA, TB) 
are provided for multiplication/division and shift! 
rotation instructions. 

These circuits have decreased the execution time of 
multiplication/division instructions. In fact, these 
instructions can be executed about four times faster 
than with the microprogramming method. 

TA + TB: 32-bit temporary register/shifter for multi
plication and division instructions. 

TB: 16-bit temporary register/shifter for shift/rotation 
instructions. 

Figure 2. Effective Address Generator 

First and sec;ond byte of instruc;!lon 

EA Generator 

Effective address 
83-000174A 
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Loop Counter [LC] 

This counter is used to count the number of loops for a 
primitive block transfer instruction controlled by a 
repeat prefix instruction and the number of shifts that 
will be performed for a multiple bit shift/rotation in
struction. 

The processing performed for a multiple bit rotation of 
a register is shown below. The average speed is 
approximately doubled overthe microprogram method. 

Example 

RORC AW, CL ; CL=5 

Microprogram method LC method 

8 + (4 x 5) = 28 clocks 7 + 5 = 12 clocks 

Program Counter and Prefetch Pointer [PC and PFP] 

The pPD70116 microprocessor has a program counter, 
(PC) which addresses the program memory location of 
the instruction to be executed next, and a prefetch 
pointer{PFP), which addresses the program memory 
location to be accessed next. Both functions are 
provided in hardware. A time saving of several clocks 
is realized for branch, call, return, and break instruction 
execution, compared with microprocessors that have 
only one instruction pointer. 

Enhanced Instructions 

In addition to the pPD8088/86 instructions, the 
pPD70116 has the following enhanced instructions. 

Instruction Function 

PUSH imm Pushes immediate data onto stack 

PUSH R Pushes B general registers onto stack 

POP R Pops S general registers from stack 

MUL imm Executes 16-bit multiply of register or memory contents 
by immediate data 

SHL immB Shifts/rotates register or memory by immediate 
SHR immS value 
SHRA immS 
ROL immB 
ROR immS 
ROLC immB 
RORC immB 

CHKIND 

INM 

OUTM 

PREPARE 

DISPOSE 
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Checks array index against designated boundaries 

Moves a string from an I/O port to memory 

Moves a string from memory to an I/O port 

Allocates an area for a stack frame and copies previous 
frame pOinters 

Frees the current stack frame on a procedure exit 

NEe 
Enhanced Stack Operation Instructions 
PUSH imm 

This instruction allows immediate data to be pushed 
onto the stack. 

PUSH R/POP R 

These instructions allow the contents of the eight 
general registers to be pushed onto or popped from 
the stack with a single instruction. 

Enhanced Multiplication Instructions 
MUL reg16, imm16/MUL mem16, imm16 

These instructions allow the contents of a register or 
memory location to be multiplied by immediate data. 

Enhanced Shift and Rotate Instructions 

SHL reg, immS/SHR reg, immS/SHRA reg, immS 

These instructions allow the contents of a register to be 
shifted by the number of bits defined by the immediate 
data. 

ROL reg, immS/ROR reg, immS/ROLC reg, immS/ 
RORC reg, immS 

These instructions allow the contents of a register to be 
rotated by the number of bits defined by the immediate 
data. 

Check Array Boundary Instruction 
CHKINO reg16, mem32 

This instruction is used to verify that index values 
pointing to the elements of an array data structure are 
within the defined range. The lower limit of the array 
should be in memory location mem32, the upper limit 
in mem32 + 2. If the index value in reg16 is not between 
these limits when CHKIND is executed, a BRK 5 will 
occur. This causes a jump to the location in interrupt 
vector 5. 

Block I/O Instructions 

OUTM OW, src-blockllNM dst-block, OW 

These instructions are used to output or input a string 
to or from memory, when preceded by a repeat prefix. 

Stack Frame Instructions 
PREPARE imm16, immS 

This instruction is used to generate the stack frames: 
required by block-structured languages, such as 
PASCAL and Ada. The stack frame consists of twa 
areas. One. area has a pointer that points to another 
frame which has variables that the current frame car 
access. The other is a local variable area for the curreni 
procedure. 
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DISPOSE 

This instruction releases the last stack frame generated 
by the PREPARE instruction. It returns the stack and 
base pOinters to the values they had before the 
PREPARE instruction was used to call a procedure. 

Unique Instructions 
In addition to the pP08088/86 instructions and the 
en hanced instructions, the pP070116 has the followi ng 
unique instructions. 

Instruction Function 

INS Insert bit field 

EXT Extract bit field 

ADD4S Adds packed decimal strings 

SUB4S Subtracts one packed decimal string from another 

CMP4S Compares two packed decimal strings 

ROL4 Rotates one BCD digit left through AL lower 4 bits 

ROR4 Rotates one BCD digit right through AL lower 4 bits 

TEST1 Tests a specified bit and sets/resets Z flag 

NOT1 Inverts a specified bit 

CLR1 Clears a specified bit 

SEn Sets a specified bit 

REPC Repeats next instruction until CY flag is cleared 

REPNC Repeats next instruction until CY flag is set 

FP02 Additional floating point processor call 

Figure 3. Bit Field Insertion 

Bit length 

15 

AW 

JlPD70116 (V30) 

Variable Length Bit Field Operation Instructions 

This category has two instructions: INS (Insert Bit 
Field) and EXT (Extract Bit Field). These instructions 
are highly effective for computer graphics and high
level languages. They can, for example, be used for 
data structures such as packed arrays and record type 
data used in PASCAL. 

INS reg8, reg8/INS reg8, imm4 

This instruction (figure 3) transfers low bits from the 
16-bit AW register (the number of bits is specified by 
the second operand) to the memory location specified 
by the segment base (OS1 register) plus the byte offset 
(IY register). The starting bit position within this byte is 
specified as an offset by the lower 4-bits of the first 
operand. 

After each complete data transfer, the IY register and 
the register specified by the first operand are auto
matically updated to pOint to the nextbit field. 

Either immediate data or a register may specify the 
number of bits transferred (second operand). Because 
the maximum transferable bit length is 16-bits, only the 
lower 4-bits of the specified register (OOH to OFH) will 
be valid. 

Bit field data may overlap the byte boundary of memory. 

Byte offset (IV) 

I Memory 

t 
Byte boundary Segment base (051) 

83·0001069 
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EXT reg8, reg8/EXT reg8, imm4 

This instruction (figure 4) loads to the AW register the 
bit field data whose bit length is specified by the 
second operand of the instruction from the memory 
location that is specified by the DSO segment register 
(segment base), the IX index register (byte offset), and 
the lower 4-bits of the first operand (bit offset). 

After the transfer is complete, the IX register and the 
lower 4-bit$ of the first operand are automatically 
updated to point to the next bit field. 

Either immediate data or a register may be specified for 
the second operand. Because the maximum trans
ferrablebit length is 16 bits, however, only the lower 
4-bits of the specified reg ister (OH to OFH) wi II be val id. 

Bitfield data may overlap the byte boundary of memory. 

Packed BCD Operation Instructions 
The instructions described here process packed BCD 
data either as strings (ADD4S, SUB4S, CMP4S) or 
byte-format operands (ROR4, ROl4). Packed BCD 
strings may be from 1 to 254 digits in length. 

When the number of digits is even, the zero and carry 
flags will be set accordirig to the result 6f the operation. 
When the number of digits is odd, the zero and carry 
flags may not be set correctly in this case, (Cl = odd), 
the zero flag will not be set unless the upper 4 bits of the 
highest byte are all zero. The carry flag will not be set 
unless there is a carry out of the upper 4 bits of the 
highest byte. When Cl is odd, the contents of the upper 
4 bits of the highest byte of the result are undefined. 

Figure 4. Bit Field Extraction 

NEe 
ADD4S 

This instruction adds the packed BCD string addressed 
by the IX index register to the packed BCD string 
addressed by the IV index register, and stores the 
result in the string addressed by the IV register. The 
length of the string (number of BCD digits) is specified 
by the Cl register, and the result of the operation will 
affect the overflow flag (V), the carry flag (CV), and 
zero flag (Z). 

BCD string (IV, Cl) - BCD string (IV, Cl) + BCD 
string (IX, Cl) 

SUB4S 

This instruction subtracts the packed BCD string 
addressed by the IX index register from the packed 
BCD string addressed by the IV register, and stores the 
result in the string addressed by the IV register. The 
length of the string (number of BCD digits) is specified 
by the Cl register, and the result of the operation will 
affect the overflow flag (V), the carry flag (CV), and 
zero flag (Z). 

BCD string (IV, Cl) - BCD string (IV, Cl) - BCD 
String (IX, Cl) 

CMP4S 

This instruction performs the same operation as 
SUB4S except that the result is not stored and only the 
overflow (V), carry flags (CV) and zero flag (Z) are 
affected. 

BCD string (IV, Cl) - BCD string (IX, Cl) 

ij(j" 
Bltolfsel 

l 
Byte oIfseI (IX) 

·1 I :: : f 

1 
Byte Boundary Segment base (050) 

15 0 

Awl V//;1 
83-0001076 
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ROL4 

This instruction (figure 5) treats the byte data of the 
register or memory operand specified by the instruction 
as BCD data and uses the lower 4 bits of the AL register 
(ALd to rotate that data one BCD digit to the left. 

Figure 5. BCD Rotate Left (ROL4) 

ROR4 

This instruction (figure 6) treats the byte data of the 
register or memory specified by the instruction as BCD 
data and uses the lower 4 bits of the AL register (ALd to 
rotate that data one BCD digit to the right. 

Figure 6. BCD Rotate Right (ROR4) 

AL reg/mem 

L-_~_~_~_r-J ___ ~~~b~_r~~L __ ~_~_~_r~I ___ ~~_bH_: __ t=J 

Bit Manipulation Instructions 
IITEST1 

83-000109A 

'This instruction tests a specific bit in a register or 
llemory location. If the bit is 1, the Z flag is reset to O. If 
:he bit is 0, the Z flag is set to 1. 

"OT1 

rhis instruction inverts a specific bit in a register or 
nemory location. 

::LR1 

~his instruction clears a specific bit in a register or 
nemory location. 

iET1 

·his instruction sets a specific bit in a register or 
lemory location. 

I~epeat Prefix Instructions 
lEPC 

i'his instruction causes the pPD70116 to repeat the 
1'6110wing primitive block transfer instruction until the 
t~~ag becomes cleared or the CW register becomes 

pPD70116 (V30) 

REPNC 

Th is instruction causes the pPD70116 to repeat the 
following primitive block transfer instruction until the 
CY flag becomes set or the CW register becomes zero. 

Floating Point Instruction 
FP02 

This instruction is in addition to the pPD8088/86 
floating point instruction, FP01. These instructions 
are covered in a later section. 

Mode Operation Instruction 
The pPD70116 has two operating modes (figure 7). 
One is the native mode which executes pPD8088/86, 
enhanced and unique instructions. The other is the 
8080 emulation mode in which the instruction set of 
the pPD8080AF is emulated. A mode flag (MD) is 
provided to select between these two modes. Native 
mode is selected when MD is 1 and emulation mode 
when MD is O. MD is set and reset, directly and 
indirectly, by executing the mode manipulation 
instructions. 

Two instructions are provided to switch operation 
from the native mode to the emulation mode and back. 

BRKEM (Break for Emulation) 
RETEM (Return from Emulation) 

Two instructions are used to switch from the emulation 
mode to the native mode and back. 

CALLN (Call Native Routine) 
RETI (Return from Interrupt) 

The system will return from the 8080 emulation mode 
to the native mode when the RESET signal is present, 
or when an external interrupt (NMI or INT) is present. 

Figure 7. V30 Modes 

HOLD REO/HOLD ACK 

'\ 
Standby 

_ Mode 

1--'-----.. 1 HOLD REO/HOLD ACK 

83-000775A 
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BRKEM immS 

This is the basic instruction used to start the BOBO 
emulation mode. This instruction operaiks exactly the 
same as the BRK instruction, except that BRKEM 
resets the mode flag (MD) to O. PSW, PS, and PC are 
saved to the stack. MD is then reset and the interrupt vector 
specified by the operand immB of this command is 
loaded into PS and PC. 

The instruction codes of the interrupt processing 
routine jumped to are then fetched. Then the CPU 
executes these codes as pPDBOBOAF instructions. 

In BOBO emulation mode, registers and flags of the 
JlPDBOBOAF are performed by the following registers 
and flags of the pPD70116. 

pP08080AF pP070116 

Registers: A AL 
B CH 
C CL 

D DH 
E DL 

H BH 
L BL 

SP BP 
PC PC 

Flags: C CY 
Z Z 

S S 
P P 

AC AC 

Inthe native mode, SP is used forthestack pointer~ In the 
BOBO emulation mode this function is performed by BP. 

This use of independent stack pointers allows indepen
dent stack areas to be secured for each mode and 
keeps the stack of one of the modes from being 
destroyed by an erroneous stack operation in the other 
mode. 

The SP, IX, IV and AH registers and the four segment 
registers (PS, SS, DSo, and DS1) used in the native 
mode are not affected by operations in BOBO emulation 
mode. 

In the BOBO emulation mode, thesegment register for 
instructions is determined by the PS register (set 
automatically by the interrupt vector) and the segment 
register for data is the DSo register (set by the 
programmer immediately before the BOBO emulation 
mode is entered). 

It is prohibited to nest BRKEM instructions. 

3-B2 
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RETEM [no operand] 

When RETEM is executed in BOBO emulation mode 
(interpreted by the CPU as a JlPDBOBOAF instruction), 
the CPU restores PS, PC, and PSW (as it would when 
returning from an interrupt processing routine), and 
returns to the native mode. At the same time, the 
contents of the mode flag (M D) which was saved to the 
stack by the BRKEM instruction, is restored to MD = 1. 
The CPU is set to the native mode. 

CALLN immS 

This instruction makes it possible to call the native 
mode subroutines from the BOBO emulation mode. To 
return from subroutine to the BOBO emulation mode, the 
RETI instruction is used. 

The processing performed when this instruction is 
executed in the BOBO emulation mode (it is interpreted 
by the CPU as pPDBOBOAF instruction), is similar to 
that performed when a BRK instruction is executed in the 
native mode. The immB operand specifies an interrupt 
vector type. The contents of PS, PC, and PSW are 
pushed on the stack and an MD flag value of 0 is saved. 
The mode flag is set to 1 and the interrupt vector 
specified by the operand is loaded into PS and PC. 

RETI [no operand] 

This isa general-purpose instruction used to return 
from interrupt routines entered by the BRK instruction 
or by an external interrupt in the native mode. When 
this instruction is executed at the end of a subroutine I 

entered by the execution of the CALLN instruction, the I 

operation that restores PS, PC, and PSW is exactly the 
same as the native mode execution. When PSW is 
restored, however, the BOBO emulation mode value of 
the mode flag (MD) is restored, the CPU is set in 
emulation mode, and all subsequent instructions are I 

interpreted and executed as pPDBOBOAF instructions. I 

RETI is also used to return from an interrupt procedure 
initiated by an NMI or INT interrupt in the emulation 
mode. 

Floating Point Operation Chip 
Instructions 

FP01 fp-op, mem 

FP02 fp-op, mem 

These instructions are used for the external floating 

I' 

'I 
I 

. point processor. The floating point operation is passed 
to the floating point processor when the CPU fetches 
one 'of these instructions. From this pOint the CPU 
performs only the necessary auxiliary processing 
(effective address calculation, generation of physical l 

addresses, and start-up of the memory read cycle). 
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The floating point processor always monitors the 
instructions fetched by the CPU. When it interprets one 
as an instruction to itself, it performs the appropriate 
processing. At this time, the floating point processor 
chip uses either the address alone or both the address 
and read data of the memory read cycle executed by the 
CPU. This difference in the data used depends on 
which of these instructions is executed. 

Note: During the memory read cycle initiated by the CPU for FP01 
or FP02 execution, the CPU does not accept any read data 
on the data bus from memory. Although the CPU generates 
the memory address, the data is used by the floating point 
processor. 

Interrupt Operation 
The interrupts used in the pPD70116 can be divided 
into two types: interrupts generated by external inter
rupt requests and interrupts generated by software 
processing. These are the classifications. 

External interrupts 

(a) NMI input (nonmaskable) 
(b) INT input (maskable) 

Software processing 

As the result of instruction execution 

- When a divide error occurs during execution 
of the DIV or DIVU instruction 

- When a memory-boundary-over error is detected 
by the CHKIND instruction 

Conditional break instruction 

- When V = 1 during execution of the BRKV 
instruction 

Unconditional break instructions 

- 1-byte break instruction: BRK3 
- 2-byte break instruction: BRK immB 

=Iag processing 

- When stack operations are used to set the 
BRK flag 

~OBO Emulation mode instructions 

- BRKEM immB 
- CALLN immB 

itarting addresses for interrupt processing routines 
Ire either determined automatically by a single location 
If the interrupt vector table or selected each time 
11terrupt processing is entered. 

pPD70116 (V30) 

The interrupt vector table is shown in figure B. The 
table uses 1 K bytes of memory addresses OOOH to 
3FFH and can store starting address data for a 
maximum of 256 vectors (4 bytes per vector). 

The corresponding interrupt sources for vectors 0 
to 5 are predetermined and vectors 6 to 31 are reserved. 
These vectors consequently cannot be used for 
general applications. 

The BRKEM instruction and CALLN instruction (in the 
emulation mode) and the INT input are available for 
general applications for vectors 32 to 255. 

ASingle interrupt vector is made up of4bytes (figure 9). 
The 2 bytes in the low addresses of memory are 
loaded into PC as the offset, and the high 2 bytes are 
loaded into PS as the base address. The bytes are 
combined in reverse order. The lower-order bytes in 
the vector become the most significant bytes in the PC 
and PS, and the higher-order bytes become the least 
significant bytes. 

Figure 8. Interrupt Vector Table 

OOOH 

Vector 0 

004H 
Vector 1 

008H 
Vector 2 

OOCH 

Vector 3 

010H 

Vector 4 

014H 
Vector 5 

018H 

Vector 6 

07CH 

Vector 31 

080H 
Vector 32 

3FCH 

Vector 225 

Divide Error 

Break Flag 

NMllnput 

Dedicated 

BRK 3 Inslructlon 

BRKV Instruction 

CHKIND Instruction 

}-
} 

General Use 

a BRK Imm8 Instruction 
a BRKEM Instruction 
a INT Input [External] 
a CALLN Instruction 

83-000111A 
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Figure 9. Interrupt Vector 0 

Vec:torO 

: 
I 

001H OOOH 

002H 003H 

PS <- (OO3H, 002H) 
PC <- (OO1H, OOOH) 

83-000112A 

Based on this format, the contents of each vector 
should be initialized at the beginning of the program. 

The basic steps to jump to an interrupt processing 
routine are now shown. 

(SP - 1, SP - 2) - PSW 
(SP - 3, SP - 4) - PS 
(SP - 5, SP - 6) - PC 
SP - SP-6 
IE - 0, BRK - 0, MD - 1 
PS - vector high bytes 
PC - vector low bytes 

Standby Function 
The pPD70116 has a standby mode to reduce power 
consumption during program wait states. This mode is 
set by the HALT instruction in both the native and the 
emulation mode. 

I n the standby mode, the internal clock is supplied only 
to those circuits related to functions required to 
release this mode and bus hold control functions. As a 
reSult, power consumption can be reduced to 1/10 the 
level of normal operation in either native or emulation 
mode. 

The standby mode is released by inputting a RESET 
signal or an external interrupt (NMI, INT). 

The bus hold function is effective during standby 
mode. The CPU returns to standby,mode when the bus 
hold request is removed. 

During standby mode, all control outputs are disabled 
and the addres/data bus will be at either high or low 
levels. 
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Instruction Set 

Symbols 

Preceding the instruction set, several tables explain 
symbols, abbreviations, and codes. 

Clocks 

In the Clocks column ofthe instruction set, the numbers 
cover these operations: instruction decoding, effective 
address calculation, operand fetch, and instruction 
execution. 

Clock timings assume the instruction has been pre
fetched and is present in the six-byte instruction 
queue. Otherwise, add four clocks for each pair of 
bytes not present. 

Add four clocks to the numbers given for each word 
transfer to an odd address. 

For instructions that reference memory operands, the 
number on the left side of the slash (I) is for byte 
operands and the number on the right side is for word 
operands. 

For conditional control transfer or branch instructions, 
the number on the left side of the slash is applicable if 
the transfer or branch takes place. The number on the 
right side is applicable if it does not take place. 

If a range of numbers is given, the execution time 
depends on the operands involved. 

Symbols 

Symbol Meaning 

ace Accumulator (AW or AL) 

disp Displacement (8 or 16 bits) 

dmem Direct memory address 

dst Destination operand or address 

ext-disp8 16-bit displacement (sign-extension byte 
+ 8-bit displacement) 

far-'abel Label within a different program 
segment 

far_proc Procedure within a different program 
segment 

1'1 fp~op Floating point instruction operation ii 
imm 8- or 16-bit immediate operand I:, 



NEe pPD70116 (V30) 

Symbols (cont) 

Symbol Meaning Symbol Meaning 

imm3/4 3/4-bit immediate bit offset CW CW register (16 bits) 

imm8 8-bit immediate operand CV Carry flag 

imm16 16-bit immediate operand DH OW register (high byte) 

mem Memory field (000 to 111); DIR Direction flag 
8- or 16-bit memory location DL OW register (low byte) 

mem8 8-bit memory location DSO Data segment 0 register (16 bits) 
mem16 16-bit memory location DS1 Data segment 1 register (16 bits) 
mem32 32-bit memory location OW OW register (16 bits) 
memptr16 Word containing the destination address IE Interrupt enable flag 

within the current segment 

E memptr32 Double word containing a destination 
IX Index register (source) (16 bits) 

address in another segment IV Index register (destination) (16 bits) 

mod Mode field (00 to 10) MD Mode flag 

near--'abel Label within the current segment OR Logical sum 

near-proc Procedure within the current segment P Parity flag 

offset Immediate offset data (16 bits) PC Program counter (16 bits) 

pop_value Number of bytes to discard from the stack PS Program segment register (16 bits) 

reg Register field (000 to 111); PSW Program status word (16 bits) 
8- or 16-bit general-purpose register R Register set 

reg8 8-bit general-purpose register S Sign extend operand field 
reg16 16-bit general-purpose register S=O No sign extension 

regptr 16-bit register containing a destination 
S=1 Sign extend immediate byte 

address within the current segment 
operand 

regptr16 Register containing a destination address 
S Sign flag 

within the current segment SP Stack pointer (16 bits) 

seg Immediate segment data (16 bits) ss Stack segment register (16 bits) 

shorUabel Label between -128 and +127 bytes from V Overflow flag 
the end of the current instruction W Word/byte field (0 to 1) 

sr Segment register X,XXX, VVV, ZZZ Data to identify the instruction code of the 
src Source operand or address external floating point arithmetic chip 

temp Temporary register (8/16/32 bits) XOR Exclusive logical sum 

tmpcy Temporary carry flag (1 bit) XXH Two-digit hexadecimal value 

AC Auxiliary carry flag XXXXH Four-digit hexadecimal value 

AH Accumulator (high byte) Z Zero flag 

AL Accumulator (low byte) () Values in parentheses are memory contents 

AND Logical product Transfer direction 

lAW Accumulator (16 bits) + Addition 

BH BW register (high byte) Subtraction 

BL BW register (low byte) x Multiplication 

BP BP register Division 

BRK Break flag % Modulo 
I 

BW BW register (16 bits) 

CH CW register (high byte) 

GL CW register (low byte) 
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Flag Operations Register Selection (mod = 11) 

Symbol Meaning reg W=O W=1 

(blank) No change 000 AL AW 

0 Cleared to 0 001 CL CW 

Set to 1 010 OL OW 

x Set .or cleared according to result 011 BL BW 

Undefined 100 AH SP 

R Restored to previous state 101 CH BP 

110 OH IX 

Memory Addressing Modes 111 BH IV 

mem mod = 00 mod = 01 mod = 10 

000 BW+IX BW + IX + disp8 BW + IX + disp16 Segment Register Selection 

001 BW+IV BW + IV + disp8 BW + IV + disp16 sr Segment Register 

010 BP+ IX BP + IX + disp8 BP + IX + disp16 00 OS1 

011 BP+ IV BP + IV + disp8 BP + IV + disp16 01 PS 

100 IX IX + disp8 IX + disp16 10 SS 

101 IV IV + disp8 IV + disp16 11 DSO 

110 Direct BP + disp8 BP + disp16 

111 BW BW + disp8 BW + disp16 

Instruction Set 

Opcode Flags 
Mnemonic Operand 6 4 3 2 0 7 6 543 2 1 0 Clocks Bytes AC CY V P S Z 

Data Transfer Instructions 

MOV reg, reg 0 0 0 0 W reg reg 2 

mem, reg 0 0 0 0 0 W mod reg mem 9 2-4 

reg, mem 0 0 0 0 1 W mod reg mem 11 2-4 

mem, imm 1 0 0 0 W mod reg mem 11 3-6 

reg, imm 0 W reg 4 2-3 

acc, dmem 0 0 0 0 0 W 10 

dmem, acc 0 1 0 0 0 W 9 

sr, reg16 0 0 0 0 1 1 0 sr reg 

sr, mem16 0 0 0 1 0 mod 0 sr mem 11 2-4 

reg16, sr 0 0 0 0 0 1 1 0 sr reg 2 2 

mem16, sr 0 0 1 0 0 mod 0 sr mem 10 2-4 

OSO, reg16, mem32 0 0 0 1 mod reg mem 18 2-4 

OS1, reg16, mem32 0 0 0 0 0 mod reg mem 18 2-4 

AH, PSW 0 0 1 2 I 
PSW, AH 0 0 3 x x x x x III 

LDEA reg16, mem16 0 0 0 1 0 mod reg mem 4 2-4 

TRANS srctable 1 0 1 0 1 9 1 

XCH reg, reg 0 0 0 0 W 1 1 reg reg 3 1·'1, 

mem, reg 0 0 0 0 W mod reg mem 16 2-4 

AW, reg16 0 0 reg 3 
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Instruction Set (cont) 

Opcode Flags 
Mnemonic Operand 6 5 4 3 2 0 7 6 5 4 3 2 1 0 Clocks Bytes AC CY V P S Z 
Repeat Prefixes 

REPC 0 0 0 1 2 

REPNC 0 0 0 1 0 0 2 

REP 0 0 2 
REPE 
REPZ 

REPNE 1 1 1 1 o 0 1 0 2 
REPNZ 

Block Transfer Instructions 

MOVBK dst, sre 0 0 0 0 W 11 +Bn 

E CMPBK dst, sre 0 0 0 W 7+ 14n x x x x x x 

CMPM dst 0 0 1 W 7+ 10n x x x x x x 

LDM sre 0 0 1 0 W 7+9n 

STM dst 0 0 0 W 7+4n 

n == number of transfers 

110 Instructions 

IN ace, immB 0 0 0 W 9 2 

ace, DW 0 0 W B 1 

OUT immB, ace 1 0 0 W B 2 

DW, ace 1 0 1 W B 1 

INM dst, DW 0 0 0 W 9+8n 

OUTM DW, src 0 0 W 9+Bn 

n == number of transfers 

BCD Instructions 

ADJBA 0 0 1 3 x x u u u u 

ADJ4A 0 0 0 0 3 x x u x x x 

ADJBS 0 0 1 7 xxuuuu 

ADJ4S 0 0 1 0 7 1 x x u x x x 

ADD4S dst, src 0 0 0 0 0 0 0 0 0 0 7+ 19n 2 uxuuux 

SUB4S dst, src 0 0 0 0 0 0 0 0 0 0 7+ 19n 2 u x u u u x 

CMP4S dst, src 0 0 0 0 0 0 0 0 7 + 19n 2 u x u u u x 

ROL4 regB 0 0 1 0 0 0 0 0 0 25 3 
1 0 0 reg 

memB 0 0 0 0 1 1 1 1 0 0 0 0 0 0 2B 3-5 
mod 0 0 0 mem 

ROR4 regB o 0 0 0 1 1 1 0 0 0 0 29 3 
1 1 0 0 reg 

memB o 0 0 1 1 1 0 0 0 0 0 33 3-5 
mod 0 mem 

n == number of BCD digits divided by 2 
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Instruction Set (cont) 

Mnemonic Operand 

Data Type Conversion Instructions 

65432 
Opcode 

0765432 

NEe 
Flags 

o Clocks Bytes AC Cy V P S Z 

CVTBO 1 o o 00 0000 o o 15 2 uuuxxx 

CVTOB 1 1 0 0010000 o o 7 uuuxxx 

CVTBW o 0 000 2 

CVTWL o 0 0 0 4-5 

Arithmetic Instructions 

o 0 0 0 0 0 W 1 1 reg ADD reg, reg reg 2 2 x x x x x x 
------------------------------------------------------------------------------

mem, reg o 0 0 0 0 0 0 W mod reg mem 16 2-4 x x x x x x 

reg, mem 0000001W mod reg mem 11 2-4 x x x x x x 

reg, imm 100000SW 1 1 0 0 0 reg 4 3-4 x x x x x x 

mem, imm 100000SW mod 0 0 0 mem 18 3-6 x x x x x x 

ace, imm o 0 0 0 0 W 4 2-3 x x x x x x 

ADDC reg, reg o 0 0 0 0 1 W 1 1 reg reg 2 2 x x x x x x 

mem, reg o 0 0 0 0 W mod reg mem 16 2-4 x x x x x x 

reg, mem o 0 0 0 0 1 W mod reg mem 11 2-4 x x x x x x 

reg, imm o 0 0 0 S W 1 1 0 1 0 reg 4 3-4 x x x x x x 

mem, imm 1 0 0 0 0 0 S W mod 0 1 0 mem 18 3-6 x x x x x x 

ace, imm 000010W 4 2-3 x x x x x x 

SUB reg, reg o 0 0 1 W 1 1 reg reg 2 2 x x x x x x 

mem, reg o 0 0 0 0 W mod reg mem 16 2-4 x x x x x x 

reg, mem o 0 0 0 1 W mod reg mem 11 2-4 x x x x x x 

reg, imm OOOOOSW 11 o 1 reg 4 3-4 x x x x x x 

mem, imm 1 0 0 o 0 S W mod 1 0 1 mem 18 3-6 x x x x x x 

ace, imm o 0 1 0 1 0 W 4 2-3 x x x x x x 

SUBC reg, reg 000 o W 1 1 reg reg 2 2 x x x x x x 

mem, reg o 0 0 1 0 W mod reg mem 16 2-4 x x x x x x 

reg, mem 0001101W mod reg mem 11 2-4 x x x x x x 

reg, imm 10000SW 1 1 0 1 1 reg 4 3-4 x x x x x x 

mem, imm 100000SW mod 0 mem 18 3-6 x x x x x x 

ace, imm o 0 0 0 W 4 2-3 x x x x x x 

INC reg8 o 1 1 0 0 0 reg 2 2 x x x x x 

mem .1 W mod 0 0 0 mem 16 2-4 x x x x x 

o 0 reg 16 reg 2 1 x x x x x 

mem 

reg8 1 1 0 1 1 0 0 reg 2 2 x x x x x II 
------------------------------------------------------------------------------1' 

1 1 1 W mod 0 0 mem 16 2-4 x x x x x 

DEC 

reg16 o 0 0 reg 2 x x x x x 

MULU reg o 1 W 1 1 0 0 reg 21-30 2 uxxuuu 

mem o 1 1 W mod 0 0 mem 27-36 2-4 uxxuuu 
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Instruction Set (cont) 

Mnemonic Operand 7 6 5 4 3 2 

Arithmetic Instructions (cont) 

Opcode 
o 7 5 4 3 2 1 0 Clocks Bytes 

Flags 
AC CY V P S Z 

MUL reg 0 W 0 reg 33-47 2 u x x u u u 
------------------------------------------------------------------------------

mem 1 0 1 W mod mem 39-53 2-4 u x x u u u 

reg16,reg16,imm8 o o 0 1 1 reg reg 28-34 3 uxxuuu 

reg16,mem16,imm8 o o o mod reg mem 34-40 3-5 uxxuuu 

reg16,reg16,imm16 o o o 0 1 1 reg reg 36-42 4 uxxuuu 

reg16,mem16,imm16 o o 1 0 0 mod reg mem 46-48 4-6 uxxuuu 

DIVU reg o W 1 1 1 0 reg 19-25 2 uuuuuu 

mem o W mod 1 1 0 mem 25-31 2-4 uuuuuu 

DIV reg o W 1 1 1 1 reg 29-43 2 uuuuuu 

mem o W mod 1 1 mem 35-49 2-4 uuuuuu 

Comparison Instructions 

CMP reg, reg 0 0 0 1 W 1 1 reg reg 2 2 x x x x x x 
------------------------------------------------------------------------------

mem, reg 0 0 0 0 W mod reg mem 11 2-4 x x x x x x 

reg, mem 0 0 1 1 1 0 1 W mod reg mem 11 2-4 x x x x x x 

reg, imm 0 0 0 0 0 S W 1 1 1 reg 4 3-4 x x x x x x 

mem, imm 0 0 0 0 S W mod 1 1 1 mem 13 3-6 x x x x x x 

ace, imm 0 0 W 4 2-3 x x x x x x 

Logical Instructions 

NOT _r_eg~ _______________________ 0 _____ W ____ 1 __ 1 __ 0 ___ 0 ____ re_g ____ 2 _____ 2 ________________ __ 

mem o W mod 0 0 mem 16 2-4 

NEG reg o W 1 1 0 reg 2 2 x x x x x x 

mem 1 1 1 0 1 W mod 0 mem 16 2-4 x x x x x x 

TEST reg, reg o 0 0 0 0 W 1 1 reg reg 2 2 uOOxxx 

mem, reg o 0 0 0 0 W mod reg mem 10 2-4 u 0 0 x x x 

reg, imm o W 1 1 0 0 0 reg 4 3-4 o 0 x x x 

mem, imm 1 0 1 1 W mod 0 0 0 mem 11 3-6 u 0 0 x x x 

ace, imm o 0 1 0 0 W 4 2-3 u 0 0 x x x 

I\ND reg, reg o o 0 0 1 W 1 1 reg reg 2 2 u 0 0 x x x 

mem, reg o 0 o 0 0 0 W mod reg mem 16 2-4 u 0 0 x x x 

reg, mem o 0 1 0 0 0 1 W mod reg mem 11 2-4 u 0 0 x x x 

reg, imm o 0 0 0 0 0 W 1 1 1 0 0 reg 4 3-4 u 0 0 x x x 

mem, imm o 0 0 0 0 0 W mod 1 0 0 mem 18 3-6 u 0 0 x x x 

ace, imm o 0 0 1 0 W 4 2-3 uOOxxx 

IR reg, reg o 0 0 0 0 W 1 1 reg reg 2 2 u 0 0 x x x 

mem, reg o 0 0 0 0 W mod reg mem 16 2-4 u 0 0 x x x 

reg, mem 000101W mod reg mem 11 2-4 uOOxxx 

reg, imm OOOOOOW 1 1 0 0 reg 4 3-4 u 0 0 x x x 

mem,imm 1000000W mod 0 0 1 mem 18 3-6 u 0 0 x x x 

ace, imm o 0 0 0 0 W 4 2-3 u 0 0 x x x 
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Instruct/Qn Set (cant) 

Mnemonic Operand 

Logical Instructions (cant) 

543 2 
Opcode 
076543210 

NEe 
Flags 

Clocks Bytes AC CY V P S Z 

XOR _r_e~g,_re~g ______________ 0 __ 0 ______ 0 __ 0 __ 1_W _________ re_g _____ re_g _______________ u __ O __ O __ x __ x __ x __ 
mem, reg 0 0 1 0 0 0 W mod reg mem 16 2-4 u 0 0 x x x 

reg, mem 0 0 1 1 0 0 1 W mod reg mem 11 2-4 u 0 0 x x x 
reg, imm 1 0 0 0 0 0 0 W 1 1 1 1 0 reg 4 3-4 u 0 0 x x x 

mem, imm 1 0 0 0 0 0 0 W mod 1 1 0 mem 18 3-6 u 0 x x x 

ace, imm 0 0 0 0 W 4 2-3 u 0 0 x x x 

Bit Manipulation Instructions 

INS reg8, reg8 00001111 o o 0 0 31-117 3 
1 1 reg reg 

reg8, imm8 00001111 o 31-117 4 
1 1 0 0 0 reg 

EXT reg8, reg8 00001111 o 0 o 0 26-55 3 
1 1 reg reg 

reg8, imm8 00001111 o 0 o 26-55 4 
1 1 0 0 0 reg 

TEST1 reg, CL o 0 0 1 1 1 1 o 0 o 0 W 3 3 u 0 0 u u x 
1 0 0 0 reg 

mem,CL o 0 0 0 1 1 1 1 000 o 0 W 12 3-5 uOOuux 
mod 0 0 0 mem 

reg, imm3/4 00001111 000 o 0 W 4 4 uOOuux 
1 1 0 0 0 reg 

mem, imm3/4 00001111 000 o W 13 4-6 u 0 0 u u x 
mod 0 0 0 mem 

SET1 reg, CL 00001111000 o o W 4 3 
1 1 0 0 0 reg 

mem, CL 00001111000 o o W 13 3-5 
mod 0 0 0 mem 

reg, imm3/4 00001111000 o W 5 4 
1 1 0 0 0 reg 

mem, imm3/4 00001111000 o W 14 4-6 
mod 0 0 0 mem 

cv o 0 2 

OIR 1 1 1 1 0 1 2 

CLR1 reg, CL 00001111000 o 0 W 5 3 
1 1 0 0 0 reg 

mem,CL 00001111000 o 0 W 14 3-5 
mod 0 0 0 mem 

reg, imm3/4 00001111000 o W 6 4 
1 1 0 0 0 reg 

mem, imm3/4 00001111000 o W 15 4-6 
mod 0 0 0 mem 

cv 000 2 o 
OIR 1 1 1 0 0 2 
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Instruction Set (cont) 

Opcode Flags 
Mnemonic Operands 6 5 4 3 2 o 7 6 4 3 o Clocks Bytes AC CV V p S Z 

Bit Manipulation Instructions (cont) 

NOT1 reg, CL 0 0 0 0 1 000 o W 4 3 
1 1 0 0 0 reg 

mem, CL 0 0 0 1 1 1 1 o W 1B 3-5 
mod 0 0 0 mem 

reg, imm3/4 00001111000 W 5 4 
1 1 0 0 0 reg 

mem, imm3/4 0000111100 W 19 4-6 
mod 0 0 0 mem 

CY o 0 2 x 
Shift/Rotate Instructions 

SHL reg, 1 0 0 0 0 W 1 1 0 0 reg u x x x x x 2 2 
------------------------------------------------------------------------------

mem, 1 0 0 0 0 W mod 0 mem 16 2-4 u x x x x x 

reg, CL 0 0 0 W 1 1 0 0 reg 7 + n 2 u x u x x x 

mem, CL 0 1 0 0 W mod 0 0 mem 19 + n 2-4 uxuxxx 

reg, immB 0 0 0 0 0 W 1 1 0 0 reg 7 + n 3 u x u x x x 

mem, immB 0 0 0 0 0 W mod 0 mem 19 + n 3-5 u x u x x x 

SHR reg, 1 0 0 0 0 W 1 1 0 reg 2 u x x x x x 

mem, 1 o 0 0 0 W mod 0 mem 16 2-4 u x x x x x 

reg, CL o 0 0 W 1 1 0 reg 7 + n 2 u x u x x x 

mem, CL o 1 0 0 1 W mod 0 mem 19 + n 2-4 u x u x x x 

reg, immB o 0 0 0 0 W 1 1 0 reg 7 + n 3 uxuxxx 

mem, immB o 0 0 0 0 W mod 0 mem 19 + n 3-5 u x u x x x 

n = number of shifts 

SHRA reg, 1 o o 0 0 W 1 1 reg 2 2 u x 0 x x x 

mem, 1 o o 0 0 W mod mem 16 2-4 u x 0 x x x 

reg, CL o 0 W 1 1 reg 7+n 2 u x u x x x 

mem,CL o o 0 W mod mem 19 + n 2-4 uxuxxx 

reg, immB OOOOOW 11 1 1 reg 7+n 3 u x u x x x 

mem, immB o 0 0 0 0 W mod 1 1 mem 19 + n 3-5 uxuxxx 

ROL reg, 1 o OOOW 11 o 0 reg 2 2 x x 
mem, 1 o 0 0 0 W mod 0 mem 16 2-4 x x 
reg, CL o 0 W 1 1 0 0 0 reg 7+n 2 x u 

mem, CL o 1 0 0 1 W mod 0 0 0 mem 19+ n 2-4 x u 
reg, imm 000 0 0 W 1 1 0 0 0 reg 7+n 3 x u 

mem, imm o 0 0 0 W mod 0 0 mem 19 + n 3-5 x u 

lOR reg, 1 o o 0 W 1 1 0 0 reg 2 2 x u 

mem, 1 o 0 0 W mod 0 mem 16 2-4 x x 
reg, CL o o 0 W 1 1 0 reg 7+n 2 x u 

mem, CL o 1 W mod 0 mem 19 + n 2-4 x u 

reg, immB o o W 1 1 0 0 reg 7+n 3 x u 

mem, immB o 0 0 0 W mod 0 0 mem 19 + n 3-5 x u 
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Instruction Set (cant) 

Opcode Flags 
Mnemonic Operands 6 5 432 o 7 6 5 4 3 2 1 0 Clocks Bytes AC CY V P S Z 

Shift/Rotate Instructions (cant) 

ROLC reg, 1 0 0 0 0 W 0 2 2 o reg x x 
---------------------------------------------------------------------------

mem, 1 0 0 0 0 W mod 0 mem 16 2-4 x x 

reg, CL 0 0 0 W 1 1 0 reg 7 + n 2 x u 

mem, CL 0 1 0 0 1 W mod 0 mem 19 + n 2-4 x u 

reg, immB 0 0 0 0 0 W 1 1 0 reg 7+n 3 x u 

mem, immB 0 0 0 0 0 W mod 0 mem 19 + n 3-5 x u 

RORC reg, 1 0 0 0 0 W 1 1 0 reg 2 2 x x 

mem, 1 o 0 0 0 W mod 0 mem 16 2-4 x x 
reg, CL 000 W 110 reg 7+n 2 x u 
mem,CL o 1 0 0 W mod 0 mem 19 + n 2-4 x u 

reg, immB OOOOOW 110 reg 7+n 3 x u 

mem, immB o 0 0 0 0 W mod 0 mem 19 + n 3-5 x u 

n = number of shifts 

Stack Manipulation Instructions 

PUSH mem16 1 1 1 1 1 1 1B mod 1 1 0 mem 2-4 
---------------------------------------------------------------------------

reg16 0 1 0 1 0 reg B 

sr 0 0 0 sr 1 0 B 

PSW 1 011100 B 

R o 00000 35 

imm o 1 1 0 0 S 0 7-B 2-3 

POP mem16 1 0 0 0 mod 0 0 0 mem 17 2-4 

reg16 o 1 0 reg B 

sr o 0 0 sr 1 B 

PSW o 0 1 0 B R R R R R R 

R 10000 43 

PREPARE imm16, immB o 0 000 4 
*immB =0: 12 
immB> 1 : 19 + B (immB -1) 

DISPOSE o 0 0 0 1 6 

Control Transfer Instructions 

CALL near _proc 0 0 0 0 16 3 
---------------------------------------------------------------------------

regptr 1 1 1 1 0 0 reg 14 

memptr16 1 1 1 mod 0 0 mem 23 2-4 

far-proc 0 0 0 21 5 

memptr32 1 1 mod 0 mem 31 2-4 

RET o 0 0 1 15 

00000 20 3 

o o 21 

o 0 o o 24 3 
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Instruction Set (cont) 

Opcode Flags 
Mnemonic Operand 5 4 3 2 0 7 654321 0 Clocks Bytes AC CY V P S Z 
Control Transfer Instructions (cont) 

BR near_label 1 0 0 13 3 

shorUabel 0 0 12 2 

reg 1 1 1 0 0 reg 11 2 

memptr16 1 mod 0 0 mem 20 2-4 

far-'abel 0 0 0 15 5 

memptr32 1 1 1 mod 0 mem 27 2-4 

BV near-'abel 0 0 0 0 14/4 2 

BNV near-'abel 0 0 1 14/4 2 

BC,Bl neaUabel 0 0 0 0 14/4 2 

BNC, BNl near-'abel 0 0 0 1 14/4 2 

BE, BZ near-'abel 0 0 0 14/4 2 

BNE,BNZ neaUabel 0 0 1 14/4 2 

BNH near-'abel 0 0 14/4 2 

BH near-'abel 0 0 1 1 1 14/4 2 

BN near-'abel 0 0 0 0 14/4 2 

BP near-'abel 0 0 0 14/4 2 

I
BPE neaUabel 0 0 1 0 14/4 2 

IBPO near-'abel 0 0 1 1 14/4 2 

BlT near-'abel 0 0 0 14/4 2 

BGE near-'abel 0 0 1 14/4 2 

IBlE near-'abel 0 0 14/4 2 

BGT neaUabel 0 1 1 14/4 2 

DBNZNE near-'abel 0 0 0 0 0 14/5 2 

DBNZE near-'abel 0 0 0 0 1 14/5 2 

DBNZ near-'abel 0 0 0 0 13/5 2 

BCWZ near-'abel 0 0 0 13/5 2 

'nterrupt Instructions 

3RK 3 0 0 0 0 38 

imm8 0 0 0 38 2 

lRKV imm8 0 0 40/3 

IETI 1 1 0 0 1 1 0 27 1 R R R R R R 
:HKIND reg16, mem32 0 1 1 0 0 0 0 mod reg mem 53-56/18 2-4 

IRKEM imm8 0 0 0 1 1 1 1 1 1 1 1 38 3 
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Instruction Set (cont) 

Opcode Flags 
Mnemonic Operand 6 5 4 2 0 7 654321 0 Clocks Bytes AC CY V P S z 
CPU Control Instructions 

HALT 0 0 0 2 

BUSLOCK 0 0 2 

FP01 fp_op 0 X X X 1 1 Y Y Y Z Z Z 2 2 

fp_op, mem 1 0 1 X X X mod Y Y Y mem 11 2-4 

FP02 fp_op 0 0 0 X 1 1 Y Y Y Z Z Z 2 2 

fp_op, mem 0 1 0 1 X mod Y Y Y mem 11 2-4 

POLL 0 0 0 2 + 5n 
n = number of times POLL pin is sampled. 

NOP 0 0 o 0 0 0 3 

DI 0 0 2 

EI 0 2 

8080 Instruction Set Enhancements 

RETEM 0 0 1 0 27 2 R R R R R R 

CALLN imm8 0 0 0 0 38 3 
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NEe 
NEe Electronics Inc. 
PRELIMINARY INFORMATION 

Description 
The pPD70208 (V40TII) is a high-performance, low
power 16-bit microprocessor integrating a number of 
commonly used peripherals to dramatically reduce the 

. size of microprocessor systems. The CMOS construc
tion makes the pPD70208 ideal for the design of 
portable computers, instrumentation, and process 

, control equipment. 

ThepPD70208 contains a powerful instruction set that 
is compatible with the pPD70108/pPD70116 (V20TII/ 
V30TII) and pPD8086/pPD8088 instruction sets. In
struction set support includes a wide range of arith
metic, logical, and control operations as well as bit 
manipulation, BCD arithmetic, and high-speed block 
transfer instructions. The pPD70208 can also execute 
the entire pPD8080AF instruction set using the 8080 
lemulation mode. Also available is thepPD70216 (V50TII), 
identical to the pPD70208 but with a 16-bit external 
data bus. 

Features 
·0 V20/V30 instruction set compatible 
I'::J Minimum instruction execution time: 250 ns 
I (at 8 MHz) 
] Direct addressing of 1 M bytes of memory 
J Powerful set of addressing modes 
] 14 16-bit registers 

.'J On-chip peripherals including 
. - Clock generator 

- Bus interface 
- Bus arbitration 
- Programmable wait state generator 
- DRAM refresh control 
- Three 16-bit timer/counters 
- Asynchronous serial I/O control 
- Eight-input interrupt control 
- Four-channel DMA control 

] Hardware effective address calculation logic 
] Maskable and nonmaskable interrupts 
I] pPD72191 Floating Point Processor interface 
I IEEE 796 compatible bus interface 
I Low-power standby mode 
I Low-power CMOS technology 

!O. V30. V40. and V50 are trademarks of NEC Corporation. 

pPD7020a (V40TM) 
a/i6-BIT, HIGH-INTEGRATION 

CMOS MICROPROCESSOR 

Ordering Information 
Part Number Package Maximum Frequency 

pPD70208R-8 68-pin PGA 8 MHz 

pPD70208L -8 68-pin PLCC 8 MHz 

pPD70208G-8 80-pin plastic miniflat 8MHz 

Pin Configurations 

68-Pln PGA 
Bottom View 

A2 
000000000 

00000000000 
00 0 0 
00 0 0 
00 0 0 
0 0 PPD70208 0 0 
00 0 0 
0 0 0 0 
0 0 0 0 

10 00 0 0 00 0 0 00 0 
L10 

11 0 0 0 00 0 000 

A C D G H 

Pin Symbol Pin Symbol Pin Symbol Pin Symbol 

A2 INTP7 B9 DMARQ1 F10 AD7 K4 NMI 

A3 INTPS B10 DMARQO F11 GND KS RESET 

A4 INTP3 B11 ADO G1 X1 K6 RESOUT 

AS INTP1 C1 TCTL2 G2 CLKOUT K7 HLDRQ 

A6 DMAAR3lTxD C2 POLL G10 AS K8 A1g/PS3 

A7 DMAAK2 C10 AD1 G11 Ag K9 A17/PS1 

A8 DMAAK1 C11 AD2 H1 BUFEN K10 A14 

A9 DMAAKO D1 QS1 H2 BUFRIW K11 A1S 
A10 ENDITC D2 QSO H10 A10 L2 lORD 

B1 TCLK D10 AD3 H11 A11 L3 BSO 

B2 TOUT2 D11 AD4 J1 BUSLOCK L4 BS2 
B3 INTP6 E1 ASTB J2 iOWA LS READY 

B4 INTP4 E2 [High] J10 An L6 VDD 
BS INTP2 E10 ADs J11 A13 L7 HLDAK 

B6 INTAK/SRDY/ E11 ADa K1 MWR L8 REFRQ 
TOUT1 

B7 DMARQ3/RxD F1 GND K2 MRD L9 A18/PS2 

B8 DMARQ2 F2 X2 K3 BS1 L10 A18/PSO 

83-0027166 
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Pin Configurations (cont) 

68-Pln PLCC 80-Pln Plastic Min/fiat 

£ 1° 
.... I/) 

£ 1° li1 
,. 

o 0 I~ 
> 

I/) li1 
,. :;, 

o I~ 
> I>. I>. II: ..: 0 

~ 010 
I>. 

~ ~ 
..: 

~ 
0 

~ I~ I~ 
"- l ~ 9 9 ~ i ~ .. 9 9 ~ 
:; o 0 W I/) I/) II: 

C o W iii til til ..: II: :I: :I: > > II: z .. .. .. :IE 
..: II: :I: :I: > II: z .. .. 

A16/PSo lORD 
A1S MIVA 

NC NC 
Al. IOWR 

A1S MWR 

A13 iillSLOCK Al. IDWR 

A12 BUFR/W 
A13 BUSLOCK 

All BUFEN 
A12 BUFR/W 

Al0 CLKOUT All BUFEN 

As Xl 
Al0 CLKOUT 

As X2 A. Xl 
GND GND As X2 

AD7 IHighl GND GND 

AD6 ASTB NC NC 

ADs aso GND GND 

AD. aSl AD7 [Hlghl 
AD3 POLL AD6 ASTB 

AD2 TCTL2 ADs aso 

ADl TOUT2 AD. aSl 

ADo TCLK AD3 POLL 

AD2 TCTL2 

I~ 

I~ Ii I~ 
o ~ 

I>. '" ~ t ~ ~ I>. 
ADl TOUT2 

M .... I>. 

I~ IH .... .... .... .... .... 
TCLK ~ ~ 1!! 1!! ~ 1!! 1!! ADo 

i I~ NC NC 

NC INTP7 

I~ END/TC INTP6 

Ii Ii II 
0 !:! i= o ~ 

~ g I>. ~ t o I>. :;, 
> ! .... 

0 1!! 1!! ~ 1!! 

Ii 
.... 

~ 
I~ 
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Pin Identification 
Symbol 

ASTB 

BUFEN 

BUFR/W 

BUS LOCK 

CLKOUT 

DMAAKO 

DMAAK1 

DMAAK2 

DMAAK3/TxD 

DMARQO 

DMARQ1 

DMARQ2 

DMARQ3/RxD 

\ 

~fND/TC 
~ND 

iigh 

ILDAK 

ILDRQ 

JTAK/TOUT1/SRDY 

ITP1-INTP7 

IWR 

RD 

~R 

m 
I 

I SET 

SOUT 

fL2 

Function 

Multiplexed address/processor status outputs 

Address bus outputs 

Multiplexed address/data bus 

Address strobe output 

Data bus transceiver enable output 

Data bus transceiver direction output 

Buslock output 

Bus status outputs 

System clock output 

DMA channel 0 acknowledge output 

DMA channel 1 acknowledge output 

DMA channel 2 acknowledge output 

DMA channel 3 acknowledge output/Serial 
transmit data output 

DMA channel 0 request input 

DMA channel 1 request input 

DMA channel 2 request input 

DMA channel 3 request input/Serial receive 
data input 

End input/Terminal count output 

Ground 

High-level output except during hold 
acknowledge when it is placed in the 
high-impedance state 

Hold acknowledge output 

Hold request input 

Internal connection; leave unconnected 

Interrupt acknowledge output/Timer/counter 1 
output/Serial ready output 

Interrupt request inputs 

I/O read strobe output 

I/O write strobe output 

Memory read strobe output 

Memory write strobe output 

No connection 

Nonmaskable interrupt input 

Poll input 

CPU queue status outputs 

Ready input 

Refresh request output 

Reset input 

Synchronized reset output 

Timer/counter external clock input 

Timer/counter 2 control input 

pPD70208 (V40) 

Symbol Function 

TOUT2 Timer/counter 2 output 

Voo +5 V power supply input 

X1,X2 Crystal/external clock inputs 

Pin Functions 

A19-A16/PS3-PSO [Address/Status Bus] 

These three-state output pins contain the upper 4 bits 
of the 20-bit address during T1 and processor status 
information during T2, T3, Tw, and T4. During T1 of a 
memory read or write cycle, these pins contain the 3 
upper 4 bits of the 20-bit address. These pins are forced 
low during T1 of an I/O bus cycle. 

Processor status is output during T2, T3, Tw, and T4 of 
both memory and I/O bus cycles. PS3 is zero during 
any CPU native mode bus cycle. During any DMA, 
refresh, or 8080 emulation mode bus cycle, PS3 outputs 
a high level. PS2 outputs the contents of the interrupt 
enable (IE) flag in the CPU PSW register. PS1 and PSo 
indicate the segment register used to form the physical 
address of a CPU bus cycle as follows: 

PSI PSo Segment 

0 0 Data segment 1 (DS1) 
0 1 Stack segment (SS) 

0 Program segment (PS) 
1 Data segment 0 (DSO) 

These pins are in the high-impedance state during hold 
acknowledge. 

A1S-AS [Address Bus] 

These three-state pins form the active-high address 
bus. During any CPU, DMA, or refresh bus cycle, 
A1S-AS output the middle 8 bits of the 20-bit memory or 
I/O address. The A1S-As pins enter the high-impedance 
state during hold acknowledge or an internal interrupt 
acknowledge bus cycle. During a slave interrupt 
acknowledge bus cycle, A1Q-As contain the address of 
the slave interrupt controller. 

AD7-ADo [Address/Data Bus] 

These three-state pins form the active-high, time-multi
plexed address/data bus. During T1 of a bus cycle, 
AD7-ADo output the lower 8 bits of the 20-bit memory 
or I/O address. During the T2, T3, Tw, and T4 states, 
ADrADo form the 8-bit bidirectional data bus. 

The AD7-ADo pins enter the high-impedance state 
during hold acknowledge or internal interrupt acknow
ledge bus cycles or while RESET is asserted. 
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ASTB [Address Strobe] 

This active-high output is used to latch the address 
from the multiplexed address bus in an external address 
latch during T1 of a bus cycle. ASTB is held at a low 
level during hold acknowledge. 

BUFEN [Buffer Enable] 

BUFEN is an active-low output for enabling an external 
data bus transceiver during a bus cycle. BUFEN is 
asserted during T2 through T4 of a read cycle, T2 
through T3 of a slave interrupt acknowledge cycle, and 
T1 through T4 of a write cycle. BUFEN is not asserted 
when the bus cycle corresponds to an .internal pe
ripheral, DMA, refresh, or internal interrupt acknow
ledge cycle. BUFEN enters the high-impedance state 
during hold acknowledge. 

BUFR/W [Buffer Read/Write] 

BUFR/W is a three-state, active-low output used to 
control the direction of an external data bus trans
ceiver. A high level indicates thepPD70208 will perform 
a write cycle and a low level indicates a read cycle. 
BUFR/W enters the high-impedance state during hold 
acknowledge. 

BUSLOCK 

Th is active-Iowoutput provides a means for the CPU to 
indicate to an external bus arbiter that the bus cycles of 
the next instruction are to be kept contiguous. 
BUSLOCK is asserted for the duration of the instruction 
following the. BUSLOCK prefix. BUSLOCK is also 
asserted during interrupt acknowledge cycles and 
enters the high-impedance state during hold acknow
ledge. While BUS LOCK is asserted, DMAU, RCU, and 
external bus requests are disabled. 
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BS2-BSO [Bus Status] 

Outputs BS2-BSo indicate the type of bus cycle being 
performed as follows. 

BS2 BSI BSo Bus Cycle 

0 0 0 Interrupt acknowledge 
0 0 1 1/0 read 

0 0 1/0 write 
0 1 Halt 

0 0 Instruction fetch 
0 1 Memory read (1) 

0 Memory write (2) 
1 Passive state 

Note: 

(1) Memory read bus cycles include CpU, DMA read, DMA verify, 
and refresh bus cycles. 

(2) Memory write bus cycles include CPU and DMA write bus cycles. 

BS2-BSO are three-state outputs and are high imped
ance during hold acknowledge. 

CLKOUT 

The CLKOUT output is used to generate all internal 
timing for the pPD70208. CLKOUT has a 50-percent 
duty cycle at half the frequency of the input clock 
source. 

DMAAKO-DMAAK2 [DMA Acknowledge] 

This set of outputs contains the DMA acknowledge 
signals for channels 0-2 from the internal DMA control· 
ler and indicate that the peripheral can perform thE 
req uested transfer. 

DMAAK3/TxD [DMA Acknowledge 3]1[Serial 
Transmit Data] 

I 

Two output signals multiplexed on this pin are selectel 
by the PF field of the on-chip peripheral connectio 
register. . I 

• DMAAK3 is an active-low output and enables a 
I 

external DMA peripheral to perform the requeste 
DMA transfer for channel 3. II 

• TxD is the serial output from the serial control un i ~ 
DMARQO-DMARQ2 [DMA Request] 

These synchronized inputs are used by external P\I~ 
ripherals to request DMA ser"ice for channels 0-2 frollill 
the internal DMA controller. 
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DMARQ3/RxD [DMA Request 3]1[Serial Receive 
Data] 

i Two input signals multiplexed on this pin are selected 
by the PF field of the on-chip peripheral connection 
register. 

• DMARQ3 is used by an external peripheral to request 
a DMA transfer cycle for channel 3. 

,. RxD is the serial input to the serial control unit. 

I END/TC [End/Terminal Count] 

This active-low bidirectional pin controls the termin
ation of a DMA service. Assertion of END by external 
hardware during DMA service causes the service to 
terminate. When a DMA channel reaches its terminal 
count, the DMAU asserts TC, indicating the program
med operation has completed. 

IEND/TC is an open-drain I/O pin, and requires an 
lexternal 2.2-kO pull-up resistor. 

HLDAK [Hold Acknowledge] 

When an external bus requester has become the 

I
highest priority requester, the internal bus arbiter will 
,assert the HLDAK output indicating the address, data, 
and control buses have entered a high-impedance state 
land are available for use by the external bus master. 

IShOUld the internal DMAU or RCU (demand mode) 
-equest the bus, the bus arbiter will drive HLDAK low. 
When this occurs, the external bus master should 
~omplete the current bus cycle and negate the HLDRQ 
lignal. This allows the bus arbiter to reassign the bus to 
he higher priority requester. 

,iLDRQ [Hold Request] 
I 

-his active-high signal is asserted by an external bus 
naster requesting to use the local address, data, and 
ontrol buses. The HLDRQ input is used by the internal 
'us arbiter, which gives control of the buses to the 
ighest priority bus requester in the following order. 

I 

'JS Master Priority 

Highest (demand mode) 

• 
• 
• 

Lowest (normal operation) 

pPD70208 (V40) 

INTAK/TOUT1/SRDY [Interrupt Acknowledge]/ 
[Timer 1 Output]/[Serial Ready] 

Three output signals multiplexed on this pin are 
selected by the PF field of the on-chip peripheral 
connection register. 

• INTAK is an interrupt acknowledge signal used to 
cascade external slave pPD71059 Interrupt Control
lers. INTAK is asserted during T2, T3, and Tw states 
of an interrupt acknowledge cycle. 

• TOUT1 is the output of timer/counter 1. 

• SRDY is an active,.low output and indicates that the 
serial control unit is ready to receive the next 
character. 

INTP1-INTP7 [Peripheral Interrupts] 

INTPHNTP7 accept either rising-edge or high-level 
triggered asynchronous interrupt requests from external 
peripherals. These INTP1-INTP7 inputs are internally 
synchronized and prioritized by the interrupt control 
unit, which requests the CPU to perform an interrupt 
acknowledge bus cycle. External interrupt controllers 
such as the pPD71059 can be cascaded to increase the 
number c-l' vectored interrupts. 

These interrupt inputs cause the CPU to exit both the 
standby and 8080 emulation modes. 

INTP1-INTP7 contain internal pull-up resistors and 
may be left unconnected. 

lORD [I/O Read] 

This three-state pin outputs an active-low I/O read 
strobe during T2, T3, and Tw of an I/O read bus cycle. 
Both CPU I/O read and DMA write bus cycles assert 
lORD. lORD is not asserted when the bus cycle 
corresponds to an internal peripheral. It enters the 
high-impedance state during hold acknowledge. 

10WR [I/O Write] 

This three-state pin outputs an active-low I/O write 
strobe during T2, T3, and Tw of a CPU liD write or an 
extended DMA read cycle and during T3 and Tw of a 
DMA read bus cycle. 10WR is not asserted when the 
bus cycle corresponds to an internal peripheral. It 
enters the high-impedance state during hold acknow
ledge. 
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MRD [Memory Read Strobe] 

This three-state pin outputs an active-low memory 
read strobe during T2, T3, and Tw of a memory read 
bus cycle. CPU memory read, DMA read, and refresh 
bus cycles all assert MRD. MRD enters the high
impedance state during hold acknowledge. 

MWR [Memory Write Strobe] 

This three-state pin outputs an active-low memory 
write strobe during T2, T3, and Tw of a CPU memory 
write or DMA extended write bus cycle and during T3 
and Tw of a DMA normal write bus cycle. MWR enters 
the high-impedance state during hold acknowledge. 

NMI [Nonmaskable Interrupt] 

The NMI pin is a rising-edge-triggered interrupt input 
that cannot be masked by software. NMI is sampled by 
CPU logic each clock cycle and when found valid for 
five or more CLKOUT cycles, the NMI interrupt is 
accepted. The CPU will process the NMI interrupt 
immediately after the current instruction finishes 
execution by fetching the segment and offset of the 
NMI handlerfrom interrupt vector 2. The NMI interrupt 
causes the CPU to exit both the standby and 8080 
emulation modes. The NMI input takes precedence 
over the maskable interrupt inputs. 

POLL [Poll] 

The active-low POLL input is used to synchronize the 
operation of external devices with the CPU. During 
execution of the POLL instruction, the CPU checks the 
POLL input state every five clocks until POLL is once 
again asserted. 

QS1-QSO [Queue Status] 

The QS1 and QSo outputs maintain instruction syn
chronization between thepPD70208 CPU and external 
devices such as thepPD72191 Floating Point Processor. 
These outputs are interpreted as follows. 

QSo Instruction Queue Status 

o o No operation 

o First byte of instruction fetched 

o Flush queue contents 

Subsequent byte of instruction fetched 

Queue status is valid for one clock cycle after the CPU 
has accessed the instruction queue. 
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READY [Ready] 

This active-high input synchronizes external memory 
and peripheral devices with the pPD70208. Slow 
memory and I/O devices can lengthen a bus cycle by 
negating the READY input and forcing the BIU to insert 
Tw states. READY must be negated prior to the rising 
edge of CLKOUT during the T2 state to guarantee 
recognition. When READY is once again asserted and 
recognized by the BIU, the BIU will proceed to the T4 
state. 

The READY input operates in parallel with the internal 
pPD70208 wait control unit and can be used to insert 
more than three wait states into a bus cycle. 

REFRQ [Refresh Request] 

REFRQ is an active-low output indicating the current 
bus cycle is a memory refresh operation. REFRQ is 
used to disable memory address decode logic and 
refresh dynamic memories. The 9-bit refresh row 
address is placed on As-Ao during a refresh bus cycle. 

RESET [Reset] 

The RESET input is used to force the pPD70208 to a 
known state by resetting the CPU and on-chip periph· 
erals. RESET must be asserted for a minimum of foUl 
clocks to guarantee recognition. After RESET ha~ 

been released, the CPU will start program executior 
from address FFFFOH. 

RESET will release the CPU from the low-powe 
standby mode and force it to the native mode. 

RESOUT [Reset Output] 

This active-high output is available to perform a systerr 
wide reset function. Reset is internally synchronize 
with CLKOUT and output on the RESOUT pin. 

TCLK 

TCLK is an external clock source for the timer contn 
unit. The three timer/counters can be programmed 1 
operate with either the TCLK input or a prescale 
CLKOUT input. 'i 

TCTL2 

TCTL2 is the control input for timer/counter 2. 

TOUT2 

TOUT2 is the output of timer/counter 2. 

1.1 
I I~ 
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X1, X2 [Clock Inputs] 

I These pins accept either a parallel resonant, funda
mental mode crystal or an external oscillator input with 
a frequency twice the desired operating frequency. 

Block Diagram 

TOUT2 

TOUT1 

TCTL2 

INTP4 

INTP3 

Q I~ Q >c a: >c 
I-CI)a: 

INTAK.-------------------, 

NMI--------------------~ 

X1~ 
X2 ~ ~ 

CLKOUT 

cPU 

Q 
CI) 

~ 
CI) 
11. 
'io 
< '" 
'" 

1. 
< < 

Q 

Q 

1-
Q 
oCt 

BIU 

IlPD70208 (V40) 

Q 
CI) 

'1 
CI) 
CD 

Q en III 
0 0 

_POLL 

BUSLOCK 

BUFEN 

BUFR/W 

ASTB 

IOWR 

lORD 

MWR 
MAo 

_ READY 

RESOUT 

- RESET 

HLDAK 

HLDRQ 

83-0027309 



J.IPD70208 (V40) NEe 
Absolute Maximum Ratings AC Characteristics 
TA=+25°C TA = -10 to +70°C; Voo = +5 V ±10%; CL = 100 pF 

Power supply voltage, Voo -0.5 to +7.0 V Limits Test 
Input voltage, VI -0.5 to Voo + 0.3 V Parameter Symbol Min Max Unit Conditions 

CLK input voltage, VK -0.5 to Voo + 1.0 V External clock input tCYX 62 250 ns 

Output voltage, Vo -0.5 to Voo + 0.3 V 
cycle time 

Operating temperature, T OPT -10 to +70°C External clock pulse tXXH 20 ns VKH = 3.0 V 
width, high 

Storage temperature, TSTG -65 to +150 °C External clock pulse tXXL 20 ns VKL = 1.5 V 

C~mment: Exposing the device to stresses above those listed in the width, low 

Absolute Maximum Ratings could cause permanent damage. The External clock rise tXR 10 ns 1.5 - 3.0V 
device is not meant to be operated under conditions outside the time 
limits described in the operational sections of this specification. 

External clock fall tXF 10 ns 3.0 -1.5 V Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. time 

CLKOUT cycle time tCYK 124 500 ns 
DC Characteristics CLKOUT pulse width, tKKH 0.5 tCYK ns VKH =3.0 V 
T A = -10 to +70°C; Voo = +5 V ±10% high -7 

Limits Test CLKOUT pulse width, tKKL 0.5 tCYK ns VKL = 1.5 V 
Parameter Symbol Min Max Unit Conditions low -7 

Input voltage, high VIH 2.2 Voo+ V CLKOUT rise time tKR 7 ns 1.5 - 3.0 V 
0.3 CLKOUT fall time tKF 7 ns 3.0 -1.5 V 

Input voltage, low VIL -0.5 0.8 V CLKOUT delay time tOXK 55 ns 

X1, X2 input VKH 3.9 Voo+ V from external clock 

voltage, high 1.0 Input rise time tlR 20 ns 0.8 -2.2V 

X1, X2 input VKL -0.5 0.6 V (except external 

voltage, low clock) 

Output voltage, high VOH 0.7 Voo V 10H = -4001lA Input fall time tlF 12 ns 2.2 - 0.8 V 
(except external 

Output voltage, low VOL 0.4 V 10L =2.5 rnA clock) 

Input leakage IUH 10 IlA VI = Voo Output rise time tOR 20 ns 0.8 - 2.2 V 
current, high (except CLKOUT) 

Input leakage IUPL -300 IlA VI =OV, INTP Output fall time tOF 12 ns 2.2 - 0.8 V 
current, low input pins (except CLKOUT) 

IUL -10 IlA VI = 0 V, other RESET setup time to tSRESK 25 ns 
input pins CLKOUT! 

Output leakage ILOH 10 IlA Vo = Voo RESET hold time tHKRES 35 ns 
current, high after CLKOUT! 

Output leakage ILOL -10 IlA Vo=OV RESOUT delay time tOKRES 5 60 ns 
current, low from CLKOUT! 

Supply current 100 90 rnA Normal mode READY inactive tSRYLK 15 ns 
20 rnA Standby mode setup time to 

CLKOUTt 

Capacitance READY inactive tHKRYL 25 ns 

TA=+25°C, Voo=OV hold time after 
CLKOUTt 

Limits Test READY active setup tSRYHK 15 ns 
Parameter Symbol Min Max Unit Conditions time to CLKOUTt 

Input capacitance CI 15 pF fc = 1 MHz; READY active hold tHKRYH 25 ns 

Output capacitance Co 15 unmeasured pins time after CLKOUTt 
pF are returned to 0 V. 

NMI, POLL setup tSIK 15 ns 
time to CLKOUTt 
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AC Characteristics (cont) 
Limits Test 

limits Test 
Parameter Symbol Min Max Unit Conditions Parameter Symbol Min Max Unit Conditions 

I Data setup time to tSOK 20 ns HLDRQ setup time tSHQK 20 ns 
CLKOUT! to CLKOUTt 

Data hold time after tHKO 15 ns HLDAK delay time tOKHA 10 100 ns 
I CLKOUT! from CLKOUT! 

Address delay time tOKA 10 60 ns Address drive delar tOKA2 tCYK ns 
from CLKOUT! time from CLKOUT 

I Address hold time 
after CLKOUT! 

tHKA 10 ns DMAAK delay time 
from CLKOUTt 

tOKOAL 10 70 ns 

PS delay time from tOKP 10 60 ns OMAAK delay time tOKOAH 10 115 ns Cascade mode 
CLKOUT! from CLKOUT! 

Il PS float delay time tFKP 10 60 ns WR pulse width, tWW1 2tCYK - ns DMA extended 
from CLKOUTt low (DMA cycle) 40 write cycle 

Address setup time tSAST tKKL - 30 ns WR pulse width, tWW2 tCYK- ns DMA normal 
to ASTB! low (OMA cycle) 40 write cycle 

Address float delay tFKA tHKA 60 ns TC output delay tDKTCL 60 ns 
time from CLKOUTl time from CLKOUTt 

ASTBt delay time tOKSTH 50 ns TC off delay time tOKTCF 60 ns 
from CLKOUT! from CLKOUTt 

ASTB! delay time tOKSTL 55 ns TC pulse width, low tTCTCL tCYK - 15 ns 
Ifrom CLKOUTt TC pullup delay tOKTCH tKKH+ ns 
ASTB pulse width, tSTST tKKL -10 ns time from CLKOUTt tCYK -
,high 10 

Address hold time tHSTA tKKH -10 ns END setup time tSEOK 35 ns 
3fter ASTB! to CLKOUTt 

~ontrol delay time tOKCT 15 60 ns END pulse width, tEDEOL 100 ns 
,'rom CLKOUT low 

m! delay time tOAFRL 0 ns OMARQ setup time tSOQK 35 ns 
rom address float to CLKOUTt 

m! delay time tOKRL 10 70 ns INTPn pulse width, tlPIPL 100 ns 
rom CLKOUT! low 

lOt delay time tOKRH 15 60 ns RxD setup time to tSRx IlS 
'om CLKOUT! SCU internal clock! 

,ddress delay time tORHA tCYK -40 ns RxD hold time after tHRX IlS 
·om CLKOUT SCU internal clock! 

D pulse width, low tRR 2tCYK - ns SRDY delay time tOKSR 150 ns 
50 from CLKOUT! 

UFR/W delay from tOBECT tKKL - ns Read cycle TxD delay time from tOTx 500 ns 
UFENt 20 TOUT1! 

tOWCT tKKL - ns Write cycle TCTL2 setup time tSGX 50 ns 
20 from CLKOUT! 

ita output delay tOKO 10 60 ns TCTL setup time tSGTK 50 ns 
Ine from CLKOUT! to TCLKt 

Ita float delay tFKD 10 60 ns TCTL2 hold time tHKG 100 ns 
ne from CLKOUT! after CLKOUT! 

q pulse width, low tww 2tCYK - ns TCTL2 hold time tHTKG 50 ns 
40 after TCLKt 

',! delay time tOKBL 10 60 ns TCTL2 pulse width, tGGH 50 ns 
1m CLKOUTt high 

It delay time tOKBH 10 65 ns 
1m CLKOUT! 
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AC Characteristics (cont) 
Limits 

Parameter Symbol Min Max 

TCTL2 pulse width, tGGl 50 
low 

TOUT output delay tOKTO 200 
time from CLKOUT l 
TOUT output delay tOTKTO 150 
time from TOUT l 

TOUT output delay tOGTO 120 
time from TCTL2l 

TCLK rise time tTKR 25 

TCLK fall time tTKF 25 

TCLKpuise width, tTKTKH 50 
high 

TCLK pulse width, tTKTKl 50 
low 

TCLK cycle time tCYTK 124 Dc 

RDl, WRl delay tOOARW tKKH 
from DMAAKl -30 

DMAAK t delay tORHOAH tKKl 
from ROt -30 

ROt delay from tOWHRH 5 
WRt 

Timing Waveforms 

Clock Timing 

External 
Clock 
[X1] 

CLKOUT 
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ns 
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ns 

ns 
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Clock Input Configurations 

Crystal-Controlled Internal Clock 

t------IX1 

t----.--I X2 

External Clock 1 

elK ~ 0""'-------': I 

External Clock 2 

CLK------I 

Buffers are high-speed 
CMOS inverters. 

X1 

83-004019A 

Timing Measurement Points 

[except Clock] 2.2 V 2.2 V Input 2.4 V==X L 
0.4 V .... 0_.8 .... V _____ ...;;0.;.;;.8..;.,.V • 

Output 
~2.2V 2.2V~ 
~_O-.8 .... V----~--~O.~8V~~ 

63-001611 

, 

I, 

83-00184' 
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Timing Waveforms (coni) 

Reset and Ready Timing 

Reset Timing 

CLKOUT 

RESOUT 

tDKRES1 

________________ -J~~----T?J 

Ready Timing, No Wait States 

T1 T2 

CLKOUT 

READY 

Ready Timng, Wait States 
T1 T2 

CLKOUT 

READY 

pPD70208 (V40) 

Il 

T3 T4 T1 

T3 TW T4 

83-0027258 
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Timing Waveforms (cont) 

Poll, NMI, and Bus/ock Timing 

ClKOUT 

POLL, NMI Input Timing 

POll, NMI 

ClKOUT 

BUSLOCK Output Timing 
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Timing Waveforms (coni) 

Read Timing 

T4 T1 T2 T3 

.) 
CLKOUT 

r---\~ r---\L-J r---\~~ 

-
I) A~dress 

tOKA- -I 
-tSAST-

8 ) 
r+- tSAsi-

0 Address 
I 

tOKSTH- f.--- I -~ 

AST B 

-
-

BUFR/W 
-\ 

MR 
lOR 

BS2-BS 

Note: 

D 

D 

0 

-

!+-tSTST-

I 
tOKSTL-

-toCKT 

\ 
f.--- tOKBL 

[1] Except internal 1/0 accesses_ 

~ 

-

-

I-

-

-

l+--tHKA 

~~ Program Status 

i+-tOKP 

-tFKA i+-tSOK-

Data Input 

f..-tHSTA tHKO-

- I+-tOKCT [Note 1] -
\ - I- - - - -

I+-tOAFRL 

f..-tOKRL [Note 1] -
"\ - - - - - - - -

tRR 

I - I-tOKBH 
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T4 

~ rL 
- f.-- tFKP 

l 

lr--

I\--
f-

V-
~toKCT 

I} 
f-+ f.---tOBECT 

- I':=.t
OKCT

, 

I+--tOKRH 

i f
-

-, I+--- tORHA--

83-0018488 

3-107 



pPD70208 (V40) 

Timing Waveforms (conI) 

Write Timing 

CLKOUT 

A19/PS3-
A1s1PSo 

T4 

-+----+' 

AD7-ADO -+----<1 

ASTl:. -+ ___ .J 

BUFR/W 

T1 T2 T3 

tOKCT [Note 1] 
MWR-l ___________ ....... 

10WR 

~----------tww------------~ 

NEe 

T4 

tOKCT 

BS2-BSO~--r_----------------------------~~r_------------------------------

tOKBL tOKBH 

Note: 

[1] Except internal 1/0 accesses_ 
83-001846 
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Timing Waveforms (coni) 

Status Timing 

T4 T1 T2 T3 T4 

CLKOUT 

Il 
AD7-ADO -+0---1--(] 

ASTB 

-tOKBH 

Bus Status 

tOKRH 

~----------tRR----------~.~1 
'-----IX _______ X ___ x= 

83-0027248 
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Timing Waveforms (cont) 

Interrupt Acknowledge Timing 

T1 T2 T3 T4 T1 T2 T3 TI 

CLKOUT 

ASTB 

tOKCT 

tOKCT 

Ir-----------~- -- -- - - - - - -,----
[Note 2] 

BUF~W ________ ~ ____________________________________________________________________________________ _ 

-------.[ .... 
BUSLOCK _________________________________________________ JJ' 
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Note: 

[1] Slave address when Interrupt from external /lPD710S9. Undefined when Internal ICU 
Interrupt. 

[2] Solid line when Interrupt from external/lPD710S9. Dash line when InternallCU Interrupt. 
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Timing Waveforms (cont) 

Timing, Normal Operation 

T1 T1 T1 T4 T1 

C~O"'~<"--t---tQK ~<'-------'-
HLDRQ ~ ~ __________________________ ~ ____ +-____ +-________ ___ 

HLDAK ---------_)~--l------l-J 

tFKA 

(1) Internal Bus Master 

:=}tFKA 

(2)-ln-te-r-na-I-B-us--M-as-te-.'~ .. -----------'~-----------------------------------------------_(J 
( ~----------

Internal Bus Master 

NOTES: (1) A19/PS3-A16fPSo, AD7-ADo, AwAe, BUFEN,BUFRIW,MRD,IORD,MWR,IOWR 

(2) BS2-BSO 

Timing, Bus Walt 

CLKOUT 

HLDRQ 

HLDAK 

External Bus Master 

83-0018426 

tOKA2 

)--------------41 Internal Bus Master 

83-0027326 
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Timing Waveforms (conI) 

Refresh Timing 

T4 T1 T2 T3 T4 

CLKOUT 

A19/PS3 

-A16/PSO --...,...---4 

ASTB 

tOAFRL 

tOKRL 

tOKCT tOKCT 

ItOKBH 

BS2-BSO BS2=1, BS1=0, BSO=1 ! 
83-002731 
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Timing Waveforms (cont) 

DMAU, DMA Transfer Timing 

T4 T1 T2 T3 T4 

CLKOUT 

BS2-BSO 

ASTB 

tOKA 

A19/PS3 

-A16/
PS

O ______ .1 1\ ___ ---'1 I'------r-------r---"""T"'---J 

ADrADo 

tOKHOA 

tORHOAH 

tOKRH 

83-0027238 
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Timing Waveforms (cont) 

DMA Timing 

EN D/TC Timing 
T1 T2 T3 T4 

CLKOUT 

TC 

ISEDK 1-tEDL+j 

-------0..-----------------------

3.:.114 

DMA Request Timing 

CLKOUT 

OMAROn 
(n=0-3) 

Cascade Mode, Normal Operation 

CLKOUT r\ r¥1 
---.J. ISOOK~ ISOOK 

DMARO~ 

IOKLO~ 1 

Cascade Mode, Refresh Cycle Insertion 

CLKOUT 

DMAAK ----------------~, 
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Timing Waveforms (coni) 

SCU Timing 

TxD 

CLKOUT 

ICU Timing 

INTPn 
(n = 1-7) 

pPD70208 (V40) 

\J 
14---+16 or 64 TOUT1 pulses-----+i 

1+---16 or 64 TOUT1 pulses -----., 

tOTX 

83-001849B 
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Timing Waveforms (cont) 

TCU, Internal Clock Source 

CLKOUT 

__________________________________ ~fIDGTD[TOUT21 
TOUTn[n=1,2] • _ 

83-0027228 

TCU Timing, TCLK Source 

tTKR tTKF 

TCLK 

TCTL2 

________ ~~_g_~O_T2_] __ : ~----f'·mo 
TOUTn [n=1,2] ~. __ 

83-001823E 
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Functional Description 

Refer to the pPD7020S block diagram for an overview 
I of the ten major functional blocks listed below. 

• Central processing unit (CPU) 
• Clock generator (CG) 
• Bus interface unit (BIU) 
• Bus arbitration unit (BAU) 
• Refresh control unit (RCU) 
• Wait control unit (WCU) 
• Timer/counter unit (TCU) 
• Serial control unit (SCU) 
• Interrupt control unit (ICU) 
• DMA control unit (DMAU) 

Figure 1. pPD70208 CPU Block Diagram 

Internal address/data bus (20) 

pPD70208 (V40) 

Central Processing Unit 

The pPD7020S CPU functions similarly to the CPU of 
the pPD7010S CMOS microprocessor. However, be
cause the pPD7020S has internal peripheral devices, 
its bus architecture has been modified to permit 
sharing the bus with internal peripherals. ThepPD7020S 
CPU is object code compatible with both the pPD7010S/ 
pPD70116 and the pPDSOS61pPDSOSS microprocessors. 

Figure 1 is the pPD7020S CPU block diagram. A listing 
of thepPD7020S instruction set is at the end of this data 
sheet. 

To BIU ~ __________________________ -J 

• 
NMI 
INT 
(from ICU) 

CLOCK 
(from CG) 

• BCU ------
LC 

EXU 

PC Effective Address 
AW Generator 

BW 

CW 

• • 

• • ~ ______________ -J 

• 
Subdata bus(16) Main data bus(16) 

83-0027338 
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Register Configuration 

Program Counter [PC]. The program counter is a 16-
bit binary counter that contains the program segment 
offset of the next instruction to be executed. The PC is 
incremented each time the microprogram fetches an 
instruction from the instruction queue. The contents of 
the PC are replaced whenever a branch, call, return, or 
break instruction is executed and during interrupt 
processing. At this time, the contents of the PC are the 
same as the prefetch pointer (PFP). 

Prefetch Pointer [PFP]. The prefetch pOinter is a 
16-bit binary counter that contains the program seg
ment offset of the next instruction to be fetched for the 
instruction queue. Because instruction queue prefetch 
is independent of instruction execution, the contents 
of the PFP and PC are not always identical. The PFP is 
updated each time the bus interface unit (BIU) fetches 
an instruction for the instruction queue. The contents 
ofthe PFP are replaced whenever a branch, call, return 
or break instruction is executed and during interrupt 
processing. At this time, the contents of the PFP and 
PC are the same. 

Segment Registers [PS, SS, OSo, OS1]' ThepPD70208 
memory address space is divided into 64K-byte logical 
segments. A memory address is determined by the sum 
of a 20-bit base address (obtained from a segment 
register) and a 16-bit offset known as the effective 
address (EA). I/O address space is not segmented and 
no segment register is used. Thefoursegment registers 
are program segment (PS), stack segment (SS), data 
segment 0 (DSo), and data segment 1 (DS1). The 
following table lists their offsets and overrides. 

Default 
Segment Register Offset Override 

PS PFP register Invalid 

SS SP register Invalid 

SS Effective address (BP-based) 

DSo Effective address (non BP-based) PS, SS, DS1 

DSo IX register (1) PS,SS, DS1 

IV register (2) Invalid 

Note: 

(1) Includes source block transfer, output, BCD string, and bit field 
extraction. 

(2) Includes destination block transfer, input, BCD string, and bit 
field insertion. 
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General-Purpose Registers. The pPD70208 CPU con
tains four 16-bit general-purpose registers (AW, BW, 
CW, DW), each of which can be used as a pair of 8-bit 
registers by dividing into upper and lower bytes (AH, 
Al, BH, Bl, CH, Cl, DH, Dl). General-:-purpose 
registers may also be specified impliCitly in an in
struction. The implicit assignments are: 

AW Word multiplication/division, word I/O, 
data conversion 

Al Byte multiplication/division, byte I/O, BCD 
rotation, data conversion, translation 

AH Byte multiplication/division 

BW Translation 

CW loop control, repeat prefix 

Cl Shift/rotate bit counts, BCD operations 

DW Word multiplication/division, indirect 
I/O addressing 

Pointer [SP, BP] and Index Registers [IX, IV]. These 
registers serve as base pointers or index registers 
when accessing memory using one of the base, 
indexed, or base indexed addressing modes. Pointer 
and index registers can also be used as operands for 
word data transfer, arithmetic, and logical instructions. 
These registers are implicitly selected by certain 
instructions as follows. 

SP Stack operations, interrupts 

IX Source block transfer, BCD string 
operations, bit field extraction 

IY Destination block transfer, BCD string 
operations, bit field ihsertion 

Program Status Word [PSW] 

The program status word consists of six status flag 
and four control flags. 

Status. Flags Control Flags 

• V (Overflow) • MD (Mode) 
• S (Sign) • DIR (Direction) 
• Z (Zero) • IE (Interrupt Enable) 
• AC (Auxiliary Carry) • BRK (Break) 
• P (Parity) 
• CY (Carry) 
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When pushed onto the stack, the word image of the 
PSW is as follows: 

15 8 

MD v DIR IE I BRK I 
7 o 

S z o AC o P CY 

The status flags are set and cleared automatically 
I depending upon the result of the previous instruction 

execution. Instructions are provided to set, clear, and 
complement certain status and control flags. Other 
flags can be manipulated by using the POP PSW 
instruction. 

Between execution of the BRKEM and RETEM in
structions, the native mode RETI and POP PSW 
instructions can modify the MD bit. Care must be 
exercised by emulation mode programs to prevent 
inadvertent alteration of this bit. 

CPU Architectural Features 

I The major architectural features of thellPD70208 CPU 
are: 

I 

I I_ Dual data buses 
- Effective address generator 
- Loop counter 
- PC and PFP 

I 
iDual Data Buses. To increase performance, dual data 
buses (figure 2) have been employed in the CPU to 
fetch operands in parallel and avoid the bottleneck of a 
single bus. For two-operand instructions and effective 
address calculations, the dual data bus approach is 30 
percent faster than single-bus systems. 

Effective Address Generator. Effective address (EA) 
~alculation requires only two clocks regardless of the 
laddressing mode complexity due to the hardware 
I~ffective add ress generator (fig u re 3). When com pared 
II/\Iith microprogrammed methods, the hardware ap
~roach saves between 3 and 10 clock cycles during 
~ffective address calculation. 

pPD70208(V40) 

Figure 2. Dual Data Buses 

Subdata bus Main data bus 
83-0038286 

Figure 3. Effective Address Generator 

Effective Address 
83-002737A 

Loop Counter and Shifters. A dedicated loop counter is 
used to count the iterations of block transfer and 
multiple shift instructions. This logic offers a significant 
performance advantage over architectures that control 
block transfers and multiple shifts using microprogram
ming. Dedicated shift registers also speed up the 
execution of the multiply and divide instructions. 
Compared with microprogrammed methods, multiply 
and divide instructions execute approximately four 
times faster. 
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Program Counter and Prefetch Pointer. The functions 
of instruction execution and queue prefetch are de
coupled in thepPD70208. By avoiding a single-instruc
tion pointer and providing separate PC and PFP 
registers, the execution time of control transfers and 
the interrupt response latency can be minimized. 
Several clocks are saved by avoiding the need to 
readjust an instruction pointer to account for prefetch
ing before computing the new destination address. 

Enhanced Instruction Set 

In addition to the J,lPD8086/88 instruction set, the 
J,lPD70208 has added the following enhanced instruc
tions. 

Instruction 

PUSH imm 
PUSH R 
POP R 

MUL imm 

SHL immB 
SHR immB 
SHRA immB 
ROL immB 
ROR immB 
ROLC immB 
RORC immB 

CHKIND 
INM 
OUTM 

PREPARE 
DISPOSE 

Function 

Push immediate data onto stack 
Push all general registers onto stack 
Pop all general registers from stack 

Multiply register/memory by immediate data 

Shift/rotate by immediate count 

Check array index 
Input multiple 
Output multiple 

Prepare new stack frame 
Dispose current stack frame 

Unique Instruction Set 

In addition to the pPD70208 enhanced instruction set, 
the following unique instructions are supported. 

Instruction Function 

INS Insert bit field 
EXT Extract bit field 
ADD4S BCD string addition 

SUB4S BCD string subtraction 
CMP4S BCD string comparison 
ROL4 Rotate BCD digit left 

ROR4 Rotate BCD digit right 
TEST1 Test bit 
SET1 Set bit 

CLR1 Clear bit 
NOT1 Complement bit 
REPC Repeat while carry set 

REPNC Repeat while carry cleared 
FP02 Floating point operation 2 
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Bit Fields. Bit fields are data structures that range in 
length from 1 to 16 bits. Two separate operations on bit 
fields, insertion and extraction, with no restrictions on 
the position of the bit field in memory are supported. 
Separate segment, byte offset, and bit offset registers 
are used for bit field insertion and extraction. Because 
of their power and flexibility, these instructions are 
highly effective for graphics, high-level languages, and 
data packing/unpacking applications. 

Insert bit field (INS) copies the bit field of specified 
length (0 = 1 bit, 15 = 16 bits) from the AW register to 
the bit field addressed by DS1 :IY:reg8 (figure 4). The 
bit field length can be located in any byte register or 
supplied as an immediate value. The value in reg8 is a 
bit field offset. A content of 0 selects bit 0 and 15 selects 
bit 15 of the word DSO: IX poi nts to. Followi ng execution, 
the IY and bit offset register are updated to point to the 
start of the next bit field. 

Bit field extraction (EXT) copies the bit field of specified 
length (0 = 1 bit, 15 = 16 bits) from the bit field 
addressed by DSO:IX:reg8 to the AW register (figure 5). 
If the bit field is less than 16 bits, it is right justified with 
a zero fill. The bit field length can be located in any byte 
register or supplied as immediate data. The value in 
reg8 is a bit field offset. A content of 0 selects bit 0 and 
15 selects bit 15 of the word DSO:IX points to. Following 
execution, the IX and bit offset register are updated to 
point to the start of the next bit field. 

Packed BCD Strings. These instructions are provided 
to efficiently manipulate packed BCD data as string~ 
(length from 1 to 254 digits) or as a byte data type with a 
single instruction. 

BCD string arithmetic is supported by the ADD4S; 
SUB4S, and CMP4S instructions. These instruction~ 
allow the source string (addressed by DSO:IX) and th~ 
destination string (addressed by DS1:IY) to be manip' 
ulated with a single instruction. When the number 0: 
BCD digits is even, the Z and CY flags are set accordinQ I, 

to the result of the operation. If the number of digits is 
odd, the Z flag will not be correctly set unless the uppe; ,I 

4 bits of the result are zero. The CY flag will not bE 
correctly set unless there is a carry out of the upper ~, 
bits of the result. 

The two BCD rotate instructions (ROR4, ROL4) perforn 
rotation of a single BCD digit in the lower half of the AI 
register through the register or memory operand. 

Bit Manipulation. Four bit manipulation instruction 
have been added to the pPD70208 instruction set. Th 
ability to test, set, clear, or complement a single bit in 
register or memory operand increases code readabilit 
as well as performance over the logical operation 
traditionally used to manipulate bit 'data. 
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Figure 4. Bit Field Insertion 

Bit length 

15 o 

AW 

Figure 5. Bit Field Extraction 

Bit length 

=tepeat Prefixes. Two repeat prefixes (REPC, REPNC) 
illow conditional block transfer instructions to use the 
.tate of the CY flag as a terminating condition. The use 
)f these prefixes allows inequalities to be used when 
vorking on ordered data, increasing the performance 
)f searching and sorting algorithms. 

=Ioating Point Operation Instructions. Two floating 
)oint operation (FPO) instruction types are recognized 
)y the pPD70208 CPU. These instructions are detected 
.y the CPU, which performs any auxiliary processing 
uch as effective address calculation and the initial bus 
Iycle if specified by the instruction. It is the responsi
"ility of the external coprocessor to latch the address 
lformation and data (if a read cycle) from the bus and 
omplete the execution of the instruction. 

Bit offset 

Byte boundary 

Bit offset 

Byte boundary 
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Memory 

Segment base (OSl) 

83-0001068 

Segment base (050) 

83-0001078 

8080 Emulation Mode. The pPD70208 CPU can operate 
in either of two modes; see figure 6. Native mode allows 
the execution ofthepPD8086/88, enhanced and unique 
instructions. The other operating mode is 8080 emu
lation mode, which allows the entire pPD8080AF 
instruction set to be executed. A mode (MD) flag is 
provided to distinguish between the two operating 
modes. Native mode is active when MD is 1 and 8080 
emulation mode is active when MD is o. 
Two instructions are provided to switch from native to 
8080 emulation mode and return back. Break for 
emulation (BRKEM) operates similarly to a BRK 
instruction, except that after the PSW has been pushed 
on the native mode stack, the MD flag is cleared. 
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During 8080 emulation mode, the registers and flags of 
the 8080 are mapped onto the native mode registers 
and flags as shown below. Note that PS, 55, DSo, DS1, 
IX, IV, AH, and the upper half of the PSW registers are 
inaccessible to 8080 programs. 

pPD8080AF pPD70208 

Registers A AL 
B CH 
C CL 
0 DH 
E DL 
H BH 
L BL 

SP BP 
PC PC 

Flags C CY 
Z Z 
S S 
P P 

AC AC 

Figure 6. pPD 70208 Modes 
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During 8080 emulation mode, the BP register functions 
as the 8080 stack pointer. The use of separate stack 
pointers prevents inadvertent damage to the native 
stack pointer by emulation mode programs. 

The 8080 emulation mode PC is combined with the PS 
register to form the 20-bit physical address. All emu
lation mode data references use DSO as the segment 
register. For compatibility with older 8080 software 
these registers must be equal. By using different 
segment register contents, separate 64K-byte code 
and data spaces are possible. 

Either an NMI or maskable interrupt will cause the 8080 
emulation mode to be suspended. The CPU pushes the 
PS, PC, and PSW registers on the native mode stack, 
sets the MD bit (indicating native mode), and enters the 
specified interrupt handler. When the return from 
interrupt (RETI) instruction is executed, the PS, PC, 
and PSW (containing MD=O) are popped from the 
native stack and execution in 8080 emulation mode 
continues. Reset will also force a return to native mode. 

83-003830E 
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The 8080 emulation mode programs also have the 
capability to invoke native mode interrupt handlers by 
means of the call native (CALLN) instruction. This 
instruction oper(3,tes the same as the BRK instruction 
except that the saved PSW indicates 8080 emulation 
mode. 

To exit 8080emulation mode, the return from emulation 
(RETEM) instruction pops the PS, PC, and PSW from 
the native mode stack and execution continues with 
the instruction following the BRKEM instruction. Nest
ing of 8080 emulation modes is prohibited. 

Interrupt Operation 

TheJ.lPD70208 supports a number of external interrupts 
and software exceptions. External interrupts are events 
asynchronous to program execution. On the other 
hand, exceptions always occur as a result of program 
execution. 

The two types of external interrupts are: 

• Nonmaskable interrupt (NMI) 
• Maskable interrupt (INT) 

The six software exceptions are: 

• Divide error (DIV, DIVU instructions) 
t Array bound error (CHKIND instruction) 
t Break on overflow (BRKV instruction) 
• Break (BRK, BRK3 instructions) 
• Single step (BRK bitin PSW set) 
I Mode switch (BRKEM, CALLN instructions) 

nterrupt vectors are determined automatically for 
!xceptions and the NMI interrupt or supplied by 
lardware for maskable interrupts. The 256 interrupt 
ectors are stored in a table (figure 7) located at 
.ddress OOOOOH. Vectors 0 to 5 are predetermined and 
ectors 6 to 31 are reserved. Interrupt vectors 32 to 255 
re available for use by application software. 

:ach vector is made up of two words. The word located 
t the lower address contains the new PC for the 
lterrupt handler. The word at thenext-higher address 
i the new PS value for the interrupt handler. These 
lust be initialized by software at the start of a program. 

ltandby Mode 

he J.lPD70208 CPU has a low-power standby mode, 
ihiCh can dramatically reduce power consumption 
uring idle periods. Standby mode is entered by simply 
<ecuting a native or 8080 emulation HALT instruction; 
? external hardware is required. All other peripherals 
Jch as the timer/counter unit, refresh control unit, 
ld DMA control unit continue to operate as pro
·ammed. 

pPD70208 (V40) 

During standby mode, the clock is distributed only to 
the circuits required to release the standby mode. 
When a RESET, NMI, or INT event is detected, the 
standby mode is released. Both NMI and unmaskable 
interrupts are processed before control returns to the 
instruction following the HALT. In the case of the INT 
input being masked, execution will begin with the 
instruction immediately following the HALT instruction 
without an intervening interrupt acknowledge bus 
cycle. When maskable interrupts are again enabled, the 
interrupt will be serviced. 

Output signal states in the standby mode are listed 
below. 

Output Signal 

INTAK, BUFEN, 
MRD, MWR, IOWR, 
lORD 

BUS LOCK 

BUFR/W, 
A19-A161 PS3-PSO, 
A15-Ag, ADrADo 

Note: 

Status in Standby Mode 

High level 

High level 

Low level 

High level (low level if the 
HALT instruction follows the 
BUSLOCK prefix) 

High or low level 

(1) Output pin states during refresh and DMA bus cycles will be as 
defined for those operations. 

(2) Halt status is presented prior to entering the passive state. 

Figure 7. Interrupt Vector Table 

OOOH 

Vector 0 Divide Error 

004H 
Vector 1 Break Flag 

008H 

Vector 2 NMllnput 

OOCH Dedicated 

Vector3 BRK 3 Instruction 

010H 

Vector 4 BRKV Instruction 

014H 

Vector 5 CHKIND Instruction 

Vector 6 

Vector31 

018H 

}"-~, 07CH 

Vector 32 

Vector 255 
} 

General Use 

• BRK imm8 Instruction 
• BRKEM Instruction 
• INT Input [External] 
• CALLN Instruction 

080H 

3FCH 

83·000111A 

3-123 



pPD70208(V40) 

Clock Generator 

The clockgenerator (CG) generates a clock signal half 
the frequency of a parallel-Jesonant, fundamental 
mode crystal connected to pins X1 and X2. Figure 8 
shows the recommended circuit configuration. Capac
itors C1 and C2 are required for frequency stability. 
Their values can be calculated from the load capaci
tance (CL) specified by the crystal manufacturer. 

C1 = C2 = 2 (CL - CS) 

CS is any stray capacitance in parallel with the crystal, 
such as the pPD70208 input capacitance. 

External clock sources (figure 9) are also accom
modated by applying the external clock to the X1 pin 
and its complement to theX2 pin. The CG distributes 
the clock to the CLKOUT pin and to each functional 
block of thepPD70208. The generated clock signal has 
a 50-percent duty cycle. 

Figure 8. Crystal Configuration 

X1 

X2 

o C1 = C2 = 15 to 30 pF 

OSC I 
I 
I • 

OSC 
Oscillator 
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Bus Interface Unit 

The bus interface unit (BIU) controls the external 
address, data, and control buses for the three internal 
bus masters: CPU, DMA control unit (DMAU), and 
refresh control unit (RCU). The BIU is also responsible 
for synchronization of the RESET and READY inputs 
with the clock. The synchronized reset signal is used 
internally by the pPD70208 and provided externally at 
the RESOUT pin as a system-wide reset. The synch
ronized READY signal is combined with the output of 
the wait control unit (WCU) and is distributed internally 
to the CPU, DMAU, and RCU. Figure 10 shows the 
synchronization of RESET and READY. 

Frequency Divider 
[+ 2) 

CLOCK (to internal circuit) 

CLKOUT 

CLOCK J~----\,-___ ...I/ \'---(CLKOUT) 

Figure 9. External Oscll/ator Configuration 
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External 
Clock 

83-002740A 

Figure 10. RESET/READY Synchronization 

CLOCK 

83-0018228 

RESOU~ II 

To internal ,I 
circuit I 

To internal 
circuit 

83-002728 
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Bus Arbitration Unit 

The bus arbitration unit (BAU) arbitrates the local bus 
between the internal CPU, DMAU, and RCU bus 
requesters and an external bus master. The BAU bus 
priorities from the highest priority requester to the 
l'bwest are: 

RCU (Demand mode) 
DMAU 
HLDRQ 
CPU 
RCU (Normal mode) 

Note that RCU requests the bus at either the highest or 
lowest priority depending on the status of the refresh 
request queue. Bus masters other than the CPU are 
prohibited from using the bus when the CPU is 
executing an instruction containing a BUSLOCK prefix. 
Therefore, caution should be exercised when using the 
BUSLOCK prefix with instructions having a long 
execution time. 

If a bus master with higher priority than the current bus 
master requests the bus, the BAU inactivates the 
current bus master's acknowledge signal. When the 
BAU sees the bus request from the current master go 
linactive, the BAU gives control of the bus to the higher 
priority bus master. The BAU performs bus switching 
between internal bus masters without the introduction 
of idle bus cycles, enhancing system throughput. 

System 1/0 Area 

The I/O address space from addresses FFOOH to 
FFFFH is reserved for use as the system 1/0 area. 
_ocated in this area are the 12pPD70208 registers that 

Figure 11. OpeN Register Format 

4 2 1 

I - I - I - I - I IRSW I PF OPCN 

L P;' ',"olio. 
00 

01 

10 

11 
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determine the 1/0 addressing, enable/disable periph
erals, and control pin multiplexing. 

lID Address Register Operation 

FFFFH Reserved 
FFFEH OPCN Read/Write 
FFFDH OPSEl Read/Write 

FFFCH OPHA Read/Write 
FFFBH DUlA Read/Write 
FFFAH IUlA Read/Write 

FFF9H TUlAl Read/Write 
FFF8H SUlA Read/Write 
FFF7H Reserved 

FFF6H WCY2 Read/Write 
FFF5H WCY1 Read/Write 
FFF4H WMB Read/Write 

FFF3H Reserved 
FFF2H RFC Read/Write 
FFF1H Reserved 

FFFOH TCKS Read/Write 

On-Chip Peripheral Connection Register 

The on-chip peripheral connection (OPCN) register 
controls multiplexing of the pPD70208 multiplexed 
pins. Figure 11 shows the format of the OPCN register. 
The interrupt request switch (IRSW) field controls 
multiplexing of ICU interrupt inputs INT1 and INT2. 
The output of an internal peripheral or an external 
interrupt source can be selected as the INT1 and INT2 
inputs to the ICU. 

The pin function .(PF) field in the OpeN selects one of 
four possible states for the DMARQ3/RxD, DMAAK31 
TxD, and INTAK/SRDY/TOUT1 pins. Bit 0 of the 

DMARQ3/RxD DMAAK3/TxD· INTAK/SRDY/TOUT1 

DMARQ3 DMAAK3 INTAK 

DMARQ3 DMAAK3 TOUT1 

RxD TxD INTAK 

RxD TxD SRDY 

Interrupt Request Switch INT1 INT2 

00 INTP1 Pin INTP2 Pin 

01 SCU INTP2 Pin 

10 INTP1 Pin TOUT2 

11 SCU TOUT2 

83-001827B 
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OPCN controls the function of the INTAK/SRDY/ 
TOUT1 pin. If cleared, INTAK will appear on this 
output pin. If bit 0 is set, either TOUT1 or SRDY will 
appear at the output depending on the state of bit 1. If 
bit 1 is cleared, DMA channel 3 I/O signals will appear 
on the DMARQ3/RxD and DMAAK3/TxD pins. If the 
SCU is to be used, bit 1 of the PF field must be set. 

On-Chip Peripheral Selection Register 

The on-chip peripheral selection (OPSEL) register is 
used to enable or disable the J,lPD70208 internal periph
erals. Figure 12 shows the format of the OPSEL 
register. Any of the four (DMAU, TCU, ICU, SCU) 
peripherals can be independently enabled or disabled 
by setting or clearing the appropriate OPSEL bit. 

Figure 12. OPSEL Register Format 

5 4 3 2 o 
I - I - I - I - I ss I TS I IS I OS I OPSEL 

~J 
r--

r--

Peripheral 
Selected Operation 

~ DMAU 

~ ICU 0= Disabled 
TCU 1 = Enabled 

SCU 
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Figure 13. J,lPD70208 Peripheral Relocation 

FFFFH 
64 K byte 1/0 space 

Reserved 
System 1/0 Area 

FFOOH 1--------1 

~EC 

Internal Peripheral Relocation Registers 

The five internal peripheral relocation registers (figure 
13) are used tofixthe I/O addresses of the DMAU, ICU, 
TCU, and SCU. The on-chip peripheral high-address 
(OPHA) register is common to all four internal periph
erals and fixes the high-order byte of the 16-bit I/O 
address. The individual DMAU low-address. (DULA) 
register, ICU low-address (IULA) register, TCU low
address (TULA) register, and the SCU low-address 
(SULA) register select the low-order byte of the I/O 
addresses for the DMAU, ICU, TCU, and SCU periph
erals. 

The contents of the OPHA register are: 

7 OPHA o 
As 

The formats for the individual internal peripheral re
gisters appear below. Since address checking is not 
performed, do not overlap two peripheral I/O address 
spaces. 

/ 
/ 

7 

A7 

7 

A7 

7 

A7 

7 

A7 

A6 As 

A6 As 

A6 A5 

A6 A5 

256 byte area 

DULA 0 

A4 

IULA 0 

A4 A3 A2 

TULA 0 

A4 A3 A2 

SULA 0 

A4 A3 A2 

OPHA'256~1 
O100H r=====l "\~:::::::::::':'I4-DULA 
OOOOH~ 

83-0027278 
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Timer Clock Selection Register 

The timer clock selection (TCKS) register selects the 
clock source for each of the timer/counters as well as 
the divisor for the internal clock prescaler. Figure 14 
shows the format of the TCKS register. The clock 

Figure 14. Timer Clock Selection Register 

I - I - I - I CS2 I cS11 cso J PS 

I 

Refresh Control Unit 

The refresh control unit (RCU) refreshes external 
dynamic RAM devices by outputting a 9-bit row address 
on address lines As-Ao and performing a memory read 
bus cycle. External logic can distinguish a refresh bus 
cycle by monitoring the refresh request (REFRQ) pin. 
Following each refresh bus cycle, the refresh row 
counter is incremented. 

The refresh control (RFC) register in the system I/O 
area contains two fields. The refresh enable field 
enables or disables the refreshing function. The refresh 
timer (RTM) field selects a refresh interval to match the 
dynamic memory refresh requirements. Figure 15 
shows the format for the RFC register. 

To minimize the impact of refresh on the system bus 
bandwidth, the pPD70208 utilizes a refresh request 
queue to store refresh requests and perform refresh 
bus cycles in otherwise idle bus cycles. 

ifhe RCU normally requests the bus as the lowest
::>riority bus requester (normal mode). However, if 
:leven refresh requests are allowed to accumulate in 
:he RCU refresh request queue, the RCU will changeto 
:he highest-priority bus requester (demand mode). 
rhe RCU will then perform back-to-back refresh cycles 
mtil three requests remain in the queue. This guar
mtees the integrity of the DRAM system while maximiz
ng performance. 

I 
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source for each timer/counter is independently select
ed from either the prescaled CLKOUT signal or from an 
external clock source (TCLK). The internal clock is 
derived from the CLKOUTsignal and can be divided by 
2, 4, 8, or 16 before being presented to the clock select 
logic. 

TCKS 

Prescale Select 
Internal Clock 
Prescaled by: 

00 2 

01 4 

10 8 

11 16 

Clock Selection Clock 
for TCTn Input 

0 Internal Clock 

1 TCLK Pin 

83-0018198 

The refresh count interval can be calculated as follows: 

Refresh interval = 8 x N x tCYK 

where N is the timer factor selected by the RTM 
field. 

When the pPD70208 is reset, the RE field in the RFC 
register is unaffected and the RTM field is set to 01000 
(N = 9). No refresh bus cycles occur while RESET is 
asserted. 

Figure 15. Refresh Control Register 

5 4 3 2 0 

LRE1-l-l RTM JRFC 

L Refresh Timer N (Timer Factor) 

00000 17 
00001 18 
00010 19 
00011 20 

r-----f-----
00100 5 
00101 6 

11110 31 
11111 32 

-rRefresh Enable Function I 
0 Disables Refresh I 
1 Enables Refresh I 

83-001814A 
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Wait Control Unit 

The wait control unit (WCU) inserts from zero to three 
wait states into a bus cycle in. order to com pensate for 
the varying access times of memory and I/O devices. 
The number of wait states for CPU, DMAU, and RCU 
bus cycles is separately programmable. In addition, 
the memory address space is divided into three in
dependent partitions to accommodate a wide range of 
system designs. RESET initializes the WCU to insert 
three wait states in all bus cycles. This allows operation 
with slow memory and peripheral devices before the 
initialization of the WCU registers. 

The three system I/O area registers that control the 
WCU are wait cycle 1 (WCY1 ),wait cycle 2 (WCY2), 
and wait state memory boundary (WMB). The WCU 
always inserts wait states corresponding to the wait 
count programmed in WCY1 or WCY2 registers into a 
bus cycle, regardless of the state of the external 
READY input. After the programmed number of wait 
states occurs, the WCU will insert Tw states as long as 

Figure 16. Walt State Memory Boundary Register 

7 6 5 4 3 2 

I-I LMB I-I UMB WMB 

the READY pin remains inactive. When READY is again 
asserted, the bus cycle continues with T4 as the next 
cycle. ThepPD70208 internal peripherals never require 
wait states; four clock cycles will terminate an internal 
peripheral bus cycle. . 

CPU Wait States 

The WM B register divides the 1 M-byte memory address 
space into three independentpartitions: lower, middle, 
and upper. Figure 16 shows the WMB register format. 

Initialization software can then set the number of wait 
states for each memory partition and the I/O partition 
via the WCY1 register (figure 17). 

DMA and Refresh Wait States 

The WCY2 register (figure 18) specifies the number of 
wait states to be automatically inserted in DMA and 
refresh bus cycles. 

[ 
Lower Memory Block Size1 

Memory Block Size (KB) 
Upper Memory Block Size 

000 

001 
010 

011 

100 

101 

110 . 

111 

FFFFFH } 
.....,.._H_ig_he_r_M_e_m_Of_y_B_IOC_k----j Specified by the UMB Field 

Middle Memory Block 

... 
_Lo_w_er_M_e_m_Or_y_B_IO_Ck_ ... } Specified by the LMB Field 

OOOOOH 
NOTE: 1. By default, the address space remaining between 

the UBM and LBM is the middle memory block. 

32 

64 
96 

128 

192 

256 

384 

512 

Ii 
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Figure 17. Wait Cycle 1 Register 

76543210 

lOW UMW IMMWI lMW I WCY1 

--.J 

,--l ~ Lowe< M.~" 8k,,' W ... Stal .. 
Middle Memory Block Walt States Number 01 
Upper Memory Block Wait States Wait States 
1/0 Wait States 

00 0 

01 1 

10 2 

11 3 
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Timer/Counter Unit 

The timer/counter unit (TCU) provides a set of three 
independent 16-bit timer/counters. The output signal 
oftimer/counterO is hardwired internally as an interrupt 
source. The output of timer/counter 1 is available 
internally as an interrupt source, used as a baud rate 
generator, or used as an external output. The timer/ 
counter 2 output is available as an external output. Due 
to mode restrictions, the TCU is a subset of the 

Figure 19. TCU Block Diagram 

TClK(EXT) CLOCK 

TCTO ClK 
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Figure 18. Walt Cycle 2 Register 

4 

I - I - I - I - I DMAW I RFW IWCY2 

~of"'h w., Stato, Number 01 
---+ DMA Wait States Wait States 

00 0 

01 1 

10 2 

11 3 
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pPD71054 Programmable Timer/Counter. Figure 19 ~ 
shows the internal block diagram of the TCU. ~ 
The TCU has the following features: 

• Three 16-bit timer/counters 
• Six programmable count modes 
• Binary/BCD counting 
• Multiple latch command 
• Choice of two clock sources 

TCTlO=Hlgh TCTL1=Hlgh TCTl2 (EXT) 

lOUTO (to ICU) TOUT1 (EXT) TOUT2 (EXT) 

r--------------------. 
ReadlWrlte Control 

Circuit 

TMD 
(Mode 

Register) 

I 
I 

Tcn TCT2 

83-001834B 
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Because RESET leaves the TCU in an uninitialized 
state, each timer/counter must be initialized by 
specifying an operating mode and a count. Once 
programmed, a timer/counter will continue to operate 
in that mode until another mode is selected. When the 
count has been written to the counter and transferred 
to the down counter, a new count operation starts. 
Both the current countand the counter status can be 
read while count operations are in progress. 

TCU Commands 

The TCU is programmed by issuing I/O instructions to 
the I/O port addresses programmed in the OPHA and 
TULA registers. The individual TCU registers are 
selected by address bits A1 and Ao as follows. 

AI AD Register Operation 

0 0 TCTO Read/Write 
TSTO· Read 

0 TCT1 Read/Write 
TST1 Read 

0 TCT2 Read/Write 
TST2 Read 

TMD Write 

The timer mode (TMD) register selects the operating 
mode for each timer/counter and issues the latch 
command for one or more timer/counters. Figure 20 
shows the format for the TMD register. 

Writes to the timer/counter 2-0 (TCT2-TCTO) registers 
stores the new count in the appropriate timer/counter. 
The count latch command is used before reading 
count data in order to latch the current count and 
prevent inaccuracies. 

The timer status 2-0 (TST2-TSTO) registers contain 
status information for the specified counter (figu re 21). 
The latch command is used to latch the appropriate 
counter status before reading status information. If 
both status and counter data are latched for a counter, 
the first read operation returns the status data and 
subsequent read operations obtain the count data. 

Count Modes 

There are six programmable timer/counter modes. The 
timing waveforms for these modes are in figure 22. 

Mode 0 [Interrupt on End of Count]. In this mode, 
TOUT changes from the low to high level when the 
specified count is reached. This mode is available on 
all timer/counters. 

3-130 
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Mode 1 [Retriggerable One-Shot]. In mode 1, a low
level one-shot pulse, triggered by TCTL2 is output 
from the TOUT2 pin. This mode is available only on 
timer/counter 2. 

Mode 2 [Rate Generator]. In mode 2, TOUT cyclically 
goes low for one clock period when the counter 
reaches the 0001 H; count.· A counter in this mode 
operates as a frequency divider. All timer/counters can 
operate using mode 2. 

Mode 3 [Square-Wave Generator]. Mode3 isa frequency 
divider similar to mode 2, but the output has a sym
metrical duty cycle. This mode is available on all three 
timer/counters. For counts of N = 2, use mode 2. 

Mode 4 [Software-Triggered Strobe]. In mode 4, when 
the specified count is reached, TOUT goes low for the 
duration of one clock pulse. Mode 4 is available on all 
timer/counters. 

ModeS [Hardware-Triggered Strobe]. ModeS is similar 
to mode 4 except that operation is triggered by the 
TCTL2 input and can be retriggered. This mode is 
available only on timer/counter 2. 

Serial Control Unit 
The serial control unit (SCU) is a single asynchronous 
serial channel that performs serial communication 
between the pPD70208 and an external serial device. 
The SCU is similar to thepPD710S1 Serial Control Unit 
except for the lack of synchronous communication 
protocols. Figure 23 is the block diagram of the 
SCU. 

The SCU has the following features. 

• Full-duplex asynchronous serial controller 
• Clock rate divisor (x16, x64) 
• Baud rates to 38.4 kb/s supported 
• 7-, 8-bit character lengths 
• 1-, 2-bit stop bit lengths 
• Break transmission and detection 
• Full-duplex, double-buffered transmitter/receiver 
• Even, odd, or no parity 
• Parity, overrun, and framing error detection 
• Receiver full and transmitter empty interrupts 

The SCU contains four separately addressable registers 
for reading/writing data, reading status, and control
ling operation of the SCU. The serial receive buffer 
(SRB) and the serial transmit buffer (STB) store the 
incoming and outgoing character data. The serial 
status (SST) register allows software to determine the 
current state of both the transmitter and receiver. The 
serial command (SCM) and serial mode (SMD) registers 
determine the operating mode of the SCU while the 
serial interrupt mask (SIMK) register allows software 
control of the SCU receive and transmit interrupts. 



~EC pPD70208 (V40) 

Figure 20. Timer Mode Register 

4 

TMD 1 sc 1 RWM 1 CMODE 1 BD 1 TMD 1 sc 01 0 101 0 1 0 101 

~ 
I 

~ Binary or BCD Count ~ SC Counter to be Latched 

1 0 Binary 1 00 TCTO 

1 1 BCD 1 01 TCT1 

10 TCT2 L-_ Count Mode Mode 

000 0 

001 1 
x10 2 
x11 3 
100 4 
101 5 

- Read/Write Operation 
Mode 

00 Counter Latch Command 

01 Lower Byte Only 

10 Higher Byte Only 

11 Lower Byte Followed by 
Higher Byte 

Select Counter Operation 

00 TCTO 

01 TCT1 

10 TCT2 

11 Multiple Latch Command 

Note: x = Don't care 
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Figure 21. TCU Status Register 

4 2 o 
TSTn I OL I NC I RWM 1 CMODE I BD I 

J '.dl~", Ih. ,"OM' mod. ""'g. I -I The meaning of each field is the same 
as that of the TMD register. 

Null Count I Count Data I 
L 0 1 Valid I 
I 1 I Invalid 1 

Output Level I Level 1 

I 0 I Low I 
L 1 1 High 1 

83-001821B 

3-131 



pPD70208 (V40) NEe 
Figure 22. TCU Waveforms (Sheet 1 of 3) 
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Figure 22. TCU Waveforms (Sheet 2 of 3) 
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LJ 
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Figure 22. TCU Waveforms (Sheet 3 of 3) 
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Figure 23. SCU Block Diagram 
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Receiver Operation 

While the RxD pin is high, the SCU is in an idle state. A 
transition on RxD from high to low indicates the start of 
a new serial data reception. When a complete character 
has been received, it is transferred to the SRB; the 
receive buffer ready (RBRDY) bit in the SST register is 
set and (if unmasked) an interrupt is generated. The 
SST also latches any parity, overrun, or framing errors 
at this time. 

The receiver detects a break condition when a null 
::haracter with zero parity is received. The BRK bit is 
:)et for as long as the subsequent receive data is low 
3.nd resets when RxD returns to a high level. The MRDY 
Jit (SCM) and RBRDY (SST) are gated to form the 
)utput SRDY. SRDY prevents overruns from occurring 
'Nhen the program is unable to process the input data. 
30ftware can control MRDY to prevent data from being 
)ent from the remote transmitter while RBRDY can 
)revent the immediate overrun of a received character. 

rransmitter Operation 

-xD is kept high while the STB register is empty. When 
he transmitter is enabled and a character is written to 
he STB register, the data is converted to serial format 
'ind output on the TxD pin. The start bit indicates the 
tart of the transmission and is followed by the character 

~ 
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Control 
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R TCLK (from TCU) 

Receiver (Including 
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R xD 

T: xD 

/ 
Transmitter 

(Including Transmit 
Buffer) 

Interrupt 
Generation logic 

SINT (To ICU) 
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stream (LSB to MSB) and an optional parity bit. One or 
two stop bits are then appended, depending on the 
programmed mode. When the character has been 
transferred from the STB, the TRBDY bit in the SST is 
set and if unmasked, a transmit buffer empty interrupt 
is generated. 

Serial data can be transmitted and received by polling 
the SST register and checking the TBRDY or RBRDY 
flags. Data can also be transmitted and received by 
SCU-generated interrupts to the interrupt control unit. 
The SCU generates an interrupt in either of these 
conditions: 

(1) The receiver is enabled, the SRB is full, and receive 
interrupts are unmasked. 

(2) The transmitter is enabled, the STB is empty, and 
transmit interrupts are unmasked. 

3-135 
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SCU Registers and Commands 

I/O instructions to the I/O addresses selected by the 
OPHA and SULA registers are used to read/write the 
SCU registers. Address bits A1 and Ao and the read/ 
write lines select one of the six internal registers as 
follows: 

Al Ao Register Operation 

0 0 SRB Read 
STB Write 

0 SST Read 
SCM Write 

0 SMD Write 

SIMK Read/Write 

The SRB and STB are 8-bit registers. When the 
character length is 7 bits, the lower 7 bits of the SRB 
register are valid and bit 7 is cleared to O. If programmed 
for 7-bit characters, bit 7 of the STB is ignored. 

Figure 24. SST Register 

6 4 
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The SST register (figure 24) contains the status of the 
transmit and receive data buffers and the error flags. 
Error flags are persistent. Once an error flag is set, it 
remai ns set u nti I a clear error flags com mand is issued. 

Figure 25 shows the SCM and SMD registers. The SCM 
register stores the command word that controls 
transmission, reception, error flag reset, break trans
mission, and the state of the SRDY pin. The SMD 
register stores the mode word that determines serial 
characteristics such as baud rate divisor, parity, char
acter length, and stop bit length. 

Initialization software should first program the SMD 
register followed by the SCM register. Unlike the 
pPD71051, the SMD register can be modified at any 
time without resetting the SCU. 

The SIMK register (figure 26) controls the occurrence 
of RBRDY and TBRDY interrupts. When an interrupt is 
masked, it is prevented from propagating to the inter
rupt control unit. 

SST L 1 'BKD' FE 'OVE r PE 1 1 'RBRDY' TBRDyl 

I r Transmit Buffer Ready I Operation I 
l 0 I STB Full I 
I 1 I STB Empty I 

I Receive Buffer Ready I Operation I 
-[ 0 I SRB Empty I , 1 I SRB Full I 

I Parity Error I Operation I 
1 0 I No Error I 
[ 1 I Error Occurred I 

I Overrun Error I Operation I 
-[ 0 I No Error I 
r 1 I Error Occurred I 

r Framing Error I Operation I 
"[ 0 I No Error I 
[ 1 , Error Occurred I , Break I Operation , 

-[ 0 I Normal Reception I 
r 1 I Break Detected I 
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Figure 25. SCM and SMD Registers 

SCM Register 

4 
SCM r - 1 - IMRDVI ECl ISBRKI RE I - I TE 1 

Transmitter Enabled Operation 
-I 0 Transmitter Disabled 

1 Transmitter Enabled 

1 Receiver Enabled Operation 

0 Receiver Disabled 

1 1 Receiver Enabled 

1 Send Bre.ak Operation 

0 Normal Operation Il 
1 TxD = 0 (Break) 

Error Clear Operation 

0 No Operation 

1 Error Flag Clear 

MRDY Mask Ready 

0 SRDY = 1 (Mask) 

1 Normal Operation of 
SRDY Output 

SM D Register 

4 2 

SMD I STl I PS I Cl T BF 

L Baud Rate Factor Operation 

0- Illegal 

10 RTClK Frequency + 16 

11 RTClK Frequency + 64 

Character length Operation 

0- Illegal 

10 7 Bit Characters 

11 8 Bit Characters 

Parity Select Operation 

-0 No Parity 

01 Odd Parity 

11 Even Parity 

Stop Bit Length Operation 

-0 Illegal 

01 1 Stop Bit 

11 2 Stop Bits 
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Figure 26. SIMK Register 

Interrupt Control Unit 
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The ICU has the following features. 

• Eight interrupt request inputs 
• Cascadable with pPD71059 Interrupt Controllers 
• Programmable edge- or level-triggered interrupts 

(TCU, edge-triggered interrupts only) 
• Individually maskable interrupt requests 
• Programmable interrupt request priority 
• Polling mode 

leu Registers 

Use I/O instructions to the I/O addresses selected by 
the OPHA and IULA registers to read from and write to 
the ICU registers. Address bit Ao and the command 
word selects an ICU internal register. 

The interrupt control unit (ICU) is a programmable 
interrupt controller equivalent to the pPD71059. The AO Other Condition Operation 

ICU arbitrates up to eight interrupt inputs, generates a Read 
CPU interrupt request, and outputs the interrupt vector 
number on the internal data bus during an interrupt 
acknowledge cycle. Cascading up to seven external 
slave pPD71059s permits the pPD70208 to support up Write 
to 56 interrupt sources. Figure 27 is the block diagram 
for the ICU. 

Note: 

0 
0 
0 

1 

0 
0 
0 

IMD selects IRQ CPU -IRQ data 
IMD selects liS CPU -liS data 
Polling phase CPU - Polling data 

CPU -IMKW 

D4= 1 CPU --IIW1 
D4 = 0 and D3 = 0 CPU --IPFW 
D4 = 0 and D3 = 1 CPU --IMDW 

During initialization CPU --IIW2 
CPU --IIW3 
CPU --IIW4 

After initialization CPU--IMKW 

(1) In polling phase, polling data has priority over the contents of 
the IRQ or liS register when read. 

Figure 27. leu Block Diagram 
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Read/Write 
Control 

Priority 
Determination 

Logic 
In- Interrupt 

service Request 
Register 14----+----.. Register 

(115) (IRQ) 
Interrupt 

Mask 
Register 

(IMK) 

SAO} { -., ADa 
SAl To BIU .. -.,ADg 

SA2 --+<>AD10 

~--INTAK (from CPU) 

1---- INT (to CPU) 

~ 
TO. UTO (from TCU) 

d
iNT (from SCU) 

TOUT1 (from TCU) 

INTO 
INT 1 Mux INTPl 

INT 2 Mux INTP2 

INT3 olNTP3 

INT4 olNTP4 External Pins 

INTs olNTPs 

INT6 olNTP6 

INT7 olNTP7 
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Initializing the ICU 

The ICU is always used to service maskable interrupts 
in a pPD70208 system. Prior to accepting maskable 
interrupts, the ICU must first be initialized (figure 28). 
Following initialization, command words from the CPU 
can change the interrupt request priorities, mask/un
mask interrupt requests, and select the polling mode. 
Figures 29 and 30 list the ICU initialization and com
mand words. 

Interrupt initialization words 1-4 (IIW1-IIW4) initialize 
the ICU, indicate whether external pPD71059s are 
connected as slaves, select the base interrupt vector, 
and select edge- or level-triggered inputs for INT1-
INT7. Interrupt sources from the TCU are fixed as 
edge-triggering. I NTO is internally connected to 
TOUTO, and INT2 may be connected to TOUT1 by the 
IRSW field in the OPCN. 

The interrupt mask word (IMKW) contains program
mable mask bits for each of the eight interrupt inputs. 
The interrupt priority and finish word (IPFW) is used by 
the interrupt handler to terminate processing of an 
interrupt or change interrupt priorities. The interrupt 
mode word (IMDW) selects the polling register, inter
rupt request (IRQ) or interrupt in service (liS) register, 
and the nesting mode. 

The initialization words are written in consecutive 
order starting with IIW1. IIW2 sets the interrupt vector. 
IIW3 specifies which interrupts are connected to slaves. 
IIW3 is only required in extended systems. The ICU will 
only expectto receive.IIW3 ifSNGL= 0 (bit D1 of IIW1). 
IIW4 is only written if 114 = 1 (bit Do of IIW1). 

~PD71059 Cascade Connection 

To increase the number of maskable interrupts, up to 
seven slave pPD71059 Interrupt Controllers can be 
cascaded. During cascade operation (figure 31), each 

Figure 28. Initialization Sequence 

I 
I 

I 
I 

I IIW1 J Bits SNGL and 114 are set. 
lAO = 0, 04 = 1J The default initialization 

I Is performed. 

I IIW2 I 
I AO=l I 

SNGL=O, 114=1 SNGL=O, 114=0 I SNGL=1, 114=1 SNGL=l, 114=0 

I I 
IIW3 I I IIW3 I 

AO=l I I Ao-1 I 
I 

IIW4 I I IIW4 I 
AO-1 I I AO-1 I 

L I 
I I Initialization I 

Completed 
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slave pPD71059 INT output is routed to one of the 
pPD70208 INTP inputs. During the second interrupt 
acknowledge bus cycle, the ICU places the slave 
address on address lines A10-Aa. Each slave com
pares this address with the slave address programmed 
using interrupt initialization word 3 (IIW3). If the same, 
the slave will place the interrupt vector on pins ADr 
ADo during the second interrupt acknowledge bus 
cycle. 

Figure 29. Interrupt Initialization Words 1-4 

IIW1 

IIW3 

IIW4 

07 06 05 04 03 02 01 DO 

I - I - I - I 1 LEVI - ISNGLj 114 J 
I J I 

lr Writes IIW4 I Operation 

I 0 I IIW4 Not Required 

I 1 I IIW4 Required 

~I Single Mode I Mode 

I 

~ 

0 1 Extended Mode (Slave Controllers) 

1 I Single Mode (No Slave Controllers) 

Level·Triggered Mode 
Mode 

0 

1 

Edge Trigger (Rising Edge) 

Level Trigger (Active High) 

Higher 5 bits of interrupt 
vector number 

I 
I 
I 

lS7 I S6 I S5 I S4 I S3 I S2 Sl I 0 l 

[f ... Co""octlo" 
Status 

Status 

INTn is not a slave 
0 input 

1 INTn is a slave input 

l o I o I o I EXTNI - I - I SFI I 1 I 
~ I 
L Self Finish Operation 

Interrupt 

0 FI Command Mode 

1 Self Finish Mode 

~ External Mode Nesting Mode 

0 Normal Nesting 

1 Extended Nesting 
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Figure 30. Command Words 

Interrupt Request Mask Operation 

INTn not Masked 

INTn Masked 

IPFW RP SIL FI o I 0 IL2 IL1 ILO 

.. .. .. 
Interrupt 0 0 0 INTO 
Level 0 0 1 INT1 

0 1 0 INT2 

0 1 1 INT3 

1 0 0 INT4 

1 0 1 INT5 

1 1 0 INT6 

1 1 1 INT7 

0 0 1 
No Level 

No Rotation Normal FI Command 

1 0 1 Specification Rotation Normal Rotation 
: FI Command 

0 1 1 FI No Rotation FI Command Command for Specification 

Rotate Priority 1 1 1 Level Rotation Specified Bit 
Specify Interrupt Level, Specification Rotation FI Command 

Finish Interrupt 0 1 
Commands 

0 No Rotation No Operation 

1 1 0 Rotation Specified Bit 

Non-FI Rotation Command 

0 0 0 Command No Rotation Self FI Mode 
No Level Rotation Reset 

1 0 0 
Specification 

Rotation Self FI Mode 
Rotation Set 

06 Do 

IMOW 1·- I SNM IEXCNI 0 I 1 I POL I SR IISIIR I 

Select Register In-Service/Request Register Read Register Selection 
to Read Select 

0 - No Operation 

1 0 IRQ Selection 

1 1 liS Selection 

Polling Mode Polling I 
0 No Operation 

I 1 Polling Command I 

Set Nesting Exceptional Nesting Mode 2 
Mode Nesting Mode 

0 1 No Operation 

1 0 Exceptional Nesting Mode Release 

1 1 Exceptional Nesting Mode Set 
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Figure 31. fJPD 71059 Cascade Connection 

iPD7020s1 J 
ASTB 

A19/PS3-A1S/PSo - Address 
AD1S-ADs - Latches 

AD7-ADo r 
lORD 
10WR 

INTPn 
INTAK 

DMA Control Unit 

The DMA Control Unit (DMAU) is a high-speed DMA 
controller compatible with the fJPD71071 DMA Con
troller_ The DMAU has four independent DMA channels 
and performs high-speed data transfers between 
memory and external peripheral devices at speeds as 
high as 2 megabytes/second in an 8-MHz system. 
Figure 32 is the block diagram for the DMAU. 

The DMAU has the following features. 

• Four independent DMA channels 
• Cascade mode for slave fJPD71071 DMA controllers 
• 20-bit address registers 
• 16-bit transfer count register 
• Single, demand, and block transfer modes 
• Bus release and bus hold modes 
• Autoinitialization 
• Address increment/decrement 
• Fixed/rotating channel priorities 
• TC output at transfer end 
• Forced termination of service by END input 

DMAU Basic Operation 

The DMAU operates in either a slave or master mode. 
I n the slave mode, the DMAU samples the four DMARQ 
input pins every clock. If one or more inputs are active, 
the corresponding DMA request bits are set and the 
DMAU sends a bus request to the BAU while continuing 
to sample the DMA request inputs. After the BAU 
returns the DMA bus acknowledge signal, the DMAU 
istops DMA request sampling, selects the DMA channel 
with the highest priority, and enters the bus master 
mode to perform the DMA transfer. While in the bus 
master mode, the DMAU controls the external bus and 
performs DMA transfers based on the preprogrammed 
channel information. 

pPD70208 (V40) 

LA1 

~ 
flPD71059 

INTPo r--
INTP1 I--

- Ao INTP2 f--
RD INTP3 f--
WR INTP4 f--

---<l CS INTPs f--
INTPs f--

INT INTP7 I--
INTAK 

'-- SA2-SAO 
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Terminal Count 

The DMAU ends DMA service when the terminal count 
condition is generated or when the END input is 
asserted. A terminal count (TC) is produced when the 
contents of the current count register becomes zero. If 
autoinitialization is not enabled when DMA service 
terminates, the mask bit of the channel is set and the 
DMARQ input of that channel is masked. Otherwise, 
the current count and address registers are reloaded 
from the base registers and new DMA transfers are 
again enabled. 

DMA Transfer Type 

The type of transfer the DMAU performs depends on 
the following conditions. 

• Direction of the transfer (each channel) 
• Transfer mode (each channel) 
• Bus mode 

Transfer Direction 

All DMA transfers use memory as a reference point. 
Therefore, a DMA read operation transfers data from 
memory to an I/O port. A DMA write reads an I/O port 
and writes the data to memory. During memory-to-I/O 
transfer, the DMA mode (DMD) register is used to 
select the transfer directions for each channel and 
activate the appropriate control signals. 

Operation Transfer Direction 

DMA read Memory -I/O 

DMAwrite I/O - Memory 

DMA verify 

Activated Signals 

10WR, MRD 

lORD, MWR 

Addresses only; no transfer 
performed 
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Figure 32. DMAU Block Diagram 

DMAU Address Bus (20) 

Internal Address Bus 

Internal Data Bus 

Internal Control Bus 

{ 

BUSRO 
BAU BUSAK 

Internal Bus 
Interface 

Address r;:::===~==~:l 
Register I Current Address (20x4) I 

Base Address (20x4) 

DMAU Data Bus 

Control Register Group 

Channel (4) 

Device Control (10) 

Status (8) 

Mode Control (7x4) 
Count 
Register Base Count (16x4) Mask (4) 

I 
DMAR03·0 

DMAAK3·0 

END/TC 

Bus Mode 

Terminal Count 

The DMA device control (DDC) register selects oper
ation in either the bus release or bus hold mode. The 
selected bus mode determines the DMAU conditions 
for return of the bus to the BAU. Figure 33 shows 
that in bus release mode, only one channel is serviced 
after the DMAU obtains the bus_ When DMA service 
ends (termination conditions depend on the transfer 
mode), the DMAU returns the bus to the BAU regardless 
of the state of other DMA requests, and the DMAU 
reenters the slave mode. When the DMAU regains use 
of the bus, a new DMA operation can begin. 

In bus hold mode, several channels can receive con
tiguous service without releasing the bus. If there is 
another valid DMA request when a channel's DMA 
service is finished, the new DMA service can begin 
immediat~ly after the previous service without return
ing the bus to the BAU. 
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Figure 33. Bus Modes 

RighttoUse 
Bus 

Service 
Channel 

RighttoUse 
Bus 

Service 
Channel 

Transfer Modes 

Bus Release Mode 

CPU ---, n n n r-
DMAU L..J L..J L.J L..J 

CHO CH1 CH2 CH3 

Bus Hold Mode 

CPU 

DMAU ~ 
CHO i CH1 i CH2! CH3 
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The DMD register also selects either single, demand, 
or block transfer mode for each chan nel. The cond itions 
for the termination of each transfer characterize each 
transfer mode. The following table shows the various 
transfer modes and termination conditions. 

Transfer Mode Termination Conditions III' 
--------------------------------------------- i 
_sl_·n_gl_e ____________ -=A=ft~er-e-a-Ch--by-t-e/-w-o-rd--tr-a-ns_f9_r_________ I 

Demand END input 
Terminal count 
Inactive DMARQ 

Block 

DMARQ of ahigher priority channel 
becomes active (bus hold mode) 

END input 
Terminal count 
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The operation of single, demand, and block mode 
transfers depends on whether the DMAU is in bus 
release or bus hold mode. Figure 34 shows the oper
ation flow for the six possible transfer and bus mode 
operations in DMA transfer. 

Single-Mode Transfer. I n bus release mode, when a 
channel completes transfer of a single byte, the DMAU 
enters the slave mode regardless of the state of DMA 
request inputs. In this manner, other lower-priority bus 
masters will be able to access the bus. 

In bus hold mode, when a channel completes transfer 
of a single byte, the DMAU terminates the channel's 
service even if the DMARQ request signal is asserted. 
The DMAU will then service any other requesting 
channel. If there are no requests from any other DMA 
channels, the DMAU releases the bus and enters the 
slave state. 

Demand-Mode Transfer. In bus release mode, the 
currently active channel continues to transfer data as 
long as the DMA request of that channel is active, even 
though other DMA channels are issuing higher-priority 
requests. When the DMA request of the serviced 
channel becomes inactive, the DMAU releases the bus 
and enters the slave state. 

In bus hold mode, when the active channel completes a 
single transfer, the DMAU checks the other DMA 
request lines without ending the current service. If 
there is a higher-priority DMA request, the DMAU 
stops the service of the current channel and starts 
servicing the highest-priority channel requesting serv
ice. If there is no higher request than the current one, 
the DMAU continues to service the currently active 
channel. Lower-priority DMA requests are honored 
without releasing the bus after the current channel 
service is complete. 

Block-Mode Transfer. In bus release mode, the current 
channel continues DMA transfers until a terminal 
count or the external END input becomes active. 
During this time, the DMAU ignores all other DMA 
requests. After completion of the block transfer, the 
DMAU releases the bus and enters the slave state, even 
if DMA requests from other channels are active. 

In bus hold mode, the current channel transfers data 
'until an internal or external END signal becomes 
'active. When the service is complete, the DMAU 
checks all DMA requests without releasing the bus. If 
there is an active request, the DMAU immediately 
begins servicing the request. The DMAU releases the 
bus after it honors all DMA requests or a higher-priority 
I::>US master requests the bus. 

pPD70208 (V40) 

Byte Transfer 

The DM Dreg ister can specify on Iy byte DMA transfers 
for each channel. Depending on the mode selected, the 
address register can either increment or decrement 
whereas the count register is always decremented. 

Autoinitialize 

When the DMD register selects autoinitialize for a 
channel, the DMAU automatically reinitializes the ad
dress and count registers when END is asserted or the 
terminal count condition is reached. The contents of 
the base address and base count registers are transfer
red to the current address and current count registers, 
and the applicable bit of the mask register remains 
cleared. 

Channel Priority 

Each of the four DMAU channels is assigned a priority. 
When multiple DMA requests from several channels 
occur simultaneously, the channel with the highest 
priority will be serviced first. The DDC register selects 
one of two priority schemes: fixed or rotating (figure 
35). In fixed priority, channel 0 is assigned the highest 
priority and channel 3, the lowest. In rotating priority, 
priority order is rotated after each service so that the 
channel last serviced receives the lowest priority. This 
method prevents the exclusive servicing of higher
priority channels and the lockout of lower-priority 
DMA channels. 
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Figure 34. Transfer Modes 
Bus Mode 

Transfe~ Mode 

Single 

Demand 

Block 
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Cascade Connection 

Slave pPD71071 DMA Controllers can be cascaded to 
easily expand the system DMA channel capacity to 16 
DMA channels. Figu re 36 shows an example of cascade 
connection. During cascade operation, the DMAU acts 
as a mediator between the BAU and the slave 
pPD71071 s. All other bus outputs are disabled while a 
slave DMA controller is active. 

Figure 35. Priority Order 

Fixed Priority Highest 

Highest 

Lowest 

Figure 36. pPD71071 Cascade Example 

~. 

~ 

~ 

DMAAK ~ ~=~{ Channel 
DMARQ 

DMAU 
(Master) 

...... 
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The DMAU always operates in the bus hold mode while 
a cascade channel is in service, even when the bus 
release mode is programmed. Other DMA requests are 
held pending while a slave pPD71071 channel is in 
service. When the cascaded pPD71071 ends service 
and moves into the slave state, the DMAU also moves 
to the slave state and releases the bus. At this time, all 
bits of the DMAU request register are cleared. The 
DMAU continues to operate normally with the other 
non cascaded channels. 

DMA1 

DMA2 

DMA3 

Rotating Priority 

CH1 Service 

HLDAK 

HLDRQ 

fl.PD71071 
(Slave) 

.. 

.. 

.. 

Highest 

83-003819B 

DMA4 

DMA5 

DMA6 

~ 

DMA7 
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Bus Waiting Operation 

The DMAU will automatically perform a bus waiting 
operation (figure37) whenever the RCU refresh request 
queue fills. When the DMA bus acknowledge goes 
inactive, the DMAU enters the bus waiting mode and 
inactivates the DMA bus request signal. Control of the 
bus is then transferred to the higher-priority RCU by 
the BAU. 

Two clocks later, the DMAU reasserts its internal DMA 
bus request. The bus waiting mode is continued until 
the DMA bus acknowledge signal again becomes 
active and the interrupted DMA service is immediately 
restarted. 

Programming the DMAU 

To prepare a channel for DMA transfer, the following 
characteristics must be programmed. 

• Starting address for the transfer 
• Transfer count 
• DMA operating mode 
• Transfer size (byte/word) 

The contents of the OPHA and DULA registers deter
mine the base I/O port address of the DMAU. Addresses 
A3-AO are used to select a particular register as follow: 

A3 A2 Al Ao Register Operation 

0 0 0 0 DICM Write 
0 0 0 1 DCH Read/Write 
0 0 1 0 DBC/DCC (low) Read/Write 
0 0 1 1 DBC/DCC (high) Read/Write 

1 0 0 DBA/DCA (low) Read/Write 
1 0 1 DBA/DCA (high) Read/Write 
1 1 0 DBA/DCA (upper) Read/Write 
1 1 1 Reserved 

0 0 0 DDC (low) Read/Write 
0 0 1 DDC (high) Read/Write 
0 1 0 DMD Read/Write 
0 1 1 PST Read 

0 0 Reserved 
0 1 Reserved 
1 0 Reserved 
1 1 DMK Read/Write 

Word I/O instructions can be used to read/write the 
register pairs listed below. All other registers are 
accessed via byte I/O instructions. 

DBC/DCC 
DBA/DCA (higher/lower only) 
DDC 
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DMAU Registers 

Initialize. The DMA initialize command (DICM) register 
(figure 38) is used to perform a software reset of the 
DMAU. The DICM is accessed using the byte OUT 
instruction. 

Channel Register. Writes to the DMA channel (DCH) 
register (figure 39) select one of the four DMA 
channels for programming and also the base/current 
registers. Reads of the DCH register return the cur
rently-selected channel and the register access mode. 

Count Registers. When bit 2 of the DCH register is 
cleared, a write to the DMA count register updates both 
the DMA base count (DBC) and the DMA current count 
(DCC) registers with a new count. If bit 2 of the DCH 
register is set, a write to the DMA count register affects 
only the DBC register. The DBC register holds the 
initial count value until a new count is specified. If 
autoinitialization is enabled, this value is transferred to 
the DCC register when a terminal count or END 
condition occurs. For each DMA transfer, the current 
count register is decremented by one. The format of 
the DMA count register is shown below. The count 
value loaded into the DBC/DCC registers is one less 
than the desired transfer count. 

7 2H, IN/OUT o 

7 3H, IN/OUT o 

Address Register. Use either byte or word I/O in
structions with the lower two bytes (4H and 5H) of the 
DMA address register. However, byte I/O instructions 
must be used to access the high-order byte (6H) of this 
register. When bit 2 of the channel register is cleared, a 
write to the DMA address register updates both the 
DMA base address (DBA) and the DMA current addres~ 
(DCA) registers with the new address. If bit 2 of thE 
DCH register is set, a write to the DMA address registe' 
affects only the DBA register. 

7 4H, IN/OUT o 
A7 As As A4 A3 A2 

7 5H, IN/OUT o 

A1S A14 A13 A12 A11 A10 A9 A8 

7 6H, IN/OUT (Byte only) o 

A19 A18 
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The DBA register holds the starting address value until 
a new address is specified. This value is transferred to 
the DCA register automatically if autoinitialization is 
selected. For each DMA transfer, the current address 
register is incremented/decremented by one. 

Device Control Register. The DMA device control 
(DOC) register (figure 40) is used to to program the 
DMA transfer characteristics common to all DMA 
channels. It controls the bus mode, write timing, 
priority logic, and enable/disable of the DMAU. 

Figure 37. Bus Waiting Operation 

Other 
Bus Master 

DMARQ~ 

DMAU 

J.lPD70208 (V40) 

Status Register. TheDMA status (DST) register (figure 
41) contains information about the current state of 
each DMA channel. Software can determine if a termin
ation condition has been reached (TC3-TCo) or if a 
DMA service request is present (RQ3-RQO). The byte 
IN instruction must be used to read this register. 

RCU DMAU 
Other 

Bus Master 

DMABUSAK ~ \ ____ ----J1 
Approx 2 Clocks 

DMA BUSRQ 

Figure 38. DMA Initialize Command Register 

Initialize 

7 

I" '1 

OH~I __ ~ __ ~ __ ~ __ ~~ __ -L __ 0-LI~~ 

Note: 

[1] The DMAU initializes as follows: 
Register Initialization Operation 

Initialize Clears all bits 
Address No change 
Count No change 
Channel Selects channel 0 
Mode Control Clears all bits 
Device Control Clears all bits 
Status Clears all bits 
Mask Sets all bits [masks all channels] 
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Figure 39. DMA Channel Register 

Channel Register Read 

7 6 4 3 2 o 
1H I-I- I - I BASE I SEL3 I SEL2 I SEL1 I SELo IN (Byte only) 

I 
0001 

Selected 0010 
Channel 0100 

1000 

0 

Base Only 

1 

Channel Register Write 

7 6 5 4 3 2 o 
1H 1-1-1 - I - I - I BASE I SELCH OUT (Byte only) 

L 00 

Select 01 
Channel 10 

11 

0 
Base Only 

1 

Figure 40. DMA Device Control Register 
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7 4 

8H I -I - I EXW 1 ROT 1 - IDDMAl - 1 - IN/OUT 

l DisableDMA 
Operation(1) 

Priority 

Extended 
Writing(2) 

7 5 4 o 
9H 1- 1 - 1 -I -I -I - 1 WEV 1 BHLD IN/OUT 

L Bus Mode 

Note: 

[1] Disables BUSRQ to the BAU to prevent incorrect DMA 
operation while the DMAU registers are being initialized 
or modified. 

[2] When EXW is 0, the write signal becomes active [normal 
write] during T3 and TW [see timing waveforms]. When 1, 
the write signal becomes active during T2, T3, and TW [like 
the read signal]. 

[3] Wait states are generated by the READY signal during a 
verify transfer. 

Wait Enable 
During Verify(3 

Channel 0 

Channel 1 

Channel 2 

Channel 3 

Current (read), Base 
and Current (write) 

Base (read/write) 

Channel 0 

Channel 1 

Channel 2 

Channel 3 

Select Current (read), 
select both Base and 
Current (write) 

Select Base (read/write) 

0 Enable 

1 Disable 

0 Fixed 

1 Rotational 

0 Normal 

1 Extended 

0 Bus Release 

1 Bus Hold 

0 Disable 

1 Enable 

NEe 
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Figure 41. DMA Status Register 

7 4 2 

OBH I R03 I R02 R01 I ROo I TC3 I TC2 I TC1 I TCo IN (Byte only) 

l 

Mode Control Register. The DMA mode (DMD) register 
(figure 42) selects the operating mode for each DMA 
channel. The DCH register selects which DMD register 
will be accessed. A byte IN/OUT instruction must be 
used to access this register. 

Mask Register Read/Write. The DMA mask (DMK) 
register (figure 43) allows software to individually 
enable and disable DMA channels. The DMK register 
can only be accessed via byte I/O instructions. 

,Reset 

IThe falling edge of the RESET signal resets the 
uPD70208. The signal must be held low for at least four 

System 
I/O area 

SCU 

Terminal 
Count 

DMA 
Request 

0 Not ended (for each read) 

1 END or terminal 
count 

0 No DMA request active 

1 DMA request active 
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Register Reset Value 

OPCN ----0000 
OPSEL ----0000 
WCY1 11111111 

WCY2 ----1111 
TCKS ---00000 
RFC x--01000 

SMD 01001011 
SCM --0000-0 
SIMK - - - - - -11 

SST 10000100 
DCH ---00001 
DMD 000000-0 

DDC (low) --00-0--
DDC (high) - - - - - -00 

clock cycles to be recognized as valid. DMAU 

,:PU Reset State 
legister Reset Value 

'FP OOOOH 
'c OOOOH 
IS FFFFH 

;S OOOOH 
ISO OOOOH 
'S1 OOOOH 

SW F002H 
W, BW, CW, DW, Undefined 
(,IY,BP,SP 

Istruction queue Cleared 

Vhen RESET returns to the high level, the CPU will 
tart fetching instructions from physical address 
FFFOH. 

lternal Peripheral Devices 

Ilternal peripheral devices initialized on reset are 
sted in the following table. I/O devices not listed are 
:Jt initialized on reset and must be initialized by 
)ftware. 

DST xxxxOOOO 

DMK - - - -1111 

Symbols: x = unaffected; 0 = cleared; 1 = set; (-) = unused. 

Output Pin Status 

The following table lists output pin status during reset. 

Signal 

INTAK,BUFEN, BUFR/W, 
MRD, MWR, END/Te, 10WR, lORD, 
REFRQ, BS2-BSQ, BUS LOCK, 
RESOUT, DMAAK3-DMAAKO 

QS1-QSO, ASTB, HLDAK 

CLKOUT 

Status 

High level 

Low level 

High or low level 

High impedance 

Continues to supply clock 
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Figure 42. DMA Mode Register 

7 o 
OAH I TMODE I ADIR 1 AUTI-l TDIR 1 - 1-

Figure 43. DMA Mask Register 

7 6 

OFHI-I-I 
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00 Verify 

Transfer 01 I/O-to-memory 
Direction 10 Memory-to-I/O 

11 Not allowed 

Auto- 0 Disable 
initialize 1 Enable 

Address 0 Increment 
Direction 1 Decrement 

00 Demand 

Transfer 01 Single 

Mode 10 Block 

11 Cascade 

43210 

I - I M3 I M2 I M1 I MO I IN lOUT (Byte only) 
I 

11...-__ -11 DMARQ 
1 Mask 

I 0 I Not masked 1 
I 1 I Masked 1 

tyEe 
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Instruction Set 

Symbols 

Preceding the instruction set, several tables explain 
symbols, abbreviations, and codes. 

Clocks 

In the Clocks column of the instruction set, the numbers 
cover these operations: instruction decoding, effective 
address calculation, operand fetch, and instruction 
execution. 

Clock timings assume the instruction has been pre
fetched and is present in the four-byte instruction 
queue. Otherwise, add four clocks for each byte not 
present. 

For instructions that reference memory operands, the 
number on the left side of the slash (/) is for byte 
operands and the number on the right side is for word 
operands. 

For conditional control transfer or branch instructions, 
the number on the left side of the slash is applicable if 
the transfer or branch takes place. The number on the 
right side is applicable if it does not take place. 

If a range of numbers is given, the execution time 
depends on the operands involved. 

Symbols 

;ymbol Meaning 

lCC Accumulator (AW or AL) 

lisp Displacement (8 or 16 bits) 

Imem Direct memory address 

st Destination operand or address 

xt-disp8 16-bit displacement (sign-extension byte 
+ 8-bit displacement) 

iUabel Label within a different program 
segment 

Ir_proc Procedure within a different program 
segment 

I_Op Floating point instruction operation 

1m 8- or 16-bit immediate operand 

1m3/4 3/4-bit immediate bit offset 
I Im8 8-bit immediate operand 

Im16 16-bit immediate operand 

3m Memory field (000 to 111); 
8- or 16-bit memory location 

Symbols 

Symbol 

mem8 

mem16 

mem32 

memptr16 

memptr32 

mod 

near_label 

near_proc 

offset 

reg 

reg8 

reg16 

regptr 

regptr16 

seg 

shorUabel 

sr 

src 

temp 

tmpcy 

AC 

AH 

AL 

AND 

AW 

BH 

BL 

BP 

BRK 

BW 

CH 

CL 

CW 

CY 

DH 

DIR 

DL 

pPD70208 (V40) 

Meaning 

8-bit memory location 

16-bit memory location 

32-bit memory location 

Word containing the destination address 
within the current segment 

Double word containing a destination 
address in another segment 

Mode field (00 to 10) 

Label within the current segment 

Procedure within the current segment 

Immediate offset data (16 bits) 

Number of bytes to discard from the stack 

Register field (000 to 111); 
8- or 16-bit general-purpose register 

8-bit general-purpose register 

16-bit general-purpose register 

16-bit register containing a destination 
address within the current segment 

Register containing a destination address 
within the current segment 

Immediate segment data (16 bits) 

Label between -128 and +127 bytes from 
the end of the current instruction 

Segment register 

Source operand or address 

Temporary register (8/16/32 bits) 

Temporary carry flag (1 bit) 

Auxiliary carry flag 

Accumulator (high byte) 

Accumulator (lOW byte) 

Logical product 

Accumulator (16 bits) 

BW register (high byte) 

BW register (low byte) 

BP register 

Break flag 

BW register (16 bits) 

CW register (high byte) 

CW register (low byte) 

CW register (16 bits) 

Carry flag 

DW register (high byte) 

Direction flag 

DW register (low byte) 
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Symbols (cont) 

Symbol 

DSO 

DS1 

DW 

IE 

IX 

IV 

MD 

OR 

P 

PC 

PS 

PSW 

R 

S 

S 

SP 

S5 

v 
W 

X,XXX,VVV,ZZZ 

XOR 

XXH 

XXXXH 

Z 

() 

+ 

x 

% 

3-152 

Meaning 

Data segment 0 register (16 bits) 

Data segment 1 register (16 bits) 

DW register (16 bits) 

Interrupt enable flag 

Index register (source) (16 bits) 

Index register (destination) (16 bits) 

Mode flag 

Logical sum 

Parity flag 

Program counter (16 bits) 

Program segment register (16 bits) 

Program status word (16 bits) 

Register set 

Sign extend operand field 
S == 0 No sign extension 
S == 1 Sign extend immediate byte 

operand 

Sign flag 

Stack pOinter (16 bits) 

Stack segment register (16 bits) 

Overflow flag 

Word/byte field (0 to 1) 

Data to identify the instruction code of the 
external floating pOint arithmetic chip 

Exclusive logical sum 

Two-digit hexadecimal value 

Four-digit hexadecimal value 

Zero flag 

Values in parentheses are memory contents 

Transfer direction 

Addition 

Subtraction 

Multiplication 

Division 

Modulo 

NEe 
Flag Operations 

Symbol Meaning 

(blank) No change 

o Cleared to 0 

Set to 1 

x Set or cleared according to result 

Undefined 

R Restored to previous state 

Memory Addressing Modes 

mem mod == 00 mod == 01 mod == 10 

000 BW+IX BW + IX + disp8 BW + IX + disp16 

001 BW+IV BW + IV + disp8 BW + IV +disp16 

010 BP+ IX BP + IX + disp8 BP + IX + disp16 

011 BP+ IV BP + IV + disp8 BP + IV + disp16 

100 IX IX + disp8 IX + disp16 

101 IV IV + disp8 IV + disp16 

110 Direct BP + disp8 BP + disp16 

111 BW BW + disp8 BW + disp16 

Register Select/on (mod = 11) 

reg W==O W==l 

000 AL AW 

001 CL CW 

010 DL DW 

011 BL BW 

100 AH SP 

101 CH BP 

110 DH IX 

111 BH IV 

Segment Register Selection 

sr Segment Register 

00 DS1 

01 PS 

10 SS 

:1 11 DSO 
I, 
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Instruction Set 

Opcode Flags 
Mnemonic Operand 5 4 3 0 7 6 543 2 1 0 Clocks Bytes AC CY V P S Z 

Data Transfer Instructions 

MOV reg, reg 0 0 0 1 W reg reg 2 2 

mem, reg 0 0 0 0 W mod reg mem 7/11 2-4 

reg, mem 0 0 1 0 W mod reg mem 10/14 2-4 

mem, imm 1 0 0 W mod reg mem 9/13 3-6 

reg, imm 0 1 W reg 4 2-3 

ace, dmem 0 0 0 W 10/14 3 

dmem, ace 0 0 W 9/13 3 

sr, reg16 0 0 0 0 1 1 0 sr reg 2 2 

II sr, mem16 0 0 0 1 0 mod 0 sr mem 14 2-4 

reg16, sr 0 0 0 0 0 1 1 0 sr reg 2 2 

mem16, sr 0 0 1 0 mod 0 sr mem 12 2-4 

OSO, reg16, mem32 1 0 0 0 mod reg mem 25 2-4 

OS1, reg16, mem32 1 0 0 0 mod reg mem 25 2-4 

AH, PSW 0 1 2 1 

PSW, AH 0 1 1 0 3 x x x x x 

LOEA reg16, mem16 0 0 0 1 0 mod reg mem 4 2-4 

TRANS src_table 1 0 0 9 

(CH reg, reg 0 0 0 0 W 1 1 reg reg 3 2 

mem, reg 0 0 0 0 W mod reg mem 13/21 2-4 

AW, reg16 0 0 0 reg 3 

':lepeat Prefixes 

IEPC 0 0 0 0 2 

IEPNC 0 0 0 2 

:EP 0 0 2 
EPE 
EPZ 

EPNE 1 1 1 1 0 0 1 0 2 
EPNZ 

I/ock Transfer Instructions 

OVBK dst, src 1 0 1 o 0 1 o W 1 
9 (9) + an (W = 0) 
9 (17) + 16n (W = 1) 

VlPBK dst, src 1 0 1 o 0 1 1 W 1 x x x x x x 
7 (13) + 14n (W = 0) 
7 (21) + 22n (W = 1) 

APM dst 1 0 1 0 1 1 1 W 1 x x x x x x 
7 (7) + 10n (W = 0) 
7 (11) + 14n (W = 1) 

1M src 1 0 1 0 1 1 o W 1 
7 (7) + 9n (W = 0) 
7 (11) + 13n (W = 1) 

1M dst 1 0 1 0 1 0 1 W 1 
5 (5) + 4n (W = 0) 
5 (9) + an (W = 1) 

n = number of transfers 
String instruction execution clocks for a single instruction execution are in parentheses. 
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Instruction Set (cont) 

Mnemonic Operand 

110 Instructions 

6 5 4 3 2 
Opcode 
076543210 Clocks Bytes 

IN acc, imm8 0 0 0 W 9/13 2 

NEe 

Flags 
AC CY V P S Z 

----------------------------------------------~------------------------------
acc, OW 0 1 0 W 8/12 

OUT imm8, acc 0 0 W 8/12 2 
----------------------------------------------------~------------------------
OW, acc 0 W 8/12 1 

INM dst, OW 0 0 0 W 1 

OUTM OW, src o 1 1 0 1 1 1 W 

n = number of transfers 

9 (10) + 8n (W =0) 
9 (18) + 16n (W = 1) 

1 
9 (10) + 8n (W = 0) 
9 (18) + 16n (W = 1) 

String instruction execution clocks for a single instruction execution are in parentheses. 

BCD Instructions 

ADJBA o 0 o 7 xxuuuu 

ADJ4A o 0 o 0 3 x x u x x x 

ADJBS o 0 7 xxuuuu 

ADJ4S o 0 o 3 x x u x x x 

AD04S dst, src 000 0 o 0 o 0 0 0 0 7 + 19n 2 uxuuux 

SUB4S dst, src 000 0 o 0 000 0 7 + 19n uxuuux 

CMP4S dst, src o 000 o 0 o 0 1 0 7+ 19n uxuuux 

ROL4 reg8 o 0 0 0 1 o o 000 13 3 
1 1 0 0 0 reg 

mem8 o 0 0 0 1 1 1 1 o 000 25 3-5 
mod 0 0 0 mem 

ROR4 reg8 00001111 o o 17 3 
1 1 0 0 0 reg 

mem8 00001111 o o o o 29 3-5 
mod 0 0 0 mem 

n = number of BCO digits divided by 2 

Data Type Conversion Instructions 

CVTBO 1 0 o o 0 0 0 0 o o 15 u u u x x x 

CVTOB 1 0 o 1 1 0 0 0 0 o o 7 uuuxxx 

CVTBW 0 0 o o 2 

m~ 0 0 o 4/5 

Arithmetic Instructions 

ADO reg, reg 0 0 0 0 0 0 W 1 1 reg reg 2 2 x x x x x x 
-----------------------------------------------------------------------------

mem, reg 000 000 W mod reg mem 13/21 2-4 x x x x x x 

reg, mem 0000001W mod reg mem 10/14 2-4 x x x x x x 

reg, imm o 0 0 0 0 S W 1 1 0 0 reg 4 3-4 x x x x x x 

mem, imm 100000SW mod 0 0 0 mem 15/23 3-6 x x x x x x 

acc, imm 00000 0 W 4 2-3 x x x x x x 

3-154 



NEe pPD70208{V40) 

Instruction Set (cont) 

Opcode Flags 
Mnemonic Operand 6 5 4 3 2 o 7 6 5 4 3 2 1 0 Clocks Bytes AC CY V P S Z 

Arithmetic Instructions (cont) 

ADDG reg, reg a a a a a 1 W reg reg 2 x x x x x x 
------------------------------------------------------------------------------

mem, reg a a a a a W mod reg mem 13/21 2-4 x x x x x x 
reg, mem a a a 1 a a 1 W mod reg mem 10/14 2-4 x x x x x x 
reg, imm a a a a a S WOO reg 4 3-4 x x x x x x 
mem, imm 1 a a a a S W mod a 1 a mem 15/23 3-6 x x x x x x 
ace, imm a a a 1 a a W 4 2-3 x x x x x x 

SUB reg, reg a a a a W reg reg 2 2 x x x x x x 
mem, reg a a a 1 a W mod reg mem 13/21 2-4 x x x x x x 
reg, mem 0010101W mod reg mem 10/14 2-4 x x x x x x 
reg, imm a a a a a S W 1 a reg 4 3-4 x x x x x x 
mem, imm 0000 SW mod 1 a 1 mem 15/23 3-6 x x x x x x 
ace, imm a a 1 a a W 4 2-3 x x x x x x 

SUBG reg, reg a a a W 1 1 reg reg 2 x x x x x x 
mem, reg a a a W mod reg mem 13/21 2-4 x x x x x x 
reg, mem 0001101W mod reg mem 10/14 2-4 x x x x x x 
reg, imm a a a a S W 1 1 a reg 4 3-4 x x x x x x 
mem, imm 1 a a a a S W mod a mem 15/23 3-6 x x x x x x 
ace, imm a a a a W 4 2-3 x x x x x x 

NG reg8 a 1 1 a a a reg 2 2 x x x x 

mem W mod a a mem 13/21 2-4 x x x x 

reg16 a a a a reg 2 x x x x 
lEG reg8 1 1 a 1 1 a a reg 2 x x x x 

mem 1 1 W mod a a mem 13/21 2-4 x x x x 
reg16 a a a 1 reg 2 x x x x 

lULU reg a 1 W 1 1 a reg 21-30 2 uxxuuu 
mem a 1W mod a mem 26/39 2-4 uxxuuu 

IUL reg a W 1 1 a reg 33-47 2 uxxuuu 
mem 1 a 1 W mod a mem 38-56 2-4 uxxuuu 
reg16,reg16,imm8 a a a 1 1 reg reg 28-34 3 uxxuuu 
reg16,mem16,imm8 a a a mod reg mem 37-43 3-5 uxxuuu 
reg16,reg16,imm16 a a 0 0 1 1 reg reg 36-42 4 uxxuuu 
reg16,mem16,imm16 a a a a mod reg mem 45-51 4-6 uxxuuu 

VU reg a W 1 1 1 a reg 19/25 2 uuuuuu 
mem a W mod a mem 24/34 2-4 uuuuuu 

v reg a W 1 1 reg 29-43 2 uuuuuu 
mem a W mod mem 34-52 2-4 uuuuuu 
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Instruction Set (cont) 

Opcode Flags 
Mnemonic Operand 654 2 0 7 6 5 4 32 1 0 Clocks Bytes AC CY V P S Z 

Comparison Instructions 

CMP reg, reg 0 0 0 1 W reg reg x x x x x x 2 2 
------------------------------------------------------------------------------

mem, reg 0 0 0 0 W mod reg mem 10/14 2-4 x x x x x x 

reg, mem 0 0 0 1 W mod reg mem 10/14 2-4 x x x x x x 

reg, imm 0 0 0 0 S W 1 1 1 reg 4 3-4 x x x x x x 

mem, imm 0 0 0 0 0 S W mod 1 1 1 mem 12/16 3-6 x x x x x x 

ace, imm 0 0 0 W 4 2-3 x x x x x x 

Logical Instructions 

NOT reg 0 WOO reg 2 2 
------------------------------------------------------------------------------

mem o W mod 0 0 mem 13/21 2-4 

NEG reg 0 W 0 reg 2 • 2 x x x x x x 
------------------------------------------------------------------------------

mem 1 1 0 1 W mod 0 mem 13/21 2-4 x x x x x x 

TEST reg, reg o 0 0 0 W reg reg 2 2 u 0 0 x x x 

mem, reg o 0 0 0 0 W mod reg mem 9/13 2-4 u 0 0 x x x 

reg, imm o W o 0 reg 4 3-4 o 0 x x x 

mem, imm 1 0 1 W mod 0 0 0 mem 10/14 3-6 o 0 x x x 

ace, imm o 0 0 W 4 2-3 o 0 x x x 

AND reg, reg 00 0001W reg reg 2 2 u 0 0 x x x 

mem, reg o 0 0 0 0 0 W mod reg mem 13/21 2-4 u 0 0 x x x 

reg, mem 0010001W mod reg mem 10/14 2-4 u 0 0 x x x 

reg, imm o 0 0 0 0 0 W o 0 reg 4 3-4 o x x x 

mem, imm o 0 0 0 0 0 W mod 1 0 0 mem 15/23 3-6 o x x x 

ace, imm 0010010W 4 2-3 u 0 0 x x x 

OR reg, reg o 0 0 0 W reg reg 2 2 uOOxxx 

mem, reg 000 0 0 0 W mod reg mem 13/21 2-4 u 0 0 x x x 

reg, mem o 0 0 0 0 1 W mod reg mem 10/14 2-4 u 0 0 x x x 

reg, imm OOOOOOW o 1 reg 4 3-4 o 0 x x x 

mem, imm 1 0 0 0 0 0 0 W mod o 0 1 mem 15/23 3-6 o 0 x x x 

ace, imm 000010W 4 2-3 o x x x 

XOR reg, reg o 0 0 0 1 W reg reg 2 2 uOOxxx 

mem, reg o 0 0 0 0 W mod reg mem 13/21 2-4 uOOxxx 

reg, mem o 0 1 1 0 0 1 W mod reg mem 10/14 2-4 u 0 0 x x x 

reg, imm 1000000W o reg 4 3-4 o 0 x x x 

mem, imm 1 0 0 0 0 0 0 W mod 1 1 0 mem 15/23 3-6 OOxxx, 

ace, imm o 0 0 0 0 W 4 2-3 o 0 x x x 
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Instruction Set (cont) 

Mnemonic Operand 

Bit Manipulation Instructions 

INS regS, regS 

regS, immS 

EXT regS, regS 

regS, immS 

TEST1 reg, CL 

mem, CL 

reg, imm3/4 

mem, imm3/4 

SET1 reg, CL 

mem,CL 

reg, imm3/4 

mem, imm3/4 

CY 
DIR 

~LR1 reg, CL 

mem,CL 

reg, imm3/4 

mem, imm3/4 

CY 
DIR 

10T1 reg, CL 

mem,CL 

reg, imm3/4 

mem, imm3/4 

CY 

pPD70208 (V40) 

Flags 
4 2 

Opcode 
o 7 543 2 o Clocks Bytes AC CY V P S Z 

000 
1 1 reg reg 

00001111 0 
1 1 0 0 0 reg 

00001111 0 
1 1 reg reg 

000011110 
1 1 0 0 0 reg 

0000 111000 
1 1 0 0 reg 

00001111000 
mod 0 0 0 mem 

o 0 
1 1 

1 1 1 1 0 o 
o reg 

00001111000 
mod 0 0 0 mem 

00001111 
1 1 0 0 0 reg 

o 0 0 0 1 1 1 1 
mod 0 0 0 mem 

00001111 
1 1 0 0 0 reg 

00001111 
mod 0 0 0 mem 

o 0 

1 1 1 1 1 1 0 1 

000 

000 

o 0 

000 

00001111000 
1 1 0 0 0 reg 

00001111000 
mod 0 0 0 mem 

00001111 0 
1 1 0 0 0 reg 

00001111000 
mod 0 0 0 mem 

000 

1 1 1 0 0 

0001111000 
1 0 0 0 reg 

00001111000 
mod 0 0 0 mem 

00001111000 
1 1 0 0 0 reg 

00001111 00 
mod 0 0 0 mem 

1 1 o 1 0 1 

o 0 0 35-133 3 

o 0 35-133 4 

o 0 34-59 3 

o 34-59 4 

o 0 0 W 3 3 uOOuux 

o 0 0 W 7/11 3-5 uOOuux 

o 0 W 4 4 uOOuux 

o W S/12 4-6 uOOuux 

o W 4 3 

o o W 10/1S 3-5 

o W 4 

W 11/19 4-6 

2 1 

o W 5 3 

o 0 W 11/19 3-5 

o W 6 4 

o W 12/20 4-6 

2 o 

o W 4 3 

o W 10/1S 3-5 

W 4 

W 11/19 4-6 

2 x 
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Instruction Set (cont) 

Opcode Flags 
Mnemonic Operands 7 654 3 2 o 7 6 5 4 3 2 1 0 Clocks Bytes AC CY V P S Z 

Shift/Rotate Instructions 

SHL reg, 1 0 0 0 0 WOO reg 2 2 u x x x x x 
--------------------------------------------~--------------------------------

mem, 1 0 0 0 0 W mod 0 0 mem 13/21 2-4 u x x x x x 

reg, CL 0 0 0 W 1 1 0 0 reg 7 + n 2 u x u x x x 

mem, CL 0 1 0 0 1 W mod 0 0 mem 16/24 + n 2-4 u x u x x x 

reg, immB 0 0 0 0 0 W 1 1 0 0 reg 7 + n 3 u x u x x x 

mem, immB 0 0 0 0 W mod 0 0 mem 16/24 + n 3-5 u x u x x x 

SHR reg, 1 0 0 0 0 W 1 1 0 reg 2 2 u x x x x x 
------------------------------------------------------------------------------

mem, 1 0 0 0 0 W mod 0 mem 13/21 2-4 u x x x x x 

reg, CL 0 0 0 W 1 1 0 reg 7 + n 2 u x u x x x 

mem, CL 0 1 0 0 W mod 0 mem 16/24 + n 2-4 uxuxxx 

reg, immB 0 0 0 0 W 1 1 0 reg 7 + n 3 u x u x x x 

mem, immB 0 0 0 0 0 W mod 0 mem 16/24 + n 3-5 u x u x x x 

SHRA reg, 1 0 0 0 0 W 1 1 reg 2 2 u x 0 x x x 

mem, 1 o 0 0 0 W mod mem 13/21 2-4 u x 0 x x x 

reg, CL o 0 0 W 1 1 reg 7 + n 2 u x u x x x 

mem, CL o 1 0 0 1 W mod mem 16/24 + n 2-4 u x u x x x 

reg, immB o 0 0 0 0 W 1 1 reg 7 + n 3 u x u x x x 

mem, immB o 0 0 0 0 W mod 1 mem 16/24 + n 3-5 u x u x x x 

ROL reg, 1 o 0 0 0 W 1 1 0 0 0 reg 2 2 x x 
mem, 1 o 0 0 0 W mod 0 0 0 mem 13/21 2-4 x x 
reg, CL o 0 0 W 1 1 0 0 0 reg 7 + n 2 x u 
mem, CL o 1 0 0 1 W mod 0 0 0 mem 16/24 + n 2-4 x u 

reg, imm o 0 0 0 0 W 1 1 0 0 0 reg 7 + n 3 x u 

mem,imm o 0 0 0 0 W mod 0 0 0 mem 16/24 + n 3-5 x u 

ROR reg, 1 o 0 0 0 W 1 1 0 0 reg 2 2 x u 
mem, 1 o 0 0 0 W mod 0 0 mem 13/21 2-4 x x 
reg, CL o 0 0 1 W 1 1 0 0 reg 7 + n 2 x u 

mem,CL o 1 0 0 1 W mod 0 0 mem 16/24 + n 2-4 x u 

reg, immB o 0 0 0 0 W 1 1 0 0 reg 7 + n 3 x u 

mem, immB o 0 0 0 0 W mod 0 0 1 mem 16/24 + n 3-5 x u 

ROLC reg, 1 o 0 0 0 W 1 1 0 0 reg 2 2 x x 
mem, 1 o 0 0 0 W mod 0 0 mem 13/21 2-4 x x 
reg, CL o 0 0 W 1 1 0 0 reg 7 + n 2 x u 

mem,CL o 1 0 0 1 W mod 0 0 mem 16124 + n 2-4 x u 

reg, immB o 0 0 0 0 W 1 1 0 0 reg 7 + n 3 x u 
mem, immB o 0 0 0 0 W mod 0 mem 16/24 + n 3-5 x u 

n = number of shifts 

3-158 



NEe pPD70208 (V40) 

Instruction Set (cont) 

Opcode Flags 
Mnemonic Operands 5 4 3 2 0 7 6 5 4 3 2 1 0 Clocks Bytes AC CY V P S Z 
Shift Rotate Instructions (cont) 

RORC reg, 1 0 0 0 W 0 reg 2 x x 
mem,1 0 0 0 W mod 0 mem 13/21 2-4 x x 
reg, CL 0 1 0 0 W 0 reg 7+n 2 x u 

mem,CL 0 1 0 0 1 W mod 0 mem 16/24 + n 2-4 x u 

reg, imm8 0 0 0 0 0 W 0 reg 7+n 3 x u 

mem, imm8 0 0 0 0 0 W mod 0 mem 16/24 + n 3-5 x u 

n = number of shifts 

Stack Manipulation Instructions 

IJ PUSH mem16 1 1 1 1 1 1 1 mod 1 1 0 mem 23 2-4 

reg16 0 1 0 1 0 reg 10 

sr 0 0 0 sr 1 0 10 

PSW 1 0 0 1 1 0 0 10 

R 0 0 0 0 0 65 1 

imm 0 1 0 S 0 9-10 2-3 

POP mem16 1 0 0 0 mod 000 mem 25 2-4 

reg16 0 0 reg 12 1 

sr 0 0 0 sr 1 1 12 

PSW 1 0 0 1 1 0 12 R R R R R R 

R 0 0 0 0 75 

PREPARE imm16, imm8 0 0 0 0 * 4 
*imm8=0: 16 
imm8> 1 : 21 + 16 (imm8 - 1) 

DISPOSE 0 0 0 0 1 10 

Control Transfer Instructions 

~ALL near-proc 0 0 0 0 20 3 

regptr 1 1 0 0 reg 18 

memptr16 1 1 1 mod 0 0 mem 31 2-4 

far-proc 0 0 0 0 29 5 

memptr32 1 1 1 mod 0 mem 47 2-4 

lET 0 0 0 0 1 19 1 

pop_value 0 0 0 0 0 24 3 

0 0 1 29 1 

pop_value 0 0 0 1 0 32 3 

R near_label 0 0 13 3 

shorLiabel 0 0 0 12 2 

reg 1 1 0 0 reg 11 2 

memptr16 1 1 1 mod 0 0 mem 23 2-4 

far_label 0 0 0 15 5 

memptr32 1 1 1 mod 0 mem 34 2-4 

neaUabel 0 0 0 0 0 14/4 2 

~V near_label 0 0 0 0 14/4 2 
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pPD702'08 (V40) NEe 
Instruction Set (cont) 

Opcode Flags 
Mnemonic Operands 6 5 4 3 2 0 7 6 5 4 3 2 1 0 Clocks Bytes AC CY V P S Z 
Control Transfer Instructions (cont) 

BC,BL near_label 0 0 0 0 14/4 2 

BNC,BNL neaUabel 0 0 0 14/4 2 

BE, BZ near.Jabel 0 0 0 0 14/4 2 

BNE,BNZ near.Jabel 0 ,0 0 1 14/4 2 

BNH near.Jabel 0 0 0 14/4 2 

BH near.Jabel 0 0 1 1 14/4 2 

BN near.Jabel 0 0 0 0 14/4 2 

BP near.Jabel 0 0 0 1 14/4 2 

BPE near.Jabel 0 1 0 1 0 14/4 2 

BPO near.Jabel 0 0 1 1 14/4 2 

BLT near_label 0 0 0 14/4 2 

BGE near.Jabel 0 0 1 14/4 2 

BLE near.Jabel 0 0 14/4 2 

BGT near.Jabel 0 1 1 1 14/4 2 

OBNZNE near.Jabel 0 0 0 0 14/5 2 

OBNZE near.Jabel 0 0 0 0 1 14/5 2 

OBNZ near.Jabel 0 0 0 0 13/5 2 

BCWZ near.Jabel 0 0 0 13/5 2 

Interrupt Instructions 

BRK 3 0 0 0 0 50 

immB 0 0 0 50 2 

BRKV immB 0 0 1 52/3 

RETI 0 0 0 39 R R R R R R 

CHKINO reg16, mem32 0 1 1 0 0 0 mod reg mem 72-75/25 2-4 

BRKEM immB 0 0 0 0 1 1 1 1 1 1 1 1 50 3 

CPU Control Instructions 

HALT 0 1 0 0 2 

BUSLOCK 0 0 0 0 2 

FP01 fp_op 1 0 X X X 1 1 Y Y y Z Z Z 

fp_op, mem 1 0 1 1 X X X mod Y y y mem 14 2-4 

FP02 fp_op 0 0 0 1 X 1 1 Y y y Z Z Z 2 

fp_op, mem 0 1 1 0 0 1 X mod y y y mem 14 2-4 

POLL 0 0 o 1 2 +5n 
n = number of times POLL pin is sampled. 

NOP 0 0 0 0 0 0 3 

01 0 0 

EI 1 0 1 2 

080:, 081:, PS:, and SS: 0 0 seg 0 
(segment override prefixes) 

8080 Instruction Set Enhancements 

RETEM 1 0 0 1 0 39 2 R R R R R 

CALLN immB 1 0 0 0 0 5B 3 
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NEe Electronics Inc. 
PRELIMINARY INFORMATION 

Description 

The pPD70216 (V50™) is a high-performance, low
power 16-bit microprocessor integrating a number of 

, commonly-used peripherals to dramatically reduce the 
'. size of microprocessor systems. The CMOS construc
tion makes the pPD70216 ideal for the design of 
portable computers, instrumentation, and process 
control equipment. 

The pPD70216 contains a powerful instruction set that 
is compatible with the pPD70108/pPD70116 (V20™/ 
V30™) and pPD8086/pPD8088 instruction sets. In
struction set support includes a wide range of arith
metic, logical, and control operations as well as bit 
manipulation, BCD arithmetic, and high-speed block 
transfer instructions. The pPD70216 can also execute 
the entire pPD8080AF instruction set using the 8080 
'emulation mode. Also available is thepPD70208 (V40TM), 
identical to the pPD70216 but with an 8-bit external 
data bus. 

Features 

] V201V30 instruction set compatible 
] Minimum instruction execution time: 250 ns (at 

8 MHz) 
] Direct addressing of 1 M bytes of memory 
] Powerful set of addressing modes 
] 14 16-bit registers 
] On-chip peripherals including 

- Clock generator 
- Bus interface 
- Bus arbitration 
- Programmable wait state generator 
- DRAM refresh control 
- Three 16-bit timer/counters 
- Asynchronous serial I/O control 
- Eight-input interrupt control 
- Four-channel DMA control 

1 Hardware effective address calculation logic 
I Maskable and nonmaskable interrupts 
IpPD72191 Floating Point Processor interface 
I IEEE 796 compatible bus interface 
, Low-power standby mode 

Low-power CMOS technology 

~O, V30, V40, and V50 are trademarks of NEC Corporation. 

J.lPD702i6 (V50™) 
i6-BIT, HIGH-INTEGRATION 

CMOS MICROPROCESSOR 

Ordering Information 
Part Number Package Maximum Frequency 

pPD70216R-8 68-pin PGA 8 MHz 

pPD70216L -8 68-pin PLCC 8 MHz 

pPD70216G-8 80-pin plastic miniflat 8 MHz 

Pin Configurations 

68-Pin PGA 

Bottom View 

/ 

000000000 
A2 

00000000000 
00 
00 
00 
00 pPD70216 

00 
00 
00 
00 

00 00 
00 00 
00 00 

10 0 0 0 0 0 0 0 0 0 0 0 
L10 

11 0 0 0 0 0 0 0 0 0 

A C 0 G H 

Pin Symbol Pin Symbol Pin Symbol Pin Symbol 

A2 INTP7 B9 DMARQ1 F10 AD7 K4 NMI 

A3 INTP5 B10 DMARQO F11 GND K5 RESET 

A4 INTP3 B11 ADO G1 X1 K6 RESOUT 

A5 INTP1 C1 TCTL2 G2 CLKOUT K7 HLDRQ 

A6 DMAAK3/TxD C2 POLL G10 ADa K8 A19/PS3 

A7 DMAAK2 C10 AD1 G11 AD9 K9 A17/PS1 

A8 DMAAK1 C11 AD2 H1 BUFEN K10 AD14 

A9 DMAAKO 01 QS1 H2 BUFR/W K11 AD15 

A10 END/TC 02 QSo H10 AD10 L2 ROO) 

B1 TCLK 010 AD3 H11 AD11 L3 BSo 

B2 TOUT2 011 AD4 J1 BUSLOCK L4 BS2 

B3 INTP6 E1 ASTB J2 iOWii L5 READY 

B4 INTP4 E2 UBE J10 AD12 L6 Voo 

B5 INTP2 E10 ADs J11 AD13 L7 HLOAK 

B6 INTAK/SRDY/ E11 AD6 K1 MWR L8 REFRQ 
TOUT1 

B7 DMARQ3/RxD F1 GND K2 MRD L9 A1S/PS2 

B8 DMARQ2 F2 X2 K3 BS1 L10 A16/PSO 

83·0027198 
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Pin Configurations (cont) 

68-Pln PLCC 

AD,S 

AD'4 

AD'3 

AD'2 

AD" 

AD,o 

AD9 

ADa 

GND 

AD7 

AD6 

ADs 

AD4 

AD3 

AD2 

AD, 

ADo 

3-162 

Top View 

MWR 

IOWR 

BUSLOCK 

BUFR/W 

BUFEN 

CLKOUT 

X, 
X2 

GND 

UBE 

ASTB 

aso 
as, 
POLL 

TCTL2 

TOUT2 

TCLK 

80-Pln Plastic Mlnlflat 

A'6/PSO 

NC 

AD,s 

AD,4 

AD'3 

AD,2 

AD" 

AD,o 

AD9 

ADa 

GND 

NC 

GND 

AD7 

AD6 

ADs 

AD4 

AD3 

AD2 

AD, 

ADo 

NC 

NC 

END/TC 

I~ 

:it 10 ~ ~ 
<I a: 

I~ 

g ~ 
9 9 
:r :r 

Ii 

Top View 

c c I~ 
c c '" > > a: 

NEe 

lORD 

NC 

MWR 

IOWR 

BUSLOCK 

BUFR/W 

BUFEN 

CLKOUT 

X, 
X2 

GND 

NC 

GND 

UBE 

ASTB 

aso 
as, 
POLL 

TCTL2 

TOUT2 

TCLK 

NC 

INTP7 

INTP6 
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Pin Identification 
Symbol 

ASTB 

BUFEN 

BUFR/W 

BUS LOCK 

CLKOUT 

DMAAKO 

DMAAK1 

DMAAK2 

DMAAK3/TxD 

DMARQO 

DMARQ1 

DMARQ2 

DMARQ3/RxD 

Function 

Multiplexed address/processor status outputs 

Multiplexed address/data bus 

Address strobe output 

Data bus transceiver enable output 

Data bus transceiver direction output 

Buslock output 

Bus status outputs 

System clock output 

DMA channel 0 acknowledge output 

DMA channel 1 acknowledge output 

DMA channel 2 acknowledge output 

DMA channel 3 acknowledge output/Serial 
transmit data output 

DMA channel 0 request input 

DMA channel 1 request input 

DMA channel 2 request input 

DMA channel 3 request input/Serial receive 
data input 

End input/Terminal count output 

Ground 

Hold acknowledge output 

,HLDRQ Hold request input 

IC Internal connection; leave unconnected 

INTAK/TOUT1/SRDY Interrupt acknowledge output/Timer/counter 1 
output/Serial ready output 

INTP1·INTP7 Interrupt request inputs 

lORD I/O read strobe output 

!OWR I/O write strobe output 

VlRD Memory read strobe output 

~WR Memory write strobe output 

~C No connection 

~MI Nonmaskable interrupt input 
I==~----------------------------------~-
lOLL Poll input 

CPU queue status outputs 

\EADY Ready input 

liEFRQ Refresh request output 

Reset input 

IESOUT Synchronized reset output 

pPD70216 (V50) 

Symbol Function 

TCLK Timer / counter external clock input 

TCTL2 Timer/counter 2 control input 

TOUT2 Timer/counter 2 output 

UBE Upper byte enable output 

Voo +5 V power supply input 

X1, X2 Crystal/external clock inputs 

Pin Functions 

A19-A16/PS3-PSO [Address/Status Bus] 

These three-state output pins contain the upper 4 bits IE] 
of the 20-bit address during T1 and processor status 
information during T2, T3, Tw, and T4. During T1 of a 
memory read or write cycle, these pins contain the 
upper 4 bits of the 20-bit address. These pins are forced 
low during T1 of an I/O bus cycle. 

Processor status is output during T2, T3, Tw, and T 4 of 
both memory and I/O bus cycles. PS3 is zero during 
any CPU native mode bus cycle. During any DMA, 
refresh, or 8080 emulation mode bus cycle, PS3 outputs 
a high level. PS2 outputs the contents of the interrupt 
enable (IE) flag in the CPU PSW register. PS1 and PSo 
indicate the segment register used to form the physical 
address of a CPU bus cycle as follows: 

PSI PSo Segment 

0 0 Data segment 1 (DS1) 
0 1 Stack segment (SS) 

0 Program segment (PS) 
1 Data segment 0 (DSO) 

These pins are in the high-impedancestateduring hold 
acknowledge. 

AD1S-ADo [Address/Data Bus] 

These three-state pins form the active-high, time-multi
plexed address/data bus. During T1 of a bus cycle, 
AD1S-ADo output the lower 16 bits of the 20-bit memory 
or I/O address. During the T2, T3, Tw, and T4 states, 
AD1S-ADo form the 16-bit bidirectional data bus. 

The memory and I/O address spaces are organized 
into a pair of byte-wide banks. The even bank is 
accessed whenever ADo = 0 during T1 of a bus cycle. 
Access to the odd bank is controlled by the USE pin. 

The AD1S-ADo pins enter the high-impedance state 
during hold acknowledge or internal interrupt acknow
ledge bus cycles or while RESET is asserted. Pins 
AD1O-ADa contain the slave address of an external 
interrupt controller during the second interrupt ac
knowledge bus cycle. 
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ASTB [Address Strobe] 

This active-high output is used to latch the address 
from the multiplexed address bus in 'an external address 
latch during T1 of a bus cycle. ASTB is held at a low 
level during hold acknowledge. 

BUFEN [Buffer Enable] 

BU FEN is an active-low output for enabling an external 
data bus transceiver during a bus cycle. BUFEN is 
asserted during T2 through T4 of a read cycle, T2 
through T3 of a slave interrupt acknowledge cycle, and 
T1 through T4 of a write cycle. BUFEN is not asserted 
when the bus cycle corresponds to an internal pe
ripheral, DMA, refresh, or internal interrupt acknow
ledgecycle. BUFEN enters the high-impedance state 
during hold acknowledge. 

BUFR/W [Buffer Read/Write] 

BUFR/W is a three-state, active-low output used to 
control the direction of an external data bus trans
ceiver. A high level indicates the pPD70216 will perform 
a write cycle and a low level indicates a read cycle. 
BUFR/Wenters the high-impedance state during hold 
acknowledge. 

BUSLOCK 

This active-low output provides a means for the CPU to 
indicate to an external bus arbiter that the bus cycles of 
the next instruction are to be kept contiguous. 
BUSLOCK is asserted for the duration of the instruction 
following the BUSLOCK prefix. BUSLOCK is also 
asserted during interrupt acknowledge cycles and 
enters the high-impedance state during hold acknow
ledge. While BUS LOCK is asserted, DMAU, RCU, and 
external bus requests are disabled. 
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BS2-BSO [Bus Status] 

Outputs BS2-BSo indicate the type of bus cycle being 
performed as follows. 

BS2 BS1 BSo Bus Cycle 

0 0 0 Interrupt acknowledge 
0 0 1 I/O read 

0 0 I/O write 
0 1 Halt 

0 0 Instruction fetch 
0 1 Memory read (1) 

0 Memory write (2) 
1 Passive state 

Note: 

(1) Memory read bus cycles include CPU, DMA read, DMA verify, 
and refresh bus cycles, 

(2) Memory write bus cycles include CPU and DMA write bus cycles. 

BS2-BSO are three-state outputs and are high imped
ance during hold acknowledge. 

CLKOUT 

The CLKOUT output is used to generate all internal 
timing for the pPD70216. CLKOUT has a 50-percent 
duty cycle at half the frequency of the input clock 
source. 

DMAAKO-DMAAK2 [DMA Acknowledge] 

This set of outputs contains the DMA acknowledge 
signals for channels 0-2 from the internal DMA control
ler and indicate that the peripheral can perform the 
requested transfer. 

DMAAK3/TxD [DMA Acknowledge 3]/[Serial 
Transmit Data] 

Two output signals multiplexed on this pin are selectee I 

by the PF field of the on-chip peripheral connection II 
register. I 

II 

• DMAAK3 is an active-low output and enables all 
external DMA peripheral to. perform the requeste~1 
DMA transfer for channel 3. I 

• TxD is the serial output from the serial control uni ." . 

DMARQO-DMARQ2 [DMA Request] I 

These synchronized inputs are used by external pe 
ripherals to request DMA service for channels 0-2 fror 
the internal DMA controller. 
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DMARQ3/RxD [DMA Request 3]/[Serial Receive 
Data] 

Two input signals multiplexed on this pin are selected 
by the PF field of the on-chip peripheral connection 
register. 

• DMARQ3 is used by an external peripheral to request 
a DMA transfer cycle for channel 3. 

• RxD is the serial input to the serial control unit. 

EN D/TC [End/Terminal Count] 

This active-low bidirectional pin controls the termin
ation of a DMA service. Assertion of END by external 
hardware during DMA service causes the service to 
terminate. When a DMA channel reaches its terminal 
count, the DMAU asserts TC, indicating the program
med operation has completed. 

END/TC is an open-drain 1/0 pin, and requires an 
external 2.2-kO pull-up resistor. 

HLDAK [Hold Acknowledge] 

When an external bus requester has become the 
highest priority requester, the internal bus arbiter will 

'I assert the HLDAK output indicating the address, data, 
and control buses have entered a high-impedance state 
and are available for use by the external bus master. 

Should the internal DMAU or RCU (demand mode) 
request the bus, the bus arbiter will drive HLDAK low. 
When this occurs, the external bus master should 
complete the current bus cycle and negate the HLDRQ 
signal. This allows the bus arbiter to reassign the bus to 
the higher priority requester. 

HLDRQ [Hold Request] 

This active-high signal is asserted by an external bus 
master requesting to use the local address, data, and 
control buses. The HLDRQ input is used by the internal 
bus arbiter, which gives control of the buses to the 

I highest priority bus requester in the following order. 

'Bus Master 

,RCU 
DMAU 
IHLDRQ 
ICPU 
HCU 

Priority 

Highest (demand mode) 

• 
• 
• 

Lowest (normal operation) 

pPD70216 (V50) 

INTAK/TOUT1/SRDY [Interrupt Acknowledge]! 
[Timer 1 Output]![Serial Ready] 

Three output signals multiplexed on this pin are 
selected by the PF field of the on-chip peripheral 
connection register. 

• INTAK is an interrupt acknowledge signal used to 
cascade external slave pPD71 059 Interrupt Control
lers. INTAK is asserted during T2, T3, and Tw states 
of an interrupt acknowledge cycle. 

• TOUT1 is the output of timerlcounter 1. 

• SRDY is an active-low output and indicates that the 
serial control unit is ready to receive the next 
character. 

INTP1-INTP7 [Peripheral Interrupts] 

INTP1-INTP7 accept either rising-edge or high-level 
triggered asynchronous interrupt requests from external 
peripherals. These INTP1-INTP7 inputs are internally 
synchronized and prioritized by the interrupt control 
unit, which requests the CPU to perform an interrupt 
acknowledge bus cycle. External interrupt controllers 
such as the pPD71 059 can be cascaded to increase the 
number of vectored interrupts. 

These interrupt inputs cause the CPU to exit both the 
standby and 8080 emulation modes. 

INTP1-INTP7 contain internal pull-up resistors and 
may be left unconnected. 

lORD [I/O Read] 

This three-state pin outputs an active-low 1/0 read 
strobe during T2, T3, and Tw of an 1/0 read bus cycle. 
Both CPU 1/0 read and DMA write bus cycles assert 
lORD. lORD is not asserted when the bus cycle 
corresponds to an internal peripheral. It enters the 
high-impedance state during hold acknowledge. 

10WR [I/O Write] 

This three-state pin outputs an active-low 1/0 write 
strobe during T2, T3, and Tw of a CPU I/O write or an 
extended DMA read cycle and during T3 and Tw of a 
DMA read bus cycle. 10WR is not asserted when the 
bus cycle corresponds to an internal peripheral. It 
enters the high-impedance state during hold acknow
ledge. 
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MR D [Memory Read Strobe] 

This three-state pin outputs an active-low memory 
read strobe during T2, T3, and Tw of a memory read 
bus cycle. CPU memory read, DMA read, and refresh 
bus cycles all assert MRD. MRD enters the high
impedance state during hold acknowledge. 

MWft [Memory Write Strobe] 

This three-state pin outputs an active-low memory 
write strobe during T2, T3, and Tw of a CPU memory 
write or DMA extended write bus cycle and during T3 
and Tw of a DMA normal write bus cycle. MWR enters 
the high-impedance state during hold acknowledge. 

NMI [Nonmaskable Interrupt] 

The NMI pin is a rising-edge-triggered interrupt input 
that cannot be masked by software. NMI is sampled by 
CPU logic each clock cycle and when found valid for 
five or more CLKOUT cycles, the NMI interrupt is 
accepted. The CPU will process the NMI interrupt 
immediately after the current instruction finishes 
execution by fetching the segment and offset of the 
NMI handler from interrupt vector 2. The NMI interrupt 
causes the CPU to exit both the standby and 8080 
emulation modes. The NMI input takes precedence 
over the maskable interrupt inputs. 

POLL [Poll] 

The active-low POLL input is used to synchronize the 
operation of external devices with the CPU. During 
execution of the POLL instruction, the CPU checks the 
POLL input state every five clocks until POLL is once 
again asserted. 

QS1-QSO [Queue Status] 

The QS1 and QSo outputs maintain instruction synch
ronization between the pPD70216 CPU and external 
devices such as thepPD72191 Floating Point Processor. 
These outputs are interpreted as follOWS. 

QSo Instruction Queue Status 

o o No operation 

o First byte of instruction fetched 

o Flush queue contents 

Subsequent byte of instruction fetched 

Queue status is valid for one clock cycle after the CPU 
has accessed the instruction queue. 
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READY [Ready] 

This active-high input synchronizes external memory 
and peripheral devices with the pPD70216. Slow 
memory and I/O devices can lengthen a bus cycle by 
negating the READY input and forcing the BIU to insert 
Tw states. READY must be negated prior to the rising 
edge of CLKbuT during the T2 state to guarantee 
recognition. When READY is once again asserted and 
recognized by the BIU, the BIU will proceed to the T4 
state. 

The READY input operates in parallel with the internal 
pPD70216 wait control unit and can be used to insert 
more than three wait states into a bus cycle. 

REFRQ [Refresh Request] 

REFRQ is an active-low output indicating the curren't 
bus cycle is a memory refresh operation. REFRQ is 
used to disable memory address decode logic and 
refresh dynamic memories. The 8-bit refresh row 
address is placed on As-A1 during a refresh bus cycle. 

RESET [Reset] 

The RESET input is used to force the pPD70216 to a 
known state by resetting the CPU and on-Chip periph
erals. RESET must be asserted for a minimum of four 
clocks to guarantee recognition. After RESET has 
been released, the CPU will start program execution 
from address FFFFOH. 

RESET will release the CPU from the low-power 
standby mode and force it to the native mode, 

RESOUT [Reset Output] 

This active-high output is available to perform a system
wide reset function. Reset is internally synchronized 
with CLKOUT and output on the RESOUT pin. 

TCLK 

TCLK is an external clock source for the timer contro 
unit. The three timer/counters can be programmed tc 
operate with either the TCLK input or a prescalecl 
CLKOUT input. Ij 
TCTL2 II' 
TCTL2 is the control input for timer/counter 2. : II 

TOUT2 

TOUT2 is the output of timer/counter 2. 
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UBE [Upper Byte Enable] 

UBE is an active-low output, asserted when the upper 
byte of the 16-bit data bus contains valid data. UBE is 
used along with Ao by the memory decoding logic to 
select the even/odd banks as follows. 

Bus 
Operation UBE Au Cycles 

Word, even address 0 0 1 

Word, odd address 0 1 (1st bus cycle) 2 
1 o (2nd bus cycle) 

Byte, even address 1 0 

Byte, odd address 0 

UBE is a three-state output and enters the high
impedance state during hold acknowledge. 

Block Diagram 

TOUT2 

TOUT1 

TCTL2 
TCLK 

INTP7 
INTP6 
INTP5 

INTP4 

INTP3 

INTP2 

INTP1 

INTAK.-------------------~ 

NMI------------------~ 

X2~ 
X1· ~ ! 

CLKOUT 

cPU 

pPD70216 (V50) 

X1, X2 [Clock Inputs] 

These pins accept either a parallel resonant, funda
mental mode crystal or an external oscillator input with 
a frequency twice the desired operating frequency. 

C> 
I/) 
D. 
~ 

I/) 
C> D. Q C> co cr: I/) 

~ .}, ID 
~ C ~ ~ C> 

~ 
I/) 1/)1/) 

cr: ID 00 

POiI 
BUSLOCK 

BUFEN 

BUFRIW 
UBE 

ASTB 
BIU IOWR 

lORD 

MWR 
MRD 

.- READY 

RESOUT 
RESET 

HLDAK 

HLDRQ 
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Absolute Maximum Ratings. AC Characteristics 
TA = +25°C TA = -10 to +70°C; Voo = +5 V ±10%; CL = 100 pF 

Power. supply voltage, Voo -0.5 to +7.0 V Limits Test 
Input voltage, VI -0.5 to Voo + 0.3 V Parameter Symbol Min Max Unit Conditions 

CLK input voltage, VK --.:0.5 to Voo + 1.0 V External clock input tCYX 62 250 ns 

Output voltage, Vo -0.5 to Voo + 0.3 V cycle time 

Operating temperature, T OPT -10 to +70°C External clock pulse tXXH 20 ns VKH = 3.0 V 
width, high 

Storage temperature, T STG -65 to +150 °C External clock pulse tXXL 20 VKL = 1.5 V ns 

Comment: Exposing the device to stresses above those listed in the width, low 

Absolute Maximum Ratings could cause permanent damage. The External clock rise tXR 10 ns 1.5 - 3.0 V 
device is not meant to be operated under conditions outside the time 
limits described in the operational sections of this specification. 

External clock fall tXF 10 3.0 -1.5 V Exposure to absolute maximum rating conditions for extended ns 

periods may affect device reliability. time 

CLKOUT cycle time tCYK 124 500 ns 
Capacitance CLKOUT pulse width, tKKH 0.5 tCYK ns VKH = 3.0 V 
TA = +25°C, Voo = 0 V high -7 

Limits Test CLKOUT pulse width, tKKL 0.5 tCYK ns VKL = 1.5 V 
Parameter Symbol Min Max Unit Conditions low -7 

Input capacitance CI 15 pF fc = 1 MHz; CLKOUT rise time tKR 7 ns 1.5 - 3.0 V 

Output capacitance Co 15 pF unmeasured pins CLKOUT fall time tKF 7 ns 3.0 -1.5 V 
are returned to 0 V. 

CLKOUT delay time tOXK 55 ns 
from external clock 

DC Characteristics Input rise time tlR 20 ns 0.8 - 2.2 V 
TA = -10 to +70°C, Voo = +5 V ±10% (except external 

Limits clock) 
Test 

Parameter Symbol Min Max Unit Conditions Input fall time tlF 12 ns 2.2 - 0.8 V 
(except external 

Input voltage, high VIH 2.2 Voo+ V clock) 
0.3 

Output rise time 20 tOR ns 0.8 - 2.2 V 
Input voltage, low VIL -0.5 0.8 V (except CLKOUT) 

X1, X2 input VKH 3.9 Voo+ V Output fall time tOF 12 ns 2.2 - 0.8 V 
voltage, high 1.0 (except CLKOUT) 

X1, X2 input VKL -0.5 0.6 V RESET setup time to tSRESK 25 ns 
voltage, low CLKOUT! 

Output voltage, high VOH 0.7 Voo V IOH =-400pA RESET hold time tHKRES 35 ns 

Output voltage, low. VOL 0.4 V IOL = 2.5 mA after CLKOUT! 

Input leakage ILiH 10 pA VI = Voo RESOUT delay time tOKRES 5 60 ns 

current, high from CLKOUT! 

Input leakage ILlPL -300 pA VI = 0 V, INTP READY inactive tSRYLK 15 ns 

current, low input pins setup time to 
CLKOUTt 

ILiL -10 pA VI = 0 V, other 
input pins READY inactive tHKRYL 25 ns 

hold time after 
Output leakage ILOH 10 pA Vo = Voo CLKOUTt 
current, high 

READY active setup tSRYHK 15 ns 
Output leakage ILOL -10 pA Vo=OV time to CLKOUTt 
current, low 

READY active hold tHKRYH 25 ns 
Supply current 100 90 mA Normal mode time after CLKOUTt 

20 mA Standby mode 
NMI, POLL setup tSIK 15 ns 
time to CLKOUTt 
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AC Characteristics (cont) 
Limits 

Limits 
Test 

Test Parameter 
Parameter Symbol Min Max Unit Conditions 

Symbol Min Max Unit Conditions 

Data setup time to tSOK 20 ns 
HLDRQ setup time tSHOK 20 ns 

CLKOUT! 
to CLKOUTt 

Data hold time after tHKO 15 ns 
HLDAK delay time tOKHA 10 100 ns 

CLKOUT! 
from CLKOUT! 

Address delay time tOKA 10 60 ns 
Address drive delar tOKA2 tCYK ns 

from CLKOUT! 
time from CLKOUT 

Address hold time tHKA 10 ns 
DMAAK delay time tOKHOA 10 70 ns 

afterCLKOUT! 
from CLKOUTt 

PS delay time from tOKP 10 60 ns 
DMAAK delay time tOKLOA 10 115 ns Cascade mode 

CLKOUT! 
from CLKOUT! 

PS float delay time tFKP 10 60 ns 
WR pulse width, tWW1 2tCYK - ns DMA extended II from CLKOUTt 
low (DMA cycle) 40 write cycle 

Address setup time tSAST tKKL - 30 ns 
WR pulse width, tWW2 tCYK - 40 ns DMA normal 

to ASTB! 
low (DMA cycle) write cycle 

Address float delay tFKA tHKA 60 ns 
TC output delay tOKTCL 60 ns 

time from CLKOUn 
time from CLKOUTt 

ASTBt delay time tOKSTH 50 ns 
TC off delay time tOKTCF 60 ns 

from CLKOUT! 
from CLKOUTt 

ASTBl delay time tOKSTL 55 ns 
TC pulse width, low tTCTCL tCYK - 15 ns 

from CLKOUTt TC pullup delay tOKTCH tKKH+ ns 

ASTB pulse width, tSTST tKKL -10 ns 
time from CLKOUTt tCYK -

high 
10 

Address hold time tHSTA tKKH -10 ns 
END setup time tSEOK 35 ns 

after ASTB! 
to CLKOUTt 

Control delay time tOKCT 15 60 ns 
END pulse width, tEDEOL 100 ns 

. from CLKOUT 
low 

RD! delay time tOAFRL 0 ns 
DMARQ setup time tSOOK 35 ns 

from address float 
to CLKOUTt 

RD! delay time tOKRL 10 70 ns 
INTPn pulse width, tlPIPL 100 ns 

from CLKOUT! 
low 

ROt delay time tOKRH 15 60 ns 
RxD setup time to tSRX JiS 

from CLKOUT l 
SCU internal clock! 

Address delay time tORHA tCYK - 40 ns 
RxD hold time after tHRX JiS 

from RBt 
SCU internal clockl 

RD pulse width, low tRR 2tCYK - ns 
SRDY delay time tOKSR 150 ns 

50 
from CLKOUT l 

8UFR/W delay from tOBECT tKKL - ns Read cycle 
TxD delay time from toTX 500 ns 

BUFENt 20 
TOUT1l 

towCT tKKL - ns Write cycle 
TCTL2 setup time tSGX 50 ns 

20 
from CLKOUT l 

,)ata output delay tOKO 10 60 ns 
TCTL setup time tSGTK 50 ns 

:ime from CLKOUT l 
to TCLKt 

)ata float delay tFKO 10 60 ns 
TCTL2 hold time tHKG 100 ns 

:ime from CLKOUT! 
after CLKOUT l 

IVR pulse width, low tww 2tCYK - ns 
TCTL2 hold time tHTKG 50 ns 

40 
after TCLKt 

I 

IS! delay time tOKBL 10 60 ns 
TCTL2 pulse width, tGGH 50 ns 

I'rom CLKOUTt 
high 

,I 

'1St delay time tOKBH 10 65 ns 
rom CLKOUT! 
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AC Characteristics (cont) 
limits 

Parameter Symbol Min Max 

TCTL2 pulse width, tGGL 50 
low 

TOUT output delay tOKTO 200 
time from CLKOUT! 

TOUT output delay tOTKTO 150 
time from TOUT! 

TOUT output delay tOGTO 120 
time from TCTL2! 

TCLK rise time tTKR 25 

TCLK fall time tTKF 25 

TCLK pulse width, tTKTKH 50 
high 

TCLK pulse width, tTKTKL 50 
low 

TCLK cycle time teYTK 124 Dc 

RO!. WR! delay tOOARW tKKH 
from OMAAK! -30 

OMAAKt delay tORHOAH tKKL 
from ROt -30 

ROt delay from 
WRt 

tOWHRH 5 

Timing Waveforms 

Clock Timing 

External 
Clock 
[X1] 

CLKOUT 
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IlPD70216 Clock Input Configurations 

Test 
Unit Conditions Crystal-Controlled Internal Clock 

ns 

t~F 
X1 

I ns II 
15 ~F T X2 

ns 

ns 
External Clock 1 

ClK---f>o a: I 

ns 

ns 

ns 

ns External Clock 2 

-J>o---- X1 ClK 
ns 

ns 

Buffers are high-speed 
ns CMOS Inverters. 

83-004019A 

ns 

Timing Measurement Points 

[except Clock] 2.2 v 2.2 V Input 2.
4V=X x= 

0.4 V ..... 0 ...... 8_v _____ ..;;;0.;;;,8..:...,v • 

Output 
--v 2.2 V 2.2 V v---
~~0~.8~V-----~0.~8V~~ 

83-001816A 

.
1, 

L 
____________________________________________________________________________ ~--~8~3-~OO~18~4~4B~~ 

II 
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Timing Waveforms (coni) 

Reset and Ready Timing 

Reset Timing 

CLKOUT 

RESET 

RESOUT 

Ready Timing, No Wait States 

T1 

CLKOUT 

READY 

Ready Timng, Wait States 

T1 

CLKOUT 

READY 

pPD70216 (V50) 

t"'''~,--__ _ 

T2 T3 T4 T1 

T2 T3 TW T4 

83-0027258 
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Timing Waveforms (cont) 

Poll, NMI, and Buslock Timing 

CLKOUT 

POLL, NMI Input Timing 

POLL, NMI 

_[_tSIK 

CLKOUT 

BUSLOCK Output Timing 

83-001831 B 
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Timing Waveforms (cont) 

Read Timing 

T4 T1 T2 T3 T4 

/ CLKOUT 
r---\W r--\~ r--\~ ~~ ~ 

tOKA_ ~ -
Dk Address 

I 

tOKA- ~I -+ 
!4-tSAST-

D' 
f+- tSAsI - -

AOWAO 
I' A~dress 0 

I 

tOKSTH- f- 1-· 

ASTB 

BUFEN I-

-
BUFR/W 

-r\ 

MR 

lOR 

BS2-BS 

0 

0 

0 

-

~tSTST-

" 
tOKSTL --J ~ 

I-tOCKT -

-

\ 
I-tOKBL 

~tHKA - I+-tFKP 

~It Program Status V-
A-

I+-tOKP 

-tFKA I+--tSOK-

'r--
Data Input 

JL--...;. 
~tHSTA tHKO- I*-

V-
i+-tOKCT - I-toK1T - [Note 1] 
'r- - - - - - t-

\ J I 
f- tOBECT -

~tOAFRL ~ I-tOKCT 

J 
I-tOKRL 

~ot!:2] 
-+ I-tOKRH 

t- - - - - - -
\ 1 

tRR -! I+--tORHA-

} 
-+ I-tOKBH Note: 

[1] Except Internal 1/0 accesses. 83-001845B 
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Timing Waveforms (cont) 

Write Timing 

3-174 

ClKOUT 

ASTB 

BUFRiW 

MWR 
10WR 

BS2-BSO 

T4 

tOKBL 

T1 

NEe 

T2 T3 T4 

Program Status 

Data Output 

tOKCT 

tOKCT 
[Note 1] tOKCT 

~--------~-tww--------~ 

Note: 

[1] Except internal 1/0 accesses. 
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Timing Waveforms (cont) 

Status Timing 

CLKOUT 

A19/PS3 
-A16/PSO 

ASTB 

OS1, aso 

T4 

-+---+" 

pPD70216 (V50) 

T1 T2 T3 T4 

tDKBH 

Bus Status 

tDKRH 

~----------tRR------~--~.~1 
-------IX"---__ X"---__ X~_~ 

83-002721 B 
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Timing Waveforms (coni) 

Interrupt Acknowledge Timing 

T1 T1 

CLKOUT 

AD15"ADo 

NEe 

T2 T3 TI 

i tHKO 

-€":--)-
Vector number 

[Note2J 

ASTB -+--~---------r~~--~~~--------------------
tOKCT 

\'---__ -11 
tOKCT 

BUFii/W ____ + _____________ -...f t-----------------------------

---.[.~" 
BUSLOCK -------------------------~2~~-------------------J;I 

3-176 

Note: 

[1] Slave address when Interrupt Irom externalpPD71059. Undefined when InternallCU Interrupt. 

[2J Solid line when Interrupt Irom external pPD71059. Dash line when InternallCU Interrupt. 
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Timing Waveforms (cont) 

HLDRQ/HLDAK Timing, Normal Operation 

TI TI TI T4 T1 

"'O"'~~QK ~~ 
HLDRO ~ ~ __________________________ +-____ ~ ____ ~ __________ _ 

HLDAK ---------...... )~-I------f__J 

(1) Internal Bus Master 

tDKA 

tOKA 

Internal 
Bus Master 

~rtFKA 

(2)I-n-te-rn-a-I-B-us-M-a-s-te~~~~----------"""~~-------------------------------------------------i~_ln_t_er_n_al_B_U_S_M_a_st_e_r 
NOTES: (1) A19/PS3-A16/PSo, AD1S-ADo, BUFEN,BUFR/W,MRD,IORD,MWR,IOWR,UBE 

(2) BS2-BSO 

83-0018288 

HLDRQ/HLDAK Timing, Bus Wait 

CLKOUT 

HLDRO 

HLDAK 

_____ E_x_te_rn_a_IB_u_S_M_a_s_te_r ______ ~:,(~:~------------__________________________ -J) 
tOKA2~...--_ 

_ Internal Bus 
Master 

83-0018298 

3-177 



pPD70216 (V50) 

Timing Waveforms (coni) 

Refresh Timing 

CLKOUT 

A19/PSa 
·A16/PSO 

T4 

-----~ 

ADS·ADO ------41 

ASTB 

MRD 

tOKC1 

T1 T2 T3 

tOAFRL 

tOKRL 

r- tOKBL r tOKBH 

BS2·BSO \1 BS2=1, BS1 =0, BSO=1 I 
\_-----

3-178 
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14 

tOKC1 
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Timing Waveforms (coni) 

DMAU, DMA Transfer Timing 

T4 

CLKOUT 

BS2·BSO 

ASTB 

tOKA 

T1 

tOOARW _ 

tOKeT 

tOOARW-1 
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T2 T3 T4 

tOKHOA 

-tORHOAH 

83-0018478 
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Timing Waveforms (cont) 

DMA Timing 

3-180 

ENOlfCTiming 
T1 T2 T3 T4 

CLKOUT 

TC 

ISEDK ~EDL-I 
-------0----------------------

OMA Request Timing 

CLKOUT 

OMARQn 
(n=0-3) 

Cascade Mode, Normal Operation 

CLKOUT /\. F¥l 
--'~ ISSOOQQKK~ ~ ISDQK_ 

OMARQ 

I 

I~-------------------+--------

IDKLO~ 

·~I----------------------------J 

Cascade Mode, Refresh Cycle Insertion 

~~K 
~II 

OMAAK ------------------~'~~~I--------------

CLKOUT 

OMARa 
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Timing Waveforms (cont) 

SCU Timing 

RXD\ ___ "'I--Y ___ L 
l~tSRX--.. .!-1"4-~tHRX--.i 

\J 
14----+-16 or 64 TOUT1 pulses---~ 

~--16 or 64 TOUT1 pulses ---+I 

TxD 

torx 

CLKOUT 

--------~~,?:~--------
SRDY ~ 

ICU Timing 

INTPn 
(n=1-7) (''''') 

83-001849B 
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Timing Waveforms (conI) 

TCU Timing, Internal Clock Source 

CLKOUT 

t.-------tHKG----___+! 

__________________ r'DGTD ITOUT21 

TOUTo 10 ~ I, 21 t 
83-0027228 

TCU Timing, TCLK Source 

tTKR tTKF 

TCLK 

tHTKG 

TCTL2 

_________ ~~_g_~_~_2_] ___ ~ _____ ~'~,ro 
TOUTn [n = 1, 2] x= x:= 

83-0018238 
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Functional Description 

Refer to the pPD70216 block diagram for an overview 
of the ten major functional blocks listed below. 

• Central processing unit (CPU) 
• Clock generator (CG) 
• Bus interface unit (BIU) 
• Bus arbitration unit (BAU) 
• Refresh control unit (RCU) 
• Wait control unit (WCU) 
• Timer/counter unit (TCU) 
• Serial control unit (SCU) 
• Interrupt control unit (ICU) 
• DMA control unit (DMAU) 

Figure 1. pPD70216 CPU Block Diagram 

Internal address/data bus (20) 

• 
DP 

TEMP 

Qo Q1 

Q2 Q3 

Q4 Qs 

• 
LC 

PC 

AW 

BW 

CW 

• • 

Subdata bus(16) Main data bus(16) 

pPD70216 (V50) 

Central Processing Unit 

The pPD70216 CPU functions similarly to the CPU of 
the JlPD70116 CMOS microprocessor. However,be
cause the pPD70216 has internal peripheral devices, 
its bus architecture has been modified to permit 
shari ng the bus with internal peri pherals. The JlPD70216 
CPU is object code compatible with both the JlPD70108/ 
JlPD70116 and theJlPD8086/pPD8088 microprocessors. 

Figure 1 is thepPD70216 CPU block diagram. A listing 
of the JlPD70216 instruction set is at the end of this data 
sheet. 

To BIU 

NMI 
INT 
(from ICU) 

CLOCK 
(from CG) 

BCU 

EXU 

Effective Address 
Generator 

83-0018398 
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Register Configuration 
r 

Program Counter [PC]. The program counter is a 16-
bit binary counter that contains the program segment 
offset of the next instruction to be executed. The PC is 
incremented each time the microprogram fetches an 
instruction from the instruction queue. The contents of 
the PC are replaced whenever a branch, call, return, or 
break instruction is executed and during interrupt 
processing. At this time, the contents of the PC are the 
same as the prefetch pointer (PFP). 

Prefetch Pointer [PFP]. The prefetch pOinter is a 
16-bit binary counter that contains the program seg
ment offset of the next instruction to be fetched for the 
instruction queue. Because instruction queue prefetch 
is independent of instruction execution, the contents 
of the PFP and PC are not always identical. The PFP is 
updated each time the bus interface unit (BIU) fetches 
an instruction for the instruction queue. The contents 
of the PFP are replaced whenever a branch, call, return 
or break instruction is executed and during interrupt 
processing. At this time, the contents of the PFP and 
PC are the same. 

Segment Registers [PS, SS, OSo, OS1]' ThepPD70216 
memory address space is divided into 64K-byte logical 
segments. A memory address is determined by the sum 
of a 20-bit base address (obtained from a segment 
register) and a 16-bit offset known as the effective 
address (EA). I/O address space is not segmented and 
no segment register is used. The four segment registers 
are program segment (PS), stack segment (SS), data 
segment 0 (DSo), and data segment 1 (DS1)' The 
following table lists their offsets and overrides. 

Default 
Segment Register Offset Override 

PS PFP register Invalid 

SS SP register Invalid 

SS Effective address (BP-based) PS, DSo, DS1 

DSo Effective address (non BP-based) PS,SS, DS1 

DSO IX register (1) PS,SS, DS1 

DS1 IV register (2) Invalid 

Note: 

(1) Includes source block transfer, output, BCD string, and bit field 
extraction. 

(2) Includes destination block transfer, input, BCD string, and bit 
field insertion. 
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General-Purpose Registers. The pPD70216 CPU con
tains four 16-bit general-purpose registers (AW, BW, 
CW, OW), each of which can be used as a pair of 8-bit 
registers by dividing into upper and lower bytes (AH, 
Al, BH, Bl, CH, Cl, DH, Dl). General purpose 
registers may also be specified implicitly in an in
struction. The implicit assignments are: 

AW Word multiplication/division, Word I/O, 
data conversion 

Al Byte multiplication/division, byte 110, BCD 
rotation, data conversion, translation 

AH Byte multiplication/division 

BW Translation 

CW loop control, repeat prefix 

Cl Shift/rotate bit counts, BCD operations 

OW Word multiplication/division, indirect 
I/O addressing 

Pointer [SP, BP] and Index Registers [IX, IV]. These 
registers serve as base pointers or index registers 
when accessing memory using one of the base, 
indexed, or base indexed addressing modes. Pointer 
and index registers can also be used as operands for 
word data transfer, arithmetic, and logical instructions. 
These registers are implicitly selected by certain 
instructions as follows. 

SP Stack operations, interrupts 

IX Source block transfer, BCD string 
operations, bit field extraction 

IY Destination block transfer, BCD string 
operations, bit field insertion 

Program Status Word [PSW] 

The program status word consists of six status flags 
and four control flags. 

Status Flags Control Flags 

• V (Overflow) • MD (Mode) 
• S (Sign) • DIR (Direction) 
• Z (Zero) • IE (Interrupt Enable) 
• AC (Auxiliary Carry) • BRK (Break) 
• P (Parity) 
• CY (Carry) 
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When pushed onto the stack, the word image of the 
PSW is as follows: 

15 8 

MD v DIR IE BRK 

7 o 
S z o AC o P CY 

The status flags are set and cleared automatically 
depending upon the result of the previous instruction 
execution. Instructions are provided to set, clear, and 
complement certain status and control flags. Other 
flags can be manipulated by using the POP PSW 
instruction. 

Between e~ecution of the BRKEM and RETEM in
structions, the native mode RETI and POP PSW 
instructions can modify the MD bit. Care must be 
exercised by emulation mode programs to prevent 
inadvertent alteration of this bit. 

CPU Architectural Features 

The major architectural features of the pPD70216 CPU 
are: 

• Dual data buses 
• Effective address generator 
• Loop counter 
• PC and PFP 

Dual Data Buses. To increase performance, dual data 
buses (figure 2) have been employed in the CPU to 
fetch operands in parallel and avoid the bottleneck of a 
single bus. For two-operand instructions and effective 
address calculations, the dual data bus approach is 30 
percent faster than single-bus systems. 

Effective Address Generator. Effective address (EA) 
calculation requires only two clocks regardless of the 
addressing mode complexity due to the hardware 
,effective address generator (figure 3). When compared 
,with microprogrammed methods, the hardware ap
Iproach saves between 3 and 10 clock cycles during 
effective address calculation. 

pPD70216 (V50) 

Figure 2. Dual Data Buses 

Sub dala bus 

l 

Main dala bus 
83-0038288 

Figure 3. Effective Address Generator 

Effective Address 
83-002737A 

Loop Counter and Shifters. A dedicated loop counter is 
used to count the iterations of block transfer and 
multiple shift instructions. This logic offers a significant 
performance advantage over architectures that control 
block transfers and multiple shifts using microprogram
ming. Dedicated shift registers also speed up the 
execution of the multiply and divide instructions. 
Compared with microprogrammed methods, multiply 
and divide instructions execute approximately four 
times faster. 
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Program Counter and Prefetch Pointer. The functions 
of instruction execution and queue prefetch are de
coupled in thepPD70216. By avoiding a single-instruc
tion pointer and providing separate PC and PFP 
registers, the execution time of control transfers and 
the interrupt response latency can be minimized. 
Several clocks are saved by avoiding the need to 
readjust an instruction pointer to account for prefetch
ing before computing the new destination address. 

Enhanced Instruction Set 

In addition to the pPD8086/88 instruction set, the 
pPD70216 has added the following enhanced instruct
ions. 

Instruction 

PUSH imm 
PUSH R 
POPR 

MUL imm 

SHL immB 
SHR immB 
SHRA immB 
ROL immB 
ROR immB 
ROLC immB 
RORC immB 

CHKIND 
INM 
OUTM 

PREPARE 
DISPOSE 

Function 

Push immediate data onto stack 
Push all general registers onto stack 
Pop all general registers from stack 

Multiply register/memory by immediate data 

Shift/rotate by immediate count 

Check array index 
Input multiple 
Output multiple 

Prepare new stack frame 
Dispose current stack frame 

Unique Instruction Set 

I n addition to the pPD70216 enhanced instruction set, 
the following unique instructions are supported. 

Instruction Function 

INS Insert bit field 
EXT Extract bit field 
ADD4S BCD string addition 

SUB4S BCD string subtraction 
CMP4S BCD string comparison 
ROL4 Rotate BCD digit left 

ROR4 Rotate BCD digit right 
TEST1 Test bit 
SET1 Set bit 

CLR1 Clear bit 
NOT1 Complement bit 
REPC Repeat while carry set 

REPNC Repeat while carry cleared 
FP02 Floating point operation 2 
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Bit Fields. Bit fields are data structures that range in 
length from 1 to 16 bits. Two separate operations on bit 
fields, insertion and extraction, with no restrictions on 
the position of the bit field in memory are supported. 
Separate segment, byte offset, and bit offset registers 
are used for bit field insertion and extraction. Because 
of their power and flexibility, these instructions are 
highly effective for graphics, high-level languages, and 
data packing/unpacking applications. 

Insert bit field (INS) copies the bit field of specified 
length (0 = 1 bit, 15 = 16 bits) from the AW register to 
the bit field addressed by DS1 :IY:reg8 (figure 4). The 
bit field length can be located in any byte register or 
supplied as an immediate value. The value in reg8 is a 
bit field offset. A content of 0 selects bit 0 and 15 selects 
bit 15 of the word DSO:IX points to. Following execution, 
the IY and bit offset register are updated to point to the 
start of the next bit field. 

Bit field extraction (EXT) copies the bit field of specified 
length (0 = 1 bit, 15 = 16 bits) from the bit field 
addressed by DSO:IX:reg8 to the AW register (figure 5). 
If the bit field is less than 16 bits, it is right justified with 
a zero fill. The bit field length can be located in any byte 
register or supplied as immediate data. The value in 
reg8 is a bit field offset. A content of 0 selects bit 0 and 
15 selects bit 15 of the word DSO:IX points to. Following 
execution, the IX and bit offset register are updated to 
point to the start of the next bit field. 

Packed BCD Strings. These instructions are provided 
to efficiently manipulate packed BCD data as strings 
(length from 1 to 254 digits) or as a byte data type with a 
single instruction. 

BCD string arithmetic is supported by the ADD4S, 
SUB4S, and CMP4S instructions. These instructions 
allow the source string (addressed by DSO:IX) and the 
destination string (addressed by DS1 :IY) to be manip
ulated with a single instruction. When the number of 
BCD digits is even, the Z and CY flags are set according 
to the result of the operation. If the number of digits is 
odd, the Z flag will not be correctly set unless the upper 
4 bits of the result are zero. The CY flag will not be , 
correctly set unless there is a carry out of the upper 4 i, 
bits of the result. 

The two BCD rotate instructions (ROR4, ROL4) perform 
rotation of a single BCD digit in the lower half of the AL 
register through the register or memory operand. 

Bit Manipulation. Four bit manipulation instructions 
have been added to the pPD70216 instruction set. The 
ability to test, set, clear, orcomplement a single bit in a 
register or memory operand increases code readability 
as well as performance over the logical operations 
traditionally used to manipulate bit data. 
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Figure 4. Bit Field Insertion 

Bit length 

15 

AW 

I I Bit offset ! 
\r----_+_~ _----'-V--<t---'~'----'--'I1_... --+-·L---->...~ ~---+---l... Memory 

Figure 5. Bit Field Extraction. 

Bit length 

Repeat Prefixes. Two repeat prefixes (REPC, REPNC) 
allow cond itional block transfer instructions to use the 
state of the CY flag as a terminating condition. The use 
of these prefixes allows inequalities to be used when 
working on ordered data, increasing the performance 
of searching and sorting algorithms. 

IFloating Point Operation Instructions. Two floating 
Ipoint operation (FPO) instruction types are recognized 
bytheJ.lPD70216 CPU. These instructions are detected 
by the CPU, which performs any auxiliary processing 
such as effective address calculation and the initial bus 
cycle if specified by the instruction. It is the responsi
bility of the external coprocessor to latch the address 
information and data (if a read cycle) from the bus and 
Gomplete the execution of the instruction. 

Byte boundary 

Bit offset 

Byte boundary 

Segment base (DS1) 

83-0001066 

83-0001076 

8080 Emulation Mode. The J.lPD70216 CPU can operate 
in either oftwo modes; see figure 6. Native mode allows 
the execution of the J.lPD8086/88, en hanced and unique 
instructions. The other operating mode is 8080 emu
lation mode, which allows the entire J.lPD8080AF 
instruction set to be executed. A mode (MD) flag is 
provided to distinguish between the two operating 
modes. Native mode is active when MD is 1 and 8080 
emulation mode is active when MD is O. 

Two instructions are provided to switch from native to 
8080 emulation mode and return back. Break for 
emulation (BRKEM) operates similarly to a BRK 
instruction, except that after the PSW has been pushed 
on the native mode stack, the MD flag is cleared. 
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During 8080 emulation mode, the registers and flags of 
the 8080 are mapped onto the native mode registers 
and flags as shown below. Note that PS, SS, DSo, DS1, 
IX, IV, AH and the upper half of the PSW registers are 
inaccessible to 8080 programs. 

JlPD8D8DAF JlPD7D216 

Registers A AL 
B CH 
C CL 
D DH 
E DL 
H BH 
L BL 

SP BP 
PC PC 

Flags C CY 
Z Z 
S S 
P P 

AC AC 

Figure 6. pPD70216 Modes. 
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During 8080 emulation mode, the BP register functions 
as the 8080 stack pointer. The use of separate stack 
pointers prevents inadvertent damage to the native 
stack pointer by emulation mode programs. 

The 8080 emulation mode PC is combined with the PS 
register to form the 20-bit physical address. All emu
lation mode data references use DSO as the segment 
register. For compatibility with older 8080 software 
these registers must be equal. By using different 
segment register contents, separate 64K-byte code 
and data spaces are possible. 

Either an NMI or maskable interruptwill causethe8080 
emulation mode to be suspended. The CPU pushes the 
PS, PC, and PSW registers on the native mode stack, 
sets the MD bit (indicating native mode), and enters the 
specified interrupt handler. When the return from 
interrupt (RETI) instruction is executed, the PS, PC, 
and PSW (containing MD=O) are popped from the 
native stack and execution in 8080 emulation mode 
continues. Reset will also force a return to native mode. 

83-0038308 
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The 8080 emulation mode programs also have the 
capability to invoke native mode interrupt handlers by 
means of the call native (CALLN) instruction. This 
instruction operates the same as the BRK instruction 
except that the saved PSW indicates 8080 emulation 
mode. 

To exit 8080 emulation mode, the return from emulation 
(RETEM) instruction pops the PS, PC, and PSW from 
the native mode stack and execution continues with 
the instruction following the BRKEM instruction. Nest
ing of 8080 emulation modes is prohibited. 

Interrupt Operation 

The pPD70216 supports a number of external interrupts 
and software exceptions. External interrupts are events 
asynchronous to program execution. On the other 
hand, exceptions always occur as a result of program 
execution. 

The two types of external interrupts are: 

• Nonmaskable interrupt (NMI) 
• Maskable interrupt (INT) 

The six software exceptions are: 

• Divide error (DIV, DIVU instructions) 
• Array bound error (CHKIND instruction) 
• Break on overflow (B,RKV instruction) 
• Break (BRK, BRK3 instructions) 
• Single step (BRK bit in PSW set) 
• Mode switch (BRKEM, CALLN instructions) 

Interrupt vectors are determined automatically for 
exceptions and the NMI interrupt or supplied by 
hardware for maskable interrupts. The 256 interrupt 
vectors are stored in a table (figure 7) located at 
address OOOOOH. Vectors 0 to 5 are predetermined and 
vectors 6 to 31 are reserved. Interrupt vectors 32 to 255 
are available for use by application software. 

Each vector is made up of two words. The word located 
at the lower address contains the new PC for the 
interrupt handler. The word at the next-higher address 
is the new PS value for the interrupt handler. These 
must be initialized by software at the start of a program. 

Standby Mode 

The pPD70216 CPU has a low-power standby mode, 
which can dramatically reduce power consumption 
juring idle periods. Standby mode is entered by simply 
3xecuting a native or 8080 emulation HALT instruction; 
110 external hardware is required. All other peripherals 
,uch as the timer/counter unit, refresh control unit, 
md DMA control unit continue to operate as pro
~rammed. 

pPD70216 (V50) 

During standby mode, the clock is distributed only to 
the circuits required to release the standby mode. 
When a RESET, NMI, or INT event is detected, the 
standby mode is released. Both NMI and unmasked 
interrupts are processed before control returns to the 
instruction following the HALT. In the case of the INT 
input being masked, execution will begin with the 
instruction immediately following the HALT instruction 
without an intervening interrupt acknowledge bus 
cycle. When maskable interrupts are again enabled, the 
interrupt will be serviced. 

Output signal states in the standby mode are listed 
below. 

Output Signal 

INTAK, BUFEN, 
MRD, MWR, IOWR, 
lORD UBE 

BS2-BSO (Note 2) 

BUSLOCK 

BUFR/W, 
A19-A1S1PS3-PSO, 
AD1S-ADo 

Note: 

Status in Standby Mode 

High level 

Sends halt status (011), 
then remains high (111) 

Low level 

High level (low level if the 
HALT instruction follows the 
BUS LOCK prefix) 

High or low level 

(1) Output pin states during refresh and DMA bus cycles will be as 
defined for those operations. 

(2) Halt status is presented prior to entering the passive state. 

Figure 7. Interrupt Vector Table 

OOOH r-----------, 
Vector 0 Divide Error 

004H 

Vector 1 Break Flag 

008H 

Vector2 NMllnput 

OOCH Dedicated 

Vector3 BRK 3 Instruction 

010H 

Vector4 BRKV Instruction 

014H 

VectorS CHKIND Instruction 

018H 

l--' Vector 6 

07CH 

Vector 31 

080H 

Vector 32 

r·~·'u" • BRK immB Instruction 

3FCH • BRKEM Instruction 
• INT Input [External] 

Vector 255 • CALLN Instruction 

83-000111A 
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Clock Generator 

The clock generator (CG)generates a clock signal half 
the frequency of a parallel-resonant, fundamental 
mode crystal connected to pins X1 and X2. Figure 8 
shows the recommended circuit configuration. Capac
itors C1 and C2 are required for frequency stability. 
Their values can be calculated from the load capaci
tance (CL) specified by the crystal manufacturer. 

C1 :::;: C2 = 2 (CL - CS) 

CS is any stray capacitance in parallel with the crystal, 
such as the pPD70216 input capacitance. 

External clock sources (figure 9) are also accom
modated by applying the external clock to the X1 pin 
and its complement to the X2 pin. The CG distributes 
the clock to the CLKOUT pin and to each functional 
block of thepPD70216. The generated clock signal has 
a 50-percent duty cycle. 

Figure 8. Crystal Configuration 
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Bus Interface Unit 

The bus interface unit (BIU) controls the external 
address, data, and control buses for the three internal 
bus masters: CPU, DMA control unit (DMAU), and 
refresh control unit (RCU). The BIU isalso responsible 
for synchronization of the RESET and READY inputs 
with the clock. The synchronized reset signal is used 
internally by the pPD70216 and provided externally at 
the RESOUT pin as a system-wide reset. The synch
ronized READY signal is combined with the output of 
the wait control unit (WCU) and is distributed internally 
to the CPU, DMAU, and RCU. Figure 10 shows the 
synchronization of RESET and READY. 

Frequency Divider 
[+2] 

CLOCK (to internal circuit) 

CLKOUT 
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Figure 9. External Oscillator Configuration 
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Bus Arbitration Unit 

The bus arbitration unit (BAU) arbitrates the local bus 
between the internal CPU, DMAU, and RCU bus 
requesters and an external bus master. The BAU bus 
priorities from the highest priority requester to the 
lowest are: 

RCU (Demand mode) 
DMAU 
HLDRQ 
CPU 
RCU (Normal mode) 

Note that RCU requests the bus at either the highest or 
lowest priority depending on the status of the refresh 
request queue. Bus masters other than the CPU are 
prohibited from using the bus when the CPU is 
executing an instruction containing a BUSLOCK prefix. 
Therefore, caution should be exercised when using the 
BUSLOCK prefix with instructions having a long 
execution time. 

If a bus master with higher priority than the current bus 
master requests the bus, the BAU inactivates the 
current bus master's acknowledge signal. When the 
BAU sees the bus request from the current master go 
inactive, the BAU gives control of the bus to the higher 
priority bus master. The BAU performs bus switching 
between internal bus masters without the introduction 
of idle bus cycles, enhancing system throughput. 

System 1/0 Area 

The I/O address space from addresses FFOOH to 
FFFFH is reserved for use as the system I/O area. 
Located in this area are the 12 pPD70216 registers that 

Figure 11. OpeN Register Format 
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determine the I/O addressing, enable/disable periph
erals, and control pin multiplexing. 

liD Address Register Operation 

FFFFH Reserved 
FFFEH OPCN Read/Write 
FFFDH OPSEL Read/Write 

FFFCH OPHA Read/Write 
FFFBH DULA Read/Write 
FFFAH IULA Read/Write 

FFF9H lULAL Read/Write 
FFF8H SULA Read/Write 
FFF7H Reserved 

FFF6H WCY2 Read/Write. 
FFF5H WCY1 Read/Write 
FFF4H WMB Read/Write 

FFF3H Reserved 
FFF2H RFC Read/Write 
FFF1H Reserved 

FFFOH lCKS Read/Write 

On-Chip Peripheral Connection Register 

The on-chip peripheral connection (OPCN) register 
controls multiplexing of the pPD70216 multiplexed 
pins. Figure 11 shows the format of the OPCN register. 
The interrupt request switch (IRSW) field controls 
multiplexing of ICU interrupt inputs INT1 and INT2. 
The output of an internal peripheral or an external 
interrupt source can be selected as the INT1 and INT2 
inputs to the ICU. 

The pin function (PF) field in the OPCN selects one of 
four possible states for the DMARQ3/RxD, DMAAK3/ 
TxD, and INTAK/SRDY/TOUT1 pins. Bit 0 of the 

DMARQ3/RxD DMAAK3/TxD INTAK/SRDY/TOUT1 

DMARQ3 DMAAK3 INTAK 

DMARQ3 DMAAK3 TOUT1 

RxD TxD INTAK 

RxD TxD SRDY 

Interrupt Request Switch INn INT2 

00 INTP1 Pin INTP2 Pin 

01 SCU INTP2 Pin 

10 INTP1 Pin TOUT2 

11 SCU TOUT2 
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OPCN controls the function of the INTAK/SRDY/ 
TOUT1 pin. If clear.ed, INTAK will appear on this 
output pin. If bit 0 is set, either TOUT1 or SRDY will 
appear at the output depending on the state of bit 1. If 
bit 1 is cleared, DMA channel 3 I/O signals will appear 
on the DMARQ3/RxD and DMAAK3/TxD pins. If the 
SCU is to be. used, bit 1 of the PF field must be set. 

On-Chip Peripheral Selection Register 

The on-chip peripheral selection (OPSEL) register is 
used to enable or disable the pPD70216 internal periph
erals. Figure 12 shows the format of the OPSEL 
register. Any of the four (DMAU, TCU, ICU, SCU) 
peripherals can be independently enabled or disabled 
by setting or clearing the appropriate OPSEL bit. 

Figure 12. OPSEL Register Format 
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Figure 13. pPD70216 Peripheral Relocation 
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Internal Peripheral Relocation Registers 

The five internal peripheral relocation registers (figure 
13) are used to fix the I/O addresses of the DMAU, ICU, 
TCU, and SCU. The on-chip peripheral high-address 
(OPHA) register is common to all four internal periph
erals and fixes the high-order byte of the 16-bit I/O 
address. The individual DMAU low-address (DULA) 
register, ICU low-address (IULA) register, TCU low
address (TULA) register, and the SCU low-address 
(SULA) register select the low-order byte of the I/O 
addresses for the DMAU, ICU, TCU, and SCU periph
erals. 

The contents of the OPHA register are: 

7 OPHA o 
As 

The formats for the individual internal peripheral re
gisters appear below. Since address checking is not 
performed, do not overlap two peripheral I/O address 
spaces. 

/ 
/ 

7 

A7 

7 

A7 

7 

A7 

7 

A7 

As As 

As As 

As As 

As As 

256 byte area 

DULA 0 

A4 

IULA 0 

A4 A3 Ao 

TULA 0 

A4 A3 Ao 

SULA 0 

A4 A3 Ao 

OPH"256~1 
0100Hu "\.'L.. ______ ..I \. ,J-L-"....i....I-.i....t....J.....i....I-.L..I-.i....i...'-4< .... OULA 

OOOOH 

83-002727B 

3-192 



NEe 
Figure 14. Timer Clock Selection Register 
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Timer Clock Selection Register 

The timer clock selection (TCKS) register selects the 
clock source for each of the timer/counters as well as 
the divisor for the internal clock prescaler. Figure 14 
shows the format of the TCKS register. The clock 
source for each timer/counter is independently select
ed from either the prescaled CLKOUTsignal orfrom an 
external clock source (TCLK). The internal clock is 
derived from the CLKOUT Signal and can be divided by 
2,4,8, or 16 before being presented to the clock select 
logic. 

Refresh Control Unit 

The refresh control unit (RCU) refreshes external 
dynamic RAM devices by outputting an 8-bit row 
address on address lines Aa-A1 and performing a 
word-aligned memory read bus cycle. Both UBE and 
Ao are asserted to allow the refresh of both the even 
and odd memory banks. External logic can distinguish 
a refresh bus cycle by monitoring the refresh request 
(REFRQ) pin. Following each refresh bus cycle, the 
refresh row counter is incremented. The refresh control 
(RFC) register in the system I/O area contains two 
'ields. The refresh enable field enables or disables the 
·efreshing function. The refresh timer (RTM) field 
)elects a refresh interval to match the dynamic memory 
·efresh requirements. Figure 15 shows the format for 
he RFC register. 

-0 minimize the impact of refresh on the system bus 
landwidth, the pPD70216 utilizes a refresh request 
lueue to store refresh requests and perform refresh 
IUS cycles in otherwise idle bus cycles. 

·he RCU normally requests the bus as the lowest
riority bus requester (normal mode). However, if 
even refresh requests are allowed to accumulate in 
1e RCU refresh request queue, the RCU will change to 

J 
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TCKS 

Prescale Select 
Internal Clock 
Prescaled by: 

00 2 

01 4 

10 8 

11 16 

Clock Selection Clock 
for TCTn Input 

0 Internal Clock 

1 TCLK Pin 
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the highest-priority bus requester (demand mode). 
The RCU will then perform back-to-back refresh cycles 
until three requests remain in the queue. This guar
antees the i nteg rity of the DRAM system wh i Ie maxi m iz
ing performance. 

The refresh count interval can be calculated as follows: 

Refresh interval = 8 x N x tCYK 

where N is the timer factor selected by the RTM 
field. 

When the pPD70216 is reset, the RE field in the RFC 
register is unaffected and the RTM field is set to 01000 
(N = 9). No refresh bus cycles occur while RESET is 
asserted. 

Figure 15. Refresh Control Register 
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Wait Control Unit 

The wait control unit (WCU) inserts from zero to three 
wait states into a bus cycle in order to compensate for 
the varying access times of memory and I/O devices. 
The number of wait states for CPU, DMAU, and RCU 
bus cycles is separately programmable. In addition, 
the memory address space is divided into three in
dependent partitions to accommodate a wide range of 
system designs. RESET initializes the WCU to insert 
three wait states in all bus cycles. This allows operation 
with slow memory and peripheral devices before the 
initialization of the WCU registers. 

The three system I/O area registers that control the 
WCU are wait cycle 1 (WCY1), wait cycle 2 (WCY2), 
and wait state memory boundary (WMB). The WCU 
always inserts wait states corresponding to the wait 
count programmed in WCY1 or WCY2 registers into a 
bus cycle, regardless of the state of the external 
READY input. After the programmed number of wait 
states occurs, the WCU will insert Tw states as long as 

Figure 16. Walt State Memory Boundary Register 
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NEe 
the READY pin remains inactive. When READY is again 
asserted, the bus cycle continues with T4 as the next 
cycle. ThepPD70216 internal peripherals never require 
wait states; four clock cycles will terminate an internal 
peripheral bus cycle. 

CPU Wait States 

The WMB register divides the 1 M-byte memory address 
space into three independent partitions: lower, middle, 
and upper. Figure 16 shows the WMB register format. 

Initialization software can then set the number of wait 
states for each memory partition and the I/O partition 
via the WCY1 register (figure 17). 

DMA and Refresh Wait States 

The WCY2 register (figure 18) specifies the number of 
wait states to be automatically inserted in DMA and 
refresh bus cycles. 

L Lower Memory Block Size1 
Memory Block Size (KB) 
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Upper Memory Block Size 

000 

001 
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NOTE: 1. By default, the address space remaining between 
the UBM and LBM is the middle memory block. 

32 

64 
96 

128 

192 

256 

384 

512 

83-0018208 I 

'I. 



NEe 
Figure 17. Walt Cycle 1 Register 

76543210 

I lOW UMW IMMW I LMW I WCY1 

~ 

-1 ~ Lowe, Mem"", BI~k W.,. , .... , 

Middle Memory Block Wait States Number of 
Upper Memory Block Wait States Wait States 
110 Wait States 

00 0 

01 1 

10 2 

11 3 

83-001818A 

Timer ICounter Unit 

The timer/counter unit (TCU) provides a set of three 
independent 16-bit timer/counters. The output signal 
of ti mer/counter 0 is hardwi red internally as an interrupt 
source. The output of timer/counter 1 is available 
internally as an interrupt source, used as a baud rate 
generator, or used as an external output. The timer/ 
counter 2 output is available as an external output. Due 
to mode restrictions, the TCU is a subset of the 

Figure 19. TCU Block Diagram 
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Figure 18. Wait Cycle 2 Register 
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pPD71054 Programmable Timer/Counter. Figure 19 -=t 
shows the internal block diagram of the TCU. .:I 
The TCU has the following features: 

• Three 16-bit timer/counters 
• Six programmable count modes 
• Binary/BCD counting 
• Multiple latch command 
• Choice of two clock sources 

TCTLO=High TCTL1=High TCTl2 (EXT) 

TOUTO (to ICU) Toun (EXT) TOUT2 (EXT) 

r--------------------, 
Read/Write Control 

Circuit 

TMD 
(Mode 

Register) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

TCT1 TCT2 
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Because RESET leaves the TCU in an uninitialized 
state, each timer/counter must be initialized by 
specifying an operating mode and a count. Once 
programmed, a timer/counter will continue to operate 
in that mode until another mode is selected. When the 
count has been written to the counter and transferred 
to the down counter, a new count operation starts. 
Both the current count and the counter status can be 
read while count operations are in progress. 

TCU Commands 

The TCU is programmed by issuing I/O instructions to 
the I/O port addresses programmed in the OPHA and 
TULA registers. The individual TCU registers are 
selected by address bits A2 and A1 as follows. 

A2 Al Register Operation 

0 0 TCTO Read/Write 
TSTO Read 

0 TCT1 Read/Write 
TST1 Read 

0 TCT2 Read/Write 
TST2 Read 

TMD Write 

The timer mode (TMD) register selects the operating 
mode for each timer/counter and issues the latch 
command for one or more timer/counters. Figure 20 
shows the format for the TMD register. 

Writes to the timer/counter 2-0 (TCT2-TCTO) registers 
stores the new count in the appropriate timer/counter. 
The count latch command is used before reading 
count data in order to latch the current count and 
prevent inaccuracies. 

The timer status 2-0 (TST2-TSTO) registers contain 
status information forthe specified counter (figure 21). 
The latch command is used to latch the appropriate 
counter status before reading status information. If 
both status and counter data are latched for a counter, 
the first read operation returns the status data and 
subsequent read operations obtain the count data. 

Count Modes 

There are six programmable timer/counter modes. The 
timing waveforms for these modes are in figure 22. 

Mode 0 [Interrupt on End of Count]. In this mode, 
TOUT changes from the low to high level when the 
specified count is reached. This mode is available on 
all timer/counters. 

3-196 
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Mode 1 [Retriggerable One-shot]. In mode 1, a low
level one-shot pulse, triggered by TCTL2 is output 
from the TOUT2 pin. This mode is available only on 
timer/counter 2. 

Mode 2 [Rate Generator]. In mode 2, TOUT cyclically 
goes low for one clock period when the counter 
reaches the 0001 H count. A counter in this mode 
operates as a frequency divider. All timer/counters can 
operate using mode 2. 

Mode 3 [Square Wave Generator]. Mode3 isa frequency 
divider similar to mode 2, but the output has a sym
metrical duty cycle. This mode is available on all three 
timer/counters. For counts of N = 2, use mode 2. 

Mode 4 [Software Triggered Strobe]. In mode 4, when 
the specified count is reached, TOUT goes low for the 
duration of one clock pulse. Mode 4 is available on all 
timer/counters. 

Mod.e 5 [Hardware Triggered Strobe]. Mode 5 is similar 
to mode 4 except that operation is triggered by the 
TCTL2 input and can be retriggered. This mode is 
available only on timer/counter 2. 

Serial Control Unit 

The serial control unit (SCU) is a single asynchronous 
serial channel that performs serial communication 
between the pPD70216 and an external serial device. 
The SCU issimilarto thepPD71051 Serial Control Unit 
except for the lack of synchronous communication 
protocols. Figure 23 is the block diagram of the 
SCU. 

The SCU has the following features. 

• Full-duplex asynchronous serial controller 
• Clock rate divisor (x16, x64) 
• Baud rates to 38.4 kb/s supported 
• 7-, 8-bit character lengths 
• 1-, 2-bit stop bit lengths 
• Break transmission and detection 
• Full-duplex, double-buffered transmitter/receiver 
• Even, odd, or no parity 
• Parity, overrun, and framing error detection 
• Receiver full and transmitter empty interrupts 

The SCUcontains four separately addressable register 
for reading/writing data, reading status, and control 
ling operation of the SCU. The serial receive buffe 
(SRB) and the serial transmit buffer (STB) store th 
incoming and outgoing character data. The seri, 
status (SST) register allows software to determine th 
current state of both the transmitter and receiver. Th 
serial command (SCM) and serial mode (SMD) register 
determine the operating mode of the SCU while th 
serial interrupt mask (SIMK) register allows softwal 
control of the SCU receive and transmit interrupts. 
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Figure 20. Timer Mode Register 
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Figure 21. TCU Status Register 
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Figure 22. TCU Waveforms (Sheet 1 of 3) 
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Figure 22. TCU Waveforms (Sheet 2 of 3) 
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Figure 22. TCU Waveforms (Sheet 3 of 3) 
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Figure 23. SCU Block Diagram 
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While the RxD pin is high, the SCU is in an idle state. A 
transition on RxD from high to low indicates the start of 
a new serial data reception. When a complete character 
has been received, it is transferred to the SRB; the 
receive buffer ready (RBRDY) bit in the SST register is 
set and (if unmasked) an interrupt is generated. The 
SST also latches any parity, overrun, or framing errors 
at this time. 

The receiver detects a break condition when a null 
character with zero parity is received. The BRK bit is 
set for as long as the subsequent receive data is low 
and resets when RxD returns to a high level. The MRDY 
bit (SCM) and RBRDY (SST) are gated to form the 
Jutput SRDY. SRDYprevents overruns from occurring 
Nhen the program is unable to process the input data. 
30ftware can control MRDY to prevent data from being 
,ent from the remote transmitter while RBRDY can 
)revent the immediate overrun of a received character. 

rransmitter Operation 
.1 

rxD is kept high while the STB register is empty. When 
he transmitter is enabled and a character is written to 
he STB register, the data is converted to serial format 
lnd output on the TxD pin. The start bit indicates the 
tart of the transm ission and is followed by the character 
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stream (LSB to MSB) and an optional parity bit. One or 
two stop bits are then appended, depending on the 
programmed mode. When the character has been 
transferred from the STB, the TRBDY bit in the SST is 
set and if unmasked, a transmit buffer empty interrupt 
is generated. 

Serial data can be transmitted and received by polling 
the SST register and checking the TBRDY or RBRDY 
flags. Data can also be transmitted and received by 
SCU-generated interrupts to the interrupt control unit. 
The SCU generates an interrupt in either of these 
conditions: 

(1) The receiver is enabled, the SRB is full, and receive 
interrupts are unmasked. 

(2) The transmitter is enabled, the STB is empty, and 
transmit interrupts are unmasked. 

3-201 
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SCU Registers and Commands 

1/0 instructions to the liD addresses selected by the 
OPHA and SULA registers are used to readlwrite the 
SCU registers. Address bits A1 and A2 and the readl 
write lines select one of the six internal registers as 
follows: 

A2 AI Register Operation 

0 0 SRB Read 
STB Write 

0 SST Read 
SCM Write 

0 SMD Write 

SIMK Read/write 

The SRB and STB are 8-bit registers. When the 
character length is 7 bits, the lower 7 bits of the SRB 
register are valid and bit 7 is cleared to 0.1f programmed 
for 7-bit characters, bit 7 of the STB is ignored. 

Figure 24. SST Register 

6 4 
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The SST register (figure 24) contains the status of the 
transmit and receive data buffers and the error flags. 
Error flags are persistent. Once an error flag is set, it 
remains set until a clear error flags command is issued. 

Figure 25 shows the SCM and SMD registers. The SCM 
register stores the command word that controls 
transmission, reception, error flag reset, break trans
mission, and the state of the SRDY pin. The SMD 
register stores the mode word that determines serial 
characteristics such as baud rate divisor, parity, char
acter length, and stop bit length. 

Initialization software should first program the SMD 
register followed by the SCM register. Unlike the 
pPD71051, the SMD register can be modified at any 
time without resetting the SCU. 

The SIMK register (figure 26) controls the occurrence 
of RBRDY and TBRDY interrupts. When an interrupt is 
masked, it is prevented from propagating to the inter
rupt control unit. 

SST l 1 I BKD I FE lOVE I PE I 1 IRBRDVITBRDVJ 

I I Transmit Buffer Ready I Operation I 
I 0 I STB Full I 
I 1 I STB Empty I 

I Receive Buffer Ready I Operation I 
I 0 I SRB Empty I 
I 1 I SRB Full I 

I Parity Error I Operation I 
I 0 I No Error J 
I 1 I Error Occurred I 

I Overrun Error I Operation I 
I 0 I No Error J 
I 1 I Error Occurred I 

I Framing Error I Operation I 
I 0 I No Error I 
I 1 I Error Occurred J 

I Break I Operation I 
I 0 I Normal Reception I 
I 1 I Break Detected I 

83·0018328 
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Figure 25. SCM and SMD Registers 

SCM Register 

SCM I - / - /MRDV/ ECLlsBRK1 RE 1 - 1 TE 1 

Transmitter Enabled Operation 

0 Transmitter Disabled 

1 Transmitter Enabled 

Receiver Enabled Operation 

0 Receiver Disabled 

11 
1 Receiver Enabled 

Send Break Operation 

0 Normal Operation 

1 TxD = 0 (Break) 

Error Clear Operation 

0 No Operation 

1 Error Flag Clear 

MRDY Mask Ready 

0 SRDY = 1 (Mask) 

1 Normal Operation of 
SRDY Output 

SMD Register 

6 4 2 

SMD I STl I PS I CL T BF 

[ 
Baud Rate Factor Operation 

0- Illegal 

10 RTCLK Frequency + 16 

11 RTCLK Frequency + 64 

Character Length Operation 

0- Illegal 

10 7 Bit Characters 

11 8 Bit Characters 

Parity Select Operation 

-0 No Parity 

01 Odd Parity 

11 Even Parity 

Stop Bit Length Operation 

-0 Illegal 

01 1 Stop Bit 

11 2 Stop Bits 

83-001836B 
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Figure 26. SIMK Register 

Interrupt Control Unit 

Operation 

o Unmask 

Mask 

o Unmask 

1 Mask 
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The ICU has the following features. 

• Eight interrupt request inputs 
• Cascadable with pPD71059 Interrupt Controllers 
• Programmable edge- or level-triggered interrupts 

(TCU, edge-triggered interrupts only) 
• Individually maskable interrupt requests 
• Programmable interrupt request priority 
• Polling mode 

leu Registers 

Use I/O instructions to the I/O addresses selected by 
the OPHA and IULA registers to read from and writeto 
the ICU registers. Address bit A1 and the command 
word selects an ICU internal register. 

The interrupt control unit (ICU) is a programmable 
interrupt controller equivalent to the pPD71059. The Al Other Condition Operation 
ICU arbitrates up to eight interrupt inputs, generates a Read 
CPU interrupt request, and outputsthe interrupt vector 
number on the internal data bus during an interrupt 
acknowledge cycle. Cascading up to seven external 
slave pPD71059s permits the pPD70216 to support up Write 
to 56 interrupt sources. Figure 27 is the block diagram 
for the ICU. 

Note: 

0 
0 
0 

1 

0 
0 
0 

IMO selects IRQ CPU - IRQ data 
IMO selects liS CPU -liS data 
Polling phase CPU - Polling data 

CPU -IMKW 

04 = 1 CPU -IIW1 
04 = 0 and 03 = 0 CPU -IPFW 
04 = 0 and 03 = 1 CPU -IMOW 

Ouring initialization CPU -IIW2 
CPU -IIW3 
CPU -IIW4 

After initialization CPU -IMKW 

(1) In polling phase, polling data has priority over the contents of 
the IRQ or liS register when read. 

Figure 27. leu Block Diagram 
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lORD

IOWR .... 

A2.... R~:~~~:te 
Al 

IUS 

Priority 
Determination 

Logic 

In- Interrupt 
service .-___ -+-___ .... Request 

Register Register 
(liS) (IRQ) 

Interrupt 
Mask 

Register 
(lMK) 

SAO} {---OADS 
SAl To BIU. ---0 ADg 

SA2 --+0 AD10 

I+---INTAK (from CPU) 

r---- INT (to CPU) 

~
TOUTO (from TCU) 

11 
TOUT1 (from TCU) 

~
SINT (from SCU) 

INTo 

INT1~ INTPl 

INT 2 Mux INTP2 
INT3 olNTP3 

INT 4 olNTP4 External Pins 

INTs olNTPs 

INTs olNTPs 

INT7 olNTP7 
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Initializing the ICU 

The ICU is always used to service maskable interrupts 
in a pPD70216 system. Prior to accepting maskable 
interrupts, the ICU must first be initialized (figure 28). 
Following initialization, command words from the CPU 
can change the interrupt request priorities, mask/un
mask interrupt requests, and select the polling mode. 
Figures 29 and 30 list the ICU initialization and com
mand words. 

Interrupt initialization words 1-4 (IIW1-IIW4) initialize 
the ICU, indicate whether external pPD71059s are 
connected as slaves, select the base interrupt vector, 
and select edge- or level-triggered inputs for INT1-
INT7. Interrupt sources from the TCU are fixed as 
edge-triggering. INTO is internally connected to 
TOUTO, and INT2 may be connected to TOUT1 by the 
IRSW field in the OPCN. 

The interrupt mask word (IMKW) contains program
mable mask bits for each of the eight interrupt inputs. 
The interrupt priority and finish word (IPFW) is used by 
the interrupt handler to terminate processing of an 
interrupt or change interrupt priorities. The interrupt 
mode word (IMDW) selects the polling register, inter
rupt request (IRQ) or interrupt in service (liS) register, 
and the nesting mode. 

The initialization words are written in consecutive 
order starting with IIW1. IIW2 sets the interrupt vector. 
IIW3 specifies which interrupts are connected to slaves. 
IIW3 is only required in extended systems. The ICU will 
only expect to receive IIW3 if SNGL = 0 (bit 01 of IIW1). 
IIW4 is only written if 114 = 1 (bit Do of IIW1). 

liP 071 059 Cascade Connection 

To increase the number of maskable interrupts, up to 
seven slave pPD71059 Interrupt Controllers can be 
cascaded. During cascade operation (figure 31), each 

Figure 28. Initialization Sequence 

Bits SNGL and 114 are set. 
~--'-'-'---~ The default initialization 
L-':""-;"';"'--I is performed. 

SNGL=1, 114=0 

83-001810A 
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slave pPD71059 I NT output is routed to one of the 
pPD70216 INTP inputs. During the second interrupt 
acknowledge bus cycle, the ICU places the slave 
address on address lines AD1Q-ADa. Each slave com
pares this address with the slave address programmed 
using interrupt initialization word 3 (1IW3). If the same, 
the slave will place the interrupt vector on pins ADr 
ADo during the second interrupt acknowledge bus 
cycle. 

Figure 29. Interrupt Initialization Words 1-4 

IIW1 

IIW3 

IIW4 

07 06 05 04 03 02 01 DO 

f-1-1-1 1 LEV I - ISNGLI 114 1 
I I I 

lr Writes IIW4 I Operation 

0 I IIW4 Not Required I 
1 I IIW4 Required 

~f Single Mode I Mode I 
0 I Extended Mode (Slave Controllers) 

r 1 I Single Mode (No Slave Controllers) I 

~ Level-Triggered 
Mode 

0 

1 

Mode 

Edge Trigger (Rising Edge) 

Level Trigger (Active High) 

Higher 5 bits of interrupt 
vector number 

r 571 56 I 55 I 54 I 53 I 52 1 Sl I o I 

[f.~ c ••• , .. , •• 
Status 

Status 

INTn is not a slave 
0 input 

1 INTn is a slave input 

r 01 o I o IEXTNI - I - 1 SFI I 1 I 
~ I 
L Self Finish Operation Interrupt 

0 FI Command Mode 

1 Self Finish Mode 

~ External 
Nesting Mode Mode 

0 Normal Nesting 

1 Extended Nesting 

83-0027268 
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Figure 30. Command Words 

Interrupt Request Mask Operation 

INTn not Masked 

INTn Masked 

IPFW I RP SIL FI o I 0 IL2 IL1 ILO I 
+ + + 

Interrupt 0 0 0 INTO 
Level 0 0 1 INT1 

0 1 0 INT2 

0 1 1 INT3 

1 0 0 INT4 

1 0 1 INTS 

1 1 0 INT6 

1 1 1 INT7 

0 0 1 
No Level 

No Rotation Normal FI Command 

1 0 1 Specification Rotation Normal Rotation 
FI Command 

0 1 1 FI No Rotation FI Command Command for Specification 

Rotate Priority 1 1 1 Level Rotation Specified Bit 
Specify Interrupt Level, Specification Rotation FI Command 

Finish Interrupt 0 1 0 No Rotation No Operation 
Commands 

1 1 0 Rotation Specified Bit 

Non-FI Rotation Command 

0 0 0 Command No Rotation Self FI Mode 
No Level Rotation Reset 

1 0 0 
Specification 

Rotation Self FI Mode 
Rotation Set 

00 

IMOW I - I SNM IEXCNI 0 I 1 I POL I SR IIStlR I 

Select Register In-Service/Request Register Read Register Selection 
to Read Select 

0 - No Operation 

1 0 IRQ Selection 

1 1 liS Selection 

Polling Mode Polling 

0 No Operation 

I 1 Polling Command 

Set Nesting Exceptional Nesting Mode 2 
Mode Nesting Mode 

0 1 No Operation 

1 0 Exceptional Nesting Mode Release 

1 1 Exceptional Nesting Mode Set 

83-001835C 
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Figure 31. pPD71059 Cascade Connection 

I'PD7021S1 I 
ASTB 

A19/PS3·A1S/PSo f--- Address 
AD1S·ADs f--- Latches 

AD7·ADo 
r 

lORD 
IOWR 

INTPn 
INTAK 

DMA Control Unit 

The DMA Control Unit (DMAU) is a high-speed DMA 
controller compatible with the pPD71071 DMA Con
troller. The DMAU has four independent DMA channels 
and performs high-speed data transfers between 
memory and external peripheral devices at speeds as 

I high as 4 megabytes/second in an a-MHz system. 
Figure 32 is the block diagram for the DMAU. 

The DMAU has the following features. 

• Four independent DMA channels 
• Cascade mode for slave pPD71071 DMA controllers 
• 20-bit address registers 
• 16-bit transfer count register 
• Single, demand, and block transfer modes 
• Bus release and bus hold modes 
• Autoinitialization 
• Address increment/decrement 
• Fixed/rotating channel priorities 
• TC output at transfer end 
• Forced termination of service by END input 

DMAU Basic Operation 
I 

The DMAU operates in either a slaveor master mode. 
n the slave mode, the DMAU samples the four DMARQ 
nput pins every clock. If one or more inputs are active, 
:he corresponding DMA request bits are set and the 
~MAU sends a bus request to the BAU while continuing 
o sample the DMA request inputs. After the BAU 
I'eturns the DMA bus acknowledge signal, the DMAU 
,tops DMA request sampling, selects the DMA channel 
~ith the highest priority, and enters the bus master 
node to perform the DMA transfer. While in the bus 
naster mode, the DMAU controls the external bus and 
lerforms DMA transfers based on the preprogrammed 
:hannel information. 

pPD70216 (V50) 

LA1 

~ 
I'PD71059 

07·00 INTPo ~ 
INTP1 ~ 

- Ao INTP2 ~ 
RD INTP3 r--
WR INTP4 ~ 

---0 CS INTPs r--
INTPs r--

INT INTP7 ~ 
INTAK 

- SA2·SAO 
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Terminal Count 

The DMAU ends DMA service when the terminal count 
condition is generated or when the END input is 
asserted. A terminal count (TC) is produced when the 
contents of the current count register becomes zero. If 
autoinitialization is not enabled when DMA service 
terminates, the mask bit of the channel is set and the 
DMARQ input of that channel is masked. Otherwise, 
the current count and address registers are reloaded 
from the base registers and new DMA transfers are 
again enabled. 

DMA Transfer Type 

The type of transfer the DMAU performs depends on 
the following conditions. 

• Direction of the transfer (each channel) 
• Transfer mode (each channel) 
• Bus mode 

Transfer Direction 

All DMA transfers use memory as a reference point. 
Therefore, a DMA read operation transfers data from 
memory to an I/O port. A DMA write reads an I/O port 
and writes the data to memory. During memory-to-I/O 
transfer, the DMA mode (OM D) register is used to 
select the transfer directions for each channel and 
activate the appropriate control signals. 

Operation Transfer Direction 

DMA read Memory -110 

DMA write 110 - Memory 

DMA verify 

Activated Signals 

10WR, MRD 

lORD, MWR 

Addresses only; no transfer 
performed 
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Figure 32. DMAU Block Diagram 

DMAU Address Bus (20) 

Internal Address Bus 
Internal Bus 

Interface 

Internal Data Bus Address 
Register I Current Address (20x4) I Control Register Group 

Internal Control Bus 
Base Address (20x4) Channel (4) 

{ 

BUSRQ 
BAU BUSAK 

Device Control (10) 

Status (8) DMAU Data Bus 

Count 
Register Base Count (16x4) 

Mode Control (7x4) I 
Mask (4) 

I 
DMARQ3·0 

i5'MAAK3·0 

END/TC 

Bus Mode 

Terminal Count 

The DMA device control (DDC) register selects oper
ati.on in either the bus release or bus hold mode. The 
selected bus mode determines the DMAU conditions 
for return of the bus to the BAU. Figure 33 shows 
that in bus release mode, only one channel is serviced 
after the DMAU obtains the bus. When DMA service 
ends (termination conditions depend on the transfer 
mode), the DMAU returns the bus to the BAU regardless 
of the state of other DMA requests, and the DMAU 
reenters the slave mode. When the DMAU regains use 
of the bus, a new DMA operation can begin. 

In bus hold mode, several channels can receive con
tiguous service without releasing the bus. If there is 
another valid DMA request when a channel's DMA 
service is finished, the new DMA service can begin 
immediately after the previous service without return
ing the bus to the BAU. 
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Current Count (16x4) 
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Figure 33. Bus Modes 

RighttoUse 
Bus 

Service 
Channel 

Rightto Use 
Bus 

Service 
Channel 

Transfer Modes 

Bus Release Mode 

cPU ---, n n n r-
DMAU LJ W LJ LJ 

CHO CH1 CH2 CH3 

Bus Hold Mode 

cPU 

DMAU ~ 
CHO i CH1 [CH21 CH3 
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The DMD register also selects either single, demand, 
or block transfer mode for each channel. The conditions 
for the termination of each transfer characterize eac~ 
transfer mode. The following table shows the variou~ 
transfer modes and termination conditions. 

Transfer Mode 

Single 

Demand 

Block 

Termination Conditions 

After each byte/word transfer 

END input 
Terminal count 
Inactive DMARQ 
DMARQ of a higher priority channel 
becomes active (bus hold mode) 

END input 
Terminal count 
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The operation of single, demand, and block mode 
transfers depends on whether the DMAU is in bus 
release or bus hold mode. Figure 34 shows the oper
ation flow for the six possible transfer and bus mode 
operations in DMA transfer. 

Single Mode Transfer. In bus release mode, when a 
channel completes transfer of a single byte or word, 
the DMAU enters the slave mode regard less of the state 
of DMA request inputs. In this manner, other lower
priority bus masters will be able to access the bus. 

In bus hold mode, when a channel completes transfer 
of a single byte or word, the DMAU terminates the 
channel's service even if the DMARQ request signal is 
asserted. The DMAU will then service any other 
requesting channel. If there are no requests from any 
other DMA channels, the DMAU releases the bus and 
enters the slave state. 

Demand Mode Transfer. I n bus release mode, the 
currently active channel continues to transfer data as 
long as the DMA request of that channel is active, even 
though other DMA channels are issuing higher-priority 
requests. When the DMA request of the serviced 
channel becomes inactive, the DMAU releases the bus 
and enters the slave state. 

In bus hold mode, when the active channel completes a 
single transfer, the DMAU checks the other DMA 
request lines without ending the current service. If 
there is a higher-priority DMA request, the DMAU 
stops the service of the current channel and starts 
servicing the highest-priority channel requesting serv
ice. If there is no higher request than the current one, 
Ithe DMAU continues to service the currently active 
channel. Lower-priority DMA requests are honored 
without releasing the bus after the current channel 
,service is complete. 

Block Mode Transfer. In bus release mode, the current 
channel continues DMA transfers until a terminal 
Icount or the external END input becomes active. 
During this time, the DMAU ignores all other DMA 
requests. After completion of the block transfer, the 
)MAU releases the bus and enters the slave state, even 
If DMA requests from other channels are active. 

In bus hold mode, the current channel transfers data 
Imtil an internal or external END signal becomes 
ktive. When the service is complete, the DMAU 
,~hecks all DMA requests without releasing the bus. If 
\here is an active request, the DMAU immediately 
)egins servicing the request. The DMAU releases the 
:)us after it honors all DMA requests or a higher-priority 
)us master requests the bus. 

pPD70216 (V50) 

Byte/Word Transfer 

The DMD register can specify DMA transfers in byte or 
word units for each channel. Addresses and count 
registers are updated as follows during byte/word 
transfers. 

Byte Transfer Word Transfer 

Address register ±1 ±2 

Count register -1 -1 

During word transfers, two bytes starting at an even 
address are handled as a single word. If the starting 
address is odd, a DMA transfer is started after first 
decrementing the address by 1. For this reason, always 
select even addresses. The ADo and UBE outputs 
control byte and word DMA transfers. The following 
shows the relationship between the data bus width, 
ADo and UBE signals, and data bus status. 

AO UBE Data Bus Status 

o DrDo valid 

o o 

Autoinitialize 

When the DMD register selects autoinitialize for a 
channel, the DMAU automatically reinitializes the ad
dress and count registers when END is asserted or the 
terminal count condition is reached. The contents of 
the base address and base count registers are transfer
red to the current address and current count registers, 
and the applicable bit of the mask register remains 
cleared. 

Channel Priority 

Each of the four DMAU channels is assigned a priority. 
When multiple DMA requests 'from several channels 
occur simultaneously, the channel with the highest 
priority will be serviced first. The DOC register selects 
one of two priority schemes: fixed or rotating (figure 
35). In fixed priority, channel 0 is assigned the highest 
priority and channel 3, the lowest. In rotating priority, 
priority order is rotated after each service so that the 
channel last serviced receives the lowest priority. This 
method prevents the exclusive servicing of higher
priority channels and the lockout of lower-priority 
DMA channels. 

3-209 



pPD70216 (V50) 

Figure 34. Transfer Modes 

Bus Mode 

Transfer Mode 

Single 

Demand 

Block 
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Bus Release Bus Hold 

83-001856C 



NEe 
Cascade Connection 

Slave pPD71 071 DMA Controllers can be cascaded to 
easily expand the system DMA channel capacity to 16 
DMA channels. Figure 36 shows an example of cascade 
connection. During cascade operation, the DMAU acts 
as a mediator between the BAU and the slave 
pPD71071s. All other bus outputs are disabled while a 
slave DMA controller is active. 

Figure 35. Priority Order 

Fixed Priority Highest 

Highest 

Lowest 

Figure 36. pPD71071 Cascade Example 

~ 

.. 

..... 

....... 

~~{ DMAAK ~~ 
Channel 

DMARQ ~ 

DMAU 
(Master) 
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The DMAU always operates in the bus hold mode while 
a cascade channel is in service, even when the bus 
release mode is programmed. Other DMA requests are 
held pending while a slave pPD71071 channel is in 
service. When the cascaded pPD71071 ends service 
and moves into the slave state, the DMAU also moves 
to the slave state and releases the bus. At this time, all 
bits of the DMAU request register are cleared. The 
DMAU continues to operate normally with the other 
noncascaded channels. 

DMA1 

DMA2 

DMA3 

Rotating Priority 

CH1 Service 

HLDAK 

HLDRQ 

fJ.PD71 071 
(Slave) 

.. 

.. 
.....-

.....-

.. 

Highest 
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DMA4 

....... 
DMA5 

DMA6 

-- DMA7 

83-0018578 
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Bus Waiting Operation 

The DMAU will automatically perform a bus waiting 
operation (figure 37) whenever the RCU refresh request 
queue fills. When the DMA bus acknowledge goes 
inactive, the DMAU enters the bus waiting mode and 
inactivates the DMA bus request signal. Control of the 
bus is then transferred to the higher-priority RCU by 
the BAU. 

Two clocks later, the DMAU reasserts its internal DMA 
bus request. The bus waiting mode is continued until 
the DMA bus acknowledge signal again becomes 
active and the interrupted DMA service is immediately 
restarted. 

Programming the DMAU 

To prepare a channel for DMA transfer, the following 
characteristics must be programmed. 

• Starting address for the transfer 
• Transfer count 
• DMA operating mode 
• Transfer size (byte/word) 

The contents of the OPHA and DULA registers deter
mine the base I/O port address of the DMAU. Addresses 
A3-AO are used to select a particular register as follow: 

Aa A2 AI AD Register Operation 

0 0 0 0 DICM Write 
0 0 0 1 DCH Read/Write 
0 0 1 0 DBC/DCC (low) Read/Write 
0 0 1 1 DBC/DCC (high) Read/Write 

0 0 0 DBA/DCA (low) Read/Write 
0 0 1 DBA/DCA (high) Read/Write 
0 1 0 DBA/DCA (upper) Read/Write 
0 1 1 Reserved 

0 0 0 DOC (low) Read/Write 
0 0 1 DOC (high) Read/Write 
0 1 0 DMD Read/Write 
0 1 1 DST Read 

0 0 Reserved 
0 1 Reserved 
1 0 Reserved 
1 1 DMK Read/Write 

Word I/O instructions can be used to read/write the 
register pairs listed below. All other registers are 
accessed via byte 110 instructions. 

DBC/DCC 
DBA/DCA (higher/lower only) 
DDC 
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DMAU Registers 

Initialize. The DMA initialize command (DICM) register 
(figure 38) is used to perform a software reset of the 
DMAU. The DICM is accessed using the byte OUT 
instruction. 

Channel Register. Writes tothe DMA channel (DCH) 
register (figure 39) select one of the four DMA 
channels for programming and also the base/current 
registers. Reads of the DCH register return the cur
rently-selected channel and the register access mode. 

Count Registers. When bit 2 of the DCH register is 
cleared, a write to the DMA count register updates both 
the DMA base count (DBC) and the DMA current count 
(DCC) registers with a new count. If bit 2 of the DCH 
register is set, a write to the DMA count register affects 
only the DBC register. The DBC register holds the 
initial count value until a new count is specified. If 
autoinitialization is enabled, this value is transferred to 
the DCC register when a terminal count or END 
condition occurs. For each DMA transfer, the current 
count register is decremented by one. The format of 
the DMA count register is shown below. The count 
value loaded into the DBC/DCC registers is one less 
than the desired transfer count. 

7 2H, IN/OUT o 
Co 

7 3H, IN/OUT o 

Address Register. Use either byte or word 110 in
structions with the lower two bytes (4H and 5H) of the 
DMA address register. However, byte 110 instructions 
must be used to access the high-order byte (6H) of this 
register. When bit 2 of the channel register is cleared, a 
write to the DMA address register updates both the 
DMA base address (DBA) and the DMA current address 
(DCA) registers with the new address. If bit 2 of the 
DCH register is set, a write to the DMA address register 
affects only the DBA register. 

7 4H, IN/OUT o 
A6 As Ao 

7 5H, IN/OUT o 
Ag As 

7 6H, IN/OUT o 
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The DBA register holds the starting address value until 
a new address is specified. This value is transferred to 
the DCA register automatically if autoinitialization is 
selected. For each DMA transfer, the current address 
register is updated by two during word transfers and by 
one during byte transfers. 

Device Control Register. The DMA device control 
(DOC) register (figure 40) is used to to program the 
DMA transfer characteristics common to all DMA 
channels. It controls the bus mode, write timing, 
priority logic, and enable/disable of the DMAU. 

Status Register. The DMA status (DST) register (figure 
41) contains information about the current state of 
each DMA channel. Software can determine if a termin
ation condition has been reached (TC3-TCo) or if a 
DMA service request is present (RQ3-RQO). The byte 
IN instruction must be used to read this register. 

Figure 37. Bus Waiting Operation 

Other 
Bus Master 

DMARQ ----.I 

DMAU RCU 

DMA BUSAK ---.l , ____ ----J! 
Approx 2 Clocks 

DMAU 

~ ______ ~I 'rl ______________ ~ 
DMA BUSRQ 

Figure 38. DMA Initialize Command Register 

Initialize 

7 

Note: 

5 4 

[1] The DMAU initializes as follows: 

2 

Register Initialization Operation 

Initialize Clears all bits 
Address No change 
Count No change 
Channel Selects channel 0 
Mode Control Clears all bits 
Device Control Clears all bits 
Status Clears all bits 
Mask Sets all bits [masks all channels] 

o 
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Other 
Bus Master 
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Figure 39. DMA Channel Register 

Channel Register Read 

7 6 4 2 o 
1H 1-1-1 - I BASE I SEL3 I SEL2 I SEL1 I SELo IN (Byte only) 

I 
0001 

Selected 0010 
Channel 0100 

1000 

0 

Base Only 

1 

Channel Register Write 

7 6 4 3 2 o 
1H 1-1-1 -1-1 - I BASE I SELCH OUT (Byte only) 

L 00 

Select 01 
Channel 10 

11 

0 
Base Only 

1 

Figure 40. DMA Device Control Register 
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7 4 3 o 
8H I -I - I Exwi ROT I - IDDMAI -I - IN/OUT 

I Disable DMA 
Operation(1) 

Priority 

Extended 
Writing(2) 

7 4 o 
9H I -1-1 -1-1 -I - 1 WEV 1 BHLD IN/OUT 

L Bus Mode 

Note: 

[1] Disables BUSRQ to the BAU to prevent incorrect DMA 
operation while the DMAU registers are being initialized 
or modified. 

[2] When EXW is 0, the write signal becomes active [normal 
write] during T3 and TW [see timing waveforms]. When 1, 
the write signal becomes active during T2, T3, and TW [like 
the read signal]. 

[3] Wait states are generated by the READY signal during a 
verify transfer. 

Wait Enable 
During Verify(3 

Channel 0 

Channel 1 

Channel 2 

Channel 3 

Current (read), Base 
and Current (write) 

Base (read/write) 

Channel 0 

Channel 1 

Channel 2 

Channel 3 

Select Current (read~ 
select both Base and 
Current (write) 

Select Base (read/write) 

0 Enable 

1 Disable 

0 Fixed 

1 Rotational 

0 Normal 

1 Extended 

0 Bus Release 

1 Bus Hold 

0 Disable 

1 Enable 

NEe 
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Figure 41. DMA Status Register 

7 5 4 o 
OBH I R03 I R02 R01 I ROo I TC3 I TC2 I TC1 I TCo IN (Byte only) 

I 

Mode Control Register. The DMA mode (DMD) register 
(figure 42) selects the operating mode for each DMA 
channel. The DCH register selects which DMD register 
will be accessed. A byte INIOUT instruction must be 
used to access this register. 

Mask Register Read/Write. The DMA mask (DMK) 
register (figure 43) allows software to individually 
enable and disable DMA channels. The DMK register 
can only be accessed via byte 1/0 instructions. 

Reset 

The falling edge of the RESET signal resets the 
pPD70216. The signal must be held low for at least four 

System 
I/O area 

SCU 

Terminal 
Count 

DMA 
Request 

0 Not ended (for each read) 

1 END or terminal 
count 

0 No DMA request active 

1 DMA request active 
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Register Reset Value 

OPCN ----0000 
OPSEL ----0000 
WCY1 11111111 

WCY2 - - - -1111 
TCKS ---00000 
RFC x--01000 

SMD 01001011 
SCM --0000-0 
SIMK - - - - --11 

SST 10000100 
DCH ---00001 
DMD 000000-0 

DDC (low) --00-0--
DDC (high) ------00 

clock cycles to be recognized as valid. DMAU 

CPU Reset State 
Register Reset Value 

PFP OOOOH 
PC OOOOH 
PS FFFFH 

SS OOOOH 
DSO OOOOH 
DS1 OOOOH 

PSW F002H 
AW, BW, CW, DW, Undefined 
IX, IY, BP, SP 

Instruction queue Cleared 

. When RESET returns to the high level, the CPU will 
start fetching instructions from physical address 
FFFFOH. 

Internal Peripheral Devices 

I nternal peripheral devices initialized on reset are 
listed in the following table. I/O devices not listed are 
not initialized on reset and must be initialized by 
software. 

DST xxxxOOOO 

DMK - - - -1111 

Symbols: x = unaffected; 0 = cleared; 1 = set; (-) = unused. 

Output Pin Status 

The following table lists output pin status during reset. 

Signal 

INTAK~EJi..B~!1L _ 
MRD, MWR, END/TC, 10WR, lORD, 
REFRO, UBE, BS2-BS~f~~oLOCK, 
RESOUT,~-D 

OS1-0S0, ASTB, HLDAK 

CLKOUT 

Status 

High level 

Low level 

High or low level 

High impedance 

Continues to supply clock 
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Figure 42. DMA Mode Register 

7 6 5 4 

OAH I TMODE I ADIR I AUTI I TOIR I - I W/B 

L.-J L Word/byte 0 Byte 
transfer 1 Word 

00 Verify 

Transfer 01 IIO-to-memory 

Direction 10 Memory-to-IIO 

11 Notal/owed 

Auto- 0 Disable 
initialize 1 . Enable 

Address 0 Increment 
Direction 1 Decrement 

00 Demand 

Transfer 01 Single 

Mode 10 Block 

11 Cascade 

83-0018618 

Figure 43. DMA Mask Register 

OFH 

83-0038298 
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NEe 
Instruction Set 

Symbols 

Preceding the instruction set, several tables explain 
symbols, abbreviations, and codes. 

Clocks 

In the Clocks column of the instruction set, the numbers 
cover these operations: instruction decoding, effective 
address calculation, operand fetch, and instruction 
execution. 

Clock timings assume the instruction has been pre
fetched and is present in the six-byte instruction 
queue. Otherwise, add four clocks for each pair of 
bytes not present. 

Word operands require four additional clocks for each 
transfer to an unaligned (odd-addressed) memory 
operand. These times are shown on the right-hand side 
of the slash (I). 

For conditional control transfer or branch instructions, 
the number on the left side of the slash is applicable if 
the transfer or branch takes place. The number on the 
right side is applicable if it does not take place. 

If a range of numbers is given, the execution time 
depends on the operands involved. 

Symbols 

Symbol 

acc 

disp 

dmem 

dst 

ext-disp8 

faclabel 

imm 

Meaning 

Accumulator (AW or AL) 

Displacement (8 or 16 bits) 

Direct memory address 

Destination operand or address 

16-bit displacement (sign-extension byte 
+ 8-bit displacement) 

Label within a different program 
segment 

Procedure within a different program 
segment 

Floating point instruction operation 

8- or 16-bit immediate operand 

Symbol 

imm3/4 

imm8 

imm16 

mem 

mem8 

mem16 

mem32 

memptr16 

memptr32 

mod 

near-proc 

offset 

reg 

reg8 

reg16 

regptr 

regptr16 

seg 

shorLiabel 

sr 

src 

temp 

tmpcy 

AC 

AH 
AL 

AND 

AW 

BH 
BL 

BP 

BRK 

BW 

CH 
CL 

pPD70216 (V50) 

Meaning 

3/4-bit immediate bit offset 

8-bit immediate operand 

16-bit immediate operand 

Memory field (000 to 111); 
8- or 16-bit memory location 

8-bit memory location 

16-bit memory location 

32-bit memory location 

Word containing the destination address 
within the current segment 

Double word containing a destination 
address in another segment 

Mode field (00 to 10) 

Label within the current segment 

Procedure within the current segment 

Immediate offset data (16 bits) 

Number of bytes to discard from the stack 

Register field (000 to 111); 
8- or 16-bit general-purpose register 

8-bit general-purpose register 

16-bit general-purpose register 

16-bit register containing a destination 
address within the current segment 

Register containing a destination address 
within the current segment 

Immediate segment data (16 bits) 

Label between -128 and +127 bytes from 
the end of the current instruction 

Segment register 

Source operand or address 

Temporary register (8/16/32 bits) 

Temporary carry flag (1 bit) 

Auxiliary carry flag 

Accumulator (high byte) 

Accumulator (low byte) 

Logical product 

Accumulator (16 bits) 

BW register (high byte) 

BW register (low byte) 

BP register 

Break flag 

BW register (16 bits) 

CW register (high byte) 

CW register (low byte) 

3-217 

IE] 



pPD70216 (V50) 

Symbols (cant) 

Symbol 

CW 

CV 

DH 

DIR 

DL 

DSO 

DS1 

DW 

IE 

IX 

IV 

MD 

OR 

P 

PC 

PS 

PSW 

R 

S 

S 

SP 

SS 
v 
W 

X,XXX,VVV,ZZZ 

XOR 

XXH 

XXXXH 

Z 

() 

+ 

x 

% 

3-218 

Meaning 

CW register (16 bits) 

Carry flag 

DW register (high byte) 

Direction flag 

DW register (low byte) 

Data segment 0 register (16 bits) 

Data segment 1 register (16 bits) 

DW register (16 bits) 

Interrupt enable flag 

Index register (source) (16 bits) 

Index register (destination) (16 bits) 

Mode flag 

Logical sum 

Parity flag 

Program counter (16 bits) 

Program segment register (16 bits) 

Program status word (16 bits) 

Register set 

Sign extend operand field 
S = 0 No sign extension 
S = 1 Sign extend immediate byte 

operand 

Sign flag 

Stack pointer (16 bits) 

Stack segment register (16 bits) 

Overflow flag 

Word/byte field (0 to 1) 

Data to identify the instruction code of the 
external floating point arithmetic chip 

Exclusive logical sum 

Two-digit hexadecimal value 

Four-digit hexadecimal value 

Zero flag 

Values in parentheses are memory contents 

Transfer direction 

Addition 

Subtraction 

Multiplication 

Division 

Modulo 

NEe 
Flag Operations 

Symbol Meaning 

(blank) No change 

o Cleared to 0 

Set to 1 

x Set or cleared according to result 

Undefined 

R Restored to previous state 

Memory Addressing Modes 

mem mod = 00 mod = 01 mod = 10 

000 BW+IX BW + IX + disp8 BW + IX + disp16 

001 BW+IV BW + IV + disp8 BW + IV + disp16 

010 BP+ IX BP + IX + disp8 BP + IX + disp16 

011 BP+ IV BP + IV + disp8 BP + IV + disp16 

100 IX IX + disp8 IX + disp16 

101 IV IV + disp8 IV + disp16 

110 Direct BP + disp8 BP + disp16 

111 BW BW + disp8 BW + disp16 

Register Selection (mod = 11) 

reg W=O W=1 

000 AL AW 

001 CL CW 

010 DL DW 

011 BL BW 

100 AH SP 

101 CH BP 

110 DH IX 

111 BH IV 

Segment Register Select/on 

sr Segment Register 

00 DS1 

01 PS 

10 SS 

11 DSO 
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Instruction Set 

Opcode Flags 
Mnemonic Operand 5 4 3 2 0 7 6 5 4 3 2 1 0 Clocks Bytes AC CY V P S Z 

Data Transfer Instructions 

MOV reg, reg 0 0 1 W reg reg 2 2 

mem, reg 0 0 0 0 W mod reg mem 7/11 2-4 

reg, mem 0 0 0 1 0 W mod reg mem 10/14 2-4 

mem, imm 0 0 0 W mod reg mem 9/13 3-6 

reg, imm W reg 4 2-3 

acc, dmem 0 0 0 0 0 W 10/14 3 

dmem, acc 0 0 0 0 W 9/13 3 

sr, reg16 0 0 0 1 0 1 1 0 sr reg 2 2 

11 sr, mem16 0 0 0 1 0 mod 0 sr mem 10/14 2-4 

reg16, sr 0 0 0 1 0 0 1 1 0 sr reg 2 2 

mem16, sr 0 0 0 1 0 0 mod 0 sr mem 8/12 2-4 

OSO, reg16, mem32 0 0 0 0 mod reg mem 17/25 2-4 

OS1, reg16, mem32 1 0 0 0 0 mod reg mem 17/25 2-4 

AH, PSW 0 0 1 2 

PSW, AH 0 0 1 0 3 x x x x x 

LOEA reg16, mem16 0 0 0 0 mod reg mem 4 2-4 

TRANS src_table 1 0 1 0 9 1 

XCH reg, reg 0 0 0 0 W 1 1 reg reg 3 2 

mem, reg 0 0 0 0 W mod reg mem 13/21 2-4 

AW, reg16 0 0 0 reg 3 

Repeat Prefixes 

REPC 0 0 0 1 0 1 

REPNC 0 0 0 0 0 

REP 0 0 1 
REPE 
REPZ 

REPNE 1 1 1 1 o 0 1 0 2 
REPNZ 

Block Transfer Instructions 

MOVBK dst, src 1 0 1 0 0 1 o W 1 
9 (9) + 8n (W = 0) 
9 (9) + 8n (W = 1, even addresses) 
9 (17) + 16n (W = 1, odd addresses) 
9 (13) + 12n (W = 1, odd/even addresses) 

~MPBK dst, src 1 0 1 0 0 1 1W 1 x x x x x x 
7 (13) + 14n (W = 0) 
7 (13) + 14n (W = 1, even addresses) 
7 (21) + 22n (W = 1, odd addresses) 
7 (17) + 18n (W = 1, odd/even addresses) 

~MPM dst 1 0 1 0 1 1 1W 1 x x x x x x 
7 (7) + 10n (W = 0) 
7 (7) + 10n (W = 1, even addresses) 
7 (11) + 14n (W = 1, odd addresses) 
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Instruction Set (cont) 

Flags 
Mnemonic Operand 6 5 432 

Opcode 
076543210 Clocks Bytes AC CY V P S Z 

Block Transfer Instructions (cont) 

LDM src o o o W 

STM dst 1 0 1 0 1 0 1 W 

n = number of returns 

1 
7 (7) + 9n (W = O) 
7 (7) + 9n (W = 1, even addresses) 
7 (11) + 13n (W = 1, odd addresses) 

1 
5 (5) + 4n (W = 0) 
5 (5) + 4n (W = 1, even addresses) 
5 (9) + 8n (W = 1, odd addresses) 

String instruction execution clocks for a single-instruction execution are in parentheses. 

110 Instructions 

IN acc, imm8 0 0 W 9/13 2 
-----------------------------------------------------------------------------
acc, DW 0 1 0 W 8/12 

OUT imm8, acc 0 0 W 8/12 2 
-----------------------------------------------------------------------------
DW, acc 0 W 8/12 

INM dst, DW 

OUTM DW,src 

BCD Instructions 

ADJBA 

ADJ4A 

ADJBS 

ADJ4S 

ADD4S dst, src 

SUB4S dst, src 

CMP4S dst, src 

ROL4 reg8 

mem8 

ROR4 reg8 

mem8 

3-220 

o W 

o 1 1 0 1 1 1 W 

n = number of transfers 

1 
9 (10) + 8n (W = 0) 
9 (10) + 8n (W = 1, even addresses) 
9 (18) + 16n (W = 1, odd addresses) 

1 
9 (10) + 8n (W = 0) 
9 (10) + 8n (W = 1, even addresses) 
9 (18) + 16n (W = 1, odd addresses) 

String instruction execution clocks for a single instruction execution are in parentheses. 
Use the right side of the slash (I) for DMA I/O accesses. 

o 0 1 0 

o 0 0 0 

o 0 1 

o 1 0 

000 

o 0 0 0 

o 0 0 0 

o 0 0 0 1 
1 1 0 0 0 

o 0 0 0 1 
mod 0 0 0 

o 0 0 0 1 
1 1 0 0 0 

o 0 0 0 1 
mod 0 0 0 

0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 1 1 0 

0 0 0 0 0 
reg 

1 1 1 0 0 0 0 0 0 
mem 

1 1 1 0 0 0 
reg 

1 1 1 0 0 0 
mem 

n = number of BCD digits divided by 2 

7 x x u u u 

3 x x u x x 

7 x x u u u 

3 1 x x u x x 

7+ 19n 2 u x u u u 

7+ 19n 2 u x u u u 

7+ 19n 2 u x u u u 

13 3 

25 3-5 

17 3 

29 3-5 

u 

x 

u 

x 

x 

x 

x 
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Instruction Set (cont) 

Mnemonic Operand 

Data Type Conversion Instructions 

CVTBD 1 

CVTDB 

CVTBW 

CVTWL 

Arithmetic Instructions 

Opeode 
65432107654321 

o 000 o 
o o 000 

o 0 o 0 0 

o 0 o 0 1 

Clocks 

15 

o 7 

2 

4/5 

ADD reg, reg 0 0 0 0 1 W 1 1 reg reg 2 

Flags 
Bytes AC CY V P S Z 

uuuxxx 
2 uuuxxx 

x x x x x x 
---------------------------------------------------------------------------------

mem, reg 000 o 0 0 W mod reg mem 13/21 2-4 x x x x x x 
reg, mem 0000001W mod reg mem 10/14 2-4 x x x x x x 
reg, imm o 0 0 0 0 S W 1 1 0 0 0 reg 4 3-4 x x x x x x 
mem, imm 000 0 S W mod 0 0 0 mem 15/23 3-6 x x x x x x 
ace, imm o 0 0 1 0 W 4 2-3 x x x x x x 

ADDC reg, reg 000 001W 11 reg reg 2 2 x x x x x x 
mem, reg o 0 0 0 W mod reg mem 13/21 2-4 x x x x x x 
reg, mem o 1 0 1 W mod reg mem 10/14 2-4 x x x x x x 
reg, imm 000 0 S W 1 1 0 0 reg 4 3-4 x x x x x x 
mem, imm o o 0 0 S W mod 0 o mem 15/23 3-6 x x x x x x 
ace, imm 0001010W 4 2-3 x x x x x x 

SUB reg, reg 001010 W 1 1 reg reg 2 x x x x x x 
mem, reg 000 0 W mod reg mem 13/21 2-4 x x x x x x 
reg, mem 0010101W mod reg mem 10/14 2-4 x x x x x x 
reg, imm o 0 0 0 S W 1 1 1 0 1 reg 4 3-4 x x x x x x 
mem, imm 100000SW mod 1 0 1 mem 15/23 3-6 x x x x x x 
ace, imm o 1 0 1 W 4 2-3 x x x x x x 

SUBC reg, reg 000 0 W 11 reg reg 2 x x x x x x 
mem, reg o 0 0 W mod reg mem 13/21 2-4 x x x x x x 
reg, mem 0001101W mod reg mem 10/14 2-4 x x x x x x 
reg, imm o 0 0 0 S W 1 1 0 reg 4 3-4 x x x x x x 
mem, imm 1 0 0 0 0 0 S W mod 0 1 1 mem 15/23 3-6 x x x x x x 
ace, imm o 0 0 W 4 2-3 x x x x x x 

INC reg8 1 1 0 0 0 reg 2 x x x x x 
mem 1 W mod 0 mem 13/21 2-4 x x x x x 
reg16 o o o reg x x x x x 

DEC reg8 1 1 0 1 1 0 0 reg 2 2 x x x x x 
mem 1 W mod 0 0 mem 13/21 2-4 x x x x x 
reg16 o o 1 reg 2 x x x x x 

I MULU reg o 1 1 W 1 1 0 0 reg 21-30 2 uxxuuu 
mem 1 1 W mod 0 mem 26-35 2-4 uxxuuu 
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Instruction Set (cont) 

Opcode Flags 
Mnemonic Operand 65432 o 7 6 5 4 3 2 1 0 Clocks Bytes AC CY V P S Z 

Arithmetic Instructions (cont) 

MUL reg 0 W 0 reg 33-47 2 u x x u u u 
------------------------------------------------------------------------------

mem o 1 W mod 0 mem 38-52 2-4 u x x u u u 

reg16,reg16,imm8 o o 0 1 1 reg reg 28-34 3 uxxuuu 

reg16,mem16,imm8 o o 0 1 mod reg mem 33-39 3-5 uxxuuu 

reg16,reg16,imm16 o o 0 0 1 1 reg reg 36-42 4 uxxuuu 

reg16,mem16,imm16 o o 1 0 0 1 mod reg mem 41-47 4-6 uxxuuu 

DIVU reg OWl 1 1 0 reg 19-25 2 uuuuuu 

mem o W mod o mem 24-30 2-4 uuuuuu 

DIV reg o W 1 1 reg 29-43 2 uuuuuu 

mem o W mod mem 34-48 2-4 uuuuuu 

Comparison Instructions 

CMP reg, reg 0 0 0 1 W 1 1 reg reg 2 2 x x x x x x 
------------------------------------------------------------------------------

mem, reg 0 0 0 0 W mod reg mem 10/14 2-4 x x x x x x 

reg, mem 0 0 1 1 0 1 W mod reg mem 10/14 2-4 x x x x x x 

reg, imm 0 0 0 0 0 S W 1 1 reg 4 3-4 x x x x x x 

mem, imm 1 0 0 0 0 0 S W mod 1 1 1 mem 12/16 3-6 x x x x x x 

ace, imm 0 0 W 4 2-3 x x x x x x 

Logical Instructions 

NOT reg 0 W 1 1 0 0 reg 2 2 
------------------------------------------------------------------------------

mem 0 W mod 0 0 mem 13/21 2-4 

NEG reg 0 W 1 1 0 reg 2 2 x x x x x x 
------------------------------------------------------------------------------

mem 1 1 lOW mod 0 mem 13/21 2-4 x x x x x x 

TEST reg, reg o 0 0 W 1 1 reg reg 2 2 u 0 0 x x x 

mem, reg o 0 0 0 0 W mod reg mem 9/13 2-4 u 0 0 x x x 

reg, imm lOW 1 1 0 0 0 reg 4 3-4 OOxxx 

mem, imm 1 0 1 W mod 0 0 0 mem 10/14 3-6 o 0 x x x 

ace, imm o 0 0 W 4 2-3 o 0 x x x 

AND reg, reg o 0 0 0 W 1 1 reg reg 2 2 u 0 0 x x x 

mem, reg o 0 0 0 0 W mod reg mem 13/21 2-4 u 0 0 x x x 

reg, mem 0010001W mod reg mem 10/14 2-4 u 0 0 x x x 

reg, imm OOOOOOW 1 1 1 0 0 reg 4 3-4 o 0 x x x 

mem, imm 100000W mod 1 0 0 mem 15/23 3-6 o 0 x x x 

ace, imm o 0 lOW 4 2-3 o 0 x x x 

OR reg, reg o 000 o 1 W 1 1 reg reg 2 2 uOOxxx 

mem, reg o 0 0 0 o W mod reg mem 13/21 2-4 u 0 0 x x x 

reg, mem 000010 W mod reg mem 10/14 2-4 uOOxxx 

reg, imm 00000 W 1 1 0 0 1 reg 4 3-4 o 0 x x x 

mem, imm 000 0 o W mod 0 0 1 mem 15/23 3-6 o 0 x x x 

ace, imm o 0 0 0 o W 4 2-3 u 0 x x x 
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Instruction Set (cont) 

Mnemonic Operand 

Logical Instructions (cont) 

543 2 
Opcode 
076543210 

pPD70216 (V50) 

Flags 
Clocks Bytes AC CV V P S Z 

XOR reg, reg 0 0 1 W reg reg 2 2 u 0 0 x x x 
---------------------------------------------------------------------------

mem, reg 0 0 0 0 W mod reg mem 13/21 2-4 u 0 0 x x x 

reg, mem 0 0 1 1 0 0 1 W mod reg mem 10/14 2-4 u 0 0 x x x 

reg, imm 0 0 0 0 0 0 W 1 1 0 reg 4 3-4 0 0 x x x 

mem, imm 0 0 0 0 0 0 W mod 1 1 0 mem 15/23 3-6 u 0 0 x x x 

ace, imm 0 0 0 0 0 W 4 2-3 u 0 0 x x x 

Bit Manipulation Instructions 

INS reg8, reg8 o 0 0 0 1 o 
1 1 reg reg 

reg8, imm8 00001111 o 
1 1 0 0 0 reg 

EXT reg8, reg8 00001111 o 0 
1 1 reg reg 

reg8, imm8 o 0 0 0 1 1 1 1 o 0 
1 1 0 0 0 reg 

TEST1 reg, CL 00001111 000 
1 1 0 0 0 reg 

mem,CL 00001111 000 
mod 0 0 0 mem 

reg, imm3/4 00001111 000 
1 1 0 0 0 reg 

mem, imm3/4 00001111 000 
mod 0 0 0 mem 

SET1 reg, CL 00001111 00 
1 1 0 0 0 reg 

mem,CL 00001111000 
mod 0 0 0 mem 

reg, imm3/4 0000111100 
1 1 0 0 0 reg 

mem, imm3/4 0000111100 
mod 0 0 0 mem 

CY 1 0 0 

DIR 1 1 1 1 0 1 

CLR1 reg, CL 0000111100 
1 1 0 0 0 reg 

mem, CL 0000111100 
mod 0 0 0 mem 

reg, imm3/4 00001111000 
1 1 0 0 0 reg 

mem, imm3/4 00001111000 
mod 0 0 0 mem 

CY 000 

DIR 1 1 1 0 0 

o 31-1171 
35-133 

3 

o 0 31-1171 4 
35-133 

o 0 26-551 3 
34-59 

o 26-551 
34-59 

4 

o 0 0 W 3 3 

o 0 W 7/11 3-5 

o 0 W 4 4 

o 0 W 8/12 4-6 

o o W 4 3 

o o W 10/18 3-5 

o W 5 4 

o W 11/19 4-6 

2 1 

W 5 3 

o W 11/19 3-5 

o W 6 4 

o W 12/20 4-6 

2 

uOOuux 

uOOuux 

uOOuux 

uOOuux 

o 
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Instruction Set (cont) 

Opcode Flags 
Mnemonic Operands 5 4 3 2 0 7 432 o Clocks Bytes AC CY V P S Z 

Bit Manipulation Instructions (cont) 

NOT1 reg, CL 0 0 0 0 1 0 o W 3 
1 1 0 0 0 reg 

mem, CL 0 0 0 0 1 1 1 1 0 o W 10/1B 3-5 
mod 0 0 0 mem 

reg, imm3/4 o 0 0 0 1 1 1 1 o W 5 4 
1 1 0 0 0 reg 

mem, imm3/4 o 0 0 0 1 1 1 1 o o W 11/19 4-6 
mod 0 0 0 mem 

CY o o x 

Shift/Rotate Instructions 

SHL reg, 1 0 o 0 0 W 1 1 O· reg 2 2 uxxxxx 
------------------------------------------------------------------------------

mem, 1 0 o 0 0 W mod o 0 mem 13/21 2-4 uxxxxx 

reg, CL 0 o 0 W 1 1 o 0 reg 7+n uxuxxx 

mem, CL 0 o 0 1 W mod o mem 16/24 + n 2-4 uxuxxx 

reg, immB 0 o 0 0 W 1 1 o reg 7+ n 3 uxuxxx 

mem, immB 0 0 o W mod o mem 16/24 + n 3-5 uxuxxx 

SHR reg, 1 0 o 0 W 1 1 reg 2 2 uxxxxx 

mem, 1 o o 0 W mod o mem 13/21 2-4 uxxxxx 

reg, CL o o W 1 1 o reg 7+ n 2 u x u x x x 

mem, CL o 0 0 1 W mod mem 16/24 + n 2-4 uxuxxx 

reg, immB o 0 0 0 W 1 1 o reg 7+ n 3 uxuxxx 

mem, immB o 0 0 W mod mem 16/24 + n 3-5 uxuxxx 

SHRA reg, 1 o 0 0 W 1 1 reg 2 2 uxOxxx 

mem, 1 o 0 0 0 W mod mem 13/21 2-4 u x 0 x x x 

reg, CL o 0 0 W 1 1 reg 7+ n 2 u x u x x x 

mem, CL o 0 1 W mod mem 16/24 + n 2-4 uxuxxx 

reg, immB o o 0 W 1 1 reg 7+ n 3 uxuxxx 

mem, immB o 0 0 0 W mod 1 1 1 mem 16/24 + n 3-5 uxuxxx 

ROL reg, 1 o 0 0 W 1 1 0 0 0 reg 2 2 x x 
mem,1 o o 0 W mod 0 0 0 mem 13/21 2-4 x x 

reg, CL o o W 1 1 0 0 0 reg 7+n 2 x u 

mem, CL o 0 1 W mod 0 0 0 mem 16/24 + n 2-4 x u 

reg, imm o 0 0 0 W 1 1 0 0 0 rElg 7 + n 3 x u 

mem, imm o 0 0 0 W mod 0 0 0 mem 16/24 + n 3-5 x u 

ROR reg, 1 o 0 0 0 W 1 1 0 0 reg 2 2 x u 

mem, 1 o 0 0 W mod 0 0 mem 13/21 2-4 x x 

reg, CL 000 W 110 reg 7+n 2 x u 

mem, CL o 1 0 0 1 W mod 0 0 mem 16/24 + n 2-4 x u 

reg, immB 000 OW 1100 reg 7 + n 3 x u 

mem, immB o 0 0 0 0 W mod 0 mem 16/24 + n 3-5 x u 

n = number of shifts 
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Instruction Set (cont) 

Opcode Flags 
Mnemonic Operands 4 3 2 0 7 6 5 4 3 2 1 0 Clocks Bytes AC CY V P S Z 

Shift/Rotate Instructions (cont) 

ROLC reg, 1 0 W 0 0 reg x x 

mem,1 0 W mod 0 0 mem 13/21 2-4 x x 

reg, CL 1 0 0 W 1 1 0 0 reg 7+n x u 

mem, CL 1 0 0 W mod 0 0 mem 16/24 + n 2-4 x u 

reg, immB 0 0 0 W 1 1 0 0 reg 7+n 3 x u 

mem, immB 0 0 0 0 W mod mem 16/24 + n 3-5 x u 

RORC reg, 1 0 0 0 W 1 1 reg 2 2 x x 

mem,1 1 1 0 0 0 0 W mod 0 mem 13/21 2-4 x x 

reg, CL 1 0 0 0 1 W 1 1 0 reg 7+n 2 x u 

mem,CL 0 1 W mod mem 16/24 + n 2-4 x u 

reg, immB 0 0 0 W 1 1 0 reg 7+n 3 x u 

mem, immB 0 0 W mod mem 16/24 + n 3-5 x u 

n = number of shifts 

Stack Manipulation Instructions 

PUSH mem16 1 1 1 1 1 1 mod 1 1 0 mem 15/23 2-4 

reg16 0 0 0 reg 6/10 

sr 0 0 0 sr 1 1 0 6/10 

PSW 1 0 1 1 1 0 0 6/10 

R 0 0 0 0 0 0 33/65 

imm 1 1 0 S 5-6/9-10 2-3 

POP mem16 0 0 0 mod 0 o 0 mem 16/24 2-4 

reg16 1 reg 8/12 

sr 0 0 sr B/12 

PSW 0 0 1 1 8/12 R R R R R R 

R 1 0 0 0 1 43/75 

PREPARE imm16, immB 0 0 0 4 
*imm8 = 0: 12 
immB> 1 : 17 + B (imm~ - 1) 

DISPOSE 0 0 1 6/10 

,Control Transfer Instructions 

CALL near-proc 0 0 0 16/20 3 

regptr 1 1 0 1 0 reg 14/1B 1 

memptr16 1 mod 0 1 0 mem 23/31 2-4 

far_proc 0 0 21/29 5 

memptr32 mod mem 31/47 2-4 

RET 0 15/19 1 

pop_value 0 0 20/24 3 

0 0 1 21/29 1 

pop_value 0 0 0 24/32 3 
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Instruction Set (cont) 

Opcode Flags 
Mnemonic Operands 5 4 3 2 o 7 6 5 4 3 2 1 0 Clocks Bytes AC CV V P S Z 

Control Transfer Instructions (cont) 

BR near_label 1 

shorUabel 

reg 

memptr16 

memptr32 

BV near_label o 
BNV near_label o 
BC, BL near-'abel o 
BNC, BNL near-'abel o 
BE, BZ near_label o 
BNE, BNZ neaUabel o 
BNH neaUabel o 
BH near-'abel o 
BN near-'abel o 
BP near_label o 
BPE near-'abel o 
BPO neaUabel o 
BLT near-'abel o 
BGE near-'abel o 
BLE near-'abel o 
BGT near_label o 
DBNZNE neaUabel 

DBNZE neaUabel 

DBNZ near_label 

BCWZ neaUabel 

Interrupt Instructions 

o 
o 

o 0 

o 0 

1 1 

1 mod 

o o o 
1 1 1 mod 

o 0 0 0 

o 0 0 1 

o 0 1 0 

o 0 1 

000 

o 
o o 
o 1 1 

o 0 

o 0 1 

o 0 

o 1 1 

o 0 

o 
o 

1 1 1 1 

o 0 0 0 

o 0 0 1 

000 0 

000 

o reg 

o mem 

mem 

13 

12 

3 

2 

11 2 

19/23 2-4 

15 5 

26/34 2-4 

14/4 

14/4 2 

14/4 2 

14/4 

14/4 2 

14/4 2 

14/4 

14/4 2 

14/4 2 

14/4 2 

14/4 2 

14/4 2 

14/4 2 

14/4 2 

14/4 2 

14/4 

14/5 2 

14/5 2 

13/5 2 

13/5 2 

BRK 3 0 0 38/50 
---------------------------------------------------------------------------

imm8 0 0 0 38/50 2 

BRKV imm8 

RETI 

CHKIND reg16, mem32 o 

BRKEM imm8 o 0 

CPU Control Instructions 

o 0 40/3 

o 1 o 
000 o mod reg mem 

o 1 1 1 1 1 1 1 1 

27/39 1 

52-55/ 2-4 
17-25 

38/50 3 

HALT 0 1 0 0 2 

BUSLOCK 1 0 0 0 2 

FP01 fp_op 0 X X X 1 1 Y Y Y Z Z Z 2 2 

R R R R R R 

---------------------------------------------------------------------------
fp_op, mem 0 1 1 X X X mod Y V Y mem 10/14 2-4 

FP02 fp_op 0 0 0 X 1 1 Y Y Y Z Z Z 2 2 
---------------------------------------------------------------------------

fp_op, mem 0 o 0 X mod Y Y Y mem 10/14 2-4 
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Instruction Set (cant) 

Opcode Flags 
Mnemonic Operand 5 4 3 2 0 7 654321 0 Clocks Bytes AC CV V p S Z 
CPU Control Instructions (cant) 

POLL 0 0 0 2+5n 
n = number of times POLL pin is sampled. 

NOP 0 0 0 0 0 3 

01 0 0 2 

EI 1 1 0 2 

OSO:, OS1:, PS:, SS: 0 0 seg 0 2 
(segment override prefixes) 

8080 Instruction Set Enhancements 

0 0 27/39 2 R R R R R R IE 0 0 0 0 38/58 3 

RETEM 1 

CALLN imm8 
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NEe Electronics Inc. 
PRELIMINARY INFORMATION 

Description 

The pPD70616 (V60) is a high-performance, second
generation 32-bit microprocessor designed for a wide 
range of applications including personal computers, 
engineering workstations, and industrial controllers. 
The V60 includes advanced features such as thirty-two 
32-bit general-purpose registers and a powerful instruc
tion set optimized for high-level languages and 
operating systems such as UNIX™ and MS-DOS®. The 
on-chip demand-paged memory management and float
ing pOint units further increase performance and design 
flexibility. 

Performance in thepPD70616 is enhanced by pipelining 
internal operations such as instruction prefetch, instruc
tion decode, address translation, and instruction 
execution. Software development and debugging is 
fully supported by instruction breakpoints, single-step 
traps, and address traps. Emulation mode allows porting 
of pPD70108/pPD70116 application software to run 
without modification and with the full protection of the 
demand-paged virtual memory system. The ability to 
execute software from the large established base of 
pPD70108/pPD70116 applications under a host 
operating system such as UNIX provides an upgrade 
path from 16-bit architectures yet preserves existing 
software investments. 

Features 

o 32-bit high-performance CMOS microprocessor 
o Thirty-two 32-bit general-purpose registers 
o On-chip demand-paged memory management unit 

- 4-gigabyte virtual address space 
- 2-level translation scheme (area/page) 
- 4 levels of protection 
- 16-megabyte physical address space 
- 16 entry translation lookaside buffer (TLB) 

o Supported data types include 
- 8-,16-,32-, 64-bit integers 
- 32-, 64-bit floating point 
- 8-, 16-bit characters 
- Bit, bit field and bit string 

D 21 powerful addressing modes plus bit addressing 
o Context switching and operating system support 
o V20™/v30TM emulation mode 
o Flexible hardware debugging support 

- Breakpoints 
- Instruction trace 
- Address traps 

o Functional redundancy monitor (FRM) 

pPD70616 (V60™) 
32·BIT VIRTUAL MEMORY 
CMOS MICROPROCESSOR 

Ordering Information 
Part Number Package Maximum Frequency 

J.lPD70616R 68-pin PGA 16 MHz 

Pi n Identification 
Symbol 

ST2-STO 

MRQ 

R/W 

DS 

BCY 

Dl1-DlO 

FAS 

UBE 

READY 

BMODE 
(FRM) 

BERR 

BFREZ 

RT/EP 

NMI 

INT 

HlDRQ 

HlDAK 

CPBUSY 

RESET 

ClK 

VDD 

GND 

Function 

24-bit address bus output 

16-bit data bus I/O 

Bus status output 

Memory request output 

Read/write output 

Data strobe output 

Bus cycle output 

Data length output 

First data access output 

Upper byte enable output 

Ready input 

Bus mode input 
Functional redundancy monitor 

Bus lock output 
Mismatch 

Bus error input 

Bus freeze input 

Retry / exception input 

Non-maskable interrupt input 

Interrupt input 

Hold request input 

Hold acknowledge output 

Coprocessor busy input 

Reset input 

Clock input 

Power 

Ground 

UNIX is a trademark of AT&T Bell Labs. 

MS-DOS is a registered trademark of Microsoft Inc. 

V20, V30, and V60 are trademarks of NEC Corporation. 
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J.lPD70616(V~O ) NEe 
Pin Configuration 

Bottom View Top View 

/ 

1 0 0 0 00 0 0 00 0 
2 000 0 00 0 0 00 0 
3 00 0 0 
4 00 0 0 
5 00 0 0 
6 0 0 0 0 pP070616 

7 00 0 0 
8 00 0 0 
9 00 0 0 

10 00 0 0 00 0 0 00 0 
11 0 0 0 00 0 0 00 

A 8 C D E F G H J K L 

Pin Signal Pin Signal Pin Signal Pin Signal 

A2 01 89 013 FlO R/W K4 As 

A3 03 Bl0 015 Fll CLK K5 Al0 

A4 05 Bll HLORQ Gl ST2 K6 GNO 

AS 07 Cl OLl G2 Voo K7 A13 

A6 09 C2 OLO Gl0 VOO K8 A15 

A7 011 Cl0 BFREZ Gll MRQ K9 A17 

A8 012 Cll RT/EP Hl STl Kl0 A20 

A9 014 01 INT H2 STO Kll A19 

Al0 HLOAK 02 NMI Hl0 UBE L2 A3 

Bl DO 010 BERR, RT/EP Hll A23 L3 A5 

B2 RESET 011 READY Jl AO L4 A7 

B3 02 El CPBUSY J2 Al L5 Ag 

B4 04 E2 FAS Jl0 A22 L6 All 

B5 06 El0 BCY Jll A21 L7 A12 

B6 Os Ell OS Kl A2 L8 A14 

B7 010 Fl BLOCK K2 A4 L9 A16 

B8 GNO F2 8MOOE K3 A6 Ll0 A1S 

83-003S13C 
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Block Diagram 

Microinstruction 
Sequencer 

Microinstruction 
ROM 

Applications 

V60 CPU Design Example 1 

16 
Clock MHz V60 

Generator CPU 
071611 IlPD70616 

FPP 

Register File ALU 
Barrel 
Shifter 

pPD70616 (V60) 

Bus Control 

Interrupt Logic 

Coprocessor 
Interface 

Bus Fault 
Control 

Bus Request 
Logic 

K=) 
-----

ST2-STO, MRQ 
DL 1-DLO, BLOCK 
R/v.;, BCY, UBE 
FAS, OS, BMODE 

INT,NMI 

BERR RT/Eli 

BFREZ 

Main 
Memory 

83-003514B 

Graphic 
Display 

Controller 

LAN 
Controller 

072105 

Disk 
Controller 

83-0035118 
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NEe Electronics Inc. 

PRELIMINARY INFORMATION 

Description 

The pPD72191 is a high-performance, low-power 
CMOS floating point processor (FPP) forthe NEC V20-
V50 microprocessors. The pPD72191 uses innovative 
architecture and a powerful instruction set to enhance 
the performance of V20-V50 microprocessors in com
putationally-intensive applications such as graphics 
and scientific data processing. A powerful set of 
arithmetic, transcendental, and processor control 
instructions increases performance and decreases code 
size, yet maintains code compatibility. 

Hardware features such as dual data buses, barrel 
shifter, and normalization logic contribute significantly 
to the pPD72191 throughput. The pPD72191 can 
operate in either the V20/V30 or V40/V50 mode, elimi
nating the need for external logic. 

The pPD72191 's low-power CMOS technology makes 
high-performance numeric calculation in portable 
scientific applications realizable for the first time. 

Features 

o High-performance floating point processor for 
V20-V50 microprocessors 

o Conforms to the IEEE 754 floating point standard 
o Seven hardware-supported data types 

- 16-, 32-, and 64-bit binary integer 
- 32-, 64-, and aO-bit binary floating point 
- Packed decimal 

o Complete set of transcendental functions 
- Exponential 
- Logarithmic 
- Trigonometric and inverse trigonometric 
- Hyperbolic 

o High-speed exponent and mantissa ALUs 
o Barrel shifter and normalization logic 
o Built-in exception handling 
o MODE pin selects V20IV30 or V40IV50 systems 
o Low-power CMOS technology 

Orderi ng Information 
Part 
Number 

JlPD72191 D 

Package 
Type 

40-pin ceramic DIP 

Maximum Frequency 
of Operation 

8 MHz 

Pin Configuration 

MODE/BUFEN 1 

ADS 

ADs 

AD4 

AD3 

AD2 

AD1 

ADo 

(MRD) 

(MWR) 

elK 

JiPD72191 
FLOATING POINT 

PROCESSOR 

Voo 
AD1S 

A1S/PSO 

A17/PS1 

A1S/PS2 

Ra/AK1 (HlDAK) 

32 INT 

Ra/AKO (HlDRO) 

(BUFR/W) 

(ASTB) 

OS1 

BUSY 

GND _ ...... ___ ........- RESET 

Pi n Identification 

Symbol Direction 

A19-A16/ In/Out 
PS3-PSO 

A15-ADo In/Out 

AD15-AS Out 
ASTB Out 

BS2-BSO In/out 
BUFR/W Out 
BUSY Out 

!ill/ AKO, In/Out 
RQ/ AK1 
HlDAK In 
HlDRQ Out 
READY In 
RESET In 
ClK In 
GND 

VDD 
MWR Out 
MRD Out 
UBE In/Out 
INT Out 

QS1-QSO In 

MODE/BUFEN In/Out 
NC 

Function 
Multiplexed address/processor 
status bus 
Multiplexed address/data bus 
Address bus 
Address strobe 
Bus status 
Buffer read/write 

Execution unit busy 
Request/acknowledge 0, 1 

Hold acknowledge 

Hold request 
Ready 

Reset 
CPU clock 
Ground 

+5 V power supply 
Memory write strobe 
Memory read strobe 
Upper byte enable 

Interrupt request 
CPU queue status 

83-003060A 

Mode select/external data buffer enable 
Not connected 
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Operating Mode Pin Configurations 

The pPD72191 assumes one of four possible pin 
configurations depending on the processor used within 
the system. When used in the V20/V30 mode, the 
pPD72191 uses the bus status outputs and an external 
pPD71088 bus controller to generate the memory 
read/write and address strobe signals. This mode also 
selects the same bus request protocol as the maximum 
mode V20/V30 microprocessors. 

Figure 1. Pin Configuration for V20 Mode 
(pPD7010B Microprocessor) 

GND VDD 

A14 A1S 

A13 Als1PSo 

A17/PSl 

All A1S/PS2 

Al0 A19/PS3 

(High) 

As RQ/AK1 

AD7 INT 

AD6 RO/AKO 

ADs NC 

AD4 NC 

AD3 BS2 

AD2 BSl 

ADl BSO 

ADo OSO 

NC OSl 

NC BUSY 

ClK READY 

GND RESET 

Figure 2. Pin Configuration for V30 Mode 
(pPD70116 Microprocessor) 

GND Voo 

AD14 AD1S 

AD13 A16/PSO 

A17/PSl 

ADll A1S/PS2 

AD10 A19/PS3 

UBE 

ADs Ra/AK1 

AD7 INT 

AD6 Ra/AKO 

ADs NC 

AD4 NC 

AD3 BS2 

AD2 BSl 

ADl BSo 

ADo OSo 

NC OSl 

NC BUSY 

ClK READY 

GND RESET 
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When used in the V40/V50 mode, the pPD72191 will 
directly generate the control signals for external bus 
transceivers, memory read/write, and address strobe 
outputs. In addition, the pPD72191 will select the 
HLDRQ/HLDAK protocol used by the V40/V50 micro
processors. 

Pin 34 is used to select operation with either an 8- or 
16-bit bus system. Figures 1 through 4 show the pin 
configurations for the pPD72191 floating point 
processor. 

Figure 3. Pin Configuration for V40 Mode 
(pPD7020B Microprocessor) 

MODE/BUFEN VOO 

A14 A1S 

A13 A16/PSO 

A12 A17/PSl 

All A1S/PS2 

Al0 A19/PS3 

Ag (High) 

As HlDAK 

AD7 INT 

AD6 HlDRO 

ADs BUFR/W 

AD4 ASTB 

AD3 BS2 

AD2 BSl 

ADl BSO 

ADo OSO 

MRD OSl 

MWR BUSY 

ClK READY 

GND RESET 

Figure 4. Pin Configuration for V50 Mode 
(pPD70216 Microprocessor) 

MODE/BUFEN Voo 

AD14 AD1S 

AD13 A16/PSO 

AD12 A17/PSl 

ADll A1S/PS2 

AD10 A19/PS3 

ADg UBE 

ADs HlDAK 

AD7 INT 

AD6 HlDRO 

ADs BUFR/W 

AD4 ASTB 

AD3 BS2 

AD2 BSl 

ADl BSo 

ADo OSo 

MRD OSl 

MWR BUSY 

ClK READY 

GND RESET 

83-003554A 

83-003555A 
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Block Diagram 

Sub Main 
Bus Bus 

Execution Unit Main Sub 
Bus Bus 

16 

Command Word 

Status Word 

Program Counter 

Operand Pointer 

Opcode Pointer 

Microinstruction 
Sequencer 

Microinstruction ROM 

Interlace Unit 

pPD72191 

ClK 
RESET 
REAOY 
BS2-BSO 

RQ/AK1 
[HlDAK] 
Rei/AKO 
[HlDRQ] 

INT 
BUSY 
ASTB 
BUFR/W 
UBE 
MODE/BUFEN 

MRD 
MWR 

83-0035518 
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Section 4 - NMOS Microprocessors 

pPD780 High-Performance CP/M® - Compatible 8-Bit 

pPD8085A/AH 
pPD8086 
pPD8088 

Microprocessor .......................................... 4-3 
8-Bit, Single-Chip Microprocessors ......................... 4-27 
16-Bit Microprocessor ..................................... 4-47 
High-Performance 8-Bit Microprocessor .................... 4-59 
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NEe Electronics Inc. 

Description 

The J.LPD7BO is a microprocessor that utilizes a highly 
consistent architectural organization, a comprehen
sive instruction set that is a superset of the industry
standard BOBOA instruction set, and third-generation 
technology, to provide a flexible, high-performance, ef
ficient CPU easily adaptable to a very broad range of 
industrial and commercial applications. 

All software developed on BOBOA-based systems may 
be run on 7BO-based systems as a subset of the full 
7BO instruction set. In addition, the NEC J.LPD7BO is ful
ly pin-compatible and software-compatible with the 
ZBO® microprocessor and is therefore perfectly suited 
for CP/M® designs. The N EC J.LPD7BO provides system 
designers with powerful, wide-range logic capability 
that requires minimal additional circuitry to complete 
a microcomputer system. 

The output signals of the J.LPD7BO are fully decoded 
and signal timing is fully compatible with industry
standard memory and peripheral devices. Two faster 
versions of the basic J.LPD7BO (2.5 M Hz master clock 
rate) are offered by the J.LPD7BO-1 (4 MHz master clock 
rate) and the J.LPD7BO-2 (6 MHz master clock rate). 
Other than clock rates, all three versions are identical. 

Features 

D Powerful, wide-range logic capability requiring 
minimal support circuitry 

D Fully ZBO® -compatible 
D Industry-standard BOBOA software compatibility 
D CP/M® -compatible 
D Comprehensive, powerful instruction set featuring 

15B instruction types 
D Vectored, multilevel interrupt structure 
D Highly consistent architectural structure featuring 

dual register set 
D Foreground/background programming 
D Automatic refreshing of external dynamic memory 
D Signal timing compatible with industry-standard 

memory and peripheral devices 
P TTL-compatible signals 
,0 Single-phase +5 V clock and +5 V DC power 

supply 
~ Z80 is a registered trademark of Zilog,lnc. 
~ CP/M is a registered trademark of Digital Research Corporation. 

",PD780 
HIGH·PERFORMANCE 

CP/M® ·COMPATIBLE NMOS 
8·BIT MICROPROCESSOR 

Pin Configuration 

A14 

04 

03 

Ordering Information 
Part 
Number 

",PD780C 

",PD780C-1 

",PD780C-2 

Package ~pe 

40-pin plastic DIP 

40-pin plastic DIP 

40-pin plastic DIP 

A10 

As 

As 

As 

A4 
A3 

A1 

Ao 

GNO 

RFSH 

83'()OO877A 

Max Frequency 
of Operation 

2.5 MHz 

4 MHz 

6 MHz 
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Pin Identification 
No. Symbol 

1-5, Ao-A15 
30-40 

6 + 
7-10, 00-07 
12-15 

11 +5 V 

16 INT 

17 NMI 

18 HALT 

19 MREO 

20 10RO 

21 RO 

22 WR 

23 BUSAK 

24 WAIT 

25 BUSRO 

26 RESET 

27 M1 

28 RFSH 

29 GNO 

Pin Functions 

Ao-A15 (Address Bus) 

Function 

Three-state address bus 
(output) 

Clock input 

Three-state, liD data bus 

Power supply 

Interrupt request input 

Non-maskable interrupt input 

Halt state input 

Memory request output 

liD request output 

Read output 

Write output 

Bus acknowledge output 

Wait state input 

Bus request input 

Reset input 

Machine cycle 1 

Refresh output 

Ground 

16-bit, three-state output address bus. During refresh 
operations, lines Ao-Aa output the external memory 
address. 

00-07 (Data Bus) 

8-bit, three-state 1/0 data bus. 

NMI (Non-Maskable Interrupt) 

This active low input line is used for non-maskable 
interrupts. A non-maskable interrupt is always 
acknowledged at the end of the current instruction, 
regardless of whether the interrupt enable flip flop has 
been turned on, except when the BUSRQ signal is 
asserted. Because of the higher priority of the BUSRQ 
signal, it is acknowledged before the NMI signal. 
When NMI is acknowledged, program execution 
automatically restarts from location 0066H. 

4-4 
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INT (Interrupt Request) 

This active low input line is used for interrupt requests 
by external 1/0 devices. Interrupts are s~rviced upon 
completion of the current instruction if the interrupt 
enable flipflop has been turned on by the software. 
There are three interrupt response modes: the mode 
o response is equivalent to an 8080 interrupt response; 
mode 1 uses location 0038H asa restart address; and 
mode 2 is a simple vectoring to an interrupt service 
routine that can be located anywhere, in memory. 

BUSRQ (Bus Request) 

This active low input signal is used to place the data 
bus, address bus, and all three-state bus control 
signals (WR, RD, 10RQ, and MREQ) in a high
impedance state to allow a requesting device to 
assume bus control. The BUSRQ signal has a higher 
priority than the NMI signal and is always honored at 
the end of the current machine cycle. 

Excessive DMA operations resulting in long periods 
in which BUSRQ is asserted can impair the CPU's 
ability to adequately refresh the dynamic RAMs. Also, 
BUSRQ does not have an internal pull-up resistor. For 
input signals to this pin in a wire-OR'ed configuration, 
an external pull-up resistor should be used. 

BUSAK (Bus Acknowledge) 

This active low output line is used to inform the device 
requesting bus control that the data bus, address bus, 
and all three-state bus controls (WR, RD, 10RQ, and 
MREQ) are in a high-impedance state and the re
questing device can now assume control. 

WR (Write) 

This three-state active low output is used to strobe 
data from the data bus to external memory or 1/0 
devices. WR is asserted to indicate the data bus holds 
valid dtlta. This line is three-stated during h,alt or reset 
conditions. 

10RQ (1/0 Request) 

This three-state active low output is used to indicate 
the lower half of the address bus holds a valid address I 

for an 110 read or write. During interrupt acknowledge 
cycles, 10RQ and M1 are asserted together to indicate 
that a vector address can be sent to the data bus. 



NEe 
RD (Read) 

This three-state active low output is used to strobe 
data from external memory or I/O devices onto the data 
bus. RD is asserted to indicate the CPU is requesting 
data from external memory or I/O devices. This line is 
three-stated during halt or reset conditions. 

MREQ (Memory Request) 

This three-state active low output is used to indicate 
that the address specified for the memory read or write 
is valid. 

M1 (Machine Cycle 1) 

This active low output is used to indicate that the cur
rent machine cycle is the opcode fetch phase of an 
instruction execution. 

HALT (Halt State) 

This active low input is used with the HALT instruc
tion to initiate a halt state. When HALT is asserted, pro
gram execution stops and does not resume until an in
terrupt is generated. During the halt state, NOPs are 
executed in order to continue memory refresh 
operations. 

WAIT (Wait State) 

This active low input is used to indicate that the ex
ternal memory or I/O devices addressed by the CPU 
are not ready to transfer data. When WAIT is asserted, 
the CPU is placed in a wait condition. 

JiPD780 

This active low input signal is used to initialize the 
CPU. When RESET is asserted, the interrupt enable flip 
flop is reset, the program counter and the I and R 
registers are cleared, and interrupt response mode a 
is enabled. In a reset condition, the address and data 
busses are three-stated and all output control signals 
are inactive, after which program execution begins 
from address 0000. 

The pulse width of RESET must be a minimum of 3 
clock cycles in length to reinitialize the CPU and 
stabilize operation. 

RFSH (Refresh) 

This active low output is used in conjunction with the 
MREQ signal to initiate a refresh read of all external 
dynamic memory. RFSH and MREQ are both asserted 4 
when the least significant 7 bits of the address on the 
address bus hold a valid external dynamic memory 
address. 

~ (Clock) 

This line is an input for external clock sources. 

+5 V 

Single +5 V power supply. 

GND 

Ground. 
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Block Diagram 

4-6 

Main General-Purpose 
Register Set , 

Accumulator Flag 
A F 

B C 

Alternative General-Purpose 
Register Set 

16 Irl------'-'------, 

Accumulator Flag 
A' F' 

t-IEC 

16 A.B. Buffer A.,-A'5 

B' C'} 
t-__ D __ ---1f--____ ---1f--__ D_' __ -t-___ E_' ---I General-Purpose Registers 

H H' L' 

Interrupt 
Vector 

Index Register IX 
~:~::~ R } 

Inst. 
Decoder 

1 1 
+5V GND 
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Architecture 

The architecture includes a dual set of six a-bit general
purpose registers and two a-bit accumulators and flag 
registers. A flexible vectored interrupt structure is sup
ported by an a-bit interrupt vector register that pro
vides the most-significant a bits of a pointer to a table 
of vector addresses, while the requesting device 
generates the least-significant a bits of the pOinter. 
Two 16-bit index registers enable the manipulation of 
tabular data as well as facilitating code relocation. 

Multilevel interrupts as well as virtually unlimited sub
routine nesting are supported by a 16-bit stack pointer 
and complimentary 16-bit program counter, enhanc
ing the speed and efficiency of a wide variety of data
handling operations. Processing efficiency is addi
tionally supported by a special memory refresh regis
ter that enables automatic refreshing of all external 
dynamic memory with minimal processor overhead. 

The dual set of general-purpose registers may be used 
as individual a-bit registers or paired as 16-bit regis
ters. The dual register set (including a dual accumula
tor and flag register) not only allows more powerful 
addressing and data transfer operations, but also per
mits programming in foreground/background mode 
for vastly improved throughput. 

Standard Test Conditions 

The standard test conditions reference all voltages to 
ground (0 V) and follow the convention that positive 
current flows into the referenced pin. The listing of 
AC parameters is based on a load capacitance of 50 
pF unless explicitly stated otherwise. For every 50 pF 
increase in load capacitance there is a 10 ns delay, 
up to a maximum increase of 200 pF for the data bus 
and 100 pF for the address bus and the bus control 
lines. 

The operating temperature range is: OOC to + 70°C; 
+4.75 V :S Vee :S +5.25 V. 

Absolute Maximum Ratings 
TA = 25°C 

Operating temperature 

Storage temperature 

Voltage on any pin 

Power dissipation 

Note: 

(1) With respect to ground. 

JiPD780 

-0.3 to +7 V (1) 

1.5 W 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 
TA = 25°C 

limits 
Test 

Parameter Symbol Min Max Unit CondHions 

Clock capacitance Ct 35 pF 
fc=1 MHz 

Input capacitance CIN 5 pF Unmeasured pins 

Output capacitance COUT 10 pF returned to ground. 

DC Characteristics 
TA = ooe to +7ooe; Vec = +5 V ± 5% unless 
otherwise specified 

LimHs 
Test 

Parameter Symbol Min ~p Max Unit Conditions 

Clock input VILe -0.3 0.45 V 
low voltage 

Clock input VIHe Vee Vee V 
high voltage -0.6 +0.3 

Input low voltage VIL -0.3 0.8 V 

Input high voltage VIH 2.0 Vee V 

Output low voltage VOL 0.4 V IOL =1.8 mA 

Output high voltage VOH 2.4 V IOH=-250 JAA 

Power supply JAPD780 lee 150 mA te=400 ns 
Current JAPD780-1 lee 90 200 mA te=250 ns 

Input leakage current III 10 JAA VIN=O to Vee 

Three-state output ILOH 10 JAA VOUT=2.4 
leakage current in float to Vee 

Three-state output ILOL -10 JAA VOUT=O.4 V 
leakage current in float 

Data bus leakage ILD ±10 JAA O:s;VIN 
current in input mode :s;Vee 
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AC Characteristics 
TA = ooc to +700 C; Vee = +5 V ± 5%; unless otherwise specified 

Limits 

",P0780 (2.5 MHz) ",P0780-1(" MHz) ",P0780-2 (6 MHz) Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 

Clock period tc 0.4 (1) 0.25 (1) 0.165 (1) /As 

Clock pulse width, clock high tw(+H) 180 (2) 110 (2) 65 (2) ns 

Clock pulse width, clock low tw(+L) 180 2000 110 2000 72 2000 ns 

Clock rise and fall time tRf 30 30 20 ns 

Address output delay to(AO) 145 110 90 ns 

Delay to float tF(AO) 110 90 80 ns 

Address stable prior to MREQ (Memory cycle) tACM (3) (3) (3) ns CL = 50 pF 
Address stable prior to 10RQ, RDor WR (I/O cycle) tACI (4) (4) (4) ns 

Address stable from RD or WR tCA (5) (5) (5) ns 

Address stable from RD or WR during Float tCAF (6) (6) (6) ns 

Data output delay tOIO) 230 150 130 ns 

Delay to float during write cycle tF(O) 90 90 80 ns 

Data setup time to rising edge of clock during M1 cycle ts+(O) 50 35 30 ns 

Data setup time to falling edge of clock during M2 
to M5 cycles 

ts+(O) 60 50 40 ns CL = 200 pF 

Data stable prior to WR (Memory cycle) tOCM (7) (7) (7) ns 

Data stable prior to WR (I/O cycle) tOCI (8) (8) (8) ns 

Data stable from WR tCOF (9) (9) (9) ns 

BUSRQ setup time to rising edge of clock tSIBQ) 80 50 50 ns 

BUSAK delay from rising edge of clock to BUSAK low tOllBA) 120 100 90 ns 

BUSAK delay from falling edge of clock to BUSAK high tOHIBA) 110 100 90 ns CL = 50 pF 

Delay to float (MREQ, 10RQ, RD and WR) tF(C) 100 80 70 ns 

M1 stable prior to 10RQ (Interrupt ack.) tMR (10) (10) (10) ns 

Any hold time for setup time tH 0 0 0 ns 

HALT delay time from falling edge of clock to(HT) 300 300 260 ns CL = 50 pF : 

INT setup time to rising edge of clock tS(IT) 80 80 70 ns 

10RQ delay from rising edge of clock to 10RQ low tOLtIIR) 90 75 65 ns 

10RQ delay from falling edge of clock to 10RQ low tOL~(IR) 110 85 70 ns 

lORa delay from rising edge of clock to 10RQ high tOHt!IR) 100 85 70 ns 

lORa delay from falling edge of clock to 10RQ high tOH+(lR) 110 85 70 ns CL = 50 pF 

M1 delay from rising edge of clock to M1 low tOL(Ml) 130 100 80 ns 

M1 delay from rising edge of clock to M1 high tOH(Ml) 130 100 80 ns 

MREQ delay from falling edge of clock to MREQ low tOLt(MR) 100 85 70 ns 

MREQ delay from rising edge of clock to MREQ high tOHt!MR) 100 85 70 ns 

MREQ delay from falling edge of clock to MREQ high tOHt!MR) 100 85 70 ns 

Pulse width, MREQ low tw(MRL) (11) (11) (11) ns 

Pulse width, MREQ high tw(MRH) (12) (12) (12) ns 

Pulse width, NMI low tW(NML) 80 80 70 ns 

RESET setup time to riSing edge of clock tS!RS) 90 60 60 ns 

RD delay from rising edge of clock to RD low tOLt(RO) 100 85 70 ns 

RD delay from falling edge of clock to RD low tOL~(RO) 130 95 80 ns 

RD delay from rising edge of clock to RD high tOHt(RO) 100 85 70 ns 

iUi delay from falling edge of clock to RD high tOH~(RO) 110 85 70 ns CL = 30 pF 

4-8 



NEe 
AC Characteristics (cont) 
T A = OOC to + 70°C; VCC = + 5 V ± 5%; unless otherwise specified 

Limits 

/lPD780 (2.5 MHz) /lPD780-1(4 MHz) /lPD780-2 (6 MHz) 

Parameter Symbol Min Max 

RFSH delay from rising edge of clock to RFSH low tOL(RF) 180 

RFSH delay from rising edge of clock to RFSH high tOH(RF) 150 

WAIT setup time to falling edge of clock tS(WT) 70 

WR delay from rising edge of clock to WR low tOL~(WR) 80 

WR delay from falling edge of clock WR low 90 

WR delay from falling edge of clock to WR high 100 

Pulse width to WR low tW(WRL) (13) 

Notes: 

(1) tc = tw(~H) + tw(~L) + tR + tF 
(2) Though the structure of the 780 is static, 200J.ls is guaranteed maximum. 
(3) tACM = tw(~H) + tF - 65 (75)* (50)** 
(4) tACI = tc - 70 (80)* (55)** 
(5) tCA = tw(~L) + tR - 50 (40)* (50)** 
(6) tCAF = tw(~L) + tR - 45 (60)* (40)** 
(7) tOCM = tc - 170 (210)* (140)** 
(8) tOCI = tw(~L) + tR - 170 (210)* (140)** 
(9) tCOF = tw(~L) + tR - 70 (80)* (55)** 
(10) tMR = 2tc + tw(~H) + tF - 65 (80)* (50)** 
(11) tw(MRL) = tc - 30 (40)* (30)*' 
(12) tw(MRH) = tw(~H) + tF - 20 (30)* (20)** 
(13) tw(WR) = tc - 30 (40)* (30)** 

* These values apply to the J.lPD780. 
** These values apply to the J.lPD780·2. 

Load Circuit for Output 

+5V 
-r-

2.2 K 

83·000884A 

Min Max Min Max 

130 110 

120 100 

70 60 

65 60 

80 70 

80 70 

(13) (13) 

J,lPD780 

Test 
Unit Conditions 

ns CL = 30 pF 

ns 

ns 

ns 

ns 

ns 

ns 

II 
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IlPD780 

Timing Waveforms 

Input Cycle 

Output Cycle 

4-10 
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T, 

AO-A7-+_J)o.. ___ I-+-___ +-.:...;::..:...::.::=:::::..-+-__ +--+--+_~~ 

IORQ -+---------+'"""'" I 

RD-f--------~~ 

0 0-07 -+-----1------+------+--41 

Ao-A7-+_J }--+-__ I-+-___ +-.:...;::..:..:::=:::::..-+-__ .+--+---l-_-f\.._ 

- ----------
WAIT 



NEe ~PD780 

Timing Waveforms (cont) 

M1 Cycle 

1---------",,1 Cycle---------+I 

MREQ -+--+-~ I 

tOL(M1) 

\ ... 

RFSH_+----------r---~----~~I 
tOH(RF) 

Memory Read/Write Cycles 

I+-----Memory Read Cycle-----II----- Memory Write Cycle-----+I 

T2 T3 T1 T2 

<!>Jr------,~~~f.______.I ~~ ~I........--.J~~~ 
f4
tO

_(A ..... O,...) e-+--~tACM -to(AO)-t--- tACM I--tCA--j 

Ao-A15 _~I--I--I--+M~e~m.:..:o~ry:....A.:..:d~d.:..:re.:.ss+--+---+--+--/.x 1'-__+___+_-f-M_e_m_o....:.ry+A_d_dr_e_ss~--I--~-+--r{ ,~'--_ 
I 

tOHd.(MR)-Ir--+-____ _ tOLd.(MR)I--<~ 
~+-________ ~_~-J 

AD -+----.....;~--, l·tOLd.(RO) toHd.(RO) -1r-~----f__---+----+_~__1f__---+__1--+_-----. 
'J..r-t----+--+-I 

4-11 



J.'PD780 NEe 
Timing Waveforms (cont) 

Interrupt Request/Acknowledge Cycle 

Last M Cycle 01 Instruction __ .I----------M'----------
Last T State T, T2 

<I.~~~~~~~~r-
ts:~ ~ _________________________________________________ _ 

iNf--1--{---~---- ~------ _________ .--- ---- __________________ _ 

Ao-A'5 X PC XRelresh Ad ress 

MREQ--~------~------~------~--~--~------~---~ 

LI-

tS<I'(D)~~tH 
0 0-07 ----+--------+------+--------+-----+---+------(~ ~\-----+-

M, __ -+ ____ --.:t~DL~(M'~) ~~'\--I-tMR:--+------I tDH(M')~Ir--_-+ 

~----r_------r_------r_------~' 

RO I 

Input and Output Cycles 

In 1/0 operations, a single wait state (Tw) is automat
ically included to provide adequate time for an 1/0 port 
to decode the address from the port address lines and 
initiate a wait condition if needed. 

Opcode Fetch Instruction Cycle 

At the beginning of the cycle, the contents of the pro
gram counter are placed on the address bus. After ap
proximately one-half cycle, MREO is asserted and its 
falling edge can be used directly by the external mem
ory as a chip enable signal. The data from the exter
nal memory can be gated onto the data bus when RD 
is asserted. The CPU reads the data at the rising edge 
of T 3. During T 3 and T 4, external dynamic memory is 
refreshed while the instruction is decoded and exe
cuted. The assertion of RFSH indicates that the ex
ternal dynamic memory requires a refresh read. 

4-12 

Memory Read or Write Cycles 

In read and write operations, the MREO and RD 
signals function the same as they do in opcode fetch 
operations. In a write operation MREO is asserted and 
can be used directly by external memory as a chip 
enable signal when information on the address bus 
is stable. The WR signal is used as a write strobe to 
almost any type of semiconductor memory, and is 
asserted when data on the data bus is stable. 

Interrupt Request/Acknowledge Cycle 

The interrupt signal is sampled at the rising edge of 
the final clock pulse at the end of an instruction. 
When an interrupt is accepted, an M1 cycle is begun. 
Instead of MREO, 10RO is asserted during this cycle 
to indicate that an 8-bit vector address can be placed 
on the data bus by the interrupting device. This cycle 
includes the automatic addition of two wait states tc 
facilitate the implementation of a daisy-chain priori· 
ty interrupt protocol. 



NEe 
Instruction Set 

The instruction set of the JAPD780 consists of 158 
types of instructions divided into 16 categories as 
follows: 

8-bit load operations 
register exchanges 
memory block searches 
16-bit arithmetic operations 
rotate and shift operations 
jump operations 
restart operations 
miscellaneous operations 
16-bit load operations 
memory block transfers 

8-bit arithmetic and 
logic operations 

bit set, reset, and test 
operations 

1/0 operations 
call operations 
return operations 
general-purpose 

accumulator and flag 
operations 

This comprehensive instruction set is made more 
powerful by the array of addressing modes im
plemented by the architecture, as follows: 

bit addressing 
register-indirect addressing 
immediate addressing 
extended addressing 
implied addressing 
register addressing 

relative addressing 
immediate-extended 

addressing 
indexed addressing 
modified page zero 

addressing 

J..lPD780 

Instruction Set Symbol Definitions 

Symbol Description 

Flag not affected 

Flag set 

x Flag 

Flag affected according to result of operation 

v Overflow set 

Parity set 

IFF Interrupt flip-flop set 

C Carry/Link 

Z Zero 

P/V Parity /Overflow 

S Sign 

N Add/Subtract 

H Half Carry 

II 
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! Instruction Set 1:: ,. 
""" a Operation Code No. of No. of Flags 

Mnemonic Operation Description 765432 1 0 Clocks Bytes C Z PIV S N H --a 
ADC HL, 55 HL ~ HL + 55 + CV Add with carry reg. pair 55 to HL 1 1 0 1 (A) 15 V X CD 

o 1 5 5 0 0 

ADC A, r A~A+r+CV Add with carry Reg. r to ACC 000 r r r (B) 4 V 

ADC A, n A~A+n+CV Add with carrry value n to ACC o 0 0 V 
nnnnnnnn 

ADC A, (HL) A ~ A + (HL) + CV Add with carry loc. (HL) to ACC 0 0 1 V 

ADC A, (IX + d) A ~ A + (IX + d) + CV Add with carry loc. (IX + d) to ACC 1 0 1 19 3 V 
o 0 0 
d d d 

ADC A, (IV + d) A ~ A + (IV + d) + CV Add with carry loc. (IV + d) to ACC 1 1 o 1 19 3 V 
0 0 1 0 
d d d d 

ADD A, n A~A+n Add value n to ACC o 0 0 7 V 
nnnnnnn n 

ADD A, r A~A+r Add Reg. r to ACC o 0 0 0 r r r (B) 4 V 

ADD A, (HL) A ~ A + (HL) Add location (HL) to ACC 0 o 0 0 7 V 

ADD A, (IX + d) A ~ A + (IX + d) Add location (IX + d) to ACC 1 1 o 1 1 0 19 3 V 
1 o 0 0 0 1 
d d d d d d 

ADD A, (IV + d) A ~ A + (IV + d) Add location (IV + d) to ACC 1 1 1 1 1 o 1 19 V 
1 o 0 0 0 1 0 
d d d d d d d 

ADD HL, 55 HL ~ HL + 55 Add Reg. pair 55 to HL o 0 5 5 0 1 (A) 11 X 

ADD IX, pp IX ~ IX + pp Add Reg. pair pp to IX 1 1 0 1 1 (C) 15 X 
o 0 p 0 1 

ADD IV, rr IV ~ IV + rr Add Reg. pair rr to IV 1 1 1 1 o 1 (D) 15 X 
o 0 r r 1 o 0 1 

AND r A~Atl.f Logical 'AND' of Reg. r A ACC 0 0 r r r (B) 4 

AND n A ~ A A n Logical 'AND' of value n A ACC 0 0 
n n n n n n n n 

AND (HL) A ~ A A (HL) Logical 'AND' of loc. (HL) A ACC o 0 0 P 

AND (IX + d) A ~ A A (IX + d) Logical 'AND' of loc. (IX + d) A ACC 0 1 1 19 P 

~ 
1 0 0 
d d d 

AND (IV + d) A ~ A A (IV + d) Logical 'AND' of loc. (IV + d) A ACC 1 1 1 1 19 P 
0 o 0 0 
d d d d 

~ 



... -...... w.w •• vn ~~ .. \~un'lJ 

~ Operation Code No. of No. of Flags 
Mnemonic Operation Description 7 6 5 4 3 2 1 0 Clocks Bytes C Z PlY S N H 

CPIR A - (HL) Compare location (HL) and ACC, 0 1 0 21 if BC = 0 . ~(2) ~(1) ~ 

HL -- HL + 1 increment HL, decrement BC 1 0 0 and A=F(HL) ~ BC -- BC - 1 Repeat until BC = C 16 if BC = 0 
until A = (HL) or BC = 0 or A = (HL) 

CPL A-A Complement ACC (1's comp.) o 0 0 4 

DAA Decimal adjust ACC o 0 0 1 1 4 P 

DEC r r - r - 1 Decrement Reg. r o 0 r r r 0 1 (B) 4 V 

DEC (HL) (HL) - (HL) - 1 Decrement loc. (HL) 0 1 0 0 11 V 

DEC (IX + d) (IX + d) - (IX + d) - 1 Decrement loc. (IX + d) 1 0 1 0 23 3 V 
0 1 0 0 
d d d d 

DEC (IV + d) (IV + d) - (IV + d) -1 Decrement loc. (IV + d) 1 1 1 1 0 23 3 V 
o 0 1 0 0 
d d d d d 

DEC IX IX -IX - 1 Decrement IX 1 1 0 1 1 0 10 
o 0 1 0 0 1 

DEC IV IV -IV - 1 Decrement IV 1 1 1 1 1 0 10 
o 0 1 0 0 1 

DEC ss ss - ss - 1 Decrement Reg. pair ss o 0 s s 1 0 1 (A) 6 

DI IFF - 0 Disable interrupts 1 o 0 4 

DJNZ, e B - B-1 if B = 0 Decrement B and jump relative if B = 0 000 o 0 0 0 8 
continue if B * 0, PC - PC + e -- e-2-+ 

EI IFF -1 Enable interrupts 1 0 4 

EX (SP), HL H - (SP + 1), L - (SP) Exchange the location (SP) and HL 0 0 19 

EX (SP), IX IXH - (SP + 1) Exchange the location (SP) and IX 0 1 1 1 0 23 
IXL - (SP) 1 000 1 

EX (SP), IV IVH - (SP + 1) Exchange the location (SP) and IV 1 1 1 1 1 0 1 23 
IVL - (SP) 1 1 000 1 1 

EX AF, AF' AF - AF' Exchange the contents of AF, AF' o 0 0 000 4 

EX DE, HL DE - HL Exchange the contents of DE and HL 0 0 4 

EXX BC - BC' Exchange the contents of BC, DE, HL o 0 4 
DE - DE', HL - HL' with contents of BC', DE', HL', respectively 

HALT Processor Halted HALT (wait for interrupt or reset) 0 0 0 4 1:: 

" a -.a 
.;.. CD I 
-J. 0 01 

m 



~ Instruction Set (cont) "t:::: ~ 

" 0) 
Operation Code No. of No. of Flags D' 

Mnemonic Operation Description 6 5 " 3 2 1 Clocks Bytes C Z PIV S N H --a 
BIT b, (HL) Z +- (HL) b Test BIT b of location (HL) o 0 0 1 1 (E) 12 X X CD 

b b 1 1 0 0 
BIT b, (IX + d) Z +- (IX + d) b Test BIT b at location (IX + d) 0 1 1 1 0 1 (E) 20 4 X X 

o 0 1 0 1 1 
d d d d d d 
b b b 1 1 0 

BIT b, (IY + d) Z +- (IY + dlb Test BIT b at location (IY + d) 1 1 1 1 0 1 (E) 20 4 X X 0 
1 0 1 a 1 1 
d d d d d d 
0 b b 1 1 0 

BIT b, r Z +- fb Test BIT of Reg. r 1 o 0 0 1 8 X X 
0 b b r r r (8) (E) 

CALL cc, nn If condition cc false continues, Call subroutine at location nn if +- CC - o (H) 10 3 
else same as CALL nn condition cc is true n n n n n n n n 

n n n n n n n n 

CALL nn (SP - 1) +- PCH Unconditional call subroutine at o 0 17 3 
(SP - 2) +- PCl location nn n n n n n n n 
PC +- nn n n n n n n n 

CCF CY +- CY Complement carry flag 0 4 X 

CP r A - r Compare Reg. r with ACC 0 r r r (8) 4 V 

CP n A - n Compare value n with ACC 0 7 V 
n n n n n n n n 

CP (HL) A - (HL) Compare loc. (HL) with ACC 0 0 7 V 

CP (IX + d) A - (IX + d) Compare loc. (IX + d) with ACC 0 0 1 19 4 V 
1 1 0 
d d d 
1 0 1 

CP (IY + d) Compare loc. (IY + d) with ACC 1 1 1 1 0 19 V 
d d d d d 

CPD A - (HL) Compare location (HL) and ACC, 1 0 1 0 16 · ~(2) ~(1) 

HL +- HL - 1 decrement H Land BC a 0 a a 
BC +- BC - 1 

CPDR A - (HL) Compare location (HL) and ACC, 1 1 0 21 if BC = 0 · ~(2) ~(1) ~ 
HL +- HL - 1 decrement HL and BC, repeat until BC = 0 0 o 0 and k;!O(HL) 

~ 
BC +- BC - 1 16 if Be= 0 
until A = (HL) or BC = 0 or A = (HL) 

CPI A - (HL) Compare location (HL) and ACC, 1 0 1 0 16 · ~(2) ~(1) ~ 

HL +- HL + 1, BC +- BC - 1 increment HL and decrement BC a o 0 0 

~ 



n .... ..-uc .. lun-~el (e-Onl, 

~ Operation Code No. of No. of Flags 
Mnemonic Operation Description 7 6 5 " 3 2 1 0 Clocks Bytes C Z PlY S N H 

1M 0 Set interrupt mode 0 1 0 1 0 1 8 
000 1 0 ~ 1M 1 Set interrupt mode 1 1 0 1 0 1 8 
0 1 0 1 0 

1M 2 Set interrupt mode 2 1 0 0 8 
0 1 1 

IN A, (n) A+- (n) Load ACC with input from device n 0 0 11 
n n n n n n n n 

IN r, (C) r +- (C) Load Reg. r with input from device 1 0 1 0 1 (I) 12 P 0 
(C) 0 r r r o 0 0 

INC (HL) (HL) +- (HL) + 1 Increment location (HL) o 0 1 o 0 11 V 

INC IX IX +- IX + 1 Increment IX 1 1 0 1 0 10 
o 0 1 0 1 

INC (IX + d) (IX + d) +- (IX + d) + 1 Increment location (IX + d) 1 1 0 1 0 23 3 V 
o 0 1 1 0 
d d d d d 

INC IV IV +- IV + 1 Increment IV 1 1 1 1 1 0 10 
o 0 000 1 

INC (IV + d) (IV + d) +- (IV + d) + 1 Increment location (IV + d) 1 1 1 0 1 23 3 V 
o 0 0 0 0 
d d d d d 

INC r r +- r + 1 Increment Reg. r o 0 r r r 1 0 o (B) 4 V 

INC ss ss +- ss + 1 Increment Reg. pair ss o 0 s s o 0 1 (A) 6 

IND (HL) +- (C) Load location (HL) with input from port (C), 1 0 1 0 1 16 . ~(3) X X X 
B +- B' - 1, HL +- HL - 1 decrement H Land B 0 0 0 1 0 

INDR (HL) +- (C) Load location (HL) with input from port (C), 1 0 1 0 1 21 X X X 
B+-B-1 decrement H L and decrement B, 0 1 0 1 0 
HL +- HL - 1 until B = 0 repeat until B = 0 

INI (HL) +- (C) Load location (HL) with input from port (C), 1 0 0 1 16 . ~(3) X X X 
B +- B-1, HL +- HL + 1 and increment HL and decrement B 0 0 1 0 

INIR (HL) +- (C) Load location (HL) with input from port (C), 1 1 0 21 X X X 
B+-B-1 increment HL and decrement B, 0 0 1 
HL +- HL + 1 until B = 0 repeat until B = 0 

JP (HL) PC +- HL Unconditional jump to (HL) 1 0 o 0 4 1:: 
JP (IX) PC +- IX Unconditional jump to (IX) 0 1 1 0 8 

,. 
1 0 o 0 a 

JP (IV) PC +- IV Unconditional jump to (IV) 1 0 8 I11III 
~ CD I o 0 ...... 0 ....... 

m 



! Instruction Set (cont) "'};: 

(» " Operation Code No. of No. of Flags a 
Mnemonic Operation Description & 5 4 3 2 1 0 Clocks Bytes C Z P/V S N H .... 
JP cc, nn If cc true PC +- nn else continue Jump to location nn if continue cc - cc ~ 0 o (H) CD 

n n n n n n n n 10 0 
n n n n n n n n 

JP nn PC - nn Unconditional jump to location nn 0 0 0 10 3 
n n n n n n n 
n n n n n n n 

JR C, e If C = 0 continue Jump relative to PC + e, if carry = 1 0 o 0 0 7 if condition 
If C = 1 PC - PC + e - e-2 ~ met, 12 if not 

JR e PC - PC + e Unconditional jump relative to PC + e 0 o 0 1 1 0 0 0 12 
- e-2-' 

JR NC, e If C = 1 continue Jump relative to PC + e if carry = 0 0 0 1 1 o 0 0 0 
If C = 0 PC +- PC + e - e-2-' 

JR NZ, e If Z = 1 continue Jump relative to PC + e if non-zero 0 0 1 0 o 0 0 0 7 
(Z = 0) - e-2-. 

JR Z, e if Z = 0 continue Jump relative to PC + e if zero 0 0 1 0 1 0 0 0 
(Z = 1) - e-2-' 

LD A, (BC) A - (BC) Load ACC with location (BC) 0 0 0 0 0 0 7 

LD A, (DE) A - (DE) Load ACC with location (DE) 0 0 0 0 

LD A, I A -I Load ACC with I 1 1 0 1 1 9 IFF ~ 0 0 
0 0 1 0 1 

LD A, (nn) A - (nn) Load. ACC with location nn 0 0 0 13 3 
n n 
n n 

LD A, R A-R Load ACC with Reg. R 1 1 0 0 9 IFF ~ 0 0 
0 0 1 1 

LD (BC), A (BC) +- A Load location (BC) with ACC 0 0 o 0 0 7 

LD (DE), A (DE) - A Load location (DE) with ACC o 0 0 o 0 0 7 

LD (HL), n (HL) +- n Load location (HL) with value n 0 0 1 0 10 
n n n n n n n n 

LD SS, nn ss - nn Load Reg. pair ss with value nn 0 0 s s o 0 0 1 (A) 20 
n n n n n n n n 
n n n n n n n n 

LD HL, (nn) H - (nn + 1) Load HL with location (nn) 0 0 0 0 16 3 

~ 
n n n n n n n 
n n n n n n n 

LD (HL), r (HL) - r Load location (HL) with Reg. r 0 0 r r r (8) 7 

LD I, A I-A Load I with ACC 1 0 1 0 9 

~ 0 0 0 1 
=----==~~ 



In-SIl"uctlon set (cont) 

~ Operation Code No. of No. of Flags 
Mnemonic Operation Description 7 6 5 " 3 2 1 Clocks Bytes C Z PIV S N H 

LD IX, nn IX ~ nn Load IX with value nn 1 1 0 1 1 1 0 19 4 
o 0 1 o 0 0 0 ~ n n n n n n n n 
n n n n n n n n 

LD IX, (nn) IXH ~ (nn + 1) Load IX with location (nn) 1 1 0 1 1 0 1 20 4 
IXL ~ (nn) o 0 1 0 0 1 0 

n n n n n n n n 
n n n n n n n n 

LD (IX + d), n (IX + d) ~ n Load location (IX + d) with value n 1 1 1 0 1 19 4 
o 0 1 1 0 
d d d d d 
n n n n n n n n 

LD (IX + d), r (IX + d) ~ r Load location (IX + d) with Reg. r 1 0 1 0 1 (8) 19 
0 1 0 r 
d d d d 

LD IV, nn IV ~ nn Load IV with value nn 1 1 0 14 4 
o 0 0 

n n n n n n n n 
n n n n n n n n 

LD IV, (nn) IVH ~ (nn + 1) Load IV with location (nn) 1 1 1 0 1 20 4 
IVL ~ (nn) o 0 0 1 0 

n n n n n n n 
n n n n n n n 

LD 55, (nn) 55H ~ (nn + 1) Load Reg. pair dd with location (nn) 1 0 1 0 1 (A) 20 4 
5sL ~ (nn) 0 S 5 0 1 1 

n n n n n n n 
n n n n n n n 

LD (IV + d), n (IV + d) ~ n Load (IV + d) with value n 1 1 1 0 1 19 4 
o 0 0 1 0 
d d d d d 
n n n n n n n n 

LD (IV + d), r (IV + d) ~ r Load location (IV + d) with Reg. r r 1 0 1 (8) 19 3 
0 0 r 
d d d 

LD (nn). A (nn) ~ A Load location (nn) with ACC o 0 o 0 0 13 
n n n n n n n n 
n n n n n n n n 

LD (nn), S5 (nn + 1) ~ sSH Load location (nn) with Reg. pair dd 1 0 1 1 0 1 (A) 20 4 1:: 

" (nn) ~ sSL 0 s S o 0 1 1 a n n n n n n n n 

---! 
n n n n n n n n 

CD 
co 0 

II 



.J:lo. Instruction Set (cont) 1:: I 
I\,') "11 0 

Operation Code No. of No. of Flags a 
Mnemonic Operation Description 7 6 5 4 3 2 1 0 Clocles Bytes C Z PlY S N H 

---LD (nn), HL (nn + 1) +- H Load location (nn) with HL o 0 000 0 16 3 CD 
(nn) +- L n n n n n 0 

n n n n n 

LD (nn), IX (nn +1) +- IXH Load location (nn) with IX 1 1 0 1 1 0 1 20 4 
(nn) +- IXL o 0 1 0 0 1 0 

n n n n n n n n 
n n n n n n n n 

LD(nn), IV (nn +1) +- IVH Load location (nn) with IV 1 1 1 1 0 20 4 
(nn) +- IVL o 0 o 0 1 

n n n n n n n n 
n n n n n n n n 

L.D R, A R+-A Load R with ACC 1 0 0 1 9 
0 0 1 1 

LD r, (HL) r +- (HL) Load Reg. r with location (HL) 0 r r r 1 o (8) 7 1 

LD r, (IX + d) r +- (IX + d) Load Reg. r with location (IX + d) 1 0 1 (8) 19 3 
0 r 0 
d d d 

LD r, (IV +d) r +- (IV +d) Load Reg. r with location (IV + d) 1 1 0 1 (8) 19 3 
0 1 r r 1 0 
d d d d d d 

LD r, n r +-n Load Reg. r with value n 0 r r r 1 o (8) 7 2 
n n n n n n n n 

LD, r, r' r +- r' Load Reg. r with Reg. r' 0 r r r r' r' r' (F) 4 

LD SP, HL SP +- HL Load SP with HL o 0 1 6 

LD SP, IX SP +- IX Load SP with IX 0 1 0 10 
1 o 0 

LD SP, IV SP +- IV Load SP with IV 1 1 0 10 
1 o 0 

LDD (DE) +- (HL) Load location (DE) with location (HL), 1 0 1 0 1 16 0 
DE +- DE - 1 decrement DE, HL and BC 0 0 000 
HL +- HL - 1, BC +- BC - 1 

LDDR (DE) +- (HL) Load location (DE) with location (HL) 1 0 1 0 1 21 0 0 
DE +- DE - 1 0 1 000 
HL +- HL - 1, BC +- BC - 1 until 

~ 
BC = 0 

~ 



Instruction Set (cont) 

~ Operation Code No. of No. of Flags 
Mnemonic Operation Description 6 5 " 3 2 1 Clocks Bytes C Z P/V S N H 

LDI (DE) ..- (HL) Load location (DE) with location 1 0 1 1 0 1 16 . t(T) . 0 0 
DE"- DE + 1 (HL), increment DE, HL: decrement 0 o 000 0 

~ HL ..- HL + 1 BC 
BC"-BC-1 

LDIR (DE) ..- (HL) Load location (DE) with location (HL): 1 0 1 1 0 1 21 if BC * 0 0 0 0 
DE"- DE + 1 increment DE, HL, 0 1 o 0 0 0 16 if BC = 0 
HL"- HL + 1 decrement BC and repeat until BC = 0 
BC ..- BC - 1 until BC = 0 

NEG A"-O-A Negate ACC (2's complement) 1 1 1 0 1 1 0 1 8 V 
0 1 o 0 0 1 o 0 

NOP No operation o 0 0 0 0 0 0 0 4 

OR r A..-AV r Logical 'OR' of Reg. rand ACC 0 0 r r r (8) 4 0 P 0 

OR n A..- AV n Logical 'OR' of value nand ACC 0 0 7 P 0 
n n n n n n n n 

OR (HL) A..- AV (HL) Logical 'OR' of loc. (HL) and ACC 0 0 0 7 1 P 0 

OR (IX + d) A..- (IX + d) Logical 'OR' of loc. (IX + d) A ACC 1 1 0 1 1 0 1 19 3 P 0 
1 0 1 o 1 1 0 
d d d d d d d 

OR (IV +d) A..- AV (IV + d) Logical 'OR' of loc. (IV + d) A ACC 1 1 1 1 0 1 19 3 P 0 
1 0 o 1 1 0 
d d d d d d 

OTDR (C) ..- (HL) Load output port (C) with contents of location 1 0 1 0 21 if B* 0 X X X 
B..- B-1 (HL), decrement HL and B, repeat until B = 0 0 1 0 1 16 if B = C 
HL ..- HL - 1 until B = 0 

OTIR (C) ..- (HL) Load output port (C) with location (HL), 0 0 21 if B * 0 X X X 
B"- B-1 increment HL, decrement B, 16 if B = C 
HI ..- HL + 1 until B = 0 repeat until B = 0 

OUT (C), r (C) ..- r Load output port (C) with Reg. r 1 0 1 0 1 (8) 12 
0 r r r o 0 1 

OUT (n). A (n) - A Load output port (n) with ACC 0 0 11 
n n n n n n n n 

OUTO (e) ..- (HL) Load output port (C) with location (HL), 1 0 1 0 16 . t(3) X X X 
8 ..... 8 - 1, HL ..... HL - 1 increment HL and decrement 8 0 0 0 1 

OUTI (e) ..- (HL) Load output port (e) with location (HL), 1 0 1 0 16 . t(3) X X X 
8 ..... B-1,HL-HL+1 increment HL and decrement B 0 0 0 1 1: 

" a 
~ 

+:- co I 

~ 0 

II 



f" Instruction Set (cont) 1::: 
I\) " I\) 

Operation Code No. of No. of Flags ~ 
Mnemonic Operation Description 7654321 0 Clocks Bytes C Z PlY S N H 

---POP IX IXH +- (SP + 1) Load IX with top of stack o 1 1 1 0 14 2 CD 
IXl +- (SP) 1 o 000 0 

POP IV IVH +- (SP +1) Load IV with top of stack 1 1 1 1 o 1 14 
IVl +- (SP) 1 o 0 0 0 1 

POP qq qqH +- (SP + 1) Load Reg. pair qq with top of stack a a 0 0 0 1 (6) 10 
qql +- (SP) 

PUSH IX (SP - 2) +- IXl Load IX onto stack o 1 1 0 15 
(SP - 1) +- IXH 1 o 0 0 

PUSH IV (SP - 2) +- IVl Load IV onto stack 1 1 o 1 15 
(SP - 1) +- IVH o 0 o 1 

PUSH qq (SP - 2) +- qql Load Reg. pair qq onto stack a a 0 o 1 (6) 11 
(SP - 1) +- qqH 

RES b,r Sb +- 0 Reset Bit b of Reg. r 1 o 0 0 1 (B) 8 
o b b r r r (E) 

RES b, (HL) Sb +- 0, (HL) Reset Bit b of loc. (HL) 1 o 0 1 o 1 1 15 
o b b b 1 1 0 

RES b, (IX + d) Sb +- 0 (IX + d) Reset Bit b of loc. (IX + d) 1 1 o 1 1 0 23 4 
1 1 o 0 o 1 
d d d d d d 
1 o b b 1 10 

RES b, (IV + d) Sb +- 0, (IV + d) Reset Bit b of loc. (IV + d) 1 1 1 1 1 1 o 1 23 4 
1 1 o 0 1 o 1 1 
dddddddd 
1 o b b b 1 1 0 

RET PCl +- (SP) Return from subroutine o 0 o 0 10 
PCH +- (SP + 1) 

RET cc If condition cc is false Return from subroutine if condition +- cc -+ 0 0 0 (H) 5 if CC false 
cont. else (PCl +- (SP) cc is true 11 if CC true 
PCH +- (SP + 1) 

RETI Return from interrupt 1 1 0 0 14 
0 o 0 0 

RETN Return from non-maskable interrupt 1 1 o 1 0 14 
0 000 0 

RL r Rotate left through carry Reg. r 1 1 o 0 1 0 1 (B) P 0 

~ 
o 0 0 1 0 r r r 

RL (HL) Rotate left through carry loc. (HL) 1 1 o 0 1 0 1 4 P 0 0 
o 0 0 1 o 1 0 

~ 



Instruction Set (cont) 

~ Operation Code No. of No. of flags 
Mnemonic Operation Description 765432 1 0 Clocks Bytes C Z PlY S N H 

RL (IX + d) Rotate left through carry loc. (IX + d) 1 1 o 1 1 1 o 1 6 4 P 0 0 

~ 1 1 o 0 1 o 1 1 

~ dddddddd 
m r, (HL) o 0 0 1 o 1 1 0 

RL (IV + d) (IX + d), Rotate left through carry loc. (IV + d) 1 1 1 1 1 1 o 1 6 4 P 0 0 
(IV + d), A 1 1 o 0 1 o 1 1 

dddddddd 
o 0 0 1 o 1 1 0 

RLA Rotate left ACC through carry o 0 0 1 o 1 4 0 0 

RLC (HL) Rotate location (HL) left circular 1 1 o 0 1 0 1 15 2 P 0 0 
000001 0 

RLC (IX + d) Rotate location (IX + d) left circular 1 1 o 1 1 1 o 1 23 4 P 0 0 
1 1 o 0 1 o 1 1 
dddddddd 
000001 1 0 

RLC (IV + d) ~ Rotate location (IV + d) left circular 1 1 1 1 1 1 o 1 23 4 P 0 0 
1 1 o 0 1 0 1 1 

m = r, (HL), dddddddd 
(IX + d), (IV + d), A 000001 1 0 

RLC r Rotate Reg. r left circular 1 1 o 0 1 0 1 (B) 8 P 0 
00000 r r r 

RLCA Rotate left circular ACC 00000 1 4 0 0 

A~{Hl) 
Rotate digit left and right between ACC and 1 0 0 18 P 0 

RLD 
location (HL) 0 0 1 

RR r Rotate right through carry Reg. r 1 1 o 0 1 0 1 (B) 2 P 0 0 
o 0 0 1 1 r r r 

RR (HL) Rotate right through carry loc. (HL) 1 1 o 0 1 0 1 1 4 2 P 0 0 
o 0 0 1 1 1 1 0 

RR (IX + d) Rotate right through carry loc. (IX + d) 1 1 o 1 1 1 o 1 6 4 P 0 0 
1 1 o 0 1 o 1 1 
d d d d d d d d 
o 0 0 1 1 1 1 0 

RR (IV + d) ~ 
Rotate right through carry loc. (IV + d) 1 1 1 1 1 1 o 1 6 4 P 0 0 

1 1 o 0 1 o 1 1 
m = r, (HL), d d d d d d d d 1:: 
(IX + d), (IV + d), A o 0 0 1 1 1 1 0 ,. 

RRA Rotate right ACe through carry o 0 0 1 1 1 4 0 0 0 
1 (B) 2 P 0 0 

..... 
~ RRC r Rotate Reg. r right circUlar 1 1 0 0 1 0 2 CD I 
N o 0 0 0 1 r r r 0 (..) - .----.~.--

!!I 



.J::o. Instruction Set (cont) 1:: I 
f\) ,. 
~ 

Operation Code No. of No. of Flags a 
Mnemonic Operation Descriptfon 765432 1 0 Clocks Bytes C Z PlY S N H --I 
RRC (HL) Rotate loc. (HL) right circular 1 1 o 0 0 1 4 P 0 CD 

o 0 0 0 1 0 0 

RRC(IX + d) 

~ 
Rotate loc (IX + d) right circular 1 1 o 1 1 1 o 1 6 4 P 0 

1 1 o 0 1 o 1 1 
dddddddd 
o 0 0 0 1 1 1 0 

RRC (IV + d) m = r, (HL), Rotate loc. (IV + d) right circular 1 1 1 1 1 1 o 1 6 4 P 0 
(IX + d), (IV + d), A 1 1 o 0 1 o 1 1 

dddddddd 
o 0 0 0 1 1 1 0 

RRCA Rotate right circular ACC 000 0 1 4 1 0 

A~(HL) 
Rotate digit right and then left between 1 o 1 0 18 2 P 0 
ACC and location (HL) 0 o 0 1 

RRD 

RSTt (SP - 1) +- PCH Restart to location T 1 1 t t t 1 1 1 11 
(SP - 2) +- PCl 
PCH +- 0, PCl +- T 

SBC A, r A +- A - r CV Subtract Reg. r from ACC w/carry o 0 r r r (8) 4 V 

SBC A, n A +- A - n - CV Subtract value n from ACC with carry 0 0 7 V 
nnnnnnnn 

SBC A, (HL) A +- A - (HL) - CV Sub. loc. (HL) from ACC w/carry o 0 1 0 7 V 

SBC A, (IX + d) A +- A - (IX + d) - CV Subtract loc. (IX + d) from ACC with carry 1 o 1 1 o 1 19 3 V 
o 0 1 1 1 0 
d d d d d d 

SBC A, (IV + d) A +- A - (IV + d) - CV Subtract loc. (IV + d) from ACC with carry 1 1 1 1 1 1 o 1 19 3 V 
1 o 0 1 1 1 1 0 
dddddddd 

SBC HL, ss HL +- HL - ss - CV Subtract Reg. pair ss from HL with carry 1 1 o 1 1 o 1 (A) 15 V X 
o 1 s s 0 0 1 0 

SCF CV +- 1 Set carry flag (C = 1) o 0 o 1 4 0 0 

SET b, (HL) (HL)b +- 1 Set Bit b of location (HL) o 0 o 1 1 (El 15 
b b 1 1 0 

SET b, (IX + d) (IX + d)b +- 1 Set Bit b of location (IX + d) 1 o 1 1 1 o 1 (E) 23 4 

~ 
1 o 0 1 o 1 1 
d dddddd 
1 b b b 1 1 0 

~ 



Instruction Set (cont) 

~ Operation Code No. of No. of Flags 
Mnemonic Operation Description 7654321 0 Clocks Bytes C Z PlY S N H 

SET b, (IV + d) (IV + d)b - 1 Set Bit b of location (IV + d) 1 1 1 1 o 1 (E) 23 4 
o 0 1 o 1 1 ~ dddddd 
b b b 1 1 0 

SET b, r rb -1 Set Bit b of Reg. r 1 o 0 1 0 1 (8) 8 
1 b b b r r r 

SLA r Shift Reg. r left arithmetic 1 1 o 0 1 0 1 (8) 8 P 0 0 
o 0 1 o 0 r r r 

SLA (HL) ~O Shift loc. (HL) left arithmetic 1 1 o 0 1 0 1 15 P 0 0 
o 0 1 o 0 1 0 

SLA (IX + d) m = r, (HL), (IX + d), (IV + d) Shift loc. (IX + d) left arithmetic 1 1 o 1 1 1 o 1 23 4 0 0 
1 1 o 0 1 o 1 1 
dddddddd 
o 0 1 o 0 1 1 0 

SLA (IV + d) Shift loc. (IV + d) left arithmetic 1 1 1 1 1 1 o 1 23 4 0 
1 1 o 0 1 o 1 1 
dddddddd 
o 0 1 o 0 1 1 0 

SRA r Shift Reg. r right arithmetic 1 1 o 0 1 (8) 8 0 0 
o 0 1 0 r r r 

SRA (HL) ~ Shift loc. (HL) right arithmetic 1 1 o 0 0 1 15 P 0 0 
o 0 1 0 1 0 

SRA (IX + d) m = r, (HL), (IX + d), (IV + d) Shift loc. (IX + d) right arithmetic 1 1 o 1 1 1 o 1 23 4 P 0 0 
1 1 o 0 1 o 1 1 
dddddddd 
o 0 1 o 1 1 1 0 

SRA (IV + d) Shift loc. (IV + d) right arithmetic 1 1 1 1 1 1 o 1 23 4 0 0 
1 1 o 0 1 o 1 1 
dddddddd 
o 0 1 o 1 1 1 0 

SRL r Shift Reg. r right logical 1 1 0 0 1 (8) 8 0 
o 0 1 r r r 

SRL (HL) O~ Shift loc. (HL) right logical 1 1 0 0 1 15 P 0 
o 0 1 1 0 

SRL (IX + d) m = r, (HL), (IX + d), (IV + d) Shift loc. (IX + d) right logical 1 1 o 1 1 o 1 23 4 P 0 
1 1 o 0 o 1 1 '1:: 
d d d d d d d 

,. 
o 0 1 1 1 1 0 C 

--a 
f'" CD 
I\) 0 ()1 

II 



~ Instruction Set (cont) 1: I 

'" " m 
Operation Code No. of No. of Flags a 

Mnemonic Operation Description 7654321 0 Clocks Bytes C Z PlY S N H --.I 

SRL (IV + d) Shift loc. (IV + d) right logical 1 1 1 1 1 1 o 1 23 4 0 
CD 

1 1 o 0 1 o 1 1 0 
dddddddd 
o 0 1 1 1 1 1 0 

SUB r A+-A-r Subtract Reg. r from ACC o 0 0 r r r (8) 4 V 

SUB n A+-A-n Subtract value n from ACC 1 0 0 0 7 V 
nnnnnnnn 

SUB (HL) A +- A - (HL) Subtract loc. (HL) from ACC 1 o 0 0 0 7 1 V 

SUB (IX + d) A +- A - (IX + d) Subtract loc. (IX + d) from ACC 1 1 o 1 1 1 o 1 19 3 V 
1 o 0 1 o 1 1 0 
dddddddd 

SUB (IV + d) A +- A - (IV + d) Subtract loc. (IV + d) from ACC 1 1 1 1 1 o 1 19 3 V 
o 0 1 o 1 1 0 
ddddddd 

XOR r A+-AlJr Exclusive 'OR' Reg. rand ACC 0 o 1 r r r (8) 4 P 

XOR n A+-AlJn Exclusive 'OR' value nand ACC 0 0 7 P 
nnnnnnnn 

XOR (HL) A +- A lJ (HL) Exclusive 'OR' loc. (HL) and ACC 1 0 0 1 0 7 1 P 

XOR (IX + d) A +- A lJ (IX + d) Exclusive 'OR' loc. (IX + d) and ACC 1 1 o 1 1 o 1 19 3 P 
1 o 1 0 1 1 0 
d d d d d d d 

XOR (IV + d) A +- A lJ (IV + d) Exclusive 'OR' loc. (IV + d) and ACC 1 1 1 1 o 1 19 3 P 
1 0 0 1 1 0 
d d d d d d 

Note: 

(1) P/V flag is 0 if B = 0, else P/V = 1 
A B C D G H (2) Z = 1 if A = (HL), else Z = 0 

(3) If B = 0, Z flag set, else reset Reg 55 Reg r Reg pp Reg rr Bit b Reg r, r' Reg qq CC Condition Relevant Flag Reg r 

BC 00 A 111 BC 00 BC 00 0 000 A 111 BC 00 000 NZ Non zero Z B 000 

DE 01 B 000 DE 01 DE 01 001 B 000 DE 01 001 Z Zero Z C 001 

HL 10 C 001 IX 10 IV 10 2 010 C 001 HL 10 010 NC Non carry C D 010 

SP 11 D 010 SP 11 SP 11 3 011 0 010 AF 11 011 C Carry C E 011 

~ E 011 4 100 E 011 100 PO Parity odd P/V H 100 

H 100 5 101 H 100 101 PE Parity even P/V 101 

101 6 110 L 101 110 P Sign positive S F 110 

7 111 111 M Sign negative S A 111 ~ 
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NEe Electronics Inc. 

Description 

The I-IPD8085A-2, I-IPD8085AH, and I-IPD8085AH-2 8-bit, 
single-chip microprocessors are 100 percent software 
compatible with the industry standard 8080A. They have 
the ability of increasing system performance of the 
8080A by operating at a higher speed. Using the 
I-IPD8085A in conjunction with its family of ICs allows 
the designer complete flexibility with minimum chip 
count. The H (HMOS) versions have lower power con
sumptions than the non-H versions. 

Features 

D Single power supply, +5 V, ± 10% 
D Internal clock generation and system control 
D Internal serial in/out port 
D Fully TTL-compatible 
D Internal four-level interrupt structure 
D Multiplexed address/data bus for increased 

system performance 
D Complete family of components for design 

flexibility 
D Software compatible with industry standard 8080A 
D Higher throughput 

-I-IPD8085A-2 - 5 MHz 
-I-IPD8085AH - 3 MHz 
-I-IPD8085AH-2 - 5 MHz 

Ordering Information 
Part 
Number 

",PD8085AC-2 

",PD8085AHC 

",PD8085AH C-2 

Package Type 

40-pin plastic DIP 

40-pin plastic DIP 

40-pin plastic DIP 

Max Frequency 
of Operation 

5 MHz 

3 MHz 

5MHz 

J..lPD8085A/AH 
8·BIT, SINGLE·CHIP 

N·CHANNEL MICROPROCESSORS 

Pin Configuration 

X1 

X2 

RO 

TRAP 

RST7.5 

RST6.5 

RST5.5 9 

INTR 

INTA 

ADo 

A~ 

AD2 

AD3 

AD4 

ADs 

AD6 

A07 

Pin Identification 
No. Symbol 

1,2 X1, X2 

RO 

4 SOD 

SID 

6 TRAP 

RST7.5 

RST 6.5 

9 RST 5.5 

10 INTR 

11 INTA 

12-19 ADO-AD? 

20 Vss 
21-28 Aa-A15 

29,33 So' S1 

30 ALE 

31,32 WR, RD 

34 101M 

35 READY 

36 RESET IN 

37 ClK 

38,39 HlDA, HOLD 

40 Vee 

83·003397A 

Function 

Crystal in 

Reset out 

Serial out data 

Serial in data 

Trap interrupt input 

Restart interrupts 

Restart interrupts 

Restart interrupts 

Interrupt request in 

Interrupt acknowledge 

low address / data bus 

Ground 

High address bus 

Status outputs 

Address latch enable out 

Write I read strobes out 

I I 0 or memory indicator 

Ready input 

Reset input 

Clock out 

Hold acknowledge out and hold input 
request 

+5 V supply 
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pPD8085A/AH 

Pin Functions 

Crystal In 

Crystal, RC, or external clock input. 

Reset Out 

Acknowledges that the processor is being reset to be 
used as a system reset. 

Serial Out Data 

1-bit data out by the SIM instruction. 

Serial In Data 

1-bit data into ACC bit 7 by the RIM instruction. 

Trap Interrupt Input 

Highest priority nonmaskable restart interrupt. 

Restart Interrupts 

Priority restart interrupt inputs, of which 7.5 is the high
est and 5.5 the lowest priority. 

Interrupt Request In 

A general interrupt input which stops the PC from incre
menting, generates INTA, and samples the data bus for 
a restart or call instruction. 

Interrupt Acknowledge 

An output which indicates that the processor has re
sponded to INTR. 

Low Address I Data Bus 

Multiplexed low address and data bus. 

Ground 

Ground Reference. 

High Address Bus 

Nonmultiplexed high 8 bits of the address bus. 

4-28 
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Status Outputs 

Outputs which indicate data bus status: Halt, Write, 
Read, Fetch. 

Address Latch Enable Out 

A signal which indicates that the lower 8 bits of address 
are valid on the AD lines. 

Write I Read Strobes Out 

Signals outwhich are used as write and read strobes for 
memory and 110 devices. 

1/0 or Memory Indicator 

A signal out which indicates whether RD or WR strobes 
are for 1/0 or memory devices. 

Ready Input 

An input which is used to increase the data and address 
bus access times (can be used for· slow memory). 

Reset Input 

An input which is used to start the processor activity at 
address 0, resetting IE and HLDA flip-flops. 

Clock Out 

System clock output. 

Hold Acknowledge Out and Hold Input Request 

Used to request and indicate that the processor should 
relinquish the bus for DMA activity. When hold is ac
knowledged, RD, WR, 101M, address and data buses are 
all three-stated. 

+5VSupply 

Power supply input. 



NEe 
Block Diagram 

X1 
X2 

Flag Register 

Bit 7 - SSign 
Bit 6 - ZZero 
Bit 5 - 0 Always "0" 
Bit 4 - ACY Auxiliary Carry 
Bit 3 - O.Always "0" 
Bit 2 - P Parity 
Bit 1 - 1 Always ''1'' 
BitO - CYCarry 

c < li~ ...J 0 en UI 
0 .... CD CD 
:r:r a: a: 

Cycle CNTR 

Decoder 

Internal Data Bus (8 Bit) 

Note: 

(1) Temporary Register 

ALU 

pPD8085A/AH 

-Vee 

SOD 

SID 
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pPD8085A/AH 

Absolute Maximum Ratings 
IlPD8085A-2: TA = 25°C; Vee = +5 V ±5% 

Power supply voltage, Voo 

Input voltage, VI 

Output voltage, Vo 

Operating temperature, TOPT 

Storage temperature, T STG 

Power dissipation, Po 

-0.5Vto +7V 

-0.5Vto +7V 

-0.5Vto +7V 

1.5W 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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NEe 
DC Characteristics 
IlPD8085AH,IlPD8085AH-2:TA=O°Cto +70°C, Vee = +5V±10%, 

Vss=GND 
IlPD8085A-2:TA=OOCto +70°C, Vee = +5V±5%, Vss=GND 

Limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

Input voltage VIL Vss-0.5 Vss+O.B V 
low 

Input voltage VIH 2.0 Vee+0.5 V 
high 

Output voltage VOL +0.45 V IOL =2.0mA, 
low IOH= - 4OO IlA, 

(Notes 1 & 2) 

Output voltage VOH 2.4 V IOH= - 4OO IlA, 
high IOL =2mA, 

(Notes 1 & 2) 

Input leakage III ±10(1) J1.A OV~VIN~Vee 
current 

Output leakage ILO ±10(1) JJ.A 0.45V~VOUT~ 
current Vee 

Input level low, VILR -0.5 +O.B V 
reset 

Input level high, VIHR 2.4 Vee+0.5 V 
reset 

Hysteresis, VHY 0.25 V 
reset 

X1, X2 input VIHX 4.0 Vee+0.5 V 
voltage high 

Power supply lec(AV) 170 mA teymin 
current (Vecl 
IlPDBOB5A-2 

J1.PDBOB5AH, 135 mA tey min, (Note 3) 
/-IPDB085AH-2 

Note: 
(1) Minus (-'- ) designates current flow out of the device. 

(2) On all outputs. 

(3) Maximum unit test. 



NEe pPD8085A/AH 

AC Characteristics 
~PD8085A-2:TA =oOeto +7ooe, vee =5V ±5% 
J.lPD8085AH, J.lPDB085AH-2: TA = ooe to + 70oe, vee = 5 V ±10% 

Limits 

,.PD8085AH ,.PD8085AH.2, ,.PD8085A.2 Test 
Parameter Symbol Min Max Min Max Unit Conditions 

ClK cycle period tCYC 320 2000 200 2000 ns 

ClK low time t1 80 40 ns 

ClK high time t2 120 70 ns 

ClK rise time tr 30 30 ns 

ClK fall time tf 30 30 ns 

X1 rising to ClK rising tXKR 30 120 30 100 ns 

X1 rising to ClK falling tXKF 30 150 30 110 ns 

Aa-A15 valid to leading edge of tAC 270 115 ns (Note 1) 
CONTROL 

AO-A? valid to leading edge of tACL 240 115 ns E CONTROL 

Ao-A15 valid to data input tAD 575 350 ns 

Address float after leading edge of RD tAFR 0 0 ns 
(INTA) 

Aa-A15 valid before trailing edge of tAL 115 50 ns (Note 1) 
ALE 

AO-A? valid before trailing edge of tALL 90 50 ns 
ALE 

READY valid from address valid tARY 220 100 ns 

Aa-A15 valid after CONTROL tCA 120 60 ns 

Width of control low (RD, WR, INTA) tcc 400 230 ns 

Trailing edge of CONTROL to leading tCL 50 25 ns 
edge of ALE 

Data valid to trailing edge of WR tow 420 230 ns 

HlDA to bus enable tHABE 210 150 ns 

Bus float after HlDA tHABF 210 150 ns 

HlDA valid to trailing edge of ClK tHACK 110 40 ns 

HOLD hold time tHOH 0 ns 

HOLD setup time to trailing edge of tHOS 170 120 ns 
ClK 

INTR hold time tlNH 0 ns 

INTR, RST, TRAP setup time to tiNS 160 150 ns 
trailing edge of ClK 

Address hold time after ALE tLA 100 50 ns 

Trailing edge of ALE to leading edge tLC 130 60 ns 
of CONTROL 

ALE low time during ClK high tLCK 100 50 ns 

ALE to valid data input during read tLDR 460 270 ns 

ALE to valid data during write tLOW 200 120 ns 

ALE pulse width tLL 140 80 ns 

ALE to READY stable tLRY 110 30 ns 
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JlPD8085A/AH NEe 
AC Characteristics (cont) 
J.lPD8085A-2: TA = O°C to + 70°C, Vcc = 5 V ±5% 
J.lPD8085AH,J.lPD8085AH-2:TA =O°Cto +70°C, Vcc =5 V ±10% 

/lPD8085AH 

Parameter Symbol Min 

Trailing edge of RD to re-enabling of tRAE 150 
address 

RD (or INTA) to valid data tRO 

Trailing edge of CONTROL to leading tRY 400 
edge of next CONTROL 

Limits 

Max 

300 

/lPD8085AH.2, /lPD8085A·2 

Min Max Unit 

90 ns 

150 ns 

220 ns 

Test 
Conditions 

Data hold time after RD (INTA) tROH ns (Note 7) 

READY hold time tRYH 0 ns 

READY setup time to leading edge of tRYS 110 100 ns 
ClK 

leading edge data valid after trailing two 100 50 ns 
edge of WR 

leading edge of WR to data valid tWOl 40 20 ns 

Note: 
(1) Aa-A15 address specs apply to 101M. So and S1 except As-A15 are undefined during T4- T6 of OF cycle whereas 101M, Soand S1 are stable. 

(2) Test conditions: tCYC = 320 ns (8085AH)/200 ns (8085A-2) CL = 150 pF 

(3) For all output timing except where CL = 150 pF use the following correction factors: 
25pF,CL=150pF: -0.10ns/pF 
150 pF, CL = 300 pF: +0.3 ns/pF 

(4) Output timings are measured with purely capacitive load. 

(5) All timings are measured as the following: 
Output voltage: V L = 0.8 V, V H = 2.0 V 
Input voltage: 1.5 V; t~ tf = 20 ns 

(6) To calculate timing specifications at other values of tCYC use Bus Timing Specifications. 

(7) Data hold time is guaranteed under all loading conditions. 

Bus Timing Specifications 

teye as a Dependent 
Timing Formula 

/lPD8085A.2, 

Timing Formula 

/lPD8085A.2, 
Symbol /lPD8085AH /lPD8085AH·2 MinIMax Symbol /lPD8085AH /lPD8085AH·2 MinIMax 

tAL (1/2) tCy-45 (1/2) tCy-50 Min tcc (31 2+N) tCY-SO (31 2+N) tCy-70 Min 

tlA (1/2) tCy-50 (1/2)tCy-50 Min tCl (1/2) tCy-110 (1/2) tCY - 75 Min 

tll (1/2) tCY - 20 (1/2) tCY - 20 Min tARY (3/2) tCy-250 (3/2) tCY- 200 Max 

tlCK (1/2) tCy-50 (1/2) tCy-50 Min tHACK (1/2) tCy-50 (11 2) tCY - 50 Min 

tlC (1/2) tCY - 30 (1/2) tCY - 40 Min tHABF (1/2) tCy+50 (1/2)tCy-50 Max 

tAO (5/2+N) tCy-225 (5/2+N) tCy-150 Max tHABE (1/2) tCY +50 (1/2)tCy-50 Max 

tRO (3/2+N) tCy-1S0 (3/2+N)tCy-150 Max tAC (2/ 2) tCY - 50 (2/2)tCy-S5 Min 

tRAE (1/2)tCy-10 (1/2)tCy-10 Min t1 (1/2) tCY-SO (1/2) tCY - 50 Min 

tCA (1/2) tCy-40 (1/2)tCy-40 Min t2 (1/2) tCy-40 (1/2) tCY - 30 Min 

tow (312 +N) tCY - 50 (3/2+N)tCy-70 Min tRY (3/2) tCY-SO (3/2) tCY-SO Min 

two (1/2)tCy-50 (1/2)tCy-40 Min tlOR (41 2+N) tCy-1S0 (41 2+N) tCy-130 Max 

Note: 
(1) N = Number of WAIT state. 
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Timing Waveforms 

Clock Timing Waveform 

Hold Timing 

THOLD THOLD T, 

elK 

HOLD +-----'1 

HlDA+-____ -+ __ --'~ 

8085AH Bus Timing Read Operation Write Operation 

T, T, T2 

elK 

A."A,. 

ADO"AD7 

ALE 

WR 

Read Operation with Wait Cycle (same Ready Timing Applies to Write Operation) 

T, T2 TWAIT T, 

elK 

A."A, • .....J1----f-....;..;;.:..:....---t------+-------+:-"7"""---:--f'---

READY-1----~-~,~~t-~~""'""'~~-:~~i~------------

Notes: 
(2) READY must remain stable during tRYS and tRYH 
(3) 101M Is also floating during this time 

T3 
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Timing Waveforms (coni) 

Interrupt and Hold Timing 

ALE 

AD 

IN'fA 

INTR 

t'NS t'NH 
HOLD 

HLDA 

Notes: 
(2) READY must remain stable during tRYS and IRYH 
(3) 101M Is also floating during this time 

Functional Description 

The IlPD8085A contains six 8·bit data registers, an 8-bit 
accumulator, four testable flag bits, and an 8-bit parallel 
binary arithmetic unit. The ",PD8085A also provides 
decimal arithmetic capability and it includes 16·bit 
arithmetic and immediate operators which greatly 
simplify memory address calculations, and high speed 
arithmetic operations. 

The ",PD8~5A has a stack architecture wherein any 
portion of the external memory can be used as a last 
in/first out (LIFO) stack to store/ retrieve the contents of 
the accumulator, the flags, or any of the data registers. 

The }JPQ8085A also contains a 16·bit stack pointer to 
control the addressing of this external stack. One of the 
major advantages of the stack is that multiple level 
interrupts can easily be handled since complete system 
status can be saved when an interrupt occurs and then 
restored after the interrupt is complete. Another major 
ad~antage is that almost unlimited subroutine nesting 
is possible. 

The ",PD8085A was designed with speed and simplicity 
of theoveraU system in mind. The multiplexed 
address/data bus increases available pins for 
advanced functions in the processor and peripheral 

4-34 

chips while providing increased system speed and less 
critical timing functions. All signals to and from the 
",PD8085A are fully TTL·compatible. 

The internal interrupt structure of the ",PD8085A 
features 4 levels of prioritized interrupt with three levels 
internally maskable. 

Communication on both the address lines and the data 
lines can be interlocked by using the HOLD input. When 
the hold acknowledge (HLDA) signal is issued by the 
processor, its operation is suspended and the address, 
data and control lines are forced to be in the FLOATING 
state. This permits other devices, such as direct 
memory access channels (DMA), to be connected to the 
address and data buses. 

The ",PD8085A features internal clock generation with 
status outputs available for advanced read /write timing 
and memoryllO instruction indications. The clock may 
be crystal controlled, RC controlled, or driven by an 
external sig nal. 

On·chip serial in/out port is available and controlled by I 

the newly added RIM and 81M instructions. 
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Processor State Transition Diagram 

RESET 

Halt 

(READY + BI) (1) 

READY + BI (1) 

Yes 

VALIDINT 

Hold 

Yes 

Notes: 
1. BI indicates that the bus is idle during this machine cycle. 
2. CK indicates the number of clock cycles in this machine cycle. 

83-003840C 
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Clock Inputs 

As stated, the timing for the pPD8085A may be 
generated in one of two ways: crystal, or external 
clock. Recommendations for these methods are shown 
below. Note the input frequency must be twice the 
internal operating frequency. 

Status Outputs 

The status outputs are valid during ALE time and have 
the following meaning: 

So 

Halt o 
Write o 
Read 

Fetch 

These pins may be decoded to portray the processor's 
data bus status. 

Interrupts 

The tJPD8085A has five interrupt pins available to the 
user. INTR is operationally the same as the 8080 
interrupt request, three (3) internally maskable restart 
interrupts: RESTART 5.5, 6.5, and 7.5, and TRAp, a 
non-maskable restart. 

Restart 
Priority Interrupt Address 

Highest TRAP 2416 

RST7.5 3C16 

RST 6.5 3416 

RST 5.5 2C16 

Lowest INTR 

INTR, RST 5.5 and RST 6.5 are all level sensing inputs 
while RST 7.5 is set on a rising-edge. TRAp, the highest 
priority interrupt, is non-maskable and is set on the 
rising-edge or positive level. It must make a low-to-high 
transition and remain high to be seen, but it will not be 
generated again until it makes another low-to-high 
transition. 
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RC 

I X1 X2 I 
10K 

20pF l 
= 3 MHz Input Frequency 
RC Resonance 

83-004022A 

Crystal 

I X1 X2 

0 
C1l C2~ 

1-6 MHz Input Frequency 
Parallel Resonant Crystal 

For 1-6 MHz Input Frequency. 
C1 = C2 = 10 pF max. 

For 6-10 MHz Input Frequency, 
C1 = C2 = 5 pF max_ 

83-003832A 

External 

J 
Clock ~ _______ -Jo=--m 
In~ 470 

1-6 MHz 25-50% DC 
X2 not used 

+5 V 

470 

CIO~~ ---t~o<>--+--------t >0----<10----1 

83-003834A 
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Serial 110 

Serial input and output is accomplished with two new 
instructions not included in the 8080: RIM and SIM. 
These instructions serve several purposes: serial 1/0, 
and reading or setting the interrupt mask. 

The RIM (Read Interrupt Mask) instruction is used for 
reading the interrupt mask and for reading serial data. 
After execution of the RIM instruction the ACC content 
is as follows: 

1 SID 1 ,'.1 .'. I 
5.5 1

M 
IE • 7.5 

M I M 
6.5 • 5.5 

SERIAL 
I 

PENDING 
DATA INTERRUPTS 

IN 

Note: 

INTERRUPT 
ENABLE 

I 
INTERRUPT 

MASKS 

(1) After the TRAP interrupt, the RIM instruction must be executed to 
preserve the status of IE. 

The SIM (Set Interrupt Mask) instruction is used to 
program the interrupt mask and to output serial data. 
Presetting the ACC for the SIM instruction has the 
following meaning: 

SERIAL 
OUT 

DATA 

SERIAL 
OUT 

DATA 
ENABLE 

(1 = ENABLE) 

Instruction Set 

RESET 
RST 7.5 
ENABLE 

MASK 
SET 

ENABLE 
(1 = ENABLE) 

I 
RST 

MASKS 
(1 = SET) 

The instruction set includes arithmetic and logical 
operators with direct, register, indirect, and immediate 
addressing modes. 

Move, load, and store instruction groups provide the 
ability to move either 8 or 16 bits of data between 
memory, the six working registers and the accumulator 
using direct, register, indirect, and immediate 
addressing modes. 

The ability to branch to different portions of the program 
is provided with direct, conditional, or computed jumps. 
Also, the ability to call and return from subroutines is 
provided both conditionally and unconditionally. The 
RESTART (or single byte call instruction) is useful for 
interrupt vector operation. 

pPD8085A/AH 

Conditional jumps, calls and returns execute based on 
the state of the four testable flags (sign, zero, parity and 
carry). The state of each flag is determined by the result 
of the last instruction executed that affected flags. (See 
Instruction Set Table) 

The sign flag is set (high) if bit 7 of the result is a "1"; 
otherwise it is reset (low). The zero flag is set if the result 
is "0"; otherwise it is reset. The parity flag is set if the 
modulo 2 sum of the bits of the result is "0" (even parity); 
otherwise (odd parity) it is reset. The carry flag is set if 
the last instruction resulted in a carry or a borrow out of 
the most significant bit (bit 7) of the result; otherwise it 
is reset. 

In addition to the four testable flags, the /APD8085A has 
another flag (ACY) that is not directly testable. Itis used 
for multiple precision arithmetic operations with the 
DAA instruction. The auxiliary carry flag is set if the last II 
instruction resulted in a carry or a borrow from bit 3 into • 
bit 4; otherwise it is reset. 

Double precision operators such as stack manipulation 
and double add instructions extend both the arithmetic 
and interrupt handling capability of the /APD8085A. The 
ability to increment and decrement memory, the six 
general registers, and the accumulator are provided as 
well as extended increment and decrement instructions 
to operate on the register pairs and stack pointer. 
Further capability is provided by the ability to rotate the 
accumulator left or right through or around the carry bit. 

Input and output may be accomplished using memory 
addresses as 110 ports or the directly addressed 110 
provided for in the /APD8085A instruction set. 

Two instructions, RIM and SIM, are used for reading and 
setting the internal interrupt mask as well as input and 
output to the serial 110 port. 

The special instruction group completes the /APD8085A 
instruction set: NOp, HALT stop processor execution; 
DAA provides decimal arithmetic capability; STC sets 
the carry flag; CMC complements it; CMA complements 
the contents of the accumulator; and XCHG exchanges 
the contents of two 16·bit register pairs directly. 

Data and Instruction Formats 

Data in the /APD8085A is stored as 8·bit binary integers. 
All datal instruction transfers to the system data bus 
are in the following format: 

MSB DATA WORD LSB 
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Instructions are one, two, or three bytes long. Multiple 
byte instructions must be stored in successive 
locations of program memory. The address of the first 
byte is used as the address of the instruction. 

One Byte Instructions 
Typical Instructions 

D7 06 05 04 03 02 01 00 IOPCODE Register to register, memory 
referance, arithmetic or logical, 
rotate, return, push, pop, enable, 
or diable interrupt instructions 

Two Byte Instructions 

D7 06 05 D4 03 02 01 00 IOPCODE Immediate mode or I/O 
instructions 

D7 06 05 04 03 02 01 00 I OPERAND 

Three Byte Instructions 

D7 06 05 04 03 02 D1 00 IOPCODE Jump, call or direct load and store 
instructions 

D7 06 05 04 03 02 D1 00 I LOW ADDRESS OR OPERAND 1 

D7 06 05 04 03 02 01 00 I HIGH ADDRESS OR OPERAND 2 
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Instruction Cycle Times Machine 
Instruction Cycles Executed Clock Status 

One to five machine cycles (M1-M5) are required to Type MiniMax MiniMax 
execute an instruction. Each machine cycle involves the RET CONDo 1/3 6/12 
transfer of an instruction or data byte into the processor 

SPHL 6 or a transfer of a data byte out of the processor (the sole 
exception being the double add instruction). The first ALU I 7 

one, two or three machine cycles obtain the instruction ALU M 
from the memory or an interrupting 1/0 controller. The JNC 213 7/10 
remaining cycles are used to execute the instruction. 

LDAX Each machine cycle requires from three to five clock 
times (T1-T5). MVI 7 

Machine cycles and clock states used for each type of MOV M, R 

instruction are shown below. MOV R, M 

Machine 
STAX 

Instruction Cycles Executed Clock Status CALL CONDo 215 9/18 
Type MiniMax MiniMax 

DAD 3 10 
ALU R 4 II DCR M 3 10 
CMC 4 

IN 10 
CMA 

INR M 10 
DAA 

JMP 10 
DCR R 

LOAD PAIR 10 
DI 4 

MVI M 3 10 
EI 4 

OUT 3 10 
INR R 4 

POP 3 10 
MOV R, R 4 

RET 10 
NOP 4 

PUSH 12 
ROTATE 4 

RST 3 12 
RIM 4 

LDA 4 13 
SIM 

STA 13 
STC 

LHLD 16 
XCHG 4 

SHLD 16 
HLT 5 

XTHL 16 
DCX 6 

CALL 18 
INX 

PCHL 
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~ Instruction Set "t:: I 
~ ,. 
0 Operation Code(2) Flags(4) 

Mnemonlc(1) Description D7 D6 D5 D4 D3 D2 D1 Do Cycles(3) Sign Zero Parity Carry a 
CD 

Move 0 
MOV d, s Move register to register 0 4 CD 
MOV M, s Move register to memory 0 1 0 UI 
MOVd, M Move memory to register 0 d 0 

.. 
MVI d, 08 Move immediate to register 0 0 d ~ 
MVI M, 08 Move immediate to memory 0 0 0 0 10 :z: 
Increment I Decrement 

INR d Increment register 0 0 0 0 4 • • • 
DCRd Decrement register 0 0 0 4 • • 
INR M Increment memory 0 0 0 0 10 • • 
DCRM Decrement memory 0 0 0 10 • • • 
AlU - Register to Accumulator 

ADDs Add register to A 0 0 0 0 4 • • • • 
ADC s Add register to A with carry 0 0 0 1 4 • • • • 
SUB s Subtract register from A 0 0 0 4 • • • • 
SUBS s Subtract register from A with borrow 0 0 1 4 • • • • 
ANAs AND register with A 0 0 0 4 • • • 0 

XRAs Exclusive OR register with A 0 0 1 4 • • • 0 

ORAs OR register with A 0 0 4 • • 0 

CMPs Compare register with A 0 4 • • • • 
AlU - Memory to Accumulator 

ADDM Add memory to A 0 0 0 0 0 • • • 
ADC M Add memory to A with carry 0 0 0 0 • • • 
SUB M Subtract memory from A 0 0 1 0 0 7 • • • • 
SBB M Subtract memory from A with borrow 0 0 7 • • • • 
ANAM AND memory with A 0 0 0 0 • • 0 

XRAM Exclusive OR memory with A 0 0 0 7 • • • 0 

ORAM OR memory with A 0 0 0 • • • 0 

CMPM Compare memory with A 0 0 • • • • 

~ AlU -Immediate to Accumulator 

ADID8 Add immediate to A 0 0 0 0 7 • • • • 
ACID8 Add immediate to A with carry 0 0 1 0 7 • • • 

~ 



Instruction Set (cont) 

~ Operation Code(2) Flags(4) 
Mnemonlc(1) Description D7 D6 Ds D4 D3 D2 D1 Do Cycles(3) Sign Zero Parity Carry 

ALU -Immediate to Accumulator (CORt) 

SUI08 Subtract immediate from A 0 0 

~ SBI08 Subtract immediate from A with borrow 0 1 0 • • 
ANI 08 AND immediate with A 0 0 0 • 0 

XRI08 Exclusive OR immediate with A 0 0 • • 
ORI08 OR immediate with A 0 • • • 
CPI08 Compare immediate with A • • • 
ALU-Rotate 

RLC Rotate A left, MSB to carry (8-bit) 0 0 0 4 

RRC Rotate A right, LSB to carry (8-bit) 0 0 0 0 4 • 
RAL Rotate A left through carry (9-bit) 0 0 0 4 

RAR Rotate A right through carry (9-bit) 0 0 0 

Jump 

JMPAooR Jump unconditional 0 0 0 10 

JNZ AooR Jump on not zero 0 0 0 0 7/10 

JZ AooR Jump on zero 0 1 0 7/10 

JNC AooR Jump on no carry 0 0 0 0 7/10 

JC ADDR Jump on carry 0 7/10 

JPO ADoR Jump on parity odd 0 0 0 7/10 

JPE AoDR Jump on parity even 0 0 7/10 

JP AD DR Jump on positive 0 0 7/10 

JM AoDR Jump on minus 0 7/10 

Call 

CALL AD DR Call unconditional 0 0 18 

CNZADDR Call on not zero 0 0 0 9/18 

CZADoR Call on zero 0 0 1 0 0 9/18 'l::: 
CNC ADDR Call on no carry 0 0 0 9/18 " CC AoDR Call on carry 0 0 0 9/18 a 

Q) 
CPO ADDR CAli on parity odd 0 0 9/18 0 
CPEADDR Call on parity even 0 0 9/18 CD 

(II 
CP ADDR Call on positive 0 9/18 ,. 
CM ADoR Call on minus 0 0 9/18 "'-

~ 
,. 

t 

~ ::z: 

II 



+:>. Instruction Set (cont) 1::: I 
+:>. 

" I\) 
Operation Code(2) Flags(4) a Mnemonic(1) Description D7 D6 Ds D4 D3 D2 D1 Do Cycles(3) Sign Zero Parity Carry CD 

Call (cont) 0 
Return CD 
RET Return 0 0 0 0 10 CII 
RNZ Return on not zero 0 0 0 0 0 0 6/12 ~ 

RZ Retu rn on zero 0 0 0 0 6/12 ~ 
RNC Return on no carry 0 0 0 0 0 6/12 Z 
RC Return on carry 0 0 0 0 6/12 

RPO Return on parity odd 0 0 0 0 0 6/12 

RPE Return on parity even 0 1 0 0 0 6/12 

RP Return on positive 0 0 0 0 6/12 

RM Return on minus 0 0 6/12 

Load Register Pair 

LXI B, D16 Load immediate register pair BC 0 0 0 0 0 0 0 10 

LXI D, D16 Load immediate register pair DE 0 0 0 0 0 10 

LXI H, D16 Load immediate register pair HL 0 0 0 0 0 10 

LXI SP, D16 Load immediate stack painter 0 0 0 0 0 10 

Push 

PUSH B Push register pair BC on stack 0 0 12 

PUSH D Push register pair DE on stack 0 0 0 12 

PUSH H Push register pair HL on stack 0 0 0 12 

PUSH PSW Push A and flags on stack 0 0 12 

Pop 
POP B Pop register pair BC off stack 0 0 0 0 0 10 

POPD Pop register pair DE off stack 0 1 0 0 0 10 

POP H Pop register pair HL off stack 0 0 0 10 

POP PSW Pop A and flags off stack 0 0 10 • • • • 
Double Add 

DADR Add BC to HL 0 0 0 0 0 0 10 • 
DAD D Add DE to HL 0 0 0 0 0 10 • 

I ~ 
DAD H Add HI to HL 0 0 0 0 10 • 
DADSP Add stack pointer to H L 0 0 0 10 • 

n 



Instruction Set (cont) 

~ Operation Code(2) Flags(4) 
Mnemonlc(1) Description D7 D6 Ds D4 D3 D2 D1 Do Cycles(3) Sign Zero Parity Carry 

Increment Register Pair 

INX B Increment BC 0 0 0 0 6 

~ INX 0 Increment DE 0 0 0 6 

INX H Increment HL 0 0 0 6 

INX SP Increment stack pointer 0 0 6 

Decrement Register Pair 

DCX B Decrement BC 0 0 0 0 0 

DCX 0 Decrement DE 0 0 0 0 6 

DCX H Decrement HL 0 0 0 6 

DCXSP Decrement stack pointer 0 0 0 

Register Indirect 

STAX B Store A at ADDR in BC 0 0 0 0 0 

STAX 0 Store A at ADDR in DE 0 1 0 

LDAX B Load A at ADDR in BC 0 0 0 

LDAX 0 Load A at ADDR in DE 0 0 0 

Direct 

STAADDR Store A direct 0 0 0 13 

LOA ADDR Load A direct 0 0 13 

SHLDADDR Store HL direct 0 0 0 16 

LHLDADDR Load HL direct 0 0 0 0 16 

Move Register Pair 
XCHG Exchange DE and HL register pairs 0 

XTHL Exchange top of stack and HL 0 0 16 

SPHL HL to stack pointer 0 6 

PCHL HL to program counter 0 0 0 6 

Input I Output 
1:: INA Input 0 10 

" OUTA Output 0 0 0 10 a 
EI Enable interrupts 1 4 CD 
01 Disable interrupts 1 0 4 

0 
CD 

RIM Read interrupt mask 0 0 0 0 0 0 4 CIt 
SIM Set interrupt mask 0 0 0 0 0 4 .. 

" ~ RST A Restart A A A 12 ~ I 
~ ::z: (..) 

II 



t Instruction Set (cont) 
~ 

Mnemonic(1) Description 

Miscellaneous 

CMA Complement A 

STC Set carry 

CMC Complement carry 

DAA Decimal adjust A 

NOP No operation 

HLT Halt 

Note: 
(1) Operand symbols used 

A = 8-bit address or expression 
s = source register 
d = destination register 
PSW = Processor status word 
SP = Stack pointer 
08 = 8-bit data quantity, expression, or constant, always B2 of instruction 
016 = 16-bit data quantity, expression, or constant, always B3B2 of instruction 
AOOR = 16-bit memory address expression 

(2) ddd or sss = OOO-B, 001-C, 010-0, 011-E, 100-H, 101-L, 110-Memory, 111-A 

D7 

0 

0 

0 

0 

0 

0 

(3) Two possible cycle times (7/10) indicate instruction cycles dependent on condition flags. 

(4) • = flag affected 
= flag not affected 

0= flag reset 
1 = flag set 

D6 D5 

0 

0 

0 

0 0 

Operation Code(2) 

D4 D3 D2 D1 DO Cycles(3) 

0 4 

0 4 

4 

0 4 

0 0 0 0 0 4 

0 0 

Flags(4) 

Sign Zero Parity Carry 

1/Cy 

• • 

1::: 

" a 
CD 
o 
CD 
CII • ~ 
:z 

~ o 
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/APD8085A Family Minimum System 
Configuration 

A minimum computer system consisting of a processor, 
ROM, RAM, and 1/0 can be built with only 3 40-pin 

Three Pack Computer System 

VCC 

INTERRUPTS rl I 

'~ ~ ~ f ~ t 

pPD8085A/AH 

packs. This system is shown below with its address, 
data, control buses and 1/0 ports. 

PORTA PORTC PORT B 

I1111I1II ( 

I 

I 111'I t t '11I II ( 1 
I 

RST 7.5 RST 6.5 RST 5.5 TRAP RESET IN SID SOD S1 SO PAo - - - - -- PA7 PCo-----PC s PBo----- PB7 TIMER 
IN 

~X1 
I-0 ,..PDI085A PROCESSOR :J 

~ 
0 

X2 I-
o C II: IC 

~ 1
0 I~ ~ ~ ~ l:I ....I 0 I- I-

ADO - - - - ··AD7 AI --- - --A1S 
....I w o ....I Z Z 

C II: - II: CJ II: J: J: - -

ADO 11 
AD1 1 
AD2 

AD3 

AD4 

AD5 

AD6 

AD7 

As 
Ag 

A10 

A11 

A12 

A13 

A14 

A15 

ALE 

AD 
ViR 

10/~ 

ROY 

ClK 

RESET 

HOLD 

HlDA 

INTR 

INTA 

FEATURES OF ,..PDI085A 
MINIMUM SYSTEM 

2K - BYTE ROM 
256 - BYTE RAM 

1 - INTERVAL TIMER 
4 - I·BIT I/O PORTS 
1 - 6·BIT I/O.sTATUS 
4 - INTERRUPT lEVELS 

,..PD1156 RAM·I/O '256 X I) 

w 121", 

ADo - - - - - AD] ~ ~ I~I~§~ 

11 
1 

~~:t:3 ~ ~I~I~I~ ALE ADO - - - - - AD] 
II:CJII:5! 

,..PD1355 ROM· I/O 
uPDI75SA PROM·I/O 2K X I 

PAo - - - - - - - - PA7 PBo - - - - - - -. PB7 

I I II ,II 
PORTA 

I 
r 

PORTB 

I I 

-
---

} 
} 
-

-

-

TIMER 
OUT 

DATA 

ADR 

CON 
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NEe Electronics Inc. 

Description 

The j.lPD8086 is a 16-bit microprocessor that has both 
8-bit and 16-bit attributes. It has a 16-bit wide physical 
path to memory for high performance. Its architecture 
allows higher throughput than the 5 MHz ",PD8085A-2. 

The maximum operating frequency of the J.LPD8086 is 
5 MHz. The j.lPD8086-2 is an 8-MHz version. 

Features 

D Can directly address 1 megabyte of memory 
D Fourteen 16-bit registers with symmetrical 

operations 
D Bit, byte, word, and block operations 
D 8- and 16-bit signed and unsigned binary or decimal 

arithmetic operations 
D Multiply and divide instructions 
D 24 operand addressing modes 
D Assembly language compatible with the j.lPD80801 

8085 
D Complete family of components for design 

flexibility 

Ordering Information 
Max Frequency 

Part Number Package Type of Operation 

pPD8086D 40-pin ceramic DIP 5 MHz 

pPD8086D 40-pin cerdip 5 MHz 

pPD8086D-2 40-pin cerdip 8 MHz 

Pin Configuration 

GND Vee 
Ao,4 Ao,s 

Ao,3 Ale /S3 

Ao,2 A17/S4 

Ao,l A18/Ss 

Ao,o A19 /Sa 
AOg BHE/S7 

ADa MN/MX 

AD7 RD 
ADe HOLD (Ra/GTo) 

ADs HLDA (Ra /GT1) 

AD4 ViR (LOCK) 

AD3 MIlO (~ 

AD2 DT/R (8,) 

Ao, DEN (So) 

ADo ALE (QSo) 

NMI INTA (Q8,) 

INTR TEST 

CLK READY 

GND RESET 

83-002802A 

IlPD8086 
i6·BIT MICROPROCESSOR 

Pin Identification 
No. Symbol Function 

1,20 GND Ground 

2-16,39 ADo-AD15 Address I data bus 

17 NMI Non-maskable interrupt 

18 INTR Interrupt request 

19 ClK Clock 

21 RESET Reset 

22 READY Ready 

23 TEST Test 

24 INTA Interrupt acknowledge 

25 ALE Address latch enable 

26 DEN Data enable 

27 DT IR Data transmit I receive 

28 MIlO Memory 110 status 

29 WR Write 

30 HlDA Hold acknowledge 

31 HOLD Hold 

32 RD Read 

33 MN/MX Minimum / maximum 

34 BHE/S7 Bus / high enable 

35-38 A16-A19 Most significant address bits 

26-28, 34-38 SO-S7 Status outputs 

24,25 QS1, QSo Queue status 

29 lOCK lock 

30,31 RQ/GTo Request / grant 
RQ/GT1 

40 Vee Power supply 
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~PD8086 

Pin Functions 

Ground 

Ground. 

Address/ Data Bus 

Multiplexed address (T1) and data (T2, T3, TW, T4) bus. 8-
bit peripherals tied to the lower 8 bits use Ao to condi
tion chip select functions. These lines are three-state 
during interrupt acknowledge and hold states. 

Non·Maskable Interrupt 

This is an edge-triggered input causing a type 2 inter
rupt. A look-up table is used by the processor for vector
ing information. 

Interrupt Request 

A level-triggered input sampled on the last clock cycle 
of each instruction. Vectoring is via an interrupt look-up 
table. INTR can mask in software by resetting the inter
rupt enable bit. 

Clock 

The clock input is a 1/3 duty cycle input basic timing for 
the processor and bus controller. 

Reset 

This active high signal must be high for 4 clock cycles. 
When it returns low, the processo"r restarts execution. 

Ready 

An acknowledgement from memory or 110 that data will 
be transferred. Synchronization is done by the ",PD8284 
clock generator. 

Test 

This input is examined by the WAIT instruction, and if 
low, execution continues. Otherwise the processor 
waits in an idle state. Synchronized by the processor on 
the leading edge of elK. 

Interrupt Acknowledge 

This is a read strobe for reading vectoring information. 
During T2, T3, and TW of each interrupt acknowledge 
cycle it is low. 

Address Latch Enable 

This is used in conjunction with the ",PD8282/8283 
latches to latch the address, during T1 of any bus cycle. 
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Data Enable 

This is the output enable for the ",PD8282/8287 trans
ceivers. It is active low during each memory and 1/0 
access and INTA cycles. 

Data Transmit/Receive 

Used to control the direction of data flow through the 
transceivers. 

Memory /10 Status 

This is used to separate memory access from 1/0 
access. 

Write 

Depending on the state of the MilO line, the processor 
is either writing to 1/0 or memory. 

Hold Acknowledge 

A response to the HOLD input, causing the processor to 
three-state the local bus. The bus becomes active one 
cycle after HOLD goes low again. 

Hold 

When another device requests the local bus, driving 
HOLD high will cause the ",PD8086 to issue a HlDA. 

Read 

Depending on the state of the M 110 line, the processor 
is reading from either memory or 1/0. 

Minimum/Maximum 

This input is to tell the processor which mode itis to be 
used in. This effects some of the pin descriptions. 

Bus/High Enable 

This is used in conjunction with the most significant 
half of the data bus. Peripheral devices on this half of 
the bus use SHE to condition chip select functions. 

Most Significant Address Bits 

These are the four most significant address bits for 
memory operations. Low during 1/0 operations. 

Status Outputs 

These are the status outputs from the processor. They 
are used by the ",PD8288 to generate bus control sig
nals. 
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Queue Status 

Used to track the internal J,lPD8086 instruction queue. 

Lock 

This output is set by the LOCK instruction to prevent 
other system bus masters from gaining control. 

Block Diagram 

TEST 

INT 

NMI 

Execution Unit 
I 

Register File 

Data, 
Pointer, And 
Index Regs 
(SWords) 

/) 

V 
16·BltAlU 

Flags 

J 

IlPD8086 

Request/Grant 

Other local bus masters can force the processor to re
base the local bus at the end of the current bus cycle. 

Vee 
This is the +5 V power supply. 

Bus Interface Unit 

Relocation 
Register File 

Segment 
Registers 

And 
Instruction 

Pointer 
(SWords) 

_0 
_v 

Bus 
Interface 

Unit 

U 
6·Byte 

Instruction 
Queue 

J 

4 

" 

<=0 
3 

" .. 

BHE/S7 

A19!Ss 

Al~S3 

AD1s-ADo 

INTA,RD,WR 

DT/R, DEN,AlE 

0=) Control & Timing 
2 QSQ,QSj 

RO/GTO,1 

HOLD 

HlDA 

i i 1 1 D 
ClK RESET READY MN/MX GND 

Vee 

3 
y 

83·0028038 
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JAPD8086 

Absolute Maximum Ratings 
TA = 25°C 

Power supply voltage, Vce 

Operating temperature, TOPT 

Storage temperature, T STG 

Power dissipation, PD 

-1.0Vto +7V 

2.5W 

Comment: Exposing the device to stresses above those listed in Abso
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

Capacitance 
fc=1.0MHz 

Parameter Symbol 

Input CI 
capacitance 

1/0 CIO 
capacitance 

Note: 

Limits 

Min Typ Max 

15 

15 

(1) All Input pins except ADo-AD15 and RQ/GT. 

(2) Only input pins ADo-AD15 and RQ/GT. 

AC Characteristics 

Minimum Complexity System 
/APD8086:TA =oOeto +70oe, Vec=5V±10% 

Unit 

pF 

pF 

Test 
Conditions 

(Note 1) 

(Note 2) 

jlPD8086 

Parameter Symbol Min Max 

ClK cycle period tCLCL 200 500 

ClKlowtime tCLCH (2 I 3 tCLcLl-15 

ClK high time tCHCL (1 I 3 tCLCL) +2 

ClK rise time tCH1CH2 10 

ClKfalitime tCL2CL1 10 

Data in setup time tDVCL 30 

Data in hold time tCLDX 10 

READY setup time into /APD82B4 tR1VCL 35 

READY hold time into /APDB2B4 tCLR1X 0 

READY setup time into /APDBOB6 tRYHCH (213 tCLCL) -15 

READY hold time into ",PDBOB6 tCHRYX 30 

READY inactive to ClK tRYLCL -B 

HOLD setup time tHVCH 35 

INTR, NMI, TEST setup time tlNVCH 30 

Input rise time tlLlH 20 

Input fall time tlHIL 12 
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DC Characteristics 
TA = ooe to + 70°C, Vee = +5 V ±10% 

Limits 

Parameter Symbol Min Typ Max 

Input voltage VIL -0.5 +O.B 
low 

Input voltage VIH 2 VCC +0.5 
high 

Output voltage VOL +0.45 
low 

Output voltage VOH 2.4 
high 

Input clock VCL -0.5 +0.6 
voltage low 

Output clock VCH 3.9 Vcc+1.0 
voltage high 

Input leakage III ±10 
current 

Output leakage ILO ±10 
current 

Power supply Icc 
current 
",PDBOB61 340 

",PDBOB6-2 350 

Limits 

jlPD8086.2 

Min Max Unit 

125 500 ns 

(2 I 3 tCLcLl-15 ns 

(1/3tCLCLl+2 ns 

10 ns 

10 ns 

20 ns 

10 ns 

35 ns 

0 ns 

(2 I 3 tCLCL) -15 ns 

20 ns 

-B ns 

20 ns 

15 ns 

20 ns 

12 ns 

t-rEC 

Unit 

V 

V 

V 

V 

V 

V 

/AA 

/AA 

mA 

mA 

Test 
Conditions 

IOL =2.5mA 

IOH= -400 ",A 

OV<VIN<VCC 

0.45 V ~ VOUT~ 
VCC 

TA=25°C 

TA=25°C 

Test 
Conditions 

From1.0Vt03.5V 

From3.5Vto1.0V 

(Notes 1 & 2) 

(Notes 1 & 2) 

(Note 3) 

(Note 2) 

From O.B V to 2.0 V 

From 2.0 V to O.B V 
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t\'EC J..lPD8086 

AC Characteristics (cont) 

Timing Responses 
!iPD8086:TA=O°Cto +70oC, VCC=5V±10% 

Limits 

jJPD8086 jJPD8086.2 
Test 

Parameter Symbol Min Max Min Max Unit Conditions 

Address valid delay tClAV 10 110 10 60 ns (Note 4) 

Address hold time tClAX 10 10 ns (Note 4) 

Address float delay tClAZ tCLAX 80 tClAX 50 ns (Note 4) 

ALE width tlHll tClCH-20 tClCH-10 ns (Note 4) 

ALE active delay tCllH 80 50 ns (Note 4) 

ALE inactive delay tCHll 85 55 ns (Note 4) 

Address hold time to ALE inactive tllAX tCHCl -10 tCHCl -10 ns (Note 4) 

Data valid delay tClDV 10 110 10 60 ns (Note 4) 

Data hold time tCHDX 10 10 ns (Note 4) II Data hold time after WR tWHDX tClCH-30 tClCH-30 ns (Note 4) 

Control active delay 1 tCVCTV 10 110 10 70 ns (Note 4) 

Control active delay 2 tCHCTV 10 110 10 60 ns (Note 4) 

Control active delay tCVCTX 10 110 10 70 ns (Note 4) 

Address float to READ active tAZRl 0 0 ns (Note 4) 

RD active delay tClRl 10 165 10 80 ns (Note 4) 

RD inactive delay tClRH 10 150 10 80 ns (Note 4) 

RD inactive to next address active tRHAV tClCl -45 tClCl -40 ns (Note 4) 

HLDA valid delay tClHAV 10 160 10 100 ns (Note 4) 

RD width tRlRH 2tClCl -75 2tClCl -50 ns (Note 4) 

WR width tWlWH 2tClCl -60 2tClCl -40 ns (Note 4) 

Address valid to ALE low tAVAl tClCH-60 tClCH-40 ns (Note 4) 

Output rise time tOlOH 20 20 ns From 0.8 V to 2.0 V 

Output fall time tOHOl 12 12 ns From 2.0 V to 0.8 V 

Note: 
(1) Signal at I/P08284 shown for reference only. 

(2) Setup requirement for asynchronous signal only to guarantee recognition at next ClK. 

(3) Applies only to T2 state. (8 ns into T3) 

(4) CL = 20-100 pF for alil/P08086 outputs (in addition to !iP08086 self-load). 
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J..lPD8086 NEe 
AC Characteristics (cont) 

Maximum Mode System with I-lPB8288 Bus Controller 
IlPD8086: TA =OOC to +70°C, Vcc=5 V ±10% 

Limits 

IIPD8086 IIPD8086.2 
Test 

Parameter Symbol Min Max Min Max Unit Conditions 

ClK cycle period tCLCL 200 500 125 500 ns 

ClKlow time tCLCH (2/3 tCLcLl-15 (2/3 tCLcLl-15 ns 

ClK high time tCHCL (1/3 tCLcLl +2 (1/3 tCLcLl +2 ns 

ClK rise time tCH1CH2 10 10 ns From 1.0V to 3.5 V 

ClKfall time tCL2CL1 10 10 ns From 3.5 V to 1.0 V 

Data in setup time tDVCL 30 20 ns 

Data in hold time tCLDX 10 10 ns 

READY setup time into IlPD8284 tR1VCL 35 35 ns (Notes 1 & 2) 

READY hold time into f.!PD8284 tCLR1X 0 0 ns (Notes 1 & 2) 

READY setup time into f.!PD8086 tRYHCH (2/3 tCLCL) -15 (2/3 tCLCL) -15 ns 

READY hold time into f.!PD8086 tCHRYX 30 20 ns 

READY inactive to ClK tRYLCL -8 -8 ns (Note 5) 

INTR, NMI, TEST setup time tlNVCH 30 15 ns (Note 2) 

RQ / GT setup time tGVCH 30 15 ns 

RQ hold time into f.!PD8086 tCHGX 40 30 ns 

Input rise time tlUH 20 20 ns From 0.8 V to 2.0 V 

Input fall time tlHIL 12 12 ns From 2.0 V to 0.8 V 
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NEe J-lPD8086 

AC Characteristics (cont) 

Timing Responses 
MPD8086:TA=O°Cto +70oC, VCc=5V±10% 

Limits 

"PD8086 "PD8086.2 Test 
Parameter Symbol Min Max Min Max Unit Conditions 

Command active delay tCLML 10 35 10 35 ns (Notes 1 & 4) 

Command inactive delay tCLMH 10 35 10 35 ns (Notes 1 &4) 

READY active to status passive tRYHSH 110 65 ns (Notes 3 & 4) 

Status active delay tCHSV 10 110 10 60 ns (Note 4) 

Status inactive delay tCLSH 10 130 10 70 ns (Note 4) 

Address valid delay tCLAV 10 110 10 60 ns (Note 4) 

Address hold time tCLAX 10 10 ns (Note 4) 

Address float delay tCLAZ tCLAX 80 tCLAX 50 ns (Note 4) 

Status valid to ALE high tSVLH 15 15 ns (Notes 1 & 4) II Status valid to MCE high tSVMCH 15 15 ns (Notes 1 & 4) 

ClK low to ALE valid tCLLH 15 15 ns (Notes 1 & 4) 

ClK low to MCE high tCLMCH 15 15 ns (Notes 1 & 4) 

ALE inactive delay tCHLL 15 15 ns (Notes 1 & 4) 

MCE inactive delay tCLMCL 15 15 ns (Notes1&4) 

Data valid delay tCLDV 10 110 10 60 ns (Note 4) 

Data hold time tCHDX 10 10 ns (Note 4) 

Control active delay tCVNV 45 45 ns (Notes 1 & 4) 

Control inactive delay tCVNX 10 45 10 45 ns (Notes 1 & 4) 

Address float to READ active tAZRL 0 ns (Note 4) 

RD active delay tCLRL 10 165 10 100 ns (Note 4) 

RD inactive delay tCLRH 10 150 10 80 ns (Note 4) 

RD inactive to next address active tRHAV tCLCL -45 tCLCL -40 ns (Note 4) 

Direction control active delay tCHDTL 50 50 ns (Notes 1 & 4) 

Direction control inactive delay tCHDTH 30 30 ns (Notes 1 & 4) 

3T active delay tCLGL 85 0 50 ns (Note 4) 

3T inactive delay tCLGH 85 50 ns (Note 4) 

,~D width tRLRH 2tCLCL - 50 2tCLCL-50 ns (Note 4) 

)utput rise time tOLOH 20 20 ns From 0.8 V to 2.0 V 

)utput fall time tOHOL 12 12 ns From 2.0 V to 0.8 V 

~ote: 

1) Signal at I-lPB8284 or I-lPB8288 shown for reference only. 

2) Setup requirement for asynchronous signal only to guarantee recognition at next ClK. 

3) Applies only to T3 and wait states. 

~) CL = 20-100 pF for aill-lPD8086 outputs (in addition to I-lPD8086 self-load). 

;) Applies only to T2 state. (8 ns into T3). 
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AC Timing Waveforms 

Minimum Complexity Systems (Note 4) 

CLK (8284 Oulpul) 

VeL 

ALE 

ROY (8284lnpul) (Nole 2 & 3) 

READ CYCLE (Nole 1) 
(WA, INTA = VOH) 

ACts-ADo 

DTiR 

Nole: 

T1 

(1) All signals switch belween VOH and VOL unless olherwlse specified, 

T2 

(2) ROY is sampled near Ihe end of T2, T3, TW 10 delermlne If TW machines slales are 10 be 
inserted. 

(3) Signals al ~PD8284 are shown for reference only. 
(4) All liming measuremenls are made all,5 V unless olherwise nOled. 
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T3 T4 
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DATA IN 
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AC Timing Waveforms (cont) 

Minimum Complexity Systems (Note 3) 

WRITE CYCLE (Note 1) 
(iffi,INTA, 

DTfR=VOH) 

ACts-ADO 

Tl T2 T3 

tCVCTV-+~-+-------tWLWH-----------.j 

INTA CYCLE (Note 1 & 2) 
(RD, WR = VOH 

M=VoLl 

ACts-ADs 

DT/R 

tCLA2 

FLOAT 

tcvCTV 

tCLAV 

SOFTWARE HALT 
DEN. RD. WR. INTA = VOH INVALID ADDRESS SOFTWARE HALT _____ ...J 

Note: 
(1) All s~s switch between VOH and VOL unless otherwise specified. 
(2) Two INTA cycles run back·t",back. The ~PD8086local ADDR/Data Bus is floating during both 

INTA cycles. Control signals shown for second INTA cycle. 
(3) All timing measurements are made at 1.5 V unless otherwise noted. 

J..tPD8086 

T4 

II 
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AC Timing Waveforms (cont) 

Maximum Mode System Using IJPS8288 Controller (Note 5) 

T1 T2 T3 

NEe 

T4 

~~-------+--~---------\ 
\ \_-------

-·{_O~;..... ___ --t.JIJ---t---'I'\.+-___ -+ ____ +-_+_-+ ____ +-___ -+ ____ --L' 

8288 OUTPUTS 
(Note 3&4) 
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RDY(Note2) 
(8284INPUl) 

DTIR 

{

MRDe OR IORC 

DEN _________________________________ --..1 

Note: 
(1) All Signals switch between VOH and VOL unless otherwise specified. 
(2) ROY Is sampled near the end o. Ta, n, TW to determine If TW machines states are to be 

Inserted. 
(3) Signals at 8284 or 8288 are shown lor relerence only. 
(4) The Issuance 01 the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, 

AIOWC, INTA and DEN) lags the active high 8288 CEN. 
(5) All timing measurements are made at 1.5 V unless otherwise noted. 
(6) Status Inactive In state just prior to T 4. 

tCVNX 
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AC Timing Waveforms (cont) 

Maximum Mode System Using J-LPB8288 Controller (Note 6) 

T1 T2 

VCl 

52, ~, So (EXCEPT HALn 

WRITE CYCLE (N01e 1) 

A01s-ADO 
________ ~JI~--~------~J 

DEN 

OUTP8J~{A~~~~ 
(Note4&5) __ _ ____ -+~---+_---_+----+_----"'I 

MWTCor 
IOWC 

(SEEN~~2~D3~ ---"';"";;';";";;'++-~\...-~~~~~-J.. 
INTA CYCLE (Note 1) 

A01s-ADO 

MCEt 
PDEN _____ 1-'1 

8288 OUTPUTS {:: 
(Note4&5) 

DEN 
SOFTWARE HALT- _____ -1-_____________ '1 

(DEN = VOL; RD, MRDC, 
IORC, ~~~;~'~~~~; _____ ..L..-...,. ,. __________ _ 

A01s-ADo 
----.....,..--" 

\~ ___ ---J! 
Note: 
(1) All signals switch between VOH and VOL unless otherwise specilled. 
(2) Cascade address Is valid between lirotand second INTA cycle. 
(3) lIvo INTA cycles run back·to-back. The ~PD8086I0C81 ADDRtData Bus Is 1I0ating during both 

INTA cycles. Control lor pointer address Is shown lor second INTA cycle. 
(4) Signals at 8284 or 8288 are shown lor relerence only. 
(5) The Is.uance 01 the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, 

AiOWC, INTA and DEN) lags the active high 8288 CEN. 
(6) All timing measurements are made at 1.5 V unless otherwise noted. 
(7) Status Inactive In state just prior to T4. 

T3 
TW 

tClMl 

J.lPD8086 

T4 

\ ------
\._------

4-57 

II 



,",PD8086 

Timing Waveforms 

Asynchronous Signal Recognition 

ClK 

INTR SIGNAL 
NMI} 

TEST 

Note: 
(1) Setup requirements for asynchronous signals 

only to guarentea recognition at next ClK, 

Request/Grant Sequence Timing* 

ClK 

PREVIOUS GRANT 

A19/~~~~~~.(l.? --------------~ 
~,~ 8086 
RD,LOCK(l.2---------------~ 

BHE/S7 

Note: 

NEe 

Bus Lock Signal Timing 

ClK 

__ d-1-tCLAV -1 ~ 
LOCK' ~ , 

83-003687A 

(1) The coprocessor may not drive the buses outside the region shown without risking contention . 

• for Maximum Mode only 
s:J.003688B 

Hold/Hold Acknowledge Timing* 

ClK\ n 
~ ~1CLKC~LE-

HOLD 

2 
tCLHAV 

HlDA 

~ _______ C_O~P~OCE(l.SS~O-R-------------J 
• for Minimum Mode only 

8086 I 

_I 
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NEe Electronics Inc. 

Description 

ThepPD8088 and pPD8088-2 are powerful8-bit micro
processors that are software-compatible with the 
pPD8086. They have the same bus interface signals as 
pPD8085A, allowing them to interface directly with 
multiplexed bus peripherals. Both having a 20-bit 
address space which can be divided into four segments 
of up to 64K bytes each. 

Features 

D 8-bit data bus interface 
D 16-bit internal arch itectu re 
D Addresses 1 Mbyte of memory 
D Software-compatible with the 8086 
D Provides byte, word, and block operations 
D Performs 8- and 16-bit signed and unsigned 

arithmetic in binary and decimal 
D Multiply and divide instruction 
D Directly interfaces to 8155, 8355, and 8755A multi

plexed peripherals 

Ordering Information 

Part Number Package Type 

pPD8088D 40-pin ceramic DIP 

pPD8088D-2 40-pin ceramic DIP 

Pin Configuration 

ADS 

AD4 

AD3 

AD2 

AD1 

ADo 

NMI 

INTR 

ClK 

GND 

Min 
Mode 

Vee 
AD1S 

A1s1S3 

A17/S4 

A1s1Ss 

A19/S6 

SSO 

MN/MX 

RD 

HOLD 

HlDA 

\VA 
101M 

DT/R 

DEN 

ALE 

INTA 

TEST 

READY 

RESET 

Max Frequency 
of Operation 

5 MHz 

8 MHz 

( Max} 
Mode 

[HIGHJ 

[RO/GTOJ 

[FR:i/GT1J 

[lOCKJ 

[82J 

[~1J 

[~oJ 

[OSoJ 

[OS1J 

83-000759A 

J..lPD8088 
HIGH·PERFORMANCE 

8·BIT MICROPROCESSOR 

Pin Identification 
No. Symbol Function 

1.20 GND Ground 

2-8.35-39 A19-Aa Most significant address bits 

9-16 AD7-ADo Address/data bus 

17 NMI Non-maskable interrupt 

18 INTR Interrupt request 

19 ClK Clock 

21 RESET Reset 

22 READY Ready 

23 TEST Test 

24 INTA Interrupt acknowledge 

25 ALE Address latch enable 

24.25 QS1. QSo Queue status 

26 DEN Data enable 

27 DT/R Data transmit! receive 

28 10/M 10 status/memory 

29 WR Write 

29 lOCK lock 

30 HlDA Hold acknowledge 

31 HOLD Hold 

30.31 ~/GTo Req uest! grant 
RQ/GT1 

32 RD Read 

33 MN/MX Minimum/maximum 

34 SSO Status line 

26-28 50-52 Status outputs 

35-38 S3-S6 Status outputs 

40 Vee Power supply 
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J.lPD8088 

Pin Function 

Ground 

Ground. 

Most Significant Address Bits 

Most significant bits for memory operations. 

Address / Data Bus 

Multiplexed address and data bus. 8-bit peripherals tied 
to these bits use Ao to condition chip select functions. 
These lines are three-state during interrupt acknowl
edge and hold states. 

Non·Maskable Interrupt 

This edge-triggered input causes a type 2 interrupt. The 
processor uses a look-up table for vectoring informa
tion. 

Interrupt Request 

This is a level-triggered interrupt sampled on the last 
clock cycle of each instruction. A look-up table is used 
for vectoring. INTR can be masked in software by reset
ting the interrupt enable bit. 

Clock 

The clock input is a 1/3 duty cycle input providing basic 
timing for the processor and bus controller. 

Reset 

This active high signal must be high for 4 clock cycles. 
When it returns low, the processor restarts execution. 

Ready 

An acknowledgement from memory or 1/0 that data will 
be transferred. Synchronization is done by the /-tPD8284 
clock generator. 

Test 

This input is examined by the "WAIT" instruction, and if 
low, execution continues. Otherwise the processor 
waits in an "Idle" state. Synchronized by the processor 
on the leading edge of ClK. 

Interrupt Acknowledge 

This is a read strobe for reading vectoring information. 
During T2, T3, and TW of each interrupt acknowledge 
cycle it is low. 
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. Address Latch Enable 

This is used in conjunction with the /-tPD8282/8283 
latches to latch the address, during T1 of any bus cycle. 

Queue Status 

(Max mode) tracks the internal /-tPD8088 instruction 
queue. 

Data Enable 

This is the output enable for the /-tPD8286/8287 trans
ceivers. It is active low during memory and 1/0 access 
and INTA cycles. 

Data Transmit/Receive 

Controls the direction of data flow through the trans
ceivers. 

10 Status / Memory 

Separates memory access from 110 access. 

Write 

Depending on the state of the 101M line, the processor 
is either writing to 1/0 or memory. 

Lock 

(Max mode) this output is set by the "lOCK" instruction 
to prevent other system bus masters from gaining con
trol. 

Hold Acknowledge 

A response to the HOLD input, causing the processor to 
three-state the local bus. The bus becomes active one 
cycle after HOLD returns low. 

Hold 

When another device requests the local bus, HOLD is 
driven high, causing the/-tPD8088 to issue a HlDA. 

Request/ Grant 

(Max mode) other local bus masters can force the proc
essor to rebase the local bus at the end of the current 
bus cycle. 

Read 

Depending on the state of the 101M line, the processo 
is reading from either memory or 1/0. 



NEe 
Minimum I Maximum 

This input tells the processor in which mode it is to be 
used. This affects some of the pin descriptions. 

Status Outputs 

(Max mode) These are the status outputs from the proc
essor. They are used by the J.lPD8288 to generate bus 
control signals. 

Vee 
5 V power supply input. 

Block Diagram 

Interf~~: 1------=-"'---1 
Unit 1--"":::'::---1 

AH 
BH 
CH 

Execution I--=:..:OH-'--*-=-=---l 
Unit 1------::;.:::-----1 

01 

Instruction 
Stream Byte 

Queue 

Absolute Maximum Ratings 
TA = 25°C, Tentative 

Power supply voltage, Voo 

Input voltage, VI 

Output voltage, Va 

Operating temperature, TOPT 

Storage temperature, T STG 

Power dissipation, Po 

-0.5 V to +7V 

-0.5 Vto +7V 

-0.5 V to +7V 

2.5W 

Comment: Exposing the device to stresses above those listed in Abso
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

DC Characteristics 
TA=O°Cto +70°C, Vee = +5V±10% 

Limits 

Parameter Symbol Min Typ Max 

Input voltage Vil -0.5 +O.B 
low 

Input voltage VIH 2.0 Vcc+0.5 
high 

Output voltage Val +0.45 
low 

Output voltage VOH 2.4 
high 

Input clock VCl -0.5 +0.6 
voltage low 

Input clock VCH 3.9 Vcc + 1.0 
voltage high 

Input leakage III ±10 
current 

Output leakage ILO ±10 
current 

Power supply Icc 
current 
j.lPDBOBBI 340 

j.lPDBOBB-2 350 

Capacitance 
Limits 

Parameter Symbol Min Typ Max 

Input CI 15 
capacitance 

1/0 CIO 15 
capacitance 

Note: 
(1) All input pins except ADO-AD? and RQ/GT. 

(2) Only input pins ADO-AD? and RQ/GT. 

Unit 

V 

V 

V 

V 

V 

V 

j.lA 

j.lA 

mA 

mA 

Unit 

pF 

pF 

f-lPD8088 

Test 
Conditions 

IOl =2.0mA 

IOH=-400j.lA 

OV<VI<VCC 

0.45V~VO~VCC 

TA=25°C 

TA=25°C 

Test 
Conditions 

(Note 1) 

(Note 2) 
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J,tPD8088 NEe 
AC Characteristics 

Minimum Complexity Systems 
TA=OOCto +70°C, VCC=5V±10% 

Limits 

",PDSOSS ",PDSOSS·2 
Test 

Parameter Symbol Min Max Min Max Unit Conditions 

ClK cycle period tCLCL 200 500 125 500 ns 

ClKlowtime tCLCH (2/3 tCLCL) -15 (2/3 tCLCL) -15 ns 

ClK high time tCHCL (1/3 tCLcLl +2 (1/3 tCLcLl +2 ns 

ClK rise time tCH1CH2 10 10 ns FromtOVt03.5V 

ClKfall time tCL2CL1 10 10 ns From 3.5 V to tOV 

Data in setup time tDVCL 30 20 ns 

Data in hold time tCLDX 10 10 ns 

READY setup time into ~PD8284 tR1VCL 35 35 ns (Notes 1 & 2) 

READY hold time into ~PD8284 tCLR1X 0 0 ns (Notes 1 & 2) 

READY setup time into ~PD8088 tRYHCH (2/3 tCLcLl-15 (2/3 tCLcLl-15 ns 

READY hold time into ~PD8088 tCHRYX 30 20 ns 

READY inactive to ClK tRYLCL -8 -8 ns (Note 3) 

HOLD setup time tHVCH 35 20 ns 

INTR, NMI, TEST setup time tlNVCH 30 15 ns (Note 2) 

Input rise time tlLlH 20 20 ns From 0.8 V to 2.0 V, 
except clock 

Input fall time tlHIL 12 12 ns From 2.0Vto 0.8V, 
except clock 

Timing Responses 
TA=O°Cto +70°C, VCc=5V±10% 

Limits 

",PDSOSS ",PDSOSS.2 
Test 

Parameter Symbol Min Max Min Max Unit Conditions 

Address valid delay tCLAV 10 110 10 60 ns (Note 4) 

Address hold time tCLAX 10 10 ns (Note 4) 

Address float delay tCLAZ tCLAX 80 tCLAX 50 ns (Note 4) 

ALE width tLHLL tCLCH-20 tCLCH-10 ns (Note 4) 

ALE active delay tCLLH 80 50 ns (Note 4) 

ALE inactive delay tCHLL 85 55 ns (Note 4) 

Address hold time to ALE inactive tLLAX tCHCL -10 tCHCL -10 ns (Note 4) 

Data valid delay tCLDV 10 110 10 60 ns (Note 4) I 

Data hold time tCHDX 10 10 ns (Note 4) 'II 
Data hold time after WR tWHDX tCLCH-30 tCLCH-30 ns (Note 4) I 

Control active delay 1 tCVCTV 10 110 10 70 ns (Note 4) 

Control active delay 2 tCHCTV 10 110 10 70 ns (Note 4) 

Control inactive delay tCVCTX 10 110 10 70 ns (Note 4) 

Address float to READ active tAZRL ns (Note 4) 

RD active delay tCLRL 10 165 10 80 ns (Note 4) 
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NEe fJPD8088 

AC Characteristics (cont) 

Timing Responses (cont) 
TA =OOCto +70oC, Vcc=5V±10% 

Limits 

flPD8088 flPD8088.2 Test 
Parameter Symbol Min Max Min Max Unit Conditions 

RD inactive delay tClRH 10 150 10 80 ns (Note 4) 

RD inactive to next address active tRHAV tClCl -45 tClCl -40 ns (Note 4) 

HlDA valid delay tClHAV 10 160 10 100 ns (Note 4) 

RD width tRlRH 2tClCl -75 2tClCl -50 ns (Note 4) 

WRwidth tWlWH 2tClCl -60 2tClCl -40 ns (Note 4) 

Address valid to ALE low tAVAl tClCH-60 tClCH-40 ns (Note 4) 

Output rise time tOlOH 20 20 ns From 0.8 V to 2.0 V 

Output fall time tOHOl 12 12 ns From 2.0VtoO.8V 

Note: II (1) Signal at IlPD8284 shown for reference only. 

(2) Setup requirement for asynchronous signal only to guarantee recognition at next ClK. 

(3) Applies only to T2 state. (8 ns into T3) 

(4) CL = 20-100 pF for allllPD8088 outputs (in addition to IlPD8088 self-load). 

Maximum Mode System with J-I-PB8288 Bus Controller 
TA=OOCto +70 0 C, Vcc=5V±10% 

Limits 

flPD8088 flPD8088·2 Test 
Parameter Symbol Min Max Min Max Unit Conditions 

elK cycle period tClCl 200 500 125 500 ns 

elK low time tClCH (2/3 tClCl) -15 (2/3 tClCl) -15 ns 

elK high time tCHCl (1/3 tCLCl) +2 (1/3 tClCl) +2 ns 

elK rise time tCH1CH2 10 10 ns From 1.0 V to 3.5 V 

elK fall time tCl2Cl1 10 10 ns From3.5Vto1.0V 

Data in setup time tDVCl 30 20 ns 

Data in hold time tCLDX 10 10 ns 

READY setup time into I-IPD8284 tR1VCl 35 35 ns (Notes 1 & 2) 

READY hold time into I-IPD8284 tClR1X 0 ns (Notes 1 & 2) 

READY setup time into I-IPD8088 tRYHCH (2/3 tClCl) -15 (2/3 tClCl) -15 ns 

READY hold time into I-IPD8088 tCHRYX 30 20 ns 

READY inactive to elK tRYLCl -8 -8 ns (Note 5) 

INTR, NMI, TEST setup time tlNVCH 30 15 ns (Note 2) 

RQ / GT setup time tGVCH 30 15 ns 

RQ hold time into I-IPD8088 tCHGX 40 30 ns 

Input rise time tlLlH 20 20 ns From 0.8 V to 2.0 V, 
except clock 

Input fall time tlHll 12 12 ns From 2.0 V to 0.8 V, 
except clock 

4-63 



/JPD8088 NEe 
AC Characteristics (cont) 

Timing Responses 
I-IPD8088: TA =OOCto +70°C, vee =5V ±10% 

Limits 

/APD8088 /APD8088·2 Test 
Parameter Symbol Min Max Min Max Unit Conditions 

Command active delay tCLML 10 35 10 35 ns (Notes 1 & 4) 

Command inactive delay tCLMH 10 35 10 35 ns (Notes 1 & 4) 

READY active to status passive tRYHSH 110 65 ns (Notes 3 & 4) 

Status active delay tCHSV 10 110 10 60 ns (Note 4) 

Status inactive delay tCLSH 10 130 10 70 ns (Note 4) 

Address valid delay tCLAV 10 110 10 60 ns (Note 4) 

Address hold time tCLAX 10 10 ns (Note 4) 

Address float delay tCLAZ tCLAX 80 tCLAX 50 ns (Note 4) 

Status valid to ALE high tSVLH 15 15 ns (Notes 1 & 4) 

Status valid to MCE high tSVMCH 15 15 ns (Notes 1 & 4) 

ClK low to ALE valid tCLLH 15 15 ns (Notes 1 & 4) 

ClK low to MCE high tcLMCH 15 15 ns (Notes 1 & 4) 

ALE inactive delay tCHLL 15 15 ns (Notes 1 & 4) 

MCE inactive delay tCLMCL 15 15 ns (Notes 1 & 4) 

Data valid delay tCLDV 10 110 10 60 ns (Note 4) 

Data hold time tCHDX 10 10 ns (Note 4) 

Control active delay tCVNV 5 45 5 45 ns (Notes 1 & 4) 

Control inactive delay tCVNX 10 45 10 45 ns (Notes 1 & 4) 

Address float to READ active tAZRL 0 0 ns (Note 4) 

RD active delay tCLRL 10 165 10 100 ns (Note 4) 

RD inactive delay tCLRH 10 150 10 80 ns (Note 4) 

RD inactive to next address active tRHAV tCLCL -45 tCLCL -40 ns (Note 4) 

Direction control active delay tCHDTL 50 50 ns (Notes 1 & 4) 

Direction control inactive delay tCHDTH 30 30 ns (Notes 1 & 4) 

GT active delay tCLGL 0 85 50 ns (Note 4) 

GT inactive delay tCLGH 85 50 ns (Note 4) 

RD width tRLRH 2tCLCL -75 2tCLCL -50 ns (Note 4) 

Output rise time tOLOH 20 20 ns From 0.8Vto 2.0V 

Output fall time tOHOL 12 12 ns From 2.0V to 0.8 V 

Note: 
(1) Signal at IlPB8284 or IlPB8288 shown for reference only. 

(2) Setup requirement for asynchronous signal only to guarantee recognition at next ClK. 

(3) Applies only to T3 and wait states. 

(4) CL = 20-100 pF for allllPD8088 outputs (in addition to IlPD8088 self-load). 

(5) Applies only to T2 state. (8 ns into T3). 
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NEe J-tPD8088 

Timing Waveforms 

Minimum Complexity Systems (Note 5) 

CLK (.P08284 Output) 

101M. SSO 

ALE 

RDY (,.PD8284 Input) (Noto 5) 

ROY (_P08088 Input) 

Ro.d Cyclo (Notel) 
(WR,INTA = YOH) 

RO 

OT/If 

DEN 

T3 TWAIT T4 
f----tCLCL- tCH1CH2-1 -- I--tCL2CL1 I " t= V~ 1;--\ _r~ /L---.-Ir\ ---.I 1\--------1 l'------:;j ~ 

VCL 

f----- tCHCTV I--- I---- ICHCL- I---- tCLCH-

A1S-Aa (Float During INTA) 

f-- ICLOV 

tCLAV I------<' 
tCLAX !-- tCHDX I----

A19-A16 \1/ 56-53 ~ 
I\, 

I- f-tLHLL-
tCLLH_ I-

!--lLLAX- --- ---
V \ I 

I 

-------

~ I--- IR1YCL 

VIH~ ~~ !--'AVAL- ~\\ l\\\\~ ~\\\\ l\\\\\\\\\\\\'\ VIL 

I----- tCLR1X 

nl------ tRYLCL 

I 

f---

~ 1-

I----- tCHRYX 

\ 

tRYHCH f---

I----- tClA~ 
_tCLDX_ 

tDVCL_ 

\ \ 
Data In 

"\ V--
AD7-ADO 

r1 
Float 1""---

tAZRL_ 1----1- tCLRH f-- I -1 tRHAV-

r 

~-I---- tCHCTY TCLRX I tRLRH I-------tCHCTV 

. I I<-

~~~ ,~=-IJ 
~ 

Note: 
(1) All signals switch between VOH and VOL unless otherwise specified. 

(2) ROY is sampled near the end of T2. T3. TWAIT to determine if TWAIT machine states are inserted. 

(3) Two INTA cycles run back·to·back. The I'P08088 local Address/Data bus floats during both INTA 
cycles. The control signals shown are for the second INTA cycle. 

(4) Signals at the I'P08284 are shown for reference. 

(5) All timing measurements are taken at 1.5 V unless otherwise specified. 
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fAPD8088 NEe 
Timing Waveforms (cont) 

Minimum Complexity Systems (Note 5) 

VCH 
'1CH1CH2- I--- - I- tCL2CL 1 

~" ~~I-CLK (~PD8284 Output) ~ I "----' ~ 

WrIte Cycle (Note 1) 

INTA Cycle (Note. ,. 3) 

iAo,WR=VOH) 

Software Halt 

tCLDV 
tCLAV I--- tCHDX 

f---- ~ t--
----~----~~~I Ir-+---------------------+------~~ r--------

- ~ AD7-ADo \ Data Out ~~ 
~4-____ _4--JI'~~------------------+_----~--JJI'----------

AD7-ADO 

tCVCTX t-- r--------
It 

tCVCTV _ I---
1---__ -I-______ twLWHI ____ ~ 

1\ , ., 

tCVCTX- _ 

I-- tCLAZ i---tDVCL-

DTiR 

AD7-ADO----+--------1-------)l-_____ +-__ -4 _____ -f,! Pointer \»I-_'t_C_LD_X_-+-_____ -< 
Float Float 

I 1\ - l--r-----tCHCTV 

/1 I \ -c~ 
~----~----+~~~-----~---~ 

tCHCTV 

'CVCTV- ~/ )V I-~ 
,,,",._CI .,,"'- r-/ y ;1{: 

II~----------------J' 

DEN, 1m, WR, INTl = VOH 

AD7-ADo ~ f- Invalid Address Software Halt 
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_________ ~--JII\~--------------------
I--- tCLAV 

Note: 
(1) All signals switch between VOH and VOL unless otherwise specified. 

(2) ROY Is sampled near the end of T2, T3, TWAIT to determine If TWAIT machine states are Inserted. 

(3) 1Wo INTA cycles run back·ta-back. The"PD8088 local Address/Data bus floats during both INTA 
cycles. The control signals shown are for the second INTA cycle. 

(4) Signals at the "PD8284 are shown for reference. 

(5) All timing measurements are taken at 1.5 V unless otherwise specified. 



NEe 
Timing Waveforms (cont) 

Maximum Mode System Bus Timing Using !-,PB8288 
Bus Controller (Note 7) 

tel ICH~ 

rl~~~~~ vCHI~I---~ 
L.-J f\---.I I\---.:l 

CLK 
Vc 

~v ~ ~ 
QSO,as 1 / X 

.1--- - ~H 
ICHSV 

~, 51, So (Except Hall ) -- - ----
\ 7Jl7/ r77ll L ___ ____ 

(NoleS) 

A1S-AS 

>- ~ ~ 
tcLAV ~ 

A19-A16 * S.S3 

~ 
I~H D I 
I---

IpUI) ~ I---~ 
r----

I 
I -- -- ---

ALE (~PDS288 Ou 

(Nole 5) ROY (""DS284 In pul) 
IR~ 

~ ~ C\\\'\ \\\\\\ f\\\\'\ \\\\\\\\\\\\\\ 
- ~R1X 

- I--

-h IRYLCL 

I 

Ready (",,08088 Input) 1-
1HSH ~ 

ICLAX - 1------J f- IRYHCH - t 
Icbl 

-
tcLAZ 

I--
!:==IDVCL- ICLDX" 

* AD,ADo Floal -k' Dala In Floal 

Read Cycle 

Ao,ADO 

I tcLRH 'RHAV 
IAZRL I-!i: {/ RD 

~L 

1\ ~H IS 
IRLRH 

'\ f DTiii 

-
ItcLMH 

"PD8288 Outputl 
(NoI .. SU) l

MRDC OR lOR 

DEN 

C 

~ML 

\ 

V ICV~V- h--

- j--ICVNX 

Note: 
(1) All signals switch between VOH and VOL unless otherwise specified. 

(2) ROY is sampled near the end 01 T2, T3, TWAIT to determine If TWAIT machine states are inserted. 

(3) The cascade address is valid between the first and second INTA cycles. 

(4) Two INTA cycles run back·ta-back. The "P08088 local Addressl Data bus floats during both INTA 
cycles. The control signals shown are for the second INTA cycle. 

(5) Signals at the "PD8284 are shown for reference. 

(6) ~D8288 active·high CEN J!s! when th~D8288 issues command and control signals 
(MRDC, MWTC, AMWC,IORC, IOWC, AIOWC,INTA, and DEN). 

(7) All timing measurements are taken at 1.5 V unless otherwise specified. 

(8) Status is inactive prior to T 4. 

r-
I\---

IJPD8088 

11 
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IAPD8088 

Timing Waveforms (cont) 

Maximum Mode System Bus Timing Using /JPB8288 
Bus Controller (cont) (Note 7) 

T, T2 T3 
TWAIT 

VCH ~ ;----\ ~ Lf~ 

~PD8218 Outputl 
(Not .. SI&) 

ClK 

WrileCycle 

ADrADo 

DEN 

MWTCOR IOWC 

INTACycle 

A,a-Aa 
(Not .. 314 ) 

MCE/ 
POE N 

OT/R 

~PD8218 Outpula 
(Not .. SI&) 

DEN 

SOItw .... 

VCl 

'CLAV 

Float 

'SVMCH 

'ClMCH 

I------' '---/ 

H 'ClDV -
tclAX - I--tcLSH 

'CVNV- I-

-- fo-ICLMl 

R ... rvedlor \ 
Ceoc_ADDR FlOel 

~,1LAZ .\ 
I 

Float 

/ II-- 'ClMCl 

/I 

=I ICHoll 

~ / 
I 

IClMl i:\ 
I 

~ICVNV 

{ 
Hell - (DEN = VOL; RD. MRDC. IORC. MWTC. AMWC. IOWC. AiOWC. INTA. = VOH' 

ADrADo. Als-Aa----LJ 

tcLAV~-------------
Invend Add .... 

ifl I~Notea) 

-l 
DATA 

-

I-- IClMl -

I'-----

~ r 
-

'CVNX-

NEe 

T4 

L-J ~ 

------
-ICHDX-

~ 

i-ICVNX-

1'----

I- IClMi 

I-IClJ 

Float 

i'ClDX 

Float 

r----l _____ 

\ I-'CHDTH-,---

I \ 

~~, 
-

\'--_--..J/ \.._----------
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Note: 
(1) All signals switch between VOH and VOL unless otherwise specified. 

(2) ROY Is sampled near the end of T2, T3, TWAIT to determine If TWAIT machine states are Inserted. 

(3) The cascade addlllss Is valid between the first and second INTA cycles. 

(4) lIivo INTA cycles run back·to-back. The "PD8088 local Addressl Data bus floats during both INTA 
cycles. The control signals shown alii for the second INTA cycle. . 

(5) Signals at the "PD8284 are shown for IIIference. 

(6) ~D8266 active-high CENJ!s! when th~D6266 Issues command and control signals 
(MRDC, MWTC, AMWC, IORC, lOWe, AIOWC, INTA, and DEN). . 

(7) All timing measurements alii taken at 1.5 V unless otherwise specilled. 

(8) Status Is Inactive prior to T 4. 



NEe f..lPD8088 

Timing Waveforms (cont) 

Asynchronous Input Recognition 

ClK 

NMI 

~",----~r \I.-_____ ~ 

INTR 

!-_____________ =-=' ~ .".e, ...... 

Signal~: --------------=x 
TEST 

Note: 
(1) Setup requirements for asynchronous signals guarantee recognition at next elK. 

Maximum Mode Bus Lock Signal Timing 

ClK '\ ------ -------_---1/ 
1----- Any ClK Cycle ------i[ j-----Any ClK Cycle 

- tClAV r tClAV F 
lOCK/---- ~ 

Maximum Mode Request/Grant Sequence Timing 

Any ClK Cycle 

ClK 
IGVCH 

Pulse 1 
Coprocessor _--+---- tCHGX 

RQ 
IClGl 

~p_re_V_IO_US_G_r_an_I ____________ f~ _______ ~tClAZ 
AlgJSS-A1S/S3 I~ . _---------, 

A1S-Aa ~PDaOaO 
AD7-ADO ! II _---------J 

Coprocessor (Note 1) ~PDaoaa 

IClGH 

S2. Sl. So 
RD. lOCK 

Note: 
(1) The coprocessor risks bus contention If It drives the buses outside the areas shown. 
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~PD8088 NEe 
Timing Waveforms (coni) 

Mirnimum Mode Hold Acknowledge Timing 

CLK 

HOLD 

~ ________ ~~ __ ~r ... " ____ ~~ _____ t-+-tCLH_AV __ 

tCLHAV 

II 

HLDA 

I'PD8088 Coprocessor 

Note: 
(1) All signals switch between VOH and VOL unless otherwise specified. 
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Section 5 - Digital Signal Processing and Speech 

pPD7281 
pPD9305 

pPD7720A/ 
77P20 

pPD77C20 
pPD77230 
pPD7730 
pPD7755/56 
pPD7759 

Image Pipelined Processor .................................. 5-3 
Memory Access and General Bus Interface 
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Digital Signal Processors .................................. 5-77 

Digital Signal Processor ................................... 5-99 
Advanced Signal Processor ............................... 5-101 
ADPCM Speech Encoder/Decoder ........................ 5-117 
ADPCM Speech Synthesizers ............................. 5-127 
ADPCM Speech Synthesizer .............................. 5-133 



NEe 
NEe Electronics Inc. 
PRELIMINARY INFORMATION 

Description 
The NEC pPD7281 Image Pipelined Processor is a 
high-speed digital signal processor specifically 
designed for digital image processing such as 
restoration, enhancement, compression, and pattern 
recognition. The pPD7281 employs token-based data
flow and pipelined architecture to achieve a very high 
throughput rate. A high-speed on-chip multiplier 
speeds calculations. More than one pPD7281 can 
easily be cascaded with a minimum amount of interface 
hardware to increase the throughput rate even further. 
The pPD7281 is designed to be used as a peripheral 
processor for minicomputers or microcomputers, 
thereby relieving the host processor from the burden of 
time-intensive computations. The pPD7281 has a very 
powerful instruction set designed specifically for digital 
image processing algorithms. The Image Pipelined 
Processor can also be used as either a general purpose 
digital signal processor or a numeric processor. 

Features 
o Token-based data-flow architecture 
o Internal pipelined ring architecture 
o Powerful instruction set for image processing 
o 17 x 17-bit (including sign bits) fast multiplier: 

200 ns (target spec) 
o High-speed data I/O handling 

- Asynchronous two-wire handshaking protocols 
- Separate data input and output pins 

o Easy multiple-processor configuration 
o Rewritable program stores 
o On-Chip memories: 

- Link Table (L T): 128 x 16 bits 
- Function Table (FT): 64 x 40 bits 
- Data Memory (DM): 512 x 18 bits 
- Data Oueue (DO): 32 x 60 bits 
- Generator Oueue (GO): 16 x 60 bits 
- Output Oueue (00): 8 x 32 bits 

o NMOS technology 
o Single +5 V power supply 
o 40-pin DIP 

Applications 
o Digital image restoration 
o Digital image enhancement 
o Pattern recognition 
o Digital image data compression 
o Radar and sonar processing 
o Fast Fourier Transforms (FFT) 
o Digital filtering 
o Speech processing 
o Numeric processing 

J.lPD7281 
IMAGE PIPELINED 

PROCESSOR 

Pin Configuration 

RESET Vee 

lACK OACK 

IREQ OREQ 

IOB15 00B15 

IOB14 00B14 

IOB13 00B13 

IOB12 00B12 

IOB11 00B11 

IOB10 32 00B10 

IOB9 00B9 

OOBs 

00B7 

lOBo OOBo 

GNO CLK 

49-000064A 

Performance Benchmarks 
Operation 1 pPD7281 3pPD7281s Note 

Rotation 1.5 sec 0.6 sec 512 x 512 binary image 

1/2 Shrinking 80 ms 30 ms 512 x 512 binary image 

Smoothing 1.1 sec 0.4 sec 512 x 512 binary image 

3x3 Convolution 3.0 sec 1.1 sec 512 x 512 grey scale image 

64-stage FIR 50 ps 18ps 17-bit fixed point 
Filter 

cos(x} 40ps 15 pS 33-bit fixed point 

Ordering Information 
Part Number Package Type 

pPD7281D 40-pin ceramic DIP 
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pPD7281 

Pin Identification 
At 

No. Signal 110 RESET Description 

RESET In System Reset: A low signal on 
this pin initializes JlPD7281. 
During the reset, a 4-bit module 
number should be placed on 
IOB15 - IOB12· 

2 lACK Out High Input Acknowledge: This 
acknowledge signal is output 
by the JlPD7281 to notify the 
external data source that a 16-
bit data transfer has been 
completed. 

3 IREQ In Input Request: This input 
signal requests a data transfer 
from an external device to 
JlPD7281. 

4-19 IOB15 -lOBo In 16-bit input data bus: 32-bit 
input data tokens are input to 
the Input Controller as two 16-
bit words. 

20 GND Power ground 

21 ClK In System clock input (10 MHz: 
target spec) 

22-37 ODB15 - ODBO Out High 16-bit output data bus: 32-bit 
Impedance output data tokens are output 

by· the Output Controller as 
two 16-bit words. 

38 OREQ Out High Output Request: This signal 
informs an external device that 
a 16-bit data word is ready to 
be transferred out of JlPD7281. 

39 OACK In Output Acknowledge: This 
acknowledge signal input by 
the external data destination 
notifies JlPD7281 that a 16-bit 
data transfer may occur. 

40 Vee +5 V power supply 
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NEe 
Architecture 
The pPD7281 utilizes a token-based, data-flow 
architecture. This novel architecture not only provides 
multiprocessing capability without complex external 
hardware, but also offers high computational efficiency 
within each processor. Taking advantage of the mUlti
processing capability of data-flow architecture, almost 
any processing speed requirements can be satisfied by 
using as many pPD7281 s as needed in the system. 
Within each pPD7281, the data-flow architecture 
provides high computational efficiency through 
concurrent operations. For example, while the 
Processing Unit (or ALU) spends its time for actual 
computations only, the internal memory address 
calculations, internal memory read and write 
operations and input/output operations are all being 
done concurrently. Furthermore, in contrast to 
conventional von Neumann processors, a data-flow 
processor doesn't fetch instructions, perform 
subroutine stack operations or do data transfers 
between registers. Therefore, it does not spend the 
time required for these operations. 

The pPD7281 also utilizes an internally pipelined 
architecture. As shown in the block diagram, a circular 
pipeline is formed by five functional blocks: the Link 
Table (L T), the Function Table (FT), the Data Memory 
(OM), the Queue (Q), and the Processing Unit (PU). A 
token entered through the Input Controller (IC) is 
passed on to the Link Table to be processed around the 
pipelined ring as many times as needed. When a token 
is finished being processed, it is queued into Output 
Queue (OQ) and then output via the Output Controller 
(OC). 



NEe 
Block Diagram 

IDBIS -lOBo 

IREO ----+I 

IACK_----i 

IC: Input Controller. Controls input data tokens and determines whether or not an input data 
token should be sent to the circular pipeline lor processing. 

OC: Output Controller. Controls output data tokens. 

LT: Link Table 1128 words x 16 bitsj. Stores instruction parameters. 

FT: Function Table 164 words x 40 bitsj. Stores instruction parameters. 

OM: Data Memory j512 words x 18 bitsj. Stores constants or temporary data. 

0: Oueue j48 words x 60 bitsj. FIFO queue. Data Oueue: 32 words x 60 bits. 

Generator Queue: 16 words x 60 bits. 

PU: Processing Unit. Executes logical, arithmetic and bit operations. 

00: Output Oueue 18 words x 32 bitsj: FIFO queue lor the output tokens. 

AG/FC: Address Generator and Flow Controller. Generates addresses for OM and controls the 
flow 01 tokens. 

RC: Relresh Controller. Generates relresh tokens lor internal DRAMs. 

Absolute Maximum Ratings 
TA =+25°C 

Supply voltage, Voo -0.5 V to +7.0 V 

Input voltage, VI -0.5 V to +7.0 V 

Output voltage, Vo -0.5 V to +7.0 V 

Operating temperature, TOPT O°C to +70°C 

Storage temperature, TSTG -65°C to +150°C 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 
TA = +25°C 

Parameter 

ClK capacitance 

Input capacitance 

Output capacitance 

Symbol 

CK 

C1 

Co 

pPD7281 

00B15- OoBo 

I----OREO 

I+----OACK 

49-0001328 

Limits 
Test 

Min Max Unit Conditions 

20 pF fc = 1 MHz 

10 pF (All other pins 

20 pF at 0 V) 
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DC Characteristics AC Characteristics (cont) 
TA = O°C to +70°C, Voo = 5 V ±10% TA = O°C to +70°C, VDD = 5 V ±10% 

Limits Test Limits Test 
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions 

Input low VIL1 -0.5 0.8 V IREO fall time tlQF 10 ns 
voltage 1 

Data set up time tSID 50 ns 
(RESET, 10815-0) (before IREO up) 
Input high VIH1 2.0 Voo+0.5 V Data hold time tHIO voltage 1 ns 

(RESET, 10815-0) 
(after IREO up) 

Input low VIL2 -0.5 0.45 V OREO delay time 1 tOOQH1 40 ns 

voltag~ 
(from OACK down) 

(IREO, OACK, ClK) OREO delay time 1 tOOQL1 40 ns 

Input high VIH2 3.5 VOO + 0.5 V 
(from OACK up) 

voltag~ OREO delay time 2 tOOQH2 60 ns 
(IREO, OACK, ClK) (from OACK down) 

Output low VOL 0.45 V 10L =2.0 rnA OREO delay time 2 tOOQL2 60 ns 
voltage (from OACK up) 

Output high VOH 2.4 V 10H = -400f,JA Min time between tOOA 45 ns 
voltage transitions on 

Input leakage III ±10 f,JA o V:::; VI:::; VOO 
OREO and OACK 

current OACK rise time tOAR 10 ns 

Output leakage ILO ±10 f,JA o V:::; Vo:::; VOO OACK fall time tOAF 10 ns 
current 

Data access time tooo 20 ns 
Supply current 100 300 500 mA (after OREO down) 

Data float time tFOO 10 100 ns 

AC Characteristics (after OREO up) 

TA = O°C to +70°C, VDD = 5 V ±10% Pre RESET tRVRST 2tCYK ns 

Limits 
high time 

Test 
Parameter Symbol Min Typ Max Unit Conditions RESET low time tWRST 4tCYK ns 

ClK cycle time tCYK 100 200 ns Measured at Module number tOMO 2tCYK ns 

2V data setup time 
(after RESET down) 

ClK pulse width tWKH 48 ns 
Module number tHMO high ns 
data hold time 

ClK pulse width tWKL 48 ns (after RESET up) 
low 

Notes: 
ClK rise time tKR 10 ns 

(1) "Down" = on falling edge 
ClK fall time tKF 10 ns (2) "Up" = on rising edge 

lACK delay time 1 tDlAL1 40 ns (3) Output load capacitance: lACK, OREQ = 50 pF; 00815-0 = 

(from IREO down) 100 pF 

(Note 1) 

lACK delay time 1 tOlAH1 40 ns 
(from IREO up) 
(Note 2) 

lACK d~ time 2 tDlAL2 60 ns 
(from IREO down) 

lACK delay time 2 tOlAH2 60 ns 
(from IREO up) 

Min time between tHIQ 45 ns 
transitions on 
IREO and lACK 

IREO rise time tlQR 10 ns 
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Timing Waveforms 

AC Test Input Voltage 

- ~-- <~ RESET, lOB ~ Test Points 
0.8 0.8 

--~-- ~~ CLK, IREO, OACK ~ Test Points ___ 
0.45 0.45 

83-001865A 

Clock Timing 

-tCKY- tKA_ _ -. -tKF 

CLK 

83-001867A 

Input Handshake Timing 

_tHIO_ 

-tOIAL1'----+- -tOIAH1--

IOB15-IOBO 

-tSIO_ 

-tHIO 

Output Handshake Timing 

00B1S-0DBO - - - -

pPD7281 

AC Test Output Voltage 

- - -----uv --. ____ ~ 
OREa, lACK, OOB ~ ~ Test pOint~ ___ A'\,; 00;.;, .. 44;,;;55 __ _ 

83-001866A 

Module Number and RESET Timing 

tAVAST -tWAST-

RESET ~ f\ r-
J 

IOB15-IOB12 

.'D.~ -t= 
tlOA tlOF -ir----------"\I 

-tOIAL2,----+-

_tSIO __ 

83-001868A 

83-001869A 

83-001870B 
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Functional Description 
As shown in the block diagram, the pPD7281 consists 
of 10 functional blocks. Before any processing occurs, 
the host processor down-loads the object code into 
the Link Table and the Function Table of the pPD7281 
by using specially formatted input tokens. At this time, 
constants may also be sent to the Data Memory to be 
stored. The contents of the Link Table and the Function 
Table are closely related to a computational graph. 
When a computational process is represented 
graphically, it usually forms a directed data-flow graph. 
In such a graph, the arcs (or edges, links, etc.) 
represent the entries in the Link Table and the nodes 
represent the entries in the Function Table. An arc 
between any two nodes has a data value, called a "token", 
and is identified by a corresponding entry in the Link 
Table. A node in the directed data-flow graph signifies 
an operation, and the type of operation is logged into 
the Function Table along with the identification infor
mation about the outgoing arc. 

A minimal amount of interface hardware is required to 
configure pPD7281s in a multiprocessor system. As 
many as 14 pPD7281 s can be cascaded together, as 

Figure 1. Connecting Multiple pPD7281s 

...... {OAC. -
lACK 

Handshake 

Lines OREO -
IREO 

r-

ODB15 IDB15 

• • • ODB14 IOB14 

Output Data Bus 

L- ODBo IDBo 

NEe 
shown in figure 1. Each pPD7281 must be assigned a 
Module Number (MN) during reset. Figure 2 shows the 
timing diagram for assigning the module number. 

When any token enters a pPD7281, regardless of the 
total number of pPD7281s used in the system, the 
Input Controller of that pPD7281 discerns whether or 
not the entering token is to be processed by checking 
the Module Number (MN) field of the token. If the 
Module Number is not the same as the Module Number 
assigned during reset, the token is passed to the 
Output Controller so that it can be sent out via the 
Output Data Bus. However, if the token has the same 
Module Number, then the Input Controller strips off 
the MN field and sends the remaining part of the token 
to the Link Table for processing. 

Once a token enters the circular pipeline by accessing 
the Link Table, it requires seven pipeline clock cycles 
for the token to fully circulate around the ring. One 
pipeline clock cycle is needed for the Link Table, the 
Function Table, or the Data Memory to process an 
incoming token, and two pipeline clock cycles are 
needed for the Queue or the Processing Unit to 
process a token. The Queue requires one pipeline 

OACK 'AC' } ",,, 
Handshake 

OREO IREO lines 

-
ODB15 IOB15 

ODB14 IOB14 • • • 
~ Input Data Bus 

ODBo IDBo _ 

Ch,p#N-1 Chip #N Chlp#N+1 

Figure 2. Timing Diagram for Assigning Module 
Numbers During RESET 
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clock cycle to write and one cycle to read. Similarly, 
the Processing Unit requires one pipeline clock cycle 
to execute and one clock cycle to output the result. In 
other words, both the Processing Unit and the Queue 
are made of two-stage pipelines. Therefore, when 
seven tokens exist simultaneously in the circular 
pipeline, the pipeline is full andfull parallel processing 
is achieved. 

When a data token flows through each functional 
block in a given j1P07281, the format of the token 
changes significantly. The actual transitions of a token 
format through different functional blocks are shown 

Figure 3. Token Formats and Transitions 

1 16 

pPD7281 

in figure 3. A data token flowing within the circular 
pipeline must have at least a 7-bit Identifier (10) field 
and an 18-bit data field. The 10 field is used as an 
address to access the Link Table memory. When a 
token accesses the L T memory, the 10 field of the 
token is replaced by a new 10 (shown as 10' in figure 3) 
previously stored in the L T memory. As a result, every 
time a data token accesses L T memory, its 10 field is 
renewed. The data field of a token consists of a control 
bit, a sign bit and a 16-bit data. A token may have up to 
two data fields, as well as other fields (OP code, control, 
etc.) if necessary. 

1/0 Token [32) I MN H 10 CTLF DATA 

LT Conlents 

L TToken [28) I~i 16 

10 CTLF DATA 
r'-T-----'----,-"'----r-----~---___,I~"'." ;....1 -~FT~A-...,..I--[ .-!ID~' --.-!I jw"'-S'£:L'-;\ 

r-____________________ ~======~===-----====~==~===I~I~~~~----~E==FTRC 
16 

DATA 

FT Contenls 

14 1~ 10 

FTL FTR FTT 

12 1 1 16 

FTL [Lower 12 bits) C S DATA 

L-L----------L--t==:;==:::Ti=:::::;::=j------c---------------.L.J.-L-----------------------:DM C'imtents 

Q Token [61) 

1/0 Token 
LT Token 
FT Token 
OM Token 
Q Token 
PU Token 
OQ Token 

MN 
10 
10' 
10" 
CTLF 
DATA 
FTA 

Input or Oulpul Token 
A token aCCessing the Link Table 
A token accessing the Function Table 
A token accessing the Data Memory 
A token accessing the Queue 
A token accessing Ihe Processing Unil 
A token accessing the Output Queue 

Module Number 
Identifier for an input or output token 
Identifier for a token which exits LT for the first time 
Identifier for a token which exits LT for the second time 
Control field 
16-bit data field 
Function Table Address 

16 

16 

11 

11 

Sa 
Ca 

Sa 
CB 

16 

DATA 

16 

DATAa 

16 

DATAB 

16 1 1 16 

SEL 
FTRC 
FTL 
FTR 
FTT 
PUF 
C 
CA 
CB 
S 
SA 
SB 
DATAA 
DATAB 

SELection field 
Function Table Right field Control bit 
Function Table Left field 
Function Table Right field 
Function Table Temporary field 
Processing Unit Flags 
Control bit for a 16-blt data 
Control bit for a 16-bil dilta from A side 
Control bit for a 16-bit data from B side 
Sign-bit for a 16-bIt data 
Sign,-bil for a 16-bit data from A side 
Sign-bit for a 16-bit data from B side 
16-bit data from A side 
16-bit data from B side 

49-0001338 
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Input Controller [IC] 
A 32-bit token is entered into apPD7281 in two 16-bit 
halves using a two-signal request/acknowledge hand
shake method, as shown in figure 4. The input/output 
token format is shown in figure 7. After a token is 
accepted by the IC, the MN field of the token is 
compared to the Module Number of pPD7281 which 
was assigned at reset. If the Module Number of the 
accepted token is not the same, the IC passes the 
token directly to the Output Controller. If the MN field of 
the accepted token is the same, then the IC strips off 
the Module Number and sends the remaining part of 
the token to the Link Table. The IC also monitors the 
status of the Processing Unit. If it is busy, the IC delays 
accepting another token until it is no longer busy. The 
IC also accepts the refresh tokens from the Refresh 
Controller (RC) and sends them to the Link Table. 

Figure 4. Handshake Timing Waveforms 

OREQ 

00BO-00B15 High 

·target spec 

I 
I 
I 

Input Token TIming 

Output Token Timing 

Output Controller [OC] 

Low 

49-000069A 

49-000070A 

The OC outputs 32-bit tokens in two 16-bit halves 
using a two-signal request/acknowledge handshake 
method, as shown in figure 4. The ty'pes of tokens 
output by the OC are as follows: output data tokens 
from the Output Queue, error status data tokens 
generated internally by OC, DUMP tokens, and passing 
data tokens from the Input Controller. 

Link Table [L T] 

The L T is a 128 x 16-bit dynamic RAM. The 10 field of 
an incoming L T token is used to access the L T 
memory. The contents of an LT memory location 
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consist of a 6-bit Function Table Address (FTA), a 7-bit 
10, a 1-bit Function Table Right Field Control (FTRC), 
and a 2-bit Selection (SEL) field. When a token 
accesses L T memory, its IDfield is replaced by the new 
10 field contained in the memory location being 
accessed. Therefore, every time a token accesses L T 
memory, it is given a new 10. The FTA field is used to 
access FT memory locations. The FTRC bit and the 
SEL field are used to specify the type of instruction. By 
using specially formatted tokens, the contents of the 
L T can either be set during a program download or be 
read during a diagnosis. 

Function Table [FT] 

The FT is a 64 x 40-bit dynamic RAM. As for the case of 
the Link Table, the contents can either be set during a 
program download or be read during a diagnosis by 
using specially formatted tokens. 

Each FT memory location consists of a 14-bit Function 
Table Left field (FTL), a 16-bit Function Table Right 
field (FTR), and a 10-bit Function Table Temporary 
field (FTT). These fields contain control information 
for different types of instructions. 

Address Generator and Flow Controller [AG/FC] 
The AG/FC generates the addresses to access the 
Data Memory (OM) and controls the writing of data to 
and the reading of data from the Data Memory. AG/FC 
determines whether the incoming token contains a 
one-operand instruction or a two-operand instruction. 
One-operand instruction tokens can be sent directly to 
the Queue. However, if the token contains a two
operand instruction, then both operands must be 
available before they can be sent to the Queue. For a 
two-operand instruction, the token which arrives at the 
Data Memory first is temporarily stored until the 
second operand token arrives. When the second 
operand token exits the Function Table, the AG/FC 
generates the Data Memory address which contains 
the first operand. Then, the second operand token and 
the first operand data read out from the Data Memory 
are sent to the Queue together. 

Data Memory [OM] 
The OM is a 512 x 18-bit dynamic RAM which is used to 
queue the first operand for a two-operand instruction 
until the second operand arrives. OM can also be used 
as a temporary memory or as a buffer memory for 1/0 
data. 

Queue [Q] 

The Q is a FIFO memory configured with a 48 x 60-bit 
dynamic RAM. The Q is used to temporarily store the 
Processing Unit-bound and the Output Queue-bound 
tokens. The Q is further divided into two different FI FO 
memories: a 32 x 60-bit Data Queue (DQ) and a 16 x 
60-bit Generator Queue (GO). The DQ is used for the I 
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PU, OUT and AG/FC instructions. The DQ temporarily 
stores the PU and AG/FC tokens before they are sent 
to the Processing Unit for processing. The DQ also 
temporarily stores the Output Queue tokens before 
they are sent to the Output Queue. The GQ is used for 
Generate (GE) instructions only. The DQ will not 
output tokens to the Output Queue if it is full, and the 
DQ or GQ will not output tokens to the Processing Unit 
if the Processing Unit is busy. 

In orderto control the number of tokens in the circular 
pipeline to prevent Q overflow, the Q is further restricted 
by the following two situation rules: when the DQ has 
eight or more tokens stored, the read from the GQ is 
inhibited, and when the DQ has fewer than eight tokens 
stored, the read from the GQ has a higher priority than 
the read from the DQ. Since instructions stored in the 
GO generate tokens, restricting the number of GQ 
tokens is important in order to keep the Q from 
overflowing. In case the internal processing speed is 
slower than the rate of incoming data tokens, the DQ 
posseses a potential overflow condition. To prevent 
overflow, the processor is put into restrict/inhibit mode 
when the DO reaches a level greater than 23. 

Output Queue [OQ] 
The OQ is a first-in first-out (FI FO) memory configured 
in an 8 x 32-bit static RAM. The OQ is used to 
temporarily store the output data tokens from the Data 
Queue so that they can be output by the Output 
Controller via the output data bus. When OQ is full, it 
sends a signal to the Data Queue to delay accepting 
further tokens. 

Processing Unit [PU] 
The PU executes two types of instructions: PU and GE. 
PU instructions include logical, arithmetic (add, subtract 
and multiply), barrel-shift, compare, data-exchange, 
bit-manipulation, bit-checking, data-conversion, double
precision adjust, and other operations. The control 
information for a PU instruction is contained in the 
Function Table Left field of the PU token. The GE 
instructions are used to generate a new token, multiple 
copies of a token, or block copies of a token. They can 
also be used to set the Control field (CTLF) of a token 
and to generate external memory addresses. If the 
current PU operation cannot be completed within a 
pipeline clock cycle, the PU sends a signal to the 

JlPD7281 

Queue and the Input Controller to prevent them from 
releasing any more tokens. 

Refresh Controller [RC] 

The RC automatically generates refresh tokens for the 
dynamic RAMs used in the circular pipeline, i.e. the L T, 
FT, DM, and Q. Each RC token, generated periodically, 
is sent to the Input Controller and is propagated 
through the L T, FT, DM and Q, in that order. The RC 
tokens are deleted after reaching the Q. 

Operation Modes 
There are three different modes in which the pPD7281 
can operate: Normal, Test, and Break (see figure 5). 
After an external hardware reset, thepPD7281 is in the 
Normal mode of operation. ThepPD7281 can enter the 
Test mode for program debugging by inputting a 
SETBRK token (see figure 6) while the processor is in 
the Normal mode. If an overflow occurs in the Data 
Queue or the Generator Queue, the processor enters 
into the Break mode so that the internal contents of the 
processor can be examined; see table 1. Table 2 
describes the effects of software and hardware resets. 

Table 1. DUMPD Output Token Format 

MN Z ID CTLF DATA (16-bit field) 

0000 0 0000000 0111 xxxxx(5) GO Size(5 bits) DO Size(6 bits) 

0000 0 0000001 0111 xxxx(4) u(1) 10(7) CTLF(4) 

0000 0 0000010 0111 DATA(16) 

0000 0 0000011 0111 xxx (3) u(1) 10(7) x(1) CB, SB, CA, SA 

0000 0 0000100 0111 xx(2) FTL (Lower 12 bits) xx(2) 

0000 0 0000101 0111 DATAA(16) 

0000 0 0000110 0111 DATAB(16) 

0000 0 0000111 0111 xxxxxxxxx(9) 10(7) 

x: Don't care u: Unused 

Table 2. Effects of Reset Operation 

Hardware Reset Software Reset 

MN IlPD7281 reads in MN No Change 

High/Low Word Flip-flop Reset No Change 

Input Inhibit Control Reset (No constraint) No Change 

L T Break State Reset Reset 

Internal Operation Stopped Stopped 

DO, GO, and 00 Pointers Set to 0 Set to 0 

5-11 



pPD7281 

Figure 5. pPD7281 Operation Modes 

Test Mode 

Program Debugging Mode 

Sets Break Condition 

Normal Mode 

Run and PRGM 
DOWNLOAD 

Queue Overflow 

CBRK Token 

Break Condition 

Break Mode 

Outputs Error Token 

MayU .. DUMP 
to Examine Contents 

Figure 6. SETBRK (Set Break Condition) and SETMD (Set Mode) Token Formats 
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SETBRK Token Format 

10 

1 = Timer Count 
o = Event Count 

Event Count: Breaks after the 10 Link Table entry has been accessed a specified number 01 times. 

Timer Count: Breaks after a specified number 01 Internal pipeline clock cycles. 

SETMD [Set Mode1 Token Format 

15 12 11 10 o 15 14 13 12 11 

COUNT 

I MN 1 0 1 10 111 0 1 0 1 1 1 Relresh Count IIRSD 

~~~------------------------~~ ~----~--~~--~--~ 
"""" Input Control 

o 0 = No Input Restriction 
o 1 = Input Inhibited 
1 0 = Input Restricted 
1 1 = Not Allowed 

Refresh Count _-_---------------'---' 

To generate refresh cycles [2m. min] lor L T, FT, OM and Q. 
Refresh Counter must be adjusted lor different external clock frequencies. 

Oefault Value = OAH [for 10MHz external clock] 

IIRSO [Input Inhibit Register Set Oata]_-------------------' 

Every nth plpeUne clock cycle, the Input Inhibit is released, were n = [IIRSO] x 8 

NEe 
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Input/Output Tokens 
The only way any external device can communicate 
with thepPD7281 is by using the liD tokens (see figure 
7). Both the input and the output tokens have the same 
format so that a token may flow through a series of 
multiple processors without a format change. A 32-bit 
liD token is divided into upper and lower 16-bit words 
and inputto or output from the pPD7281 a 16-bit word 
at a time. Object code is down-loaded into the Link 

Table and the Function Table using SETL T, SETFTR, 
SETFTL and SETFTT input tokens. The contents qf the 
Function Table and the Link Table can also be read 
using RDL T, RDFTR, RDFTL and RDFTT tokens. In 
order to write or read a value to and from the Data 
Memory, a program must be down-loaded and ex
ecuted. Once object code is down-loaded into' the 
pPD7281, data tokens are input to the processor, 
thereby initiating the processing. For a description of 
the input and output tokens, see tables 3 and 4. 

Figure 7. Input/Output Token Format 

r----- High Word ·1· Low Word ·1 
15 12 1110 43 015 0 

I MN I Z I 10 

I 
CTLF 

II 
Data I 

MN: Module Number Z: Always Zero 
10: Identifier CTLF: Control Field 

49-000068A 

Table 3. Input Token Format 

Input Token High Word (16) Low Word (16) Remarks 

MN(4) Z(l) ID (7) CTLF (4) DATA (16) 
15 12 11 10 4 3 0 15 0 

SETLT MN 0 LT address 1 1 0 0 Data to be set in LT Set IT 

SETFTR MN 0 FT address 1 1 0 1 Data to be set in FTR Set FT Right Field 

SETFTL MN 0 FT address 1 1 1 0 Data to be set in FTL Set FT Left Field 

SETFTT MN 0 FT address 1 1 1 1 Data to be set in FTT Set FT Temporary Field 

RDLT MN 0 LT address 1 0 0 0 Read LT 

RDFTR MN 0 FT address 1 0 0 1 Read FT Right Field 

RDFTL MN 0 FT address 1 0 1 0 Read FT Left Field 

RDFTT MN 0 FT address 1 0 1 1 Read FT Temporary Field 

CRESET MN 0 o 1 0 0 Command Reset 

SETMD MN 0 o 1 0 1 Mode set data Set Operation Mode 

SETBRK MN 0 ID o 1 1 0 M(1) Count (15) Set Break Condition 

DUMP MN 0 xxxx(4) DUMP (3) o 1 1 1 Dump 

CBRK o 0 0 0 0 o 1 0 0 Command Break 

VAN 1 1 1 1 0 Vanish Data 

PASS MN* 0 Pass Data 

EXEC MN 0 ID 00 C S Data Normal Execution Data 

* When MN is not the current module number 
x: Don't care 
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Table 4. Output Token Format 

Output Token Upper-Order Word (16) Lower-Order Word (16) Remarks 

MN(4) Z(l) ID (7) CTLF (4) DATA (16) 
15 12 11 10 4 3 0 15 0 

LTRDD 000 0 0 LT address 1 0 0 0 Data read from L T FT Read Data 

FTRRDD 0000 0 FT address 1 0 0 1 Data read from FTR FT Right Field Read Data 

FTLRDD 000 0 0 FT address 1 0 1 0 Data read from FTL FT Left Field Read Data 

FTTRDD o 0 0 0 0 FT address 1 0 1 1 Data read from FTT FT Temporary Field Read Data 

PASSD MN 0 ID CTLFD Data Pass Data 

ERR 000 0 0 o 0 0 0 0 0 0 o 1 0 0 MN(4)MODE(4) 000 STATUS(5) Error Data 

DUMPD 000 0 0 o 0 0 0 DUMP(3) o 1 1 1 Dump data Dumped Data 

OUTO MN 0 ID o 0 C S Data Output Data 

Instruction Set Summary 
Tables 5 through 8 summarize the instruction set. 

Table 5. AG/Fe Instructions Table 6. PU Instruct/ons (cont) 

Mnemonic Instruction Mnemonic Instruction 

QUEUE Queue MUL Multiply 

RDCYCS Read cyclic short NOP No operation 

RDCYCL Read cyclic long ADDSC Add and shift count 

WRCYCS Write cyclic short SUBSC Subtract and shift count 

WRCYCL Write cyclic long MULSC Multiply and shift count 

RDWR Read/Write Data Memory NOPSC NOP and shift count 

RDIDX Read Data Memory with index INC Increment 

PICKUP Pickup data stream DEC Decrement 

COUNT Count data stream SHR Shift right 

CONVO Convolve SHL Shift left 

CNTGE Count generation SHRBRV Shift right with bit reverse 

DIVCYC Divide cyclic SHLBRV Shift left with bit reverse 

DIV Divide CMPNOM Compare and normalize 

DIST Distribute CMP Compare 

SAVE Save ID CMPXCH Compare and exchange 

CUT Cut data stream GET1 Get one bit 

Table 6. PU Instructions 
SEn Set one bit 

CLR1 Clear one bit 
Mnemonic Instruction 

ANDMSK Mask a word with logical AND 
OR Logical OR 

Logical AND 
ORMSK Mask a word with logical OR 

AND 
CVT2AB Convert 2's complement to sign-magnitude 

XOR Logical EXCLUSIVE-OR 
CVTAB2 Convert sign-magnitude to 2's complement 

ANDNOT Logical INVERT an operand then AND: (A.B) 
ADJL Adjust long (for double precision numbers) 

NOT Invert 
ACC Accumulate 

ADD Add 

SUB 
COPYC Copy control bit 

Subtract 
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Table 7. GE Instructions 

Mnemonic Instruction 

COPYBK Copy block 

COPYM Copy multiple 

SETCTL Set control field 

Table 8. OUT Instructions 

Mnemonic Instruction 

OUT1 Output 1 token 

OUT2 Output 2 tokens 

There are four different types of instructions which can 
be specified by the SEL field of an FT token. See table 9. 

Table 9. SEL Field of an FT Token 

SEL Type Description 

11 AG/FC Executes instructions specified by the Function Table 
Right field while monitoring the Function Table 
Temporary field. 

01 PU Performs arithmetic, logical, barrel-shift, bit
manipulation, data-conversion, etc. 

10 GE Generates a block or multiple new tokens from a token. 

00 OUT 

Sets the control field of a token. Increments or 
decrements the data field of a token. 

Outputs data tokens from the circular pipeline to the 
Output Queue after the tokens are finished being 
processed. 

Figure 8. QUEUE Instruction 

pPD7281 

AG/FC Instructions 
There are 16 AG/FC instructions (see table 10). They 
can be grouped into three types: Address Generator 
(AG), Flow Controller (FC), and AG/FC type. 

AG type: RDCYCS, RDCYCL, WRCYCS, WRCYCL, 
RDWR, RDIDX 

FC type: PICKUP, COUNT, CUT, DIVCYC, DIV, DIST, 
CONVO, SAVE, CNTGE 

AG/FC type: QUEUE 

A 4-bit OP code in the Function Table right field 
specifies the instruction to be executed. 

15 14 13 12 10 9 8 7 6 5 1 0 

FTR I OP code I Varies with Instruction I FieldL ______ ...J.L--___________ --'. 

49·000071 A 

QUEUE 

For a two-operand instruction, a QUEUE instruction is 
used to temporarily store the first operand token in the 
Data Memory until the second operand token arrives. 
The maximum Queue size is 16. See figure 8. 

141.-------- FTR --------......... 1.----- FTT ------I 
8 7 43 

OM Base (x 2') Read Counter Write Counter 

49·()()()319A 

<D2 
(D1 

QUEUE 

ADD 

<D 

Note: See Data-llow Graph Explanation [figure 27] for the explanation of figures. 

49-000072A 
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RDCYCS [Read Cyclic Short] FIgure 9. RDCYCS Instruction Operation 

RDCYCS reads 18~bit data words from the Data 
Memory cyclically (see figure 9). The first data to be 
read is specified by the OM Base.address. The last data 
to be read is specified by the buffer size. The Read 
Counter (RC) contains the offset address from Data 
Memory Base (DMB) address. It is incremented each 
time the Data Memory is accessed. The maximum 
buffer size is 16. 

ROCYCS Instruction Field Format 

I- FTR 

15 1211 43 09 
1 

DM 

OM Base 

49-000074A 

FTT 'I 
43 

o 0 01 
1 

OM BASE Ix 21) Buffer Size Read Counter 

RDCYCL [Read Cyclic Long] 

RDCYCL reads 18-bit data words from the Data Memory 
in a cyclic manner like RDCYCS but has a longer cyclic 

ROCYCL Instruction Flald Format 

FTR 

15 1211 87 

49-000073A 

range. The first data to be read is specified by the DM 
Base address. The last data to be read is specified by 
the buffer size. The maximum buffer size is 256. 

-I- FTT 'I 
09 87 

1 I o 1 OM Base Ix 25) I Buffer Size Read Counter 
1 I 

WRCYCS [Write Cyclic Short] 
WRCYCS writes 18-bit data words into the Data 
Memory cyclically. The first the Data Memory address 

WRCYCS Inslruction Field Formal 

FTR 

15 1211 43 
1 o 0 11 OM Base Ix 21) 
I 

WRCYCL [Write Cyclic Long] 
WRCYCL writes 18-bit data words into the data memory 
in a cyclic manner similar to WRCYCS but has a longer 

5-16 

49-000075A 

is specified by the DM Base address. The last address 
is specified by the buffer size. The maximum buffer 
size is 16. 

FTT 'I 
09 43 

Buller Size Write Counter 

49-000076A 

cyclic range. The first OM address is specified by the 
DM Base address. The last address is specified by the 
buffer size. The maximum buffer size is 256. 
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WRCYCL Instruction Field Format 

FTR 

15 1211 87 

o 1: OM Base ix 25) : Buller Size 
I I 

RDWR [Read/Write Data Memory] 
RDWR is used to write or read data to and from the 
Data Memory. This instruction reads/modifies/writes 
the Data Memory with the Address Register as index. 

If a token arriving at the instruction has FTRC bit = 0, 
then the instruction performs a OM read operation. If it 
has FTRC bit = 1, then the instruction performs a DM 
write operation. 

For a token with the FTRC bit = 0, the actual DM 
address location to be read is determined by the sum of 
the following three values: 8-bit Address Register (AR), 

FTRC=O 

Before Read Operation 

8 7 

I 0 I AR 

I 0 I Lower 8 Bits of Oat. Field 

1 

0 

1 
0 

I 
0 

I 0 I t~I ____________ D_M_B_a_.e_A_d_dr_e._. __________ L-~ 

Alter Read Operation 

7 

OM Address 

AR 

0 

1 

t~I ___________ L_ow_e_r8_B_lt_s_Of_D_.t_a_FI_eld __________ ~ 

AR 

49-000079A 

R DWR Instruction Field Format 

I-
15 12 11 

FTR 

OM Base 
ix 2') 

4 3 

pPD7281 

FTT 

09 87 

Write Counter 

49-000077A 

the lower eight bits of the data field of the token, and 
the DM Base address. After the read operation, the 
lower eight bits of the token's data field is added to the 
value of AR. Additionally, the data field of the token is 
replaced by the contents read from the Data Memory 
location. 

If a token with FTRC bit = 1 is used along with RDWR, a 
write operation is performed. The Data Memory address 
location is determined by the sum of 8-bit AR and DM 
Base address. The 18-bit data from the token is written 
into the DM address calculated. After the write 
operation, AR is reset to OOH. 

FTRC= 1 

Before Write Operation 

8 7 

I 0 I AR 

+1 OM Base Address 

OM Address 

Alter Write Operation 

7 

I 0 

AR 

49-0000BOA 

FTT 

o 9 8 7 

Address Register 

49-00007BA 
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RDIDX [Read Data Memory with Index] 

RDIDX is used to read the contents of the Data 
Memory. This instruction is most useful when a part of 
the Data Memory is used as a look-up table. The 
RDIDX instruction performs different operations 
depending upon the FTRC bit of the token using the 
instruction. If the FTRC bit = 0, then the instruction 
reads a Data Memory location. The OM address 
location to be read is determined by the sum of the 
following three values: the a-bit AR, the lower eight bits 

FTRC=O 

Before Read Operation 

7 

AR 

Lower 8 Bits of Data Field 

+~ _____________ D_M_B_a_se ____________ LI ~o I 

After Read Operation 

7 

OM Address 

AR 

RDIDX Instruction Field Format 

NEe 
of the token's data field, and the OM Base address. 
After the read operation, the data field of the token is 
replaced by the contents of the Data Memory location 
read. The value of AR is reset to zero after the 
operation. 

If the FTRC bit = 1, no operation is performed on the 
Data Memory. However, the token's AR contents are 
replaced by the modu10-256 sum of the lower eight bits 
of data field and the current contents of AR. 

FTRC= 1 

AR 

7 0 

+LI __________ L_ow_e_r8_B_it_so_f_Da_ta_F_ie_ld ________ ~1 

AR 

49-000081 A 

1-1.--------FTR---------<·~I·r-------FTT-----·I 
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15 1211 

o 1 0 1 i 
I 

OM Base Ix 21J 

43 09 87 

Address Register [ARJ 

49-000082A 
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PICKUP [Pickup Data Stream] 

Th is instruction picks up every (n+ 1) th token from a stream 
of incoming tokens and increments the (n+ 1 )th token's I D 
field by one. The number n is specified by the Count 

PICKUP Instruction Field Format 

I' FTR 

15 1211 87 
I 

pPD7281 

Size (CS) of the Function Table Right field. 

Figure 10 illustrates the PICKUP instruction with CS = 3. 

Note: These figures use the data-flow graph convention. See figure 
27, Data-flow Graph Explanation for the explanation of figures. 

FTT -I 
09 87 

1 0 0: Count Size ICS] Counter [C] 

Figure 10. Pickup Instruction 

IN 

OUT1 

49-0oo083A 

COUNT [Count Data Stream] 

COUNT copies every (n+1 )th token from a stream of 
incoming tokens and increments the copied token's ID 

COUNT Instruction Field Format 

I- FTR 

15 1211 87 

Count Size [CS] 

49-000085A 

CS=3 

10 
10+1 

49-000084A 

field by one. The number n is specified by CS of the 
Function Table Right field. Figure 11 illustrates the 
COUNT instruction with CS = 3. 

FTT 

09 87 

Counter IC] 

49-oo0136B 
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Figure 11. COUNT Instruction 

CS=3 

49-000087A 

CONVO [Convolve] 
CONVO instruction is used to perform cumulative 
operations such as ~Aj or IIAj. The CONVO instruction 
is best suited for convolving two sequences of the 
same length. Figure 12 illustrates the CONVO instruc
tion by computing 

n 

SUM = IAj Bj. 
j = 1 

The Aj sequence is input to IN1 while the Bj sequence 
is inputto IN2. Together they are queued and multiplied 
to form the Cj sequence. The Cj'S arriving at CONVO 
instruction are queued and added together to form the 
final answer SUM. The length of the summation, n, is 
specified by the CS. 

CONVO Instruction Field Format 

FTR 

15 1211 87 

Count Size (CS) 
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IN 

OUT1 

49-000124A 

Figure 12. cONVO Instruction 

CS=2n-1 
IN1 IN2 

49-000088A 

FTT 

09 87 1 0 

Counter (C) 

49-000089A 



NEe 
CNTGE [Count Generation] 
CNTGE is normally used with COPYBK (Copy Block) 
to generate more than 16 copies of a single token (see 
figure 13). This instruction has both the dead (inactive) 
state and the wait (active) state. The instruction starts 
in the dead state. The FTRC bit = 0 tokens that arrive 
during the dead state of instruction are output to the I D 
+ 2 token stream. It enters the wait state when a token 
with FTRC bit = 1 arrives and the token is output to I D 
token stream. Once the instruction is in the wait state, 
it counts the number of tokens arriving with FTRC bit = 
0, outputting them to the ID token stream, until the 
number exceeds the number specified by CS.1f Counter 
(C) reaches the number specified by Count Size (CS), 
the instruction automatically enters the dead state. 
Tokens with the FTRC bit = 1 arriving at CNTGE while 
the instruction is in the wait state are deleted by the 
instruction. Once the instruction enters the dead state, 
it can be reactivated by the arrival of a token with FTRC 
bit = 1. 

CNTGE Instruction Field Format 

I' FTR 

15 12 11 87 

I 
1 1 1 0: Count Size [CS) 

pPD7281 

Figure 13. CNTGE Instruction 

CNTGE 

~:::~------------~ 
COPYBK 

. :{1 
GS=3 ~ 

'------+--10 + 2 

1 

GS=3{ ~ 
1 CS=l 

1 

GS=3{ ~ 
1 CS=O 

10 
49-000091 A 

,I, FTT '1 
0 9 8 7 

I 
w/o~ Counter [CI 

49-000090A 
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DIVCYC [Divide Cyclic] Figure 14. DIVCYC Instruction 

o IVCYC divides an incoming stream of tokens into two 
streams of tokens: an 10 token stream and an 10 + 1 
token stream. The pattern in which the incoming 
tokens are divided is specified by the Divide Size (OS) 
and Count Size (CS). The OS specifies cycle size 
whereas CS specifies the number of consecutive 
tokens to be in the 10 stream. The first CS + 1 tokens 
are output to the 10 token stream. The following 
consecutive (OS - CS) tokens are output to the 10 + 1 
token stream. 

Figure 14 illustrates the OIVCYC instruction with 
OS = 7 and CS = 2. Note that an incoming stream of 
tokens is divided into a stream of 10 tokens and a 
stream of 10 + 1 tokens with a cycle of 8 tokens. Since 
CS = 2, the number of 10 tokens in one cycle is 3, the 
number of 10 + 1 tokens in a cycle is 5. 

DIVCYC Instruction Field Format 

15 1211 87 43 

Count Size ICS] ! Divide Size IDS] 

5-22 

DS=7 
CS=2 13 

12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

10 10+1 

FTT 

09 87 43 

I 
- : Counter IC] CounterlC] 

NEe 

49-000093A 

49-QOOO92A 
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DIV [Divide] 
DIV with CS = n divides an incoming stream of tokens 
with FTRC bit = 0 into two streams of tokens: I D tokens 
and 10+ 1 tokens. The first (n + 1) incoming tokens with 
FTRC bit = 0 are output as the 10 tokens, and the rest of 
the incoming tokens with FTRC bit = 0 are output as 
10 + 1 tokens. An incoming token with FTRC bit = 1 is 
used to reinitialize the DIV instruction. The stream of 
input tokens with FTRC bit = 0 after the reinitialization 
isagain divided into a stream of (n +1) 10 tokens followed 
by I D + 1 tokens. A token with FTRC bit = 1 which 
reinitializes the DIV instruction is deleted from the 
output token stream. A DIV instruction with CS = 3 is 
illustrated in figure 15. The 10th and 16th input tokens 
have FTRC bit = 1, so they reinitialize the DIV 
instruction. 

OIV Instruction Field Format 

FTR 

15 1211 87 

1 0 1 1 Count Size (CS] 

Figure 15. DIV Instruction 

o 9 8 7 
I I 

S/F' - I 
I I 

CS=3 

FTRC=O FTRC=1 
IN1 IN2 

15 
14 
13 
12 
11 

16 

10 

10 10+1 

Note: Tokens (10] .nd (16].r. deleteet 

FTT 

Counter (C] 

pPD7281 
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OIST [ Distribute] 

OIST is used to divide a stream of incoming tokens 
with the same 10 into more than one stream of tokens 
with different IDs (see figure 16). The AID size 
determines the maximum number of output token 
streams the instruction can have. AID is the value 
added to an incoming token'slD field to form the ID 
field of the output token. The AI D field is initially set to 
zero, and it is incremented by one after a token with 
FTRC bit = 1 passes through the instruction. However, 
a token with FTRC bit = 0 has no effect on the value of 
AID field. If the value of AID before being incremented 
by a token with the FTRC bit = 1 is equal to the 
contents of the A I D size field ,the A I D field wi II be reset 
to zero. 

OIST Instruction Field Format 

I' 
FTR 

15 1211 43 

1

0 0 1 o i ! 

5-24 

Figure 16. DIST Instruction 

Initial state:610 = 0 

When 610 Size =3 

NEe 

FTRC = 0 FTRC = oj , 

10+3 
10 + 110·2 

49-000104A 

'1· FTT ·1 
09 43 0 

610 size I l 610 I 
49-000103A 
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SAVE [Save 10] 
SAVE is used to set the value of the 10 field of a token. 
The instruction performs two different operations 
depending on whether the token's FTRC bit is 1 or o. If 
the token's FTRC bit = 0, the instruction copies the lower 
eight bits of the data field into the Identifier Stack 
Register (IOSR) field. However, if the token's FTRC bit 
is 1, the instruction replaces the token's 10 field with 
the contents of 10SR. 

Figure 17 illustrates the use of the SAVE instruction. 
Token 1 assigns an 10 field value of 10H to tokens 2, 3, 
4 and 5, token 6 assigns an 10 field value of 20H to 
tokens 7 and 8, and token 9 assigns an 10 field value of 
30H to tokens 10, 11 and 12. In th is exam pie, tokens 1, 6 
and 9 are deleted after SAVE instruction. 

SAVE Instruction Field Format 

I· FTR 

15 1211 

1

0 1 1 01 

Figure 17. SA VE Instruction 

10H 20H 

'I' 
09 87 

I ! 

30H 

FTT 

12 
11 
10 

10 Slack Register [IOSR] 

pPD7281 

E 
49-000106A 

'I 
0 

I 
49-000105A 
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CUT [Cut Data Stream] 

CUT is used to delete unnecessary tokens from a 
series of incoming tokens. The first n tokens arriving at 
the instruction are deleted, where n is the value 
contained in the CS field of the instruction. Initially the 
S/F bit and the Counter (C) are set to zero. When a 
token with its FTRC bit = 0 enters the instruction while 
S/F bit is zero, the token increments the Counter by 
one and the token itself is deleted. As the first (n + 1) 
tokens are deleted by the instruction, the Counter has 
the same value as n, the contents of CS field. This 
condition sets the S/F bit to 1. When the S/F bit is 1, a 
token with itsFTRC bit = 0 can pass through the 
instruction without being deleted. However, if a token 
with its FTRC bit = 1 passes through the instruction, it 
resets the S/F bit to 0, thereby reinitializing the instruc
tion. The token with its FTRC bit = 1 is also deleted 
after reinitializing the instruction. Figure 18 illustrates 
the use of CUT to delete tokens 7 and 12 and the three 
tokens following them. 

CUT Instruction Field Format 

FTR 

15 1211 87 

1: Count Size [CS] 
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Figure 18. CUT Instruction 

09 8 7 
I I 

S/F: - : 

FTRC = 0 FTRC 1 

FTT 

20 

13 

11 
10 
9 
8 

Counter [C] 

12 

NEe 

49·000108A 

., 
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Table 10. AG and Fe Instructions 

Mnemonic FTR (16) 
1514131211109876543210 

DM Base 
QUEUE o 0 1 1 (x 21) 

(8) 

DM Base 

RDCYCS o 0 0 0 
(x 21) 
(DMB) 
(8) 

DM Base 

RDCYCL 1 000 (x25) 
(4) 

Base 

WRCYCS 000 1 (x 21) 
(8) 

DM Base 

WRCYCL 1 0 0 1 (x 25) 
(4) 

DM Base 
RDWR 0 o 0 

(x 21) (8) 

RDIDX 0 0 
DM Base 
(x 21)(8) 

PICKUP 0 0 (4) 

COUNT 1 1 0 1 (4) 

CUT o 1 1 1 (4) 

DlVCYC 1 0 1 0 (4) 

DIV 1 0 1 1 (4) 

DIST 001 0 (8) 

CONVO (4) 

SAVE 0 

CNTGE 1 1 1 0 (4) 

Queue 
Size 
(4) 

Buffer 
Size 
(BS) 
(4) 

Buffer Size 
(8) 

Buffer 

Size 
(4) 

Buffer Size 
(8) 

(4) 

(4) 

Count Size 

(CS) (8) 

Count Size 

(8) 

Count Size 
(~) 

Count Divide 
Size Size 
(4) (4) 

Count Size 

(8) 

.Do1D 

Size 
(4) 

Count Size 
(8) 

(12) 

Count 
Size 

(8) 

FTT(10) 
9876543210 

A W Read Write 
I I Counter Counter 
B R (4) (4) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

S 
I (1) 
F 

(2) 

S 
I (1) 

F 

(2) 

(2) 

W 
1(1) 

D 

(6) 

Read 

Counter 
(8) 

(6) 

Write 

Counter 
(8) 

Read 
Counter 
(RC) 
(4) 

Write 

Counter 
(WC) (4) 

Address Register 

(AR) (8) 

Address Register 

(8) 

Counter (C) 

(8) 

Counter 

(8) 

Counter 
(8) 

Counter Counter 
(4) (4) 

Counter 

(8) 

(6) .Do1D 
(4) 

Counter I 
(7) (1) 

ID Stack Register 

(8) (lDSR) 

Counter 
(8) 

FTRC 
(1) 

JlPD7281 

Operation 

Synchronize two tokens 

DATA - (DMB + RC), RC - RC + 1 

DATA - (DMB + RC), RC - RC + 1, when BS = RC, 

copy with ID + 1 

DATA - (DMB + RC), RC - RC + 1 

DATA - (DMB + RC), RC - RC + 1, when BS = RC, 
copy with ID + 1 

(DMB + WC) - DATA, WC - WC + 1, delete token 
- - ---------------------------------------------------------------------------------------------------

(DMB + WC) - DATA, WC - WC + 1, when BS = WC, 
token not deleted 

o (DMB + WC) - DATA, WC - WC + 1, delete token 
-_ .. _----- ------------------------.-----------------_ ... _----_.----- ----------------------------._----

(DMB + WC) - DATA, WC - WC + 1, when BS = WC, 
token not deleted 

DATA - (DMB + AR + DATA), AR - AR + DATA 
---------- ------------------------------_._--------------------------------_ ... _-------_._----------------------------._-------

(DMB + AR) - DATA, AR - 0 

DATA - (DMB + AR + DATA), AR - 0 

AR-AR + DATA 

When CS;6C, C-C+1; when CS=C, distribute, C-O 

C - C + DATA, token deleted 

When CS ;6 C, C - C + 1; when CS = C, copy token, 
C-O 

C - C + DATA, token deleted 

When S/F = 0 and C::; CS, C - C + 1, delete token; 
when S/F = 0 and C> CS, or when S/F = 1, C - C+1, 
token not deleted 

S/F - 0, C - 0, token deleted 

o When C ::; CS, C - C + 1; when C> CS, distribute, 

...... ~.::.~.±.~! .. 9.::~: .. '!.{.~~.~.~.~.Q~_~.~.::.~ ..................................... . 
C - C + DATA, token deleted 

When S/F=O and C::; CS, C - C+1; when S/F = 0 
and C > CS, or when S/F = 1, distribute, C - C + 1; 

_._._-------------------_._--------------------------- .. _---_. __ ... _-_._--_._---_ .. _-_ .. _----_ .................... . 
S/F - 0, C - 0, token deleted 

10 - (ID + ~ID) modulo .DoID size 

When .Do1D ;6 .Do1D size, 1D-(ID+.DoID) modulo .Do1D size, 
.DolO - .Do1D + 1. When .DoID = .DoID size, .Do1D - 0 

When CS;6 C, ID -ID + C (modulo 2), C - C + 1; 
when CS = C, ID - ID + 2, C - 0 

IDSR - Lower 8-bit of DATA 

ID -IDSR 

When dead, ID - ID + 2; when wait, if C = CS, C - 0, 
WID = 0; when wait, if C;6 CS, C - C + 1 

When dead, initialization; when wait, delete token 
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PU Instructions 

13 12 11 109 8 7 6 54 3 2 1 0 

FTL field IFILl ~ lOUT I ~ I ~ I P N Z lop I 
F/L: FuJII Left 

XCH: Exchange 

QUT:Output 

BRC: Branch Control 
CNOP: C-Blt NOP 

PNZ:Posltlve, Negative, or Zero 

OP: Op code 

49-000109A 

PU instructions (see table 20) are stored in the Function 
Table Leftfield ofthe Function Table memory. The bits 
o through 11 are used as control information for the 
Processing Unit. The bits 12 and 13 are deleted before 
the token arrives at the Processing Unit. Two operands 
from the A and B sides are operated on by the 
Processing Unit and the result is output to the X and Y 
sides (see figure 19). 

Figure 19. The Processing Unit 

A~ide 

Bit Assignments 

Cy Sy 
Cx Sx 

16 

DATAy 
DATAx 

B side 

49-000110A 

F/L [Full/Left]: F/L bit = 0 indicates that the PU 
instruction is a one-operand instruction, and only the 
Function Table Left field is meaningful. F/L bit = 1 
indicates that the PUinstruction is a two-operand 
instruction, and both the Function Table Left field and 
the Function Table Right field are meaningful. Therefore, 
when F/L bit = 1, the PU instruction is used in 
conjunction with an AG/FG instruction. 
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XCH [Exchange]: This bit controls the exchange 
operation. Operands will be exchanged just before the 
two tokens enter the QUEUE when XGH =1. 

OUT [Output]: There are four di-fferent PU output 
token formats. The two OUT bits specify the output 
token format. See table 11. 

Table 11. OUT Bits 

First Output Second Output 
OUT Bits No. of Outputs 10 DATA,C,S 10 DATA,C,S 

00 ID X1 

01 10 y2 

10 2 ID X ID + 1 X 

11 2 ID X ID + 1 Y 

Notes: 1. This is the 18-bit result of the operation output to the X 
side. It includes the Cx and Sx bits. 

2. This is the 18-bit result of the operation output to the Y 
side. It includes the Cy and Sy bits. 

BRC [Branch Control]: The BRG bit controls the flow 
of the PU output data token. The output data token 
may be output to either the I D token stream or the 
ID + 1 token stream. When the BRG bit is set to 1 and 
the G bit of the PU output data token is also 1, the output 
data token is sent to the ID + 1 token stream. But when 
the BRG bit is set to 1 and the G bit of the output data 
token is 0, the token is sent to the ID token stream. 
Therefore, using the BRG bit implements a conditional 
branch on G. 

CNOP Bit: This bit informs the Processing Unit whether 
or not the incoming token should be processed. If the 
GNOP bit is set, and the GA bit is not equal to the Gs bit, 
then the token passes through the Processing Unit 
with no operation performed. See table 12. 

Table 12. CHOP Bit 

CB 

o o 

o 

o 

PU Operation 

Processing specified by the OP code is 
performed. 

Token passes through the Processing Unit as 
NOP. 

Token passes through the Processing Unit as 
NOP. 

Processing specified by the OP code is 
performed. 

PNZ [Positive, Negative, Zero] Field: The PNZ field is 
used to test the resulting condition of the PU operation. 
If the resulting condition matches the condition set by 
the PNZ field, then the G bit of the output data token is 
set to 1. See table 13. 
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Table 13. PNZ Field 

Assembler 
P N Z Condition Cx Cy Description 

o 0 0 No condition set CA CB 

o 0 1 Result of operation = 0 1 1 EQ True 
.-.. _------_ .. _----... _-_.".----_.- ._-----------------------------"-- .-_----_ ... _------------
Result of operation =;f 0 0 0 False 

o o Result of operation < 0 1 1 LT True 
-_._._------_._-----------_._----------_ ... -.--.---

Result of operation;::: 0 0 0 False 

o 1 Result of operation :5 0 LE True 
------------------------

Result of operation> 0 0 0 False 

o 0 Result of operation> 0 GT True 

Result of operation :5 0 0 0 False 

o 1 Result of operation;::: 0 1 1 GE True 
. _-----------------._---------._---- ._-----_._---_ .. _----------------- ._--------_ ... _----_.- .. 
Result of operation < 0 0 0 False 

o Result of operation =;f 0 1 1 NE True 
--------._------------------------._. 

Result of operation = 0 0 0 False 

1 Overflow generated 1 1 OVF True 
-----.- ........ --------------------------- .. -._.-.---- --------------------" .. " 

No overflow generated 0 0 False 

tJPD7281 

OP Code Field: This 5-bit OP code field specifies the PU 
operations to be performed. See table 14 

Table 14. OP Code Field 

Instruction 

Logical 

Arithmetic 

Shift 

Compare 

Bit manipulation 

Bit check 

Data conversion 

Double precision adjust 

Accumulative addition 

C bit copy 

Mnemonic 

OR 

AND 

Dpcode 

00000 

00001 

XOR 00010 

ANDNOT 00011 
--_._._-------._-_ .. _------

NOT 01100 

11000 

11100 

11001 

ADD 

ADDSC 

SUB 

SUBSC 

MUL 

-------------------------.. _-------------_ .... 
11101 

11010 

MULSC 11110 

NOP 11011 
.. -.. _ .. _---------------------_._---_ ... --_ .. _---.. _------

NOPSC 11111 

INC 01010 

DEC 

SHL 

SHLBRV 

SHR 

SHRBRV 

01011 

00100 

00101 

00110 

00111 

CMPNOM 01000 
-.. _-_._.---.-------------------------

CMP 01001 

CMPXCH 10001 

GET1 10101 

SET1 10110 
-----------------------------------_.-._----------_._---

CLR1 10111 

ANDMSK 01101 

ORMSK 10000 

CVT2AB 01110 
--------------------------_._-

CVTAB2 01111 

ADJL 10100 

ACC 10010 

COPYC 10011 
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Logical Instructions 

These instructions perform 16-bit logical operations 
on DATA A and DATAs. Usually there are no changes 
in C and S bits between the input token and the output 
token, however C bits can be affected by PNZ condition 
when specified. 

OR, AND, XOR: These instructions perform 16-bit 
logical OR, AND, and XOR operations using input data 
tokens from the A and B sides of the Processing Unit. 
The 16 bit result is output to the X side. 

ANDNOT: This instruction first complements DATAA 
and then performs logical AND operation with DATAs. 
The 16-bit result is output to the X side. 

NOT: This is a one-operand instruction which requires 
16-bit data input from the A side only. The B side input 
is ignored. This instruction complements the 16-bit 
input data from the A side. The 16-bit result is output to 
the X side. 

Arithmetic Instructions 

These instructions perform 17-bit (including the sign 
bit) arithmetic operations on DATAA and DATAs. When 
a PNZ condition is specified, the C bits of output data, 
Cx and Cy, reflect the setting. However, if no PNZ 
condition is specified (i.e., PNZ = 000), then Cx -- CA 
and Cy -- Cs. 

ADD, SUB: These instructions perform addition or 
subtraction on DATA A and DATAs along with the sign 
bits, SA and Ss. The result is output to the X side. 
DATAy is normally OOOOH. However, if an overflow 
occurs, then DATAy is equal to +0001 H (Sy = 0). If an 
underflow occcurs, then the DATAy is equal to-0001 H 
(Sy = 1). 

MUL: This instruction multiplies DATAA and DATAs. 
The correct sign bit for the product is determined from 
SA and Ss. The 33-bit result including a sign bit is 
output as two 17-bit words, Sx and DATAx, followed by 
Sy and DATAy. DATAx is the upper 16-bit word and 
DATAy is the lower 16-bit word. Sx holds the resulting 
sign bit, and Sy is a mere duplicate of Sx. 

NOP: This instruction performs no operation on the 
input token. The input data from A and B sides are 
output to the X and Y sides, respectively, without any 
change in their contents. If any control other than the 
OP code (such as PNZ control, BRC control, etc.) has 
been specified, the output complies with the control. 

Shift Count Instructions 
These four Shift Count (SC) instructions first perform 
the normal operations, then count the number of 
leading zeros in DATAx of the result, and finally output 
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the number of zeros as DATAy (see table 15). These 
instructions are provided for easy floating point 
processing. 

ADDSC, SUBSC, NOPSC: These instructions perform 
addition, subtraction, or no operation. The number of 
preceding zeros in DATAx of the result is output as 
DATAy. If an overflow or an underflow occurs as a result 
of an operation, DATAy contains + 0001 H (Sy = 0) or 
-0001 H (Sy = 1), respectively. 

MULSC: This instruction performs a normal multi
plication operation using the two 17-:bit data. The 
upper order 16-bit data and its sign bit are output as 
DATAx and Sx, but the lower 16-bit data is not output as 
DATAy. Instead, the number of preceding zeros in 
DATAx are counted and output as DATAy. The Sy bit is 
always zero. 

Table 15. Shift Count Operation 

DATAX AHer Operation SC Output IY) 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Sy Y Data 

0 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0 o 0 1 0 H 
0 0 0 0 o 0 0 0 0 0 0 0 0 0 0 1 0 000 F H 
0 0 0 0 o 0 0 0 0 0 0 0 0 0 1 x 0 000 E H 
0 0 0 0 o 0 0 0 0 0 0 0 0 1 x x 0 o 0 0 D H 
0 0 0 0 o 0 0 0 0 0 0 0 1 x x x 0 o 0 0 C H 
0 0 0 0 o 0 0 0 0 0 0 1 x x x x 0 o 0 0 B H 
0 0 0 0 o 0 0 0 0 0 1 x x x x x 0 o 0 0 A H 
0 0 0 0 o 0 0 0 0 1 x x x x x x 0 o 0 0 9 H 
0 0 0 0 o 0 0 0 1 x x x x x x x 0 o 0 0 8 H 
0 0 0 0 o 0 0 1 x x x x x x x x 0 o 0 0 7 H 
0 0 0 000 1 x x x x x x x x x 0 o 0 0 6 H 
0 0 0 001 x x x x x x x x x x 0 o 0 0 5 H 
0 o 0 o 1 x x x x x x x x x x x 0 o 0 0 4 H 
0 o 0 1 x x x x x x x x x x x x 0 o 0 0 3 H 
0 o 1 x x x x x x x x x x x x x 0 o 0 0 2 H 
0 1 x x x x x x x x x x x x x x 0 000 1 H 
1 x x x x x x x x x x x x x x x 0 000 0 H* 

Notes: • When an overflow or underflow has occurred 
x don't care 

Increment and Decrement Instructions 

INC, DEC: These instructions increment or decrement 
the 17-bit data from the A side (SA and DATAA), and 
outputs the result to X side as Sx and DATAx. The Sy 
and DATAy are normally zero. However, if an overflow 
or an underflow occurs, then the Y side outputs + 0001 H 
(Sy = 0) or - 0001H (Sy = 1), respectively. 

Shift Instructions 

SHR [Shift Right], SHL [Shift Left]: SHR or SHL 
instructions perform a barrel-shifting operation on the 
16-bit data, DATAA. The actual number of shifts and 
the direction is further specified by the lower five bits 
of DATAs and Ss, respectively. See figure 20 for 
detailed operation explanations. 
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Figure 20. SHR and SHL 

Right Shift ISHR execution) 

LowerS bits 
Se of DATAe 

INo. 01 shills] 
DATAx 

o 00000 I 
:=;:========~ 

o 00001 LI0~1 ______ A_,s_A'_4_ ... _A' ____ ~ 

o 00010 @i.L� _____ A~,~S._ .. A~2 ____ ~1 

o 00011 

o 00100 

o 00101 

o 00110 0 ... 0 

o 00111 0 ... 0 

o 01000 0 ... 0 

o 01001 0 ... 0 

o 01010 0 ... 0 

o 01011 0 ... 0 

o 01100 0 ... 0 

o 01101 0 ... 0 

o 01110 0 ... 0 

o 01111 0 ... 0 

o lXXXX 0 ... 0 

1 00000 

1 00001 A'4 ... AO 101 

0001 0 A'3 ... AO 10 01 

000 1 1 A'2 ... AO I 0 ... 0 I 
00100 A" ... Ao 0 ... 0 I 
DO 1 0 1 A,o ... Ao 0 ... 0 

o 0 1 1 0 Ag ... Ao 0 ... 0 

00111 ~ 0 ... 0 

1 0 1 000 A7 ... AO 0 ... 0 

o 1 0 0 1 A6 ... AO 0 ... 0 

01010 As ... Ao 0 ... 0 

01011 0 ... 0 

01100 0 ... 0 

01101 0 ... 0 

0 ... 0 

0 ... 0 

lXXXX 0 ... 0 

DATAy 

0 ... 0 

0 ... 0 

0 ... 0 I 
0 ... 0 ~ 

I A3 ... Aol 0 ... 0 

0 ... 0 

l!S ... AO 0 ... 0 

A6 .. ·A O 0 ... 0 

0 ... 0 

A8 .. · AO 0 ... 0 

Ag ... Ao 0 ... 0 

0 ... 0 

A" ... Ao 0 ... 0 

1 0 ... 0 I 

1
00

1 

A'4 ... AO 

0 ... 0 

0 ... 0 I~I 

0 ... 0 ~~~I 

0 ... 0 A,s ... A8 

0 ... 0 A,s ... A6 

0 ... 0 I A,s ... As~ 

0 ... 0 I A,s .. ·A4 

49-000137C 

Left Shift [SHL execution] 

Lower S bits 
Se of DATAe 

INo. of Shills I 

o 00000 

o 00001 

o 00010 

o 00011 

o 00100 

o 00101 

DATAx 

A13 .. ·AO 

A" ... AO 

o 0 0 1 1 0 Ag ... Ao 

1
00 

10 ... 0 

0 ... 0 

0 ... 0 

0 ... 0 

~==~~ 
000111 ~ 0 ... 0 

~===;::::===~ o 0 1 0 0 0 A7 ... AO 0 ... 0 
~------~------~ 

o 01001 L-_A_6_ ... A_o __ L-___ 0_ ... _0 __ ~ 

o 01010 L-_As_ .. _.A_0-LI _____ o._ .. o ____ ~ 

o 01011 0 ... 0 

o 01100 0 ... 0 

o 01101 0 ... 0 

o 01110 0 ... 0 

o 01111 0 ... 0 

o lXXXX 0 ... 0 

1 00000 

00001 101 A,sA,4 ... A , 

o 0 0 1 0 0 0 I A,s ... A2 

0001 1 0 ... 0 I A,s ... A3 

o 0 1 0 0 0 ... 0 A15 ... A4 

001 0 1 0 ... 0 A,s ... As 

00 1 1 0 0 ... 0 A,s ... A6 

001 1 1 0 ... 0 A,s ... A7 

1 01 000 0 ... 0 A,s ... A8 

01 00 1 0 ... 0 A,s ... Ag 

01010 

01011 

01100 

01101 r===o ... O 1~5'~31 
01110 0 ... 0 h1~1 

01111 0 ... 0 ~J 

lXXXX 0 ... 0 I 
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DATAy 

0 ... 0 

0 ... 0 I~I 
0 ... 0 

0 ... 0 

0 ... 0 

0 ... 0 

0 ... 0 

0 ... 0 

0 ... 0 

0 ... 0 

0 ... 0 A,s ... A6 

0 ... 0 I 
0 ... 0 I 

0 .. 0 I 
001 

0 ... 0 

I~I 0 ... 0 

I~~I 0 ... 0 

IA3 ... Aol o ... ~ 

I A4 .. ·AO I 0 ... 0 

AS .. ·AO 0 ... 0 

A6 ... AO 0 ... 0 

A8 ... AO 0 ... 0 

Ag ... Ao 0 ... 0 

A" ... AO 0 ... 0 

49-000'38C 

5-31 



pPD7281 

SHRBRV [Shift Right with Bit Reverse], SHLBRV 
[Shift Left with Bit Reverse]: SHRBRVor SHLBRV first 
reverses the order of the bits in DATAA and then 
performs a normal SHR or SHL operation, respectively. 
See figure 21. 

Compare Instructions 
The Compare instructions (see table 16) are different 
from other PU instructions in that PNZ conditions 
must be specified along with the instructions. When a 
compare instruction is used along with a specified 
PNZ field, the Processing Unit performs a subtract 
operation. This subtract operation produces a set of 
PNZ flags, which are compared against the PNZ field 
specified by the instruction. When these two PNZ 
fields coincide, the specified PNZ conditions are said 
to be true. When they do not coincide, the specified 
PNZ conditions are said to be false (see table 17). The 
output data from the Processing Unit differs signifi
cantly depend ing on the PNZ cond itions. The following 
three instructions compare the 17-bit data (SA and 
DATAA) from the A side against the 17-bit data (SB and 
DATAB) from the B side. 

CMPNOM [Compare and normalize]: If the specified 
PNZ conditions are false, then the control bits, sign 
bits and data for both the X and Y sides are set to zero. 
If the PNZ conditions are true, then Cx and Cy are set 
to one, Sx and Sx are set to zero, DATAx is set to 
0001 H, and DATAy is set to OOOOH. 

CMP [Compare]: This instruction outputs the 17-bit 
data words from the A and B sides to the X and Y sides 
without any change in their contents. It only alters the 
control bits. If the specified PNZ conditions are true, 
then Cx and Cy are set to one. If the PNZ conditions are 
false, then Cx is set to one and Cy is set to zero. 

CMPXCH [Compare and exchange]: If the specified 
PNZ conditions are true, then both the input data from 
the A side and B side are unchanged and output to the X 
side and Y side, respectively, including their sign bits 
and the control bits. However, if the PNZ conditions 
are false, then the input data from the A side is 
exchanged with the input data from the B side, in
cluding the control' and sign bits. 

Table 16. Compare Instructions 

Mnemonic 
Input 

NEe 
Figure 21. Bit Reversal Operations In SHRBRV and 

SHLBRV 

MSB LSB 

A'5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 Ao Before 

MSB LSB 

Ao 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Au After 

Table 17. PNZ Field Conditions for Compare 
Instructions 

Truel 

49·000318A 

P N Z Condition False Function Mnemonic 

o 0 1 SA DATAA = SB DATAB True Equal EQ 

SA DATAA ~ SB DATAB False Not equal 

o 1 0 SA DATAA < SB DATAB True Less than LT 

SA DATAA ;::: SB DATAB False Greater or equal 

o 1 1 SA DATAA ::s SB DATAB True Less or equal LE 
. ...................... __ .......... __ ............................................................ . 

SA DATAA > SB DATAB False Greater than 

1 0 0 SA DATAA> SB DATAB True Greater than GT 

SA DATAA::S SB DATAB False Less or equal 

1 0 1 SA DATAA;::: SB DATAB True Greater or equal GE 

SA DATAA < SB DATAB False Less than 

1 1 0 SA DATAA ~ SB DATAB True Not equal NE 
....................... __ ................ __ .. __ .. __ ............. __ ............. __ .... __ .......... . 

. SA DATAA = SB DATAB False Equal 

Note: The significance of the PNZ bits when Compare instructions 
are executed differs from that of other instructions. Here, the 
use of PNZ = 111 or 000 is prohibited. 

Output 
Notes 

CA SA DATAA Ca Sa DATAa Cx Sx DATAX Cy Sy DATAy 

CMPNOM 
CA SA A CB SB BOO OOOOH 0 0 OOOOH When PNZ is False 

-.. _------_ ..... --_._----------------_. __ .... -.. _-.--------._. __ .. __ ..... -..... _ .. _-----_ ...... _-_ ..... _ ..... _ ........ __ ...... _._._._-_ ... _--_ ........ _-_._-_._---... _._----_ .. _ ...... _---_._-_ ........... _ ................... _ ............ _.-
CA SA A CB SB B 1 0 0001H 1 0 OOOOH When PNZ is true 

CMP 
CA SA A CB SB B 0 SA A 0 SB B When PNZ is false -._._ ...... -..... _--_._-_ .......... __ .. _. __ ._-_._-_._._. __ ........ _._._----_ .. _--_._ ...... _ ....... __ .. _----------_ ... __ ._ ........... _ .. __ ..... _ ... _---------------_ ............... -....... _ ........ _-----------_._------------_._._---_._--_ .. 
CA SA A CB SB B SA A SB B When PNZ is true 

CMPXCH --.~-~--.. --.~-~-----------~---.--.-- ... ~~--... ---~~ .. ---.-----.~ .. ----.----.~~-.------~~.-.---------~-.----.----.~-~---.. ---~.~--.--.-----.-~--.---.---.--.--.----~~-~-~-.~~-~.~~.~-~~~.-.. ----.--.. --.----.. ---.-
CA SA A CB SB B CB SB A CA SB A When PNZ is false 
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Bit Manipulation Instructions 

GET1 [Get one bit]: This instruction is used to read a 
particular bit from DATAA (seetable 18). A bitof DATAA 
specified by the lower 4 bits of DATAB is output as the 
least significant bit of DATAx. All other bits of DATAx 
are set to zero. DATAy is also set to zero. The control 
bits and the sign bits of DATAx and DATAy are as 
follows: Cx ~ CA, Cy ~ CB, Sx ~ SA, Sy ~ O. 

SET1 [Set one bit]: This instruction is used to set a 
particular bit of DATAA. The bit of DATAA to be set is 
specified by the lower 4 bits of DATAB. After the bit is 
set, the 16-bit result is output as DATAx. DATAy is 
always output as zero. The control bits and the sign bits 

- of DATAx and DATAy are as follows: Cx ~ CA, Cy ~ CB, 
Sx ~ SA, Sy ~ O. 

CLR1 [Clear one bit]: This instruction is used to reset a 
particular bit of DATAA. The bit of DATAA to be reset is 
specified by the lower 4 bits of DATAB. After the bit is 
reset (cleared), the 16-bit resu It is output as DATAx. 
DATAy is always output as zero. The control bits and 
the sign bits of DATAx and DATAy are as follows: Cx ~ 
CA, Cy ~ CB, Sx ~ SA, Sy ~ O. 

Table 18. Bit Addressing 

DATAa Bit 
3 2 1 0 DATAA Bit Position 

0 0 0 0 0 

0 0 0 1 

0 0 0 2 

0 1 1 3 

0 0 0 4 

0 0 1 5 

0 0 6 

0 1 7 

1 0 8 

0 0 1 9 

0 10 

0 1 11 

0 0 12 

0 1 13 

0 14 

15 

Bit Check Instructions 

ANDMSK [Maska word with logical AND]: This instruc
tion tests certain bits in DATAA. The bits in DATAA to be 
tested are first masked with a bit pattern in DATAB. 
Only those bits in DATAA corresponding to the one bits 
of DATAB are considered. Then only those masked bits 
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of DATAA are ANDed together to set or reset the 
control bits, Cx and Cy. If the result of the AND 
operation is 1, then both the Cx and Cy are set to 1. If 
the result of the operation is 0, then the both Cx and Cy 
are set to O. The rest of the output data fields are the 
following: Sx ~ SA, Sy ~ SB, DATAx ~DATAA, DATAy ~ 
DATAB· 

ORMSK [Mask a word with logical OR]: This instruction 
tests certain bits in DATAA. The bits in DATAA to be 
tested are first masked with a bit pattern in DATAB. 
Only those bits in DATAA corresponding to the one bits 
of DATAB are considered. Then only those masked bits 
of DATAA are ORed together to set or reset the control 
bits, Cx and Cy. If the result of the OR operation is 1, 
then both Cx and Cy are set to 1. If the result of the 
operation is 0, then the both Cx and Cy are set to O. The 
rest of the output data fields are the following: Sx ~ SA, 
Sy - SB, DATAx - DATAA, DATAy - DATAB. 

Data Conversion Instructions 

CVT2AB [Convert two's complement to sign-magnitude]: 
This instruction converts a 16-bit number in two's IJ 
complement form to a 17 -bit number in sign-magnitude 
form. The sign of the two's complement number is 
output as the Sx bit. 

CVTAB2 [Convert sign-magnitude to two's comple
ment]: This instruction converts a 17~bit number 
in sign-magnitude form to a 16-bit number in two's 
complement form. This operation has the potential 
danger of an overflow or an underflow. If an overflow or 
an underflow occurs, the Cx bit is set to 1. 

Double Precision Adjustment Instruction 

ADJL [Adjust long]: This instruction is used to adjust a 
double precision number, in which the sign bits of the 
upper and lower words are different. This situation may 
occur after a double precision arithmetic operation. 
The examples in table 19 illustrate the adjustments of 
double precision numbers. 

Table 19. Double Precision Adjustment Examples 

Input/Output Sign Data 

Input High (A data) 0 1234H 
Low (8 data) 0 5678H 

Output High (X data) 0 1234H 
Low (V data) 0 5678H 

Input High (A data) 0 1234H 
Low (8 data) 1 5678H 

Output High (X data) 0 1233H 
Low (V data) 0 A988H 

Input High (A data) 1234H 
Low (8 data) 5678H 

Output High (X data) 1233H 
Low (V data) A988H 
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Accumulative Addition Instruction 
Ace [Accumulate]: This instruction (see figure 22) 
performs cumulative additions of incoming tokens' 
data fields. The incoming tokens are classified into 
type 1 and type 2 tokens. A type 1 token is deleted after 
the ACC operation, but a type 2 token is not. Moreover, 
a type 2 token reads the contents of the ACC register, 
which contains the accumulated sum of tokens. When 
a type 2 token reads the contents of the ACC register, 
the I D field of the token is unchanged. However, if an 
overflow has occurred prior to the arrival of a type 2 
token, the ID field is incremented by one. Only the 
following three tokens qualify as type 2 tokens. 

1 .. 11 the ACC instruction is used along with RDCYCS 
instruction, and the token's FTRC bit = 1, and the 
Buffer Size and Read Counter of RDCYCS instruction 
are equal. 

2. 11 the ACC instruction is used along with RDCYCL 
instruction, and the token's FTRC bit = 1, and the 
Buffersize and Read Counter of RDCYCL instruction 
are equal. 

3. If the ACC instruction is used along with COUNT 
instruction, and the token's FTRC bit = 0, and the 
Count Size and Counter of COUNT instruction are 
equal. 

C Bit Copy Instruction 
COPYC [Copy control bit]: This instruction copies the 
control bit of the A side and outputs it as Cy. 

Cx +- CA, Sx +- SA, DATAx +- DATAA. Cy +- CA. 
Sy +- SB, DATAy +- DATAB. 
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Figure 22. ACC Instruction 

No OutgOing Tokens 

COUNT 

1---------1 CS = n 

n 
Sum = I[OATAAlt 

i=1 

ACC 

'.. ~If an overflow occurs 

10 10+1 

49-000111A 

49-000112A 
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Table 20. PU Instruction (Sheet 1 of 3) 

Input Output 

Mnemonic OP Code SA DATAA Ca Sa DATAa Cx Sx DATAx Cy SY DATAy Notes 

Logical Operations 

OR 0 0 0 0 0 CA SA A CB SB B Cx SA A OR B Cy 0 OOOOH 
------------------------------------------------------

AND _O_O_O_O_1 ___ C_A ___ S_A~ __ A ___ C~B ___ S~B ___ B ____ C~X __ ~SA~A_A_N_D_B __ Cy~ __ O ____ OO_OO_H 

XOR 00 0 1 0 CA SA A CB SB B Cx SA A XOR B Cy 0 OOOOH 
------------------------------------~~----~--------

ANDNOT 00011 CA SA A CB SB B Cx SA AAND B Cy OOOOH 
---------------------------------------=--------------

NOT 0 1 1 00 CA SA A Cx SA A Cy 0 OOOOH 

Arithmetic Operations 

o A o B 

o A B 

ADD 11000 

A B 

A B 

A CB o B 

o A B 

ADDSC 11100 

A CB 0 B 

A CB B 

o A B 

SUB 11001 o A CB B 

A o B 

A CB B 

o A o B 

o A B 
SUBSC 11101 

A CB 0 B 

A B 

MUL 11010 CA A B 

MULSC 1 1 1 1 0 CA CB SB B 

Cx 0 A + B Cy o 
Cx 0 A - B Cy o OOOOH When A ::::: B, Sx = 0 

---------------------_.------------------------- -------------------------_.-.. -------------.--------.----------._-----
Cx B - A Cy OOOOH When A < B, Sx = 1 

Cx 0 B - A Cy o OOOOH When A < B, Sx = 0 
---_.--.-._-----------.. _-----------._-------- -----------_ .. --------------.-----------.. -------.-.---.----------. __ .-----.-._---

Cx A - B Cy OOOOH When A ::::: B, Sx = 1 

Cx 

Cx 

Cx 

Cx 

o 

A+ B Cy 

A + B Cy 

A - B Cy 

B -A Cy 

Ss No. of 
shifts t 

Ss When A ::::: B, Sx = 0 
--.- .. _----------------------._----------.----------.--------

Ss No. of When A < B, Sx = 1 
shifts t 

Cx 0 B - A Cy Ss When A < B, Sx = 0 

Cx A - B Cy Ss No. of When A ::::: B, Sx = 1 

Cx A + B Cy Ss 

shifts t 

No. of 
shiftst 

Cx A - B Cy 0 OOOOH When A> B, Sx = 0 

Cx 

Cx 

Cx 

Cx 

Cx 

Cx 

--------_.--------._---------

o 

o 

o 

B - A Cy 

A + B Cy 

A + B Cy 

B-A 

A-B 

Cy 

Cy 

A - B Cy 

o 

o 

Ss 

OOOOH 

OOOOH 

OOOOH 

No. of 
shifts t 

When A < B, Sx = 1 

When A < B, Sx = 0 
-------------------------._---------.. ------------

When A ::::: B, Sx = 1 

When A ::::: B, Sx = 0 

Cx B - A Cy Ss No. of When A < B, Sx = 1 
. shifts t 

Cx 0 A + B Cy Ss No. of 
shifts t 

Cx A + B Cy Ss No. of 
shifts t 

Cx 0 B - A Cy Ss No. of When A < B, Sx = 0 
shifts t 

-----------_.---._---------------_._-------._._-------------.-------- .. _---_. 
Cx A - B Cy Ss No of When A ::::: B, Sx = 1 

shifts t 

Cx Sx A x B Cy Sx A x B Sx = SA OR SB 
High Low (logical OR) 

Cx Sx A x B Cy Ss No. of Sx = SA OR SB 
High shifts t (logical OR) 
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Table 20. PU Instruction (Sheet 2 of 3) 

Input Output 

Mnemonic OP code CA SA DATAA Ca Sa DATAa ~x Sx DATAx Cy SY DATAy Notes 

Arithmetic Operations 

A B Cx A Cy B 

NOPSC 1 1 1 1 1 CA SA A B Cx A Cy Ss No. of 
shifts t 

A Cx o A+ 1 Cy o 
INC 01010 CA A Cx o 1 Cy o OOOOH When A = 0, Sx = 0 

Cx 1 A - 1 Cy 1 OOOOH When A 2:: 1, Sx = 1 

DEC 01 011 CA 0 A Cx 0 A - 1 Cy 0 OOOOH When A 2:: 0, Sx = 0 

A 

Shift 

SHL A 

A 

-'-~"'-"-'--------""'-----'--"-'--'----'-"'-"'----_ ... _-_ .... -.... __ ... ----_ .......... __ ....... _-------_ ... _--_ ....... _-_ ... -.. --
Cx 

Cx 

CB 0 No. of Cx 
shifts 

CB No. of Cx 
shifts 

Cy 

A+ 1 Cy 

SA Shift A Cy 
left 

SA Shift A Cy 
right 

OOOOH When A = 0, Sx = 1 

Shift A 
left 

Shift A 
right 

SHLBRV 0 0 1 0 1 CA SA A CB 0 No. of Cx 
shifts 

SA Reverse Cy Reverse 
A and 
shift 
left 

A and 
shift 
left 

CA SA A CB No. of Cx SA Reverse Cy SA Reverse 
shifts A and Aand 

shift shift 
right right 

SHR 00110 CA SA A CB 0 No. of Cx SA Shift A Cy SA Shift A 
shifts right right 

______ 0. _____ - •• -_ •• _---_ •••• ----_ •• - •• ------_._-.- ••• _______________ • __ •• ______________ • ___ • __ • __ •• _____ ._. ___ •••• ______ •••• _____ • __ • _____ •••••• ____ ••• ______ ••••••••• ____ • __ ••••• ___ • __ •• _____ • ____ ._ •• _______ • __ _ 

CA SA A CB No. of Cx SA Shift A Cy SA Shift A 
shifts left left 

SHRBRV 0 0 1 1 1 CA SA A CB 0 No. of Cx 
shifts 

.SA Reverse Cy Reverse 
A and 
shift 
right 

Comparison 

CMPNOM 0 1 0 0 0 

CMP 01001 

CMPXCH 1 0 0 0 1 

Accumulative Addition 

ACC 

C Bit Copy 

A CB No. of Cx 
shifts 

A and 
shift 
right 

SA Reverse Cy 
A and 
shift 
left 

Reverse 
A and 
shift 
left 

SA A CB SB BOO OOOOH 0 0 OOOOH When PNZ is false 
...... _---_ .... -----_ .... _-----_.-.---_ ... _.----._-_ .. --_._-... --_._--- .. -_._------.-.. _----_ .. -_ ................................. _ .............. _.............. . .... _ ........... __ ... _ .... __ .... . 

SA A CB SB B 1 0 0001 H 1 0 OOOOH When PNZ is true 

SA A CB SB B 0 SA A 0 SB B When PNZ is false 
_ ..... _ ..... -.. _ .. __ .......... _ ..... -..... __ ........... _ .. _ ........... _ ......... __ ...... _-_._._ ...... __ ........ _ ........ _--_ ........ __ ................ _ .. _.-........ _ .... _ ..... _ .......... _ .............. -

A B A B When PNZ is true 

SA A CB SB B CA SA A CB B When PNZ is true 
.... _. __ ...... _---_ ...... _-----_ ... -.--_ ...... __ ._-_ .... _. __ ..... -.. _ ...... _._-_ ...... _.- ....... _ .. _-_ .... __ .- _ .. __ ._--_ ... _._. __ .... _ .. _-_ .. _ ..... _-_ ...... _--_ ...... _--_ ....... __ .. _--- ...... _--_ ..... . 

SA A C6 S6 B C6 S6 B 

A CB S6 B Cx Sx LA 

A When PNZ is false 

Used as a pair with 
AG & FC instruction 
COUNT 

COPYC 1 00 1 1 CA SA A B A B 
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Table 20. PU Instruction (Sheet 3 of 3) 

Mnemonic OP code 

Bit Operations 

GET1 1 0101 

SET1 101 10 

CLR1 1 01 1 1 

Bit Check 

ANDMSK 01 101 

ORMSK 10000 

Data Conversion 

CVT2AB 01 1 1 0 

CVTAB2 01 1 11 

Input Output 

A SB Bit Cx SA OOOOH Cy 0 
position 

DATAy Notes 

OOOOH When the bit specified 
by the lower 4 bits of 
DATAB is 0 

.............. _--_. __ . __ .. _-------------------- ----------------------------- --------------._----------------------------------------_.---- -----._---------------------------.-._---------------.-----------

CA 

CA 

CA 

CA 

CA 

CA 

CA 

CA 

A CB SB Bit Cx SA 0001 H Cy 
position 

SA A CB SB Bit Cx SA A bit in Cy 
position DATAA 

is set 

SA A CB SB Bit Cx SA A bit in Cy 
position DATAAis 

cleared 

SA A CB SB B 0 SA A 0 

0 

0 

SB 

OOOOH When the bit 

OOOOH 

OOOOH 

B 

specified by the lower 
4 bits of DATAB is 1 

Bit specification by 
the lower 4 bits of 
DATAB 

Bit specification by 
the lower 4 bits of 
DATAB 

If ANDMSK = 0 
-._----------_.-----.. _---------_.----._-----------_.-------------------------------------------._------------.-_.-------------------------------.. -.. --_._----_.-------.---------.-----------------------

SA A CB SB B 1 SA A 1 SB B If ANDMSK = 1 

SA A CB SB B 0 SA A 0 SB B If ORMSK = 0 
-----------------------._--_.----- -.--._-------------------------_ ...... ................... _ .. _ .......... ._--,-_ ...... _-------_ .. _---------_.-_._---------
SA A CB SB B SA A SB B If ORMSK = 1 

SA A CB SB B Cx Sx Conver- Cy 0 OOOOH Absolute value 
ted A -twos 
data complement 

SA A CB SB B Cx Sx Conver- Cy 0 OOOOH Twos complement 
ted A - absolute 
data value 

Adjustment of Double Precision Numbers 

ADJL 1 0 1 00 CA A CB 1 B Cx 0 A - 1 Cy 0 OOOOH-B A -,p 0 AND B # 0 
_._-----------_ .. _------------_ .. -_._----_._-_ .... _ .. ---_._--_._----_._---------_._-- -------------_ .... _._-.---------_ .. __ ... _----_ .... _---_ .... _-.. _ ... __ .. _ ....... _-_. __ ._-.... _---_._._---

CA A CB 0 B Cx 1 A - 1 Cy OOOOH-B A -,p 0 AND B # 0 

CA 0 A CB OOOOH Cx 0 A Cy' 0 OOOOH 
..... __ . __ .. _-----_ .. _._-_. __ ._-_ .. - ..... _-----_. __ ._._._-_. __ ._--_ .. _._---------_ .. _--_ ... _ .. _ ..... ------._--_._--_._-----_ ..... _--_ .. _._--._ .. -----_ ... _----_._._-_._-_ ... _-----_._---- -...... _ ... _------ .. _ .. 

CA 0 OOOOH CB B Cx OOOOH Cy B B -,p 0 

CA ._---.-._-_ ....... _-

CA 

A 

OOOOH 

A CB 

o OOOOH Cx 1 A Cy 1 OOOOH 
-- .... _. __ .. __ ._----.. _-_._--_. __ ._-----_._. __ ... _--------.--._-_._--_._- -._._----_._--_ ... _---_. __ . __ .. ---..... __ .. _ .. __ .-.. _- ... _--
o B Cx 0 OOOOH Cy 0 B B-,pO 

B Cx 0 A Cy o B 
-.... _-_.-._--------------_.--_._- ... __ ._ ..... _- --_. __ .. __ .. _. __ .. _-... _-_._---------. --._--_ ... _._---.--._------_._---._---_. __ ._._----- .. __ .. _ .. _-_._-----_._ .... - -_._----_ .. --_._--_._-_. 

A CB B Cx A Cy B 

Notes: * If an overflow occurs as the result of A + B, DATAy = 0001H and if no overflow, DATAy = OOOOH. 
t This indicates the number of consecutive zeros from the MSB of DATAx.This number is used to calculate the number of shifts to be 

performed by subsequent processing. 
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allnltructlons 

CTLFD 0, 

49-000113A 

.t(·~.!I§~went8·· ... ' 
-_Fl~~l~~If7,Leftl:F/L bit =·.0 indicates that the GE 
·llis!f'.u6ttol'i'i~",sedalone, whereas F/L bit= lindicates 
ttlat"ftlltGEinslruction is used in conjunction with an 
AGfFC inStruction. 

xt:"f~~~""sfitJ:XCH~it =1 indicatesthatthe data 
fi6mA~Si.c;I$';anq B side are tobeexchanged before the 
two:ctata:tdkensenter the Queue. 

c':-'~j:~'.The~twobits select an operation to 
, . ·:.,~·.ifibl~ ~1,. 

. operation 
COPYBK (Copy block) 

-, ~cTqsi(controlfi~ld) 
~; t}><"e 

. -

;;6QPYBKIIt~truction Out"u, 

10 

NEe 
GS [Generation Size]: These four bits determine the 
number of copies of a token to be made. A minimum of 
2and a maximum of 17copiescan be made using aGE 
instruction. 

CTLFD [Control Field]: This field is used with Set 
ControlField (SETCTL) instruction. The data in CTLFO 
field further specifies the types of operations to be 
performed by the SETCTL instruction. 

COPYBK [Copy Block] 
COPYBK is used to duplicate a block of tokens from a 
single token. These duplicated tokens have exactly the 
same 10 as the original token except the token copied 
last which has the original token's 10 plus one. The 
number of tokens to be generated is specified by the 
GS field, and the COPYBK instruction generates 
exactly GS + 2 tokens. The data fields of the to~ens 
being duplicated can also be incremented or 
decremented ina systematic manner. The incremental 
(or decrernentaf) step value is contained in OATAB. 
The tokens generated are sent to the Link Table. The 
series of L T tokens output by the instruction is shown 
in figure 23. 

COPY8K FTL Format 

49-000114A 

GS = 4 

10+1 

49-0001151>, 

U ID[7J - CTLF'!4J DATA[6J 

ID, 
1

0 0 CA Sx I DATAA 11=0 

ID 
1

0 0 CA Sx I DATAA + DATAa 11=1 

ID 10 0 CA Sx 1 OATAA+GSxOATA8 II=GS 

10+1 10 0 CA Sx 1 DATAA + [GS + I] x OATA8 II=GS+ 1 

490001398 
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COPYM [Copy Multiple] 
COPYM is used to generate multiple tokens from a 
single token. Each generated token has a different 10 
value. The number of tokens generated from the 
original token is GS + 2. The data field of the tokens 
being generated can also be incremented or decre
mented in a systematic manner. The incremental (or 
decremental) step value is contained in OATAB. The 

Figure 24. COPYM Instruction Output Tokens 

pPD7281 

generated tokens are sent to the Link Table as L T 
tokens. The series of L T tokens output by the COPYM 
instruction is shown in figure 24. 

COPYM FTL Format 

GS 

49-000116A 

GS=2 

49-000117A 

DATA [16J U 10 [7J CTLF [4J 

~0-LI ______ �_D __________ ~ __ O_O __ C_A_SX __ ~ ______ D_A_TA_A ________________ _Jli=O 

LT Tokens 

~0~1~ _____ I_D_+_1 ________ ~ __ 0_0 __ C_A_SX __ ~ ______ D_A_TA_A_I_D_A_TA_8 __________ ~li~1 

~O~I ______ I_D_+_G_S ______ ~~_O_O __ C_A_S_X~ _______ D_A_TA_A_+_G_S_._D_A_T_A8 ________ ~li=GS 

~1_0_L ______ I_D_+_G_S_+_1 ______ ~_0_0 __ C_A_S_X~ _______ D_A_TA_A_+_[_GS __ +_1J_._D_AT_A_8 __ ~~li=GS+l 
[IDOUTI; = [IDINI + i 

[DATA.II = DATAA + [DATAB • il for i =0, 1, 2,._.GS+i . 

• :multiplication 

49-000118A 
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SETCTL "[Set Control Field] 

SETCTL FTL Format 

49-000119A 

SETCTL is used to read and rewrite the contents of the 
Link Table and the Function Table. Since it can change 
the contents of the Link Table and the Function Table, 
this instruction can be used to write a self-modifying 
code. The type of operation to be performed is further 
specified by the contents of CTLFD field, as shown in 
table 22. 

Table 22. SETCTL Instruction Control Field 
Operation 

CTLFD Operation 

0 0 C S Normal data. Operation is exactly the same as COPYM. 

1 0 0 The data field of this token is used to set a location in 
the link Table memory (C and S bits are not included.) 
After the data is set, the token is deleted. 

1 1 0 1 The data field of this token is used to set a location in 
the Function Table Rightfield. After the data is set, the 
token is deleted. 

1 1 0 The lower 14 bits of the data field of this token are used 
to set a location in the Function Table Left field (higher 
bits are ignored.) After the data is set, the token is 
deleted. 

1 1 The lower 10 bits of the data field of this token are used 
to set a location in the Function Table Temporary field 
(higher bits are ignored.) After the data is. set, the 
token is deleted. 

0 0 0 This token reads the LT address indicated by the ID 
field and outputs the contents. 

0 0 This token reads the Function Table Right field address 
indicated by the ID field and outputs the contents_ 

0 0 This token reads the Function Table Left field address 
indicated by the ID field and outputs the contents. 

0 This token reads the Function Table Temporary field 
address indicated by the ID field and outputs the 
contents. 

0 0 0 These tokens should not be generated by the 
Processing 

0 0 1 Unit. They are operating-mode-related tokens. 
0 1 0 
0 1 1 

Note: The set or write operation is performed at the address 
indicated by the 10 field of the token. 
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OUT Instructions 

OUT FTL Format 

102 

Bit Assignments 
F/L [Full/Left]: F/L bit = 0 indicates that the OUT 
instruction is to be used alone. F/L bit = 1 indicates 
that the OUT instruction is to be used in conjunction 
with an AG/FC instruction. 

XCH [Exchange]: If XCH bit = 1, the output data tokens 
from the A side are exchanged with those from the B 
side before they go to the Output Queue. If XCH bit = 0, 
no exchange operation is performed. 

OP lOP Code]: This bit is used to further specify the 
OUT instruction. If OP = 0, then OUT1 instruction is 
performed, whereas if OP = 1, OUT2 instruction is 
performed. 

102 [Second 10]: This field is used only by the OUT2 
instruction. 102 is the 10 of the second output data 
token. 

MN [Module Number]: This field indicates the 
destination module of the output data token. 

OUT1 

oun FTL Format 

490001.l1A 

This instruction outputs a 32-bit data token via the 
Output Data Bus (ODB). Since the size of the ODB is 
16 bits, a 32-bit output data token is divided into two 
16-bit words and output one 16-bit word at a time. The 
format of an output data token is shown in figure 24. 
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Figure 25. OUT1 Output Token Format 

141.-------High Word --------o/--------Low word--------l.1 

4 3 21 0 15 

MN ID' DATAA 

MN: Determined by the lower 4 bit. of FTL content. 
ID': 7-blt ID come. from the content. of LT referenced by the OUT1ln.tructlon 
CA. SA: Control bit end .Ign bit of DATAA 
DATAA: 16-blt output dete 

OUT2 
This instruction outputs two 32-bit data tokens via 
OOB. Since the OOB is 16 bits wide, each 32-bit token 
is divided into two 16-bit words and output one 16-bit 
word at a time. This instruction is useful when a double 
precision number is to be output. The formats of two 
output data tokens are shown in figure 25. 

Figure 26. OUT2 Output Tokens Format 

I- High Word 

15 1211 10 43 21 

'I' 
0 15 

I MN iai ID' 1 00 !C+BII 

) Same Module Numbers 

15 12 11 10 43 21 0 15 

I MN iai ID2 i 00 !C+BII 

Note: First and second tokens must have the same module numbers 

Determined by the lower lour bits of the FTL contenls. 

OUT2 FTL Format 

Low Word 

DATAA 

DATAB 

ID2 

MN: 
10': 
ID2: 

7-bit 10 coming Irom the contents of the Link Table referenced by Ihe OUT2 instruction. 
7-bit ID comes Irom the FTL field of Ihe OUT2 inslruction. 

CA, SA: 
DATAA: 
CB, SB: 
DATAB: 

Control bit and sign bit 01 DATAA. 
First 16-bit outpul data. 
Control bit and sign bit 01 DATAB. 
Second 16-bit oulpul data. 

r 

'1 
0 

I 

pPD7281 

49-000121A 

MN 

49-000123A 

49-000122A 
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Figure 27. Data-Flow Graph Explanation 

Merge [Two streams of tokens are merged together] 

49-000124A 

Input/Output 

""" _. w"" FT:.:{ 5 _ An Input token with FTRC bit = 1 

CS=2 

10 Token stream/ 

'--10 + 1 Token Stream 

49-000125A 
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Figure 27. Data-Flow Graph Explanation (cont) 

/<D 
X Side Output Token 

Exchange 

(P[DATA1] 

QUEUE 

SUB 

I 

Branch 

<D 

........... /" 
Y Side Output Marker 

<D '-.. 
Y Side Output Token 

49-000126A 

<D[ DATA2! 

XCH =0 

49-000128J 

Queue two tokens. 
Subtract and test PNZ conditions. 
I! TRUE, the result is output 

.--__ .l.-_____ ---JL.._t:.::o..:.:IO=.,+ 1 stream. 

QUEUE 

SUB: GT 

10 10+1 

49-000130A 

pPD7281 

DUST [Incoming tokens are deleted] 

49-000127A 

DATA3 = DATA2 - OATA1 

49·000129A 

Conditional Operation 

QUEUE lithe control bits of Token 1 

t--------------1 and Token 2 are the same, 
I logical OR operation 

OR I is performed. 

L------r-----J 
49-000131A 
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NEe Electronics Inc. 
PRELIMINARY INFORMATION 

Description 

The N EC /-iPD9305 memory access and general bus in
terface chip (MAGIC) is a peripheral LSI support device 
for the /-iPD7281 image pipelined processor (ImPP). The 
/-iPD7281 is a data flow architecture processor that 
supports high speed image and signal processing ap
plications. The /-iPD9305 chip can support from one to 
eight /-iPD7281s and also interfaces to both 8-bit and 16-
bit host processors. 

The j.tPD9305's powerful interface capabilities allow it to 
- support basic interface operations, object program load, 

read/write/modify operations on image memory, and 
multiple j.tPD7281 image memory accesses. 

Since the j.tPD7281 ImPP does not use direct addressing, 
the memories in a j.tPD7281 processor system can be 
seen as processing modules with unique module 
numbers. These separate modules must output memory 
access tokens containing their own unique address, 
data, and control signals. The modules must perform 
the necessary processing, and then output the result of 
the access as another memory access token. To do this, 
the multiple j.tPD7281 modules require external circuitry 
to process the memory access tokens that they output. In 
addition, this same circuitry is required to organize the 
data output from the memory into token format. 

Circuitry is also needed between the host processor 
and the /LPD7281 s to organize the data from the host 
into token format and to return the data output from 
the j.tPD7281 s into the form required by the host pro
cessor. Finally, tokens may have to be returned to other 
j.tPD7281 s in token form for further processing. 

The /LPD9305 simplifies the above operations by keeping 
the data in the most convenient form. The j.tPD9305 
replaces approximately 80 medium/small scale integrated 
devices with a single integrated circuit. 

Features 
o High performance image memory interface 
o Reduces external circuits required for ImPP system 
D Simplifies host interface 

I 0 Up to 24-bit image memory addressing 
o Up to 18-bit image memory data 
o Register file for memory access 
o Refresh control of image memory 
o Functions with separate DMA controller 
o Single + 5 V power supply 
o CMOS technology for lower power consumption 

IlPD9305 
MEMORY ACCESS AND 

GENERAL BUS INTERFACE 
FOR THE IlPD7281 

Ordering Information 
Part 
Number Package Type 

j.tP09305R 132-pin ceramic grid array 

Pin Configuration 
Bottom View 

@@@0@@@@@@@@@@ 
@~@@@@@@@@@@@@ 
@@B@@9@@@@SS@@ 
@@9 @@@ 
@@@ @@G 
@@@) @)@@ 

@@@l S@@ 
Orientation Pin 

@@@) \ @@@ 
@@@ @@@ 
@@@ @)@@ 

@@@ @9@@ 
@@8S@)@@@@@@~@@ 

@@@@@@@@@@@@~@ 

@@@@@000000008 

49-0012778 

Pin Identification 
No. Symbol Function 

ClK Clock input 

2-4 010,012, Bidirectional data bus bits 
015 

5 OACK Output acknowledge input 

6 OREa Output request output 

7 IOB14 Input data bus bit 

8 00B14 Output data bus bit 

9 10B11 Input data bus bit 

10, 11 00B11 , Output data bus bits 
00B8 

12 IOB9 Input data bus bit 

13 00B5 Output data bus bit 

14 IOB8 Input data bus bit 

15 00B4 Output data bus bit 

16 IOB7 Input data bus bit 

17 00B2 Output data bus bit 
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Pin Identification (Cont) Pin Indentification (Cont) 
No. Symbol Function No. Symbol Function 

18 IOB6 Input data bus bit 69,70 IMA23,IMA21 Image memory address 

19 MN2 Module number output output bits 

20 IOB4 Input data bus bit 71 IOB1 Input data bus bit 

IMA17,IMA14, Image memory address Image memory address 72-74 21 IMA22 IMA13 output bits output bit 

22 IOB2 Input data bus bit 75 GNO Ground 

IMAg,IMAs Image memory address 23, 24 IMA1s, Image memory address 76,77 
output bits IMA15 output bits 

25 lOBo Input data bus bit 78 INBUSY Input to ImPP busy output 

IMA4,IMA1 Image memory address 26-28 IMA12-IMA1Q Image memory address 79, 80 
output bits output bits 

IM017 Bidirectional image memory Self object load busy output 81 29 SOLBSY data bus bit 
30 CPURQ CPU request output 

82 OMAAK2 DMA/2 acknowledge input 
31 OMAAEN OMA address enable input 

83 OMARQ2 DMA 12 request output 
32-34 IMA5,IMA2, Image memory address 

84,85 IM012,IM011 Bidirectional image memory 
IMAo output bits data bus bits 

35 OMAAK1 DMA/1 acknowledge input 86 Voo +5 V power supply 
36 OMARQ1 DMA I 1 request output 

87,88 IM06,IM05 Bidirectional image memory 
37 IM013 Bidirectional image memory data bus bits 

data bus bit 89 A1 Address select input 
38 IMAK Image memory 

90 IMOo Bidirectional image memory acknowledge input data bus bit 
39-42 IM010-IM07 Bidirectional image memory 

91 IMRF Image memory refresh data bus bits output 
43 Ao Address select input 

92 00 Bidirectional data bus bit 
44,45 IM03,IM01 Bidirectional image memory 

93 RO Read input data bus bits 

46 IMWR Image memory write output 94-96 04,06,07 Bidirectional data bus bits 

47 WR Write input 97 GNO Ground 

48,49 02,05 Bidirectional data bus bits 98 013 Bidirectional data bus bit 

Image pipelined processor Chip select input 99 IPPRST 50 CS reset output 
51,52 OS,Og Bidirectional data bus bits 

100 IOB15 Input data bus bit 
53 GNO Ground 

101 00B15 Output data bus bit 
54,55 011 ,014 Bidirectional data bus bits 

102 IOB12 Input data bus bit 
56 IREQ Input request input 

103,104 00B12,00Bg Output data bus bits 
57 lACK Input acknowledge output 

105,106 GNO Ground 
58 IOB13 Input data bus bit 

107 OOBo Output data bus bit 
59 00B13 Output data bus bit 

108,109 MN3,MNo Module number output bits 
60 IOB10 Input data bus bit 

110 IOB3 Input data bus bit 
61-63 00B10,0087, Output data bus bits 

111-113 IMA20,IMA1g, Image memory address 00B6 IMA16 outputs 
64 Voo +5 V power supply 

114 Voo +5 V power supply 
65,66 00B3,00B1 Output data bus bits 

115 GNO Ground 
67 IOB5 Input data bus bit 

116-118 IMA7,IMA6, Image memory address 
68 MN1 Module number output bit IMA3 outputs 
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Pin Identification (Cont) 
No. Symbol Function 

119 RESET Reset input 

120-122 IM016-IM014 Bidirectional image memory 
data bus bits 

123,124 GNO Ground 

125,126 IM04,IM02 Bidirectional image memory 
data bus bits 

127 IMRO Image memory read output 

128 GNO Ground 

129 ERR Error output 

130,131 01,03 Bidirectional data bus bits 

132 VDD +5 V power supply 

Pin Functions 

Table 1 shows the jtPD9305 pins in their particular func
tional groups. The paragraphs that follow table 1 describe 
the operation of the pins in each group. 

All unused input or output pins should be pulled up to 
VDD or down to GND through a 2K-3K ohm resistor. 

IlPD9305 

Table 1. pPD9305 Pins by Function 

110 Signal No. 

ClK 1 

RESET 119 

Status 

ERR 129 

0 SOlBSY 29 

CPURa 30 

INBUSY 78 

Host Interface 

WR 47 

RO 93 

CS 50 

Ao 43 

A1 89 

Do 92 

01 130 

EJ 02 48 

03 131 

04 94 

05 49 

06 95 

07 96 

I/O 08 51 

09 52 

010 2 

011 54 

012 3 

013 98 

014 55 

015 4 

DMA 

0 OMARa1 36 

OMARa2 83 

OMAAK1 35 

OMAAK2 82 

OMAAEN 31 
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Table 1. pPD9305 PIns by Function (Cont) Table 1. pPD9305 Pins by Function (Cont) 

1/0 Signal No. 110 Signal No. 

",PD7281 Interface Image Memory Interface 

MNo 109 IMAK 38 

0 MN1 68 IMRO 127 

MN2 19 0 IMWR 46 

MN3 108 IMRF 91 

0 OREa 6 IMOo 90 

OACK 5 IM01 45 

IREO 56 IM02 126 

0 lACK 57 IM03 44 

IPPRST 99 IM04 125 

OOBo 107 IM05 88 

00B1 66 IM06 87 

00B2 17 IM07 42 

00B3 65 1/0 IMOa 41 

00B4 15 IM09 40 

00B5 13 IM010 39 

00B6 63 IM011 85 

0 00B7 62 IM012 84 

OOBa 11 IM013 37 

00B9 104 IM014 122 

00B10 61 IM015 121 

00B11 10 IM016 120 

00B12 103 IM017 81 

00B13 59 

00B14 8 

00B15 101 

IDBo 25 

IDB1 71 

IOB2 22 

IOB3 110 

IOB4 20 

IOB5 67 

IOB6 18 

IOB7 16 

10Ba 11 

IOB9 12 

IOB10 60 

IOB11 9 

IOB12 102 

IOB14 7 

IOB15 100 
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Table 1. pPD9305 Pins by Function (Cont) 

110 Signal No. 

Image Memory Interface 

IMAo 34 

IMA1 80 

IMA2 33 

IMA3 118 

IMA4 79 

IMAs 32 

IMA6 117 

IMA7 116 

IMAs 77 

IMAg 76 

IMA10 28 

0 IMA11 27 

IMA12 26 

IMA13 74 

IMA14 73 

IMA1s 24 

IMA16 113 

IMA17 72 

IMA1S 23 

IMA1g 112 

IMA20 111 

IMA21 70 

IMA22 21 

IMA23 69 

ClK (Clock) 

ClK is the single phase master clock input. The p.PD9305 
clock frequency can be independent of ImPP clock 
frequency. 

RESET (Reset) 

RESET initializes the p.PD9305. A reset places OREQ, 
lACK, the token I/O flip-flop, and 1M access request 
signals at an inactive level. RESET resets the refresh 
address counter, refresh timer counter, and mode register 
to O. RESET must be held low for a minimum of four 
p.PD9305 or p.PD7281 clock cycles, whichever is slower. 

Voo (Power) 

Voo is the single + 5 volt power supply. 

GND (Ground) 

GND is the ground signal. 

IlPD9305 

Status Signal Pin Functions 

CPURQ (CPU Request) 

CPURQ indicates to the host processor that the p.PD9305 
is ready to transfer a token to the host. 

INBUSY (Input Busy) 

INBUSY indicates that tokens are being input to the first 
ImPP from the p.PD9305. 

SOlBSY (Self Object load Busy) 

SOlBSY indicates that a self object load is being 
executed. 

ERR (Error) 

ERROR indicates that an error was output from the 
ImPPs,the host has read an invalid output token, or that 
the host has input a token while INBUSY was active. 

Host Interface Signal Pin Functions 

RD (Read) 

RD reads the contents of the internal registers specified 
by A1 and Ao. 

WR (Write) 

WR writes an input from the data bus to the internal 
register specified by A1 and Ao. 

CS (Chip Select) 

CS enables the RD or WR control signals. 

Ao, A1 (Address) 

Ao and A1 select the internal register for a read or write 
operation. 

0 0-015 (Data Bus) 

The contents of the internal registers are read from or 
written to via data bus bits Do-D15. 

DMA Signal Pin Functions 

DMAAEN (Direct Memory Access Address Enable) 

DMAAEN is used to indicate to the p.PD9305 that an 
external DMA controller is putting DMA addresses on the 
address bus. During a DMA operation, DMA addresses 
(system memory addresses) are input to Ao and A1. 
However, these addresses have no meaning for the 
p.PD9305 and might alter register contents. For this 
reason, the p.PD9305 operates as if Ao and A1 are both 
reset to 0 when DMAAEN is active (high). 
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DMARQ1 (Direct Memory Access Request 1) 

DMAR01 issues a request to an external DMA controller 
to transfer data from the host system memory to the 
ItPD9305. 

DMARQ2 (Direct Memory Access Request 2) 

DMAR02 issues a request to an external DMA controller 
to transfer data from the ItPD9305 to the host system 
memory. 

DMAAK1 (Direct Memory Access Acknowledge 1) 

DMAAK1 is issued by the external DMA controller to indi
cate to the ItPD9305 that DMAR01 has been received. 

DMAAK2 (Direct Memory Access Acknowledge 2) 

DMAAK2 is issued by the external DMA controller to indi
cate to the ItPD9305 that DMARQ2 has been received. 

J-tPD7281 Interface Signal Pin Functions 

MNo-MN3 (Module Number) 

MNo-MN3 specify the module number of one ImPP. Dur
ing a reset, one module number is output via MNo-MN3, 
the other via ID812-ID815. MNo-MN3 are three-state pins. 

OREQ (Output Request) 

OREO signals to the first ImPP that the ItPD9305 is ready 
to transfer half a token. 

OACK (Output Acknowledge) 

OACK signals to the ItPD9305 that a half token has been 
accepted by the first ImPP. 

IREQ (Input Request) 

IREO signals from the last ImPP that a half token is ready 
to be transferred from the ImPP to the ItPD9305. 

lACK (Input Acknowledge) 

lACK indicates to the last ImPP that the ItPD9305 has 
accepted the half token. 
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IPPRST (Image PipelinedProcessor Reset) 

IPPRST resets the ImPPs during RESET or a command 
reset. 

ODBo-ODB15 (Output Data Bus) 

OD80-0D815 transfer tokens from the ItPD9305 to the 
first ImPP. 

IDBo-IDB15 (Input Data Bus) 

ID80-ID815 transfer tokens between the output of the last 
ImPP and the ItPD9305. 

Image Memory Interface Signal 
Pin Functions 

IMRD (Image Memory Read) 

IMRD requests a read of the contents of the image 
memory addressed by IMAo-IMA23. 

IMWR (Image Memory Write) 

IMWR requests a write to the image memory location ad
dressed by I MAo-I MA23. 

IMRF (Image Memory Refresh) 

IMRF indicates an image memory refresh cycle. 

IMAK (Image Memory Acknowledge) 

IMAK indicates to the ItPD9305 that an image memory 
read, write or refresh has been completed. 

IMAo-IMA23 (Image Memory Address) 

IMAo-IMA23 supplies the image memory address for a 
read or write operation or for DRAM refresh (IMAo-IMAg 
only). 

IMDo-IMD17 (Image Memory Data) 

IMDo-IMD17 is the bidirectional data bus for transferring 
data to and from the image memory. 
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p.PD9305 Block Diagram 

1-------

1 

! 
I 
I 
1 

1 

I 
CLK~ 

I 
RESET -----t--

I 
VOO ------+-

I 
GNO~ 

I 
I 
I 
I 
I 
I 
1 

I 
OMAAEN ----':'----------- - - - - -

CS----'I------.. 
A1-0 _-l-_-r--L-::::-i 

WR --+----i~ 
~-+-~~~~-1----_j 

Functional Description 

The /LPD9305 has the following functional units: 
• /LPD7281 input bus interface 
• /LPD7281 output bus interface 
• System bus interface 
• Image memory bus interface 

-Register file 
-R/M/W control 
-Self object load control 
-Image memory refresh control 

IMA23_16 

00B15_0 

,.P07281 
Output Bus 
Interface 

jlPD9305 

IMA15_0 

--------1 
I 
I 
I 
I 
I 
I 
I 
1 

I 

~--+~ SOLBSY 

,..--________ --' IOB15_0 

IMRO 
IMWR 
IMRF 

IREO 

lACK 

L---------~ERR 

~=_::_:_-----___,- CPURO 

------, 
1 
1 
I 
1 
1 
I 
I 
I 

OMAROl 
L---4--0MAAKl 

L-_--I __ OMAR02 

L-____ L-- OMAAK2 

I 1 
1 ______ J 

OREO OACK INBUSY 

49-001278C 

p.PD7281 Input Bus Interface 

After the last ImPP outputs a token, the input bus inter
face determines whether the token should be an output 
token to the host CPU, to the image memory, or to the 
output bus interface block. The h;gh order 16 bits of the 
token output from the last ImPP are latched into in the 
high word register (HWR) and then decoded by the input 
token decoder to determine the token type. 
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J.tPD7281 Output Bus Interface 

The output bus interface logic transmits tokens through 
the multiplexer (MUX) to the first ImPP. The transmitted 
tokens come from the system bus interface, the ItPD7281 
input bus interface, or the image memory bus inter
face. The output bus interface uses a priority control 
mechanism to prevent collisions between the tokens 
coming from the different blocks. 

System Bus Interface 

The system bus interface receives a token from the host 
CPU for the ImPPs, sends it to the output register 
(OUTR), and signals the output bus interface. Conversely, 
it sends a token, which is output from the last ImPP, 
through the input register (INR) to the host CPU accord
ing to instructions from the host CPU. The host CPU can 
set input or output modes (MODER register), read the 
status register (STATUSR), set image memory refresh 
timing (RFTMR register). and set module numbers (MNR) 
for two ItPD7281 s. 

Image Memory Bus Interface 

The image memory bus interface accepts the following 
five types of tokens: 

Token Description 

WHA Write high address 

WLA Write low address 

WD Write data 

RHA Read high address 

RLA Read low address 

Tokens have a 16-bit data value, so the address is 
transferred in two tokens to form the 24-bit image 
memory address. The lower 16-bits of the image memory 
address are latched in the lower address register. 
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The image memory bus interface also performs read/ 
modify/write functions with the R/M/W control logic and 
provides a register file. 

Register File. The register file is used for storing write 
high addresses (WHAR/four 8-bit registers), write data 
(WDR/four 18-bit registers), and read high addresses 
(RHAR/four 8-bit registers). 

Read/Modify/Write (R/M/W) Control. The R/M/W con
trol reads a word from the image memory, performs a 
logical operation (AND, OR, or XOR) between it and the 
contents of a write data register (WDR), and then writes 
it back to a location referenced by the WHAR (the same 
lower 16-bit address, but a different upper eight bits). 

Self Object Load (SOL). The self object load control 
loads ImPP object programs stored in image memory into 
the ImPPs. When the SOL is given a starting address, 
the SOL control automatically generates the appropriate 
addresses to read the image memory. 

Image Memory Refresh Control. The ItPD9305 gen
erates a 10-bit address and the timing for refreshing 
dynamic image memories. The timing is set by the 
RFTMR register. 

Figure 1 shows the input/output token format and table 2 
shows how the image memory access tokens function. 

Figure 1. Input/output Token Format 

I' High Word '1' Low Word '1 
15 12 1110 43 015 

I MN I z I 10 I CTLF II Data 

49-001279A 
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Table 2. Image Memory Access Tokensl1) 

MN z 10 CTLF Data 

0001 MN' 10' Image memory read low address 

1 1 1 Image memory read 
high address 

0010 MN' 10' Image memory read low address 

111 Image memory read 
high address 

0011 MN' 10' Image memory read low address 

1 1 1 Image memory read 
high address 

0100 MN' 10' Image memory read low address 

111 Image memory read 
high address 

00000 OIR Image memory write low address 

001 - - OIR Image memory write 
high address 

0101 010- - OIR - - C,S Image memory write data register 

01 1 - - OIR Image memory read 
high address 

100 MASK OIR Read/write low address 

1 01 - - OIR Read/write low address 

00--- OIR Load starting low address 

0110 01 - -- OIR Load starting low address 

1 - - - - - - - - - - - - - - - SOLMN 

Notes: 

(1) The following definitions refer to the above table: 
MN: Module number 
Z: Always a 
10: Identifier 
CTLF: Control field 
10': 10 used for next circulation 
MN': MN used for next circulation (MN f: 111) 
OIR: Specifies registers for memory image access 
MASK: Specifies the modify mode 
-: Do not care 
S: Set 
R: Read 
W:Write 

Function 

Image memory read (RHAR1 reference) 

Read high address register (RHAR1) set 
(Note 2) 

Image memory read (RHAR2 reference) 

Read high address register (RHAR2) set 
(Note 2) 

Image memory read (RHAR3 reference) 

Read high address register (RHAR3) set 
(Note 2) 

Image memory read (RHAR4 reference) 

Read high address register (RHAR4) set 
(Note 2) 

Image memory write (referencing WHAR 
and WOR selected by OIR) 

Set write high address register 
(WHAR) selected by OIR 

Set write data register (WOR) 
selected by OIR 

Set read high address register 
(RHAR) selected by OIR 

Read/modify/write 

Read / modify / write (write CS bits 
selects mask) 

Self object load 

Self object load M N of output token 
is SOLMN) 

Set SOLMN for self object load 

(2) When RHASEL of the mode register is 1, the tokens become image memory read (request) tokens 

jtPD9305 

Operation 

R 

S 

R 

S 

R 

S 

R 

S 

W 

S 

S 

S 

RW 

RW 

R 

R 

S 

Table 3 shows module number (MN) values and the five 
token types (refer to figure 12). 

The five token types are: 
(1) Output request data to the host 
(2) Image memory access data 
(3) DMA request data 
(4) Pass data 
(5) Delete data 
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Table 3. MN Values and Token Types 

Tok.nTyp. MN ID 

(1) 000 0 x x x x x x x 

(2) o 0 0 1 MN' 10' 
x x x x x x x 

1 1 1 x x x x 

o 0 1 0 MN' 10' 
x x x xxxx 

1 1 1 x x x x 

o 0 1 1 MN' 10' 

1 1 1 x x x x 

o 10 0 MN' 10' 

1 1 1 x x x x 

o 1 0 1 o 0 0 0 0 OIR 

o 0 1 x x DIR 

o 1 0 x x OIR 

o 1 1 x x DIR 

1 0 0 Mask OIR 

1 0 1 x x DIR 

(3) a 1 a 1 10xxxx 

111xxxx 

(2) o 1 1 0 o 0 x x x DIR 

o 1 x x x DIR 

1 xxxxxx 

(4) o 1 1 1 

1 0 0 0 
1 0 0 1 
1 0 1 0 

1 1 0 0 
1 1 0 1 
1 1 1 0 

(5) 1 1 1 1 

Notes: 

(1) The following definitions refer to the above table: 
MN: Module number 
10: Identifier 
MN': MN used for next circulation (MN;o!o111) 
10': ID used for next circulation 

Function 

J,lP07281 output data to host 

Image memory read1 (RHAR1 
select) 

RHAR1 set (Note 2) 

Image memory read2 (RHAR2 
select) 

RHAR2 set (Note 2) 

Image memory read3 (RHAR3 
select) 

RHAR3 set (Note 2) 

Image memory read4 (RHAR4 
select) 

RHAR4 set (Note 2) 

Image memory write 

High address set for write 
(selected register file is OIR +1) 

Write data set (selected 
register file is 01 R +1) 

High address set for read 
(selected register file is OIR +1) 

Read/modify/write1 

Read / modify / write2 (mas k 
selected by CS bits of image 
memory write data) 

DMA1 (host - J,lPD7281) 

DMA2 (J,lP07281 - host) 

Self object load1 

Self object load2 (rewrite MN) 

MN set for self object load 

J,lPD7281 module number (when 
RHASEL=1) 

J,lP07281 module numbers 

Deleted 

(2) When RHASEL of the mode register is 1, the tokens become image memory read tokens. 
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Abbreviation 

CPU 
IMR 

IMW 

IMWHA 

IMWO 

IMREA 

RMW1 

RMW2 

OMA1 

OMA2 

SOL1 

SOL2 

SOLMN 

PASS 

VANISH 



NEe jlPD9305 

Absolute Maximum Ratings AC Characteristics 
TA = 25°C T A = ooe to + 70oe, Voo = 5 V ± 10% 

Power supply voltage, Voo -0.5 V to 7.0 V Clock Timing 
Input voltage, VI -0.5 V to 7.0 V 

Output current, 10 10 mA 
Limits 

Test 

Operating temperature, T OPT O°C to 70°C 
Parameter Symbol Min Max Unit Conditions 

Storage temperature, TSTG -65°C to 150°C 
ClK cycle time tCVK 80 ns 

Clock pulse tWKH 30 ns 
·Comment: Exposing the device to stresses above those listed in width high 
absolute maximum ratings could cause permanent damage. Do not 

Clock pulse tWKL 30 operate the device under conditions outside the limits described in ns 
the operational sections of this specification. Exposure to absolute width low 
maximum rating conditions for extended periods may affect device Clock rise tKR 10 ns 
reliability. time 

Capacitance Clock fall tKF 10 ns 

TA = 25°e 
time 

Limits 
Test Input Timing 

Parameter Symbol Min Max Unit Conditions 
Limits 

Test Input CI 10 pF 
capacitance Parameter Symbol Min Max Unit Conditions 

fc = 1 MHz 

III Output Co 15 pF Unmeasured Input rise tlR 0 10 P.s 
capacitance pins are time 

Input/output CIO 15 pF at 0 V. Input fall tlF 0 10 p's 
capacitance time 

DC Characteristics RESET Timing 
TA = ooe to +70oe, Voo = 5 V ±10% Limits 

Test 
Limits 

Test Parameter Symbol Min Max Unit Conditions 

Parameter Symbol Min Typ Max Unit Conditions RESET pulse tRST tcVK ns p.P09305 only 

Input VIL -0.5 0.8 V width 

low RESET setup tORSPRL 40 ns 
voltage time to IPPRST 

Input VIH 2.0 Voo+0.5 V IPPRST hold time tORSPRH 50 ns 
high after RESET t 
voltage 

IPPRST setup to tOMN 60 ns 
Output VOL 0.4 V IOL = 2 mA MNo-MN3 
low 

MNo-MN3 float voltage tFMN 50 ns 
time after 

Output VOH Voo V IOL = -400 p.A IPPRST t 
high -0.4 

IPPRST low voltage tOPROO 60 ns 
until OB015-OB012 

Input III ±10 p.A O:5VI:5VOO active 
leakage 

OBD15-OB012float tFPROO 50 ns current 
time after IPPRST t 

Output ILO ±10 p.A O:5VI:5VOO 
leakage 
current 

Supply 100 10 100 rnA 10 MHz 
current 
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Host CPU - p,PD9305 ReadlWrite Timing 110 Requestl Acknowledge Timing 

Limits 
Test 

Limits 
Test 

Parameter Symbol Min Max Unit Conditions Parameter Symbol Min Max Unit Conditions 

Address s~p tSARW 20 ns IREa1~ tolQIALI 15 60 ns 
to WR 1, RD 1 time to lACK 1 

Address hold tHRWA 20 ns lACK 1 tOIAIQHI 10 ns 
time after WR t, setup time to 
ROt iREQ t 

CS setup to WR I tSCRW 0 ns IREO t tOIQIAHI 20 70 ns 
RD I setup time to 

CS hold time tHRWC 0 ns iACK t 
after WR t, lACK t tOIAIQL 10 ns 
ROt setup to IREa ~ 

WR, RD pulse tWRWL 100 ns IDbus~ tSIOIQ 20 ns 
width time to IREa t 

RD setup to toRO 80 ns ID bus hold tHIQIO 10 ns 
data time from 

Data float time tFRO 30 ns IREa t 

after RD t aREa I tOOQOAL 10 ns 

Data setup to tSDW 20 ns ~timeto 

WRt OACK 1 

OACK I tDOAOQH 20 70 Data hold after tHWO 20 ns ns 

WRt setug time to 
ORE t 

DMA Request Timing(1) aREa 1 setup tOOQOAH 10 ns 
time to OACK t 

Limits 
Test OACK t setup tOOAOQL 15 60 ns 

Parameter Symbol Min Max Unit Conditions time to OR'EO I 

aREa 1 tooaoo 10 OMARa 1 tOOQOA 20 ns ns 
setup time to setup time to ODS valid OMAAK I 
ODS float time tFoaoD 10 

DMARa t tODADa 50 ns ns 

time from 
after aREa t 

DMAAK + 
DMARa + tRVOQ 50 

Note: 
ns Pull-up resistors required on j.lP09305 10815-1080 to meet tHIQID 

time from 
DMAAK t 

timing_ 

OMAAEN I tSOERW 30 ns 
setup time to 
(RD,WR) I 

OMAAEN tHRWOE 30 ns 
hold time 
after (RD ,wR) t 

OMAAK low setup tSDARW 0 ns 
time to (RD,WR) I 

OMAAK hold time tHRWOA 0 ns 
after (RO,WR) t 

DMAAK pulse tWOAL tCYK ns 
width 

Note: 
(1) OMAAK = OMAAK1 or OMAAK2 

OMARQ = OMARQ1 or OMARQ2 
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Image Memory Read, Write, Refresh Timing SOLBSY Timing 
Limits 

Test 
Limits 

Test 
Parameter Symbol Min Max Unit Conditions Parameter Symbol Min Max Unit Conditions 

IMA(1) t active tDKMARF 100 ns 1M refresh SOlBSY delay tOIASB 30 ns 
time from ClK + time from lACK t 

I MA active time tDKMAMC 60 ns 1M read or 1M SOlBSY delay tOKSB 60 ns 
from ClK + write time from ClK j 

I MA float time tFMCMA 10 ns 
from IMC + CPURQ Timing 
1M C recovery time tRVMC 1.5tCYK ns Limits 
1M C t delay time 35 Test 

tDKMCH ns Parameter Symbol Min Max Unit Conditions 
from ClK + 

CPURO delay time tOIAPQ 30 I MC + delay time tDKMCL 40 ns ns 

from ClK + from lACK t 

CPUR!Ldelay time tOPRQ 60 I MAK recovery time tRVMK 1.5tCYK 
ns ns 

from RD t 
I MAK setup time tSMKK 10 ns 
to ClK t 

I MAK hold time tHMCMK 0 ns 
INBUSY Timing 

from IMC + Limits 
Test 

B 1M D setup time tSMDK 20 ns Image memory Parameter Symbol Min Max Unit Conditions 
to ClK t read timing 

INBUSY t delay 70 towlB ns 
IMD hold time tHMRMD 0 ns Image memory time from WR t 
from IMRD + read timing 

INBUSY j 
1M D delay time tDKMD 30 ns Image memory delay time from tOOQlB 40 ns 
from ClK + write timing OREO t 
1M D float time tFMWMD 20 ns Image memory 
from IMWR + write timing ERR Timing 
Note: 

Limits 
(1) IMA = IMA23-IMAo Test 
(2) IMG + IMRD, IMWR or IMRF Parameter Symbol Min Max Unit Conditions 
(3) To maximize 1M access time use IMAK = IMG. Then 1M cycle time 

ERR t delay tDiAE 30 ns Error token will be 3.kCYK 
time from iACR t output 

ERR t delay tOWE 60 ns INBUSY = 1 
time from WR j 

ERR t del'!L tORE 60 ns CPURO = 0 
time from RD 

INBUSY hold tHWIB 10 ns 
time from WR j 

CPURO ~tup tSPQR 10 ns 
time to RD j 

Note: 

All unused input or output pins should be pulled up to VDD or down to 
GND through a 2K-3K ohm resistor. 
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Timing Waveforms 

Clock Timing 

elK 

Input Timing 

Input 

HOST CPU - pPD9305 Write Timing 

Host CPU - pPD9305 Read Timing 

tSCRW 

49-001262A 

49-00127~A 

NEe 
RESET Timing 

1------tRST------t 

tORSPRH 

IPPRST 

tOPROO 

49-00127SA 

49-0012736 

------------~L~-----tWRWL-----.jJc----------------

IllS-DO 

49-0012746 
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DMA 1 Request Timing 

49-0012718 

DMA2 Request Timing 

OMAAEN--------------~ 

RO 

015- 00 ------------------<1 

49-0012728 

I/O Request! Acknowledge Timing 

49-0012598 
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lID Data Bus Handshake Timing 

49-0012586 

Image Memory Read Timing 

~-----t-R-VM-C~~ 

tSMKK 
~ 

~ ______ ~ __ ~J ~ _____ tR_V~.~~ ____________ __ 

IMo,7-0 ----------....(1 
83-0039236 

Image Memory Write Timing 

IMWR --,0 
elK ~ 

~ ____________ +' ~ ______ tR~"~~ ____________ ___ 

IMO,7-0 

83'()o39246 
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Image Memory Refresh Timing 

IMA 

IMRF' 

ClK 

_~_tRVMK=1 
IMAK 

"---------' 
83-0039258 

1M Command Timing 

49-0012618 

SOLBSY Timing 

IACK~ 
tOIASB ______ ~~-----, 

SOLBSY 

1'----

IMRD --~/ 

ClK 

49-0012688 
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CPURQ Timing 

49-0012678 

INBUSY Timing 

INBUSY 

49-0012668 

ERR Timing, Error from ImPP 

ERR ':5-
49-0012638 

ERR Timing, INBUSY 

\ 
INBUSY \ 

("'A",~ __ f_:_W~~.-J'~----;-------------
49-0012648 
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ERR Timing, CPU Request 

---, 
CPURO \ 

~POR 

AD / (A1=AO=O) ______ J 

''''} ERR 

49-0012658 

~PD9305 Operation Table 4. 110 Ports 
Table 4 shows how the p.PD9305 uses signals CS, RD, 
WR, and A1, Ao to read or write to I/O ports. 

cs 
0 

0 

0 

0 

0 

0 

0 

0 

RO 

0 

0 

0 

0 

WR Al 

0 

0 

1 1 

0 0 

0 0 

0 

0 

Ao Internal 110 Ports 

0 Read ImPP input data register (from ImPP) 

Read status register 

0 Command RESET; data read has no meaning 

Not used 

0 Write ImPP output data register (to ImPP) 

1 Write mode register 

0 Write module number register 

Write refresh timing register 

Figure 2 shows the status register format. 
Figure 2. Status Register Format 

I SOLBSY IIPPERR I CPURO IINBUSY I OMAR01 I OMAR01 I INERR I OUTERR I 

Notes: [1]IPPERR. INERR and OUTERR are ORed and output to the ERR pin. 
[2] When IPPERR becomes '1'. CPURO also becomes '1' at the same time. 
[3] Refer to 11P09305 User's Manual. Section 6. OMA Request Function 

L 

[4] Refer to 11P09305 User's Manual. Section 5. Image Memoryl .... P07281 Interfacing 

OUTERR[1] 

INERR[1] 

OMAR02 

OMAR01 

INBUSY 

CPURO[2] 

IPPERR [1,2] 

SOLBSY 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

.... P07281 input data register (INR) is 
read while CPURO = 0 (incl. during 
DMA) 

RESET 

.... P07281 output data register is written 
to when INBUSY = 1 (incl. during OMA) 

RESET 

OMA2 token [3](MN = 5, 10 = 7xH) 
input from the .... P07281 

OMAAK2 + RO = 0 or RESET 

OMA1 token [3] (MN = 5,10 = 6xH) is 
input from the .... P07281 

DMAAK1 + WR = 0 or RESET 

Output token (OUTR) is being input to 
the .... P07281 

.... P.!ll2ru..input of the token complete, 
or RESET 

MN = 0 token is input from the 
.... P07281 

Host read of the .... P~nput token ' 
completed (INR) or RESET 

Error token is input from the .... P07281 

RESET 

SOL 1 or SOL2 token [4] is input from 
the .... P07281 

SOL terminates or RESET 

49-0012808 
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Figure 3 shows the mode register format. 

Figure 3. Mode Register Format 

I RHASEL I RFINH I HALFIN I HALFOUT I 8BITIN 18BITOUT I CSSEL I CRESET I 

Note: All bits of the mode register default to 0 when an external reset is applied. 

Figures 4-20 graphically show /LPD9305 operation. For a 
detailed description of /LPD9305 operation, refer to the 
",PD9305 User's Manua/. 

Figure 4. Setting Write Method for 
Input Data 

Mode Input data write sequence -
8 H 16-bit 16-bit 
B A I I Use example I L I I I I 
T F I HH I HL I I LH I LL I I I 
N N 

I 
[1) 

I 16-bitC PU 
0 0 (j) I I ® 

normal use 

(2) 

I 
Scanner 

0 1 Fixed data (j) I ~f.lPD7281 

~Image memory 

I I I I I I 8-bitCPU 
1 0 ® (j) ~ ~~ 

normal use 

8-bit CPU memory 

1 1 Fixed data I '.~ I I ~f.lPD7281 

~Image memory 

Notes: [1) Circled numbers indicate order in which data is written 
(2) Fixed data should be defined beforehand 

49-001283A 
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L CRESET 0 No operation 

1 Command reset 

CSSEL 0 Image memory read data C,S bits are 
'00' 

1 Image memory read data C,S bits are 
'CS' 

8BITOUT 0 IS-bit external data bus 

1 8-bit external data bus 

8BITIN 0 IS-bit external data bus 

1 8-bit external data bus 

HALFOUT 0 Highllow 32-bit output 

1 Low IS bits output (high IS bits 
ignored) 

HALFIN 0 Highllow 32-bit input 

1 Low IS bits input (high IS bits fixed) 

RFINH 0 IMRF output 

1 IMRF not output 

RHASEL 0 Read high address valid for MN = 1 to 
4 tokens 

1 Read high address invalid for MN = 1 
to 4 tokens (becomes read operation) 

Figure 5. Setting Read Method for 
Output Data 

Mode Output data read-out sequence 
7H 

B A IS-bit 16-bit 
I L I 

I 
I I 

I 
I Use example 

T F 

I I I I I I 0 0 HH HL LH LL 
U U 
T T 

[1) 16-bitCPU 
0 0 I CD I ® 

normal use 

16-bitC PU 

49-001281 A 

0 1 (j) 
image memory read 

I 8-bitCPU 
1 0 I '1.) I CD I @) (j) 

normal use 

I 8-bitC P U 
1 1 ® (i) 

image memory read 

Note: [1) Circled numbers indicate order in which data is written 
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Figure 6. Setting Fixed (16-8it) Data 

For 16-bit CPUs 

Note: Each time the 16-bit low data is written to the output data register, the 16-bit 
high data set by the above procedure will be input with it to the ",PD7281. 

For 8-bit CPUs 

Write, in two 8-bit opera
tions, the 16-bit data (H) 
be set in the output data 
register (OUTR) (low data 
is not written) 

4!HlO1285A 

ILPD9305 

Figure 7. MN Register 

I 
",PD7281 #1I'J 

II 
I 

",PD7281 #2 

Note: [1) Bits 7-4 are output on the output data bus 

Figure 8. Refresh Timing Register 

7!1J 6 

I x I x I 
I 

Refresh Cycle (RC)!'! 

Notes: [1) X = don't care 
(2) The actual refresh cycle is (RC + 1) x 8 ClK, RC = 0 to 63 

49-00'287A 

49-00'288A 
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Figure 9. Input Timing (Host to pPD9305 to pPD7281) 
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HL~~~~~ --------~~ ______ ~ ________ ~------~~~~~~~~--------

HHr~~~~ ----------------~~ ______ ~------+_~~~~~UL---------

LL~~~~ -----------------------------( 
~----~----------~~~~~ 

LH register '<1/ OUTR ~ 71~/ 
,~[" t =~ 

OREQ ------------------------------------~.~ 

ODB --------------------------------------« High Data X Low Data 

Notes: [11 r2Z!Ll = Output enable 
[21 Internal signal 
3. 8BIN = 1, HALFIN = 0 
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Figure 10. Output Timing (pPD7281 to pPD9305 to Host) 

INR 
Hl register (8) 

INR 
HH register (8) 

INR 
II register (8) 

INR 
lH register (8) 

CPURQ 

lOB ~~------------------------------~------------------------------~-

Notes: [1] ~ = Output enable 
2. 8BITOUT = 1. HAlFOUT = 0 

Figure 11. Output to pPD7281, Control Data Paths 

Note: 
(1) Data from host 
(2) Data from lastlmPP 
(3) Image memory read data 
(4) Self object load data 
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Figure 12. p,PD7281, Input Control Data Flow 

Note: 
(1) Refer to Table 3 for 

token type definitions 
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Figure 13. Image Memory Read Timing (Without Refresh Request) 
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Figure 14. Image Memory Write Timing (Without Refresh Request) 
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Figure 15. Image Memory Access Request Priority Control 

Memory Access 
Request Token 

Memory Access r 
Request Internal Flag ____________ --' 

Memory Refresh 
Request Internal Flag ________ --J 
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IMRD 
OR 
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Figure 16. Read Data - pPD7281 Output Timing (Single Output) 
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Figure 17. Read Data -- pPD7281 Output Timing (Continuous Output) 
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Figure 18. Self Object Load Timing 

SOL Start 
Request Token 

L 

Inlernal Flag 
Showing SOL 

IMA --------( 

ClK 

IMRD 

OR~~ _______________________ ~ ____ _ 

OACK ~ 
Notes: [1 J When OACK is not returned, the flPD9305 can retain up to two tokens. (H2)-L2 and 

H3-L3 tokens). IMRD will not become active until the token is output. 
2. If a refresh request is generated during execution of self object load, refresh is 

given priority. 

Figure 21. Typical System Configuration 
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Figure 20. Read/Modify/Write Timing 

IREa~H l_~ 
lACK 

Inte~~~~:~~ /,..----i;,------------~ 
R/M/W Request ___________ --J 

ClK 

IMRD 

IMWR 

Table 5 shows the differences between command and 
external resets. 

Table 5. Command and External 
Reset Differences 

Item 

lID data counter 
Tokens in the I!PD9305 
Image memory access 
requests (except refresh) 
OREQ, iACR 
DMA request 

Refresh timer 
Refresh request 
Refresh address 
Mode register 

IPPRST pin 

Cleared 

Default 
values 

o (active) 

Figure 19. Refresh Timing 

ClK 

IMA9-0 

Internal Flag 
Showing 

Refresh Request 

IMRF 

Command Reset 

Cleared 

No change 

o (active) 
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Figure 21 shows a typical system configuration using the ~ 
",PD9305 with several ImPPs. .:.I 
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Description 

The /lPD7720A and /lPD77P20, two signal processing 
interface (SPI) chips that are functionally the same, are 
advanced architecture microcomputers optimized for 
signal processing algorithms. Their speed and flexibi
lity allow these SPls to efficiently implement signal 
processing functions in a wide range of environments 
and applications. 

The /lPD7720A, a revision of the /lPD7720, the original 
mask ROM chip, uses a third less power than the 
/lPD7720. The /lPD77P20 is an ultraviolet erasable and 
electrically programmable (EPROM) version of the 
/lPD7720A. Program and data ROM, masked for the 
/lPD7720A, are implemented in EPROM for the 
/lPD77P20. The /lPD77P20 is useful in prototype appli
cations .or in systems where product quantities are 
insufficient for masked ROM development. Since the 
inception of /lPD7720 and its companion EPROM 
version, /lPD77P20, there have been several mask 
revisions to improve either/both manufacturability 
and/or function. A /lPD77P20 must always be used to 
verify function of a user's system before submitting 
ROM code for /lPD7720A, but certain early versions of 
/lPD77P20 must not be used for final verification. 
Please refer to the section on /lPD77P20 for details. 

Features 

D Fast instruction execution-250 ns 
D 16-bit data word 
D Multi-operation instructions for optimizing program 

execution 
D Large memory capabilities: 

- Program ROM (512 x 23 bits) 
- Data ROM (510 x 13 bits) 
- Data RAM (128 x 16 bits) 

D Fast (250 ns) 16-bit multiplier (31 bits) 
D Dual accumulators 
D Four-level subroutine stack for program efficiency 
D Multiple 1/0 capabilities: 

- Serial 
- Parallel 
-DMA 

D Compatible with most microprocessors, including: 
- /lPD8080 
- /lPD8085 
- /lPD8086 
- /lPD780 (Z80®) 

D Power supply +5 V 
D NMOS technology 
D Extended temperature versions available. 
® zao is a registered trademark of Zilog Corporation. 

pPD7720A/77P20 
DIGITAL SIGNAL 

PROCESSORS 

Pin Configuration 

Note: 

[1] No connectlon.pPD7720A. 

SORQ 

so 

SOEN 

SIEN 

SCK 

INT 

Must be connected for EPROM version; consult PPD77P20 specifications. 

49-000905A 

Appl ications 

D Digital filtering 
D High-speed data modems 
D Fast Fourier transforms (FFT) 
D Speech synthesis and analysis 
D Dual-tone multi-frequency (DTMF) 

transmitters/receivers 
D Equalizers 
D Adaptive control 
D Numerical processing 

Performance Benchmarks 

D Second order digital filter (biquad): 2.25 /lS 
D Sin/cos of angles: 5.25/ls 
D /l/A law to linear conversion: 0.50/ls 
D FFT, 32-point complex: 0.7 ms 

64-point complex: 1.6 ms 

Ordering Information 

Max Frequency 
Part Number Package Type of Operation 

pPD7720AD 28-Pin ceramic DIP 8.33 MHz 

pPD7720AC 28-Pin plastic DIP 8.33 MHz 

pPD77P20D 28-Pin cerdip 8.196 MHz 

Normal 
Temperature 

Range 

-10°C to 70°C 

-10°C to 70°C 

-10°C to 70°C 
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Pin Identification 
No. Symbol 

NC (Vpp 
or Vee) 

2 DACK 

3 DRa 

4,5 Po, P1 

6-13 Do-D7 

14 GND 

15 ClK 

16 RST 

17 INT 

18 SCK 

19 SIEN 

20 SOEN 

21 SI 

22 SO 

23 SORa 

24 WR 

25 RD 

26 CS 

27 Ao 

28 Vee 

Pin Functions 

NC/Vpp 

Function 

No connection (pPD7720A). 
Programming voltage or Vee 
(pPD77P20) 

DMA request acknowledge input 

DMA request output 

General purpose output control lines 

Three-state 110 data bus 

Ground 

Single phase master clock input 

Reset input 

Interrupt input 

Serial data 110 clock input 

Serial input enable input 

Serial output enable input 

Serial data input 

Three-state serial data output 

Serial data output request 

Write control signal input 

Read control signal input 

Chip select input 

Statusldata register select input 

+5 V power supply 

This pin is not internally connected in the JlPD7720A. 
In the JlPD77P20, this pin inputs the programming 
voltage (Vpp) when the part is being programmed. 

This pin must be connected to Vee for proper 
JlPD77P20 operation. Consult the section on the 
JlPD77P20 for details. 

DACK [DMA Request Acknowledge] 

This input indicates to the JlPD7720A that the data bus 
is readyfor a DMA transfer (DACK = CS AND Ao = 0) 

DRQ [DMA Request] 

This output signals that the JlPD7720A is requesting a 
data transfer on the data bus. 

PO,P1 

These pins are general purpose output control lines. 
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00-07 [Data Bus] 

This three-state 1/0 data bus transfers data between 
the data reg ister or status reg ister and the external data 
bus. 

GND 

This is the connectionto ground. 

ClK 
This is the single-phase master clock input. 

RST [Reset] 

This input initializes the JlPD7720 internal logic and 
sets the PC to O. 

INT [Interrupt] 

A low to high transition on this pin executes a call 
instruction to location 1 OOH, if interrupts were previously 
enabled. 

SCK [Serial Data 1/0 Clock] 

When this input is high, a serial data bit is transferred. 

SIEN [Serial Input Enable] 

This input enables the shift clock to the serial input 
register. 

SOEN [Serial Output Enable] 

This input enables the shift clock to the serial output 
register. 

SI [Serial Data Input] 

This pin inputs 8- or 16-bit serial data words from an 
external device such as an AID converter. 

SO [Serial Data Output] 

This three-state port outputs 8- or 16-bit data words to 
an external device such as a 01 A converter. 

SORQ [Serial Data Output Request] 

This output specifies to an external device that the 
serial data register has been loaded and is ready for 
output. SORO is reset when the entire 8- or 16-bit word 
has been transferred. 

WR [Write Control Signal] 

This input writes data from the data port into the data 
register. 
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RD [Read Control Signal] 

This input latches data from the data or status register 
to the data port where it is read by an external device. 

CS [Chip Select] 

This input enables data transfer through the data port 
with RD or WR. 

AO [Status Data Register Select] 

This input selects data register for read/write (low) or 
status register for read (high). 

Vee [Power Supply] 

This pin is the +5 V power supply. 

Functional Description 

The primary bus (which is unshaded in the block 
diagram) makes a data path between all of the registers 
(including I/O), memory, and processing sections. 
This bus is referred to as the lOB (internal data bus). 
The multiplier input registers K and L can be loaded not 
onlyfrom the lOB but alternatively (via buses which are 

Block Diagram 

ORa 

o 
1 

Stack ------
2 

3 

Flag A 

Flag B 

C~~ RST---

INT 

Vee .--. 

GNO--- Interrupt 

S 
A 
1 

S 
B 
1 

S C Z 0 
A A A V 
0 A 

1 
S C Z 0 
B B B V 
0 B 

1 

jlPD7720A/77P20 

darkened in the block diagram) directly from RAM to 
the K register and directly from data ROM to the L 
register. Output from the multiplier in the M and N 
registers is typically added (via buses that are shaded 
in the block diagram) to either accumulator A or B as 
part of a multi-operation instruction. 

Fabricated in high speed NMOS, theJlPD7720A SPI is a 
complete 16-bit microcomputer on a single chip. ROM 
space provides program and coefficient storage; the 
on-chip RAM may be used for temporary data, coeffi-
cients, and results. A 16-bit arithmetic/logic unit (ALU) 
and a separate 16 x 16-bit fully parallel multiplier 
provide computational power. This combination al-
lows the implementation of a "sumof products" opera-
tion in a single 250 ns instruction cycle. In addition, 
each arithmetic instruction allows a number of data 
movement operations to further increase through-
put. Two serial I/O ports interface to codecs and other 
serially-oriented devices, while a parallel port provides 
both data and status information to conventional 
microprocessors. Handshaking signals, including DMA 5 
controls, allow the SPI to act as a sophisticated 
programmable peripheral as well as a stand-alone 
microcomputer. 

Data 
ROM 

510x13 

r-I _ 
1 r--- SOEN 
I I--SORa 

SOl 

!~t: SO Serial 
1/0 

1--1 
1 SCK 

1 SI I 
1 1 
1 I_SIEN 

I-LI 
SI 

0 0-07 

Parallel 
1/0 

49·oo0906B 
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Memory 

Memory is divided into three types: instruction ROM, 
data ROM, and data RAM. The 512 x 23-bit words of 
instruction ROM are addressed by a 9-bit .. program 
counter which can be modified by an external reset, 
interrupt, call, jump, or return instruction. 

Thedata ROM is organized in 510 x 13-bit words which 
are addressed through a 9-bit ROM pointer (RP regis
ter). The RP may be modified simultaneously with 
arithmetic instructions so that the next value is avail
able for the next instruction. The data ROM is ideal for 
storing the necessary coefficients, conversion tables, 
and other constants for you r processing needs. Do not 
use data ROM locations 0 and 1 in the fJPD7720A, 
where these locations are reserved for storage of test 
pattern data. (When submitting code for fJPD7720A, 
these locations shou Id be set to 0). Note that fJPD77P20 
allows use of these locations, but using them is not 
advised. 

The data RAM is 128 x 16-bit words and is addressed 
through a 7-bit data pointer (DP register). The DP has 
extensive addressing features that operate simulta
neously with arithmetic instructions, eliminating addi
tional time for addressing or address modification. 

Arithmetic Capabilities 

One of the unique features of the SPI's architecture is 
its arithmetic facilities. With a separate multiplier, ALU, 
and multiple internal data paths, the SPI is capable of 
carrying out a multiply, an add or other arithmetic 
operation, and a data move between internal registers 
in a single instruction cycle. 

ALU 
The ALU is a 16-bit two's complement unit capable of 
executing 16 distinct operations on virtually any of the 
SPI's internal registers, thus giving the SPI both speed 
and versatility for efficient data management. 

Accumulators [ACCA/ACCB] 

Associated with the ALU are two 16-bit accumulators, 
each with its own set of flags, which are updated at the 
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end of each arithmetic instruction (except NaP). Table 
1 shows the ACC AlB flag registers. In addition to zero 
result, sign, carry, and overflow flags, the SPI incor
porates auxiliary overflow and sign flags (SA 1, SB1, 
OVA 1, OVB 1). These flags enable the detection of an 
overflow condition and maintain the correct sign after 
as many as three successive additions or subtractions. 

Table 1. A CC AlB Flag Registers 

Flag A SA 1 SAO CA ZA OVA1 OVAO 

Flag B SB1 SBO CB ZB OVB1 OVBO 

Sign Register [SGN] 

When OVA 1 is set, the SA 1 bit wi II hold the corrected 
sign of the overflow. The SGN register will use SA 1 to 
automatically generate saturation constants 7FFFH(+) 
or 8000H(-) to permit efficient limiting of a calculated 
value. The SGN register is not affected by arithmetic 
operations on accumulator B, but flags SB1, SBO, CB, 
ZB, OVB1 and OVBO are affected by accumulator B 
arithmetic operations. 

Multiplier 

Thirty-one bit results are developed by a 16 x 16-bit 
two's complement multiplier in 250 ns. The result is 
automatically latched to two 16-bit register M&N (sign 
and 15 higher bits in M, 15 lower bits in N; LSB in N is 
zero) at the end of each instruction cycle. A new 
product is available for use after every instruction 
cycle, providing significant advantages in maximizing 
processing speed for real-time signal processing. 

Stack 

The SPI contains a 4-level program stack for efficient 
program usage and interrupt handling. 

Interrupt 

The SPI supports a single-level interrupt. Upon sens
ing a high level on the INT terminal, a subroutine call to 
location 100H is executed. The EI bit of the status 
register automatically resets to 0, disabling the inter
rupt facility until it is reenabled under program control. 
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Input/Output Figure 1. IlPD7720AIIlPD7720 Communication Ports 

General 

The NEC SPI has three communication ports, as 
shown in figure 1: two serial and one 8-bit parallel, each 
with its own control lines for interface handshaking. 
Parallel port operation is software-configurable to be 
in either polled mode or DMA mode. A general purpose 
2-line output port rounds out a full complement of 
interface capability. 

Serial 1/0 

The two shift registers (SI, SO) are software-configur
able to single or double byte transfers. The shift 
registers are externally clocked (SCK) to provide a 
simple interface between the SPI and serial peripherals 
such as AID and DI A converters, codecs, or other SPls. 
Figure 2 shows serial 1/0 timing 

Figure 2. Serial 110 Timing 
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Parallel 1/0 

The 8-bit parallel 110 port may be used for transferring 
data or reading the SPI's status, as shown in table 2. 
Data transfer is handled through a 16-bit data register 
(DR) that is software-configurable for double or single 
byte data transfers. The port is ideally suited for 
operating with 8080, 8085, and 8086 processor buses 
and may be used with other processors and computer 
systems. 

Table 2. Parallel R/W Operation 

CS AD WR RD Operation 

1 X X ~} No effect on internal operation. 
X X 1 00-07 are at high impedance levels. 

0 0 0 1 Data from 00-07 is latched to DR (Note 1) 

0 0 Contents of DR are output to 00-07 (Note 1) 

0 0 Illegal (SR is read only) 

0 1 1 0 Eight MSBs of SR are output to 00-07 

0 X 0 0 Illegal (May not read and write 
simultaneously) 

Note: 

(1) Eight MSBs or 8 LSBs of data register (DR) are used, depending 
on DR status bit (DRS). The condition of DACK = 0 is equivalent 
to Ao = CS = o. 

DMA Mode Option 

Parallel data transfers may be controlled (optionally) 
via DMA control lines DRO and DACK. DMA mode 
allows high speed transfers and reduced processor 
overhead. When in DMA mode, DACK input resets 
ORO output when data transfer is completed. DACK 
does not affect any status register bit or flag bit. 

Status Register 

The status register, shown in figure 3, is a 16-bit 
register in which the eight most significant bits may be 
read by the system's microprocessor for the latest 
parallel data 110 status. The ROM and DRS bits can 
only be affected by parallel data moves. The other bits 
can be written to (or read) by the SPI's load immediate 
(LDI) or move (MOV) instructions. The EI bit is automa
tically reset when an interrupt is serviced. 

Figure 3. Status Register (SR) 

MSB LSB 
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Table 3. Status Register Flags 

Flag 

ROM (Request for 
Master) 

USFl and USFO 
(User Flags 1 
and 0) 

DRS (DR Status) 

DMA (DMA Enable) 

DRC (DR control) 

SOC (SO Control) 

SIC (SI Control) 

EI (Enable 
Interrupt) 

P1, PO 
(Ports 0 and 1) 

Instructions 

Description 

A read or write from DR to IDB sets ROM = 1. 
An external read (write) resets ROM = o. 
General purpose flags which may be read 
by an external processor for user-defined 
signaling 

For 16-bit DR transfers (DRC = 0). DRS = 1 
after first 8 bits have been transferred. 
DRS = 0 after all 16 bits have been transferred. 

DMA = 0 (Non-DMA transfer mode) 
DMA = 1 (DMA transfer mode) 

DRC = 0 (16-bit mode) 
DRC = 1 (8-bit mode) 

SOC = 0 (16-bit mode) 
SOC = 1 (8-bit mode) 

SIC = 0 (16-bit mode) 
SIC = 1 (8-bit mode) 

EI = 0 (interrupts disabled) 
EI = 1 (interrupts enabled) 

PO and P1 directly control the 
state of output pins Po and P1 

The SPI has three types of instructions. Each of the 
three types take the form of a 23-bit word, and each 
executes in 250 ns. 

Instruction Timing 

To control the execution of instructions, the external 8 
MHz clock .is divided into four phases for internal 
execution. The various elements of the 23-bit instruc
tion word are executed in a set order. Multiplication 
automatically begins first. Also, data moves from 
source to destination before other elements of the 
instruction. Data being moved on the internal databus 
(lOB) is available for use in ALU operations (if P-select 
field of the instruction specifies IDB). However, if the 
accumulator specified in the ASL field is also specified 
as the destination of the data move, the ALU operation 
becomes a NOP, as the data move supersedes the ALU 
operation. 

Pointer modifications occur at the end of the instruc
tion cycle - after their values have been used for data 
moves. The result of multiplication is available at the 
end of the instruction cycle for possi ble use in the next 
instruction. If a return is specified as part of an OP 
instruction, it is executed last. 
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An assembly language "OP' instruction may consist of 
what looks like one to six lines of assembly code, but all 
of these lines are assembled together into one 23-bit 
instruction word. Therefore, the order of the six lines 
makes no difference in the order of execution des
cribed above. However, for understanding the SPI's 
operation and to eliminate confusion, write assembly 
code in the order described; that is: data move, ALU 
operations, data pointer modifications, then return. 

OP/RT Instruction Field Specification 

Figure 4 illustrates the OP/RT instruction field specifi
cation. There are two instructions of this type, both of 
which are capable of executing all ALU functions listed 
in table 5. The ALU functions operate on the value 
specified by the P-select field (see table 4). 

Besides the arithmetic functions, these instructions 
can also (1) modify the RAM data pointer DP, (2) 
modify the data ROM pointer RP, and (3) move data 
along the on-chip data bus from a source register to a 
destination register (the possible source and destina
tion registers are listed in tables 10 and 11, respective
ly). The difference in the two instructions of this type is 
that RT executes a subroutine or interrupt return at the 
end of the instruction cycle, but the OP does not. 
Tables 6, 7, 8, and 9 show the ASL, DPL, DPH and 
RPDCR fields, respectively. 

Table 5. ALU Field 

pPD7720A/77P20 

Figure 4. OPIRT Instruction Field 

22 21 20 19 1817 1615 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

R 

P- A P 
op 0 0 

Select ALU S OPL OPH-M 0 SRC OST 
L C 

R 

RT 0 1 Same as op instruction 
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Table 4. P-Se/ect Field 

Mnemonic 020 019 ALU Input 

RAM 0 0 RAM 

IDB 1 Internal Data Bus (Note 1) 

M 0 M Register 

N N Register 

Note: 

(1) Any value on the on-chip data bus. Value may be selected from 
any of the registers listed in table 6 source register selections. 

SAl SAO CA ZA OVAl OVAO 
Mnemonic 0 18 017 0 16 0 15 ALU Function SBl SBO CB ZB OVBl OVBO 

NOP 0 0 0 No operation 

OR 0 OR x f::,. 0 f::,. 0 

AND 0 AND x f::,. 0 f::, 0 

XOR 0 Exclusive OR x f::,. 0 f::, 0 0 

SUB 0 Subtract f::,. f::,. f::,. f::, f::,. f::,. 

ADD ADD f::,. f::,. f::,. f::, f::,. f::,. 

SBB 0 Subtract with borrow f::,. f::,. f::,. f::, f::,. f::,. 

ADC 0 1 1 Add with carry f::,. f::,. f::,. f::, f::,. f::,. 

DEC 0 0 0 Decrement ACC f::,. f::,. f::,. f::, f::,. f::,. 

INC 0 0 Increment ACC f::,. f::,. f::,. f::, f::,. f::,. 

CMP Complement ACC (one's complement) x f::,. 0 f::, 0 0 

SHR1 1-Bit right shift x f::,. f::,. f::, 0 0 

SHL1 1-Bit left shift x f::,. f::,. f::, 0 0 

SHL2 2-Bit left shift x f::,. 0 f::, 0 

SHL4 4-Bit left shift x f::,. f::, 0 0 

XCHG 8-Bit exchange x f::,. 0 f::, 0 0 

Note: 

f::,. May be affected, depending on the results 
- Previous status can be held 
o Reset 
x Indefinite 
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Table 6. ASL Field Table 10. SRC Field (cont) 

Mnemonic D14 ACC Selection Mnemonic D7 D6 D5 D4 Source Register 

ACCA ACCA DR 0 0 0 DR data register 

ACCB ACCB DRNF 0 0 1 DR no flag (Note 1) 

SR 0 0 SR status register 

Table 7. DPL Field SIM 0 SI serial in MSB (Note 2) 

Mnemonic 013 012 Low OP Modify (OP3-0PO) SIL 0 0 SI serial in LSB (Note 3) 

DPNOP 0 0 No operation K 0 1 K register 

DPINC 0 1 Increment DPL L 0 L register 

DPDEC 0 Decrement DPL MEM RAM 

DPCLR Clear DPL Note: 

(1) DR to lOB, ROM not set. In OMA, ORO not set. 

Table 8. DPH Field (2) First bit in goes to MSB, last bit to LSB. 

Mnemonic D11 D10 D9 High DP Modify (3) First bit goes to LSB, last bit to MSB (bit reversed). 

MO 0 0 0 Exclusive OR of DPH (DPS-DP4) with 
Table 11. DST Field the mask defined by the three bits 

M1 0 0 1 (D11-D9) of the DPH field Mnemonic D3 D2 Dl Do Destination Register 
M2 0 0 @NON 0 0 0 0 No register 
M3 0 1 @A 0 0 0 1 ACCA (Accumulator A) 
M4 0 0 @B 0 0 0 ACCB (Accumulator B) 
M5 0 1 @TR 0 0 1 1 TR temporary register 
M6 0 @DP 0 0 0 DP data pointer 
M7 @RP 0 0 1 RP ROM pointer 

@DR 0 0 DR data register 
Table 9. RPDCR Field 

@SR 0 SR status register 
Mnemonic D8 RP Operation @SOL 0 0 0 SO serial out LSB (Note 1) 
RPNOP 0 No operation @SOM 0 0 1 SO serial out MSB (Note 2) 
RPDEC Decrement RP @K 0 0 K (Mult) 

Table 10. SRC Field 
@KLR 0 1 !DB - K, ROM - L (Note 3) 

@KLM 0 Hi RAM - K,!DB -L (Note 4) 
Mnemonic D7 06 05 04 Source Register 

@L 0 1 L (Mult) 
NON 0 0 0 0 No register 

@NON 0 No register 
A 0 0 1 ACCA (Accumulator A) 

@MEM RAM 
B 0 0 0 ACCB (Accumulator B) 

TR 0 0 1 TR temporary register 
Note: 

DP 0 0 0 DP data pointer 
(1) LSB is first bit out. 

(2) MSB is first bit out. 
RP 0 0 1 RP ROM pointer 

(3) Internal data bus to K, and ROM to L register. 
RO 0 0 RO ROM output data (4) Contents of RAM address specified by OP6 = 1, is placed in K 
SGN 0 SGN sign register register, lOB is placed in L (that is, 1, OPs, OP 4 OP3-0PO). 
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Jump/Call/Branch Table 13. BRCH/CND Fields 

Figure 5 shows the JP instruction field specification. Conditions 
Mnemonic 020 0 19 0 18 017 0 16 015 0 14 013 (Note I) 

Three types of program counter modifications are ac- JMP 0 0 0 0 0 0 No condition 
commodated by the processor and are listed in table 

CALL 1 0 1 0 0 0 0 0 No condition 12. All the instructions, if unconditional or if the speci-
fied condition is true, take their next program execution JNCA 0 0 0 0 0 0 0 CA=O 

address from the next address field (NA); otherwise PC JCA 0 0 0 0 0 1 CA=1 
= PC + 1. JNCB 0 0 0 0 0 0 CB = 1 

Table 12. BRCH Field JCB 0 0 0 0 0 1 CB= 1 

020 0 19 0 18 Branch Instruction 
JNZA 0 0 0 0 0 ZA=O 

0 0 Unconditional jump JZA 0 0 0 0 ZA=1 

0 1 Subroutine call JNZB 0 0 0 0 0 ZB =0 

0 0 Conditional jump JZB 0 0 0 0 1 1 ZB = 1 

JNOVAO 0 0 0 0 0 0 OVAO = 0 

For the conditional jump instruction, the condition JOVAO 0 0 0 0 0 1 OVAO = 1 

field specifies the jump condition. Table 13 lists all the JNOVBO 0 0 0 0 0 OVBO =0 
instruction mnemonics of the jump/call/branch codes. JOVBO 0 0 0 0 1 OVBO = 1 

Load Data [LDI] 
JNOVA1 0 0 0 0 OVA1 = 0 

JOVA1 0 0 0 1 OVA1 = 1 
Figure 6 shows the LO instruction field specification. 

JNOVB1 0 0 0 0 OVB1 = 0 
The load data instruction will take the 16-bit value JOVB1 0 0 0 1 1 1 OVB1 =1 
contained in the immediate data field (10) and place it 

JNSAO 0 0 0 0 0 SAO=O 
in the location specified by the destination field (OST) 

JSAO 0 0 0 0 1 SAO=1 (see table 11). 
JNSBO 0 0 0 0 0 SBO=O 

Figure 5. JP Instruction Field Specification JSBO 0 0 0 0 SBO= 1 

JNSA1 0 0 0 0 SA1 =0 
12 11 10 9 8 7 6 5 4 

NA 
JSA1 0 0 0 1 SA1 =1 

49-Q00911A JNSB1 0 0 0 0 SB1 = 0 

JSB1 0 0 0 1 SB1 = 1 

Figure 6. LD Instruction Field Specification JDPLO 0 0 0 DPL=O 

JDPLF 0 0 1 DPL = FH 
2221 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I LO 111 I 10 1/1 OST I JNSIAK 0 0 0 0 SI ACK = 0 

49-000912A JSIAK 0 0 0 1 SI ACK = 1 

JNSOAK 0 0 0 SO ACK =0 

JSOAK 0 0 1 SO ACK= 1 

JNROM 0 0 0 ROM =0 

JROM 0 0 ROM=1 

Note: 

(1) BRCH or CND values not in this table are prohibited. 
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Absolute Maximum Ratings Capacitance 
Supply voltage, Vec (7720A) -0.5 to +7.0 V limits 

Test 
Supply voltage, Vcc (77P20) -0.3 to +7.0 V Parameter Symbol Min Max Unit Conditions 

Programming voltage, Vpp (77P20 only) -0.3 to +22 V ClK,SCK CtP 20 pF fc = 1 MHz 

Input voltage, VI (7720A) -0.5 to +7.0 V capacitance 

Input voltage, VI (77P20) -0.3 to +7.0 V Input pin capacitance CIN 10 pF 

Output voltage, Vo (7720A) -0.5 to +7.0 V Output pin capacitance COUT 20 pF 

Output voltage, Vo (77P20) -0.3 V to +7.0 V 
AC Characteristics 

Operating temperature, T OPT -10°C to +70°C TA = -10°C to +70°C, Vee = +5 V ±5% 
Storage temperature, T STG -65°C to +150°C Limits 

Test 
Comment: Exposing the device to stresses above those listed in Parameter Symbol Min Typ Max Unit Conditions 
Absolute Maximum Ratings could cause permanent damage. The 

ClK cycle time 120 2000 (Note 1) device is not meant to be operated under conditions outside the tPCy ns 
limits described in the operational sections of this specification. pPD7720A 
Exposure to absolute maximum rating conditions for extended ClK cycle time tPCy 122 2000 ns (Note 1) 
periods may affect device reliability. pPD77P20 

DC Characteristics ClK pulse width tPD 60 ns (Note 4) 

TA = -10°C to +70°C, Vee = +5 V ±5% ClK rise time tPR 10 ns (Note 1) 

Limits ClK fall time tPF 10 ns (Note 1) 
Test 

Parameter Symbol Min Typ Max Unit Conditions Address setup time tAR 0 ns 

Input low voltage VIL -0.5 0.8 V 
for AD 

Input high voltage VIH Vcc + 0.5 V 
Address hold time tRA ns 

2.0 for AD 
ClK low voltage V¢L -0.5 0.45 V RD pulse width tRR 250 ns 
ClK high voltage V¢H 3.5 Vcc + 0.5 V Data delay from RD tRD 150 ns CL = 100 pF 
Output low VOL 0.45 V 10L = 2.0 rnA Read to data tDF 10 100 ns CL = 100 pF 
voltage floating 
Output high VOH 2.4 V IOH = -400pA Address setup tAW 0 ns 
voltage time for WR 
Input load IUL -10 pA VIN =0 V Address hold tWA 0 ns 
current time for WR 
Input load IUH 10 pA VIN = Vcc 
current 

WR pulse width tww 250 ns 

Dat!.§..etup time tDW 150 ns 
Output float ILOL -10 pA VOUT = 0.47 V forWR 
leakage 

Output float ILOH pA VOUT = Vce 
Data hold time tWD 0 ns 

10 forWR 
leakage 

Power supply Icc 120 rnA 
RD, WR, recovery tRV 250 ns (Note 2) 

170 time 
current (7720A) 

Power supply Icc 270 
DRa delay tAM 150 ns 

350 rnA 
current (77P20) DACK delay time tDACK tPD (Note 2) 

Vpp current Ipp 70 rnA Program mode DACK pulse width tDD 250 2000 ns pP7720A 
(77P20 only) max pulse 250 50000 ns pPD77P20 

current (Note 1) 
.... _---------- .. -- ............. ------------- .... -----_ .. SCK cycle time tSCY 480 DC ns 

0.5 3.0 rnA Program verify, 
inhibit (Note 2) SCK pulse width tSCK 230 ns 

Note: SCK rise/fall time tRSC/tFSC 20 ns 

(1) Vpp = 21 ± 0.5 V SORa delay tDRQ 30 150 ns CL = 100 pF 

(2) For K-Ievel parts, Vpp max = (Vee - 0.6 V) + 0.25 V SOEN setup time tsoc 50 ns 
Vpp min = (Vee - 0.6 V) - 0.25 V SOEN hold time tcso 30 ns 

For all other step levels: Vpp max = Vee + 0.25 V 
Vpp min = Vee - 0.85 V 
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AC Characteristics (cont) 
TA = -1Q°C to +70°C, Vee = +5 V ±5% 

Parameter Symbol 

Limits 

Min Typ 
Test 

Max Unit Conditions 

SO delay from SCK tOCK 150 ns 
=Iow 

SO delay from tOZRO 20 300 ns (Note 2) 
SCK before 1st bit 
(Note 3) 

SO delay from SCK tozsc 20 300 ns 

SO delay for SOEN tOZE 20 180 ns 

SOEN to SO floating tHZE 20 200 ns 

SCK to SO floating tHZSC 20 300 ns 
with SORQ high 

SO delay from SCK tHZRO 70 300 ns 
for last bit 

SIEN, SI setup time toc 55 ns 

SIEN, SI hold time tco 30 ns 

Po, P1 delay top t/JCY ns +150 

RST pulse width tRST 4 t/JCY 

INT pulse width tiNT 8 t/JCY 

Notes: 

(1) Voltage at timing measuring pOint: 1.0 V and 3.0 V. 

(2) Voltage at AC timing measuring pOint: 
VIL = VOL = 0.8 V 
VIH = VOH = 2.0 V 

(3) SO goes out of tristate, but data is not valid yet. 

(Note 2) 

(Note 2) 

(Note 2) 

(Note 2) 

(Note 2) 

(Note 2) 

(4) Pulse width includes ClK rise and fall times. Refer to Clock Timing 
Waveform. 

Timing Waveforms 

Input Waveform of AC Test (except CLK) 

2.4--r-v-
0.45 ---J 1'o:s""' '--

49-000913A 

Clock 

ClK 

49-()()Q914A 

pPD7720A/77P20 

Timing Waveforms (cont) 

Read Operation 

49-D00915A 

Write Operation 

49-000916A 

DMA Operation 

49-Q00917A 

16 Bit Transfer Mode 

49-000939A 

Port Output 

ClK 

Reset 
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Timing Waveforms (cont) 

Interrupt 

Serial Timing 

Figure 7 shows serial output timing when SOEN is 
asserted in response to SORa when SCK is low. If 
SO EN is held inactive until after SORa is asserted, and 
then SOEN is asserted while SCK is low (SOEN should 
be held inactive until the period oftcso, after the falling 
edge of SCK), SO will become active but not valid 
tozsc after the next risi ng edge of SCK. SO wi II become 
valid with the first bit tOCK after the next falling edge of 
SCK, for use by an external device at the subsequent 
rising edge of SCK. Subsequent bits will be shifted out 
tOCK after subsequent falling edges of SCK, for use at 
subsequent rising edges of SCK. The last bit to be 
shifted out will also follow this pattern, and will be held 
valid tHZRQ after the corresponding rising edge of SCK 
at which it is to be used. SORa will be held tDRQ after 
this same rising edge of SCK, then removed. SOEN 
should be released at least tsoc before the next falling 
edge of SCK. 

Figure 8 shows timing for serial output when SOEN is 
asserted in response to SORa when SCK is high. If 
SOEN is held inactive until after SORa is asserted, and 
then SO EN is asserted while SCK is high (at least tsoc 
before the falling edge of SCK), SO will become active 
but not valid tOZE after the falling edge of SOEN. SO 
will become valid tOCK after the falling edge of SCK, for 
use by an external device at the subsequent rising edge 
of SCK. Note that, although figure 8 shows SO EN 
being asserted during a different SCK pulse than the 
one in which SORa is asserted, it is permissible for 
these to occur during the same pulse of SCK, as long as 
SOEN is still asserted tsoc before the falling edge of 
SCK. The timing for the second through the last bits is 
identical to the timing shown in figure 7. 

Figure 9 shows output timing when SOEN is active 
before SORa is high. If SOEN is held active before 
SORa is high, data will be shifted out whenever it 
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becomes available in the serial output register (assum
ing previous data is already shifted out). In this case, 
SORa will rise tORQ after a rising edge of SCK. SO will 
become active (but not valid yet) tOZRQ after the same 
rising edge of SCK. The first valid SO bit occur tOCK 
after the next falling edge of SCK, for use by an 
external device at the subsequent rising edge of SCK. 
Subsequent bits will be shifted out tOCK after subse
quent falling edges of SCK, for use at subsequent 
rising edges of SCK. The last bit to be shifted out will 
also follow this pattern, and will be held validtHZRQ 
after the corresponding rising edge of SCK at which it 
is to be used. SORa will be held tORQ after this same 
rising edge of SCK, then removed. 

Avoid releasing SOEN in the middle of a transfer (that 
is, before the last bit is shifted out), since this will stop 
the output shift operation, and, when SOEN is again 
asserted, the remainder of the transfer will be shifted 
out before the next transfer can begin. The next tranfer 
will begin immediately without any indication of the 
byte/word boundary. If SOEN is released while SCK is 
high, as shown in figure 10, at least tsoc before the 
falling edge of SCK, then SO will go inactive tHZE after 
SOEN is released (which may be before or after the 
falling edge of SCK). 

If SOEN is released while SCK is low, as in figure 11, at 
least tcso after the falling edge of SCK, then the next 
bit will be shifted out tOCK after the falling edge of SCK, 
for use at the subsequent rising edge of SCK. SO will 
then go inactive tHZSC after this rising edge of SCK. 

Note: 

For all its uses, SOEN must not change state within tsoc before or 
tcso after the falling edge of SCK; otherwise, the results will be 
indeterminate. 

Serial input timing, shown in figure 12, is much simpler 
than serial output timing. Data bits are shifted in on the 
rising edge of SCK if SIEN is asserted. Both SIEN and 
SI must be stable at least toc before and tco after the 
rising edge of SCK; otherwise the results will be 
indeterminate. 

Figure 13 shows serial timing of cascaded SPls with a 
common SCK. SO from the first SPI equals SI of the 
second, and the first SPI's SORQ inverts to become 
SIEN of the second. SOEN of the first SPI is always 
asserted. 
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Figure 7. Serial Output Case #1: SOEN Asserted in 

Response to SORQ when SCK is Low 

SCK 

Figure 8. Serial Output Case #2: SOEN Asserted in 
Response to SORQ when SCK is High 

49-000920A 

Figure 9. Serial Output Case #3: SOEN Active before 
SORQ is High 

SCK 

SOEN--~----~--------~----~I~-r.--~~------

pPD7720A/77P20 

Figure 10. Serial Output Case #4A: If SOEN is 
Released in the Middle of a Transfer 
During SCK High 

SCK~ 

['""~ 
/ 

SOEN 

IHZE) 
so 

High-Z 
Valid _" 

49-000986A 

Figure 11. Serial Output Case #48: If SOEN is 
Released in the Middle of.a Transfer 
During SCK Low. 

SCK 

SOEN 
------------------+-~ 

SO ________________________ J~--------~ 
49-000922A 

Figure 12. Serial Input 

Figure 13. Serial Timing Example 

SO SCK 
(1&2) 

~ __________ ~ ______________________________ 4~9-~OO~09~21~A S~~N~~~~r---~-------------i~-+-----r~-----
SORO 

(1) 

SIEN 
(2) 

SO(1) 
~ SI(2) 

49-000924A 
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When cascading two SPls in the described configura
tion, most ofthe timing involved is directly copied from 
the case of serial output with SOEN always enabled 
(figure 13). It must be shown that the results will be 
suitable for the serial input timing of the second SPI. 

(1) SORQ (1) rises tORQ after a rising edge of SCK, and 
it is inverted (inverter has tpHL delay time) to 
become SIEN (2), which must be stable toc before 
the next rising edge of SCK. It also must not 
change until tco after this first rising edge of SCK, 
as shown by case 2 in figure 8. 

tORQ(max) + tpHL + toc(min) ::; tsCy(min) 
tpHdmax) ::; tscy(min) - tDc(min) - tDRQ(max) 

::; 480 -55 - 150 
::; 275 nsec-readily achieved by 74LS14, 

for example 

(2) SORQ (1) is released tDRO after the last useful 
rising edge of SCK, and is inverted (inverter has 
tpHL delay time) to become SIEN (2), which must 
remain stable tCD after the rising edge of SCK. 

tORo(min) + tpLH(min) 2:: tCD(min) 

Note: 

tpLH(min) 2:: tCD(min) - tDRQ(min) 
2:: 30 - 30 
2:: O-no problem, assuming 

causality 

This also shows tpHdmin) 2:: 0 for the rising edge of SORQ. 

(3) SO (1) is valid tDCK after a falling edge of SCK; 
since it becomes SI (2), it must be valid tDC before 
the next rising edge of SCK. 

tDCK(max) + tDc(min) ::; tSCK(min) 
150 + 55::; 230 
205::; 230-this condition is satisfied 

(4) SO (1) remains valid tHZRO after the last useful 
rising edge of SCK; since it becomes SI (2), it must 
remain valid tco after this rising edge of SCK. 

tHzRQ(min) ~ tCD(min) 
70 2:: 30-this condition is satisfied 

Note: 

The above calculations may need to be adjusted for rise and fall 
times, since tsCY and tSCK are measured for midpoints of wave 
slopes. 
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pPD77P20UV Erasable EPROM Version 

Function 

The IlPD77P20 operates from a single +5 V power 
supply and can accordingly be used in any IlPD7720A 
masked ROM application. 

Use of Evakit-7720 

The following sections describe electrical conditions 
that are required for programming the IlPD77P20. 
However, the Evakit-7720, NEC's hardware emulator 
development tool for the IlPD7720A/IlPD77P20, meets 
the electrical and timing specifications presented be
low. When the Evakit-7720 is used for programming 
IlPD77P20, all data transfers and formatting are han
dled automatically by Evakit's monitor program. Please 
refer to the Evakit-7720(B) User's Manual for program
ing procedures. 

The information presented below in the sections on 
Configuration, Operation, and Programming (and the 
various subsections) is required only for users who do 
NOT intend to use an Evakit to program the IlPD77P20. 

Configuration 

Data transfer for programming and reading the internal 
ROM is partitioned into three bytes foreach 23-bit wide 
instruction location and into two bytes for each 13-bit 
wide data location. Partitioning of data transfer into 
and out of the data port is shown in figure 14. 

Instruction ROM 

The instruction ROM data is transferred through the 
data port as a high byte, middle byte, and low byte as 
shown in figure 15. Bit 7 of the middle byte should be 
assigned a value of zero. Data is presented to the data 
port in a bit-reversed format. The LSB through the MSB 
of an instruction ROM byte is applied to the MSB 
through the LSB of the data port, respectively. 

Data ROM 

Figure 16 shows the data ROM format. The data ROM 
data is transferred through the data port as a low byte 
and a high byte as shown in figure 17. Bits 0, 1, and 2 of 
the low byte should be assigned a value of zero. Data is 
presented to the data port in corresponding order. The 
MSB through the LSB of a data ROM byte is applied to 
the MSB through the LSB of the data port, respectively. 

Initially and after each erasure, all bits of thellPD77P20 
are in the zero state. 
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Figure 14. Instruction ROM Format 

M 

Figure 15. Transfer of Instruction ROM Data 

Data Port 7 6 5 4 3 2 1 0 

Nole: * = Set to zero as dummy data. 

Figure 16. Data ROM Format 

M 

B 

Figure 17. Transfer of Data ROM Data 

Data Port 7 6 5 4 3 2 1 0 

Nole: * = Set to zero as dummy data_ 

Operating Modes 

L 

S 

B 

49-000926A 

49-000927A 

49-000928A 

In order to read or write the instruction or data ROMs, 
the mode of operation of the pPD77P20 must be 
initially set. At the RST trailing edge, the RD, WR, and 
CS should be logical zero and the DACK, Ao, and SI 
signals should be set to determine the mode of opera
tion accordingly, as set out in table 14. 

Table 14. pPD 77P20 Operation Mode 

AU SI 

o o o Write mode instruction and data ROM 

o o Read the instruction ROM 

o Read the data ROM 

jlPD7720A/77P20 

B 

49-000925B 

Once set, the pPD77P20 wi" remain in the selected 
mode. A reset is required to transfer to another mode. 

Write Mode 

The individual instruction ROM and data ROM bytes 
are specified by control signals RD, Ao, SI, and INT as 
set out in table 15. Before writing the EPROM location, 
the bytes should be loaded accordingly. 

Table 15. Write Mode Specification of ROM bytes 

iiD Au SI INT 

0 0 1 Write instruction byte, high 

0 0 Write instruction byte, middle 

1 1 Write instruction byte, low 

0 0 Write data byte, low 

0 Write data byte, high 

Read Mode 

The instruction ROM and data ROM bytes are specified 
by the control signals RD, Ao, SI, and INT as set out in 
table 16. Reading is accomplished by setting the 
control signals accordingly. 

Table 16. Read Mode Specification of ROM Bytes 

iii AD SI INT 

0 0 0 1 Read instruction byte, high 

0 0 0 Read instruction byte, middle 

0 1 Read instruction byte, low 

0 0 Read data byte, high and low 

The instruction ROM and data ROM are addressed by 
the 9-bit program counter and the 9-bit ROM pointer 
respectively. The PC is reset to OOOH and is automati
cally incremented to the end address 1 FFH. The RP is 
reset to 1 FFH and is automaticaly decremented to 
OOOH. 
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Erasing 

Programming can only occur when all data bits are in 
an erased or low (0) level state. Erase pPD77P20 
programmed data by exposing it to light with wave
lengths shorter than approximately 4,000 angstroms. 
Note that constant exposure to direct sunlight or room 
level fluorescent lighting could erase the pPD77P20. 
Consequently, if the pPD77P20 will be exposed to 
these types of lighting conditions for long periods of 
time, mask its window to prevent unintentional erasure. 

Therecommended erasure procedure forthepPD77P20 
is exposure to ultraviolet light with wavelengths of 
2,537 angstroms. The integrated dose (Le., UV intensity 
x exposure time) for erasure should not be less than 15 
W-sec/cm2. The erasure time is approximately 20 
minutes using an ultraviolet lamp with a power rating of 
12,000 pW/cm2. 

During erasure, place thepPD77P20 within one inch of 
the lamp tubes. If the lamp tubes have filters, remove 
the filters before erasure. 

Programming, 

Programming of the pPD77P20 is achieved with a 
single 50 msTTl pulse. Total programming timeforthe 
11,776 bits of instruction EPROM and also for the 6,630 
bits of data EPROM is 26 seconds. Data is entered by 
programming a high (1) level in the chosen bit loca
tions. Both instruction ROM and data ROM should be 
programmed since theycannot be erased independent
ly. Both instruction ROM and data ROM programming 
modes are entered in the same manner. The device 
must be reset initially before it can be placed into the 
programming mode. After being reset, the WR signal 
and all other inputs (RD, C8/PROG, DACK, Ao, 81, and 
INT) should be a TTL low (0) signal tRS prior to the 
falling edge of R8T. WR is then held for tRH before 
being set to a TTL 'high (1) level signal. The device is 
now in a programming mode and will stay in this mode, 
allowing ROM locations to be sequentially programmed. 
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Programming Mode-Instruction ROM. Instruction 
ROM locations are sequentially programmed from 
address OOOH to address 1 FFH. The location address is 
incremented by the application of ClK for a duration of 
tCY. Data bytes for each location as specified by control 
signals RD, Ao, 81, and INT (table 15) are clocked into 
the device by the falling edge of RD. After the three 
bytes have been loaded into the device, Vpp is raised to 
21 V ±0.5 V, tvs prior to C8/PROG transitioning to a 
TTL high (1) level signal. Vpp is held for the duration of 
tpRPR plus tpRV before returning to the Vcc level. After 
tpRCL the instruction ROM address can be incremented 
to program the next location. Figure 18 shows the 
programming mode of instruction ROM timing. 

Programming Mode-Data ROM. Data ROM locations 
are sequentially programmed from address 1 FFH to 
address OOOH. The location address is decremented by 
the application of ClK for tCY. The data bytes for each 
location as specified by control signals RD, Ao, 81, and 
INT are clocked into the device by the falling edge of 
RD. After the two bytes have been loaded into the 
device, Vpp is raised to 21 V ±0.5 V, tVPR prior to 
C8/PROG transitioning to a TTL high (1) level signal. 
Vpp is held for the duration of tpRPR plus tPRV before 
returning to the Vcc level. After tpRCL the data ROM 
address can be decremented to program the next 
location. Figure 19 shows programming mode of data 
ROM timing. 

Read Mode. A read should be performed to verify that 
the data was programmed correctly. Prior to entering 
read mode the device must be reset. 
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Figure 18. Programming Mode of Instruction ROM 
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Figure 19. Programming Mode of Data ROM 
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Read Mode-Instruction ROM. This mode is entered 
by holding the WR signal at a TTL low (0) level with the 
81 signal at a TTL high (1) level and all other specified 
inputs (RD, C8/PROG, DACK, Ao, INT) at TTL low (0) 
levels for tCORS prior to the falling edge of R8T. WR is' 
then held for tRSW before being set to a TTL high (1) 
level. The device is now in the instruction ROM read 
mode and will stay in this mode until reset. Instruction 
ROM locations are sequentially read from address 
OOOH through 1 FFH. Application of ClK for tCY will 
increment the locati.on address. The three data bytes 
will be read as specified by the control signals RD, Ao, 
81 andlNT (table 16). Figure 20 shows read mode of 
instruction ROM timing. 

pPD77P20 Mode Selection 

Mode CS/PROG Vpp Vee Outputs 

Instruction ROM program VIH Vpp +5V DIN 

Data ROM program VIH Vpp +5V DIN 

Instruction ROM read VIL Vee +5V DOUT 

Data ROM read VIL Vee +5V Dour. 
operation 

VIH Vee +5V DIN. 
High Z 
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Read Mode-Data ROM. Figure 21 shows read mode of 
data ROM timing. This mode is entered by holding the 
WR signal at a TTL low (0) level with the Ao signal at a 
TTL high (1) level and all other specified inputs (RD; 
C8/PROG, DACK, 81, INT) at TTL low (0) levels for 
tCORS prior to the falling edge of R8T. WR and Ao are 
then held for tRSW prior.to the falling edge of R8T. WR 
and Ao are then held for tRSW before being set toa TTL 
high (1) level and TTL low (0) level, respectively. The 
device is now in the data ROM read mode and will stay 
in this mode until it is reset. Data ROM locations are 
sequentially read from address 1 FFH through OOOH. 
Application of ClK for tCY will decrement the location 
address. After decrementing the location address, the 
low byte of the current location will be available at the 
data port subsequent to a tCLD delay. Application of RD 
will present the high byte tRD1 from the falling edge of 
the RD pulse. RD is then applied for tVR to complete 
reading of the current location. 
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Figure 20. Read Mode of Instruction ROM 
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Figure 21. Read Mode of Data ROM 

.r-~ST , 

ICY 

I-Icoco-

~ ~ -- )I High X -
Ic~J- --

I--ICOOF 

I--ICLO 

I 
Address 

OOOH 

\ CLKV\ 

RST ----s 
V' V \JV 

'f 
tIRSCL-f-r.;-

-~ 
RD 

" CSfPROG~ 

DACK~ 

----s 
Ao ----i 

, 

SI ----; 
----; 

INT~ 
~ 

, 

'\ 

teoRsl tRSW 

nJ 

- I-IRO' 

- I-ICLD toF,- I-

\ 

/ 

X~ --

Address 
001H-1FFH 

Middle 
'--------' 

--------- X Low --~ c:x Low }-~--C 

Address 1FEH-OOOH 1FFH 

\.... 

49·000931C 

J9·000932C 

5-95 



pPD7720A/77P20 

Programming Operation, 
AC Characteristics 
T A = 25°C +5°C,Vcc == 5 V ± 5%, Vpp = 21 V ±0.5 v 

Parameter 

ClK cycle time 

ClK setup time 
to fill! 

ClK hold time 
From RST! 

ClK hold time 
from PROG! 

Symbol 

tCY 

tCLR 

tpRCL 

Control signal set-up tCORS 
time to RST! 

WR hold time tRSW 
from RST! 

Data set-up time 
from fill! 

tDRIO 

Data hold time tRD 
from RiB 
RD pulse width tRR1 

SI, INT set:!p 
time from ROt 

tCOR 

SI, INT hold tRCO 
time from AD! 

RD set-up time 
To PROGt 

tRPR 

RD hold time tpRR 
from PROG! 

Vpp set-up time 
"To PROGt 

tVPR 

Vpp hold time 
from PROG! 

tpRV 

RST pulse width tRST1 

RST setup time tRS 

PROG pulse width tpRPR 

limits 

Min Typ Max Unit 

240 ns 

2 J.lS 

6 J.lS 

200 ns 

pS 

6 J.lS 

J.lS 

100 ns 

J.lS 

100 ns 

100 ns 

100 ns 

2 J.lS 

2 J.ls 

2 J.lS 

4 tCY 

1 pS 

45 50 55 ms 

Test 
Conditions 

Read Operation, AC Characteristics 
TA = 25°C +5°C; Vcc = 5 V ±5%; Vpp = Vcc + 0.25 V max 
Vpp = Vcc - 0.85 V min 

Limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

Data access time tCLD J.lS 
from ClK 

Data delay time tCOD J.lS 
fromSI,INT 

Data float time tCODF 0 ns 
from SI, INt 

SI, INT pulse width tCOCO 1 J.lS 

RD recovery time tRV1 500 ns 
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Read Operation, AC Characteristics 
(cont) 
TA = 25°C +5°C; Vcc = 5 V ±5%; Vpp = Vcc + 0.25 V max 
Vpp = Vcc - 0.85 V min 

Limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

Data access time tRD1 150 ns 
From fill! 

Data float time tDF1 10 ns 
from fillt 

Operation Mode 

The JlPD77P20 may be utilized in an operation mode 
after the instruction ROM and data ROM have been 
programmed. Since it was first introduced in 1982, the 
JlPD77P20 has undergone several mask revisions to 
improve manufacturability and/or function. And since 
the purpose oftheJlPD77P20 is to run any program that 
may be programmed i.n the masked ROM JlPD7720A, it 
is important to know how to determine the step level, 
and the differences between them. 

Date Code 

The markings on the JlPD77P20 package consist of 
three lines, as follows: 

NEC JAPAN 
D77P20D 

nnnnXnnnn 

Manufacturer 
Part number 
Date code 

The letter in the middle (e.g. 'X') of the date code 
identifies the step level of the part. Parts marked with 
step level K, E, or P should not be used for final system 
test by customers who are planning to submit code for 
the masked ROM JlPD7720A. 

On all other JlPD77P20 stepping versions, a slight 
functional change was made, and the change is 
incorporated in theJlPD7720A. The change allows the 
serial clock (SCK) to run asynchronously with ClK. 
Specified versions of JlPD77P20 (Le. K, E, P)and all 
Evakit-7720s and Evakit-7720Bs (Evaluation Systems 
for JlPD7720A/JlPD77P20) require that SCK run synchro
nously with ClK. 

Because this functional change results in a slight 
change in internal serial timing, it is mandatory that 
code to be submitted for JlPD7720A be verified in 
customer's system using versions of JlPD77P20 other 
than those listed above (Le. K, E, & P). 
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Pin 1 Connection 

The K mask version requires that the programming 
voltage Vpp be supplied in a different manner than for 
all later versions, as shown in Figure 22. A silicon 
junction diode of 0.6 V forward voltage (VF) should be 
used. R should be 800 to 1.8K n to satisfy the Vpp and 
Ipp requirements. 

In all mask versions other than K, pin 1 must be 
connected directly to Vcc. 

Figure 22. Vpp Circuitry for K Mask Version 

R o 
V"'-+----iC I---+---<l +sv ± 5% 

Vpp = Vee - (0.6 ± 0.2S)V 

Ipp Min = O.SmA 

Max = 3.SmA 

Vee 

49-000933A 

pPD7720A and pPD77P20 Development 
Tools 

For software development, assembly into object code, 
and debugging, an absolute assembler and simulator 
are available. The ASM77 Absolute Assembler and 
SIM77 Simulator for analyzing development code and 
I/O timing characteristics are available for systems 
supporting CP/M® and CP/M-86® (1), ISIS-II® (2), 
or MS-DOS® (3) operating systems. Additionally, the 
ASM77 Absolute Assembler is offered in Fortran source 
code for mini and main frame computer systems. 

Once software development is complete, the code can 
be completely evaluated and debugged in hardware 
with the Evakit-7720 Evaluation System. The Evakit 
provides true in-circuit real-time emulation of the SPI 
for debugging and demonstrating your final system 
design. Code may be down-loaded to the Evakit from a 
development system via an RS232 port using the EVA 
communications program. This program is available in 
executable form for ISIS-II systems and many CP/M, 
CP/M-86, and MS-DOS systems. The EVA communica
tions source code is also available for adapting the 
program to other systems. 

The Evakit also serves to program the pPD77P20, a 
full-speed EPROM version of the SPI. A demonstration 
mask ROM chip, containing some common digital 
filtering routines, including N-stage IIR (biquadratic) 
and FIR (transversal filters), is available to test hard
ware interfaces to the SPI. 

JlPD7720A/77P20 

Further operational details of the SPI can be found in 
the pPD7720A Signal Processing Interface Technical 
Manual. Operation of the SPI development tools is 
described in the Absolute Assembler User Manual, the 
Simulator Operating Manual, and the Evakit-7720 
User's Manual. 
Note: 

(1) CP/M and CP/M-86 are registered trademarks of Digital Research 
Corp. 

(2) ISIS-II is a registered trademark of Intel Corp. 

(3) MS-DOS is a registered trademark of Microsoft Corp. 

System Configuration 
Figures 23, 24, 25 and 26 show typical system applica
tions for the pPD7720A and pPD77P20. 

Figure 23. Spectrum Analysis System 

Product Example 
~ 
Microphone 
Thermal 
Pressure 
Light 

P Using the .,.POn20 

'\ {' 

Band·limiting 
Filter 

................. : 
Freq-

49·000935A 

Figure 24. An Analog-to-Analog Digital Processing 
System Using a Single SPI 

Analog 
In 

49-000936A 

Figure 25. A Signal Processing System Using Cascad
ed SPls & Serial Communication 

49·000937A 
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Figure 26. A Signal Processing System Using SPls as 
a Complex Computer Peripheral 

49-000938A 
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NEe Electronics Inc. 

PRELIMINARY INFORMATION 

Description 

ThepPD77C20 sighal processsing interface (SPI) chip 
is a CMOS pin-for-pin compatible version of the 
existing pPD7720. This advanced architecture micro
computer, optimized for signal processing algorithms, 
is functionally the same as the NMOS pPD7720, but 
with CMOS technology. Its power requirements are 
typically 80% less than the pPD7720. The pPD77C20 
operates at the same clock rate as the pPD7720 and 
hence wi II execute any design developed for the NMOS 
version. The low-power feature of pPD77C20 makes it 
appropriate for portable applications and other designs 
requiring low-power and low heat dissipation. 

Features 

D Low-power CMOS 
- 24 rnA typical current use 

o Fast instruction execution 
- 250 ns with 8.196-MHz clock 

o 16-bit data word 
o Multi-operation instructions for fast program 

execution: multiply, accumulate, move data, adjust 
memory pointers-all in one instruction cycle 

o Modified Harvard architecture with three separate 
memory areas: 
- Program ROM (512 x 23 bits) 
- Data ROM (510 x 13 bits) 
- Data RAM (128 x 16 bits) 

o 16 x 16 multiplier, 31-bit product with every 
instruction 

o Dual accumulators 
o External maskable interrupt 
o Four-level stack for subroutines and/or interrupt 
o Multiple I/O capabilities: 

- Serial: 8 or 16 bit 
- Parallel: 8 or 16 bit 
-DMA 

o Compatible with most microprocessors, including: 
- pPD8080 
- pPD8085 
- pPD8086/88 
- pPD780 (Z80®) 

o Power supply +5 V 
® Z80 is a registered trademark of Zilog, Inc. 

pPD77C20 
DIGITAL SIGNAL 

PROCESSOR 

Applications 

D Portable telecommunications equipment 
D Digital filtering 
D High-speed data modems 
o Fast Fourier transforms (FFT) 
o Speech synthesis and analysis 
o Dual-tone multifrequency (DTMF) 

transmitters/receivers 
o Equalizers 
o Adaptive control 
o Num'erical processing 

Performance Benchmarks 

o Second-order digital filter (biquad): 2.25 ps 
o Sin/cos of angles: 5.25 ps 
o p/A law to linear conversion: 0.50 ps 
o FFT, 32-point complex: 0.7 ms 

- 64-point complex: ,1.6 ms. 

Ordering Information 

Max Frequency 
Part Number Package Type of Operation 

pPD77C20D 28-Pin ceramic DIP 8.196 MHz 

pPD77C20L 44-Pin PLCC 8.196 MHz 

Pin Configuration 

28-Pin Ceramic DIP 

NC Vcc 
OACK Ao 

cs 
Po REi 

WR 
SORQ 

01 so 
SI 

SOEN 

04 SIEN 

05 SCK 

Normal 
Temperature 

Range 

-10 to 70°C 

-10 to 70°C 

83-003766A 
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Pin Configuration (cont) Pin Identification 

44-Pin PLCC 
Symbol Function 

NC No connection 
0 I~ u u OACK OMA request acknowledge input u 0" lie U ~ U (,) 

~ tl (,) 
z a. Q z > z z 

ORQ OMA request output 
I I I I I I I I I I I I I I I I 
L J LJ LJ LJ LJ LJ LJ LJ Po. P1 General purpose output control lines 

4 1 44 
He =~7 0 HC 

00-07 Three-state 110 data bus 
P1 iffi GND Ground 
Do 

-, WR 
ClK Single-phase master clock input 

He =~ 10 SORQ 
RST Reset input 

D1 so 
INT Interrupt input 

D2 
-, pPD77C20L HC 

SCK Serial data 110 clock input 
D3 =~13 51 

SIEN Serial input enable input 
D4 

-, HC 
SO EN Serial output enable input 

He SOEH 

=~ 16 SIEH 
SI Serial data input 

Ds 

HC HC 
SO Three-state serial data output 

19 22 25 SORQ Serial data output request r, r, r, r, r, r, r, r, r ~ I I I I I I I I I I I I I I I I 

WR Write control signal input 
(,) .. ... Q Q (,) lI: ... (,) ... lI: 
Z Q Q Z Z Z ....I 1/1 Z ! (,) RO Read control signal input CI CI (,) ,lie 1/1 

83-003767A CS Chip select input 

Ao Statusldata register select input 

Vee +5 V power supply 
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NEe Electronics Inc. 
PRELIMINARY INFORMATION 

Description 

The pPD77230 Advanced Signal Processor (ASP) is 
the high-end member of a new third-generation family 
of 32-bit digital signal processors. This CMOS chip 
implements 32-bit full floating-point arithmetic, and is 
intended for digital signal processing and other ap
plications requiring high speed and high precision. 

All instructions execute in one instruction cycle. The 
pPD77230 executes a 32-bit by 32~bit floating point 
multiply with 55-bit product, sum of products, data 
move, and multiple data pOinter manipulations-all in 
one 150-ns instruction cycle. 

Features 

o Fast instruction cycle: 150 ns using 13.3-MHz clock 
o All instructions execute in one cycle 
o 32- x 32-bit floating point arithmetic 
o Large on-chip memory (32-bit words) 

- 1 K data RAM (two 512-word blocks) 
- 1 K data coefficient ROM 
- 2K instruction ROM 

o 8K- x 32-bit external memory; 4K may be instruction 
memory 

o 1.5-pm CMOS technology 
o 32-bit internal bus 
o 55-bit ALU bus 
o Dedicated internal buses for RAM, multiplier, and 

ALU 
o Eight accumulators/working registers (55 bits) 
o 47-bit bidirectional barrel shifter 
o Two independent data RAM pOinters 
o Modulo 2n incrementing for circular RAM buffers 
o Base and index addressing of internal RAM 
o Data ROM capable of 2n incrementing 
o Loop counter for repetitive processing 
o Eight-level stack accessible to internal bus 
o Two interrupts: maskable and nonmaskable (NMI) 
o Serial I/O (5 MHz) 
o Master/slave mode operation 
o Three-stage instruction pipeline 
o Single +5-volt power supply 
o Approximately 1.2 watts 

Ordering Information 

Part Number Package Type 

pPD77230R 68-pin PGA 

pPD77230 
ADVANCED 

SIGNAL PROCESSOR 

Applications 

o General-purpose digital filtering (FIR, IIR, FFT) 
o High-speed data modems 
o Adaptive equalization (CCITT) 
o Echo cancelling 
o High-speed controls 
o Image processing 
o Graphic transformations 
o Instrumentation electronics 
o Numerical processing 
o Speech processing 
o Sonar/radar signal processing 
o Waveform generation 

Floating.Point Performance Benchmarks 
Second-order digital filter (biquad) 

32-tap finite impulse response filter 

Fast Fourier transform (FFT) 
32-point complex (radix 2) 

512-point complex FFT 

1024-point complex FFT 

Square root 

Pin Configuration 

68-Pin PGA 

Top View 

~ M ~ ~ u 
000000000 

10 0 0 0 0 0 0 0 0 0 0 27 
37 68 67 65 63 61 

o 0 O'ndex Pin 0 0 
30 O~ ~O O~ 

00 00 
50 0 41 

00 
70 O~ ~O O~ 

00 00 
90 0

45
0 0 0 0 0 0 0

53
0 0 19 

000000000 10 12 14 16 18 

0.9ps 

5.25ps 

0.15 ms 

4.7 ms 

10.75 ms 

6.0ps 

83·004028A 
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Pin Identification** 
No. Master *Slave No. Master *Slave 

1 DO 35 D2 

2 A1 36 D1 

3 A3 37 AO 

4 A5 38 A2 

5 A6 39 A4 

6 As 40 VDD 

7 A10 41 A7 

8 Ax 42 A9 

9 WR 43 A11 

10 RD 44 GND 

11 SORa 45 SO 

12 SOCK 46 SICK 

13 SOEN 47 SIEN 

14 INT 48 NC (No connection) 

15 INTM 49 RESET 

16 MIS 50 SI 

17 CLKOUT 51 X2 

18 X1 52 VDD 

19 D31 P3 53 D30 P2 

20 D29 P1 54 D2S PO 

21 D27 RaM 55 D26 CS 

22 D25 HWR 56 GND 

23 D24 HRD 57 D23 1/015 

24 D22 1/014 58 D21 1/013 

25 D20 1/012 59 D19 1/011 

26 D1S 1/010 60 VDD 

27 D17 1/09 61 D15 1/07 

28 D16 I/Os 62 D13 1/05 

29 D14 1/06 63 D11 1/03 

30 D12 1/04 64 D9 1/01 

31 DlO 1/02 65 D7 

32 DS 1/00 66 D5 

33 D6 67 D3 

34 D4 68 GND 

*If slave-mode pin identification is not specified, it is the same as 
master-mode. 

uPin numbers are preliminary and may change. 
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Pin Function Summary 
Symbol I/O Function 

AO-A11 0 Address bus to external memory 

Ax 0 Highest bit of memory address 

CLKOUT 0 Internal system clock 

CS Chip select 

Do-D7 1/0* Data bus for access to external memory in slave 
mode. 

Do-D31 1/0* Data bus for access to external memory (data or 
instruction) in master mode. 

GND Ground (Connect ground to all GND pins.) 

HRD Host CPU read 

HWR Host CPU write 

1/00-1/015 1/0* Port to host CPU data bus 

INT Nonmaskable interrupt 

INTM Maskable interrupt 

MIS Operation mode select 

PO, P1 I General-purpose input port 

P2, P3 0 General-purpose output port 

RD 0 Controls data read from external memory 

RESET I System reset 

RaM 0 Data readlwrite request 

SI Serial input data 

SICK I/O Clock for serial input data 

SIEN Serial input data enable 

SO 0* Serial output data 

SOCK I/O Clock for serial output data 

SOEN Serial output data enable 

SORa 0 Serial output request 

VDD +5-volt power (Connect +5 V to all VDD pins.) 

WR 0 Controls data write to external memory 

X1, X2 External clock (X1) or crystal (X1, X2) 

*These pins have a high-impedance inactive state. 
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Pin Functions 

Paragraphs below supplement the brief descriptions in 
the preceding table. Pin symbols are in alphabetical 
order within several master and slave mode categories. 

Master and Slave Modes 

CLKOUT [System Clock]. Outputs internal system 
clock. Output signal frequency is half the oscillation 
frequency of crystal connected across X1 and X2 pins. 

INT [Nonmaskable Interrupt]. Inputs nonmaskable 
interrupt signal, which is active-low and must be at least 
three system clock pulses wide. Interrupt signal is 
detected at falling edge. Interrupt address is 10H. 

INTM [Maskable Interrupt]. Inputs maskable interrupt 
signal, which is active-low and must be at least three 
system clock pulses wide. Interrupt signal is detected 
at falling edge. Interrupt address is 100H. 

MIS [Mode Select]. Selects operation mode. Operation 
mode must not be switched during operation, however. 
Master = 0; slave = 1. 

RESET [System Reset]. Inputs internal system reset 
signal, which is active-low and must be at least three 
system clock pulses wide. 

SI [Serial Input Data]. Inputs serial data synchronized 
with falling edge of SICK. 

SICK [Serial Input Clock]. Inputs or outputs clock for 
serial input data. Serial data is internally latched at the 
falling edge of the clock that is input to or output from 
this pin. Whether the clock is to be input from an 
external source or the internal clock is to be output is 
determined by the status register setting. 

SIEN [Serial Input Enable]. Enables SI pin to input 
serial data. This pin is active-low. 

SO [Serial Output Data]. Outputs serial data synch
ronized with riSing edge of SOCK pin. 

SOCK [Serial Output Clock]. Inputs or outputs clock 
for serial output data. The serial output data is synch
ronized with the clock that is input to or output from 
this pin. Whether the clock is to be input from an 
external source or the internal clock is to be output is 
determined by the status register setting. 

SO EN [Serial Output Enable]. Enables SO pin to 
output serial data. This pin is active-low. 

SORa [Serial Output Request]. Outputs serial output 
request signal, which is active-high. When data is ready 
in the serial output register, this signal becomes 1. It 
will become 0 after data has been output. 

pPD77230 

X1, X2 [External Clock]. Connection to external oscil
lator crystal (X1, X2) or external clock (X1). 

Master Mode, External Memory Interface 

Ao-A11 [Address Bus]. Address bus for access to 
external memory. When accessing external instruction 
memory, the lower 12 bits of the program counter are 
output to these pins. When accessing external data 
memory, the lower 12 bits of the external address 
register are output to these pins. 

Ax [Highest Address Bit]. Outputs the highest bit of 
the memory address. When accessing external in
struction memory, the highest bit of the program 
counter (PC12) is output to this pin. When accessing 
external data memory, the highest bit of the external 
address register is output to this pin. High-speed 
memory area = 0; low-speed memory area = 1. 

00-031 [Data Bus]. These pins form a 32-bit data bus 
for external memory (data or instruction). 

RD [Data Read]. Controls data read from external E 
memory. This signal becomes 0 after the output address 
is valid, and data is input at the rising edge to the data 
port formed by pins Do to 031. 

WR [Data Write]. Controls data write to external 
memory. This signal becomes 0 after the output address 
is valid and data is out"put to the data port formed by 
pins Do to 031. 

Slave Mode, External Memory Interface 

Ao-A11 [Address Bus]. Address bus for accessing 
external memory. When acceSSing external data mem
ory, the lower 12 bits of the external address register 
are output to these pins. 

Ax [Highest Address Bit]. When accessing external 
data memory, the highest bit of the external address 
register is output to this pin. High-speed memory area 
= 0; low-speed memory area = 1. 

00-07 [Data Bus]. These pins form an eight-bit data 
bus for external data memory access. Data may be 
transferred in one of four formats (1-, 2-, 3-, or 4-byte 
words), depending on the status register setting. 

RD [Data Read]. Controls data read from external 
memory. This signal becomes 0 after the output address 
is valid, and data is input at the rising edge to the data 
port formed by pins Do to D 7. 

WR [Data Write]. Controls data write to external 
memory. This signal becomes 0 after the output address 
is valid and data is output to the data port formed by 
pins Do to 0 7. 
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Slave Mode, Host CPU Interface' 

CS [Chip Select]. Active-low chip select input signal. 
When this pin becomes 0, the host CPU may perform 
read/write operations on the 16':'bit port formed by pins 
1/00 through 1/015· 

HRD [Host CPU Read]. Active-low host read input 
signal. In conjunction with CS, this signal allows the 
host CPU to read data from the DRS register via the 
16-bit port formed by pins 1/00 to 1/015. 

HWR [Host CPU Write]. Active-low host write input 
signal. In conjunction with CS, this signal allows the 
host CPU to write data into the DRS register via the 
16-bit port formed by pins 1/00 to 1/015. 

1/°0-1/°15 [Data Port]. These pins form an I/O port to 
the host CPU bidirectional data bus. It is used for input 
to or output from the DRA register under control of 
host CPU signals CS, HWR, and HRD. Data transfer 
format can be specified in the status register as either a 
16-bit or a 32-bit transfer. 

ROM [Read/Write Request]. Requests host CPU to 
read or write data via the host CPU data bus. 

Slave Mode, 1/0 Port 

PO, P1 [Input Port]. These pins form a general-purpose 
input port. Status of either of these pins may be tested 
by a conditional branch instruction. 

P2, P3 [Output Port]. These pins form a general
purpose output port. Dat~ output by these pins can be 
set directly by an instruction and will be retained until 
explicitly changed. 

Functional Description 

Figure 1 is the functional. block diagram of the 
pPD77230 in its master mode configuration. The main 
internal bus (32 bits) ties together all the functional 
blocks of the pPD77230, including the ALU area. The 
55-bit processing unit (PU) bus links the ALU input 
to the· 55-bit multiplier output register and the eight 
55-bit working registers. Thus, the full 55 bits of 
precision can be maintained during extensive cal
culations. 

In addition to the main bus and the PU bus, there is a 
sub-bus linking each of the two RAM areas to both the 
ALU input and the multiplier input registers. This 
allows simultaneous loading of the multiplier input 
registers in parallel with ALU operations and in parallel 
with data transfer operations, which make use of the 
main bus. There is a sub-bus connecting the ALU input 
to the 55-bit mu Iti plier output and another sub-bus that 
can route the working registers' contents back to the 
ALUinput. 
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Architecture 

The pPD77230 has a Harvard-type architecture, with 
separate memory areas for program storage and data 
storage as well as separate, multiple buses. A multiple
stage instruction execution pipelining scheme per
forms instruction fetch and execution in parallel. All 
instructions are executed in a single cycle, even if the 
instruction is stored in the external instruction memory 
expansion area. 

Instruction Memory 

The pPD77230 has an internal instruction ROM that 
holds 2K 32-bit instruction words. An additional 4K 
word external memory expansion isals6 available. A 
13-bit program counter (PC) contai.ns the. current 
instruction address; the most significant bit of the PC 
determines whether on-chip or external .instructions 
are to be fetched. An eight-level stack holds subroutine 
and interrupt return addresses, and it is accessible 
to/from the main internal bus. 

Data Memory 

The data ROM area on the pPD77230 holds 1 K 32-bit 
words. The ROM pointer (RP) contains the current 
ROM address, which can also be specified within an 
instruction field. The ROM pointer has auto-increment 
and auto-decrement features and an add 2n to the RP 
option. 

There are two separate and independently add ressable 
data RAM areas, each 512 words by 32 bits. Each RAM 
area can be addressed by a base register, an index 
register, orthe sum of the two. The base register and/or 
the index register may be incremented, decremented, 
or cleared. In addition, the base pointer can operate in 
a modulo count mode, and the index register contents 
may be replaced by the sum of the index and base 
registers. 

Data memory may be expanded by the addition of 8K 
words of external mEilmory. External data memory is 
divided into a high-speed half, which is accessed in a 
single instruction cycle, and a low-speed half, which is 
accessed in three instruction cycles. Both high-speed 
and low-speed memory accesses occur in parallel with 
normal program execution. 

Multiplier and ALU 

The floating-point multiplier has two 32-bit input 
registers, called the K and L registers, which are 
accessible both to and from the main bus. The multiplier 
produces the 55-bit product of the K and. L register 
contents automatically in a Single instruction cycle 
(there is no multiply instruction). The 55-bit result is 
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stored in the M register in 8-bit exponent, 47-bit 
mantissa format. The contents of the M register can be 
transferred to the main bus (32 bits) or to the ALU via 
the processing unit bus (55 bits). The multiplier con
sists of a 24- by 24-bit fixed-point multiplier and an 
exponent adder, so that it can also be used for fixed
point multiplications. 

The 55-bit floating-point ALU is capable of a full set of 
arithmetic and logical operations (see Instruction Set 
section). There is a 47-bit bidirectional barrel shifter, 
which can perform general-purpose shifting in addition 
to the mantissa alignments required for floating-point 
arithmetic. A separate exponent ALU (EALU) deter
mines shift values in floating-point work. The ALU 
status is reflected in one of two identical processor 
status words (PSW) that contain carry, zero, sign, and 
overflow flags. The results of the ALU operation are 
stored in one of eight 55-bit accumulators or "working 
registers." 

There are two 55-bit input registers to the ALU called 
the P register and the Q register. The Q register input is 
selected from one of the eight working registers, while 
the P register input is selected from among the 32-bit 
main bus, data RAM 0, data RAM 1, and the 55-bit M 
register. 

A loop counter is included in the design of the 
JlPD77230. This loop counter is a 10-bit register, 
attached to the main bus, which can be decremented 
by a control bit built into an ordinary ALU instruction. 
When the loop counter is decremented to zero, the 
instruction following the one that decremented it will 
be skipped. 

System Control 

The master system clock may be provided to the 
JlPD77230 via either an external crystal or an already 
available clock signal. The internal clock of the 
JlPD77230 contains two phases, and is obtained by 
dividing the master clock frequency by 2. If desired, the 
serial input and output clocks can be derived from the 
master clock by dividing it by 8. 

Both a maskable and nonmaskable interrupt are avail
able in the JlPD77230. The maskable interrupt can be 
"memorized," so that if an interrupt occurs while it is in 
the interrupt disabled condition, then it may be acted 
upon (or disregarded) at a later time. The status of the 
interrupts and other aspects of the JlPD77230 are 
determined by or reflected in the 20-bit status register. 

pPD77230 

Serial I/O 

The serial input and output circuitry in the JlPD77230 is 
designed for easy interfacing to codecs and other 
JlPD77230s. The input and output circuits are independ
ently clocked by either an internal clock or an external 
clock up to 5 MHz. The length of the serial input and 
output data words can be independently programmed 
to be 8, 16, 24, or 32 bits. 

The parallel I/O capabilities in the JlPD77230 can be 
used for external instruction and data memory ex
pansion and for interaction with a host processor. The 
difference between master mode and slave mode 
operation must be defined to further discuss the nature 
of the parallel interface in the JlPD77230. 

Master/Slave Modes 

The master mode parallel interface is shown in figure 1. 
In this mode, the JlPD77230is intended to act as a 
standalone processor with the parallel interface allow-
ing access to external memory, memory-mapped I/O Il 
devices, and/or a system-level bus. Master mode 
operation allows for external instruction memory ex-
pansion and external data memory expansion. There is 
an 8K external memory space. The lower 4K can be 
shared between instructions and data, while the upper 
4K can be used for data only. 

The slave mode parallel interface is shown in figure 2. 
In this mode, the JlPD77230 is a "peripheral" to a host 
processor. The full 8K external memory space is 
available for data memory expansion, but instruction 
memory expansion is not allowed in slave mode. The 
8-bit external data bus is used to assemble words in the 
data register (DR),whichcan be 8, 16, 24 or 32 bits 
wide. Communication with the host occurs across the 
16-bit host data bus. Word lengths of 16 or 32 bits can 
be transferred between the JlPD77230 and the host. 
Four pins can be used in slave mode as general
purpose I/O ports: two input pins and two output pins. 

Figure 3 shows the functional pin groups in master 
mode and slave mode. 
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Figure 1. Master Mode Block Diagram 
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Figure 2. Slave Mode Block Diagram 
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Figure 3. Functional Pin Groups 
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Instruction Set 

All pPD77230 instructions consist of a single 32-bit 
word. Figure 4 shows the bit format for the three basic 
types of instructions. 

OP Type Instruction 

This is an ALU operation instruction where 26 different 
operations may be specified in the upper five bits 
(figure 4). Pointer modifications may be specified in 
the CNT field. Transfers may also be specified within 
an OP instruction by use of the SRC and DST fields. 
When all fields are specified in an OP instruction, 
several different tasks are performed at once. The high 
five bits make up the OP field, summarized in table 1. 

Table 2 summarizes the effect on bits in the PSW 
resulting from ALU operations. 

Control Field [CNT] 

This 12-bit field contains specifications for control 
modes and pointer modifications. Figure 5 summarizes 
the bit field format, table 3 summarizes the function of 
CNT field groups, and table 4 summarizes the function 
of each mnemonic within the 23 groups. 

P Field 

The two-bit P field specifies the source of inputto the P 
register, which is used as an input to the ALU for 
operations requiring two operands. See table 5. 

A. OP "tYpe Instruction 

5 4 

CNT[12] SRC[5] OST[5] 

B. Branch Type Instruction 

15 14 10 9 5 4 

NA [13] C [5] SRC[5] OST[5] 

c. Load Type Instruction 

1M [24] 
51

4 

OST[5] 
o I 
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Table 1. OP Field Specifications Table 2. Effects of ALU Operations on PSW 

Mnemonic OP Field 131-27) Operation Flags (cont) 

NOP 00000 No operation ALU Contents of PSW 

INC 00001 Increment Operation OVFE C S OVFM 

DEC 00010 Decrement SHRAM $ 0 

ABS 00011 Absolute value CLR 0 0 0 

NOT 00100 Not-one's complement NORM (NORM.) $ 0 $ 0 

NEG 00101 Negate-two's complement (ROUNDING) $ $ $ $ 

SHLC 00110 Shift left with carry (FLT-FIX) 0 $ $ 

SHRC 00111 Shift right with carry (FIX M.A.) 0 $ $ 

ROL 01000 Rotate left CVT X 0 $ 0 

ROR 01001 Rotate right ADD $ $ $ 

SHLM 01010 Shift left multiple SUB $ $ $ 

SHRM 01011 Shift right multiple ADDC $ $ $ 

SHRAM 01100 _ Shift right arithmetic multiple SUBC $ $ $ 

CLR 01101 Clear CMP $ $ $ $ 

NORM 01110 Normalize AND 0 $ 0 

CVT 01111 Convert floating point format OR 0 $ 

ADD 10000 Fixed-point add XOR 0 $ 0 

SUB 10001 Fixed-point subtract ADDF $ $ $ $ 

ADDC 10010 Fixed-point add with carry SUBF $ $ $ $ 

SUBC 10011 Fixed-point subtract with borrow $ Flag will be affected by result of operation. 

CMP 10100 Compare (floating point) 0 Flag will be reset to O. 

AND 10101 Logical AND 1 Flag will be reset to 1. 

OR 10110 Logical OR Previous condition of flag will be preserved. 

XOR 10111 Logical exclusive OR 

ADDF 11000 Floating-point add 

SUBF 11001 Floating-point subtract 

+ If the original data in the mantissa was 80---0H, OVFM = 1 after 
operation. 

Figure 5. Control Field Bit Format 

Table 2. Effects of ALU Operations on PSW Flags 
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Table 3. Control Field Function Summary Table 4. Control Field Mnemonic Summary 

Group Field Function Effective Operation Mnemonic Code 

Interrupt EM, BM Enable and disable maskable EM, BM Field (19-17) 
interrupt, and control. interrupt 

Maskable interrupt EM BM memorization. 

PSW FIS PSW control (select and clear) No operation (NOP) (NOP) 000 

FC Select other PSW Clear booking flag (NOP) CLRBM 001 

Data ROM RP Controls ROM pointer operation Set booking flag (NOP) SETBM 010 

pointer RPC Specifies n value for special Interrupt disabled DI (NOP) 011 

manipulation of ROM pointer Interrupt enabled EI (NOP) 100 

RPS Specifies 9 lower bits of data Interrupt enabled and clear booking flag EI CLRM 101 
ROM address 

Interrupt enabled and set booking flag EI SETBM 110 
Data RAMO MO Specifies RAMO addressing mode 
and RAM1 Use prohibited 111 

pointers M1 Specifies RAM1 addressing mode 
* Default: interrupt disabled and clear booking flag. 

DPO Controls modification of base 
* pointer 0 and index register 0 Writing (NOP) is not necessary, just useful for remembering the 

available combinations and their effects. 
DP1 Controls modification of base 

pointer 1 and index register 1 FIS Field (21-19) 

BAS EO Specifies counter length of Flag initialize and select 
modulo count operation of base No operation (NOP) 000 
pointer 0 

BASE1 Specifies counter length of 
Specify PSW 0 for operation (default) SPCPSWO 001 

modulo count operation of base Specify PSW 1 for operation SPCPSW1 010 
pointer 1 Clear PSW 0 CLRPSWO 100 

Data format FD Controls conversion mode for Clear PSW 1 CLRPSW1 101 
conversion floating point CVT. 

WI Controls transfer format when 
Clear PSW 0 and PSW 1 CLRPSW 110 

working register is specified in 1 FC Bit (15) 
DST field. Flag change operation 

WT Controls transfer format when No operation (NOP) 0 working register is specified in 
SRC field. Exchange PSW for operation XCHPSW 

Normalization NF Specifies normalization, RP Field (22,21) 
specification normalization with rounding, 

ROM pointer modification floating-point to fixed-point 
conversion, or digit alignment. No operation (NOP) 00 

Shift SHV Controls amount of shift for Increment ROM pointer INCRP 01 
specification 47 -bit mantissa 

Decrement ROM pointer DECRP 10 
Data memory RW Specifies read/write 
access operation for external memory. Increment specified bit of ROM pointer INCBRP 11 

EA Increments or decrements 
(that is, add 2N) 

external address register RPC Field (21-18) 

General- P2 Controls state of P2 pin Specify N for adding 2N to ROM pointer BITRP imm (imm)B 
purpose P3 Controls state oj P3 pin *imm (= n) is 0 through 9 
output port 

Loop counter L Decrements loop counter RPS Field (23-15) 

Jump NAL Specifies unconditional local Specify immediate ROM address SPCRA imr:n (imm)B 

jump address *0:::::: imm ::::::511 

* Effective starting with .current instruction . 

..... Effective starting with next instruction. 
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Table 4. Control Field Mnemonic Summary (cont) 

Operation Mnemonic Code Operation Mnemonic Code 

MO Field FD Field 

Specify RAM pointer Data conversion format specification 

No change in specification (NON) 00 No change of specification (NON) 00 

Base pointer 0 SPCBPO 01 Conversion of ASP format to IEEE SPIE 01 

Index register 0 SPCIXO 10 
format (default) 

Base pointer 0 + index register 0 SPCBIO 11 Conversion of IEEE format to ASP IESP 10 

(default) 
format 

M1 Field 
Use prohibited 11 

Specify RAM pointer WI Field (18, 17) 

No change in specification (NON) 00 
Specification of transfer format when data 
is moved from IB to WR 

Base pointer 1 SPCBP1 01 No change of specification (NON) 00 
Index register 1 SPCIX1 10 Transfer low 24 bits of mantissa to high BWRL24 01 
Base pointer 1 + index register 1 SPCBI1 11 24 bits 
(default) Ordinary transfer (default) BWRORD 10 

DPO Field Use prohibited 11 
Pointer modification operation WT Field (21-19) E No operation (NOP) 000 Specification of transfer format when data 

Increment base pointer 0 INCBPO 001 is moved from WR to IB 

Decrement base pointer 0 DECBPO 010 No change of specification (NON) 000 

Clear base pointer 0 CLRBPO 011 Ordinary transfer (default) WRBORD 001 

Store base + index to index register 0 STIXO 100 Low 24 bits of mantissa to high 24 WRBL24 010 

Increment index register 0 INCIXO 101 Low 23 bits (bit 23 = 0) to high 24 WRBL23 011 

Decrement index register 0 DECIXO 110 Exponent part to mantissa low 8 bits WRBEL8 100 

Clear index register 0 CLRIXO 111 Mantissa low 8 bits to exponent part WRBL8E 101 

DP1 Field Exchange high 8 bits of mantissa with WRBXCH 110 
low 8 bits of mantissa 

Pointer modification operation 
Bit reverse entire mantissa WRBBRV 111 

No operation (NOP) 000 

Increment base pointer 1 INCBP1 001 
NF Field (21-19) 

Decrement base pointer 1 DECBP1 010 
Normalization format specification 

Clear base pointer 1 CLRBP1 011 
No change of specification (NON) 000 

Store base + index to index register 1 STIX1 100 
Truncating normalization (default) TRNORM 010 

Increment index register 1 INCIX1 101 
Rounding normalization RDNORM 100 

Decrement index register 1 DECIX1 110 
Convert floating to fixed point FLTFIX 110 

Clear index register 1 CLRIX1 111 
Fixed point multiple alignment FIXMA 111 
(multiple value is in SVR) 

BASEO Field (21-19) SHV Field (21-15) 
Specify modulo count number (2N) for MCNBPO imm (imm)B Set shift value to SVR 
incrementing base pointer 0 

*imm (=n) is 1 through 7; 0 specifies ordinary count imm bits left shift (default) SETSVL imm O(imm)B 

BASE1 Field (18-16) 
imm bits right shift SETSVR imm 1 (imm)B 

*0:::; imm :::;46 
Specify modulo count number (2N) for MCNBP1 imm (imm)B 
incrementing base pointer 1 

*imm (=n) is 1 through 7; 0 specifies ordinary count 
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Table 4. Control Field Mnemonic Summary (cont) 

Operation Mnemonic 

RW Field (21,20) 

Operation for external data memory 

No operation (NOP) 

Read RD 

Write WR 

Use prohibited 

EA Field (22, 21) 

Operation for external address register 

No operation (NOP) 

Increment external address register INCAR 

Decrement external address register DECAR 

Use prohibited 

P2 Bit (20) 

P2 pin control (slave mode only) 

Clear output port pin 2 

Set output port pin 2 

P3 Bit (21) 

P3 pin control (slave mode only) 

Clear output port pin 3 

Set output port pin 3 

L Bit (16) 

Loop counter operation 

No operation 

Decrement loop counter 

NAL Bit (23-15) 

Local branch; jump to imm address in 
local block 

*O:s imm :s 511 

TableS. P Field Specifications 

CLRP2 

SETP2 

CLRP3 

SETP3 

(NOP) 

DECLC 

JBLK imm 

Mnemonic P Field 114. 131 Input of P Register 

IB 00 Internal bus 

M 01 Multiplier output register 

RAMO 10 RAM block 0 

RAM1 11 RAM block 1 

Q Field 

Code 

00 

01 

10 

11 

00 

01 

10 

11 

o 

o 

o 

(imm)B 

The three-bit Q field specifies the source of input to the 
Q register, which is the other of two ALU input 
registers. See table 6. 
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Table 6. Q Field Specifications 

Mnemonic Q Field 112·101 Register 

WRO 000 Working register 0 

WR1 001 Working register 1 

WR2 010 Working register 2 

WR3 011 Working register 3 

WR4 100 Working register4 

WR5 101 Working register 5 

WR6 110 Working register 6 

WR7 111 Working register 7 

Source Field 

Table 7 lists 32 source registers that may be specified 
in the source field. 

Destination Field 

Table 8 lists 32 destinations that may be specified in the 
DST field. Note that the LKRO and KLR1 specifications 
will simultaneously load, as destinations, both the K 
and L registers. 

Branch Instruction 

The branch instruction type is used for a jump. condi
tional jump, call, or return. The format of the branch 
instruction is shown in figure 4. The destination address 
of the branch is contained in the 13-bit NA field. Note 
that the most significant bit of the NA field is used to 
determine whether the destination address is in internal 
or external instruction memory. The five-bit C field 
summarized in table 9 determines the nature of the 
branch. 

Note also that an SRC and DST may be included as part 
of the branch instruction. This data transfer will take 
place regardless of any condition upon which a jump 
may be dependent. 

LDI Instruction 

Figure 4 shows the format of the LDI instruction type. 
The 24-bit 1M (immediate) field contains the data that 
will be loaded into the register specified by the DST 
field. It is also possible to load a 32-bit floating-point 
number using this instruction in conjunction with the 
TRE destination field specification. 
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Table 7. SRC Field Specifications Table 8. DST Field Specifications 

Mnemonic SRC Field 19·5) Selected Source Register Mnemonic DST Field 14·0) Selected Destination Register 

NON 00000 No source selected NON 00000 No destination selected 

RP 00001 ROM pointer RP 00001 ROM pointer 

PSWO 00010 Program status word 0 PSWO 00010 Program status word 0 

PSW1 00011 Program status word 1 PSW1 00011 Program status word 1 

SVR 00100 SVR (shift value register) SVR 00100 SVR (shift value register) 

SR 00101 Status register SR 00101 Status register 

LC 00110 Loop counter LC 00110 Loop counter 

STK 00111 Top of stack STK 00111 Top of stack 

M 01000 M register (multiplier output) LKRO 01000 L register (RAM 0 to K register) 

ML 01001 Low 24 bits of M register KLR1 01001 K register (RAM 1 to L register) 

ROM 01010 Data ROM output TRE 01010 Exponent part of temporary register 

TR 01011 Temporary register TR 01011 Temporary register 

AR 01100 External address register AR 01100 External address register 

SI 01101 Serial input register SO 01101 Serial output register 

DR 01110 Data register DR 01110 Data register 

DRS 01111 Data register for slave DRS 01111 Data register for slave 

WRO 10000 Working register 0 WRO 10000 Working register 0 

WR1 10001 Working register 1 WR1 10001 Working register 1 

WR2 10010 Working register 2 WR2 10010 Working register 2 

WR3 10011 Working register 3 WR3 10011 Working register 3 

WR4 10100 Working register 4 WR4 10100 Working register 4 

WR5 10101 Working register 5 WR5 10101 Working register 5 

WR6 10110 Working register 6 WR6 10110 Working register 6 

WR7 10111 Working register 7 WR7 10111 Working register 7 

RAMO 11000 RAM block 0 RAMO 11000 RAM block 0 

RAM1 11001 RAM block 1 RAM1 11001 RAM block 1 

BPO 11010 Base pointer 0 BPO 11010 Base pointer 0 

BP1 11011 Base pointer 1 BP1 11011 Base pointer 1 

IXO 11100 Index register 0 IXO 11100 Index register 0 

IX1 11101 Index register 1 IX1 11101 Index register 1 

K 11110 K register K 11110 K register 

11111 L register L 11111 L register 

5-113 



pPD77230 

Table 9. Branch Condition Summary (C Field) 

Mnemonic C Field 114~10) Jump with Condition 

JMP 00000 Jump unconditionally 

CALL 00001 Subroutine call 

RET 00010 Return from interrupt or subroutine 

JNZRP 00011 Jump if ROM pOinter not zero 

JZO 00100 Jump if zero flag 0 is set 

JNZO 00101 Jump if zero flag 0 is reset 

JZ1 00110 Jump if zero flag 1 is set 

JNZ1 00111 Jump if zero flag 1 is reset 

JCO 01000 Jump if carry flag 0 is set 

JNCO 01001 Jump if carry flag 0 is reset 

JC1 01010 Jump if carry flag 1 is set 

JNC1 01011 Jump if carry flag 1 is reset 

JSO 01100 Jump if sign flag 0 is set 

JNSO 01101 Jump if sign flag 0 is reset 

JS1 01110 Jump if sign flag 1 is set 

JNS1 01111 Jump if sign flag 1 is reset 

JVO 10000 Jump if overflow flag 0 is set 

JNVO 10001 Jump if overflow flag 0 is reset 

JV1 10010 Jump if overflow flag 1 is set 

JNV1 10011 Jump if overflow flag 1 is reset 

JEVO 10100 Jump if exponent overflow flag 0 is set 

JEV1 10101 Jump if exponent overflow flag 1 is set 

JNFSI 10110 Jump if SI register is not full 

JNESO 10111 Jump if SO register is not empty 

JIPO 11000 Jump if input port 0 is on 

JIP1 11001 Jump if input port 1 is on 

JNZIXO 11010 Jump if index register 0 nonzero 

JNZIX1 11011 Jump if index register 1 nonzero 

JNZBPO 11100 Jump if base pointer 0 nonzero 

JNZBP1 11101 Jump if base pointer 1 nonzero 

JRDY 11110 Jump if ready is on 

JROM 11111 Jump if request for master is on 

System Configurations 

ThepPD77230 may be configured in avariety of ways, 
from simple systems to complex. Figure 6 is the 
simplest example showing the pPD77230 as a stand
alone processor performing a preset filtering function. 
The only other devices needed are AID and D/A 
converters, which can be a single-chip combo device 
as shown in the figure plus necessary clock and timing 
circuitry. Figure 7 shows the same stand-alone opera
tion with external memory and memory-mapped I/O to 
implement various control functions along with pro
cessing the signal itself. 
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Figure 6. Stand-Alone pPD 77230 with Codec 
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Figure 8 shows apPD77230 in a slave mode as a periph
eral to a host processor. Note that in slave mode, the 
pPD77230 can still be the "master" of its local bus with 
the four general purpose 1/0 pins available for use. 

Figure 9 shows how to cascade multiple pPD77230s to 
increase system throughput. The cascading is done by 
using only the serial ports so that the pPD77230s 
themselves can be in any mode of operation desired. 
For example, they may all be in master mode, they may 
all be slaves to the same host processor, they may all be 
slaves to different hosts, or one may be the master with 
the others as slaves to it. 

Figure 10 shows an arbitrarily large system with cas
cading master mode and slave mode pPD77230s. In 
this example, the master pPD77230 might do little 
actual signal processing. Instead,it will be an overall 
system controller gathering information from inputs in 
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the I/O block, from the slave jJPD77230 I/O ports, and 
from its own processing of the signal. It will then 
control the other jJPD77230s and the system outputs of 
the I/O block. 

Support Tools 

The jJPD77230 has a wide variety of development and 
software support tools. Both absolute and relocatable 
assemblers, with powerful pre-assembler options, are 
available. In addition, a software simulator and in
circuit emulator will aid the designer in performance 
evaluation and hardware integration. The software 
tools options are as follows: 

• Assembler: CP/M-86, VAX VMS, VAX UNIX 

• Simulator: VAX VMS, VAX UNIX 

Figure 8. Slave jJPD77230 as Peripheral to Host 
Processor 
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Figure 10. Large System with Many Options 
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Description 

The IJPD7730 speech encoder/decoder (SED) is a 
dedicated processor that encodes pulse coded 
modulation (PCM) data into adaptive differential pulse 
coded modulation (ADPCM) data, and decodes 
ADPCM data into PCM data. By using the ADPCM 
coding technique, the IJPD7730 effectively reduces the 
bandwidth of a speech signal to less than half that 
of the conventional PCM method without sacrificing 
speech quality. 

The IJPD7730 accepts PCM data through its serial in
terface. The serial interface can be connected directly 
to a single-chip coder/decoder (CODEC) for digital 
IJ-Iaw PCM 110 or to a general purpose AID-D/A con
verter for linear PCM code. The IJPD7730 interfaces 
to the host CPU through a standard microprocessor 
bus interface. The IJPD7730 acts as a complex 
peripheral device and is controlled and programmed 
from the host processor. ADPCM data is transferred 
between the IJPD7730 and the host processor through 
the parallel bus. 

The IJPD7730 encodes/decodes toll quality speech at 
32 kbps. It integrates NEC's speech coding expertise 
with a high-performance signal processor. It is ideal 
for office automation applications, such as voice 
store and forward systems, and for various telecom
munication applications. It reduces voice transmis
sion bandwidth and voice storage requirements by 
half (from 64 kbps to 32 kbps). 

Features 

D Toll quality speech at 32 kbps (meets CCITT 
recommendation G.712) 

D Program selectable bit rate: 32 kbps or 24 kbps 
D Program selectable PCM data format: wlaw or 

linear 
D Standard microprocessor interface to the host 

CPU 
D Direct serial interface to a CODEC 
D Speech detection interface capability 
D NMOS technology 
D Single + 5 V power supply 

Ordering Information 
Part 
Number 

pPD7730C 

Package 
Type 

28-pin plastic DIP 

Max Frequency 
of Operation 

8.192 

JJPD7730 
ADPCM SPEECH 

ENCODER/DECODER 

Pin Configuration 

NC 

PU 

IC 

ORO 

OET 

00 

0, 

O2 

0 3 

Pin Identification 
No. Symbol 

NC 

PU 

3 IC 

4 ORa 

5 DET 

6-13 Do-D7 

14 GND 

15 ClK 

16 RST 

17 SMPl 

18 SCK 

19 SIEN 

20 SOEN 

21 SI 

22 SO 

23 SORa 

24 WR 

25 RO 

26 CS 

27 Ao 

28 VDD 

49-000680A 

Function 

No connection 

Pull up to VDD 

Internal connection 

Data request output 

Signal detect output 

liD data bus 

Ground 

Clock input 

Reset input 

Sample input 

Serial clock input 

Inputs serial input enable 

Inputs serial output enable 

Serial input 

Serial output 

Serial output request 

Write signal input 

Read signal input 

Chip select input 

Register select input 

Power supply 
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Pin Functions 

00-07 (Data Bus) 

Three-state 1/0 lines that interface with the host CPU 
data bus. 

CS (Chip Select) 

This input enables the RD and WR signals. 

Ao (Register Select) 

This input selects the J.(PD7730 internal registers. A 
high input selects the status register. A low input 
selects the data register. 

DRQ (Data Request) 

This output requests data transfer between the 
J.(PD7730 and host CPU. In encoder mode, an ADPCM 
data read is requested. In decoder mode, an ADPCM 
data write is requested. (DRO will not work unless en
coder or decoder mode is specified.) The data request 
status can also be checked by polling the ROM bit 
of the status register. 

DEl (Signal Detect) 

This output is asserted when the input audio signal 
level exceeds the threshold level specified. 

WR (Write Signal) 

This input controls data transfer from the host CPU 
to the J.(PD7730. 

RD (Read Signal) 

This input controls data transfer from the J.(PD7730 to 
the host CPU. 

SMPl (Sample) 

This input determines the rate at which the J.(PD7730 
processes ADPCM data. This rate must equal the 
sampling clock of the AID-D/A converter. SMPL must 
be active for the J.(PD7730 to recognize an operation 
command. 

SCK (Serial Clock) 

This input provides timing for transfer of serial data 
tolfrom the AID-D/A converter. 
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SI (Serial Input) 

Serial data input. 

SIEN (Serial Input Enable) 

NEe 

This input enables data transfer on the SI pin. If not 
used, tie to SOEN. SIEN must be asserted for the 
J.(PD7730 to recognize an operation. command. 

SO (Serial Output) 

Serial data output. 

SORQ (Serial Output Request) 

This output indicates that serial request output data 
is ready for transfer at the SO pin. 

SOEN (Serial Output Enable) 

This input enables data transfer on the SO pin. If not 
used, tie to SIEN. 

ClK (Clock) 

8.192 MHz TTL clock input. 

RSl (Reset) 

A high input to this pin initializes the J.(PD7730. 

Voo 
+ 5 V power supply. 

PU (Pull up) 

Pull this pin up to VDD. 

GND (Ground) 

Connection to ground. 

IC (Internal ConnectiOn) 

This pin is connected internally and should be left 
open. 

NC (No Connection) 

This pin is not connected. 
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Block Diagram 

Functional Description 

Tl')e IlPD7730 has the following functional units: 

• A/D-D/ A interface 
• PCM/ ADPCM encoder/decoder 
• Controller 
• Data register 
• Status register 
• Host CPU interface 

The ADPCM method isa medium bandwidth coding 
technique that represents speech waveforms. The 
specific ADPCM used employs a robust adaptation 
scheme for a quantizer and predicto~ to withstand 
transmission bit errors. Figure 1 shows the block 
diagram of the algorithm. The algorithm uses a 
backward adaptive quantizer and a fixed predictor so 
it never generates unstable poles in a decoder 
transfer function. This approach guarantees the 
stability of the decoder even with transmission errors. 

The IlPD7730 can operate in either encoder or decoder 
mode, and can only be set to one of the two modes 
at a time; it cannot handle simultaneous encoding 
and decoding. In encoder mode, the IlPD7730 accepts 
either linear or wlaw PCM data from its serial voice 
interface, encodes it to ADPCM data format, and 
passes the ADPCM data through the parallel data bus 
to the host system. In decoder mode, the IlPD7730 
receives ADPCM data from the host CPU, decodes it 
to either linear or wlaw format, and sends it to the out
put port of the serial interface. 

/APD7730 

Figure 1. Algorithm Block Diagram 

Encoder Mode Decoder Mode 

AQ: Adaptive Quantizer 
AQ - ': Adaptive Inverse Quantizer 

FP: Fixed Predictor 
AP: Adaptive Predictor 

49-000682"-

The IlPD7730 has serial interfaces that can connect 
directly to a single-chip PCM CODEC. It interfaces 
easily to a host CPU through its parallel bus. With its 
standard microprocessor bus interface, the IlPD7730 
can be viewed as a complex peripheral circuit. Figure 
2 shows a typical system configuration. 

Operational Description 

Power-on and Reset 

The IlPD7730 operates on a single-phase, 50-50 duty 
cycle clock at 8 MHz. At power-on, asserting the RST 
pin for at least 3 clock cycles initializes the device, 
making it ready for an operation command from the 
host CPU. After the IlPD7730 receives the command, 
it stays in the specified operational mode until the 
next hardware reset (high level on RSn. Thus, to 
change the ",PD7730 into different modes, reset it 
before writing an operation command. 

Host CPU Interface 

In order to transfer ADPCM data, commands, and 
status, the ",PD7730 interfaces with the host CPU via 
Do-D7. Furth~ communication is through control 
lines CS,Ao, WR, and RD. CS enables RD and WR. Ao 
selects either the data or status register. A low input 
to Ao selects the data register. This read/write 
register handles both commands and ADPCM data 
transfer. A high input to Ao selects the status 
register, a read-only register that the CPU reads to 
determine the state of the IlPD7730. 
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Figure 2. Typical System Configuration 

Address Bus 

OataBus 

70108,8088,7800,808SA 
CPU's' 

Sampling Clock ---------------f 5MPL 

Analog Input -----.j 

Analog Output------! 

Parallel 110 Operation 

PCM 
COOEC 

or 
A/D-O/A 

1------151 

Table 1 shows the status of the CS, Ao, WR, and RD 
pins during parallel 1/0 operation. 

Status Register 

Figure 3 shows the format of the status register. 

Operation Command 

Following a power-on reset, the host CPU polls the 
ROM bit in the status register. When the ROM bit is 
set, the host CPU can send an operation command 
to the data register, as shown in figure 4. 
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Memory 

fLPon30 

50 

49.QOO683C 

Table 1. Control Line States 
cs AD WR RD Function 

1 X X X No effects on internal operation. 
X X 1 1 00-07 are high impedance. 

0 0 0 Data from 00-07 is latched to the 
data register. 

0 0 0 Contents of the data register are out-
put to 00-07' 

0 ·1 0 . Illegal operation. 

0 1 0 Contents of the status register are 
output to 00-07. 

Note: 

X = don't care 
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Figure 3. Status Register Format 

MSB I ROM I 0 I DET J DRS 1 0 IDRC I SOLl SIL LSB 

L SIL (Serial Input 0 PCM input data Is 16-blt (linear) 
Data Length) 1 PCM Input data Is 8-blt (wlaw) 

'--
SOL (Serial Output 0 PCM output data Is 16-blt (linear) 
Data Length) 1 PCM output data Is 8-blt hi-law) 

CD OCR (Data 0 Second byte transferred 
Register Control) 1 First byte transflirred 

DRS (Data 0 Date register Is 16-bit (for threshold data) 
Register Status) 1 Data register is 8-blt (jor all other date) 

DET(Speech 0 Silence Interval 
Detect) 1 Speech detected 

ROM (Request 0 No request for date transfer 
for Master) 1 Date transfer on the parallel bus requested 

Note: CD DRS Indicates the status of data transfers when the Data register Is configured as 16-bit (DRC = O~ 

Figure 4. Operation Command 

MSB LSB 

07 D6 05 Mode PCMdata ADPCMdate 
format length/sample (bits) 

1 1 1 w law 8-blt 4 

1 0 1 
CODEC 

3 (MSBflrst) 
Encoder 

1 1 0 16-blt 4 A/o..D/A 

1 0 0 (LSBflrst) 3 

0 1 1 1i-law8-bit 4 

0 0 1 
Decoder 

fMO&~frst) 3 

0 1 0 Linear 4 
A/o..D/A 

0 0 0 (LSBflrst) 3 

Threshold Data Figure 5. Threshold Data 

Threshold Data 

MSB LSB 

1 0 1 014 1 013 1- - - - -I 02 01 DO 

If the operation command places the ",PD7730 in en
coder mode, the next two bytes sent to the data 
register are the threshold data. The ROM bit 
establishes the data transfer signaling. In decoder 
mode, no threshold data is expected. The threshold 
data sets the level of the audio signal at which the 
DET pin is asserted. Figure 5 shows the format for the 
threshold data. 

SIGN •• -----15bits-------

Note: The IiPDn30 receives the lower 8 bits of this data 
before It receives the higher 8 bits. 

49-0006908 

49-0006918 

49-000693A 

The ",PD7730 asserts DET when the serial input audio 
signal exceeds the threshold level specified by the 
threshold data. Many silent segments exist in normal 
speech signals; memory storage can be used more 
efficiently if these segments are omitted. The host 

CPU can perform silent segment compression by us· 
ing DET. The energy levels of 16 previous audio 
samples determine the state of DET. Thus DET 
changes at a 2 ms (16 x 8 kHz sampling) time frame. 
Bit 5 of the status register reflects the state of DET. 
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ADPCM Data 

In encoder mode, the I-lPD7730 generates one ADPCM 
sample (3 or 4 bits long) for each PCM sample input 
(8 or 16 bits long). In decoder mode, the reverse opera
tion is performed: the I-lPD7730 generates one PCM 
sample for each ADPCM sample input. To allow effi
cient data transfer to and from the host CPU, two 
ADPCM samples are packed into one byte and 
transferred at the rate of 1 byte per every 2 samples. 
Figure 6 illustrates theADPCM data formats for 3 
bits/sample and 4 bits/samples. 

The DRa pin initiates ADPCM data transfer. In en
coder mode, this pin is asserted when ADPCM data 
in the data register is ready to be read by the CPU. 
This pin is cleared after the host CPU reads the data 
and is reasserted when the next byte of ADPCM dat~ 
becomes available. In decoder mode, this pin serves 
as the data request to the host for the next byte of 
ADPCM data to be sent to the data register. After the 
host CPU writes the ADPCM data, this pin is cleared. 
The host CPU cannot send another byte to the 
I-lPD7730 until this pin is set again. (Note that the DRa 
pin will not work until the ",PD7730 is placed in en
coder or decoder mode.) 

An alternate way to establish the ADPCM data 
transfer handshake is to poll the RaM bit inthe status 
register. The RaM bit is set when transfer to the host 
i~ requested for ADPCM data, and in using the opera
tion command. When the host read/write is complete 
RQM is reset. ' 

Figure 6. ADPCM Data Format 

AOPCM data length = 4 bits 

AOPCM data length = 3 bits 

MSB LSB 

1 07 1 06 1 05 1 0·1 03 1 02 1 01 1 0 I 
I " I 

I I 
Trailing Data Preceding Data 

49-000692A 
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Serial PCM Interface 

The serial PCM interface can be connected directly 
to a CODEC. SMPL, SCK, SIEN, SI, SORa, SOEN, and 
SO control the PCM interface. 

SMPL is the sampling clock input. This signal must 
equal the frequency of the sampling clock of the 
CODEC or the AID-D/A interface. SMPL is asserted 
after the completion of serial data transfers. Thus 
SMPL Signals the I-lPD7730 firmware to initiate pro
cessing of the next byte of ADPCM data. SMPL is 
rising-edge triggered, but must be held high for at 
least 8 clock cycles. Since it is edge-triggered, SMPL 
does not need to be released until the next sampling 
cycle. 

SCK determines the timing of the serial input and out
put. When the ",PD7730 has data to send to the serial 
interface, SORa goes high. The data is then clocked 
out to the SO pin serially at the falling edge of SCK 
to be valid for the next rising edge. When serial dat~ 
is ready to be sent to the ",PD7730, SIEN is asserted 
externally, and data at the SI pin is clocked in at the 
rising edge of SCK. 

Figure 7 illustrates an example of the serial interface 
using a combined filter and CODEC (COMBO) chip, 
the ",PD9516. This chip provides both the low pass 
filtering function and the conversion from an analog 
signal to digital PCM ","law representation. The timing 
controller provides the proper timing relationship 
between the COM BO and the ",PD7730. 
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Figure 7. Serial Interface Using a COMBO 

r-----------------------------------i 
I I 

Clock 
8 KHz t------- 0 

+sv 

h 
voo PON 

Analog ~ GSx 
Input 1 

0<.!·>--........... M,-----<l>-----; AIN-

}---------I PWRO+ 

Analog 
Output 

OGNO 

AGNO 

Timing Controller 

ClK f--

f Filterl 
COOEC 0.1----------' 

COMBO 
11P09516 

vss OClKR 

-sv 

Absolute Maximum Ratings * 
TA = 25°C 

Supply voltage, VDD - 0.5 V to + 7.0 V 

Input voltage, VI -0.5 V to +7.0 V 

Output voltage, Vo -0.5 V to + 7.0 V 

Operating temperature _10DC to + 70DC 

Storage temperature - 65DC to + 150DC 

*Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 
TA = 25°C, Voo = 0 V 

Parameter Symbol 

ClK, SCK C, 
capacitance 

Input capacitance CI 

Output capacitance Co 

Microprocessor Bus 

Limits 

Min Typ Max 

20 

10 

20 

SIEN 

Q-

+sv 

VooU 

puU 
_ GN01l 

WR -

-I9·0006B-IC 

Test 
Unit Conditions 

pF 

pF fc = 1 MHz 

pF 
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DC Characteristics AC Characteristics (cont) 
TA = -10°C to'+700C; Voo' = +5 V ± 5% TA = -100Cto +70oC;Voo = 5V ±5% 

Limits Test Limits Test 
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions 
Input voltage low VIL -0.5 0.8 V SO EN set time tsoc 50 tSCY ns 
Input voltage high VIH 2.0 Vcc V for SCK -30 

+0.5 SOEN hold time tcso 30 tsCY ns 
ClK input V,l -0.5 ,0.45 V for SCK -50 
voltage low SIEN, SI set time toc 55 tsCY ns 
ClK input V,H 3.5 Vcc V for SCK -30 
voltage high +0.5 SIEN, SI hold tco 30 tsCY ns 
Output voltage low VOL 0.45 V IOL = 2.0 mA time for SCK -55 

Output voltage VOH 2.4 V IOH= -400 SIEN, SOEN pulse tHS 122 'CY 
high ~ width high 
Input leakage IUL -10 ~ VI = 0 V RST pulse width tRST 4 'CY 
current low 

SMPl pulse width tSMPL 8 'CY 
Input leakage IUH 10 ~ VI = Voo 

Delay time tox -1 0 ,",S current high 
between SMPl 

Output leakage ILOL -10 ~ Vo = OA7 V and SIEN (SOEN) 
current low 

Data access time tRO 150 ns CL = 100 pF 
Output leakage ILOH 10 ~ Vo = Vbo for R5 
current high 

Data float time tOF 10 100 ns CL = 100 pF 
Supply current 100 180 280 mA for AD 

SORa delay tORO 30 150 ns CL = 50 pF 
AC Characteristics SO delay time tOCK 150 ns 
TA = -10°C to + 70°C; Voo = 5 V ±5% SO delay time tOZRO 20 300 ns 

Limits for SORa 
Test 

Parameter Symbol Min Typ Max Unit Conditions SO delay time Tozsc 20 300 ns 

ClK cycle time 'CY 122 2000 
for SCK 

ns 
SO ~time tOZE 20 180 ns 

ClK pulse width '0 60 ns for SOEN 
ClK rise time 'r 10 ns (1) 

SO float time tHZE 20 200 ns 
ClK fall time 'f 10 ns (1) for SOEN 

Ao,.f.S set time tAR 0 ns SO float time tHZSC 20 300 ns 
for RD for SCK 

Ao,.f.S hold time tRA 0 ns SO float time tHZRO 70 300 ns 
for RD for SORa 

RD pulse width tRR 250, ns 
Note: 

AO, CSset time tAW 0 ns (1) AC timing measuring point voltage = 1.0 V and 3.0 V 
for WR 

Ao,-.£§ hold time tWA 0 ns 
for WR 

WR pulse width tww 250 ns 

Data set time tow 150 ns 
for WR 

Data hold time two 0 ns 
for WR 

RD, WR recover- tRV 250 ns 
ing time 

SCK cycle time tSCY 480 DC ns 

SCK pulse time tSCK 230 ns 

SCK rise time trSc 20 ns 

SCK fall time tfSC 20 ns 
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Timing Waveforms 

Clock 

elK 

Read Operation 

A •• a =3 btRR~ ~.". 
AD 

1RO-1_ !OF r 
DBa-DB7 - - - - - - - - - - ~ - - -- -

49-ooo724A 

Write Operation 

J.LP.D7730 

Reset 

Sample 

49-0006868 

Read/Write Cycle Timing 

~~~ ________ -JI '-----
==t 

49-000722A 

AC Waveform Measurement Points (except CLK) 
VIL = VOL = 0.8 V; VIH = VOH = 2.0 V 

2.0 2.0 

o~~: =:J("---------..;;;x== 
0.3 0.8 ~I 
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Timing Waveforms (cont) 

Serial Input/Output Timing 

trSC tlSC 

SCK 

SORQ 

so· ---- ~
tDZE 

tHZSC tHZRQ 

- VALID ----

SIEN 

51 

-1:ti 
=f=x= 

Note: In SO, the data output at the rising edge Is valid, while data output at other times 
is invalid_ Therefore, the most critical data set-up and hold limes are: 

Serial Input Timing 
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Set-up time = tSCK - tDCK 
Hold time = tHZRQ 

49-000688A 

83-003663C 

Serial Output Timing 

r--~ II=------i: : 
80r16 

SO 

49-000689A 
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Description 

The pPD7755 and pPD7756 are speech synthesis LSI 
devices that utilize the adaptive differential pulse 
coded modulation (ADPCM) coding method to produce 
high-quality, natural speech synthesis. By combining 
phoneme classification with the ADPCM method, the 
device achieves a compressed bit rate that can 
synthesize sound effects and melodies in. addition to 
speech sound. A built-in speech data ROM allows 
synthesis of messages up to 12 seconds (JiPD7755) or 
30 seconds (pPD7756) long. A wide range of operating 
voltages, a compact package, and a standby function 
permit application of the pPD7755/56 in a variety of 
speech synthesis systems, including battery-driven 
systems. 

Features 

o High quality speech synthesis using ADPCM method 
o Low bit rates (SK to 32K bps) realized by combined 

use of ADPCM and phoneme methods 
o D/A converter with 9-bit resolution, unipolar current 

waveform output 
o Built-in speech data ROM, 

- pPD7755: 96K bits 
- pPD7756: 256K bits 

o Standby function 
o Current consumption in standby mode: 1 pA typ 

(Voo = 3 V) 
o Circuit to eliminate popcorn noise when entering or 

releasing standby mode 
o Wide operating voltage range: 2.7 to 5.5 V 
o CMOS technology 
o 1S-pin plastic DIP 

Ordering Information 
Max Frequency 

Part Number Package Type ROM Capacity of Operation 

pPD7755C 18-Pin plastic DIP 96K bits 650 kHz 

pPD7756C 18-Pin plastic DIP 256K bits 650 kHz 

Pin Configuration 

AVO 6 

BUSY 

RESET 

Pin Identification 

No. Symbol 

15-18,1-4 10-17 

5 REF 

6 AVO 

7 BUSY 

8 RESET 

GND 

10 Voo 

11,12 X2, X1 

13 CS 

14 ST 

Pin Functions 

pPD7755/56 
ADPCM SPEECH 
SYNTHESIZERS 

83-003063A 

Name 

Message select code input 

Df A converter reference current input 

Analog voice output 

Busy output 

Reset input 

Ground 

Power 

Clock 

Chip select input 

Start input 

10-17 [Message Select Code] 

10-17 input the message number of the message to be 
synthesized. The inputs are latched at the rising edge 
of the ST input. Unused pins should be grounded. In 
standby mode, these pins should be set high or low. If 
they are biased at or near typical CMOS switch input, 
they will drain excessfCurrent. 

CS [Chip Select] 

When the CS input goes low, ST is enabled. 

ST [Start] 

Setting the ST input low while CS is low will start 
speech synthesis of the message in the speech ROM 
locations addressed by the contents of 10-17. If the 
device is in standby mode, standby mode will be 
released. 
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BUSY [Busy] 

BUSY outputs the status of thepPD7755f56.lt goes low 
during speech decode and output operations. When 
ST is received, BUSY goes low. While BUSY is low, 
another ST will not be accepted. In standby mode, 
BUSY becomes high impedance. This is an active low 
output. 

AVO [Analog Voice Output] 

AVO outputs synthesized speech from the Df A conver
ter. This is a unipolar sink-load current. 

RESET [Reset] 

The RESET input initializes the chip. Use RESET 
following power-up to abort speech synthesis or to 
release standby mode. RESET must remain low at least 
12 oscillator clocks. At power-up or when recovering 
from standby mode, RESET must remain low at least 12 
more clocks after clock oscillation stabilizes. 

Block Diagram 

5-128 

Sj'-------, 

10-17 

Message 
Select 
Input 
Latch 

cs-------.,. ... 

RESET-----_I 

BUSY ------1 

Speech Data 
Memory 

System Controller 

t-IEC 
X1, X2 [Clock] 

Pins X1 and X2 should be connected to a 640 kHz 
ceramic oscillator. In standby mode, X1 goes low, and 
X2 goes high. 

REF [Of A Converter Reference Current] 

REF inputs the sink-load current that controls the D/A 
converter output. REF should be connected to VDD via 
a resistor. In standby mode, REF becomes high impedance. 

GNO [Ground] 

Ground. 

Voo [Power] 

+5 V power supply. 

ADPCM 
Decoder 

X1 

Oscillator 

X2 

...------REF 

D/A 
Converter 

AVO 
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Operational Description 

The clock pins should be connected to a ceramic 
oscillator at 640 kHz. 

The RESET input pin is used to initialize thepPD7755f 
56. To reset, assert the pin for a minimum of 12 oscillator 
clock cycles. 

The pP07755f56 can operate with a wide range of 
supply voltages: 2.7 to 5.5 V. It also has a standby 
function; it goes to a standby mode when it has been 
idle (that is, when CS, ST, or RESET have not been 
asserted) for more than 3 seconds. The pPD7755f56 
will automatically release from standby mode when CS 
and ST are asserted again, or when RESET is asserted. 

The pPD7755f56 has a very simple message selection 
interface. A pPD7755f56 can store a maximum of 256 
different messages and up to 12 (J.lPD7755) or 30 
(pPD7756) seconds of speech. The message is select
ed by using the input pins 10-17. The input selection is 
latched at the rising edge of ST when CS is asserted. 
When ST is asserted, BUSY will go low until the 
selected audio speech output is completed. While 
BUSY is low, a new ST will not be accepted. 

The pPD7755f56 has an internal Df A converter that is a 
unipolar, current-output type with 9-bit resolution. The 
output current of the Of A can be controlled by the 
voltage applied at the REF pin. 

Absolute Maximum Ratings 
TA = 25°C 

Supply voltage, Voo -0.3 to +7.0 V 

Input voltage, VI -0.3 to Voo + 0.3 V 

Output voltage, Va -0.3 to Voo + 0.3 V 

Operating temperature, T OPT -10 to +70°C 

Storage temperature, T STG -40 to +125°C 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this speCification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 
TA = 25°C 

Parameter Symbol 

Input pin CI 
capacitance 

Output pin Co 
capacitance 

Min 

Limits 
Test 

Typ Max Unit Conditions 

10 pF fc = 1 MHz 

20 pF 

pPD7755/56 

DC Characteristics 
TA = -10 to +70°C; VDD = 2.7 to 5.5 v; fosc = 640 kHz 

Limits 
Test 

Parameter Symbol Min . Typ Max Unit Conditions 

Input voltage VIH 0.7 Voo V Common to 
high Voo 10-17, Sf, 

CS,RESET 

Input voltage VJL 0 0.3 V Common to 
low Voo 10-17, Sf, 

CS, RESET 

Output voltage VOH Voo Voo V BUSY. 10H = 
high -0.5 -100 pA 

Output voltage VOL 0 0.5 V BUSY.IOL = 
low 200 pA 

Input leakage III ±3 pA Common to 
current 10-17, Sf, 

CS. 0:::; VIN 
:::; Voo (in 
standby mode) 

Output leakage ILO ±3 pA BUSY. 0:::; 
current Va:::; Voo 

(in standby mode) 

Supply current 1001 0.8 2 mA 
---.------._--------_._-----_.--------_._------------------- -----_ .... _-,,-.---_ .. --

1002 1 20 pA Standby mode 
--.------._-_._-----------_ .. _-------------------------------------------------------._-------
1003 250 600 pA 2.7:::; Voo :::; 3.3 

---_._--------------------. --- .. -. __ ._----_.-----------------------------
1004 10 pA 2.7 :::; Voo :::; 3.3 

in standby mode 

Reference input IREF1 140 250 440 pA Voo = 2.7, 
high current RREF = 0 n 
area (1) ----- .. --------_._---_ .... _------_._------_. __ ._--_._-_ .. _._-------

IREF2 500 760 1200 pA Voo = 5.5, 
RREF = 0 n 

Reference input IREF3 21 35 37 pA Voo = 2.7, 
low current RREF = 50 kn 
area (1) --_._----_ .. _--------- ----.--_._---_ .. _----------------------_._--

IREF4 68 78 88 pA VOD- 5.5 V, 
RREF = 50 kn 

01 A converter lAVa 321REF 341REF 361REF pA 2.7:::; Voo:::; 5.5 
output VAVO = 2.0, 
current (1) O/A input = 

1FFH 

01 A converter ILA ±5 pA 0:::; V AVO :::; 
output leakage 
current 

Note: 

(1) See figure 1. 

Voo 
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AC Characteristics 
T A == -10° to +70°C; VDO== 2.'7 to 5.5 V; fose == 640 kHz 

Para.met" .. 

ST pulse· 
width' 

Data set' 
time 

Data hold 
time 

CS set-up 
time 

CS hold 
time 

ClK 
frequency 

BUSY
output time 
(from Sf 
and/or CS) 

Speech 
output 
start time 

D/A 
converter 
set-up time 

BUSY float 
time 

Standby 
transition 
time 

Note: 

Limits 

Symbol Min Typ Max Unit 

tCC1 2 /1S 

Test 
Conditions 

.. _--_ ............................... __ ......................... __ ............................... . 

tCC2 350 ns 4.5 < Voo < 5.5 

tOW1 2, /1S 
tp~~···········:350·"""""'· .. ·· .. ·· .. ···'--···ns· .. ·4-.-5·<·ij~-~ .. <·5:5--·· 

,two 0 ns 

tcs o ns 

tsc o ns 

fOSC 630 640 650 kHz 

tSBO 6.25 10 /1S Operation mode 
..... _-_ ... __ ._-_ ............. _-_ ............................ _-_ ... __ ............................ . 

tSBS 4 80 ms Standby mode, 

tsso 2.1 2.2 ms 

including 
oscillation 
start time(1) 

Operation mode 
(from BUSY) ............ __ ................ _-----_. __ ._-_ ....... __ .. __ ._--_ .................... __ ._-_ ... __ ..... 

tsss 2.1 2.2 ms Standby mode 

tOA 46.5 47 ms Entering/ 
releasing 
standby mode 

tBF 15 /1S From end of 
speech output 

tSTB 2.9 3 s From 'end of 
speech output 

(1) Ceramic resonators: Kyocera Corp. KBR-640B (C1 == C2= 150 
pF). See figure 2. 

NEe 
A C Waveform Measurement Points 

0;7V"o 0.7Voo 

==X> Test Points <X== 
0.3 Voo 0.3 Voo 49·000660A 

Figure 1. Measuring Diagram for IREFand 'AVO 

REF AVO 

49'()()()661A 

Figure 2. External Oscillator 

C2~ 
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Timing Waveforms 

Standby Mode Operating Mode (Sf Input Pulse Mode) 

10-
1
7 -J~-+----...Jf'-------------

"~~~"~1 -c",r 
AVO 100H---------l, Speech Output ! 1FFH-

OOOH-
49-000663A 

Operating Mode (Sf Input Hold Low Mode) 

83-Q03361A 
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NEe Electronics Inc. 
PRELIMINARY INFORMATION 

Description 

The pPD7759 is a speech synthesis device that utilizes 
the adaptive differential pulse coded modulation 
(ADPCM) coding method to produce high-quality, 
natural speech synthesis. By combining phoneme 
classification with the ADPCM method, the device 
achieves a compressed bit rate that can synthesize 
sound effects and melodies in addition to speech 
sound. ThepPD7759 can directly address up to 1 M bits 
of external data ROM, or the host CPU can control the 
speech data transfer. The pPD7759 is also suitable for 
applications requiring small production quantities, 
long synthesized messages, and for emulating the 
pPD7755/7756. 

Features 

D High-quality speech synthesis using ADPCM 
method 

o Low bit-rates (8 to 32 kb/s) realized by combined 
use of ADPCM and phoneme methods 

D D/A converter with 9-bit resolution, unipolar 
cu rrent waveform output 

o Up to 1 M bits addressing for external data ROM 
o Standby function 
o Circuit to eliminate popcorn noise when entering 

or releasing standby mode 
o Wide operating voltage range: 2.7 to 5.5 V 
o CMOS technology 

Ordering Information 

Part Number Package Type 

pPD7759C 40-pin plastic DIP 

Max Frequency 
of Operation 

650 kHz 

pPD7759 
ADPCM SPEECH 

SYNTHESIZER 

Pin Configuration 

ASOS 

ASOs 

AS07 

10 

12 

13 

14 

15 

Is 

17 

AEN/VVR 

SAA 

ORO 

ALE 

REF 

AVO 

BUSY 

GNO 

Pin Identification 

49-00109SA 

No. Symbol Function 

35-39 and 1-3 ASDo-ASD7 Higher 8 bits of address output/ 
speech data input (multiplexed) 

4-11 10-17 

12 AEN/WR 

13 SAA 

14 ORO 

15 ALE 

16 REF 

17 AVO 

18 BUSY 

19 RESET 

20 GND 

21 MD 

22 ST 

23,24 X1,X2 

25 CS 

26-34 Ao-As 

40 Voo 

Specifies message number; input 

Address valid output 

Directory data output address valid 

Data request output signal 

High address latch enable output 
signal 

Input reference current for DAC 

Speech output (analog) 

Chip busy output 

Initializes device; input 

Ground 

Mode select input (standalone/slave) 

Start synthesis strobe; input 

Ceramic resonator clock terminals 

Chip select input 

Lower 9 bits of address output for 
speech data 

Power supply, +5 V (typical) 
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Sample Circuit: CPU and the pPD7759 Directly 
Accessed PROM 

AVO 

Speech Output 

5-134 

Speech 
Data 

ROM,RAM 

NEe 
Sample Application Circqit for the pPD 7759 

49-001094A 
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Section 6 - Intelligent Peripheral Controllers 

Magnetic Media Controllers 
pPD765A/7265 Single/Double Density Floppy Disk Controllers .............. 6-3 
pPD72065/66 Single/Double Density Floppy Disk Controllers ............. 6-27 
pPB9201 Floppy Disk Interface ...................................... 6-55 
pPD71065/66 Floppy-Disk Interface ..................................... 6-63 
pPD7260 Hard and Floppy Disk Controller ........................... 6-85 
pPD7261A/B Hard-Disk Controllers ..................................... 6-87 
pPD9306/A CMOS Hard-Disk Interface ............................... 6-121 
pPD7262 Enhanced Small Device Interface Controller ............... 6-129 

Communications Controllers 
pPD7201A Multiprotocol Serial Communications Controller ........... 6-131 
pPD72001 CMOS Multiprotocol Serial Communications Controller .... 6-149 
pPD72105 OMNINET Local Area Network Controller .................. 6-151 
pPD7210 Intelligent GPIB Controller ................................ 6-153 

Graphics Controller 
pPD7220A High-Performance Graphics Display Controller ............ 6-165 
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NEe Electronics Inc. 

Description 
The J..lPD765AIs an LSI floppy disk controller (FDG) chip 
which contains the circuitry and control functions for 
interfacing a processor to 4 floppy disk drives. It is capa
ble of either IBM 3740 single density format (FM), or IBM 
System 34 double density format (MFM) including 
double-sided recording. The J..lPD765A provides control 
signals which simplify the design of an external phase
locked loop and write precompensation circuitry. The 
FDC simplifies and handles most of the burdens asso
ciated with implementing a floppy disk interface. 

The J..lPD7265 is an addition to the FDC family that has 
been designed specifically for the Sony Micro Floppy
disk® drive. The J..lPD7265 is pin-compatible and electri
cally equivalent to the 765A but utilizes the Sony 
recording format. The J..lPD7265 can read a diskette that 
has been formatted by the J..lPD765A. 

Each of these devices is also available in a -2 version. 
The -2 versions represent a reduction from 4-micron to 
3-micron design rule. Functionality is the same. Minor 
differences between the two versions are detailed in the 
AC Characteristics table. The -2 versions are only avail
able in the plastic package at this time. 

Hand-shaking signals are provided in the J..lPD765AI 
J..lPD7265 which make DMA operation easy to incorpo
rate with the aid of an external DMA controller chip, 
such as the J..lPD8257. The FDC will operate in either the 
DMA or non-DMA mode. In the non-DMA mode the FDC 
generates interrupts to the processor every time a data 
byte is to be transferred. In the DMA mode, the proces
sor need only load the command into the FDC and all 
data transfers occur under control of the FDC and DMA 
controllers. 

There are 15 commands which the J..lPD765AIJ..lPD7265 
will execute. Each of these commands requires multiple 
8-bit bytes to fully specify the operation which the proc
essor wishes the FDC to perform. The following com
mands are available: 

Read Data 
ReadlD 
Specify 
Read Track 
Scan Equal 
Scan High or Equal 
Scan Low or Equal 

Read Deleted Data 
Write Data 
Format Track 
Write Deleted Data 
Seek 
Recalibrate 
Sense Interrupt Status 
Sense Drive Status. 

pPD765A/7265 
SINGLE/DOUBLE DENSITY 

FLOPPY DISK CONTROLLERS 

Features 
Address mark detection circuitry is internal to the FDC 
which simplifies the phase-locked loop and read elec
tronics. The track stepping rate, head load time, and 
head unload time are user-programmable. The 
J..lPD765AIJ..lPD7265 offers additional features such as 
multi-track and multi-side read and write commands 
and single and double density capabilities. 

o Sony (EMCA)-compatible recording format 
(J..tPD7265) 

0 IBM-compatible format (single and double 
density) (J..tPD765A) 

0 Multi-sector and multi-track transfer capability 

0 Drive Up to 4 floppy or micro floppydisk drives 

0 Data scan capability - will scan a single sector or 
an entire cylinder comparing byte~for-byte host 
memory and disk data 

0 Data transfers in DMA or non-DMA mode 

0 Parallel seek operations on up to four drives 

0 Compatible with J..lPD8080/85, J..lPD8086/88 and 
J..lPD780 (Z80®) microprocessors 

0 Single-phase clock (8 MHz) 

0 +5Vonly 

® Z80 is a registered trademark of the Zilog Corporation. 

Pin Configuration 

RESET 

AD 
WR 3 LCT/DIR 

FRIStp 

HDL 
DB. 
DB, WP/TS 
DB, FLT/TR. 

PS, 
WDA 

US, 

HD 
DACK 

TC 
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Ordering Information 
Part 
Number Package Type 

Max Freq. 
of Operation 

pPD765AC, pPD765AC-2 40-pin plastic DIP 8 MHz 

pPD7265C,pPD7265C-2 40-pin plastic DIP 8 MHz 

Pin Identification 
No. Symbol Function 

RESET Reset input 

RD Read control input 

VA Write control input 

4 CS Chip select input 

Aa Data or status select input 

6-13 DBa-DB? Bidirectional data bus 

14 ORO DMA request output 

15 DACK DMA acknowledge input 

16 TC Terminal count input 

17 lOX Index input 

18 INT Interrupt request output 

19 ClK Clock input 

20 GND Ground 

21 WCK Write clock input 

22 ROW Read data window input 

23 ROD Read data input 

24 VCO VCO sync output 

25 WE Write enable output 

26 MFM MFM output 

27 HD Headselect output 

28,29 USa, US1 FDD unit select output 

30 WDA Write data output 

31,32 PSa,PS1 Preshift output 

33 FLT ITRa Fault/track zero input 

34 WP/TS Write protect I two side 
input 

35 ROY Ready input 

36 HDL Head load output 

37 FRISTP Fault reset I step output 

38 lCT IDIR low current direction 
output 

39 RW/SEEK Read I write I seek output 

40 Vee DC power 

6-4 

NEe 
Pin Functions 

RESET (Reset) 

The RESET input places the FDG in the idle state. It re
sets the output lines to the FDD to 0 (low). It does not 
affect SRT, HUT, or HLT in the Specify command. If the 
RDY input is held high during reset, the FDG will gener
ate an interrupt within 1.024 ms. To clear this interrupt, 
use the Sense Interrupt Status command. 

RD (Read Strobe) 

The RD input allows the transfer of data from the FDG to 
the data bus when low. Disabled when CS is high. 

WR (Write Strobe) 

The WR input allows the transfer of data to the FDG 
from the data bus when low. Disabled when GS is high. 

Ao (Data/Status Select) 

The Ao input selects the data register (Ao = 1) or status 
register (Ao = 0) contents to be sent to the data bus. 

CS (Chip Select) 

The FDG is selected when GS is low, enabling RD, WR, 
and Ao. 

DBo-DB7 (Data Bus) 

DBO-DB? are a bidirectional 8-bit data bus. Disabled 
when GS is high. 

DRQ (DMA Request) 

The FDG asserts the DRQ output high to request a DMA 
transfer. 

DACK (DMA Acknowledge) 

When the DAGKinput is low, a DMA cycle is active and 
the controller is performing a DMA transfer. 



NEe 
TC (Terminal Count) 

When the TC input is high, it indicates the termination of 
a OMA transfer. It terminates data transfer during Read / 
Write/Scan commands in OMA or interrupt mode. 

lOX (Index) 

The lOX input goes high at the beginning of a disk track. 

INT (Interrupt) 

The INT output is FOC's interrupt request. 

CLK(Clock) 

ClK is the input for the FOC's single-phase, 8 MHz 
squarewave clock. 

WCK (Write Clock) 

The WCK inpu.t sets the data write rate to the FOO. It is 
500 kHz for FM, 1 MHz for MFM drives, with a 250 ns 
pulse for both FM and MFM. 

ROW (Read Data Window) 

The ROW input is generated by the phase-locked loop 
(Pll). It is used to sample data from the FOO. 

ROD (Read Data) 

The ROD input is the read data from the FOO, containing 
clock and data bits. 

WDA (Write Data) 

WOA is the serial clock and data output to the FOO. 

WE (Write Enable) 

The WE output enables write data into the FOO. 

VCO (VCO Sync) 

The VCO output inhibits the VCO in the Pll when low, 
enables it when high. 

MFM (MFM Mode) 

The MFM output shows the FOO's mode. It is high for 
MFM, low for FM. 

H 0 (Head Select) 

Head 1 is selected when the HO output is 1 (high), head 0 
is selected when HO is 0 (low). 

USa, US1 (Unit Select 0, 1) 

The USa and US1 outputs select the floppy disk drive 
unit. 

IlPD765A/7265 

PSo, PS1 (Preshift 0, 1) 

The PSa and PS1 outputs are the write precompensation 
status for MFM mode. They determine early, late, and 
normal times. 

ROY (Ready) 

The ROY input indicates that the FDO is ready to receive 
data. 

H DL (Head Load) 

The HOl output is the command which causes the 
read/write head in the FOO to contact the diskette. 

FLT /TRO (Fault/Track 0) 

In the read/write mode, the FlT input detects FOO fault 
conditions. In the seek mode, TRO detects track O. 

WP/TS (Write Protect/Two Side) 

In the read/write mode, the WP input senses write pro
tected status. In the seek mode, TS senses two-sided 
media. 

FRISTP (Fault Reset/Step) 

In the read/write mode, the FR output resets the fault 
flip-flop in the FOO. In the seek mode, STP outputs step 
pulses to move the head to another cylinder. A fault re
set pulse (FR) is issued at the beginning or each Read or 
Write command prior to the HOl signal. 

LCT/DIR (Low Current/Direction) 

In the read/write mode, the lCT output lowers the write 
current on the inner tracks. In the seek mode, the OIR 
output determines the direction the head will move in 
when it receives a step pulse. 

RW /SEEK (Read/Write/Seek) 

The RW/SEEK output specifies the read/write mode 
when low, and the seek mode when high. 

GND (Ground) 

Ground. 

VCC( +5V) 

+5 V power supply. 
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Block Diagram 

DRQ 
DACK 
INT 

AD 
\Wi 

Ao 

R_ 

CS 

ClK 

Vcc 

GND 

Absolute Maximum Ratings 
TA = 25°e 

Power supply voltage, Vee 

Input voltage, VI 

Output voltage, Vo 

Operating temperature, TOPT 

Storage temperature, T STG 

Power dissipation, PD 

Ready 
WrlteProtectl 

'!WoSlde 
Index 

Fault/TrackO 

Unit Salect0 
UnltSalect 1 
MFMMode 

RWISaek 

Head load 

Head Salect 
lowCurrenti 

Direction 
Fault Reset/Step 

-0.5to +7V 

-0.5to +7V 

-0.5to +7V 

1W 

Comment: Exposing the device to stresses above those listed 
in the Absolute Maximum Ratings could cause permanent 
damage. The device should not be operated under conditions 
outside the limits described in the operational sections of this 
specification. Exposure to absolute maximum rating condi
tions for extended periods may affect device reliability. 
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DC Characteristics 

T A = -10 °e to +70 °e, Vee = +5 V ±5% (pPD765A/7265A) and Vee 
= +5V ±10% (pPD765A-217265A-2) 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input voltage VIL -0.5 +0.8 V 
low 

Input voltage VIH 2.0 Vee+0.5 V 
high 

Output voltage VOL 0.45 V IOL =2.0mA 
low 

Output voltage VOH 2.4 Vee V IOH= -200/-IA 
high 

Input voltage Vld<t» -0.5 0.65 V 
low (ClK +WR 
clock) 

Input voltage VIH(<t» 2.4 Vee+0.5 V 
high 
(ClK +WR 
clock) 

Supply current Icc 150 mA 
(Vee) 

Input load ILiH 10 /-IA VIN=Vee 
current high 

Input load ILiL -10 /-IA VIN=OV 
current low 

Output leakage ILOH 10 /-IA Vour= Vee 
current high 

Output leakage ILOL -10 /-IA Vour= +0.45 V 
current low 

Capacitanc.e 
TA = 25°e, fe=1 MHz, Vee =OV 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input clock CIN(<t» 20 pF (Note 1) 
capacitance 

Input CIN 10 pF (Note 1) 
capacitance 

Output COUT 20 pF (Note 1) 
capacitance 

Note: 
(1) All pins except pin under test tied to Ae ground 
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AC Characteristics 
TA = -1Q°C to +70°C, Vee = +5 V ±5% (pPD765A/7265A) and Vee = +5V ±10% (pPD765A-2/7265A-2) 

Limits 
765A,7265 765A-2, 7265-2 Test 

Parameter Symbol Min Typ(1) Max Min Typ(1) Max Unit Conditions 

Clock period <l>CY 120 125 500 120 125 500 ns (Note 4) 

125 125 ns 8" FDD 

250 250 ns 51/4" FDD 

125 125 ns 31/2" Sony (3) 

Clock active (high, low) <1>0 40 40 ns 

Clock rise time <l>r 20 20 ns 

Clock fall time <l>f 20 20 ns 

Ao, CS, DACK setup time to RDt tAR 0 0 ns 

Ao, CS, DACK hold time from RDt tRA 0 0 ns 

RD width tRR 250 200 ns 

Data access time from RDt tRO 200 140 ns CL=100pF 

DB to float delay time from RD t tOF 20 100 10 85 ns CL =100 pF 

Ao, CS, DACK setup time to WR t tAW 0 0 ns 

Ao, CS, DACK hold time to WRt tWA 0 0 ns 

WR width tww 250 200 ns 

Data setup time to WR t tow 150 100 ns 

Data hold time from WR t two ns 11 INT delay time from RDt tRI 500 400 ns 

INT delay time from WRt tWI 500 400 ns 

DRO cycle time tMCY 13 13 lAs <l>Cy=125ns (4) 

DACK t - DRO t delay tAM 200 140 ns 

DROt- DACKtdelay tMA 200 200 ns <l>Cy=125ns(4) 

DACKwidth tAA <l>CY 

TCwidth tTC <l>CY 

Reset width tRST 14 14 <l>CY 

WCK cycle time tCY 4 16 <l>CY MFM=O, 51/4" 

8 <l>CY MFM = 1, 51/4" 

8 <l>CY MFM=O,8" 

4 <l>CY MFM=1,8" 

8 <l>CY MFM=O, 31/2" (3) 

4 <l>CY M FM = 1, 31/2"(3) 

WCK active time (high) to 2 <l>CY 

CLKt - WCKt delay tCWH 0 40 40 ns 

CLKt - WCKt delay tCWL 0 40 40 ns 

WCK rise time tr 20 20 ns 

WCK fall time tf 20 20 ns 

Preshift delay time from WCKt tcp 20 100 20 100 ns 

WCK t - WE t delay tcwE 20 100 20 100 ns 

WDA delay time from WCK t tco 20 100 20 100 ns 

RDD active time (high) tROO 40 40 ns 
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AC Characteristics (cont) 

T A = -1O oe to +70 oe, Vee = +5 V ±5% (pPD765A17265A) and Vee = +5V ±10% (pPD765A-2/7265A-2) 

Limits 

765A,7265 765A-2,7265-2 Test 
Parameter Symbol Min Typ(1) Max Min Typ(1) Max Unit Conditions 

Window cycle time twCY 4 4 lAs MFM=O, 51/4" 

2 lAS MFM=1,51/4" 

lAS MFM=0,8" 

lAs MFM=1,8" 

lAs MFM =0,31/2" (3) 

lAs MFM=1,31/2"(3) 

Window hold time to ROO tROW 15 15 ns 

Window hold time from ROO tWRO 15 15 ns 

USa, 1 hold time to RW 1 seek t tus 12 12 lAs 8 MHz clock period(4) 

RW / seek hold time to low tso lAs 8 MHz clock period(4) 
current 1 direction t 

Low current 1 direction hold time to tOST 1.0 1.0 lAs 8 MHz clock period(4) 
fau It reset! step t 

USa, 1 hold time from fault reset 1 tSTU 5.0 5.0 lAS 8 MHz clock period(4) 
step 1 

Step active time (high) tSTP 6 7 8 6 lAs (Note 4) 

Step cycle time tsc 33 (Note 2) (Note 2) 33 (Note 2) (Note 2) lAs (Note 4) 

Fault reset active time (high) tFR 8.0 10 8.0 10 lAs (Note 4) 

Write data width twoo to-50 to-50 ns 

USa, 1 hold time after seek tsu 15 15 lAs 8 MHz clock period(4) 

Seek hold time from OIR tos 30 30 lAs 8 MHz clock period(4) 

OIR hold time after step tSTD 24 24 lAs 8 M Hz clock period( 4) 

Index pulse width tlDX 4 4 <!lCY 

R1H delay from ORO tMR 800 800 ns 8 M Hz clock period( 4) 

WR ~ delay from ORO tMW 250 250 ns 8 M Hz clock period( 4) 

WE or RO response time from ORO t tMRW 12 12 lAs 8 MHz clock period(4) 

Note: 
(1) Typical values for TA = 25°C and nominal supply voltage. 
(2) Under software control. The range is from 1 ms to 16 ms at 8 MHz clock period, and 2 ms to 32 ms at 4 MHz clock period. 
(3) Sony Micro Floppydisk 31/2" drive. 
(4) Double these values for a 4 MHz clock period. 

Timing Waveforms 

Processor Read Operation Processor Write Operation 

1.0, CS, DACK ~ Ao,CS, DACK ~ 
RD WR 

tDF 

Data Data 

INT INT 
tw'=t 
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Timing Waveforms (cont) 

Clock 

CLK~ <1>0 

<l>R ~ 
-<I>F 

DMA Operation 

DRQ 

DACK -+-.....,..--... 1 
~.....:;;::;:......--I 

WRorRD 

FDD Write Operation 

Pre.hift 0 Pre.hift 1 
Normal o o 
Late o 
Early 
Invalid 

Seek Operation 

USO,1 _J ... _.......,.~ ______ ,'-..,.-__ 

RW/Seek 

Direction 

Step 
----III 

pPD765A/7265 

FLTReset 

Fault Reset = r--\ 
File Unsafe Reset -=.! tFR r= 

FDD Read Operation 

Read Data 

Read Data Window 
------I 

Note: Either polarity data window is valid. 

Terminal Count 

Reset 

Write Clock 

elK 

TC K 
~II~ 

Reset K 
~II~ 

83-002828A 

83-002829A 

83-002827A 
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Internal Registers 
The ",PD765A/",PD7265 contains two registers which 
may be accessed by the main system processor: a sta
tus register and a data register. The 8-bit main status 
register contains the status information of the FDG, and 
may be accessed at any time. The 8-bit data register 
(which actually consists of four registers, STO-ST3, in a 
stack with only one register presented to the data bus at 
a time), stores data, commands, parameters, and FDD 
status information. Data bytes are read out of, or written 
into, the data register in order to program or obtain the 
results after a particular command (table 3). Only the 
status register may be read and used to facilitate the 
transfer of data between the processor and ",PD765AI 
",PD7265. 

The relationship between the status/data registers and 
the signals RO, WR, and Ao is shown in table 1. 

Table 1. Status/Data Register Addressing 
10 1m WR Function 

o 1 Read main status register 

o Illegal 

o Illegal 

o Illegal 

1 Read from data register 

o Write into data register 

The bits in the main status register are defined in 
table 2. 

Table 2. Main Status Register 

Pin 

No. Name Function 

DBO DOB FDD number 0 is in the seek mode. If any 
(FDD 0 Busy) of the DnB bits is setFDG will not accept 

read or write command. 

DB1 D1B FDD number 1 is in the seek mode. If any of 
(FDD 1 Busy) the DnB bits is set FDG will not accept read 

or write command. 

DB2 D2B FDD number 2 is in the seek mode. If any 
(FDD 2 Busy) of the DnB bits is set FDG will not accept 

read or write command. 

DB3 . D3B FDD number 3 is in the seek mode. If any 
(FDD 3 Busy) of the DnB bits is set FDG will not accept 

read or write command. 

DB4 GB A Read or Write command is in process. 
(FDG Busy) FDG will not accept any other command. 

DB5 EXM This bit is set only during execution phase 
(Execution Mode) in non-DMA mode. When DB5 goes low, 

execution phase has ended and result 
phase has started. It operates only during 
non-DMA mode of operation. 
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Table 2. Main Status Register (cont) 

Pin 

No. Name 

DID 
(Data Input! Output) 

ROM 
(Request for Master) 

Function 

Indicates direction of data transfer be
tween FDG and data register. If DID = 1, 
then transfer is from data register to the 
processor. If DID =0, then transfer is from 
the processor to data register. 

Indicates data register is ready to send or 
receive data to or from the processor. Both 
bits DID and ROM should be used to per
form the hand-shaking functions of 
"ready" and "direction" tothe processor. 

The 010 and ROM bits in the status register indicate 
when data is ready and in which direction data will be 
transferred on the data bus. The maximum time be
tween the last RO or WR during a command or result 
phase and 010 and ROM getting set or reset is 12",s. For 
this reason every time the main status register is read 
the CPU should wait 12",s. The maximum time from the 
trailing edge of the last RO in the result phase to when 
OB4 (FOC busy) goes low is 12~s. See figure 1. 

Figure 1. 0/0 and RQM 

Data In/Out Out FDC and Into Processor 
(DIO) Out Processor and Into FDC L 

Ready I i 
Request for Master I~ 
(ROM) I Not I I I I I I I I 

I Ready II I I III I 
WRI ulllill 
RD I I I I I I I I II I 
~I 
I A I 8 I A 181 A C I D I C IDI81 A I 

Notes: A- Data register ready to be written into by processor. 
B- Data register not ready to be written into by processor. 
C- Data register ready for next data byte to be read by processor. 
D- Data register not ready to be read by processor. 
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Table 3. Status Register Identification 

Pin 

No. Name 

Status Register 0 

D7, D6 IC 
(Interrupt Code) 

D5 SE 
(Seek End) 

D4 EC 
(Equipment Check) 

D3 NR 
(Not Ready) 

D2 HD 
(Head Address) 

D1 US1 
(Unit Select 1) 

Do USa 
(Unit Select 0) 

Status Register 1 

D7 EN 
(End of Cylinder) 

D6 

D5 DE 
(Data Error) 

D4 OR 
(Overrun) 

D3 

Function 

D7=0 and D6=0 
Normal termination of command, (NT). 
Command was completed and properly ex
ecuted. 

D7=0 and D6=1 
Abnormal termination of command, (AT). 
Execution of command was started but 
was not successfully completed. 

D7=1 and D6=0 
Invalid command issue, (IC). Command 
which was issued was never started. 

D7=1 and D6=1 
Abnormal termination because during 
command execution the ready signal from 
FDD changed state. 

When the FDC completes the Seek com
mand, this flag is set to 1 (high). 

If a fault signal is received from the FDD, or 
if the track 0 signal fails to occur after 77 
step pulses (Recalibrate Command) then 
this flag is set. 

When the FDD is in the not-ready state and 
a Read or Write command is issued, this 
flag is set. If a Read or Write command is 
issued to side 1 of a single-sided drive, 
then this flag is set. 

This flag is used to indicate the state of the 
head at interrupt. 

This flag is used to indicate a drive unit 
number at interrupt. 

This flag is used to indicate a drive unit 
number at interrupt. 

When the FDC tries to access a sector be
yond the final sector of a cylinder, this flag 
is set. 

Not used. This bit is always 0 (low). 

When the FDC detects a CRC(1) error in ei
therthe ID field orthe data field, this flag is 
set. 

If the FDC is not serviced by the host sys
tem during data transfers within a certain 
time interval, this flag is set. 

Not used. This bit is always 0 (low). 
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Table 3. Status Register Identification (cont) 
Pin 

No. Name 

Status Register 1 (cont) 

D2 ND 
(No Data) 

D1 NW 
(Not Writable) 

Do MA 
(Missing Address 
Mark) 

Status Register 2 

D7 

D6 CM 
(Control Mark) 

D5 DD 
(Data Error in 
Data Field) 

D4 WC 
(Wrong Cylinder) 

D3 SH 
(Scan Equal Hit) 

D2 SN 
(Scan Not Satisfied) 

D1 BC 
(Bad Cylinder) 

Do MD 
(Missing Address 
Mark in Data Field) 

Function 

During execution of Read Data, Write De
leted Data or Scan command, if the FDC 
cannot find the sector specified in the 
IDR(2) Register, this flag is set. 

During execution of the Read ID command, 
if the FDC cannot read the ID field without 
an error, then this flag is set. 

During execution of the Read A Cylinder 
command, if the starting sector cannot be 
found, then this flag is set. 

During execution of Write Data, Write De
leted Data or Format A Cylinder command, 
if the FDC detects a write protect signal 
from the FDD, then this flag is set. 

If the FDC cannot detect the data address 
mark or deleted data address mark, this 
flag is set. Also at the same time, the M D 
(missing address mark in data field) of 
status register 2 is set. 

Not used. This bit is always 0 (low). 

During execution of the Read Data or Scan 
command, if the FDC encounters a sector 
which contains a deleted data address 
mark, this flag is set. 

If the FDC detects a CRC error in the data 
field then this flag is set. 

This bit is related to the ND bit, and when 
the contents of C(3) on the medium is dif
ferent from that stored in the IDR, this flag 
is set. 

During execution of the Scan command, if 
the condition of "equal" is satisfied, this 
flag is set. 

During execution of the Scan command, if 
the FDC cannot find a sector on the cylin
der which meets the condition, then this 
flag is set. 

This bit is related to the ND bit, and when 
the contents of C on the medium is differ
ent from that stored in the IDR and the con
tents of C is FFH, then this flag is set. 

When data is read from the medium, if the 
FDC cannot find a data address mark or 
deleted data address mark, then this flag 
is set. 
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Table 3. Statu~ Register Identification (cont) 

Pin 

No. Name Function 

Status Register 3 

07 FT This bit is used to indicate the status of the 
(Fault) fault signal from the Foo. 

06 WP This bit is used to indicate the status of the 
(Write Protected) write protected signal from the Foo. 

05 RY This bit is used to indicate the status of the 
(Ready) ready signal from the Foo. 

04 TO This bit is used to indicate the status of the 
(Track 0) track 0 signal from the FoD. 

03 TS This bit is used to indicate the status of the 
(Two-Side) two-side signal from the FDD. 

D2 HD This bit is used to indicate the status of the 
(Head Address) side select signal to the FDD. 

01 US1 This bit is used to indicate the status of the 
(Unit Select 1) unit select 1 signal to the FDD. 

Do USo This bit is used to indicate the status of the 
(Unit Select 0) unit select 0 Signal to the FDD. 

Note: 
(1) CRC = Cyclic Redundancy Check 
(2) IDR= Internal Data Register 
(3) Cylinder (C) is described more fully in the Command Symbol 

Description. 

Command Sequence 
The J.lPD765A/J.lPD7265 is capable of performing 15 dif
ferent commands. Each command is initiated by a 
multi byte transfer from the processor, and the result af
ter execution of the command may also be a multibyte 
transfer back to the processor. Because of this multi
byte interchange of information between the J.lPD765AI 
J.lPD7265 and the processor, it is convenient to consider 
each command as consisting of three phases: 

Command 
Phase: 

Execution 
Phase: 

The FDC receives all information re
quired to perform a particular opera
tion from the processor. 

The FDC performs the operation it 
was instructed to do. 

Result Phase: After completion of the operation, 
status and other housekeeping infor
mation are made available to the 
processor. 

Table 4 shows the required preset parameters and 
results for each command. Most commands require 9 
command bytes and return 7 bytes during the result 
phase. The "W" to the left of each byte indicates a com
mand phase byte to be written, and an "R" indicates a 
result byte. The definitions of other abbriviations used 
in table are given in the Command Symbol Description 
table. 
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Command Symbol Description 

Name 

Ao 
(Address Line 0) 

C 
(Cylinder Number) 

0 
(Data) 

orDo 
(Data Bus) 

oTL 
(Data Length) 

EDT 
(End ofTrack) 

GPL 
(Gap Length) 

H 
(Head Address) 

HD 
(Head) 

HLT 
(Head Load Time) 

HUT 
(Head Unload Time) 

MF 
(FM or MFM Mode) 

MT 
(Multitrack) 

N 
(Number) 

NCN 
(New Cylinder Number) 

ND 
(Non-DMA Mode) 

PCN 
(Present Cylinder Number) 

R 
(Record) 

R/W 
( Read I Write) 

SC 
(Sector) 

SK 
(Skip) 

Function 

AO controls selection of main status register 
(Ao=O) or data register (Ao=1). 

C stands for the current I selected cylinder 
(track) numbers 0 through 76 of the medium. 

D stands for the data pattern which is going to be 
written into a sector. 

8-bit data bus, where D7 stands for a most 
significant bit, and Do stands for a least 
significant bit. 

When N is defined as 00, DTL stands for the data 
length which users are going to read out or write 
into the sector. 

EDT stands for the final sector number on a cylin
der. During read or write operations, FoC will stop 
data transfer after a sector number equal to EDT. 

GPL stands for the length of gap 3. During Read I 
Write commands this value determines the num
ber of bytes that VCD sync will stay low after two 
CRC bytes. During Format command it deter
mines the size of gap 3. 

H stands for head number 0 or1, as specified in 
IDfield. 

HD stands for a selected head number 0 or 1 and 
controls the polarity of pin 27. (H = H 0 in all com
mand words.) 

HLT stands for the head load time in the FDD (2 to 
254 ms in 2 ms increments). 

HUT stands for the head unload time after a Read 
or Write operation has occurred (16 to 240 ms in 
16 ms increments). 

If MF is low, FM mode is selected, and if it is high, 
MFM mode is selected. 

IF MT is high, a multitrack operation is per
formed. If MT = 1 after finishing read /write oper
ation on side 0, FDC will automatically start 
searching for sector 1 on side 1. 

N stands for the number of data bytes written in a 
sector. 

NCN stands for a new cylinder number which is 
going to be reached as a result of the seek opera
tion; desired position of head. 

NO stands for operation in the non-DMA mode. 

PCN stands for the cylinder number at the com
pletion of Sense Interrupt Status command, posi
tion of head at present time. 

R stands forthe sector number which will be read 
or written. 

R/W stands for either Read (R) or Write (W) 
signal. 

SC indicates the number of sectors per cylinder. 

SK stands for skip deleted data address mark. 
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Command Symbol Description (cont) 

Name 

SRT 
(Step Rate Time) 

STO-ST3 
(Status 0-3) 

Function 

SRT stands for the stepping rate for the FDD (1 to 
16 ms in 1 ms increments). Stepping rate applies 
to all drives (FH = 1 ms, EH = 2 ms, etc.). 

STO-ST3 stands for one of four registers which 
store the status information after a command has 
been executed. This information is available dur
ing the result phase after command execution. 
These registers should not be confused with the 
main status register (selected by Aa=O). 
STO-ST3 may be read only after a command has 
been executed and contains information relevant 
to that particular command. 

Table 4. Instruction Set (Notes 1, 2) 
Instruction Code 

Phase RIW D7 D6 Ds D4 D3 D2 

Read Data 

Command W MT MF SK 0 0 1 
W X X X X X HD 
W C 
W H 
W R 
W N 
W EDT 
W GPL 
W DTL 

Execution 

Result R STO 
R ST1 
R ST2 
R C 
R H 
R R 
R N 

Read Deleted Data 

Command W MT MF SK 0 1 1 
W X X X X X HD 
w C 
W H 
W R 
W N 
W EDT 
W GPL 
W DTL 

Execution 

Result R STO 
R ST1 
R ST2 
R C 
R H 
R R 
R N 

Note: 
(1) Symbols used in this table are described at the end of this section.1 
(2) Ao should equal1 for all operations. 
(3) X = Don't care, usually made to equal O. 
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Command Symbol Description (cont) 
Name Function 

D1 

1 

STP 

USa, US1 
(Unit Select) 

Do 

0 
US1 USa 

0 0 
US1 USa 

During a scan operation, if STP=1, the data in 
contiguous sectors is compared byte by byte with 
data sent from the processor (or DMA); and if 
STP= 2, then alternate sectors are read and com
pared. 

US stands for a selected drive number 0 or 1. 

Remarks 

Command codes 
(Note 3) 
Sector ID information priorto command execution. The 4 bytes 
are compared against header on floppy disk. 

Data transfer between the FDD and main system 

Status information after command execution 

Sector 10 information after command execution 

Command codes 

Sector 10 information prior to command execution. The 4 bytes 
are compared against header on floppy disk. 

Data transfer between the FDD and main system 

Status information after command execution 

Sector ID information after command execution 
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Table 4. Instruction Set (Notes 1, 2) (cont) 

Instruction Code 
Phase RIW D7 De Ds D4 D3 D2 D1 Do Remarks 

Write Data 

Command W MT MF 0 0 0 1 0 1 Command codes 
W X X X X X HO US1 USo 
W C Sector ID information prior to command execution. The 4 bytes 
W H are compared against header on floppy disk. 
W R 
W N 
W EDT 
W GPL 
W OTL 

Execution Data transfer between the main system and FOO 

Result R STO Status information after command execution 
R ST1 
R ST2 
R C Sector ID information after command execution 
R H 
R R 
R N 

Write Deleted Data 

Command W MT MF 0 0 1 0 0 1 Command codes 
W X X X X X HO US1 USo 
W C Sector 10 information prior to command execution. The 4 bytes 
W H are compared against header on floppy disk. 
W R 
W N 
W EDT 
W GPL 
W OTL 

Execution Data transfer between the FOO and main system 

Result R STO Status information after command execution 
R ST1 
R ST2 
R C Sector 10 information after command execution 
R H 
R R 
R N 

Read A Track 

Command W 0 MF SK 0 0 0 1 0 Command codes 
W X X X X X HO US1 USo 
W C Sector 10 information prior to command execution 
W H 
W R 
W N 
W EDT 
W GPL 
W OTL 

Execution Data transfer between the FDO and main system. FOC reads all 
data fields from index hole to EDT. 

Result R STO Status information after command execution 
R ST1 
R ST2 
R C Sector ID information after command execution 
R H 
R R 
R N 
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Table 4. Instruction Set (Notes 1, 2) (cont) 
Instruction Code 

Phase RIW D7 De Ds D4 D3 D2 D1 Do Remarks 

Read ID 

Command W 0 MF 0 0 1 0 1 0 Command codes 
W X X X X X HD US1 USa 

Execution The first correct ID information on the cylinder is stored in data 
register. 

Result R STO Status information after command execution 
R ST1 
R ST2 
R C Sector ID information read during execution phase from floppy 
R H disk. 
R R 
R N 

Format A Track 

Command W 0 MF 0 0 1 1 0 1 Command codes 
W X X X X X HD US1 USa 
w N Bytes / sector 
W SC Sectors / track 
W GPL Gap3 
W D Filler byte 

Execution FDC formats an entire track. 

Result R STO Status information after command execution 
R ST1 
R ST2 
R C In this case, the ID information has no meaning m R H 
R R 
R N 

Scan Equal 

Command W MT MF SK 1 0 0 0 1 Command codes 
W X X X X X HD US1 USa 
w C Sector I D information prior to command execution 
W H 
W R 
W N 
W EOT 
W GPL 
W STP 

Execution Data compared between the FDD and main system 

Result R STO Status information after command execution 
R ST1 
R ST2 
R C Sector ID information after command execution 
R H 
R R 
R N 

Note: 
(1) Symbols used in this table are described at the end of this section. 
(2) Ao should equal 1 for all operations. 
(3) X = Don't care, usually made to equal O. 

6-15 



pPD765A/7265 NEe 
Table 4. Instruction Set (Notes 1, 2) (cont) 

Instruction Code 
Phase R/W D7 De Ds D4 D3 D2 D1 Do Remarks 

Scan Low or Equal 

Command W MT MF SK 1 1 0 0 1 Command codes 
W X X X X X HD US1 USa 
w C Sector ID information prior to command execution 
W H 
W R 
W N 
W EaT 
w GPL 
W STP 

Execution Data compared between the FDD and main system 

Result R STO Status information after command execution 
R ST1 
R ST2 
R C Sector ID information after command execution 
R H 
R R 
R N 

Scan High or Equal 

Command W MT MF SK 1 1 1 0 1 Command codes 
W X X X X X HD US1 USa 
W C Sector ID information prior to command execution 
W H 
W R 
W N 
W EaT 
w GPL 
W STP 

Execution Data compared between the FDD and main system 

Result R STO Status information after command execution 
R ST1 
R ST2 
R C Sector ID information after command execution 
R H 
R R 
R N 

Recalibrate 

Command W 0 0 0 0 0 1 1 Command codes 
W X X X X X US1 USa 

Execution Head retracted to track 0 

Sense Interrupt Status 

Command W 0 0 0 0 Command codes 

Result R STO Status information about the FDC at the end of seek operation 
R PCN 

Specify 

Command W 0 0 0 0 0 0 1 1 Command codes 
W -SRT--HUT-
W HLT ND 

Sense Drive Status 

Command W 0 0 0 0 0 1 0 0 Command codes 
W X X X X X HD US1 USa 

Result R ST3 Status information about FDD 
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Table 4. Instruction Set (Notes 1, 2) (cont) 

Instruction Code 
Phase R/W D7 D6 Ds D4 D3 D2 

Seek 

Command W 0 0 0 0 1 
W X X X X X HD 
w NCN 

Execution 

Invalid 

Command W I nvalid Codes 

Result R STO 

Note: 
(1) Symbols used in this table are described at the end of this section. 
(2) Ao should equal 1 for all operations. 
(3) X = Don't care, usually made to equal O. 

System Configuration 
Figure 2 shows an example of a system using a 
J.lPD765AI J.lPD7265. 

Figure 2. System Configuration 

080 - 7 
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iID 
\VA 
cs 
INT 
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~P0765 
or 

~P07265A 
FOC 

Processor Interface 

Input Control 

Output Control 

During command or result phases the main status reg
ister (described earlier) must be read by the processor 
before each byte of information is written into or read 
from the data register.After each byte of data read or 
written to the data register, CPU should wait for 12J.ls be
fore reading main status register, bits D6 and D7 in the 
main status register must be in a 0 and 1 state, respec
tively, before each byte of the command word may be 
written into the J.lPD765AIJ.lPD7265. Many of the com
mands require multiple bytes and, as a result, the main 
status register must be read prior to each byte transfer 

pPD765A/7265 

D1 Do Remarks 

1 1 Command codes 
US1 USa 

Head is positioned over proper cylinder on diskette 

I nvalid Command codes (No op - FDC goes into standby state) 

STO-BOH 

to the J.lPD765AI J.lPD7265. On the other hand, during the 
result phase, D6 and D7 in the main status register must 
both be 1's (D6 = 1 and D7 = 1) before reading each byte 
from the data register. Note that this reading of the main 
status register before each byte· transfer to the 
J.lPD765A/J.lPD7265 is required only in the command and 
result phases, and not during the execution phase. 

During the execution phase, the main status register 
need not be read. If the J.lPD765AI J.lPD7265 is in the non
DMA mode, then the receipt of each data byte (if 
J.lPD765A/J.lPD7265 is reading data from FDD) is indi
cated by an interrupt signal on pin 18 (INT = 1). The gen
eration of a read signal (RD = 0) or write signal (WR = 0) 
will clear the interrupt as well as output the data onto 
the data bus. If the processor cannot handle interrupts 
fast enough (every 13 J.ls for the M FM mode and 27 J.lS for 
the FMmode), then it may poll the main status register 
and bit D7 (ROM) functions as the interrupt signal. If a 
write command is in process then the WR signal ne
gates the reset to the interrupt signal. 

Note that in the non-DMA mode it is necessary to exam
ine the main status register to determine the cause of 
the interrupt, since it could be a data interrupt or a com
mand termination interrupt, either normal or abnormal. 

If the J.lPD765A/J.lPD7265 is in the DMA mode, no inter
rupts are generated during the execution phase. The 
J.lPD765A/J.lPD7265 generates DRQs (DMA requests) 
when each byte of data is available. The DMA controller 
responds to this request with both a DACK = 0 (DMA ac
knowledge) and an RD = 0 (read signal). When the DMA 
acknowledge signal goes low (DACK = 0), then the DMA 
request is cleared (DRO = 0). If a write command has 
been issued then a WR signal will appear instead of RD. 
After the execution phase has been completed (terminal 
count has occurred) or the EaT sector read/written 
then an interrupt will occur (INT = 1). This signifies th~ 
beginning of the result phase. When the first byte of 
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data is read during the result phase, the interrupt is au
tomatically cleared (INT = 0). 

The RD orWR signals should be asserted while DACK is 
true. The CS signal is used in conjunction with RD and 
WR as a gating function during programmed I/O opera
tions. CS has no effect during DMA operations. If the 
non-DMA mode is chosen, the DACK signal should be 
pulled up to Vee. 
It is important to note that during the result phase all 
bytes shown in the command table (table 4) must be 
read. The read data command, for example, has seven 
bytes of data in the result phase. All seven bytes must 
be read in order to successfully complete the Read Data 
command. The ",PD765A/",PD7265 will not accept a new 
com and until all seven bytes have been read. Other 
commands may require fewer bytes to be read during 
the result phase. 

TheIAPD765A/",PD7265 contains five status registers. 
The main status register mentioned above may be read 
by the processor at any time. The other four status regis
ters (STO, ST1, ST2, and ST3) are available only during 
the result phase and may be read only after completing 
a command. The particular command that has been ex
ecuted determines how many of the status registers will 
be read. 

The bytes of data which are sent to the ",PD765A/ 
",PD7265 to form the command phase and are read out 
of the ",PD765A/",PD7265 in the result phase must occur 
in the order shown in table 4. That is, the command code 
must be sent first and the other bytes sent in the pre
scribed sequence. No foreshortening of the command 
or result phases is allowed. After the last byte of data in 
the command phase is sent to the ",PD765A/",PD7265, 
the execution phase automatically starts. In a similar 
fashion, when the last byte of ,data is read out in the 
result phase, the command is automatically ended and 
the ",PD765A/",PD7265 is ready for a new command. 

Polling 
After reset has been sent to the ",PD765A/",PD7265, the 
unit select lines USa and US1 will automatically go into a 
polling mode. In between commands (and between step 
pulses in the Seek command) the ",PD765A/",PD7265 
polls all four FDDs looking for a change in the ready line 
from any of the drives. If the ready line changes state 
(usually due to a door opening or closing), then the 
IJPD765A/IJPD7265 will generate an interruptWhen sta
tus register 0 (STO) is read (after Sense Interrupt Status 
is issued), not ready (NR) will be indicated. The polling 
of the ready line by the ",PD765A/",PD7265 occurs con
tinuously between commands, thus notifying the proc
essorwhich drives are on oroff line. Each drive is polled 
every 1.024 ms ,except during the Read/Write com-

6-18 

NEe 
mands. When used with a4 MHz clock for interfacing to 
minifloppies, the polling rate is 2.048 ms. See figure 3. 

Figure 3. Polling Feature 

1----Approx 1.0msec __ _ 

15"s 15,,5 15,,5 

USO 

US1 

Read Data 
A set of nine (9) byte words are required to place the FDC 
into the read data mode. After the Read Data command 
has been issued the FDe loads the head (if it is in the 
unloaded state), waits the specified head settling time 
(defined in the Specify command), and begins reading 
ID address marks and ID fields. When the current sector 
number (R) stored in the ID register (IDR) compares with 
the sector number read off the diskette, then the FDC 
outputs data (from the data field) byte-to-byte to the 
main system via the data bus. 

After completion of the read operation from the current 
sector, the sector number is incremented by one, and 
the data from the next sector is read and output on the 
data bus. This continuous read function is called a 
multi-sector read operation. The Read Data command 
may be terminated by the receipt of a terminal count sig
nal. TC should be issued at the same time that the 
DACK for the last byte of data is sent. Upon receipt of 
this signal, the FDC stops outputting data to the proces
sor, but will continue to read data from the current sec
tor, check CRC (cyclic redundancy count) bytes, and 
then at the end of the sector terminate the Read Data 
command. The amount of data which can be handled 
with a single command to the FDC Depends upon MT 
(multi-track), MF (MFM/FM), and N (number of bytes/ 
sector). Table 5 shows the transfer capacity. 

The "multi-track" function (Mn allows the FDC to read 
data from both sides of the diskette. For a particular cyl
inder, data will be transferred starting at sector 1, side 0 
and completing at sector L, side 1 (sector L = last sector 
on the side). Note, this function pertains to only one cyl
inder (the same track) on each side of the diskette. 

When N = 0, then DTL defines the data length which the 
FDC must treat as a sector. If DTL is smaller than the 
actual data length in a sector, the data beyond DTL in 
the sector is not sent to the data bus. The FDC reads 
(internally) the complete sector performing the CRC 
check and, depending upon the manner of command 
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termination, may perform a multi-sector read operation. 
When N is non-zero, then OTL has no meaning and 
should be set to FFH. 

Table 5. Transfer Capacity 

Multi· MFMI Bytes I Maximum Transfer Capacity Final Sector 
Track FM Sector (Bytes I Sector) Read from 

MT MF N (Number of Sectors) Diskettes 

0 0 00 (128) (26) = 3,328 26 at side 0 
0 1 01 (256) (26) = 6,656 or 26 at side 1 

00 (128) (52) = 6,656 26 at side 1 
01 (256) (52) = 13,312 

0 01 (256) (15) = 3,840 15 at side 0 
1 02 (512) (15) = 7,680 or 15 at side 1 

0 01 (256) (30) = 7,680 15 at side 1 
1 02 (512) (30) = 15,360 

0 02 (512) (8) = 4,096 8 at side 0 
1 03 (1024) (8) = 8,192 or 8 at side 1 

0 02 (512) (16) = 8,192 8 at side 1 
1 03 (1024) (16) = 16,384 

At the completion of the Read Oata command, the head 
is not unloaded until after head unload time interval 
(specified in the Specify command) has elapsed. If the 
processor issues another command before the head un
loads then the head settling time may be saved between 
subsequent reads. This time out is particularly valuable 
when a diskette is copied from one drive to another. 

If the FOG detects the index hole twice without finding 
the right sector, (indicated in "R"), then the FOG sets the 
NO (No data) flag in status register 1 to a 1 (high), and 
terminates the Read Oata command. (Status register 0 
also has bits 7 and 6 set to 0 and 1, respectively.) 

After reading the 10 and data fields in each sector, the 
FOG checks the GRG bytes. If a read error is detected 
(incorrect GRG in 10 field), the FOG sets the OE (data er
ror) flag in status register1 to a 1 (high), and if a GRG error 
occurs in the data field, the FOG also sets the 00 (data 
error in data field) flag in status register 2 to a 1 (high), 
and terminates the Read Data. command. (Status regis
ter 0 also has bits 7 and 6 set to 0 and 1, respectively.) 

If the FOG reads a deleted data address mark off the 
diskette, and the SK bit (bit Os in the first command 
word) is not set (SK = 0), then the FOG sets the GM (con
trol mark) flag in status register 2 to a 1 (high), and termi~ 
nates the Read Oata command, after reading all the 
data in the sector. If SK = 1, the FOG skips the sector 
with the deleted data address mark and reads the next 
sector. The GRG bits in the deleted data field are not 
checked when SK = 1. 

Ouring disk data transfers between the FOG and the 
processor, via the data bus, the FOG must be serviced 
by the processor every 27/-ls in the FM mode, and every 
13/-ls in the MFM mode, orthe FOG sets the OR (Overrun) 
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flag in status register 1 to a1 (high), and terminates the 
Read Oata command. 

If the processor terminates a read (or write) operation in 
the FOG, then the 10 information in the result phase is 
dependent upon the state of the MT bit and EOT byte. 
Table 2 shows the values for G, H, R, and N, when the 
processor terminates the command. 

Functional Description of Commands 

Write Data 

A set of nine (9) bytes is required to set the FOG into the 
write data mode. After the Write Data command has 
been issued the FOG loads the head (if it is in the un
loaded state), waits the specified head settling time (de
fined in the Specify command), and begins reading 10 
fields. When all four bytes loaded during the command 
(G, H, R, N) match the four bytes of the 10 field from the 
diskette, the FOG takes data from the processor byte-by
byte via the data bus and outputs it to the FOO. See 
table 6. 

Table 6. Command Description 

Final Sector Transferred ID Information at Result Phase 

MT HD to Processor C H R N 

0 0 Less than EDT NC NC R+1 NC 

0 Equal to EDT C+1 NC R=01 NC 

0 Less than EDT NC NC R+1 NC 

0 1 Equal to EDT C+1 NC R=01 NC 

0 Less than EDT NC NC R+1 NC 

0 Equal to EDT NC LSB R=01 NC 

Less than EDT NC NC R+1 NC 

Equal to EDT C+1 LSB R=01 NC 

Note: 
(1) NC (No Change): The same value as the one at the beginning of com· 

mand execution. 
(2) LSB (Least Significant Bit): The least significant bit of H is comple· 

mented. 

After writing data into the current sector, the sector 
number stored in R is incremented by one, and the next 
data field is written into. The FOG continues this multi
sector write operation until the issuance of a terminal 
count signal. If a terminal count signal is sent to the 
FOG it continues writing into the current sector to 
complete the data field. If the terminal count signal is 
received while a data field is being written then the re
mainder of the data field is filled with zeros. 

The FOG reads the I D field of each sector and checks 
the GRG bytes. If the FOG detects a read error (GRG er
ror) in one of the 10 fields, it sets the OE (Oata Error) flag 
of status register 1 to a 1 (high) and terminates the Write 
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Data command. (Status register 0 also has bits 7 and 6 
set to 0 and 1, respectively.) 

The Write command operates in much the same man
ner as the Read command. The following items are the 
same, and one should refer to the Read Data command 
for details: 

• Transfer capacity 
• EN (end of cylinder) flag 
• ND (no data) flag 
• Head unload time interval 
• ID Information when the processor terminates 

command 
• Definition of DTL when N = 0 and when N#=O 

In the write data mode, data transfers between the proc
essor and FDe, via the data bus, must occur every 27/-1s 
in the FM mode and every 13/-1s in the MFM mode. If the 
time interval between data transfers is longer than this, 
the FDe sets the OR (overrun) flag in status register 1 
to a 1 (high) and terminates the Write Data command. 
(Status register 0 also has bits 7 and 6 set to 0 and 1, 
respectively.) 

Write Deleted Data 

This command is the same as the Write Data command 
except a deleted data address mark is written at the be
ginning of the data field instead of the normal data ad
dress mark. 

Read Deleted Data 

This command is the same asthe Read Data command 
except that when the FDe detects a data address mark 
at the beginning of a data field (and SK = 0 (low)), it will 
read all the data in the sector and set the eM flag in sta
tus register 2 to a 1 (high), and then terminate the com
mand. If SK = 1, then the FDe skips the sector with the 
data address mark and reads the next sector. 

Read a Track 

Thiscommand is similarto the Read Data command ex
cept that this is a continuous read operation where the 
entire data field from each of the sectors is read.lmme
diately after sensing the index hole, the FDe starts read
ing all data fields on the track as continuous blocks of 
data. If the FDe finds an error in the ID or data eRe 
check bytes, it continues to read data from the track. 
The FDe compares the ID information read from each 
sector with the value stored in the IDR and sets the ND 
flag of status register 1 to a 1 (high) if there is no compari
son. Multi-track or skip operat~ons are not allowed with 
this command. 

This command terminates when the number of sectors 
read is equal to EOT. If the FDe does not find an ID ad-
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dress mark on the diskette after it senses the index hole 
for the second time, it sets the MA (missing address 
mark) flag in status register 1 to a 1 (high) and terminates 
the command. (Status register 0 has bits 7 and 6 set to 0 
and 1, respectively.) 

ReadlD 

The Read ID command is used to give the present posi
tion of the recording head. The FDe stores the values 
from the first ID field it is able to read. If no proper ID 
address mark is found on the diskette before the index 
hole is encountered for the second time, then the MA 
(missing address mark) flag in status register1 is set to a 
1 (high), and if no data is found then the ND (No data) 
flag is also set in status register 1 to a 1 (high). The com
mand is then terminated with bits 7 and 6 in status regis
ter 0 set to 0 and 1, respectively. During this command 
there is no data transfer between FDe and the epu ex
cept during the result phase. 

Format a Track 

The Format a Track command allows an entire track to 
be formatted. After the index hole is detected, data is 
written on the diskette; gaps, address marks, ID fields, 
and data fields, all per the IBM System 34 (double den
sity) or System 3740 (single density) format, are re
corded. The particular format which will be written is 
controlled by the values programmed into N (number of 
bytes/sector), se (sectors/cylinder), GPL (gap length), 
and D (data pattern) which are supplied by the proces
sor during the command phase. The data field is filled 
with the byte of data stored in D. The ID field for each 
sector is supplied by the processor; that is, four data re
quests per sector are made by the FDe for e (cylinder 
number), H (head number), R (sector number), and N 
(number of bytes/sector). This allows the diskette to be 
formatted with nonsequential sector numbers, if 
desired. 

The processor must send new values for e, H, R, and N 
to the /-IPD765Al/-lPD7265 for each sector on the track. If 
FDe is set for the DMA mode, it will issue four DMA re
quests per sector. If it is set forthe interrupt mode, it will 
issue four interrupts per sector and the processor must 
supplye, H, R, and N loads for each sector. The con
tents of the R register are incremented by 1 after each 
sector is formatted; thus, the R register contains a value 
of R when it is read during the result phase. This incre
menting and formatting continues for the whole track 
until the FDe detects the index hole for the second 
time, whereupon it terminates the command. 

If a fault signal is received from the FDD at the end of a 
write operation, then the FDe sets the Ee flag of status 
registerO to a 1 (high) and terminates the command after 
setting bits 7 and 6 of status register 0 to 0 and 1, respec-
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tively. Also, the loss of a ready signal at the beginning of 
a command execution phase causes bits 7 and 6 of sta
tus register 0 to be set to 0 and 1, respectively. 

Table 7 shows the relationship between N, SC, and GPL 
for various sector sizes. 

Table 7. Sector Size 

Format Sector Size N SC GPL(1) GPL(2,3) 

8" Standard Floppy 

FMMode 128 Bytes / Sector 00 1A 07 1B 

256 01 OF OE 2A 

512 02 08 1B 3A 

1024 03 04 47 8A 

2048 04 02 C8 FF 

4096 05 01 C8 FF 

MFM Mode(4) 256 01 1A OE 36 

512 02 OF 1B 54 

1024 03 08 35 74 

2048 04 04 99 FF 

4096 05 02 C8 FF 

8192 06 01 C8 FF 

51/4" Minifloppy 

FM Mode 128 Bytes / Sector 00 12 07 09 

128 00 10 10 19 

256 01 08 18 30 

512 02 04 46 87 

1024 03 02 C8 FF 

2048 04 01 C8 FF 

MFM Mode(4) 256 01 12 OA OC 

256 01 10 20 32 

512 02 08 2A 50 

1024 03 04 80 FO 

2048 04 02 C8 FF 

4096 05 01 C8 FF 

3112" Sony Micro Floppydisk 

FM Mode 128 Bytes / Sector OF 07 1B 
-----------------------------
256 09 OE 2A 

512 05 1B 3A 

MFM Mode( 4) _25_6 _____________ 0_F ___ 0_E _____ 3_6 __ 

512 09 18 54 

1024 05 35 74 

Note: 
(1) Suggested values of GPL in Read or Write commands to avoid 

splice point between data field and ID field of contiguous sections. 
(2) Suggested values of GPL in format command. 
(3) All values except sector size are hexidecimal. 
(4) In MFM mode FDC cannot perform a Read/Write/Format operation 

with 128 bytes/sector. (N = 00). 
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Scan Commands 

The Scan commands allow data which is being read 
from the diskette to be compared against data which is 
being supplied from the main system. The FOC com
pares the data on a byte-by-byte basis and looks for a 
sector of data which meets the conditions of 
OFDD = OProcessor, OFDD < OProcessor, or OFDD> 
0Processor. The hexidecimal byte of FF either from 
memory or from FOO can be used as a mask byte be
cause it always meets the condition of the comparison. 
One's complement arithmetic is used for comparison 
(FF = largest number, 00 = smallest number). After a 
whole sector of data is compared, if the conditions are 
not met, the sector number is incremented (R + STP -
R), and the scan operation is continued. The scan opera
tion continues until one of the following conditions oc
cur: the conditions for scan are met (equal, low, or high), 
the last sector on the track is reached (EOn, or the termi
nal count signal is received. 

If the conditions for scan are met, then the FOC sets the 
SH (scan hit) flag of status register 2 to a 1 (high) and ter
minates the Scan command. If the conditions for scan 
are not met between the starting sector (as specified by 
R) and the last sector on the cylinder (EOn, then the 
FOC sets the SN (scan not satisfied) flag of status regis- 6 
ter 2 to a 1 (high) and terminates the Scan command. The 
receipt of aterminal count signal from the processor or 
OMA controller during the scan operation will cause the 
FOC to complete the comparison of the particular byte 
which is in process and then to terminate the command. 
Table 8 shows the status of bits SH and SN under vari-
ous conditions of Scan. 

Table 8. Scan Conditions 

Command 

Scan Equal 

Scan Low or 
Equal 

Scan High or 
Equal 

Status Register 2 

Bit2 = SN Bit 3 = SH 

o 
o 

o 
o 

Comments 

DFOO = Dprocessor 

DFOO = DProcessor 

DFOO < Dprocessor 

DFOO> DProcessor 

DFOO = DProcessor 

DFOO> DProcessor 

DFOO < Dprocessor 

If the FOC encounters a deleted data address mark on 
one of the sectors (and SK = 0), then it regards the sec
tor as the last sector on the cylinder, sets the CM (con
trol mark) flag of status register 2 to a 1 (high) and 
terminates the command. If SK = 1, the FOC skips the 
sector with the deleted address mark and reads the next 
sector. In the second case (SK = 1), the FOC sets the CM 
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(control mark) flag of status register 2 to a 1 (high) in or
der to show that a deleted sector has been encountered. 

When either the STP (contiguous sectors = 01, or alter
nate sectors = 02) sectors are read or the MT (multi
track) is programmed, it is necessary to remember that 
the last sector on the track must be read. For example, if 
STP = 02, MT = 0, the sectors are numbered sequen
tially 1 through 26 and the Scan command is started at 
sector 21, the following will happen: sectors 21, 23, and 
25 will be read, then the next sector (26) will be skipped 
and the index hole will be encountered before the EOT 
value of 26 can be read. This will result in an abnormal 
termination of the command. If the EOT had been set at 
25 or the scanning started at sector 20, then the Scan 
command would be completed in a normal manner. 

During the Scan command, data is supplied by either 
the processor or DMA controller for comparison against 
the data read from the diskette. In order to avoid having 
the OR (overrun) flag set in status register 1, it is neces
sary to have the data available in less than 27 J..ls (FM 
mode) or 13J..ls (MFM mode). If an overrun occurs, the 
FDC ends the command with bits 7 and 6 of status reg
ister 0 set to 0 and 1, respectively. 

Seek 

The read/write head within the FDD is moved from cylin
der to cylinder under control of the Seek command. FDC 
has four independent present cylinder registers for 
each drive. They are cleared only after the Recalibrate 
command. The FDC compares the PCN (present cylin
der number) which is the current head position with the 
NCN (new cylinder number), and if there is a difference, 
performs the following operations: 

PCN< NCN: Direction signal to FDD set to a 1 (high), 
and step pulses are issued. (Step in) 

PCN> NCN: Direction signal to FDD set toa 0 (low), 
and step pulses are issued. (Step out) 

The rate at which step pulses are issued is controlled by 
SRT (stepping rate time) in the Specify command. After 
each step pulse is issued NCN is compared against 
PCN, and when NCN = PCN, the SE (seek end) flag is 
set in status register 0 to a 1 (high), and the command is 
terminated. At this point FDC interrupt goes high. Bits 
DoB-D3B in the main status register are set during the 
seek operation and are cleared by the Sense Interrupt 
Status command. 

During the command phase of the seek operation the 
FDC is in the FDC busy state, but during the execution 
phase it is in the non-busy state. While the FDC is in the 
non-busy state, another Seek command may be issued, 
and in this manner parallel seek operations may be 
done on up to four drives at once. No other command 
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can be issued for as long as the FDC is in the process of 
sending step pulses to any drive. 

If an FDD is in a not ready state at the beginning of the 
command execution phase or during the seek opera
tion, then the NR (not ready) flag is set in status register 
o to a 1 (high), and the command is terminated after 
bits 7 and 6 of status register 0 are set to 0 and 1, 
respectively. 

If the time to write three bytes of Seek command ex
ceeds 150 J..ls, the timing between the first two step 
pulses may be shorter than set in the Specify command 
by as much as 1 ms. 

Recalibrate 

The function of this command is to retract the read/ 
write head within the FDD to the track 0 position. The 
FDC clears the contents of the PCN counter and checks 
the status of the track 0 signal from the FDD. As long as 
the track 0 signal is low, the direction signal remains 0 
(low) and step pulses are issued. When the track 0 sig
nal goes high, the SE (seek end) flag in status register 0 
is set to a 1 (high) and the command is terminated. If the 
track 0 signal is still low after 77 step pulses have been 
issued, the FDC sets the SE (seek end) and EC (equip
ment check) flags of status register 0 to both 1s (highs) 
and terminates the command after bits 7 and 6 of status 
register 0 are set to 0 and 1, respectively. 

The ability to do overlapping Recalibrate commands to 
multiple FDDs and the loss of the ready signal, as de
scribed in the Seek command, also applies to the Reca
librate command. If the diskette has more than 77 
tracks, then Recalibrate command should be issued 
twice, in order to position the read/write head to the 
track O. 

Sense Interrupt Status 

An interrupt signal is generated by the FDC for one of 
the following reasons: 
(1) Upon entering the result phase of: 

(a) Read Data command 
(b) Read a Track command 
(c) Read ID command 
(d) Read Deleted Data command 
(e) Write Data command 
(f) Format a Cylinder command 
(g) Write Deleted Data command 
(h) Scan commands 

(2) Ready line of FDD changes state 
(3) End of Seek or Recalibrate command 
(4) During execution phase in the non-DMA mode 

Interrupts caused by reasons 1 and 4 above occur during 
normal command operations and are easily discernible 
by the processor. During an execution phase in non-
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DMA mode, DB5 in the main status register is high. 
Upon entering the result phase this bit gets cleared. 
Reasons 1 and 4 do not require Sense Interrupt Status 
commands. The interrupt is cleared by reading/writing 
data to the FDC. Interrupts caused by reasons 2 and 3 
above may be uniquely identified with the aid of the 
Sense Interrupt Status command. This command, when 
issued, resets the Interrupt signal and, via bits 5, 6, and 7 
of status register 0, identifies the cause of the interrupt. 
See table 9. 

Table 9. Interrupt Status 

Seek End 
BitS 

Interrupt Code 
Bit6 Bit7 

o 

Cause 

Ready line changed state, 
either polarity 

Normal termination of Seek or 
Recalibrate command 

Abnormal termination of Seek 
or Recalibrate command 

The Sense Interrupt Status command is used in con
junction with the Seek and Recalibrate commands 
which have no result phase. When the disk drive has 
reached the desired head position the JlPD765A/ 
JlPD7265 will set the interrupt line true. The host CPU 
must then issue a Sense Interrupt Status command to 
determine the actual cause of the interrupt, which could 
be seek end or a change in ready status from one of the 
drives. A graphic example is shown in figure 4. 

Figure 4. Seek, Recalibrate, and Sense Interrupt Status 
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Specify 

The Specify command sets the initial values for each of 
the three internal timers. The HUT (head unload time) 
defines the time from the end of the execution phase of 
one of the Read/Write commands to the head unload 
state. This timer is programmable from 16 to 240 ms in 
increments of 16 ms (01 = 16 ms, 02 = 32 ms ... 
OFH = 240 ms). The SRT (step rate time) defines the time 
interval between adjacent step pulses. This timer is 
programmable from 1 to 16 ms in increments of 1 ms 
(F = 1 ms, E = 2 ms, D = 3 ms, etc.). The H IT (head load 
time) defines the time between when the head load 
signal goes high and the Read/Write operation starts. 
This timer is programmable from 2 to 254 ms in incre
ments of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 ms ... 
7F=254ms). 

The time intervals mentioned above are a direct func
tion of the clock (ClK on pin 19). Times indicated above 
are for an 8 MHz clock; if the clock was reduced to 
4 MHz (minifloppy application), then all time intervals 
are increased by a factor of 2. 

The choice of a DMA or non-DMA operation is made by 
the ND (non-DMA) bit. When this bit is high (ND = 1) the 
non-DMA mode is selected, and when ND = 0 the DMA 
mode is selected. 

Sense Drive Status 

This command may be used by the processor whenever 
it wishes to obtain the status of the FDDs. Status regis-

:-Seek (or Recalibrate) Command -1- Sense Interrupt Status Command -I 
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ter 3 contains the drive status information stored inter
nally in FOG registers. 

Invalid 

If an Invalid command is sent to the FOG (a command 
not defined above), then the FOG will terminate the com
mand after bits 7 and 6 of status register 0 are set to 1 
and 0, respectively. No interrupt is generated by the 
I-lP0765AhlP07265 during this condition. Bits 6 and 7 
(010 and ROM) in the main status register are both 1 
(high), indicating to the processor that the I-lP0765AI 
I-lP07265 is in the result phase and the contents of sta
tus register 0 (STO) must be read. When the processor 

Figure 5. Data Format (Sheet 1 of 2) 

J.lPD765A [FM Mode] 

GAP4a SYNC lAM GAP I SYNC lOAM C 
H 

S N C 
40x 6x 26x 6x Y E R 
FF 00 FC FF 00 FE L 0 C 0 C 

Index~ I 

J.lPD7265 [FM Mode] 

NEe 
reads status register 0 it will find an BOH, indicating an 
Invalid command was received. 

A Sense Interrupt Status command must be sent after a 
seek or recalibrate interrupt, otherwise the FOG will 
consider the next command to be an Invalid command. 

In some applications the user may wish to use this com
mand as a No-Op command to place the FOG in a 
standby or no operation state. 

Data Format 
Figure 5 shows the data transfer format for the I-lP0765A 
and I-lP07265 in various modes. 

GAP2 SYNC DATA AM DATA C GAP3 GAP4b 
IIX 6x (1) R (1) 
FF 00 FB or F8 C 

Repeat N Times I 

I Gm I "NO I 'OA"I' H S N '1"'" 
SYNC DATA AM DATA I ~ I G~31 GA" I 16x 6x Y 0 E 0 R llx 6x FBor F8 

FF 00 FE L C C FF 00 

Index~ Repeal N Times 

J.lPD765A [MFM Mode] 

GAP4a SYNC 
lAM 

GAP 1 SYNC 
lOAM 

GAP 2 SYNC C S C 
BOx 12x 3x SOx ~~x 3x V H E N R 22x 12x 
4E 00 FC 4E FE L 0 C 0 C 4E 00 C2 AI 

Index~ I Repeal N Times 

J.lPD7265 [MFM Mode] 

lOAM DATA AM 
GAPI SYNC C 

H 
S N C GAP2 SYNC 

32x 12x 3x FE 
Y 

0 
E 0 R 22x 12x 3x FB 

4E 00 Al L C C 4E 00 Al FB 

Index~ I Repeal N Times 

Nota: It is suggested that the user refer to the following application notes: 
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(1) #8 - for an example of an actual interface, as well as a "theoretical" data separator. 
(2) #10 - for a well documented example of a working phase·locked loop. 

(1) 

I 

DATA AM 
GAP3 GAP4b C 

DATA R (1) 
3x I FB (1) C Al F8 

I 

GAP3 
DATA C GAP4 

(1) R (1) 
C 

I 
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Figure 5. Data Format (Sheet 2 of 2) 

pPD765A 

pPD7265A 

Note: ___ Read 
________ Write 

Index ~ ., /\ 
~--------------------~!~ ~ 

Format I GAP4a I lAM I GAPl I 10 I GAP2 DATA I GAP3 I 10 f( I GAP4b I 
~ __ ~ __ ~ __ ~ __ ~ __ ~ ____ L-__ ~ __ ~/j~_~_~ 

VcoSYNC 

WE r------, 
--------------------~/--------_\~----~: 

Index 

~----------------------~:~ 
Format I GAPl I 10 GAP2 DATA I GAP3 I 10 I GAP2 I I GAP4 I 

VcoSYNC \ I --~ 

,,------1 WE ,------, 
J \ 
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Description 

The ",PD72065 is an LSI floppy disk controller (FDG) chip 
which contains the circuitry and control functions for 
interfacing a processor to 4 floppy disk drives. It is capa
ble of either IBM 3740 single density format (FM), or IBM 
System 34 double density format (MFM) including 
double-sided recording. The ",PD72065 provides control 
signals which simplify the design of an external phase
locked loop and write precompensation circuitry. The 
FDC simplifies and handles most of the burdens asso
ciated with implementing a floppy disk interface. 

The ",PD72066 is an addition to the FDC family that has 
been designed specifically for the Sony Micro Floppy
disk® drive. The ",PD72066 is pin-compatible and elec
trically equivalent to the 72065 but utilizes the Sony re
cording format. The ",PD72066 can read a diskette that 
has been formatted by the ",PD72065. 

Hand-shaking signals are provided in the ",PD720651 
",PD72066 which make DMA operation easy to incorpo
rate with the aid of an external DMA controller chip, 
such as the ",PD8257. The FDC will operate in either the 
DMA or non-DMA mode. In the non-DMA mode the FDC 
generates interrupts to the processor every time a data 
byte is to be transferred. In the DMA mode, the proces
sor need only load the command into the FDC and all 
data transfers occur under control of the FDC and DMA 
controllers. 

The FDC is designed using CMOS technology. In addi
tion to a low normal operating current, a standby mode 
can be software-enabled to provide minimal current 
drain when the FDC is not in use. 

There are 18 commands which the ",PD72065/",PD72066 
will execute. Each of these commands requires multiple 
8-bit bytes to fully specify the operation which the proc
essor wishes the FDC to perform. The following com
mands are available: 

Read Data 
Read ID 
Specify 
Read Track 
Scan Equal 
Scan High or Equal 
Scan Low or Equal 
Set Standby 
Reset Standby 

Read Deleted Data 
Write Data 
Format Track 
Write Deleted Data 
Seek 
Recalibrate 
Sense Interrupt Status 
Sense Drive Status 
Software Reset 

'Sony Micro Floppydisk is a registered trademark of Sony. 
'zao is a registered trademark of the Zilog Corporation. 

J.lPD72065 166 
SINGLE/DOUBLE DENSITY 

FLOPPY DISK CONTROLLERS 

Features 

Address mark detection circuitry is internal to the FDC 
which simplifies the phase-locked loop and read elec
tronics. The track stepping rate, head load time, and 
head unload time are user-programmable. The 
",PD72065 I ",PD72066 offers additional features such as 
multi-track and multi-side read and write commands 
and single and double density capabilities. 

o Sony (EMCA)-compatible recording format 
(J.LPD72066) 

o IBM-compatible format (single and double 
density) (J.LPD72065) 

o Multi-sector and multi-track transfer capability 
o Drive Up to 4 floppy or micro floppydisk drives 
o Data scan capability-will scan a single sector or 

an entire cylinder comparing byte-for-byte host 
memory and disk data 

o Data transfers in DMA or non-DMA mode 
o Programmable stepping rate, head load and head 

unload times 
o Parallel seek operations on up to four drives 
o Compatible with ",PD8080/85, ",PD8086/88 and 

",PD780 (Z80®) microprocessors 
o Single-phase clock (8 MHz (standard floppy) or 

4 MHz (minifloppy) 
o CMOS technology 
o Single +5 V ± 10% power supply. 

Ordering Information 
MaxFreq. 

Device Number Package Type of Operation 

",PD72065C 40-pin plastic DIP 8MHz 

",PD72065G 52-pin plastic miniflat 8MHz 

",PD72066C 40-pin plastiC DIP 8MHz 

",PD72066G 52-pin plastic miniflat 8MHz 

",PD72065L 44-pin PLCC 8MHz 

",PD72066L 44-pin PLCC 8MHz 
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Pin Configurations 

40·pin DIP 44·pin PLCC 

RESET Vee 
:.:: 
l1J 

Il. 
Iii l1J 

RD RWISEEK til Iii .... 
I~ 

Vl 0 0 

I~ ii: VIR LCT/DIR ~ I~ I!i! l1J ~ ~ 
0 

a: II. J: 

cs FLTRISTEP 
I I I I I I I I I I I I 

Ao HOLD LJ LJ L J L J LJ LJ 

DBa READY DBo 
1 44 40 r-

0 39,-_ RDY 
DS, WPRT/2SIDE 

DB2 TRKO DBl WP/TS 

DB3 PSa DB2 FLT/TRo 

DB4 PSj r-

DBs WDATA 
DB3 L_ PSa 

DB6 USa DB4 
,..-

PSj L_ 

DB7 USj 
DBs 

,..-
WDA 

ORO SIDE 
L_ 

DACK MFM DB6 USc 

TC WE DB7 
,...-

USj 
INDEX SYNC 

INT RDATA DRO SIDE 

WINDOW DACK MFM 
GND WCK 

TC 
28

29 ~ = WE 
63.()Q1275A ,.., .. , r' r, r1 rl 

I I I I I I I I I I I I 

52·pin Miniflat x l- t,) 0 0 0 :.:: ~ 0 0 
!:! !: z z z z ~ 

0 z 
CJ CJ CJ a: a: ~ 

63.()Q3341A 

0 f:! I~ 0 eli ~ f3 J£ :; iE ~ t,) a: 
z 0 0 0 0 o 0 0 0 0 z 

Pin Identification 

NC Ao 40·pin DIP 
lOX cs No. Symbol Function 
INT VIR 

RD RESET Reset input 

NC RESET 2 RD Read control input 
GND Vee 3 WR Write control input 

IC IC 

GND Vee 
4 CS Chip select input 

GND Vee 5 Ao Data or status select input 
WCK RWISEEK 6-13 DBO-OB? Bidirectional data bus 
ROW LCTIDIR 

ROD FRISTP 
14 ORO OMA request output 

SYNC HDL 15 OACK OMA acknowledge input 

16 TC Terminal count input 

0 l1J ::E l1J C§ Vl t,) 
17 lOX Index input 

z ~ II. 0 tli tS tlitS ~ I- ~ z 
::E iii ~ ~ ~ 

Il. Il. l- ii: a: 18 INT Interrupt request output 6 ~ 
II. 

63.()Q3340A 19 , Clock input 

20 GNO Ground 

21 WCK Write clock input 

22 ROW Read data window input 

23 ROD Read data input 

24 SYNC VCO sync output 

25 WE Write enable output 

26 MFM MFM output 
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Pin Identification (cont) 

40-pin DIP 52-pin Miniflat (cont) 
No. Symbol Function No. Symbol Function 

27 SIDE Side select output 36 RD Read control input 

28.29 USa. US1 FDD unit select output 37 WR Write control input 

30 WDA Write data output 38 CS Chip select input 

31.32 PSa. PS1 Preshift output 39 Aa Data or status select input 

33 FLT ITRa Fault/track zero input 41-48 DBa-DB? Bidirectional data bus 

34 WP/TS Write protectltwo side input 49 DRO DMA request output 

35 RDY Ready input 50 DACK DMA acknowledge input 

36 HDL Head load output 51 TC Terminal count input 

37 FRISTP Fault reset I step output 

38 LCT IDIR Low current direction output 44-pin PLCC 
39 RW ISEEK Read I write I seek output No. Symbol Function 

40 Vee DC power 1.44 Vee DC power 

RESET Reset input 

52-pin Miniflat RD Read control input 

No. Symbol Function WR Write control input 

1. 5.14. NC No connection CS Chip select input 
26.40.52 

Aa Data or status select input 

E 2 IDX Index input 
7-14 DBa-DB? Bidirectional data bus 

3 INT Interrupt request input 
15 DRO DMA request output 

4 ~ Clock input 
16 DACK DMA acknowledge input 

6,8.9 GND Ground 
17 TC Terminal count input 

7.33 IC Internal connection 
18 IDX Index input 

10 WCK Write clock input 
19 INT Interrupt request input 

11 RDW Read data window input 
20 ~ Clock input 

12 RDD Read data input 
21 NC No connection 

13 SYNC VFO sync output 22-24 GND Ground 
15 WE Write enable output 

25 WCK Write clock input 
16 MFM MFM output 

26 RDW Read data window input 
17 SIDE Side select output 

27 RDD Read data input 
18,19 USa. US1 FDD unit select output 

28 SYNC VFO sync output 
20 WDA Write data output 

29 WE Write enable output 
21.22 PSa. PS1 Preshift output 

30 MFM MFM output 
23 FLT ITRa Fault/track 0 input 

31 SIDE Side select output 
24 WPITS Write protect I two side input 

32.33 USa. US1 FDD unit select output 
25 RDY Ready input 

34 WDA Write data output 
27 HDL Head load output 

35.36 PSa. PS1 Preshift output 
28 FRISTP Fault reset I step output 

37 FLT ITRa Fault/track 0 input 
29 LCT IDIR Low current I direction output 

38 WP/TS Write protect I two side input 
30 RW/SEEK Read I write I seek output 

31.32.34 Vee DC power 

35 RESET Reset input 
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Pin Identification (cont) 

44-pin PLCC (cont) 

No. Symbol Function 

39 ROY Ready input 

40 HOL Head load output 

41 FRISTP Fault reset I step output 

42 LeT IOIR Low current I direction output 

43 RW/SEEK Read I write I seek output 

Pin Functions 

RESET (Reset) 

A high input places the ~PD72065/72066 in standby 
mode and sets drive interface outputs to low level (ex
cept PSa, PS1, and WDATA). In the main system, INT and 
DRO are set to low level, and DBa-DB? are set as inputs. 

RD (Read Strobe) 

The RD input allows the transfer of data from the FDG to 
the data bus when low. Disabled when GS is high. 

WR (Write Strobe) 

The WR input allows the transfer of data to the FDG 
from the data bus when low. Disabled when GS is high. 

Ao (Data/Status Select) 

The Aa input selects the data register (Aa = 1) or status 
register (Aa = 0) contents to be sent to the data bus. 

CS (Chip Select) 

The FDG is selected when GS is low, enabling RD, WR, 
and Aa. 

DBo-DB7 (Data Bus) 

DBa-DB? are a bidirectional three-state a-bit data bus. 
Disabled when GS is high. 

DRQ (DMA Request) 

The FDG asserts the DRO output high to request a DMA 
transfer. 

DACK (DMA Acknowledge) 

When the DAGK input is low, a DMA cycle is active and 
the controller is performing a DMA transfer. 
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TC (Terminal Count) 

When the TG input is high, it indicates the termination of 
a DMA transfer. It terminates data transfer during Read/ 
Write/Scan commands in DMA or interrupt mode. 

lOX (Index) 

The IDX input goes high at the beginning of a disk track. 

INT (Interrupt) 

The INT output is FDG's interrupt request. 

~ (Clock) 

~ is the input for the FDG's single-phase, a MHz (stand
ard floppy) or 4 MHz (mini floppy) clock. 

WCK (Write Clock) 

The WGK input sets the data read and write rate. Syn
chronize the rising edge of WGK with the rising edge of 
~. FM = 16 ~ cycles; M FM = a ~ cycles. 

ROW (Read Data Window) 

The RDW input is generated by the VFO circuit. It is 
used to sample clock and data bits of RDD. 

ROD (Read Data) 

The RDD input is the read data from the FDD, containing 
clock and data bits. Input RDD and RDW during a data 
read, or the FDD will enter a deadlock state. 

WDA (Write Data) 

WDA is the serial clock and data output to the FDD. 

WE (Write Enable) 

The WE output enables write data into the FDD. 

SYNC (VFO Sync) 

SYNG outputs the functional mode of the FDD. A high 
output indicates read and a low output inhibits read. 

MFM (MFM Mode) 

The M FM output shows the FDD's mode. It is high for 
MFM, low for FM. 

SIDE (Side Select) 

Head 1 is selected when the SIDE output is 1 (high) head 
o is selected when SI DE is 0 (low). ' 



t-IEC 
Pin Functions (cont) 

USo, Us. (Unit Select 0, 1) 

The USo and US1 outputs select the floppy disk drive 
unit. 

PSo, ps. (Preshift 0, 1) 

The PSo and PS1 outputs are the write precompensation 
status for MFM mode. They determine early, late, and 
normal times. 

RDY(Ready) 

The RDY input indicates that the FDD is ready to receive 
data. 

H DL (Head Load) 

The HDL output is the command which causes the 
read/write head in the FDD to contact the diskette. 

FLT /TRo (Fault/Track 0) 

In the read/write mode, the FLT input detects FDD fault 
conditions. In the seek mode, TRo detects track o. 

WP /TS (Write Protect /Two Side) 

In the read/write mode, the WP input senses write pro
tected status. In the seek mode, TS senses two-sided 
media. 

J.tPD72065/66 

FR/STP (Fault Reset/Step) 

In the read/write mode, the FR output resets the fault 
flip-flop in the FDD. In the seek mode, STP outputs step 
pulses to move the head to another cylinder. A fault re
set pulse (FR) is issued aHhe beginning or each Read or 
Write command prior to the H DL signal. 

LCT / DIR (Low Current/ Direction) 

When RW/SEEK specifies RW, this output becomes 
LeT, indicating the read/write head of the drive is se
lecting a cylinder beyond the 43rd cylinder. When RW / 
SEEK specifies SEEK, this pin becomes DIR, specifying 
the direction of the seek operation. A low signal indi
cates output and a high signal indicates input. 

RW /SEEK (Read/Write/Seek) 

The RW/SEEK output specifies the read/write mode 
when low, and the seek mode when high. 

GND (Ground) 

Ground. 

Vcc(+sV) 

+5 V power supply. 
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Block Diagram 

DIIo-DB7 <=) Data Bus 
Buffer 

Terminal Count -----, 

DRQ 

DACK -0 

INT Read I 
Write I 

RD_O DMA 
Control 

'Im-o logic 

Ao 

Reset-

es 
CLK_ 

VOO-

GND_ 

Absolute Maximum Ratings 
TA=25°C 

Power supply voltage, Vee 

Input voltage, VI 

Output voltage, Vo 

Operating temperature, TOPT 

Storage temperature, T STG 

Power dissipation, Po 

-0.5to +7V 

-0.5 to Voo+0.3 V 

-0.5 to Voo+0.3 V 

50mW 

Comment: Exposing the device to stresses above those listed in Abso
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 
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Serial 
Interface 
Controller 

Drive 
Interface 
Controller 

- WRClock 

WRData 

WREnable 

PreshlltO 

Preshl1t1 

- ROData 

- Read Data Window 

VCOSync 

Input 
Port 

Output 
Port 

Capacitance 

- Ready 

- LowCurrent/Dlrection 

Index 

- Fault/Track 0 

Unit Select 0 

Unit Select 1 

FMFMode 

RWISeek 

Head Load 

Head Select 

Write Protect/llNo Side 

Fault Reset/Step 

TA=25°C, fC=1MHz, VCC=OV 

Limits 

Parameter Symbol Min Typ Max Unit 

Input clock GIN(+) 20 pF 
capacitance 

Input GIN 10 pF 
capacitance 

Output GOUT 20 pF 
capacitance 

Note: 
(1) All pins except pin under test tied to AC ground 

83-0017936 

Test 
Conditions 

(Note 1) 

(Note 1) 

(Note 1) 
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DC Characteristics AC Characteristics (cont) 
TA == -1ooe to + 70oe, vee == +5V ±10% unless otherwise specified TA == -10oe to + 70 oe, Vee == +5V ±10% unless otherwise specified 

Limits Test Limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions 

Input voltage VIL -0.5 +0.8 V Ao, CS, DACK tWA ns 
low hold time to 

Input voltage VIH 2.2 Vcc+0.5 V WRt 

high WRwidth tww 200 ns 

Output voltage VOL 0.45 V 10L ==2.0mA Data setup time tow 100 ns 
low toWRt 

Output voltage VOH 2.4 VCC V 10H== -200iiA Data hold time two ns 
high fromWRt 

Supply current 100 10 mA I NT delay time tRI 400 ns 
(VCC) 1001 0.7 mA from ROt 

Input load IUH 10 /AA VIN==VCC I NT delay time tWI 400 ns 

current high fromWRt 

Input load IUL -10 iiA VIN==OV DRO cycle time tMCY 13 /As <PCY==125 ns 
current low (Note 4) 

Output leakage ILDH 10 iiA VOUT=VCC DACK~- tAM 140 ns 
current high DRO~delay 

Output leakage ILOL -10 iiA VOUT== +0.45 V DRQt- tMA 200 ns <PCy=125ns 
current low DACK~delay (Note 4) 

DACKwidth tAA <PCY 

AC Characteristics TC width tTC <PCY m TA== -10 0eto +70oe, Vee== +5V±10% unless otherwise specified Reset width tRST 14 <PCY 
Limits 

Test WCK cycle time tCY 16 <PCY MFM == 0, 51/4" 
Parameter Symbol Min Typ Max Unit Conditions 8 <PCY MFM == 1, 51/4" 

Clock period <PCY 120 125 500 ns (Note 4) 8 <PCY MFM==0,8" 
125 ns 8" FDD 4 <PCY MFM==1,8" 

250 ns 51/4" FDD 8 <PCY MFM == 0, 31/2" 

125 ns 31/2" Sony (Note 3) 

(Note 3) 4 <PCY MFM == 1, 31/2" 

Clock active <Po 40 ns (Note 3) 

(high, low) WCK active time to <PCY 
Clock rise time <Pr 20 ns (high) 

Clock fall time <Pf 20 ns CLKt-
WCKtdelay 

tCWH 0 40 ns 

Ao, CS, DACK tAR 0 ns 
CLKt- tCWL 0 40 setup time to ns 

RD~ WCK~ delay 

AD, CS, DACK tRA 0 ns WCK rise time tr 20 ns 

hold time from WCK fall time tf 20 ns 
ROt 

Preshift delay tcp 10 80 ns 
RDwidth tRR 200 ns time from WCKt 

Data access time tRO 140 ns CL ==100 pF WCKt- tCWE 10 80 ns 
from RB~ WEt delay 

DB to float delay tOF 10 85 ns CL =100pF WDA delay time tco 10 80 ns 
time from RBt from WCKt 

AD, CS, DACK tAW 0 ns RDD active time tROD 40 ns 
setup time to (high) 
WR~ 
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AC Characteristics (cont) 
TA= -10°C to +70 0c, Vee = +5V±10% unless otherwise specified 

Limits Test 
Limits Test 

Parameter Symbol Min Typ Mal Unit Conditions Parameter Symbol Min Typ Mal Unit Conditions 

Window cycle twCY 4 JAs MFM=O, 51/4" Step cycle time tsc 33 (2) (2) JAs (Note 4) 
time 

JAS MFM=1,51/4" Fault reset active tFR 8.0 10 (Note 4) JAs 

JAS MFM=O,8" time (high) 

JAS MFM=1,8" Write data width twoo to-50 ns 

JAS MFM = 0, 31/2" USa, 1 hold time tsu 15 /As 8 M Hz clock period 
(Note 3) after seek (Note 4) 

/As MFM=1,31/2" Seek hold time tos 30 JAs 8 MHz clock period 
(Note 3) from DIR (Note 4) 

Window hold tROW 15 ns DIR hold time tSTD 24 /As 8 MHz clock period 
time to RDD after step (Note 4) 

Window hold tWRO 15 ns Index pulse tlDX 10 ~Cy 
time from RDD width 

USa 1 hold time tus 12 /AS 8 MHz clock period RD~ delay from tMR ~CY 8 MHz clock period 
to RW Iseekt (Note 4) DRa (Note 4) 

RW 1 seek hold tso /AS 8 M Hz clock period WR ~ delay from tMW 250 ns 8 MHz clock period 
time to low (Note 4) DRa (Note 4) 
current / direction t 

WEor RD tMRW 12 8 MHz clock period JAs 
Low current! tOST 1.0 JAS 8 MHz clock period response time (Note 4) 
direction hold (Note 4) from DRat 
time to fault 

Note: reset! stept 
(1) Typical values forTA = 25°C and nominal supply voltage. 

USa, 1 hold time tSTU 5.0 JAS 8 MHz clock period (2) Under software control. The range is from 1 ms to 16 ms at 8 MHz 
from fault (Note 4) clock period, and 2 ms to 32 ms at 4 MHz clock period. 
reset 1 step 1 

Step active time tSTP 7 8 (Note 4) 
(3) Sony Micro Floppydisk 31/2" drive. 

/As 
(high) (4) Double these values for a 4 MHz clock period. 

Timing Waveforms 

Processor Read Operation Processor Write Operation 

tWA- ~ 
RD RD 

Oata------- ----- Data 

INT INT 

83-003343A 
83-003342A 
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Timing Waveforms (coni) 

~, WCK Timing 

CLK 

WCK 

Clock 

CLK 

DMA Operation 

DRQ 

WRorRD 

FDD Write Operation 

Write 
Clock 

Write 
Enable 

Preshlft 
Oorl 

Write 
Data 

Normal 
late 
Eariy 
Invalid 

PreshlftO 

83-003344A 

83-003345A 

83-003346A 

Preshlftl 

83-003347A 

JAPD72065/66 

Seek Operation 

USo,1 Stable 

- tsu 

RW/Seek 

- tso 

Direction 

tOST-

Step 

83-00334BA 

FLTReset 

Fault Reset = 
File Unsafe Reset 

-t1-nJ'-
83-003349A 

FDD Read Operation 

Read-41 n Data 

WI~= ______ tR_OO_ ..... {~"+ _ -tR-OW-F----
Note: Either polarity data window Is valid. 

83-003350A 

Terminal Count 
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Internal Registers 

The IlPD72065/",PD72066 contains two registers which 
may be accessed by the main system processor: a sta
tus register and a data register. The a-bit main status 
register contains the status information of the FDC, and 
may be accessed at any time. The a-bit data register 
(which actually consists of four registers, STO-ST3, in a 
stack with only one reg ister presented to the data bus at 
a time), stores data, commands, parameters, and FDD 
status information. Data bytes are read out of, or written 
into, the data register in order to program or obtain the 
results after a particular command (table 3). Only the 
status register may be read and used to facilitate the 
transfer of data between the processor and ",PD72065/ 
",PD72066. 

The relationship between the status/data registers and 
the signals RD, WR, and Ao is shown in table 1. 

Table 1. Status/Data Register Addressing 

Ao RD WR Function 

0 0 1 Read main status register 

0 0 Reset commands 

0 0 Illegal 

0 0 Illegal 

0 Read from data register 

0 Write into data register 

The bits in the main status register are defined in 
table 2. 

Table 2. Main Status Register 

Pin 

No. Name Function 

DBo DOB FDD number 0 is in the seek mode. If any 
(FDD 0 Busy) of the OnB bits is set FOC will not accept 

read or write command. 

DB1 D1B FDD number 1 is in the seek mode. If any of 
(FDD 1 Busy) the DnB bits is set FDG will not accept read 

or write command. 

DB2 D2B FDD number 2 is in the seek mode. If any 
(FOD 2 Busy) of the DnB bits is set FDG will not accept 

read or write command. 

DB3 D3B FDD number 3 is in the seek mode. If any 
(FDD 3 Busy) of the DnB bits is set FOG will not accept 

read or write command. 

DB4 GB A Read or Write command is in process. 
(FOG Busy) FDG will not accept any other command. 

DBs EXM This bit is set only during execution phase 
(Execution Mode) in non-DMA mode. When DBs goes low, 

execution phase has ended and result 
phase has started. It operates only during 
non-DMA mode of operation. 
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Table 2. Main Status Register (cont) 

Pin 

No. Name 

DB6 DIO 
(Data Input / Output) 

DB7 ROM 
(Request for Master) 

Function 

Indicates direction of data transfer be
tween FOG and data register. If 010=1, 
then transfer is from data register to the 
processor. If DIO=O, then transfer is from 
the processor to data register. 

Indicates data register is ready to send or 
receive data to or from the processor. Both 
bits DIO and ROM should be used to per-
form the hand-shaking functions of 
"ready" and "direction" tothe processor. 

The 010 and ROM bits in the status register indicate 
when data is ready and in which direction data will be 
transferred on the data bus. The maximum time be
tween the last RD or WR during a command or result 
phase and 010 and ROM getting set or reset is 12",s. For 
this reason every time the main status register is read 
the CPU should wait 12",s. The maximum time from the 
trailing edge of the last RD in the result phase to when 
DB4 (FDC busy) goes low is 12 "'s. See figure 1. 

Figure 1. DIO and RQM 

Data In/Out 
(010) 

Request for 
Master 
(ROM) 

Out Processor and into FDC 

o t FDC and Into Processor 

h-
I I 
I 
I 

I 

WR -+--......... --r-...,W I I I 

I II 
I I I 
I I I I 

I I I I I I I I 
I I I 

i • i A i c i 0 i c i 0 i·j A I 
Notes: 

~: g::: ~g::::~ ~o~'%!~~o ~!t~~t~~~n~~ ~~o~:~::sor. 
C- Data register ready for next data byte to be read by processor. 
0- Data register not ready 10 be read by processor. 

6305 8:J.OO3353A 
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Table 3. Status Register Identification 
Pin Pin 

No. Name Function No. Name Function 

Status Register 0 Status Register 1 (cont) 

D7, D6 IC D7=0 and D6=0 D2 ND During execution of Read Data, Write 
(Interrupt Code) Normal termination of command, (NT). (No Data) Deleted Data or Scan command, if the 

Command was completed and properly FDC cannot find the sector specified in 
executed. the IDR(2) Register, this flag is set. 

D7=Oand D6=1 During execution of the Read ID com-
Abnormal termination of command, (AT). mand, if the FDC cannot read the ID field 
Execution of command was started but without an error, then this flag is set. 
was not successfully completed. During execution of the Read A Cylinder 
D7 = 1 and D6 = 0 command, ifthe starting sector cannot be 
Invalid command issue, (IC). Command found, then this flag is set. 
which was issued was never started. 

D1 NW During execution of Write Data, Write 
D7=1 and D6=1 (Not Writable) Deleted Data or Format A Cylinder com-
Abnormal termination because during mand, if the FDC detects a write protect 
command execution the ready signal from signal from the FDD, then this flag is set. 
FDD changed state. 

Do MA If the FDC cannot detect the data address 
D5 SE When the FDC completes the Seek (Missing Address mark or deleted data address mark, this 

(Seek End) command, this flag is set to 1 (high). Mark) flag is set. Also at the same time, the MD 

D4 EC If a fault signal is received from the FDD, (missing address mark in data field) of 

(Equipment Check) or if the track 0 signal fails to occur after status register 2 is set. 

77 step pulses (Recalibrate Command) Status Register 2 
then this flag is set. 

D7 Not used. This bit is always 0 (low). 
D3 NR When the FDD is in the not-ready state 

D6 CM During execution of the Read Data or E (Not Ready) and a Read or Write command is issued, (Control Mark) Scan command, if the FDC encounters a 
this flag is set. If a Read or Write com- sector which contains a deleted data 
mand is issued to side 1 of a single-sided address mark, this flag is set. 
drive, then this flag is set. 

If the FDC detects a CRC error in the data 
This flag is used to indicate the state of D5 DD 

D2 HD (Data Error in field then this flag is set. 
(Head Address) the head at interrupt. Data Field) 

D1 US1 This flag is used to indicate a drive unit 
D4 WC This bit is related to the ND bit, and when 

(Unit Select 1) number at interrupt. (Wrong Cylinder) the contents of C(3) on the medium is 
Do USo This flag is used to indicate a drive unit different from that stored in the lOR, this 

(Unit Select 0) number at interrupt. flag is set. 

Status Register 1 D3 SH During execution of the Scan command, if 

D7 EN When the FDC tries to access a sector (Scan Equal Hit) the condition of "equal" is satisfied, this 

(End of Cylinder) beyond the final sector of a cylinder, this flag is set. 

flag is set. D2 SN During execution of the Scan command, if 

D6 Not used. This bit is always 0 (low). (Scan Not Satisfied) the FDC cannot find a sector on the 
cylinder which meets the condition, then 

D5 DE When the FDC detects a CRC(1) error in this flag is set. 
(Data Error) either the 10 field or the data field, this 

D1 BC This bit is related to the ND bit, and when flag is set. 
(Bad Cylinder) the contents of C on the medium is 

D4 OR If the FDC is not serviced by the host different from that stored in the lOR and 
(Overrun) system during data transfers within a the contents of C is FFH, then this flag is 

certain time interval, this flag is set. set. 

D3 Not used. This bit is always 0 (low). Do MD When data is read from the medium, if 
(Missing Address the FDC cannot find a data address mark 
Mark in Data Field) or deleted data address mark, then this 

flag is set. 
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Table 3. Status Register Identification (cont) 

Pin 

No. Name Function 

Status Register 3 

07 FT This bit is used to indicate the status of 
(Fault) the fault signal from the FDD. 

06 WP This bit is used to indicate the status of 
(Write Protected) the write protected signal from the FDD. 

D5 RY This bit is used to indicate the status of 
(Ready) the ready signal from the FOD. 

D4 TO This bit is used to indicate the status of 
(Track 0) the track 0 Signal from the FDD. 

03 TS This bit is used to indicate the status of 
(Two-Side) the two-side signal from the FDD. 

D2 HD This bit is used to indicate the status of 
(Head Address) the side select Signal to the FDD. 

01 US1 This bit is used to indicate the status of 
(Unit Select 1) the unit select 1 Signal to the FDO. 

Do USo This bit is used to indicate the status of 
(Unit Select 0) the unit select 0 signal to the FDO. 

Note: 
(1) CRC = Cyclic Redundancy Check 

(2) IDR = Internal Data Register 

(3) Cylinder (C) is described more fully in the Command Symbol 
Description. 

Standby Mode 

The ",PD72065/",PD72066 can be placed in a low-power 
standby mode by issuing the SET STANDBY command. 
During standby mode, the main status register will con
tain all zeros. After standby mode is disabled, ROM (Re
quest for Master) in the main status register will be set 
to 1, indicating that the ",PD72065/72066 is available for 
use. During standby mode, it is only necessary to main
tain clock on pin 19. All disk control signals will be 
inactive. 

To further reduce system power dissipation, it is possi
ble to stop the clock on pin 19 as well by the following 
procedure. 

(1) Issue SET STANDBY command. 

(2) Wait for 32 clock periods, minimum. 

(3) The clock may then be stopped. 

To resume normal operation, the clock must be re
started. After 24 clock periods, the RESET STANDBY 
command may be issued. 

All internal registers and 1/0 ports are held constant. 
Voo must be maintained at normal levels. 
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Command Sequence 

The ",PD72065/",PD72066 is capable of performing 18 
different commands. Each command is initiated by a 
multibyte transfer from the processor, and the result af
ter execution of the command may also be a multibyte 
transfer back to the processor. Because of this multi
byte interchange of information between the ",PD72065I 
",PD72066 and the processor, it is convenient to 
consider each command as consisting of three phases: 

Command The FDC receives all information re-
Phase: quired to perform a particular opera

tion from the processor. 

Execution 
Phase: 

The FDC performs the operation it 
was instructed to do. 

Result Phase: After completion of the operation, 
status and other housekeeping infor
mation are made available to the 
processor. 

table 4 shows the required preset parameters and 
results for each command. Most commands require 9 
command bytes and return 7 bytes during the result 
phase. The "W" to the left of each byte indicates a com
mand phase byte to be written, and an "R" indicates a 
result byte. The definitions of other abbreviations used 
in table are given in the Command Symbol Description 
table. 

Command Symbol Description 

Name 

AO 
(Address Line 0) 

C 
(Cylinder Number) 

D 
(Data) 

Dr Do 
(Data Bus) 

DTL 
(Data Length) 

EOT 
(End of Track) 

GPL 
(Gap Length) 

Function 

AO controls selection of main status register 
(Ao=O) or data register (Ao=1). 

C stands for the current! selected cylinder 
(track) numbers 0 through 76 of the medium. 

o stands for the data pattern which is going to be 
written into a sector. 

8-bit data bus, where 07 stands for a most 
significant bit, and Do stands for a least 
significant bit. 

When N is defined as 00, DTL stands for the data 
length which users are going to read out or write 
into the sector. 

EOT stands for the final sector number on a cylin
der. During read or write operations, FOC will stop 
data transfer after a sector number equal to EOT. 

GPL stands for the length of gap 3. During Read / 
Write commands this value determines the num
ber of bytes that VCO sync will stay low after two 
CRC bytes. During Format command it deter
mines the size of gap 3. 
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Command Symbol Description (cont) 
Name Function Name Function 

H 
(Head Address) 

H stands for head number 0 or 1, as specified in 
ID field. 

R 
(Record) 

R stands for the sector number which will be read 
or written. 

HD 
(Head) 

HD stands for a selected head number 0 or 1 and 
controls the polarity of pin 27. (H = HD in all com
mand words.) 

R/W 
(Read/Write) 

R/W stands for either Read (R) or Write (W) 
signal. 

HLT 
(Head Load Time) 

HUT 
(Head Unload Time) 

HLT stands for the head load time in the FDD (2 to 
254 ms in 2 ms increments). 

SC 
(Sector) 

SK 
(Skip) 

SRT 

SC indicates the number of sectors per cylinder. 

SK stands for skip deleted data address mark. 
HUT stands for the head unload time after a Read 
or Write operation has occurred (16 to 240 ms in 
16 ms increments). (Step Rate Time) 

SRT stands for the stepping rate for the FDD (1 to 
16 ms in 1 ms increments). Stepping rate applies 
to all drives (FH = 1 ms, EH = 2 ms, etc.). MF 

(FM or MFM Mode) 

MT 
(Multitrack) 

N 
(Number) 

NCN 
(New Cylinder Number) 

ND 
(Non-DMA Mode) 

If MF is low, FM mode is selected, and if it is high, 
MFM mode is selected. 

IF MT is high, a multitrack operation is per
formed. If MT = 1 after finishing read / write oper
ation on side 0, FDC will automatically start 
searching for sector 1 on side 1. 

N stands for the number of data bytes written in a 
sector. 

NCN stands for a new cylinder number which is 
going to be reached as a result of the seek opera
tion; desired position of head. 

ND stands for operation in the non-DMA mode. 

STO-ST3 
(Status 0-3) 

STP 

PCN PCN stands for the cylinder number at the 
(Present Cylinder Number) completion of Sense Interrupt Status command, 

position of head at present time. 
USa, US1 
(Unit Select) 

Table 4. Instruction Set 

Pha .. 

Read Data 
Command 

Execution 

Result 

Note: 

W 
W 
W 
W 
W 
W 
W 
W 
W 

R 
R 
R 
R 
R 
R 
R 

Instruction Code 

DO 

MT MF SK o 0 1 1 0 
X X X X X HD US1 USa 

----------------C ----------------
---------------- H ----------------
---------------- R ----------------
---------------- N ----------------
--------- EDT --------.. 
--------------- GPL ------------
-------------- DTL-------.. 

-------------- STO ------------
-------- ST1 --------------
--------------- ST 2 ---------------
------------ C --------
--------------- H ---------------
---------------- R ----------------
----------------N ----------------

(1) In the Instruction Code, X = don't care (usually set to 0). 

(2) Ao should be 0 for SET STANDBY, RESET STANDBY, and SOFTWARE 
RESET commands and 1 for all other commands. 

STO-ST3 stands for one of four registers which 
store the status information after a command has 
been executed. This information is available dur
ing the result phase after command execution. 
These registers should not be confused with the 
main status register (selected by Aa = O). 
STO-ST3 may be read only after a command has 
been executed and contains information relevant 
to that particular command. 

During a scan operation, if STP=1, the data in 
contiguous sectors is compared byte by byte with 
data sent from the processor (or DMA); and if 
STP= 2, then alternate sectors are read and com
pared. 

US stands for a selected drive number 0 or 1. 

Remarks 

Command codes 

Sector ID information prior to command execution. The 4 bytes 
are compared against header on floppy disk. 

Data transfer between the FDD and main system 

Status information after command execution 

Sector ID information after command execution 
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Table 4. Instruction Set (cont) 

Instruction Code 
Pha .. R/W D7 De Ds D4 D3 D2 D1 Do Remarks 

Read Deleted Data 

Command W MT MF SK 0 1 1 0 0 Command codes 
W X X X X X HD US1 USo 
W C Sector I D information prior to command execution. The 4 bytes 
W H are compared against header on floppy disk. 
W R 
W N 
W EDT 
W GPL 
W DTL 

Execution Data transfer between the FDD and main system 

Result R STO Status information after command execution 
R ST1 
R ST2 
R C Sector ID information after command execution 
R H 
R R 
R N 

Write Data 

Command W MT MF 0 0 0 1 0 1 Command codes 
W X X X X X HD US1 USo 
W C Sector I D information prior to command execution. The 4 bytes 
W H are compared against header on floppy disk. 
W R 
W N 
W EDT 
W GPL 
W DTL 

Execution Data transfer between the main system and FDD 

Result R STO Status information after command execution 
R ST1 
R ST2 
R C Sector ID information after command execution 
R H 
R R 
R N 

Write Deleted Data 

Command W MT MF 0 0 1 0 0 1 Command codes 
W X X X X X HD US1 USo 
W C Sector ID information prior to command execution. The 4 bytes 
W H are compared against header on floppy disk. 
W R 
W N 
W EDT 
W GPL 
W DTL 

Execution Data transfer between the FDD and main system 

Result R STO Status information after command execution 
R ST1 
R ST2 
R C Sector ID information after command execution 
R H 
R R 
R N 
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Table 4. Instruction Set (cont) 
Instruction Code 

Phase RIW D7 De Ds D4 D3 D2 D1 Do Remarks 

Scan Low or Equal 

Command W MT MF SK 1 1 0 0 1 Command codes 
W X X X X X HD US1 USa 
W C Sector ID information prior to command execution 
W H 
W R 
W N 
W EDT 
W GPL 
W STP 

Execution Data compared between the FDD and main system 

Result R STO Status information after command execution 
R ST1 
R ST2 
R C Sector 10 information after command execution 
R H 
R R 
R N 

Scan High or Equal 

Command W MT MF SK 1 1 1 0 1 Command codes 
W X X X X X HD US1 USa 
W C Sector ID information prior to command execution 
W H 
W R 

E w N 
W EDT 
W GPL 
W STP 

Execution Data compared between the FDD and main system 

Result R STO Status information after command execution 
R ST1 
R ST2 
R C Sector ID information after command execution 
R H 
R R 
R N 

Recalibrate 

Command W 0 0 0 0 D 1 1 1 Command codes 
W X X X X X 0 US1 USa 

Execution Head retracted to track 0 

Sense Interrupt Status 

Command W 0 0 0 1 0 0 Command codes 

Result R STO Status information about the FDC at the end of seek operation 
R PCN 

Specify 

Command W 0 0 0 0 D 0 1 1 Command codes 
W -SRT--HUT-
W HLT NO 
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Table 4. Instruction Set (cont) 

Instruction Code 
Pha .. R/W D7 De De D4 Da D2 D1 Do Remarks 

Sense Drive Status 

Command W 0 0 0 0 0 1 0 0 Command codes 
W X X X X X HD US1 USa 

Result R ST3 Status information about FDD 

Seek 

Command W 0 0 0 0 1 1 1 Command codes 
W X X X X X HD US1 USa 
W NCN 

Execution Head is positioned over proper cylinder on diskette 

Invalid 

Command W Invalid Codes Invalid Command codes (No op- FDC goes into standby state) 

Result R STO STO=80H 

Set Standby 

Command W 0 0 0 0 Command codes 
Execution Enter standby mode 

Reset Standby 

Command W 0 0 .0 0 0 Command codes 
Execution Disable standby mode 

Software Reset 

Command W 0 0 0 0 Command codes 
Execution Same as hardware reset 

Read a Track 

Command W 0 MF SK 0 0 0 1 0 Command codes 
W X X X X X HD US1 USa 
W C Sector ID information prior to command execution 
W H 
W R 
W N 
W EDT 
W GPL 
W DTL 

Execution Data transfer between the FDD and main system. FDC reads all 
data fields from index hole to EDT. 

Result R STO Status information after command execution 
R ST1 
R ST2 
R C Sector ID information after command execution 
R H 
R R 
R N 
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Table 4. Instruction Set (cant) 
Instruction Code 

Phase R/W D7 De Ds D4 D3 D2 D, Do Remarks 

Read ID 

Command W 0 MF 0 0 1 0 1 0 Command codes 
W X X X X X HO US1 USa 

Execution The first correct ID information on the cylinder is stored in data 
register. 

Result R STO Status information after command execution 
R ST1 
R ST2 
R C Sector 10 information read during execution phase from floppy 
R H disk. 
R R 
R N 

Format a Track 

Command W 0 MF 0 0 1 1 0 1 Command codes 
W X X X X X HO US1 USa 
W N Bytes / sector 
W SC Sectors / track 
W GPL Gap 3 
W 0 Filler byte 

Execution FOC formats an entire track. 

Result R STO Status information after command execution 
R ST1 
R ST2 

E R C In this case, the ID information has no meaning 
R H 
R R 
R N 

Scan Equal 

Command W MT MF SK 1 0 0 0 1 Command codes 
W X X X X X HO US1 USa 
W C Sector 10 information prior to command execution 
W H 
W R 
W N 
W EDT 
W GPL 
W STP 

Execution Data compared between the FOD and main system 

Result R STO Status information after command execution 
R ST1 
R ST2 
R C Sector 10 information after command execution 
R H 
R R 
R N 
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System Configuration 

Figure 2 shows an example of a system using a 
/APD72065 I /APD72066. 

Figure 2. System Configuration 
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During command or result phases the main status reg
ister (described earlier) must be read by the processor 
before each byte of information is written into or read 
from the data register. After each byte of data read or 
written to the data reg ister, CPU shou Id wait for 12 /AS be
fore reading main status register, bits D6 and D7 in the 
main status register must be in a 0 and 1 state, respec
tively, before each byte of the command word may be 
written into the /APD72065 I /APD72066. Many of the com
mands require multiple bytes and, as a result, the main 
status register must be read prior to each byte transfer 
to the /APD72065//APD72066. On the other hand, during 
the result phase, D6 and D7 in the main status register 
must both be 1's (D6 = 1 and D7 = 1) before reading each 
byte from the data register. Note that this reading of the 
main status register before each byte transfer to the 
/APD72065//APD72066 is required only in the command 
and result phases, and not during the execution phase. 
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During the execution phase, the main status register 
need not be read. If the /APD72065//APD72066 is in the 
non-DMA mode, then the receipt of each data byte (if 
/APD72065//APD72066 is reading data from FDD) is indi
cated by an interrupt signal on pin 18 (INT = 1). The gen
eration of a read signal (RD = 0) or write signal (WR = 0) 
will clear the interrupt as well as output the data onto 
the data bus. If the processor cannot handle interrupts 
fast enough (every 13 /AS for the M FM mode and 27 /As for 
the FM mode), then it may poll the main status register 
and bit D7 (ROM) functions as the interrupt signal. If a 
write command is in process then the WR signal ne
gates the reset to the interrupt signal. 

Note that in the non-DMA mode it is necessary to exam
ine the main status register to determine the cause of 
the interrupt, since it could be a data interrupt or a com
mand termination interrupt, either normal or abnormal. 

If the /APD72065 I /APD72066 is in the DMA mode, no inter
rupts are generated during the execution phase. The 
/APD72065/ /APD72066 generates DROs (DMA requests) 
when each byte of data is available. The DMA controller 
responds to this request with both a DACK = 0 (DMA ac
knowledge) and an RD = 0 (read signal). When the DMA 
acknowledge Signal goes low (DACK = 0), then the DMA 
request is cleared (DRO = 0). If a write command has 
been issued then a WR signal will appear instead of RD. 
Afterthe execution phase has been completed (terminal 
count has occurred) or the EOT sector read/written, 
then an interrupt will occur (INT = 1). This signifies the 
beginning of the result phase. When the first byte of 
data is read during the result phase, the interrupt is au
tomatically cleared (INT = 0). 

The RD orWR Signals should be asserted while DACK is 
true. The CS signal is used in conjunction with RD and 
WR as a gating function during programmed I/O opera
tions. CS has no effect during DMA operations. If the 
non-DMA mode is chosen, the DACK signal should be . 
pulled up to Vee. 
It is important to note that during the result phase all 
bytes shown in the instruction set (table 4) must be read. 
The read data command, for example, has seven bytes 
of data in the result phase. All seven bytes must be read 
in order to successfully complete the Read Data com
mand. The /APD72065//APD72066 will not accept a new 
command until all seven bytes have been read. Other 
commands may require fewer bytes to be read during 
the result phase. 
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The J.lP072065/J.lP072066 contains five status registers. 
The main status register mentioned above may be read 
by the processor at any time. The other four status regis
ters (STO, ST1, ST2, and ST3) are available only during 
the result phase and may be read only after completing 
a command. The particular command that has been ex
ecuted determines how many of the status registers will 
be read. 

The bytes of data which are sent to the J.lP072065/ 
J.lP072066 to form the command phase and are read out 
of the J.lP072065/ J.lP072066 in the result phase must oc
cur in the order shown in table 4. That is, the command 
code must be sent first and the other bytes sent in the 
prescribed sequence. No foreshortening of the com
mand or result phases is allowed. After the last byte of 
data in the command phase is sent to the J.lP072065/ 
J.lP072066, the execution phase automatically starts. In 
a similar fashion, when the last byte of data is read out 
in the result phase, the command is automatically 
ended and the J.lP072065/ J.lP072066 is ready for a new 
command. 

Polling 

After reset has been sent to the J.lP072065/ J.lP072066, 
the unit select lines USa and US1 will automatically go 
into a polling mode. In between commands (and be
tween step pulses in the Seek command) the J.lP072065/ 
J.lP072066 polls all four FOOs looking for a change in the 
ready line from any of the drives. If the ready line 
changes state (usually due to a door opening or clos
ing), then the J.lP0720651J.lP072066 will generate an in
terrupt. When status register 0 (STO) is read (after Sense 
Interrupt Status is issued), not ready (NR) will be indi
cated. The polling of the ready line by the J.lP072065/ 
J.lP072066 occurs continuously between commands, 
thus notifying the processor which drives are on or off 
line .. Each drive is polled every 1.024 ms except during 
the Read/Write commands. When used with a 4 MHz 
clock for interfacing to minifloppies, the polling rate is 
2.048 ms. See figure 3. 

Figure 3. Polling Feature 
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Read Data 

A set of nine (9) byte words are required to place the FOC 
into the read data mode. After the Read Data command 
has been issued the FOC loads the head (if it is in the 
unloaded state), waits the specified head settling time 
(defined in the Specify command), and begins reading 
10 address marks and 10 fields. When the current sector 
number (R) stored in the 10 register (lOR) compares with 
the sector number read off the diskette, then the FOC 
outputs data (from the. data field) byte-to-byte to the 
main system via the data bus. 

After completion of the read operation from the current 
sector, the sector number is incremented by one, and 
the data from the next sector is read and output on the 
data bus. This continuous read function is called a 
multi-sector read operation. The Read Data command 
may be terminated by the receipt of a terminal count sig
nal. TC should be issued at the same time that the 
OACK for the last byte of data is sent. Upon receipt of 
this signal, the FOC stops outputting data to the proces
sor, but will continue to read data from the current sec
tor, check CRC (cyclic redundancy count) bytes, and 
then at the end of the sector term inate the Read Data 
command. The amount of data which can be handled 
with a single command to the FOC depends upon MT D 
(multi-track), MF (MFM/FM), and N (number of bytes/ • 
sector). Table 5 shows the transfer capacity. 

The "multi-track" function. (MT) allows the FOC to read 
data from both sides of the diskette. For a particular cyl
inder, data will be transferred starting at sector 1, side 0 
and completing at sector L, side 1 (sector L = last sector 
on the side). Note, this function pertains to only one cyl
inder (the same track) on each side of the diskette. 

When N = 0, then OTLdefines the data length which the 
FOC must treat as a sector. If OTL is smaller than the 
actual data length in a sector, the data beyond OTL in 
the sector is not sent to the data bus. The FOC reads 
(internally) the complete sector performing the CRC 
check and, depending upon the manner of command 
termination, may perform a multi-sector read operation. 
When N is non-zero, then OTL has no meaning and 
should be set to FFH. 
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Table 5. Transfer Capacity 

Multi· MFMI Bytesl Maximum Transfer Capacity Final Sector 
Readlrom 
Dlske .... 

Track FM Sector 
IT MF N 

0 0 00 
0 1 01 

0 00 
1 01 

0 0 01 
0 1 02 

0 01 
1 02 

0 0 02 
0 1 03 

1 0 02 
1 1 03 

At the completion of the Read Oata command, the head 
is not unloaded until after head unload time interval 
(specified in the Specify command) has elapsed. If the 
processor issues another command before the head un
loads then the head settling time may be saved between 
subsequent reads. This time out is particularly valuable 
when a diskette is copied from one drive to another. 

If the FOC detects the index hole twice without finding 
the right sector, (indicated in "R"), then the FOC sets the 
NO (No data) flag in status register 1 to a 1 (high), and 
terminates the Read Oata command. (Status register 0 
also has bits 7 and 6 set to 0 and 1, respectively.) 

After reading the 10 and data fields in each sector, the 
FOC checks the CRC bytes. If a read error is detected 
(incorrect CRC in 10 field), the FOC sets the OE (data er
ror) flag in status register 1 to a 1 (high), and if a CRC error 
occurs in the data field, the FOC also sets the 00 (data 
error in data field) flag in status register 2 to a 1 (high), 
and terminates the Read Oata command. (Status regis
ter 0 also has bits 7 and 6 set to 0 and 1, respectively.) 
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(Bytes I Sector) 
(Number 01 Sectors) 

(128) (26) = 3,328 
(256) (26) = 6,656 

(128) (52) = 6,656 
(256) (52) = 13,312 

(256) (15) = 3,840 
(512)(15) = 7,680 

(256) (30) = 7,680 
(512) (30) = 15,360 

(512) (8) = 4,096 
(1024) (8) = 8,192 

(512) (16) = 8,192 
(1024) (16) = 16,384 

26 at side 0 
or 26 at side 1 

26 at side 1 

15 at side 0 
or 15 at side 1 

15 at side 1 

8 at side 0 
or 8atside 1 

8 at side 1 

If the FOC reads a deleted data address mark off the 
diskette, and the SK bit (bit 05 in the first command 
word) is not set (SK = 0), then the FOC sets the CM (con
trol mark) flag in status register 2 to a 1 (high), and termi
nates the Read Oata command, after reading all the 
data in the sector. If SK = 1, the FOC skips the sector 
with the deleted data address mark and reads the next 
sector. The CRC bits in the deleted data field are not 
checked when SK = 1. 

During disk data transfers between the FOC and the 
processor, via the data bus, the FOC must be serviced 
by the processor every 27/-As in the FM mode, and every 
13/-As in the M FM mode, or the FOC sets the OR (Overrun) 
flag in status register 1 to a 1 (high), and terminates the 
Read Oata command. 

If the processor terminates a read (or write) operation in 
the FOC, then the 10 information in the result phase is 
dependent upon the state of the MT bit and EOT byte. 
Table 6 shows the values for C, H, R, and N, when the 
processor terminates the command. 
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Table 6. Command Description 

MT HD 
o o 

o 
o 

o 
o 

Note: 

Final Sector Transferred 
to Processor 

Less than EDT 

Equal to EDT 

Less than EDT 

Equal to EDT 

Less than EDT 

Equal to EDT 

Less than EDT 

Equal to EDT 
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ID Information at Result Phase 

C H A N 

NC NC R+1 NC 

C+1 NC R=01 NC 
NC NC R+1 NC 

C+1 NC R=01 NC 
NC NC R+1 NC 
NC LSB R=01 NC 
NC NC R+1 NC 

C+1 LSB R=01 NC 

(1) NC (No Change): The same value as the one at the beginning of command execution. 

(2) LSB (Least Significant Bit): The least significant bit of H is complemented. 

Functional Description of Commands 

Write Data 

A set of nine (9) bytes is required to set the FDG into the 
write data mode. After the Write Data command has 
been issued the FDG loads the head (if it is in the un
loaded state), waits the specified head settling time (de
fined in the Specify command), and begins reading ID 
fields. When all four bytes loaded during the command 
(G, H, R, N) match the four bytes of the ID field from the 
diskette, the FDG takes data from the processorbyte-by
byte via the data bus and outputs it to the FDD. See 
table 6. 

After writing data into the current sector, the sector 
number stored in R is incremented by one, and the next 
data field is written into. The FDG continues this multi
sector write operation until the issuance of a terminal 
count signal. If a terminal count signal is sent to the 
FDG it continues writing into the current sector to 
complete the data field. If the terminal count Signal is 
received while a data field is being written then the re
mainder of the data field is filled with zeros. 

The FDG reads the ID field of each sector and checks 
the GRG bytes. If the FDG detects a read error (GRG er
ror) in one of the ID fields, it sets the DE (Data Error) flag 
of status register 1 to a 1 (high) and terminates the Write 
Data command. (Status register 0 also has bits 7 and 6 
set to 0 and 1, respectively.) 

The Write command operates in much the same man
ner as the Read command. The following items are the 
same, and one should refer to the Read Data command 
for details: 

• Transfer capacity 
• EN (end of cylinder) flag 
• N D (no data) flag 
• Head unload time interval 
• ID Information when the processor terminates 

command 
• Definition of DTL when N = 0 and when N#=O 

In the write data mode, data transfers between the proc
essor and FDG, via the data bus, must occur every 27 JJs 
in the FM mode and every 13 JJs in the M FM mode. If the 
time interval between data transfers is longer than this, 
the FDG sets the OR (overrun) flag in status register 1 
to a 1 (high) and terminates the Write Data command. 
(Status register 0 also has bits 7 and 6 set to 0 and 1, 
respectively.) 

Write Deleted Data 

This command is the same as the Write Data command 
except a deleted data address mark is written at the be
ginning of the data field instead of the normal data ad
dress mark. 

6-47 



J.tPD72065 166 

Read Deleted Data 

This command is the same as the Read Data command 
except that when the FOC detects a data address mark 
at the beginning of a data field (and SK = 0 (low)), it will 
read all the data in the sector and set the CM flag in sta
tus register 2 to a 1 (high), and then terminate the com
mand. If SK = 1, then the FDC skips the sector with the 
data address mark and reads the next sector. 

Read a Track 

This command is similar to the Read Data command ex
cept that this is a continuous read operation where the 
entire data field from each of the sectors is read. Imme
diately after sensing the index hole, the FOC starts read
ing all data fields on the track as continuous blocks of 
data. If the FDC finds an error in the ID or data CRC 
check bytes, it continues to read data from the track. 
The FDC compares the ID information read from each 
sector with the value stored in the IDR and sets the ND 
flag of status register 1 to a 1 (high) if there is no compari
son. Multi-track or skip operations are not allowed with 
this command. 

This command terminates when the number of sectors 
read is equal to EOT. If the FDC does not find an 10 ad
dress mark on the diskette after it senses the index hole 
for the second time, it sets the MA (missing address 
mark) flag in status register 1 to a 1 (high) and terminates 
the command. (Status register 0 has bits 7 and 6 set to 0 
and 1, respectively.) 

Read 10 

The Read 10 command is used to give the present posi
tion of the recording head. The FDC stores the values 
from the first 10 field it is able to read. If no proper 10 
address mark is found on the diskette before the index 
hole is encountered for the second time, then the MA 
(missing address mark) flag in status register 1 is set to a 
1 (high), and if no data is found then the ND (No data) 
flag is also set in status register 1 to a 1 (high).The com
mand is then terminated with bits 7 and 6 in status regis
ter 0 set to 0 and 1, respectively. During this command 
there is no data transfer between FDC and the CPU ex
cept during the result phase. 

Format a Track 

The Format a Track command allows an entire track to 
be formatted. After the index hole is detected, data is 
written on the diskette; gaps, address marks, ID fields, 
and data fields, all per the IBM System 34 (double den
sity) or System 3740 (single density) format, are re
corded. The particular format which will be written is 
controlled by the values programmed into N (number of 
bytes/sector), SC (sectors/cylinder), GPL (gap length), 
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and D (data pattern) which are supplied by the proces
sor during the command phase. The data field is filled 
with the byte of data stored in D. The ID field for each 
sector is supplied by the processor; that is, four data re
quests per sector are made by the FOC for C (cylinder 
number), H (head number), R (sector number), and N 
(number of bytes/sector). This allows the diskette to be 
formatted with nonsequential sector numbers, if 
desired. 

The processor must send new values for C, H, R, and N 
to the /JPD72065/ /JPD72066 for each sector on the track. 
If FDC is set for the OMA mode, it will issue four DMA 
requests per sector. If it is set for the interrupt mode, it 
will issue four interrupts per sector and the processor 
must supply C, H, R, and N loads for each sector. The 
contents of the R register are incremented by 1 after 
each sector is formatted; thus, the R register contains a 
value of R when it is read during the result phase. This 
incrementing and formatting continues for the whole 
track until the FDC detects the index hole for the sec
ond time, whereupon it terminates the command. 

If a fault signal is received from the FOD at the end of a 
write operation, then the FDC sets the EC flag of status 
register 0 to a 1 (high) and terminates the command after 
setting bits 7 and 6 of status register 0 to 0 and 1, respec
tively. Also, the loss of a ready signal at the beginning of 
a command execution phase causes bits 7 and 6 of sta
tus register 0 to be set to 0 and 1, respectively. 

Table 7 shows the relationship between N, SC, and GPL 
for various sector sizes. 

Scan Commands 

The Scan commands allow data which is being read 
from the diskette to be compared against data which is 
being supplied from the main system. The FOC com
pares the data on a byte-by-byte basis and looks for a 
sector of data which meets the conditions of 
DFDD = OProcessor, OFDD ~ Dprocessor, or DFDD ~ 
0Processor. The hexidecimal byte of FF either from 
memory or from FOD can be used as a mask byte be
cause it always meets the condition of the comparison. 
One's complement arithmetic is used for comparison 
(FF = largest number, 00 = smallest number). After a 
whole sector of data is compared, if the conditions are 
not met, the sector number is incremented (R + STP .... 
R), and the scan operation is continued. The scan opera
tion continues until one of the following conditions oc
cur: the conditions for scan are met (equal, low, or high), 
the last sector on the track is reached (EOn, or the termi
nal count signal is received. 
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Table 7. Sector Size 

Format SectorSlz8 N se GPL(1) GPL(2,3) 

8" Standard Floppy 

FM Mode 128 Bytes / Sector 00 1A 07 1B 

256 01 OF OE 2A 

512 02 08 1B 3A 

1024 03 04 47 8A 

2048 04 02 C8 FF 

4096 05 01 C8 FF 

MFM Mode (Note 4) 256 01 1A OE 36 

512 02 OF 1B 54 

1024 03 08 35 74 

2048 04 04 99 FF 

4096 05 02 C8 FF 

8192 06 01 C8 FF 

51/4" Minifloppy 

FM Mode 128 Bytes / Sector 00 12 07 09 

128 00 10 10 19 

256 01 08 18 30 

512 02 04 46 87 

1024 03 02 C8 FF 

2048 04 01 C8 FF E MFM Mode (Note 4) 256 01 12 OA OC 

256 01 10 20 32 

512 02 08 2A 50 

1024 03 04 80 FO 

2048 04 02 C8 FF 

4096 05 01 C8 FF 

31/2" Sony Micro Floppydisk 

FM Mode 128 Bytes / Sector 0 OF 07 1B 

256 09 OE 2A 

512 05 1B 3A 

MFM Mode (Note 4) 256 OF OE 36 

512 09 1B 54 

1024 3 05 35 74 

Note: 
(1) Suggested values of GPL in Read or Write commands to avoid splice point between data field and 10 field of contiguous sections. 

(2) Suggested values of GPL in format command. 

(3) All values except sector size are hexidecimal. 

(4) In MFM mode FOC cannot perform a Read/Write/Format operation with 128 bytes/sector. (N = 00). 
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If the conditions for scan are met, then the FDC sets the 
SH (scan hit) flag ofstatus register 2 to a 1 (high) and ter
minates the Scan command. If the conditions for scan 
are not met between the starting sector (as specified by 
R) and the last sector on the cylinder (EOT), then the 
FDCsets the SN (scan not satisfied) flag of status regis
ter 2 toa 1 (high) and terminates the Scan command. The 
receipt of a terminal count signal from the processor or 
DMA controller during the scan operation will cause the 
FDC to complete the comparison of the particular byte 
which is in process and then to terminate the command. 
Table 8 shows the status of bits SH and SN under vari
ous conditions of Scan. 

Table 8. Scan Conditions 
statu. Register 2 

Command BIt2=SN BIt3=SH Comments 

Scan Equal 0 1 OF DO = Oprocessor 

1 0 OFDO*Oprocessor 

Scan low or 0 1 OF DO = OProcessor 
Equal 0 0 OFOO< Oprocessor 

1 0 OFOO > OProcessor 

Scan High or 0 1 OFDO = Oprocessor 
Equal 0 0 OFOO> OProcessor 

0 OFOO< Oprocessor 

If the FDC encounters a deleted data address mark on 
one of the sectors (and SK = 0), then it regards the sec
tor as the last sector on the cylinder, sets the CM (con
trol mark) flag of status register 2 to a 1 (high) and 
terminates the command. If SK = 1, the FDC skips the 
sector with the deleted address mark and reads the next 
sector. In the second case (SK = 1), the FDC sets the CM 
(control mark) flag of status register 2 to a 1 (high) in or
der to show that a deleted sector has been encountered. 

When either the STP (contiguous sectors = 01, or alter
nate sectors = 02) sectors are read or the MT (multi
track) is programmed, it is necessary to remember that 
the last sector on the track must be read. For example, if 
STP = 02, MT = 0, the sectors are numbered sequen
tially 1 through 26 and the Scan command is started at 
sector 21, the following will happen: sectors 21, 23, and 
25 will be read, then the next sector (26) will be skipped 
and the index hole will be encountered before the EOT 
value of 26 can be read. This will result in an abnormal 
termination of the command. If the EOT had been set at 
25 or the scanning started at sector 20, then the Scan 
command would be completed in a normal manner. 

During the Scan command, data is supplied by either 
the processor or DMA controller for comparison against 
the data read from the diskette. In order to avoid having 

6-50 

NEe 
the OR (overrun) flag set in status register 1, it is neces
sary to have the data available in less than 27IAs (FM 
mode) or 13 lAs (M FM mode). If an overrun occurs, the 
FDC ends the command with bits 7 and 6 of status reg
isterO set to 0 and 1, respectively. 

Seek 

The read/write head within the FDD is moved from cylin
derto cylinder under control of the Seek command. FDC 
has four independent present cylinder registers. for 
each drive. They are cleared only after the Recalibrate 
command. The FDC compares the PCN (present cylin
der number) which is the current head position with the 
NCN (new cylinder number), and if there is a difference, 
performs the following operations: 

PCN < NCN: Direction signal to FDD set to a 1 (high), 
and step pulses are issued. (Step in) 

PCN > NCN: Direction signal to FDD set to a 0 (low), 
and step pulses are issued. (Step out) 

The rate at which step pulses are issued is controlled by 
SRT (stepping rate time) in the Specify command. After 
each step pulse is issued NCN is compared against 
PCN, and when NCN = PCN, the SE (seek end) flag is 
set in status register 0 to a 1 (high), and the command is 
terminated. At this point FDC interrupt goes high. Bits 
DOB-D3B in the main status register are set during the 
seek operation and are cleared by the Sense Interrupt 
Status command. 

During the command phase of the seek operation the 
FDC is in the FDC busy state, but during the execution 
phase it is in the non-busy state. While the FDC is in the 
non-busy state, another Seek command may be issued, 
and in this manner parallel seek operations may be 
done on up to four drives at once. No other command 
can be issued for as long as the FDC is in the process of 
sending step pulses to any drive. 

If an FDD is in a not ready state at the beginning of the 
command execution phase or during the seek opera
tion, then the NR (not ready) flag is set in status register 
o to a 1 (high), and the command is terminated after 
bits 7 and 6 of status register 0 are set to 0 and 1, 
respectively. 

If the time to write three bytes of Seek command ex
ceeds 150 lAs, the timing between the first two step 
pulses may be shorter than set in the Specify command 
by as much as 1 ms. 
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Recalibrate 

The function of this command is to retract the read/ 
write head within the FDD to the track 0 position. The 
FDC clears the contents of the PCN counter and checks 
the status of the track 0 signal from the FDD. As long as 
the track 0 signal is low, the direction signal remains 0 
(low) and step pulses are issued. When the track 0 sig
nal goes high, the SE (seek end) flag in status register 0 
is set to a 1 (high) and the command is terminated. If the 
track 0 signal is still low after 256 step pulses have been 
issued, the FDC sets the SE (seek end) and EC (equip
ment check) flags of status register 0 to both 1s (highs) 
and terminates the command after bits 7 and 6 of status 
register 0 are set to 0 and 1, respectively. 

The ability to do overlapping Recalibrate commands to 
multiple FDDs and the loss of the ready signal, as de
scribed in the Seek command, also applies to the Reca
librate command. If the diskette has more than 77 
tracks, then Recalibrate command should be issued 
twice, in order to position the read/write head to the 
track O. 

Sense Interrupt Status 

An interrupt signal is generated by the FDC for one of 
the following reasons: 
(1) Upon entering the result phase of: 

(a) Read Data command 
(b) Read a Track command 
(c) Read 10 command 
(d) Read Deleted Data command 
(e) Write Data command 
(f) Format a Cylinder command 
(g) Write Deleted Data command 
(h) Scan commands 

(2) Ready line of FDD changes state 
(3) End of Seek or Recalibrate command 
(4) During execution phase in the non-OM A mode 

Interrupts caused by reasons 1 and 4 above occur during 
normal command operations and are easily discernible 
by the processor. During an execution phase in non
DMA mode, DB5 in the main status register is high. 
Upon entering the result phase this bit gets cleared. 
Reasons 1 and 4 do not require Sense Interrupt Status 
commands. The interrupt is cleared by reading/writing 
data to the FDC. Interrupts caused by reasons 2 and 3 
above may be uniquely identified with the aid of the 
Sense Interrupt Status command. This command, when 
issued, resets the Interrupt signal and, via bits 5,6, and 7 
of status register 0, identifies the cause of the interrupt. 
See table 9. 

fJPD72065/66 

Table 9. Interrupt Status 

S .. kEnd 
BIt5 

o 

Interrupt Code 

Bit 8 Bit 7 

1 1 

Cause 

Ready line changed state, 
either polarity 

o Normal termination of Seek or 
Recalibrate command 

o Abnormal termination of Seek 
or Recalibrate command 

The Sense Interrupt Status command is used in con
junction with the Seek and Recalibrate commands 
which have no result phase. When the disk drive has 
reached the desired head position the J.lPD72065/ 
J.lPD72066 will set the interrupt line true. The host CPU 
must then issue a Sense Interrupt Status command to 
determine the actual cause of the interrupt, which could 
be seek end or a change in ready status from one of the 
drives. A graphic example is shown in figure 4. 

Specify 

The Specify command sets the initial values for each of 
the three internal timers. The HUT (head unload time) 
defines the time from the end of the execution phase of 
one of the Read/Write commands to the head unload D 
state. This timer is programmable from 16 to 240 ms in • 
increments of 16 ms (01 = 16 ms, 02 = 32 ms ... 
OFH = 240 ms). The SRT (step rate time) defines the time 
interval between adjacent step pulses. This timer is 
programmable from 1 to 16 ms in increments of 1 ms 
(F = 1 ms, E = 2 ms, 0 = 3 ms, etc.). The HLT (head load 
time) defines the time between when the head load 
signal goes high and the Read/Write operation starts. 
This timer is programmable from 2 to 254 ms in incre-
ments of 2ms (01=2ms, 02=4ms, 03=6ms ... 
7F=254ms). 

The time intervals mentioned above are a direct func
tion of the clock (~ on pin 19). Times indicated above are 
for an 8 MHz clock; if the clock was reduced to 4 MHz 
(minifloppy application), then all time intervals are in
creased by a factor of 2. 

The choice of a DMA or non-DMA operation is made by 
the NO (non-DMA) bit. When this bit is high (NO = 1) the 
non-DMA mode is selected, and when NO = 0 the DMA 
mode is selected. 
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Figure 4. Seek, Recalibrate, and Sense Interrupt Status 

I. Seek (or Recallbrate) Command I. Sense Interrupt Status Command , I 
I-Command Phase .1- Execution Phase-I-Command Phase-I- Result Phase-I 

I I I I I 
INT I I I I 

--~------------------~I------------~ I 
I I 
I I 

CS I I 

I 

un lUn 
I 

u u....---.~ u 

DIO~ lrlJ U][ ][ 

RQM ---"""-----Lll ______________ n'-_---Ina.....-.------.ln'----
t 

Sense Drive Status 

This command may be used by the processor whenever 
it wishes to obtain the status of the FOOs. Status regis
ter 3 contains the drive status information stored inter
nally in FOC registers. 

Invalid 

If an Invalid command is sent to the FOC (a command 
not defined above), then the FOC will terminate the com
mand after bits 7 and 6 of status register 0 are set to 1 
and 0, respectively. No interrupt is generated by the 
/JPD72065//JP072066 during this condition. Bits 6 and 7 
(010 and ROM) in the main status register are both 1 
(high), indicating to the processor that the /JP0720651 
/JPD72066 is in the result phase and the contents of sta
tus register 0 (STO) must be read. When the processor 
reads status register 0 it will find an BOH, indicating an 
Invalid command was received. 

A Sense Interrupt Status command must be sent after a 
seek or recalibrate interrupt, otherwise the FOC will 
consider the next command to be an Invalid command. 
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In some applications the user may wish to use this com
mand as a No-Op command to place the FOC in a 
standby or no operation state. 

CMOS Reset Commands 

Commands that are available in the /JP072065/72066 
which are enhancements over the /JP0765A/7265 are 
the CMOS reset commands. They are initiated as fol
lows: 

AO ROWR 07 06 05 04 03 02 01 DO 

Set standby 0 0 0 0 0 0 1 

Reset standby 0 0 0 0 0 0 0 

Software reset 0 0 0 0 0 0 

The software reset command is identical to the hard
ware reset described previously. 
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The set standby command reduces power consumption 
(PD) from 10 mW to 10 J,AW. Pin 19 (ClK) must be active 
when setting or resetting standby mode. All other 
clocks (i.e. WCK, etc.) can be inactive. The supply 
voltage must be maintained at 5 V during standby. The 
clock to pin 19 may be disabled during standby provided 
the following set-up and hold conditions are met: 

Standby Mode 
(issuing command) _ 

32+CY_ 

CLKenabled 
(0 = disabled) 

Note: 

~PD72065/66 

Standby Mode 

1- -/ _ 24+CY 

1 I 
Data Format Standby mode will maintain intemal status registers and 1/0 lines. 

Figure 5 shows the data transfer format for the 
J,APD72065 and J,APD72066 in various modes. 

Figure 5. Data Format (Sheet 1 of 2) 

~PD72065 (FM Mode) 

83·003358A 

GAP4a SYNC lAM GAPl SYNC IDAM C H S N C GAP2 SYNC DATA AM DATA C GAP3 GAP4b 
40x 6x 26x 6x Y D E 0 R llx 6x (1) R (1) 
FF 00 FC FF 00 FE L C C FF 00 FBorF8 C 

Inde~ f-------------RepeatN Times----------------l 

GAPl SYNC lOAM C H S N C GAP2 SYNC DATA AM DATA C GAP3 GAP4 
16x 6x Y D E 0 R llx 6x (1) R (1) 
FF 00 FE L C C FF 00 FBorF8 C 

IndeJt-----------RepeatNTimes--------------1 

~PD72065 (MFM Mode) 

GAP4a SYNC lAM GAPl SYNC IDAM 
C H S N C GAP2 SYNC 

DATA AM 
DATA C GAP3 GAP4b 

80x 12x 50x 12x Y D E 0 R 22x 12x (1) R (1) 
4E 00 3x I FC 4E 00 3x I FE L C C 4E 00 3x 1 FB C 

C2 Al 4E Al F8 

IndexfL f-------------Repeat NTimesi---------------1 

~PD72066 (MFM Mode) 

GAP 1 SYNC IDAM 
C H S N C GAP2 SYNC 

DATA AM 
DATA C GAP3 GAP4 

32x 12x Y D E 0 R 22x 12x (1) R (1) 
4E 00 3x I FE L C C 4E 00 3x I FB C 

Al Al F8 

Inde~ f------------Repeat NTimes-------------i 

83-003357C 
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Figure 5. Data Format (Sheet 2 of 2) 

Index J\"-----------------r(~ 

~PD72066 

Note: 
__ Read 
___ Write 

Format I ... _G_A_P 4a_.&.-I_AM_I..-G_A_P_1 ...... 1_,D--&.I_G_A_p_2....a.I_D_AT._A......a_G_AP_3--.11-... __ ,D_---.: : GAP 4b 

VCOSYNC \ __ ... ____ --J/ \ 
WE 

r------, 
/ \ 

Index ~------------------rt~ 
Format I..-G_A_P_1--&.1_ID--&.I_G_AP_2_~_D_~_'A __ II..-G_A_P_3....a.1_I_D~1_G_AP_2--.111-... __ ID_~:: GAP 4 

VCOSYNC 

WE 

\ / ~------~ 
r------, 

I \ 
r-------...-( 

I 
83-0033598 

Differences Between the 
~PD72085/72068and~PD785A/7265 

Parameter jAPD72085 flPD72088 

Track format IBM ECMA/ISO 

Tracks to be 255 
recalibrated 

Skipping time 0.2 ms (at 4 MHz) 
after detection 
of index pulses 

ORO LE .... RO ,CY (= 125 ns) 
TE response ,CY (= 250 ns) 
time 
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jAPD785A jAPD7285 

IBM EMCA/ISO 

77 255 

about 1.2ms about 0.2ms 
(at 4 MHz) (at 4 MHz) 

0.81ls 
1. 6 Ils 

Parameter 

FOO response 
latency after 
unit select 
signal output 

Multitrack 
write by tunnel 
erase head 

Standby 
function 
(standby 
command) 

Software reset 
command 

jAPD72085 jAPD72086 

2.51ls (,CY=125 ns) 
5.01lS (,CY=250 ns) 

Yes 

Yes 

Yes 

flPD765A flPD7265 

No 

No 

No 
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NEe Electronics Inc. 
PRELIM'INARY INFORMATION 

Description 

The pPB9201 floppy disk interface (FDI) is an LSI 
device that provides a wide range of functions com
monly needed in a floppy disk controller design. A 
floppy disk controller design using the pPD765A and 
thepPB9201 requires only fourto five chips, depending 
on individual requirements. 

The digital phase lock loop implemented in the FDI 
simulates the function of an analog PLL. If higher 
resolution is required, the device provides for the 
addition of an external veo chip. This essentially 
converts the digital PLL to an analog one. The external 
veo is seldom required, however, due to the excellent 
performance of the digital PLL. 

The FDI generates the write clock and processor clock 
for the pPD765A. The clocks are automatically switched 
in frequency when the 8" or 5-1/4" mode is selected. 
These clocks are changed synchronously so that 
random clock edges are not generated. 

The FDI includes a precompensation circuit that allows 
delays of 0 ns, 125 ns, 187.5 ns, and 250 ns. 

The on-chip drive select logic combined with the head 
load (HDL) signal eliminates the normally required 
selection logic. The on-chip buffers allow direct con
nections from DSo-DS3 and HSO-HS3 to the FDD. 

The FDI provides the designer with the ability to delay 
the DRO signal that normally goes from the FDe to the 
host DMA controller. The minimum delay is eitherO.75 
ps or 1.5 ps, depending on the selection of 8" or 5-1/4" 
mode. This allows the use of fast DMA controllers such 
as the pPD8237 A-5. 

Features 

D Programmable digital write precompensation 
o Write clock generation for 5-1/4" and 8" drives 
D Data separation 
o 5-1/4" and 8" drives select 
D External veo hook-up provision (optional) 
D Processor clock generation 
o Internal buffers capable of sinking 24 mA 
D TTL-compatible 
D Drive select logic 
D Head select logic 
D DRO delay 
D No data time out 

Ordering Information 
Part Number Package Type 

flPB9201C 40-pin plastic DIP 

Pin Configuration 

RESET 

PCSo 

PCSl 

MINI 

PSo 

PSl 

HSo 

HSl 

HS2 

ROWOUT 

WCKOUT 

pPB9201 
FLOPPY DISK 

INTERFACE 

Vee 
ROY 

TClK 

VClK 

VCTRl 

ClKIN 

GNO --c-___ ----' ClKOUT 

83-000050A 

Pi n Identification 
No. Symbol Function 

RESET Reset input 

2,3 PCSo, PCS1 Precompensation select input 

4 MINI Mode select 

5,6 PSo, PS1 Precompensation input 

7-10 HSO-HS3 Head select 

11 WDAIN Write data input 

12,13 USa, US1 Unit select input 

14 lOX Index output 

15 MFM MFM mode input 

16 VCO VCO sync input 

17 RD Read data output 

18 RDWOUT Read data window output 

19 WCKOUT Write clock output 

20 GND Ground 

21 ClKOUT Clock output 

22 ClKIN Clock input 

23 VCTRl VCO control 

24 VCLK VCO clock input 

25 NC No connect 

26 lDCR load control register input 

27 RDDAT Read data input 

28 READY Ready input 

29-32 DS3-DSO Drive select outputs 
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Pin Identification (cont) 

No. Symbol 

33 WDAOUT 

34 DRQIN 

35 DRQOUT 

36 HDl 

37 NDTO 

38 TClK 

39 RDY 

40 Vee 

Pin Functions 

RESET 

Function 

Write data output 

DMA request input 

DMA request output 

Head load input 

No data time out input/output 

Test clock output 

Ready output 

Power supply 

When RESET is low, the FDI internal logic is reset. This 
feature is used mainly for text purposes. Normally this 
pin is pulled high. 

HSO-HS3 

These head select outputs are derived from the head 
load and the USa - US1 signals from theJ,lPD765A. Each 
of these open collector output sinks 24 mAo 

PCSo, PCS1 

These inputs select the precompensation delay ac
cording to the following table: 

PCS1 PC So Delay 

0 0 o ns 

0 1 125 ns 

0 187.5 ns 

250 ns 

PSo, PS1 

These are the precompensation input signals from the 
J,lPD765A. 

WDAIN 

Write data from the J,lPD765A is input at this pin. It 
passes through the circuitry which is controlled by 
PSa, PS1 and the FDI control register to provide various 
precompensation levels. 

MINI 

When this input is high, 5-1/4" mode is selected. When 
it is low, 8" mode is selected. 
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USo, US1 

These are the unit select input pins. TheJ,lPD765A uses 
them to select up to four double-sided drives. 

The FDI uses this signal to generate index pulses to the 
J,lPD765A when there is no data coming from the disk 
drive. 

MFM 

This signal controls the read data window to conform 
to MFM (double density) or FM (single density) record
ing modes. It also controls the frequency of the 
WCKOUT signal. MFM is input from the J,lPD765A. 

VCO 

This is the VCO sync inputfrom theJ,lPD765A.lt is used 
for internal control. 

RD 

The read data output signal is the same as the data 
coming from the FDD but it has been shaped and 
synchronized to the 16 MHz clock. RD is directly 
connected to the RD signal of the J,lPD765A. 

RDWOUT 

This signal is generated by the FDI PLL circuitry. It is 
controlled by the MFM signal from theJ,lPD765A and by 
the selection of 5-1/4" or 8" mode. 

WCKOUT 

This write clock output signal is output to the WCK pin 
of the J,lPD765A. 

ClKOUT 

This signal provides the processor clock for the 
JiPD765A and is programmable via the FDI control 
register for an 8 MHz or4 MHz square wave output. The 
switching between 4 MHz and 8 MHz is synchronous. 

ClKIN 

This input signal should be a 16 MHz TTL-compatible 
square wave. All timing for the FDI is derived from this 
signal. 

VClK 

If an external VCO chip is used, this pin should be 
connected to the output of the VCO.lf an external VCO 
is not used, then this pin should be connected to the 16 
MHz clock input. 
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VCTRL 

This three-state signal controls the external VCO 
frequency. It is the equivalent of combined pump-up 
and pump-down signals. 

TCLK 

This signal is used to test different modes of the FDI. 
Depending upon the mode, this pin outputs a 4 MHz, 8 
MHz or 16 MHz square wave. It is not used in controller 
design. 

LDCR 

This input signal is level triggered. When LDCR is low, 
PSCo, PSC1, and MINI are transferred to the internal 
control register. When LDCR goes high, the data on 
pins 6-8 will remain latched. Pins 6-8 may be connected 
to a data bus and LDCR may be used as a strobe, or 
they may be driven from external latches by connecting 
LDCR to GND. 

RDDAT 

This input is directly connected to the read data signal 
from the floppy disk interface. 

READY 

This input signal is connected through an inverter to 
the FDD. The ROY output signal is generated by this 
signal. 

ROY 

This output signal is directly connected to the ROY pin 
of the pPD765A. When the 8" mode is selected, the 
READY signals from the floppy disk drive is sent 
directly to the pPD765A. When the FDI is in the 5-1/4" 
mode, ROY is set to 1 at all times. 

DRaiN 

This is an input from thepPD765A. DRQIN is delayed 3 
to 4 clock pulses before being output (DRQOUT). This 
achieves the DRQ to RD delay that is required by the 
pPD765A. 

DRaOUT 

This is the output of the delayed DRQIN signal. 

WDAOUT 

This open collector output is directly connected to the 
floppy disk drive and writes data to it. WDAOUT sinks 
24 rnA. 

pPB9201 

NDTO 

The FDI uses this pin to generate a time out when there 
is no data coming from the floppy disk drive. External 
RC components are required for the timing. 

HDL 

The head load input is used in conjunction with the US1 
and USa signals from the pPD765A to generate the 
drive and head select signals. 

Block Diagram 

DRQIN Delay 
rDRQOUT Nelwork 

RDDAT RD 
MFM RDWOUT 

VClK VCTRl 

WCKOUT 
CLKIN ClKOUT 

PSo WDAOUT 

PS1 

WDAIN 
Write 

PSC1 --+ Precomp 
PSCo-

MINI--+ 

lDCR --+ 

VCO ~IDX No-Data 
NDTO TimeOut 

USo 
050- 053 

US1 
HSo- HS3 HDl 

READY I Ready Gating r ROY 

Absolute Maximum Ratings 
TA = +25°C 

Operating temperature, T OPT 

Storage temperature, T STG 

All output voltages, Vo 

All input voltages, VI 

Power supply voltage, Vee 
Power dissipation, PD 

83-000051 A 

-65 to +150°C 

-5 to +5.5 V 

-5 to +7 V 

-5 to +7 V 

1.5 W 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damange. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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DC Characteristics AC Characteristics 
TA = 0 to +70°C; Vee = +5 V ±10% unless otherwise specified TA = 0 to +70°C; Vee = +5 V ±10% unless otherwise specified 

Limits Test Limits Test 
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions 

low level VIL 0.8 V ClKIN high and tCKW 20 ns 
input voltage low width 

High level VIH 2.0 V ClKIN period tCY 55 62.5 ns 
input voltage ClKIN rise time tCR 10 ns 
Input clamp VIC 1.5 V Vcc = 4.5 V ClKIN fall time tCF 10 ns voltage IlL =-18 rnA 

low level VOL 0.3 0.5 V Vcc= 4.5 V 
WCK cycle time twCY 1 JiS MFM,8" 

2 JiS FM,8" output voltage IOL = 12 rnA 2 JiS MFM,5-1/4" 
High level VOH 2.5 3.4 V Vcc = 4.5 V 4 JiS FM,5-1/4" 
output voltage IOH = 1 rnA (1) ClKIN = 16 MHz 

Short circuit los -100 -25 rnA Vcc == 5.5 V WCK high width tww 250 ns 
output current Vo=OV WCK rise time tWR 20 ns 
low level IlL -100 JiA Vcc = 5.5 V WCK fall time tWF 20 ns input current VI = 0.4 V 

High level IIH 20 JiA Vcc = 5.5 V PCSo, PCS1, MINI tLOS 10 ns 

input current VI = 2.7 V ~timeto 
lDCR 

High level IOH 100 JiA Vcc = 4.5 V PCSo, PCS1, MINI tLOH 10 ns output current Va = 4.5 V (2) hold time from 
Off state output lDCR 
current WDAIN high twow 25 ns Three state IOZ1 -20 JiA Vcc = 5.5 V 

output Vo = 0.4 V /2.7 V width 
....... __ ..................................... --_ ................ -...... __ ............ -_ ..... __ ...... __ ..... ---_ ......... -

WDAOUT low twow 4tCY twow = 250 ns Bidirectional IOZ2 -100 +40 JiA (VCO CNTRl pin) width where ClKIN = 
Vcc supply Icc 170 296 rnA TA = +25°C 6 MHz 
current RDDAT high tROOW 25 ns 

Note: width 

(1) Does not apply to open collector outputs. RD high width tROW 2tCY MINI =0 
4tCY MINI=1 

(2) For open collector outputs only. 
RDWOUT width 1 MFM,8" tROWW JiS 

Capacitance 2 JiS FM,8" 
2 JiS MFM,5-1/4" 

TA=+25°C;fe=1 MHz 4 JiS FM,5-1/4" 
Limits ClKIN = 16 MHz 

Test 
Parameter Symbol Min Typ Max Unit Conditions DRQOUT delay tOLY 0.75 1 JiS MINI =0 

time from DRQIN 1.5 2 JiS MINI=1 
Clock input CIN (4)) 20 pF All pins except 

those under test DRQOUT low tORLL 30 ns 
Input CIN 10 pF tied to AC GND from DRQIN low 
Output COUT 15 pF RESET low width tRSTW 250 ns 

VClK period tCY 55 62.5 ns 

VClK high and tCKW 20 ns 
low width 

Note: 

The FDI is designed to run at 16 MHz, and all of the test conditions for 
signals generated by the FDI are at 16 MHz. 
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Timing Waveforms 

YClK. 
ClKIN 

WCK -E:;fi
tww-- ...... -tWR 

-twCY--- - -- tWF 

- tRow 

RDWOUT~ 

--1- tROWW --11=::=1 

DRaIN~ ~ 
DRaOUT 

--+-+--------to-Ly---..... - -tORLL 

83-0002308 

pPB9201 

Interfacing 

Figure 1 shows all the required interconnections 
between the FDI and a typical FDC chip such as the 
pPD765A. An external 16 MHz clock inputto the ClKI N 
pin is required. The FDI generates all the internal timing 
from this input clock. 

An alternate method of utilizing the pPB9201 is shown 
in figure 2. This method minimizes the parts count and 
fully utilizes all of the FDI features. 

The type of the drive can be selected by setting the 
value of the MINI pin; ie, MINI = 0: 8" and MINI = 1: 
5-1/4". This can be achieved by either a jumper or a 
peripheral port. 

The PCSo and PCS1 pins are used to program the 
device for a desired amount of precompensation. The 
PSo and PS1 signals from the pPD765A inform the FDI 
whether the bit shift is late, normal, or early. 

The lDCR (load control register) pin can be used as a 
strobe to latch the values of MINI, PCS1, and PCSo into 
the control register of the FDI. Whenever lDCR is low, 
the control register is updated. If the strobing of lCRC 
is not preferred, then lDCR should be connected to 
ground and MINI, PCS1.and PCSoshould be connected 6 
either to logic 1 orO, depending upon the desired mode 
of operation. 

The FD I uses the US1, USo, and H DSl signals from the 
pPD765A to generate the DSO-DS3 (drive select) and 
the HSO-HS3 (head select) signals. All these output 
signals are capable of sinking 24 rnA and can be 
directly connected to the corresponding FDD signals. 
(This assumes that the FDD contains 220/330 termin
ation resistors. Some drives contain 150-ohm pull-up 
resistors, which will require the use of a buffer external 
to thepPB9201.) The designer has two options available 
when using the head select signals. The first option is 
to connect all the head select signals together to the 
HEAD lOAD 0 signal of the FDD interface. This 
method generates one common "head load" signal for 
all drives. The second option is to add external delay 
circuits to each head select signal. This causes the 
head for the particular drive to stay loaded for the 
amount of specified time delay when the drive is 
deselected. The advantage of this method, as compared 
to the former one, is that it eliminates redundant head 
loading and unloading when copying diskettes from 
one to another. 
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Figure 2. Typical 8" Floppy Disk Controller; Minimum Parts Count 

1 K ~ ,.------ ~:~o~~6';."~t Disk Connector 

~S04 DI--I0;~~1?'-'" ...t.r..::l~S044 1 V ...... lS004-------.r-H--+-_______ -'=-=Sc!.:4<"-J'"'b--..--+-__ -----''------{Odd Pin. are Grounded .. ..J' ,----- 1~:;;6~~o 7406 
,-----jV ~ ~ ENABLE 

~X ~406 ~~~EDXDATA 
16 MHz 100 pF l '-"-

lS14 X '22 READY 
+5 FDI '-+-t-+-f-----j 7406 ~ SiDESillCT 

110 K IIPB9201 OS t-3~2---_+_H_t__----'-V---___l~ DRIVE SELECT 0 

~ VClK OS; ~31---_+_1_++_------t'28 DRIVE SELECT 1 
'-+---t--t--+ 1.l2=j 1.

2 
ClKIN OS. 30 '30 DRIVE SELECT 2 

~ RESET OS, 29 ta2 DRIVE SELECT 3 

.-___ 15-aIlP::::51I1PD:6;A 27 HH~SS'.2 ! ~ ~::~~~:~~ 
.-__ --'1-=-16 TC lOX 17 tfs" HEAD lOAD 2 

INT 18 ~ HDl HS, !--'-=10-__ _+_H_t__-----___ltsO ~ 
WCK 1-=2,,-1 ______ -+-_+-'1"'-19 WCKOUT INDEX 14 ~ READ WRITE DATA 
ROW 22 18 RDWOUT WD ~33 ____ 1_+t-'1 

RD 23 17 RD READY t-=28 ____ 1-+-' 
MFM 26 15 MFM RDDAT f--=--C27 __ --:-:-::--f-J 

US. :: :~ US. +5V~ 
WUDS~ 30 US, NDTO 1-3::;.7--.!",·f'--' .. ....-'.. I 

:E E :i r :;~~:: .. ·~";t ,,_ 
HDl ~ ~ DROOUT MINI~· J. r----- 8 

ClK 19 '.J 21 ClKOUT lDCR r---r~12 { ~~ TWOSii5ED 
34 DROIN 26 -= 9 ......-1 ~~~ WRITE PROTECT 

1-""-_________ 1"'-16 VCO ri14 -v-...r 6 X '42 TRACKO 
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~-----------------+--+~2 18 ~DIRECTION 

,-__ -'-11 RST 

® ~ 4700 Pull Up 
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~-----------------+~~~1~ 
1~ 

lS14 

Note: 

""Required to maintain proper phase relationship. 

Optionally, an external VCO chip can be added to 
achieve better performance. As an example, figure 3 
illustrates the necessary interconnections between the 
74LS624 VCO chip and the FDI. The input frequency 
control of the VCO is connected to the VCTRL pin of 
the FDI through an integrator (a simple RC circuit). The 
VCTRL signal is the output of the internal digital phase 
comparator. When there is no data bit coming in, this 
pin stays at approximately 2.0 volts (high impedance 
state). Since the frequency control pin of 74LS624 is 
also at 2.0 volts (adjusted by R2), the voltage across R1 
will be 0 volts. As a result of this, C1 is neither charged 
nor discharged and the VCO will be running at its 
nominal frequency (16 MHz). 

When a data bit occurs, the VCTRL pin goes first to a 
high state, then to a low state, and finally back to the 
high impedance state. The high and low states cor
respond to ramp-up and ramp-down respectively. The 
duration of ramp-up and ramp-down are determined 
by the position of the data bit in the read window. 

If the data always arrives early, then ramp-up will have 
a longer period than ramp-down, causing an increase 
in VCO frequency. If the data arrives late, the converse 
is true. The integrator averages the freq uency changes 
of the signal coming from the VCTRL pin. The values of 
R1 and C1 determine the time constant for the inter
grator. These values can be selected so that the veo 
follows the slow speed variations of the disk drive. The 
VCLK pin should be connected to the output of the 
VCO when using the external VCO. If the VCO is not 
used, then the VCLK pin should be connected to the 16 
MHz input clock. 

The pPD765A requires a fairly long delay from ORO 
going high to the issuance of a READ pulse to the chip. 
It is usually necessary to delay the DRO signal going to 
the host DMA controller so that the READ pulse does 
not arrive early. The FDI is capable of delaying the 
ORO from the pPD765A controller for approximately 1 
ps (8" drive), or 2 ps for a 5-1/4" drive. In figure 1, the 
ORO from thepPD765A is connected to the DROIN pin 
of the FDI and the DROOUT is connected to the host 
DMA controller. DROOUT is automatically reset when 
DROIN goes low. 
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The FDI provides the necessary logic for the READY 
signal when the pPD765A is in mini-floppy mode. 
When the 8" mode is selected, the FDI passes the 
READY signal from the FDD interface directly to the 
pPD765A. When 5-1/4" mode is selected, it sets the 
RDY pin of thepPD765A high. If you have 5" drives that 
have a ready signal, it is not necessary to use this 
signal. 

Figure 3. Using the pPB9201 with an External VCO 

IlPB9201 

ff 74LS624 

R, ~ 1 
23 4.7K 

Frequency VCTRL 

l C, 
Control I---

VCO I·Ol PF 

24 
VCLK 

VCO RIC values should be chosen 
for a center frequency of 16 MHz 

83-000169A 
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The FDI is capable of correcting a rare hang-up 
condition that occurs when there is no data coming 
from the disk drive to the pPD765A. When no data is 
coming from the FDD, the FDI waits for the time 
determined by the RC circuit connected to the NDTO 
pin. Once the time-out signal occurs, the FDI generates 
index pulses to thepPD765A. This causes the controller 
to leave the hang-up condition (see figure 4). 

Figure 4. Implementing the No-Data Time Out 
Function 

VCC------

~:::::7t1 .... 
--I -

TimeOut 
Delay 

...... ....... 

IlPB9201 

+SV 

R 

Current 
Limiting 
Resistor 

220 

t--""""~ NDTO 
37 

Additional Application Information 

83-000170A 

The logic diagram, shown in figure 1, illustrates a 
floppy disk controller as implemented on a personal 
computer. It is compatible with the existing controllers, 
but has the ability to control 8" drives and single and 
double density as well. 
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Description 

The pPD71065 and pPD71066 are CMOS devices that 
interface a floppy-disk drive (FDD) with a floppy-disk 
controller (FDC). The controller can be pPD765A, 
pPD7265, pPD72065, pPD72066, pPD7260, or one of 
the FD179X series. 

The floppy-disk interface can operate at various data 
rates, including the 300-kb/s rate that results from 
using high-density 5-inch drives with media formatted 
at the standard 250-kb/s rate. Also, the pPD71 065/66 
generates the write clock needed by the selected 
controller and provides synchronous switching when 
changing data rates. 

Features 

D Compatible with all industry-standard controllers 
D Multiple data rates: 500/300/250/150/125 kb/s 
D Internal or external sync field detection logic 
D Head-loading timer for FD179X-series controllers 
D No analog adjustments required 
D CMOS, low power consumption 
D 5-volt power supply 

Ordering Information 

Part Number Package Internal Timer 

JlPD71065G 28-pin plastic SO Not included 

JlPD71066CT 30-pin plastic shrink DIP Implemented to 
FD179X-series 
controllers as head-
loading timer. 

pPD71 065/66 
FLOPPY-DISK INTERFACE 

Pin Configurations 

28-Pln Plastic SO 

AOSR AVoo 

RDIN AOSC 

MIN/~TD FDCSW2 

RGATE LPF1 

MFM/FM LPF2 

SYNCSW Voo 

SYNC FDCSW1 

RDOUT VCOIN 

RCLK FDDSW 

FDCCLK cvc 
WCLK RESET 

X1 GND 

X2 X3 

AGND X4 

83-002766A 

30-Pin Plastic Shrink DIP 

AOSR AVoo 

RDIN AOSC 

MIN/STD FDCSW2 

RGATE LPF1 

MFM/FM LPF2 

SYNCSW Voo 

SYNC FDCSW1 

GND VCOIN 

RDOUT FDDSW 

RCLK CVC 

FDCCLK RESET 

WCLK TCC 

X1 TOUT 

X2 X3 

AGND X4 

83-002765A 
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Pin Identification 
Symbol Input/Output Function 

ACOS Capacitor connection pin for analog 
one-shot 

AGND Ground for analog circuits 

AOSR Resistor connection pin for analog one-shot 

AVoo Power supply for analog circuits 

CVC Capacitor connection pin for VCO 

FDCCLK Output Clock to FDC 

FDCSW1 Input* FOC selection pin or timer trigger input 

FDCSW2 Input* FDC selection pin 

FDDSW Input* Data transfer rate selection pin 

GND Ground 

LPF1, LPF2 Output Connection pins to external lowpass filter 

MFM/FM Input* Recording density selection pin 

MIN/STD Input* 5- or 8-inch FDD selection pin 

RCLK Output Read data sampling clock 

RDOUT Output Read data to FDC 

RGATE Input* Read enable/disable 

RDIN Input* Read data from FDD 

RESET Input* System reset 

SYNC Input* External PLL gain selection 

SYNCSW Input* Determines whether gain selection is 
internal or external 

TCC External RC time constant connection to 
internal timer (pPD71066) 

TOUT Output Timer signal (pPD71066) 

VCOIN Input Externallowpass filter output to internal 
VCO 

Voo +5-volt power supply 

WCLK Output Write clock to FDC 

X1,X2 Connection pins for 16-MHz crystal (X1, X2) 
or external clock input (X1) 

X3,X4 Connection pins for 19.2-MHz crystal (X3, 
X4) or external clock input (X3) 

*Input pin has an on-Chip pull-up resistor 

Pin Functions 

The following paragraphs supplement the brief de
scriptions of certain pins in the preceding table. Pin 
symbols are in alphabetical order. 

FDCSW1 and FDCSW2. The pPD71065/66 is con
figured for the applicable FDC by applying logic levels 
Land H (or open) to these pins. 
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FDCSWI FDCSW2 Floppy-Disk Controller 

Open or H Open or H JlPD765A/7265 

L Open or H JlPD7260 

FD179X series 

.. FDCSW1 is the trigger input to the timer circuit when FDCSW2 is 
low. 

FDDSW. The logic level applied to this pin selects the 
data transfer rate of the FDD. 

FDDSW 

Open or H 
L 

Data Transfer Rate 

500/250/125 kb/s 
500/250/300/150 kb/s 

MFM/FM Pin. The logic level applied to this pin and the 
FDCSW2 pin selects the modulation type. Double-density 
and single-density recording use MFM (modified FM) 
and FM modulation, respectively. 

FDCSW2 MFM/FM Modulation 

H H MFM 

H L FM 

H FM 

L MFM 

MIN/STD. Logic level L on this pin selects a 5-inch 
FDD. An open or H selects an 8-inch FDD. 

RDIN. This is a composite read data and clock signal 
input from the FDD. 

RDOUT. The read data output from this pin is syn
chronized with the read clock (RCLK) derived from the 
RDIN composite signal. 

RGATE. In conjuction with FDCSW2, RGATE enables 
or disables the read operation that is sent from the 
FDC. 

FDCSW2 RGATE Read Operation 

H H Enable 

H L Disable 

H Disable 

L Enable 
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SYNC and SYNCSW. The PLL gain is determined by 
the intput signal at the SYNC pin and the logic levels at 
the FDCSW1 and SYNCSW pins. 

FDCSWI SYNCSW 

Open or H Open or H 

Block Diagram 

AOSR AOSC 

SYNC 

H (1) 

L (1) 

H (2) 

L (2) 

RDIN 

Input 
Data 

v 

Generator R 

RGate 0--

MIN/STD 0--

MFM/FM 0--

X10-----I 

X20----+I 
Clock 

X3 (}----f Generator 

X4o---~ 

FDCCLK WCLK 

Pll Gain 

low 

High 

Low 

High 

Ident 
Field 

Detector 

PLOD 

Functions ofthe block diagram components are explained 
below. 

Clock Generator. Using both 16-MHz and 19.2-MHz 
oscillators, outputs clock signals corresponding to the 
mode used to the FDCCLK and WCLK pins. 

Input Data Generator. According to the input data, 
generates the R and V signals to be input to the phase 
comparator. I n addition to this, the input data generator 
determines whether the analog one-shot circuit or the 
digital one-shot circuit is used. 

pPD71065/66 

Note: 

(1) Input signal at SYNC is the PLL gain selection signal between the 
ID and DATA fields. 

(2) Input signal at SYNC Is the SYNC field detection signal from the 
FDC. 

LPF1 LPF2 VCOIN CVC 

Charge Voltage- ---0 RESET 
Pump Controlled 

and Filter Oscillator 
Selector 

---0 FDDSW 

~ FDCSW1 

---0 FDCSW2 

Sync Output Data F TOUT
" Byte Generator Timer 

Detector TCC" 

"Not on pPD71D65 

~ ~ 
SYNC SYNCSW RCLK RDOUT 

83-0027678 

Charge Pump and Filter Selector. According to the PLL 
(phase-locked loop) gain selection signal, enables or 
disables the LPF2 side charge pump to control the PLL 
gain. 

Output Data Generator. Generates the window signal 
(RCLK) and read data signal (RDOUT) depending on 
the mode and FDC to be used. 

Sync Byte Detector. Detects the sync field within 16 to 
20 pulses regardless of FM or MFM mode. 

Ident Field Detector. Determines whether the sync 
field detected by the sync byte detector is ID or DATA 
field and sets the PLL gain. 
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Basic External Circuit 

Figure 1 shows the basic external circuit including the 
lowpass filter and crystals. The data transfer rate is 
selected by strapping pins FDDSW, MIN/STD, and 
MFM/FM to L (low) or open (high). See table 1. 

The VCO frequency and the phase delay between 
RDIN and RDOUT can be optimized by adjusting 
resistors R2 and R1, respectively. 

Figure 1. Basic External Circuit 

JLPD71065 
GND AVOO VOO 

Cl0 

C9 

C8 

C1 
12 17 

C3 
13 16 

C2 XTALl c:::J 

14 15 
XTAL2 C4 

Cl 22 pF Rl 
C2 22 pF R2 
C3 22 pF R3 
C4 22 pF R4 
C5 10 pF R5 
C6 1800 pF R6 
C7 22,000 pF R7 
C8 33 pF 
C9 10,000 pF 
Cl0 10,000 pF 
Cll 120 pF 
C12 l/LF 

6-66 

NEe 
veo Frequency 

For this procedure, the data transfer rate is undefined. 
Strap RGATE to Hand RDIN to L. Adjust resistor R2 to 
set the VCO frequency at the RCLK pin to the same 
numerical value as the data transfer rate; for example, 
500 kHz and 500 kb/s. 

JLPD71066 
GND AVOO VOO 

Cl0 

C9 

C6 

Cl 
13 

CJ C3 
14 17 

C2 XTAL1 

15 16 

3 kO XTALl 16 MHz 
27 kO XTAL2 19.2 MHz 
10 kO 
1 kO 
7.5 kO 
5600 
33 kO min 

83-0040096 
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Data Read Phase Delay Figure 2. Read Data Timing Diagram 

For this procedure, set the data transfer rate to 500 
kb/s, set the RDIN signal to a 2-f.ls cycle time, and strap 
RGATE to H. Adjust resistor R1 to set the value of tSTW 
(figure 2) to 950 ns. 

Table 1. Data Transfer Rate Selection 

RDIN 

RDOUT 

RCLK 

Data Transfer Rate Clock Output Frequencies from JlPD71065fl1066 

Floppy-Disk Controllers [kb/s) FDCCLK [MHz) RCLK [kHz) WCLK [kHz) 

JlPD765A, JlPD7265, 250 4 250 500 
JlPD72065, JlPD72066 125 4 125 250 
(Note 2) 

500 8 500 1 MHz 

250 8 250 500 

300 4.8 300 600 

150 4.8 150 300 

500 8 500 1 MHz 

250 8 250 500 

JlPD7260 (Note 3) 250 4 500 500 

125 4 250 250 

500 8 1 MHz 1 MHz 

250 8 500 500 

300 4.8 600 600 

150 4.8 300 300 

500 8 1 MHz 1 MHz 

250 8 500 500 

FD179X Series (Note 4) 250 250 500 

125 125 250 

500 2 500 1 MHz 

250 2 250 500 

300 1.2 300 600 

150 1.2 150 300 

500 2 500 1 MHz 

250 2 250 500 

Note: 

(1) Selection pin states: L = low; Open = open or H (high) (4) FD179X Series: 

L.....-_--InL-__ _ 

83-004010A 

Selection Pins [Note I) 

FDDSW MIN/STD MFM/FM 

Open Open Open 

Open Open L 

Open L Open 

Open L L 

L Open Open 

L Open L 

L L Open 

L L L 

Open Open Open 

Open Open L 

Open L Open 

Open L 

L Open Open 

L Open L 

L L Open 

L L L 

Open Open L 

Open Open Open 

Open L L 

Open L Open 

L Open L 

L Open Open 

L L L 

L L Open 

(2) JlPD765A17265172065/72066: FDCSW1 = Don't care and FDCSW2 = L. 

FDCSW1 and FDCSW2 = Open WCLK clock is not used. 

(3) JlPD7260: 
FDCSW1 = Land FDCSW2 = Open. 
FDCLK clock is not used 
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Electrical Characteristics 

Figures 3 through 8 are test circuits for verifying 
certain parameters in the dc and ac characteristics 
tables. 

DC Characteristics 
TA = -10 to +70°C; Voo = +5 V ±10% 

limits 

Parameter Symbol Min Typ 

Input voltage, low VIL -0.3 

Max 

0.8 

Absolute Maximum Ratings 
TA = +25°C 

t-{EC 

Power supply voltage, Voo -0.3 to +6 V 

Input voltage, VI -0.3 to Voo + 0.3 V 

Output voltage, Vo -0.3 to Voo + 0.3 V 

Operation temperature, T OPT -10 to +70°C 

Storage temperature, T STG -40 to +125 °C 

Unit Test Conditions Test Circuit 

V 

Input voltage, high VIH 2.2 Voo + 0.3 V 

Output voltage, low VOL 0.45 V IOL =2 mA 

Output voltage, high VOH 0.7 Voo Voo V IOH = -200pA 

Clock input level VKp-p 1 Voo V Figure 5 

Input leakage current, low IUL -150 -50 pA VI=OV 

Input leakage current, high IUH -10 +10 pA VI = Voo 

Output leakage current, low ILOL -10 pA Vo = 0.45 V 

Output leakage current, high ILOH +10 pA Vo= Voo 

Power supply current 100 25 mA XTAL: 16 MHz, 19.2 MHz Figure 3 

20 mA XTAL: 16 MHz Figure 4 
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AC Characteristics 
TA = -10 to +70°C; VDD = +5 V ±10% 

Limits 

Parameter Symbol Min Typ Max Unit Test Conditions 

Rise time tR 0 20 ns 

Fall time tF 0 20 ns 

RDOUT setup time to RClK t tSRR 40 ns For JlPD7260 

ClK highllow level width tKK 20 ns 

VCO oscillation frequency fo 8 MHz VF = Voo 

VCO free-run frequency fi 3.6 4 4.4 MHz FDDSW = H, VF = open 

2.1 2.4 2.7 MHz FDDSW = l, VF = open 

VCO control voltage sensitivity Kv 2.5 3.5 4.6 MHz/V I(Voo/2) - VF I :::; 0.5 V 

Kv voltage coefficient ~KvlVoo -1 -19 -22 %IV 

fi power supply voltage ~filVoo 0 5 %IV 
coefficient 

fi temperature coefficient ~fi/TA 0 -500 -1000 ppm/oC 

Phase detect sensitivity Kp 0.7 0.8 0.9 V/rad 

RClK jitter tj 0 30 50 ns 500-kb/s mode 

RDIN t to RDOUT t delay time tORR 900 950 1000 ns 

Capture range (Note 1) fCAP 537 427 kHz 500-kb/s mode 

286 213 kHz 250-kb/s mode 

143 107 kHz 125-kb/s mode 

343 256 kHz 300-kb/s mode 

172 128 kHz 150-kb/s mode 

Note: 

(1) The frequencies in the Max and Min columns are the lower and upper limits, respectively, of 
the capture range. For example, in the 500-kb/s mode, the capture range is from 427 kHz (or 
lower) to 537 kHz (or higher). 

Test Circuit 

Figure 6 

Figure 7 

Figure 8 
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Figure 3. TS$t Circuit 1 

/LPD71065 /LPD71066 

GND AVOO Voo GND AVOO Voo 
C10 C10 

C9 C9 

C8 

C1 
12 17 

C3 C1 

13 16 
C2 ~ c:::J C3 

14 15 14 17 
XTAL2 C4 C2 XTAL1 c:::J 

15 16 
XTAL2 C4 

C1 22 pF R1 3 k{} XTAL1 16 MHz 
C2 22 pF R2 27 k{} XTAL2 19.2 MHz 
C3 22 pF R3 10 k{} 
C4 22 pF R4 1 k{} 

C5 10 pF R5 7.5 k{} 
C6 1800 pF R6 560 {} 
C7 22,000 pF R7 33 kO min 

C8 33 pF 

C9 10,000pF 

C10 10,000 pF 

C11 120 pF 

C12 1/tF 

83-004011B 
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Figure 4. Test Circuit 2 

JLPD71065 JLPD71066 
GND AVOO VOO GND AVOO VOO 

C10 C10 

I 
C9 C9 

C8 

C1 
'--II-~~--n 12 

C1 
1---+--fl13 

C2 
~----o14 15~----+-~ 

15 16 

C1 22 pF R1 3 kO XTAL 16 MHz 
C2 22 pF R2 27 kO 
C5 10 pF R3 10 kO 
C6 1800 pF R4 1 kO 
C7 22,000 pF R5 7.5 kO 
C8 33 pF R6 5600 
C9 10,000 pF R7 33kO min 
C10 10,000 pF 
C11 120 pF 
C12 1/LF 

83-0040128 
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Figure 5. Test Circuit 3 

/LPD71065 

GNO 
C10 

C9 

C1 
C2 
C5 
C6 
C7 
C8 
C9 
C10 
C11 
C12 

6-72 

AVoo VOO 
(5V) (5V) 

22 pF 
22 pF 
10 pF 
1800 pF 
22,000 pF 
33 pF 
10,000 pF 
10,000 pF 
120 pF 
1p,F 

NEe 

R1 3 kn 
R2 27 kn 
R3 10 kn 
R4 1 kn 
R5 7.5 kn 
R6 560 n 
R7 33 kO min 

83-0040138 
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Figure 6. Test Circuit 4 

JlPD71066 

GND AVee Vee 
C10 

SOO kHz JlJL o---+-----U 

RCLKLJL 

I RDOUT+ 
tSRR 

C1 

XTAL2 C4 

C1 22 pF R1 3 kO XTAL1 16 MHz 
C2 22 pF R2 27 kO XTAL2 19.2 MHz 
C3 22 pF R3 10 kO 
C4 22 pF R4 1 kO 
CS 10 pF RS 7.S kO 
C6 1800 pF R6 S600 
C7 22,000 pF R7 33 kfl min 
C8 33 pF 
C9 10,000 pF 
C10 10,000 pF 
C11 120 pF 
C12 1 I'F 

83-0040156 

6-73 



pPD71065/66 ~EC 

Figure 7. Test Circuit 5 

p.PD71066 

GND AVOO VOO 
C10 

C9 

C8 

15 16 

Ix = 81RCLK 

C1 22 pF R1 3 kIJ XTAl1 16 MHz 
C2 22 pF R2 27 k{l XTAL2 19.2 MHz 

C3 22 pF R3 10 k{l 

C4 22 pF R4 1 kIJ 
C5 10 pF R5 7.5 k{l 

C6 1800 pF R6 560 {l 

C7 22,000 pF R7 33 kO min 
C8 33 pF 

C9 10,000 pF 
C10 10,000 pF 

C11 120 pF 
C12 1/-,F 

83-004014B 
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Figure 8. Test Circuit 6 

GND 

Minimum Data 
Interval 

JlJl RDIN 

JL RGATE 

RDIN~ 

RDOUTirLst 
~ 
tSTW 

C1 

c::J 

C2 XTAL1 

C1 22 pF 

C2 22 pF 

C3 22 pF 

C4 22 pF 

C5 10 pF 

C6 1800 pF 

C7 22,000 pF 

C8 33 pF 

C9 10,000 pF 

C10 10,000 pF 

C11 120 pF 

C12 1 J-IF 

IlPD71 066 

C10 

C9 

C8 
2 29 

4 27 

26 

25 

23 

21 

20 

19 

13 

14 17 

15 16 

f = 
400 x (Min Data Interval) 

Duty = 50% 

R1 3 kO 

R2 27 kO 

R3 10 kO 

R4 1 kO 

R5 7.5 kO 

R6 5600 

R7 33 kO min 

AVOO VOO 
(5V) (5V) 

pPD71065/66 

RGATE~ 

VOLP'-+++-

XTAL1 16 MHz 

XTAL2 19.2 MHz 

83-0040166 
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System Configurations Table 2. System Configuration Examples 

Figures 9 through 23 are system configuration ex
amples of the pPD71065 and pPD71066 with various 
floppy-disk controllers and data transfer rates. See 
table 2. 

For additional details and the values of resistors and 
capacitors, see figure 1. 

Floppy-Disk 
Interface 

JlPD71065 

JlPD71 066 

Figure 9. System Example 1: pPD71065 FDI and pPD765A FDC 

FDI FDC 

Floppy-Disk 
Controllers 

JlPD765A, JlPD7265, 
JlPD72065, JlPD72066 

JlPD7260 

JlPD765A, JlPD7265, 
JlPD72065, JlPD72066 

JlPD7260 

FD179X 

FDD 

/LPD71065 /LPD765A/7265 
/LPD72065/72066 

Data transfer rate is 
500/250/125 kb/s 

FDC 

SYNC 1------+1 

MFM 1------+1 

ORO 1------.1 

RDATA 1+-------1 

WINDOW 1+-------1 

¢I+-----I 

WCLK 1+-------1 

* Open ** Open or high 

6-76 

**rJh 
pPD71065 

AOSR 
AOSC 

RDIN 
FDCSW2 

MIN/STD LPF1 
RGATE LPF2 
MFM/FM FDCSW1 
SYNCSW VCOIN 

SYNC 

RDOUT FDDSW 

RCLK CVC 

FDCCLK RESET I----RESET 

WCLK 

X1 

X2 

X3 * 
X4 

Data Transfer Rates 
(kb/sJ Figure 

500/250/125 9 

300/150 10 

500/250/125 11 
and 300/150 

500/250/125 12 

300/150 13 

500/250/125 14 
and 300/150 

500/250/125 15 

300/150 16 

500/250/125 17 
and 300/150 

500/250/125 18 

300/150 19 

500/250/125 20 
and 300/150 

500/250/125 21 

300/150 22 

500/250/125 23 
and 300/150 

LJ> for 
b 250/125 kb/s 

1 for 
500/250 kb/s 

FDD 

83-0039946 
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Figure 10. System Example 2: pPD71065 FDI and pPD765A FDC 

FDI FDC FDD 

I'PD71065 I'PD765A/7265 Data transfer rate is 
I'PD72065/72066 300/150 kb/s 

FDC 
pPD71065 

**~h AOSR 

RDIN * MIN/STD 
SYNC I--------<~ 

MFMI--------<~ 

DRO I---------<~ 

RDATA 1+------1 

WINDOW 1+------1 

¢I+-----I 
WCLK 1+------1 

RGATE 

MFM/FM 

SYNCSW 

SYNC 

RDOUT 

RCLK 

FDCCLK 

WCLK * X1 

X2 

* Open 
* * Open or high 

AOSC 

FDCSW2 

LPF1 

LPF2 

FDCSW1 

VCOIN 

FDDSW 

CVC 

RESET 

X3 

1:MH~ X4 

Figure 11. System Example 3: pPD71065 FDI and pPD765A FDC 

FDI FDC FDD 

I'PD71065 I'PD765A/7265 Data transfer rates are both 
I'PD72065/72066 500/2501125 kb/s & 3001150 kb/s 

FDC 
pPD71065 

AOSC 

RDIN 
FDCSW2 

MIN/STD LPF1 
SYNC RGATE LPF2 
MFM MFM/FM FDCSW1 

SYNCSW VCOIN 

DRO SYNC 

RDATA RDOUT FDDSW 

WINDOW RCLK CVC 
¢ FDCCLK RESET 

WCLK WCLK Mux 

X1 

X2 
X3 

1:MH~ * Open X4 ** Open or high 

pPD71065/66 

FDD 

83-0039958 

4- for 300/1501 
b 250/125 kb/s 

1 for 
500/250 kb/s 

.:t for b 500/250/125 kb/s 

? for 500/2501 
rh 300/150 kb/s 

FDD 

FDD 

83-0039968 

6-77 



pPD71065/66 

Figure 12. System Example 4: pPD71065 FDI and pPD7260 FDC 

FDC 

RGATE 1------.. 

MFM 1------.. 

SYNC t-----+I 

RDATA 1+------1 

RCLK 1+------1 

FOI FOC 

"PD7260 

J.lP071065 

**~h AOSR 
AOSC 

RDIN 

MIN/STD 

RGATE 

MFM/FM FDCSW1 

SYNCSW VCOIN 

SYNC 

RDOUT FDDSW 

RCLK CVC 

FOO 

Data transfer rate is 
500/250/125 kb/s 

* FDCCLK RESET RESET 
WCLK 1+-------1 WCLK 

X1 

X2 
X3 * 
X4 * Open 

* * Open or high 

Figure 13. System Example 5: pPD71065 FDI and pPD7260 FDC 

FOI FDC FDD 

"PD71065 "PD7260 Data transfer rate is 
300/150 kb/s 

FDC 
J.lP071065 

AOSR 
AOSC 

RDIN 
FDCSW2 

* MIN/STD LPF1 
RGATE RGATE LPF2 

MFM MFM/FM FDCSW1 
SYNCSW VCOIN 

SYNC SYNC 

RDATA RDOUT FDDSW 

RCLK RCLK CVC 

* FDCCLK RESET 

WCLK WCLK 

* X1 

X2 
X3 

l:MH~ * Open X4 
* * Open or high 

6-78 
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t for 
250/125 kb/s 

1 for 
500/250 kb/s 

FDD 

83-0039978 

FDD 

83-0039988 
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Figure 14. System Example 6: pPD71065 FDI and pPD7260 FDC 

FDI FDC FDD 

I'PD71065 Data transfer rates are both 
500/2501125 kb/s & 3001150 kb/s 

FDC 
pP071065 .. rJh AOSR 

AOSC 

FOCSW2 

RGATE~--------~ 

M FM .----------~ 

SYNC .----------+1 
ROAT A 1+----------1 

RCLK 1+----------1 

RDIN 

MIN/STD 

RGATE 

MFM/FM 

SYNCSW 

SYNC 

RDOUT 

RCLK 

• FDCCLK 
WCLK 1+----------1 WCLK 

X1 

X2 

• Open 
•• Open or high 

FOCSW1 

FDDSW 

CVC 

RESET 

X3 

1:.t:l X4 

Figure 15. System Example 7: pPD71066 FDI and pPD765A FDC 

FDC 

SYNC 1----------+/ 

M FM I----------~ 

ORQ .--------+1 
RDAT A I+-----------l 

WINDOW ..... --------~ 

¢..------i 
WCLK 1+----------1 

* Open 
** Open or high 

FOI FDC 

I'P0765A/7265 
!,PD72065/72066 

pP071066 

AOSR 

RDIN 

MIN/STD 

RGATE LPF2 
MFM/FM 

SYNCSW VCOIN 

SYNC 

RDOUT FDDSW 

RCLK CVC 

FDCCLK RESET 

WCLK 
TCC • 

X1 

X2 TOUT * 
X3 * 

X4 

FDD 

Data transfer rate is 
500/250/125 kb/s 

RESET 

Mux 

pPD71065/66 

"t for 300/1501 
6 250/125 kb/s 

1 for 
500/250 kb/s 

"t for 6 500/250/125 kb/s 

1 for 500/2501 
3001150 kb/s 

FDD 

FDD 

83-0039998 

"t for 6 250/125 kb/s 

1 for 
500/250 kb/s 

FDO 

83-0040008 
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Figure 16. System Example 8: pPD71066 FDI and pPD765A FDC 

FDI FDC FDD 

I'PD71066 I'PD765A/7265 Data transfer rate is 
I'P 072065172066 300/150 kb/s 

FDC 
tJPD71066 

SYNC 1-----+-1 

MFMI-----+-I 

ORO 1-----+-1 

RDATA 1+-------1 

WINDOW 1+-------1 

¢I+-----i 

WCLK i+------i 

AOSR 

RDIN 

MIN/STD 

RGATE 

MFM/FM 

SYNCSW 

SYNC 

RDOUT 

RCLK 

FDCCLK 

WCLK 

* X1 

X2 

* Open 
** Open or high 

AOSC 

FDCSW2 

LPF1 

LPF2 

FDCSW1 

VCOIN 

FDDSW 

CVC 

RESET 

TCC * 

TOUT * 
X3 

l:MH~ X4 

Figure 17. System Example 9: pPD71066 FDI and pPD765A FDC 

FDI FDC FDD 

I'PD71066 I'PD765A/7265 Data transfer rates are both 
I'PD72065/72066 500/250/125 kb/s & 3001150 kb/s 

FDC 

SYNC 

MFM 

ORO 

RDATA 

WINDOW 

¢ 
WCLK 

* Open 
* * Open or high 
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tJPD71066 

RDIN 

MIN/STD 

RGATE 

MFM/FM 

SYNCSW 

SYNC 

RDOUT 

RCLK 

FDCCLK 

WCLK 

X1 

X2 

AOSC 

FDCSW2 

LPF1 

LPF2KM.-+-+ 

FDCSW1 

VCOIN 

FDDSW ..... ------f-----i---' 

CVCr--;r----~ 

RESET ..... ----

TCC * 

TOUT * 

X3 ~ 
X4 c=J t-l 

'--------.... 19.2 MHz 

Mux 

t\'EC 

FDD 

83-0040016 

t for 300/1501 
250/125 kb/s 

? for 
J, 500/250 kb/s 

t for 
500/250/125 kb/s 

? for 500/2501 
J, 300/150 kb/s 

83-0040026 
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Figure 18. System Example 10: pP071066 FOI and pP07260 FOC 

FDI FDC 

!-,PD7260 

FDD 

Data transfer rate is 
500/250/125 kb/s 

FDC 
JlPD71066 

RGATEt-----~ 

MFMt-----~ 

SYNC t-----~ 

RDATA 1+------1 

RCLK 1+------1 

RDIN 

MIN/STD 

RGATE 

MFM/FM 

SYNCSW 

SYNC 

RDOUT 

RCLK * FDCCLK 
WCLK 1+------1 WCLK 

X1 

X2 

* Open 
* * Open or high 

AOSC 

FDCSW2 

LPF1 

LPF2 

FDCSW1 

VCOIN 

FDDSW 

CVC 

RESET RESET 

TCC * 
TOUT * 

X3 * 
X4 

Figure 19. System Example 11: pP071066 FOI and pP07260 FOC 

FDI FDC FDD 

I'PD71066 !-,PD7260 Data transfer rate is 
300/150 kb/s 

FDC 
JlPD71066 

**~h AOSR 

'----~RDIN 

RGATE~----~ 

MFM~----~ 

SYNC~----~ 

RDATA I+-------i 

RCLK I+-------i 

MIN/STD 

RGATE 

MFM/FM 

SYNCSW 

SYNC 

RDOUT 

RCLK 

* FDCCLK 
WCLK I+-------i WCLK 

* X1 

X2 

* Open 
* * Open or high 

AOSC 

FDCSW2 

LPF2 

FDCSW1 

VCOIN 

FDDSW 

CVC 

TCC * 

TOUT * 
X3 

X4 l:MH~ 

J..lPD71 065/66 

t for 
250/125 kb/s 

? for 
th 500/250 kb/s 

FDD 

83-0040038 

FDD 

83-0040048 
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Figure 20. System Example 12: pP071066 FOI and pP07260 FOC 

FDI FOC 

/LP071066 

FOC 
pPD71066 

RGATEI-----... 

MFMI-----... 

SYNC 1------.
ROATA I+-----~ 

RCLK I+-----~ 

MINISTD 

RGATE 

MFMIFM 

SYNCSW 

SYNC 

RDOUT 

RCLK 

* FDCCLK 

WCLK I+-----~ WCLK 

X1 

X2 

AOSC 

FDCSW2 

LPF1 

LPF2 

FDCSW1 

VCOIN 

FOOSW 

CVC 

RESET 

TCC * 

TOUT * 

FDO 

Data transfer rates are both 
50012501125 kbls & 3001150 kbls 

Mux 

X3 

':Ml;! X4 * Open 
** Open or high 

Figure 21. System Example 13: pP071066 FOI and F0179X FOC 

FOC 

VFOE 

DOEN 

RGISSO 

RAWREAO 

RCLK 

CLK 

* Open 
* * Open or high 

6-82 

1=;.: 

FDI FDC 

I'P071066 FD179X series 

pPD71066 

AOSR AOSC 

ROIN 

MIN/STD 

RGATE 

MFM/FM 

SYNCSW VCOIN 

SYNC 

ROOUT FOOSW 

RCLK CVC 

FDCCLK RESET 

* WCLK 
TCC 

X1 

X2 TOUT 

X3 * 

X4 

FOO 

Data transfer rate is 
500/2501125 kbls 

,..---+----0 General-Purpose Timer 
Trigger Input 

General-Purpose Timer 
Output 

NEe 

l' for 30011501 
6 2501125 kbls 

Y for 
th 5001250 kbls 

l' for 6 500/250/125 kb/s 

Y for 500/2501 
th 300/150 kb/s 

FDD 

83-0040056 

l' for 6 2501125 kb/s 

Y for 
th 500/250 kb/s 

83-0040066 
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Figure 22. System Example 14: /lPD71066 FDI and FD179X FDC 

FDI FDC 

IlPD71 066 FD179X series 

FDC 
IIPD71066 

VFOE I------:..~+I 

DDEN 1-----+1 

RG/SSO 1-----+1 

RAWREAD~----~ 

RCLK 1+------1 

CLK 1+------1 

RDIN 

MIN/STD 

RGATE 

MFM/FM 

SYNCSW 

SYNC 

RDOUT 

RCLK 

FDCCLK 

* WCLK 

* X1 

X2 

* Open 

AOSC 

LPF2 

FDCSW1 

VCOIN 

FDDSW 

CVC 

RESET 

TCC 

FDD 

Data transfer rate is 
300/150 kb/s 

...--t----<> General-Purpose Timer 
Trigger Input 

General-Purpose Timer 
Output 

Figure 23. System Example 15: /lPD71066 FDI and FD179X FDC 

FDC 

VFOE 

DDEN 

RG/SSO 

RAWREAD 

RCLK 

CLK 

* Open 

J=;.: 

FDI FDC FDD 

"PD71066 FD179X series Data transfer rates are both 
500/2501125 kb/s & 3001150 kb/s 

IIPD71066 

RDIN 

MIN/STD 

RGATE 

MFM/FM 

SYNCSW 

SYNC 

RDOUT 

RCLK 

FDCCLK 

* WCLK 

X1 

X2 

AOSC 

FDCSW2 

LPF1 

LPF2 

FDCSW1 

VCOIN 

FDDSW 

CVC 

RESET 

TCC 

TOUT 

X3 

X4 

...--t--t--o General-Purpose Timer 
Trigger Input 

General-Purpose Timer 
Output 

Mux 

FDD 

83-0040078 

t for 300/1501 
250/125 kb/s 

1 for 
500/250 kb/s 

~for 6 500/250/125 kb/s 

? for 500/2501 
th 3001150 kb/s 

FDD 

FDD 

83-0040088 
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NEe 
NEe Electronics Inc. 
PRELIMINARY INFORMATION 

Description 

The pPD7260 is a single-chip disk controller that is 
capable of interfacing to a maximum of four floppy or 
hard disks in any combination. The chip utilizes the 
ST -506 defacto standard for the Winchester disks and 
is compatible with 8-inch, 5-1/4-inch and 3-1/2-inch 
floppy disks. The pPD7260 is based on the pPD7261A 
architecture, but with changes to enhance performance 
and flexibility. The pPD7260 can generate both IBM
and ECMA-compatible floppy disks and hard disks 
with the standard format. ECC and eRe capabilities 
along with many high-level commands provide excel
lent system throughput, and the single-chip design 
provides for efficient board space utilization. 

Features 

D Hard and floppy disk interface 
D Controls four drives (any combination) 

simultaneously 
o Programmable track format 
D Transfer rate 6 MHz maximum 
D 16 high-level disk commands 
D Parallel seek capability 
o Multi-sector, -track, -cylinder read/write capability 
D Implied seek function 
D CRC error detection 
o ECC error detection and correction 
D DMA data transfer 
D Single +5 volt supply 
D NMOS 40-pin ceramic DIP 

pPD7260 Commands 

Check 
Detect Error 
Read Data 

Sense Intr. Status 
Sense Status 
Specify1 

Read Diagnostic 
Read ID 
Recalibrate 
Scan 
Seek 

Specify2 
Verify Data 
Verify ID 
Write Data 
Write Format 

Ordering Information 

Part Number Package Type 

pPD7260D 40-pin ceramic DIP 

Max Frequency 
of Operation 

12 MHz 

pPD7260 
HARD AND FLOPPY 
DISK CONTROLLER 

Pin Configuration 

) Hard disk only 
) Floppy disk only 

WClK 

iffi 
WR 
AO 

DO 

D1 

D2 

D3 

D4 

Ds 

D6 

D7 

GND ------.......-

Vcc 
RGATE 

WGATE 

ClK 

INDEX 

PCl 

PCE 

[DSDI (2 Side) 

[SKCl (WPRT) 

FlTITRKO 

READY 

DSo 

DS1 

HSO 

[HS11 
[HS21 (Fl TR) 

[HS31 (HDlD) 

RW/SEEK 

MFM/STEP 

83·002629A 

Pin Identification 
No. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12-19 

20 

21 

22 

23 

Symbol 

SYNC 

R/W DATA 

RCLK 

RESET 

INT 

DMARQ 

TC 

WCLK 

RD 

WR 

AO 

DO-D7 

GND 

RWC/DIR 

Function 

PLL synchronization output 

Read data input or write data output 

Read clock input 

System reset input from host 
computer 

Interrupt request output 

DMA request output 

Terminal count input from DMA 

Write clock input 

Host computer read control input 

Host computer write control input 

Status/command register or FIFO 
select pin 

System data bus connections 

System ground 

If RW/SEEK = 1, outputs read/write 
current decrease signal. If RW /SEEK 
= 0, outputs the direction RW head 
is to move. 

MFM/STEP If RW/SEEK = 1, outputs MFM signal 
to VCO circuit. If RW/SEEK = 0, 
outputs STEP signal to move RW 
head. 

RW/SEEK Output signal that specifies function 
of some multiplexed signals 
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Pin Identification (cont) 
No. Symbol 

24 [HS3] 
(HOLD) 

25 [HS2] 
(FLTR) 

26 [HS1] 

27 HSo 

28-29 DS1-DSO 

30 READY 

31 FLT/TRKO 

32 [SKC] 
(WPRT) 

Block Diagram 

00-07 

6-86 

Function 

For hard disk, head select 3 output. 
For floppy disk, head load output. 

For hard disk, head select 2 output. 
For floppy disk, output to clear drive 
fault state. 

Head select output to disk drive. 

Head select output to disk drive. 

Drive select outputs. 

Ready input from disk drive. 

If RW ISEEK = 1, inputs a fault flag 
from the disk drive. If RW/SEEK = 0, 
inputs a signal indicating R/W head 
is over cylinder zero. 

Seek complete input from hard disk 
drive, or write protected input from 
floppy disk drive. 

AD 

AD 

\VA 
INT 

DMARQ 

TC 

Read/Write 
/INT 
/DMA 
Control 

) : Floppy disk Interface 
1 : Hard disk Interface 

No. 

33 

34-35 

36 

37 

38 

39 

40 

NEe 

Symbol Function 

[DSD] Drive selected input from hard disk 
(2 Side) drive, or double-sided disk input 

from floppy disk drive. 

PCE, PCl Precompensation early Ilate output 
to disk drive 

INDEX Index hole detect input from disk 
drive 

ClK System clock input from host 
computer 

WGATE Write gate output to disk drive 

RGATE Read gate output to disk drive 

Vee +5 V (typical) 

RClK 

WClK 

R/WDATA 
Format 
Control SYNC 

RGATE 

WGATE 

INDEX 

PCl 

PCE 

[DSDl (2 Side) 

[SCKl (WPRT) 

FlTITRKO 

READY 
Disk DSo 

Interface 
.Control DS1 

HSo 

[HS11 

[HS21 (Fl TR) 

[HS31 (HOLD) 

RW/SEEK 

MFM/STEP 

RWC/DIR 

83·0037848 
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NEe Electronics Inc. 

Description 
The tJPD7261A and tJPD7261B hard-disk controllers are 
intelligent microprocessor peripherals designed to con
trol a number of different types of disk drives. They are 
capable of supporting either hard-sector or soft-sector 
disks and provide all control signals that interface the 
controller with either SMD disk interfaces or ST506-type 
drives. The sophisticated instruction set minimizes the 
software overhead for the host microprocessor. By us
ing the DMA controller, the microprocessor needs only 
to load a few command bytes into the tJPD7261A/7261B 
and all the data transfers associated with read, write, or 
format operations are done by the tJPD7261A/7261B and 
the DMA controller. Extensive error reporting, verify 
commands, ECC, and CRC data error checking assure 
reliable controller operation. The tJPD7261A/7261B pro
vides internal address mark detection, ID verification, 
and CRC or ECC checking and verification. An eight
byte FIFO is used for loading command parameters and 
obtaining command results. This makes the structuring 
of software drivers a simple task. The FIFO is also used 
for buffering data during DMA read/write operations. 

Features 

D Flexible interface to various types of hard disk 
drives 

D Programmable track format 
D Controls up to 8 drives 
D Parallel seek operation capability 
D Multi-sector and multi-track transfer capability 
D Data scan and data verify capability 
D High-level commands, including: 

Read Data, Read ID, Write Data, Format, Scan Data, 
Verify Data, Verify ID, Check, Seek (normal or buf
fered), Recalibrate (normal or buffered), Read 
Diagnostic (SMD only), Specify, Sense Interrupt 
Status, Sense Unit Status, and Detect Error 

D N RZ or M FM data format 
D Maximum R/W CLKfrequency: 18 MHz (7261 B) 

12 MHz (7261A) 
D Error detection and correction capability 
D Simple 1/0 structure: compatible with most 

microprocessors 
D All inputs and outputs except clock pins are TIL-

compatible (clock pins require pullup) 
D Data transfers under DMA control 
D NMOS 
D Single +5 V power supply 
D 40-pin dual-in-line package 

pPD7261A/B 
HARD-DISK CONTROLLERS 

Pin Configuration 

SYNC 

R/WOATA 

R/WClK 

RESET 

INT 

OREQ 

TC 
cs 
AD 

BTl 

BTO 

INDEX 

SCT 

USTG 

SSTG 

TG2 

TGl 

(RGATE) 

(WGATE) 

(PCl) 

(PCE) 

(OSO) 

(SKC) 

(TRKO) 

(READY) 

(WFlT) 

(OSO) 

(OSl) 

(HSO) 

(HS1) 

(HS2) 

(RWC) 

(STEP) 

(OIR) 

Note: Signals shown in parentheses are used In the ST506 mode. 

Ordering Information 

Device Number Package Type 

JlPD7261AD 40-pin ceramic DIP 

JlPD7261BD-18 40-pin ceramic DIP 

Pin Identification 
No. Symbol 

Host Interface 

4 RESET 

5 INT 

DREQ 

TC 

8 CS 

9 RD 

10 WR 

11 AD 
12-19 Do-D7 

20 GND 

37 CLOCK 

40 Vee 
SMD Interface 

SYNC 

R/W DATA 

3 R/W ClK 

21-28, 38, 39 BT9-BTO 

49·000954A 

MaxFreq. 
ofOperaUon 

12MHz 

18MHz 

Function 

Reset input 

Interrupt request output 

DMA request output 

Terminal count input 

Chip select input 

Read strobe input 

Write strobe input 

Register select input 

Data 110 bus 

Ground 

External clock input 

+5 V power supply 

Pll synchronization 
output 

Read 1 write data I 10 

Read 1 write clock input 

Bit 9-0 outputs 1 Status 
inputs 
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Pin Identification (cont) 
No. Symbol Function 

8MD Interface (cont) 

29-31 TG1-TG3 Tag 1-3 output 

32 BDIR Bit direction output 

33 SSTG SR select tag output 

34 USTG Unit select tag output 

35 SCT Sector input 

36 INDEX Sector zero input 

8T506-Type Interface 

1 SYNC Pll lock I Read clock 
enable output 

R/W DATA Read I write data I / 0 

3 R/WClK Read I write clock input 

21 DIR Direction in output 

22 STEP Step pulse output 

23 RWC Reduced write current 
output 

24-26 HS2-HSO Head select outputs 2-0 

27,28 DS1, DSO Drive select outputs 1, 0 . 

29 WFlT Write fault input 

30 READY Ready input 

31 TRKO Track zero input 

32 SKC Seek complete input 

33 DSD Drive selected input 

34 PCE Precomp early output 

35 PCl Precomp late output 

36 INDEX Index input 

38 WGATE Write gate output 

39 RGATE Read gate output 

Pin Functions-Host Interface 

RESET (Reset) 

When the RESET input is pulled high, it forces the de
vice into an idle state. The device remains idle until a 
command is issued to the system. 

INT (Interrupt Request) 

The ~PD7261A/7261B pulls the tNT output high to re
quest an interrupt. 

DREQ (DMA Request) 

The /-LPD7261A/7261B pulls theDREQ output high to re
quest a DMAtransfer between the disk controller and 
the memory. 
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TC (Terminal Count) 

The TC input goes low to signal the final DMA transfer. 

CS (Chip Select) 

When the CS input is loW, it enables reading from or writ
ing to the register selected by Ao. 

RD (Read Strobe) 

When the RD strobe is low, data is read from the se
lected register. 

WR (Write Strobe) 

When the WR input is low, data is written to the selected 
register. 

Ao (Register Select) 

The Ao input is connected to a non-multiplexed address 
bus line. When Ao is high, it selects the commandorsta
tus register. When it is low, it selects the data buffer. 

Do- D7 (Data. Bus) 

Do-D7 are connected to the system data bus. 

CLOCK (Clock) 

The CLOCK input is the timing clock for the on-chip 
processor. 

Pin Functions - SMD Interface 

SYNC (Pll Synchronization) 

This output goes high after the read gate signal (BT1 
when TG3 = 0) is high and a given number of bytes 
(GPL2-2) has elapsed. 

R/W DATA (Read/Write Data) 

The R/W DATA pin outputs the write data to the drive, 
and inputs the read data from the drive. 

R/W ClK (Read/Write Clock) 

R/W ClK is the input for the read and write clocks. 

BT9-BTO (Bit 9-0) 

BT9-BTO output the bit signals, bit 9-0. The bit 9-0 out
puts send cylinder and unit addresses to the drives. 
BT9-BT2 also act as inputs for status signals from the 
drives as shown in table 1. 
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Table 1. Bit and Control Information 

No. Bit Control 

21 BT9 Unit Selected 

22 BT8 Seek End 

23 BT7 Write Protected 

24 BT6 

25 BT5 Unit Ready 

26 BT4 On Cylinder 

27 BT3 Seek Error 

28 BT2 Fault 

BT7-BT2 also read the device status 2 (SR7-SR2) and 
device type (OT7-0T2). The index and SCT pins read 
SRO, SR1 and OTO, OTl 

BDIR (Bit Direction) 

The BOIR output determines whether pins 28-21 will 
output BT2-BT9 or input drive status signals. 

TG3-TG1 (Tag 3-1) 

The TG outputs define the use of the BT pins. When TG1 
is low, BT9-BTO output the cylinder address. When TG2 
is low, BT7-BTO select a head address. When TG3 is 
low, BT9-BTO output control signals for the disk drive. 

SSTG (SR Select Tag) 

When the SSTG output is low, BT7-BT2, INDEX and SCT 
will be inputting SR7-SRO or OT7-0TO. 

USTG (Unit Select Tag) 

When the USTG output is low, BT4-BT2 will be output
ting a unit address. 

INDEX (Index) 

The INDEX input goes high when the drive detects an 
index mark. INDEX also acts as the SRO and OTO input 
pin. 

SCT (Sector) 

The SCT input goes high when the drive detects a sector 
mark. SCT also acts as the SR1 and OT1 input pin. 

Pin Functions-ST506-Type Interface 

SYNC (Read Clock Enable) 

SYNC indicates that a sync pattern has been detected 
and that synchronization has been achieved. 

pPD7,261A/B 

R/W DATA (Read/Write Data) 

The R/W DATA pin outputs the. write data to the drive, 
and inputs the read data from the drive. 

R/W ClK (Read/Write Clock) 

R/W ClK is the input for the read and write clocks. 

01 R (Direction In) 

The OIR output determines the direction the read/write 
head will move in when it receives a step pulse. OIR high 
will cause the head to move inward, OIR low will move 
the head outward. 

STEP (Step Pulse) 

STEP outputs the head step pulses. 

Rwe (Reduced Write Current) 

The RWC output signals that the read/write head of the 
disk drive has selected a cylinder address larger than 
that specified in the SPECIFY command. This signal is 
used to reduce the write current. 

HS2-HSO (Head Select 2-0) 

The HS2-HSO outputs select the head. Up to 8 read/ 
write heads can be selectedper drive. 

DS1, DSO (Drive Select 1,0) 

The OS1 and OSO outputs select one of up to 4 drives. 

WFlT (Write Fault) 

The WFlT input detects write faults. 

READY (Ready) 

The READY input detects the drive's ready state. 

TRKO (Track 0) 

The TRKO input signals that the head is at track O. 

SKC (Seek Complete) 

The SKC input signals that a seek is complete. 

DSD (Drive Selected) 

The OSO input signals that the drive is selected, 

PCE (Precomp Early) 

When the PCE output is high, early write precompensa
tion is required. 

PCl (Precomp late) 

When the PCl output is high, late write precompensa
tion is required. 
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INDEX (Index) 
The INDEX input goes high when the drive detects the 
index mark. 

WGATE (Write Gate) 
WGATE output goes high when thetJPD7261A/7261B is 
writing data. 

RGATE (Read Gate) 
The RGATE. output goes high when the tJPD7261AI 
72618 is reading from the disk. 

Block Diagram 

R/WClK 
BT1(RGATE) 

R/WOATA 
BTO(WGATE) 

SYNC 
(PCl)SCT 

INDEX 

Processing Unit 

00·07 .... --..... ..-1 

TC 
AO 
iii) 

Viii 
Cs 
INT 

OREQ 

Internal 
RAM 

ROM 
(Control Firmware) 

Absolute Maximum Ratings 
Operating temperature, TaPT 

Storage temperature, T STG 

Voltage on any pin with respect to ground, Vee 

Input voltage, VI 

Output voltage, Va 

ClK 
RESET 

-0.5to +7.0V 

-0.5to +7.0V 

-0.5to +7.0V 

Comment: Exposing the device to stresses above those listed in 
the Absolute Maximum Ratings could cause permanent dam· 
age. The device should not be operated under conditions outside 
the limits described in the operational sections of this 
specification. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 
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DC Characteristics 
*",PD7261B specifications are preliminary 
TA=Oto +70°C, Vee = +5.0V±10% unless otherwise specified 

Limits T.st 
Paramet.r Symbol Min Typ Max Unit Conditions 

Input voltage VIL1 -0.5 +0.8 V All except ClK, 
low R/WClK 

Input voltage VIL2 -0.5 +0.6 V ClK, R/WClK 
low 

Input voltage VIH1 +2.0 Vee+0.5 V All except ClK, 
high R/WClK 

Input voltage VIH2 +3.3 Vee+0.5 V ClK, R/WClK 
high 

Output voltage VOL +0.45 V IOL = +2.0mA 
low 

Output voltage VOH1 +2.4 V IOH = -100 ",A, 
high all except pins 

21-34 

Output voltage VOH2 +2.4 V IOH= -50j.iA, 
high pins 21-34 

Input leakage IU1 ±10 j.tA VIN=Vee to 
current 0.45 V, 

all except pins 
21-34 

Input leakage 1U2 -500 j.tA VIN=Vee to 
current 0.45 V, 

pins 21-34 

Output leakage ILO ±10 j.tA VOUT=Vee to 
current 0.45V 

Supply current ICC 250 320 mA 

Capacitance 
TA=25°C, VCC=OV 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input CIN 15 pF (Note 1) 
capacitance 

Output CaUT 15 pF (Note 1) 
capacitance 

I nput I Output CliO 20 pF (Note 1) 
capacitance 

Note: 
(1) f = 1 MHz, All unmeasured pins tied to GND. 
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AC Characteristics 
{JPD72618 specifications are preliminary. 
TA=O°Cto + 70°C, VCC= +5V ±10% unless otherwise specified 

Limits Test Limits Test 
Parameter Symbol Min TyP Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions 

Processor Interface ST506-Type Interface (cant) 

Clock cycle tCY 83 ns 7261A only R/W ClK rise tRWCR 10 ns 

55 ns 72618 only time 

Clock time, low tCl 30 R/W ClK fall tRWCF 10 ns ns 
time 

Clock time, high tCH 30 ns 
R/W DATA setup tRDRC 40 ns 

Clock rise time tCR 10 ns to R/W ClK 

Clock fall time tCF 10 ns R/W DATA hold tRCRD ns 7261A 

~, CS setup to tAR 0 ns from R/W ClK ns 72618 
RD 

R/W DATA delay tWCWD 35 90 7261A ns 
AD, C~hold tRA 0 ns from R/W ClK 55 72618 from RD ns 

RD pulse width tRR 200 ns RGATE delay tRCRG 300 ns 
from R/W ClK 

Data delay from tRD 150 ns 
WGATE delay tWCWG 150 ill ns 
from R/W ClK 

Output float tRDF 0 100 ns 
PCEI PCl delay tRwCPC 35 110 7261A delay ns 
from R/W ClK 

Data delay from tAD 150 ns 55 ns 7261B 

AD, CS SYNC delay from tRWCSY 150 ns 

AD, CS setup to tAW 0 ns R/W ClK 

WR DSO, DS1 setup tDSST 250 tey Normal seek D AD, CS hold tWA ns to STEP mode 

from WR ~etupto tDIST 200 tCY Normal seek 

WR pulse width tww 200 ns STEP mode 

Data setup to tDW 100 ns STEP pulse tSTEP 69 85 tCY Normal seek 

WR width mode 

DSO, DS1 hold tSTDS 750 tCy(1) Normal seek Data hold from tWD 5 ns 
WR from STEP mode 

Recovery time tRV 200 ns DIR hold from tSTDI 750 tCy(1) Normal seek 

from ill, WR STEP mode 

Reset pulse tRES 100 tCY 
DSO, DS1 hold tSKDS 100 tCy(2) Normal seek 

width from SKC mode 

TC pulse width tTC 100 ns DIR hold from tSKDI 100 tCy(2) Normal seek 
SKC mode 

INT delay from tWI 200 ns 
DS~S1 setup tDSSTB 250 tCY Buffered seek WRt 
to STEP mode 

DREQ delay from tWRQ 250 ns 
~etupto tDISTB 200 tCY Buffered seek WRt 
STEP mode 

Q,!3EQ delay from tRRQ1 250 ns 
STEP pulse tSTEPB 69 85 tCY Buffered seek RD t 
width mode 

~EQ delay from tRRQ2 150 ns 
STEP cycle tSTCY 570 660 tCY Buffered seek RD ~ 
period mode 

ST506-Type Interface 
DSO, DS1 hold tSTDSB 200 tCy(1) Buffered seek 

R/W ClK cycle tRWCY 83 ns 7261A from STEP mode 
period 55 ns 72618 DIR hold from tSTDIB 200 tCy(1) Buffered seek 

R/W ClK time, tRWCL 30 ns 7261A STEP mode 

low 20 ns 7261B Note: 

R/W ClK time, tRWCH 30 7261A 
(1) Polling mode 

ns (2) Nonpolling 
high 20 ns 7261B (3) AC Characteristics are tested with CL = 100pF. 
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AC Characteristics (cont) 
TA=O°Cto +70 0 C, Vee = +5V ±10%;VSS=OV 

Limits Test Limits Test 
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions 

ST506-Type Interface (cont) CYLADR setup tCATl 27 48 tCY Cylinder select 

DSO, DS1 hold tSKOSB 100 tCy(2) Buffered seek toTG1 operation 

from SKC mode CYl. ADR hold tT1CA 60 tCY Cylinder select 

DIR hold from tSKDIB 100 tCy(2) Buffered seek from TG1 operation 

SKC mode TG1 pulse width tTGl 24 36 tCY Cylinder select 

Index pulse widthtlDXF 8 tRWCY 
operation 

SMD Interface 
~Rsetupto tBoT2 15 tCY Head select 
TG2 operation 

R/W ClK cycle tRWCY 83 ns 7261A 
BDIR hold from tT2BO 70 tCY Head select 

period 55 ns 7261B TG2 operation 

R/W ClK time, tRWCL 30 ns 7261A HEAD ADR setup tHAT2 15 70 tCY Head select 
low 20 ns 7261B TG2 operation 

R/W ClK time, tRWCH 30 ns 7261A HEAD ADR hold tT2HA 70 tCY Head select 

high 20 
from TG2 operation 

ns 7261B 
TG2, pulse tTG2 24 36 tCY Head select 

R/W ClK rise tRWCR 10 ns width operation 
time 

BDIR setup to tBoT3 24 tCY (Note 4) 
R/WClKfall tRWCF 10 ns TG3 
time 

BDIR hold from tT3BO 24 36 tCY (Note 4) 
R/W DATA setup tRORC 40 ns TG3 
to R/WClK 

TG3, pulse tTG3 56 66 tCY (Note 4) 
R/W DATA hold tRCRD ns 7261A width 
from R/WClK ns 7261B BT2, 3, 4, 6, 7, tBTT3 56 tCY (Note 4) 
R/W DATA delay twcwo 35 90 ns 7261A 8 setup from 
from R/W ClK 0 55 ns 7261B TG3 

BT1 delay from tRCRG 300 BT4, 6 hold from tT3BTl 24 tCY (Note 4) 
ns 

TG3 
R/WClK 

BTO delay from tWCWG 150 ns BT2, 3, 7, 8 tT3BT2 75 tCY (Note 4) 

R/WClK 
hold from TG3 

SYNC delay from tRWCSY 150 ns BDIR delay from tSTBD 24 tCY (Note 5) 

R/WClK 
SSTG 

BDIR setup to tBoUT 60 tCY Unit select BDIR high time tBOIR 54 66 tCY (Note 5) 

USTG operation BT9 setup to tBTBD 24 36 tCY (Note 5) 

BDIR hold from tUTBO 15 tCY Unit select BDIR 

USTG operation BT9 hold from tBoBT 24 33 tCY (Note 5) 

Unit ADR setup tUAUT 20 40 tCY Unit select BDIR 

to USTG operation SSTG pulse tSSTG 200 tCY (Note 5) 

Unit ADR hold tUTUA 15 tCY Unit select width 

from USTG operation Index pulse tlDXH 8 tRWCY 

BDIR setup to tBoTl 27 48 tCY Cylinder select width 

TG1 operation SCT pulse width tSCT 8 tRWCY 

BDIR hold from tTlBO 60 tCY Cylinder select Note: 
TG1 operation (4) RTZ, FAULT CLR, SERVO, DATA STB, control timing. 

(5) Sense unit status timing. 
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Timing Waveforms - Host System Interface 

AC Test Points (Except RIW CLK, CLK) 

2.
4V

--V2.0V 2.0VV 
0.45 V --A .... 0;.;;..8...;.V __ T8_S_t _PO_I"_tS __ ..;.;0.,;,,8 ... V A--

83-003478A 

CLK Waveform 

83-003479A 

Read Timing 

AO, cs 

00-07 ---4-------(] 

83-003480A 

Write Timing 

AO, CS --X ________ _ 
----.oJ ttAW 

00-07 

INT 

83-003481A 

DMA Write Timing 

WR __ \'----_{_"' .. L 
OREQ 

83-003482A 

pPD7261A/B 

DMA Read Timing 

During Disk Read Operation 

FlO \'-____ { 

___ tRRQ1L 

OREQ 

After Disk Read Operation 

RO 

OREQ 

TC 

83-003483A 

Reset Waveform 

RES~ ----1 ~ I D I+---tRES'~' ~"""'" . • 

SMD Interface, RIW CLK Waveform 

SMD Interface, Data ReadlWrite Timing 

RIW elK 

RIW Oata 
(Input) 

RIW Data 
(Output) 

83-003485A 

83-003486A 
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Timing Waveforms - Host System Interface (cont) 

SMD Interface, ReadIWrite Timing 

RIW ClK 

BT1 
(Read Gate) 

BT1 
(Write Gate) 

SYNC 

SM D Interface, Unit Select Timing 

83-003487 A, 

~~~ ~"~~-A-UT-t~''''' -_-tU~T-U-A~~-t-UT-B-/o-:=J=---_ 
BT2·4 ==========A Unit Address vall~ ..... ___ _ 

83-003488A 

SMD Interface, Seek Ti",ing 

'''"=if 
, tBOT1 --,--~.0J= 

BTO·9 

83-003489A 

SMD Interface, Head Select Timing 

BDIR if \ 

TG2 ~ l"J=".' { m.o-r 
"'" X ... ." H .. d Ad ..... V"" - '''HAr 

83-003490A 
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Bit Bus Timing, FauItClearIReturn·to·Zero 

.,," ---i-
, ' tBOT3 

.".)1.-______ _ 
TG3 

tTG3l---,~I .... -"""1= r- tBTT3 ,I, 

BT4,6--./ 

83-003491 A 

Bit Bus Timing, Servo Offset/Data Strobe 
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q,.)'----------
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Bit Bus 9 Timing 

BDIR 

BT9 

1+-------t88TO--------I 

83-003493A 

Floppy·Like Interface, RIW CLK Waveform 

83-003494A 
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Timing Waveforms-Host System Interface (cont) 

Floppy-Like Interface, Data Read/Write Operation 

R/W ClK 

RIW Data 
(Input) 

RIW Data 
(Output) 

Floppy-Like Interface, Read/Write Operation 

RIW ClK 

RGATE 

WGATE 

PCl, PCE 

SYNC 

83-00349SA 

83-003496A 

Normal Seek Operation 

Polling Mode 

Non-Polling Mode 

Buffered Seek Operation 

Polling Mode 

Non-Polling Mode 

DSO,1 

DIR 

STEP 

SKC 

J.lPD7261A/B 

83-003497A 

83-003498A 
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Timing Waveforms - Host System Interface 
(cont) 

Read/Write Sequence (Disk Command Issue) 

Parameter Disk INT STR Result Parameter Another 
Writes Command Req Read Status Writes Disk 

rnk rue f ~i_---,-I_· --,-I _'...:..;~~,-,-i:....:.~~.!...., '----,jj $s--I...:.I :....:.1 1",-,11_' _~o.!....i~_em_an_d 
CB ----.r-'~ r-

~======::::;::::tN 
CEH+CEL--- J {~ L_1f:-----~ 
INT -----] f~ ~-fi_-----
SRQ -------if: (CLCE comm:fi-d_'s_SU_e) ___ _ 

Sense Interrupt Status Request When Controller 
Not Busy 

INT STR SENSEINT INT STR Result 
Req. Read STATUS Req. Read Status 

I I 
Command 

I I 

Reads 
Issue I 1 f l 

CB r--'~ 
CEH+CEL $ r----J, _____ _ 
INT~~ 

SRQ~li_------_ 

Sense Interrupt Status Request When Controller Busy 

INT STR HSRQ INT STR Result CLCE SENSE INT INT 
Command Req Read Status Command STATUS Req. 
Issue I . Reads Issue Command I 

I ff rJIii' I ISjUe f ~ r· Td 

I~:=======::::::.-----,r~ 
CEH+CEL I I 
~:::::~~$~ 5~ 

INT j ~~ L,s-----J 
SRQ 1-_____ 1 L,>=---

CB 

SRQ Mask (SRQM) Is Set 
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High-Level Commands 

Specify 

t-IEC 

Allows user to select SM D or ST506-type mode data 
block length, ending track number, end sector number, 
gap length, track atwhich write current is reduced, ECC 
or CRC function, choice of polynomial, and polling 
mode enable. 

Sense Interrupt Status 

When a change of disk status occurs, the H DC will inter
rupt the host CPU. This command will reveal the cause 
of interrupt, such as seek end, disk ready change, seek 
error, or equipment check. The disk unit address is also 
supplied. 

Sense Unit Status 

The host CPU specifies the drive numbers and the HDC 
will return information such as write fault, ready, track 
000, seek complete and drive selected, or for SMD units 
fault, seek error, on cylinder, unit ready, AM found, write 
protected, seek end, and unit selected. 

Detect Error 

Used after a read operation where ECC has been em
ployed. The detect error command supplies the infor
mation needed to allow the host CPU to execute an error 
correction routine. (Only allowed when an actual cor
rectable error is detected by the H DC.) 

Recalibrate 

Returns the disk drive heads to the home position or 
track 000 position. Has four modes of operation: SMD, 
normal, buffered, or nonpolling. 
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Seek 

Moves the disk drive heads to the specified cylinder. As 
in recalibrate, seek has four modes of operation. 

Format 

This command is used to initialize the medium with the 
desired format which includes various gap lengths, 
data patterns, and CRC codes. This command is used in 
conjunction with the specify command. 

Verify ID 

Used to verify the 10 bytes with data from memory. Per
forms the operation over a specified number of sectors. 

Read ID 

Used to verify the position of the read/write heads. 

Read Diagnostic 

Used in SMD mode only, the command allows the pro
grammerto read a sector of data even if the 10 portion of 
the sector is defective. Only one sector at a time can be 
read. 

Read Data 

Reads and transfers to the system memory the number 
of sectors specified. The HOC can read multiple sectors 
and multiple tracks with one instruction. 

Scan 
Compares a specified block of memory with specified 
sectors on the disk. The 7261A/7261B continues until a 
sector with matching data is found, until the sector 
count reaches zero, or the end of the cylinder is 
reached. 

Verify Data 

Makes a sector-by-sector comparison of data in the sys
tem memory by DMA transfer. As in read operation, mUl
tiple sectors and tracks may be verified with this 
commmand. 
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Write Data 

Data from the system memory, transferred by DMA, is 
written onto the specified disk unit. As in the read com
mand, data may be written onto successive sectors and 
tracks. 

Auxiliary Command 

Allows four additional functions to be executed: soft
ware reset, clear data buffer, mask interrupt request bit 
(masks interrupts caused by change of status of drives), 
and reset interrupt caused by command termination 
(used when no further disk commands will be issued, 
which would normally reset the interrupt). 

Command Operation 
There are three phases for most of the instructions that 
the JAPD7261A/7261B can execute: command phase, ex
ecution phase, and result phase. During the command 
phase the host CPU loads preset parameters into the 
JAPD7261A/7261B FIFO via the data bus and by succes
sive write pulses to the part with Ao and CS true low. 
Once the required parameter bytes are loaded the ap
propriate command is initiated by issuing a write pulse 
with Ao high and CS low and the command code on the 
data bus. 

The JAPD7261A/7261B is now in the execution phase. 
This can be verified by examining the status register bit 
7 (the controller busy bit). The execution phase is ended 
when a normal termination or an abnormal termination 
occurs. An abnormal termination can occur due to a 
read or write error, or a change of status in the ad
dressed disk drive. A normal termination occurs when 
the command given is correctly completed. (This is indi
cated by bits in the status register.) The result phase is 
then entered. The host CPU may read various result pa
rameters from the FIFO. These result parameters may 
be useful in determining the cause of an interrupt, orthe 
location of a sector causing a read error, for example. 

The chart shown in table 2 illustrates the preset 
parameters and result parameters that are associated 
with each command. The abbreviations are defined at 
the end of table 2. 
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Table 2. Preset Parameters and Result Status Byte 

Disk Command Preset Parameters/Result Status 

Command Code 1st 2nd 3rd 4th 5th 6th 7th 8th 

Detect error 0100X 

EADH EADL EPT1 EPT2 EPT3 

Recalibrate 0101[B] 

IST* 

Seek 0110[B] PCNH PCNL 

IST* 

Format 0111(S) PHN (PSN) SCNT DPAT GPL1 [GPL3] 

EST SCNT 

Verify ID 1000(S) PHN (PSN) SCNT 

EST SCNT 

Read ID 1001(S) PHN (PSN) SCNT 

EST SCNT 

(Read diagnostic) 1010X PHN PSN 

EST 

Read data 1011X PHN (FLAG) LCNH LCNL LHN LSN SCNT 

EST PHN (FLAG) LCNH LCNL LHN LSN SCNT 

Check 1100X PHN (FLAG) LCNH LCNL LHN LSN SCNT 

EST PHN (FLAG) LCNH LCNL LHN LSN SCNT 

Scan 1101X PHN (FLAG) LCNH LCNL LHN LSN SCNT 

EST PHN (FLAG) LCNH LCNL LHN LSN SCNT 

Verify data 1110X PHN (FLAG) LCNH LCNL LHN LSN SCNT 

EST PHN (FLAG) LCNH LCNL LHN LSN SCNT 

Write data 1111X PHN (FLAG) LCNH LCNL LHN LSN SCNT 

EST PHN (FLAG) LCNH LCNL LHN LSN SCNT 

Sense interrupt 0001X 1ST 
status 

Specify 0010X MODE DTLH DTLL ETN ESN GPL2 (MGPL1) [RWCL] 
[RWCH] 

Sense unit status 0011X 

UST 

Note: 
(): These are omitted for soft-sector disks. Mnemonic Definitions (cont) 
[]: These are omitted for hard-sector disks. 

PCNL Physical cylinder number, low byte *: 1ST available as a result byte only when in nonpolling mode. 
B: Indicates buffered mode when set. PHN Physical head number 
s: Indicates Skewed mode (SMD only) when set. 
X: Indicates don't care. PSN Physical sector number 

Mnemonic Definitions 
SCNT Sector count 

EADH Error address, high byte 
o PAT Data pattern 

GPL1 Gap length one 
EADL Error address, low byte 

GPL3 Gap length three 
EPT1 Error pattern, byte one 

EPT2 Error pattern, byte two 
EST Error status byte 

FLAG Flag byte 
EPT3 Error pattern, byte three 

PCNH Physical cylinder number, high byte 
LCNH Logical cylinder number, high byte 
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Mnemonic Definitions (cont) 
LCNL Logical cylinder number, low byte 

LHN Logical head number 

LSN Logical sector number 

1ST Interrupt status byte 

MODE Mode 

DTLH 

DTLL 

ETN 

ESN 

GPL2 

RWCL 

RWCH 

Data length, high byte 

Data length, low byte 

Ending track number 

Ending sector number 

Gap length two 

Write current cylinder, low byte 

Write current cylinder, high byte 

UST Unit status byte 

MGPL1 Modified gap length 1 

Status Register 
This register is a read only register and may be read by 
asserting RD and CS with Ao high. The status register 
may be read at any time. It is used to determine control
ler status and partial result status. See table 3. 

Table 3. Status Register Bits 

Pin 

No. Name 

D7 CB 
(Controller busy) 

D6, D5 CEH, CEl 
(Command end) 

Function 

Set by a disk command issue. Cleared 
when the command is completed. 
(This bit is also set by an external re
set signal or an RST command, but 
will be cleared at the completion of the 
reset function.) When this bit is set, a 
new disk command will not be ac
cepted. 

CEH =0 and CEl=O 
A disk command is in process, or no 
disk command is issued after the last 
reset signal or the last ClCE auxiliary 
command. Both the CEH and CEL bits 
are cleared by a disk command, a 
ClCE auxiliary command, or a reset 
signal. 

CEH = 0 and CEl= 1 
Abnormal termination of a disk com
mand. Execution of a disk command 
was started, but was not successfully 
completed. 

CEH=1 and CEl=O 
Normal termination of a disk com
mand. The execution of a disk 
command was completed and prop
erly executed. 

CEH=1 and CEl=1 
Invalid command issue. 
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Table 3. Status Register Bits (cont) 

Pin 

No. Name 

D4 SRO 
(Sense interrupt 
status 
request) 

D3 RRO 
(Reset request) 

D2 IER 
(10 error) 

D1 NCI 
(Not cOinCident) 

DO DRO 
(Data request) 

Function 

When a seek end, an equipment 
check condition, or a ready signal 
state change is detected, this bit is set 
requesting a sense interrupt status 
command be issued to take the de
tailed information. This bit is cleared 
by an issue of that command or by a 
reset signal. 

Set when controller has lost control of 
the format controller (missing address 
mark, for example). An auxiliary RST 
command or RESET Signal will clear 
this bit. 

Set when a CRC error is detected in 
the ID field. An auxiliary RST or an
other disk command will reset this bit. 

Set if the controller cannot find a sec
tor on the cylinder which meets the 
comparison condition during the exe
cution of a scan command. This bit is 
also set if data from the disk does not 
coincide with the data from the sys
tem during a verify I D or a verify data 
command. This bit is cleared by a disk 
command or a reset signal. 

During execution of write ID, verify ID, 
scan, verify data, or a write data com
mand, this bit is set to request that 
data be written into the data buffer. 
During execution of read 10, read di
agnostiC, or read data command, this 
bit is set to request that data be read 
from the data buffer. 
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Error Status Byte 
This byte is available to the host at the termination of a 
read, write, or data verification command and provides 
additional error information to the host CPU. If the sta
tus register indicates a normal command termination, it 
can be assumed that the command was executed with
out error and it is not necessary to read this byte. When 
it is necessary to determine the cause of an error this 
byte may be read by issuing an RD pulse with CS and Ao 
low. The remaining result bytes associated with a partic
ular command may be read by issuing additional RD 
pulses. Data transfer from or to the FIFO is asynchron
ous and may occur at rates up to 2.5 Mbytes per second. 
See table 4. 

Table 4. Error Status Bits 

Pin 

No. Name Function 

07 ENC Set when the controller tries to access 
(End of cylinder) a sector beyond the final sector of a 

cylinder. 
Cleared by a disk command or an aux-
iliary RST command. 

06 OVR When set, indicates that the FIFO be-
(Overrun) came full during a read operation, or 

empty during a write operation. 

05 OER A CRC or an ECC error was detected in 
(Oata error) the data field. 

04 EOC A fault signal from the drive has been 
(Equipment check) detected or a track 0 signal has not 

been returned within a certain time in-
terval after the recalibrate command 
was issued. 

03 NR The drive is not in ready state. 
(Not ready) 

02 NO The sector specified by 10 parameters 
(No data) was not found on the track. 

01 NWR Set if write protect Signal is detected 
(Not writable) when the controller tries to write on 

the disk. It is cleared by a disk com-
mand or by an auxiliary RST com-
mand. 

Do MAM This bit is set if during execution of 
(Missing address mark) read data, check, scan, or verify data 

commands, no address mark was 
found in the data field or if during exe-
cution of a read ID or verify 10 com-
mand, no address mark was detected 
in the ID field. 
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Interrupt Status Byte 
This byte is made available to the host CPU by exe
cuting the Sense Interrupt Status command. This com
mand should be issued only when the ",PD7261A/7261B 
requests it, as indicated by bit 04 of the status register. 
This byte reveals changes in disk drive status that have 
occurred. See table 5. 

Table 5. Interrupt Status Bits 

Pin 

No. Name Function 

07 SEN A seek end or seek complete signal 
(Seek end) has been returned after a seek or a re-

calibrate command was issued. 

06 RC The state of the ready signal from the 
(Ready change) drives has changed. The state itself is 

indicated by the NR bit. 

05 SER Seek error has been detected on seek 
(Seek error) end. 

04 EOC Identical to bit 4 of the error status 
(Equipment check) byte. 

03 NR Identical to bit 3 of the error status 
(Not ready) byte. 

02-00 UA2-UAO The unit address of the drive which 
(Unit address) caused an interrupt request on any of 

the above conditions. 

Drive Interface 
The ",PD7261A/7261B has been designed to implement 
two of the more popular types of interfaces: the SMD 
(Storage Module Drive) and the floppy-like Winchester 
drive which has come to be known as the ST506 inter
face. The desired interface mode is selected by the 
Specify command. 

ST506·Type Interface 
In the ST506 mode the ",P 07261 A I 7261 B performs MFM 
encoding and decoding at data rates to 6 MHz and pro
vides all necessary drive interface signals. Included in
ternally is circuitry for address mark detection, sync 
area recognition, serial-to-parallel-to-serial conversion, 
an 8-byte FIFO for data buffering, and circuitry for logi
cal addressing of the drives. External circuitry required 
consists of control signal buffering, a delay network for 
precompensation, a phase-lock loop, a write clock os
cillator and a differential transceiver for drive data. The 
floppy-like interface can be implemented with as few as 
7 IC's using NEC's hard-disk interface chip, the 
",PD9306A, or with 12 to 14 SSIICs. See figure 1. 
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Figure 1. J-LPD7261A172618 ST506· Type Interface 
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+ WRITE DATA 
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READY 30 READY 

INDEX 36 INDEX 

WFLT 29 FAULT 
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CURRENT 
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24 
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STEP STEP 

28 DRIVESELl 
DSO 

DRIVESEL2 

DSI 27 DRIVESEL3 

DRIVESEL4 
V2LS138 7407 

SMD Interface 
In the SMD mode the J-LPD7261A/72618 will support data 
rates to 10 MHz/15MHz in the NRZ format. All control 
functions necessary for an SMD interface are imple
mented on-chip with de-multiplexing of a data lines per
formed externally by a single a-bit latch. A small amount 
of logic is required to multiplex the data and clock lines, 
and differential drivers and receivers are required to im
plement the actual interface. Depending on individual 
logic design and the number of drives used, the SMD in
terface may be implemented with as few as 12 les. See 
figure 2. 

Note: 

CLK(pin 37) frequency must bea minimum of 1.1 x NRZdata rate. 

Internal Architecture 
The J-LPD7261A/72618 can be divided into three major in
ternal logic blocks: command processor; format con
troller; microprocessor interface. 

Command Processor 

The command processor is an a-bit microprocessor 
with its own instruction set, program ROM, scratchpad 
RAM, ALU, and 1/0 interface. Its major functions are: 
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Figure 2. J-LPD7261AI72618 SMD Interface 
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D To decode the commands from the host microcom
puter that are received through the a~bit data bus 

D To execute seek and recalibrate commands 
D To interface to the drives and read the drive status 

lines 
D To load the format controller with the appropriate 

microcode, enabling it to execute the various read I 
write data commands. 

The command processor microprocessor is idle until it 
receives the command from the host microcomputer. It 
then reads the parameter bytes from the FI FO,and 
loads them into its RAM. The command byte is decoded 
and, depending on its opcode, the appropriate subrou
tine from the 2.6K internal ROM is selected and exe
cuted. Some of these commands are executed by the 
command processor without involvement of the format 
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controller. When data transfers to and from the disk are 
made the command processor loads the appropriate 
micro~ode into the format controller, then relinquishes 
control. When the data transfer is complete, the com
mand processor again takes control. One other impor
tant function that the command processor performs is 
managfng the interface to the disk drives. The com
mand processor contains an I/O port structure similar 
to many single-chip microcomputers in that the ports 
may be configured as input or output pins. Depending 
on the mode of operation selected by the Specify com
mand, the command processor will use the bidirec
tionall/O lines for different functions. 

Command Register 

This register is a write only register. It is selected when 
the AO input is high and the CS input is low. Ther~ .are 
two kinds of commands: disk commands and auxIliary 
commands. Each command format is shown in figure 3. 

An auxiliary command is accepted at any time and is 
immediately executed, while a disk command is ig
nored if the on-chip processor is busy processing an
other disk command. A valid disk command causes the 
processor to begin execution using the parameters pre
viously loaded into the data buffer. Disk commands and 
the parameters needed are described in the Micro
processor Interface section. 

Command Codes 
CC4-CCO 

o 0 0 0 X 

o X 

o o X 

o o X 

o o X 

o o [Bj 

o o [Bj 

1 1 [Sj 

o 0 [Sj 

o o [Sj 

o o X 

X 

o o X 

o 1 X 

o X 

X 

Note: 
(1) The UA field is 000. 
[B] Indicates buffered mode when set. 
[S] Indicates skewed mode when set. 
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(Auxiliary Command) 

Sense int. status (Note 1) 

Specify (Note 1) 

Sense unit status 

Detect error (Note 1) 

Recalibrate 

Seek 

Format 

Verify ID 

Read ID 

Read diagnostic 

Read data 

Check 

Scan 

Verify data 

Write data 

NEe 
Figure 3. Disk Command Byte 

CC4 eC3 I CC2 I CC1 ceo UA2 UA1 UAO 

I I 
Command Code Unit Address (UA) 

Format Controller 

The format controller is built with logic that enables it to 
execute instructions at very high speed: one instruction 
per single clock cycle. The major functions it performs 
are: 

o Serial-to-parallel and parallel-to-serial data 
conversion 

o CRC and ECC generation and checking 
o MFM data decoding and encoding 
o Write precompensation 
o Address mark detection and generation 
o 10 field search in soft-sector format 
o DMA data transfer control during read/write 

operations. 

The major blocks in the format controller are the se
quencer and the serial/parallel data handler. The se
quencer consists of a writable control store (32 words 
by 16 bits), a program counter, branch logiC; and the pa
rameter register. The serial/parallel logic consists of a 
parallel-to-serial converter for disk write operations, a 
serial-to-parallel converter for disk read operations, pre
compensation logic for writing MFM data, comparator 
logic that locates sync fields, address marks, and 10 
fields. There is also comparator logic that is used during 
Verify Data commands. See figure 4. 

Figure 4. Block Diagram of the Format Controller 
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Microprocessor Interface 

Read/Write Control. The internal registers are selected 
as shown in truth table 6. 

Table 6. Register Selection Table 
CS Ao RD WR Selection 

0 0 0 1 Data buffer register (Note 1) 

0 0 1 Data buffer register (Note 1) 

0 0 Status register 

0 1 Command register 

0 X Don't care 

X X X Don't care 

X 0 Inhibited 

Note: 
(1) Preset parameters and result status information are written and 

read from the result status register in the HDC through this data 
buffer register. 

Interrupt. The interrupt request line is activated or inac
tivated according to the following equation: 

INT= CEH + CEl + SRQ. SRQM 

This means that if either of the command end bits is set 
or if the sense interrupt status request bit is set (and the 
SRQM mask is not set), then an interrupt will be gener
ated. The command end bits, CEH and CEl, are set by 
command termination. 

The SRQ bit is set when an equipment check condition 
or a state change of the ready signal from the disk drives 
is detected. It is also set when a seek operation is com
pleted. Under these conditions the INT line is activated 
unless the SRQM mask is set. 

Both of the CEH and CEl bits are cleared by a disk com
mand, but both bits may be cleared before thenext disk 
command by issuing a ClCE auxiliary command. 

The interrupt caused by the SRQ bit indicates that a 
sense interrupt status command should be issued by 
the host microprocessor so that it can determine the ex
act cause of the interrupt. However, the ,.,PD7261A/ 
7261B may be processing a disk command when the 
interrupt occurs. Since it is not possible to issue a disk 
command while the ,.,PD7261A/7261B is busy, an HSRQ 
auxiliary command can be issued to set the SRQM 
(sense interrupt request mask) and mask the interrupt. 
The SRQM is reset upon completion of the disk com
mand in progress. 

DMA Control. When true, the DREQ pin and the DRQ 
(data request) bit of the status register indicate a re
quest for data transfer between the disk controller and 
external memory. These are activated during execution 
of the following disk commands: 
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HDC ~ memory: Format, Verify ID, Scan, 
Verify Data, Write Data 

HDC- memory: Read ID, Read Diagnostic, 
Read Data 

Data being read from a disk or external memory is tem
porarily stored in the data buffer (8 bytes maximum), 
and is transferred to external memory or a disk, respec
tively. 

Data transfers are terminated externally by a reset sig
nal or by a read or a write data operation coinciding with 
an active terminal count (TC) signal. They are also termi
nated internally when an abnormal condition is de
tected or all the data specified by the sector count 
parameter (SCNT) has been transferred. 

Data transfers are accomplished by RD orWR Signals to 
the ,.,PD7261A/7261B when DREQ is active. During read 
operations, DREQ goes active when the FIFO contains 
three or more bytes. If the FIFO contains three bytes and 
an RD pulse is issued, DREQ goes low within tRRQ1. 
DREQ will stay active on the final sector until the final 
byte is extracted. In this case, DREQ goes low within 
tRRQ2' During write operations DREQ is asserted as 
soon as a Write Data command is accepted. DREQ re
mains high until the FIFO contains six bytes, at which 
time it goes low within tWAI. DREQ corresponds to FIFO 
almost-full and FIFO almost-empty as implemented in 
the ,.,PD7261A/7261B. This has been done so that a fast 
DMA controller may actually overrun the FIFO by one or 
two bytes without harm. 

Commands 

Recalibrate 

The read/write heads of the specified drive are retracted 
to the cylinderO position. 1ST is available as a result byte 
only if polling mode is disabled. See Specify. 

Hard·Sector. An RTZ (Return to Zero) signal is asserted 
on the bit-6 line with the TAG-3 bit being set. Then the 
CEH bit of the status register is set indicating a normal 
termination of the command. 

After this command is given, the HOC checks the seek 
end, unit ready, and fault lines of the drive continually 
until an active signal is detected on these lines. Then 
the SRQ bit of the status register is set indicating that a 
sense interrupt status command should be performed. 
Each bit of the 1ST (interrupt status) byte is set accord
ing to the result, in anticipation of the sense interrupt 
status command. 
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Soft· Sector. There are four different ways to implement 
the Recalibrate command when the ST506 interface 
mode has been specified. Both polling and nonpolling 
modes of operation are provided, with both normal or 
buffered Recalibrate commands available in either 
mode. 

Normal Mode with Polling. The CEH bit of EST is set to 1 
immediately after the Recalibrate command is issued (a 
Recalibrate command may now be issued to another 
drive). The HOC now begins generating step pulses at 
the specified rate. The PCN for the drive is cleared and 
the TRKO signal is checked while stepping pulses are 
sent to one or more drives. When TRKO is asserted, the 
SEN (seek end) bit of the 1ST (interrupt status) byte is set 
and the SRQ bit of the status register is set. This causes 
an interrupt and requests that a sense interrupt status 
command be issued. If 1023 pulses have been sent and 
TRKO is not asserted, then the SRQ bit is again set, but 
with the SER (seek error) and EQC (equipment check) 
bits of the 1ST byte set. The ready signal of each drive is 
checked before each step pulse is sent, and the Recali
brate command is terminated if the drive enters a not
ready state, whereby the NR bit of the 1ST byte is set to 1. 

Normal Mode with Polling Disabled. Operation is simi· 
lar to that in "Normal Mode with Polling", but the CEH 
and CEl bits of the status register are not set until 
either the SEN (seek end) or the SER (seek error) condi
tion occurs. The SRQ bit is not set when polling is dis
abled, and the 1ST byte is now available as a result byte 
when the Recalibrate command is terminated (see "Pre
set Parameters and Result Status Bytes"). It is not possi
ble to overlap Recalibrate operations in this mode. 

Buffered Mode with Polling. This mode operates in a 
manner similar to that described as "Normal Mode with 
Polling", but with the following differences: 

(1) 1023 step pulses are sent at a high rate of speed (ap
proximately 50l-'s between pulses) 

(2) After the required number of pulses are sent, the 
CEH bit is set, and then additional Recalibrate or Seek 
commands will be accepted for other drives 

(3) The SRQ bit is set when the drive asserts SKC, 
which causes the SEN bit of the 1ST byte to be set 

(4) If SEN is not set within the time it takes to send 1023 
"normal" pulses (Le., when in normal stepping mode), 
then SER and EQC of the 1ST byte are set. 

Buffered MQde with Polling Disabled. 1023 stepping 
pulses are immediately sent after the Recalibrate com
mand is issued. CEH and/or CEl is set when SEN or 
SER occurs. SEN is set when TRKO from the addressed 
drive is asserted. SER is set if TRKO is not asserted 
within the time required to send 1023 "normal" pulses. 
The Recalibrate command will be terminated abnor
mally if a not-ready condition occurs prior to SEN being 
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set. The SRQ bit of the status register is not set. The 1ST 
byte (interrupt status) is available as a result byte when 
either CEH or CEl is set. 

Seek 

1- 1 PCNH PCNL 

1ST' 

PCNH = Physical Cylinder Number, High Byte 
PCNL = Physical Cylinder Number, Low Byte 

The read/write heads of the specified drive are moved to 
the cylinder specified by PCNH and PCNL.IST is availa
ble as a result byte only if polling mode is disabled. See 
Specify. 

Hard·Sector. The contents of PCNH and PCNl are as
serted on the BITO through BIT9 output lines of the SMO 
interface with the TAG1 control line being set. (The most 
significant six bits of PCNH are not used.) The CEH bit 
of the status register is then set, and the command is 
terminated normally. 

The HOC then checks the seek end, unit ready and fault 
lines of the drive continually until an active signal is de
tected on these lines. The SRQ bit of the status register 
is then set requesting that a Sense Interrupt Status 
command be performed. Each bit of the 1ST (interrupt 
status) byte is set appropriately in anticipation of the 
Sense Interrupt Status command. 

Soft·Sector (Normal Stepping, Polling Enabled). In this 
mode, the CEH bit of the status register is set to 1 as 
soon as the Seek command is issued. This allows a 
Seek or Recalibrate command to be issued to another 
drive. The HOC now sends stepping pulses at the speci
fied rate and monitors the ready signal. Should the drive 
enter a not-ready state, the SER bit of the 1ST byte is set 
and the SRQ bit of the status register is set, causing an 
interrupt and requesting a Sense Interrupt Status com
mand. When the drive asserts the seek complete (SKC) 
signal, the SEN bit of the 1ST byte is set and the SRQ bit 
of the status register is set, again requesting service. 

Soft·Sector (Normal Stepping, Polling Disabled). Step
ping pulses to the drive begin as soon as the Seek com
mandis accepted. The ready signal is checked prior to 
each step pulse. If the drive enters a not-ready state the 
seek command is terminated abnormally (CEl = 1), and 
SER of the 1ST byte is set. If the seek operation is suc
cessful, the seek command will be terminated normally 
(CEH = 1) when the drive asserts SKC (seek complete). 
The SEN (seek end) bit of the 1ST byte is set and the 1ST 
(interrupt status) byte is available as a result byte. The 
Sense Interrupt Status command is not allowed (SRQ is 
not set), nor can seek operations be overlapped in this 
mode. 
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Soft·Sector (Buffered Stepping, Polling Enabled). As 
soon as the Seek command is accepted by the HOC, 
high-speed stepping pulses are generated. As soon as 
the required number of pulses are sent, CEH is set to 1, 
indicating a normal termination. Another Seek com
mand in the same mode may now be issued. The drive is 
now controlling its own head positioner and asserts 
SKC when the target cyclinder is reached.) If the drive 
has not asserted SKC (seek complete) within the time it 
takes to send the required number of pulses in normal 
stepping mode, or if the drive enters a not-ready state, 
then the SER bit of the 1ST byte and the SRQ bit of the 
status register are set. Otherwise, the SEN bit of the 1ST 
byte is set, along with SRQ of the status register. 

Soft· Sector (Buffered Stepping, Polling Disabled). In 
this mode, the appropriate number of high-speed step
ping pulses are sent as soon as the Seek command is 
issued. If the drive enters a not-ready state, or if SKC 
(seek complete) is not asserted within the time it takes 
to send the required number of pulses in normal step
ping mode, then the Seek command is terminated nor
mally (generating an interrupt). The 1ST byte is available 
as a result byte and the appropriate bit is set; i.e., SER 
and EQC or NR (not ready). If the seek operation is suc
cessful, the Seek command is terminated normally 
(CEH = 1) and the SEN bit of the 1ST byte is set. The 1ST 
byte is available as a result byte. The Sense Interrupt 
Status command is not allowed (SRQ is not set), nor can 
seek operations be overlapped in this mode. 

Format 

PHN (PSN) SCNT DPAT GPL1 (GPL3) 

EST SCNT 

PHN = Physical Head Number 
PSN = Physical Sector Number 
SCNT = Sector Count 
DPAT = Data Pattern 
GPL1 = Gap Length 1 
GPL3 = Gap Length 3 
EST = Error Status 

This command is used to write the desired 10 and data 
format on the disk. 

(1) When using hard-sector drives, this command will 
begin format-writing at the sector specified by PHN and 
PSN, which are loaded during command phase. 

When soft-sector drives are specified, this command 
will begin format-writing at the sector immediately fol
lowing the index pulse on the track specified by PHN. 

In either case, data transmitted from the local memory 
by DMA operation is written into the ID field, and the 
data field is filled with the data constant specified by 
DPAT until DTL (data length) is zero. DTL is established 
during the specify command with DTLH and DTTL. The 
sector count, SCNT, is decremented by one at the end of 
the Format operation on each sector. The following 
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bytes are required by the HOC for each sector: (FLAG), 
LCNH, LCNL, LHN, and LSN. FLAG is omitted on soft
sector drives. These bytes are transferred by OMA. 

The format operation produces the various gaps with 
length as specified by GPL 1, GPL2 (See Specify), and 
GPL3 (For soft-sector only.) 

Note: 
GPL3 may not exceed decimal value of 44. 

(2) The above operation is repeated until SCNT is equal 
to zero. The execution Qf the command is terminated 
normally, when the content of SeNT is equal to zero and 
the second index pulse has occurred. 

(3) When using a hard-sector drive, it is possible to write 
the ID field displaced from the normal position by 64 
bytes by setting the skew bit of the command byte 
((S) = 1). fhis is useful when defective media prevent 
writing in the normal area of the sector. 

(4) Items 4, 5, and 8 of the Read Data and item 4 of the 
Write Data command are identical for this command. 
Refer to these items (which appear later in this section) 
for remaining format operation details. 

Verify ID 

I '-II-_::_N __ :c_s:_~_s_CN_T __________ ~1 E 
PHN = Physical Head Number 
PSN = Physical Sector Number 
SCNT = Sector Count 
EST = Error Status 

10 bytes of specified sectors are read and compared 
with the data that are accessed from local memory via 
DMA control. The first sector that is verified is specified 
by PHN and PSN when a hard-sector disk is used. For 
soft-sector disks, only PHN is given and the Verify ID 
command begins comparisons with the first physical 
sector on the track. 

Byte comparisons continue as long as successful or 
until the sector count is zero or a CRC error is found. 

When using a hard-sector drive, it is possible to have the 
HDC verify a skewed ID field by setting the skew bit of 
the command byte. Refer to the Format section, given 
earlier, for details. 

ReadlD 

I 'oosl ~_::_N __ :_:_T_S_CN_T ___________ ~ 

PHN = Physical Head Number 
PSN = Physical Sector Number 
SCNT = Sector Count 
EST = Error Status 
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ID bytes of specified sectors are read and transferred to 
local memory by DMA. 

Hard-sector disks: Beginning with the sector specified 
by PHN and PSN, the ID bytes of each sector are read 
until an error is found or the SCNT has reached zero. 

It is also possible to perform the above operation with 
skewed ID fields by setting the skew bit of the command 
byte. This will allow reading ID fields that have been 
shifted by 64 bytes by the Skewed Format command. 

Soft-sector disks: This command will begin checking ID 
fields immediately following the index pulse and will 
continue until one valid ID field is read, or until the sec
ond index pulse is detected or SCNT = 0, whichever 
occurs first. 

Read Diagnostic 

1 -I t-_::_N __ PS_N ____________ ---l 

PHN = Physical Head Number 
PSN = Physical Sector Number 
EST = Error StatuB 

This command is implemented only for hard-sector 
disks. The desired physical sector is specified, and the 
data field will be read even if the ID bytes of that sector 
contain a CRC error. Only one sector at a time may be 
read by this command. 

Read Data 

PHN (FLAG) LCNH LCNL LHN LSN SCNT 

EST PHN (FLAG) LCNH LCNL LHN LSN SCNT 

PHN = Physical Head Number 

r~~~ ~ ~,c~rc!y~n'd~;~:b!~ ~\:~ g~~ 
LCNL = logical Cylinder Number, Low Byte 
LHN = logical Head Number 
LSN = logical Sector Number 
SCNT = Sector Number 
EST = Error StatuB 

This command is used to read and transfer data via 
DMA from the disk to the local memory. 

(1) The HDC reads data from the specified sector which 
is determined by the following preset parameters: FLAG 
(for hard-sector only), LCNH, LCN L, LHN, and LSN. The 
drive is selected by UA (unit address) in the command 
byte. The H DC then transfers the read data to the local 
memory via DMA operation. 

(2) After reading each sector, the HDC updates the 
SCNT and LSN to point to the next sector, and repeats 
the above described operation until SCNT is equal to 
zero. During the above read operations, if LSN is equal 
to ESN, the HDC updates LSN, and continues the read 
operations after relocating the head (track) specified by 
LHN. 
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(3) The HDC abnormally terminates the execution of this 
command if SCNT is not equal to zero when the HDC 
reads out the data from the last sector (LSN = ESN and 
LHN = ETN). The ENC (end of cylinder) bit of EST (error 
status) is set to one in this situation. 

(4) The HDC will terminate this command if a fault signal 
is detected while reading data. The HDC will set the 
EQC (equipment check) of the EST (error status) byte 
when this occurs. 

(5) The HDC will terminate this command abnormally if 
the ready Signal from the drive is not active or becomes 
not active while a Read Data command is being per
formed. The NR (not ready) bit of the EST (error status) 
register will be set to one in this case. 

(6) The HDC will end this command abnormally if it can
not find an AM (address mark) (soft-sector mode) or a 
SYNC byte (hard-sector mode) of the ID field before four 
index pulses occur. Under these conditions, the RRQ 
(reset request) bit of the STR (status register) will be set. 
In order to perform further disk commands the HDC will 
have to be reset because the format controller is hung 
up looking for an AM or SYNC byte. 

(7) ECC mode: If the H DC detects an ECC error during a 
read operation, it will execute the following operations: 
Firsttthe HDC decides whether or not the error is cor
rectable by checking the syndrome of the error pattern. 
If the error is correctable, the HDC terminates the com
mand in the normal mode after setting the DER (data 
error) bit of EST register to one. The host system can in
put the error address and the error pattern information 
by issuing the Detect Error command. If it is not a cor
rectable error, the HDC will terminate the command in 
the abnormal mode after setting the DER bit of the EST 
register to one. 

CRC mode: If the HDC detects a CRC error on a sector 
during the read operation, the HDC will terminate the 
command in the abnormal mode after setting the DER 
bit of the EST register to one. 

(8) If the HDC detects an overrun condition during a 
Read Data operation, the OVR (overrun) bit of the EST 
register is set. (An overrun condition occurs when the in
ternal data FIFO is full, another data byte has been re
ceived from the disk drive, and a DMA service does not 
occur.) The command is then terminated in the abnor
mal mode. 

(9) If the HDC cannot find the desired sector within the 
occurrence of three index pulses, the ND (no data) bit of 
the EST register is set to one and the command is termi
nated in the abnormal mode. 

(10) If TC (terminal count) occurs during a Read Data 
command the DMA transfers to the local memory will 
stop. However, the HDC does continue the read opera
tion until the end of the sector, if SCNT = 1. 
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If SCNT is 2 or more, DMA transfers restart when SCNT 
is updated to the next sector, and will continue until 
SCNT is zero. 

(11) If the Read Data command has been successfully 
completed, the result status will be set indicating such, 
and the result status bytes will be updated according to 
the number of sectors that have been read. The logical 
disk parameters-LSN, LHN, and LCN-are incre
mented as follows: 

LSN is incremented at the end of each sector until the 
value of ESN is reached. LSN is then set to 0 and LHN is 
incremented. If LHN reaches the value of ETN, then 
LHN is cleared and LCN is incremented. 

In other words, if a Read or Write operation is termi
nated normally, the various parameters will pOint to the 
next logical sector. 

If the command is terminated in the abnormal mode, the 
result status bytes will indicate on which sector, cylin
der, and head the error occurred. 

(12) If the H DC cannot detect the address mark (soft
sector) or SYNC bytes (hard-sector) immediately follow. 
ing the VFO sync in the data field, the HOC will set the 
MAM (missing address mark) bit of the EST register to 
one, and will terminate the command in the abnormal 
mode. 

Check 

PHN (FLAG) LCNH LCNL LHN LSN SCNT 

EST PHN (FLAG) LCNH LCNL LHN LSN SCNT 

PHN = Physical He/ld Number 

r~~ ~ ~~!r~~:d~;~:~~ ~\:~ ~~~ 
LCNL = logical Cylinder Number, Low Byte 
LHN = logical Head Number 
LSN = logical Sector Number 
SCNT = SeCtor Number 
EST = Error Status 

This command is used to confirm that the data previ
ously written to the medium by the Write Data com
mand contains the correct CRC or ECC. 

(1) The HOC reads the data in the sector specified by 
FLAG (hard-sector only), LCNH, LCNL, LHN, and LSN. 
The Check command differs from the Read Data com
mand in that no DMA transfers occur. 

With the exception of the ECC mode, the Check com
mand is the same as the Read Data command. Please 
refer to items 2, 3, 4, 5, 6, 7, 8, 11, and 12 of Read Data 
command for details. 

(2) If in the ECC mode, the HOC detects only ECC errors 
and does not execute any error correction operation 
even if the ECC errors are correctable. No data transfers 
have been made, and there is no data to correct. 
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Scan 

PHN (FLAG) LCNH LCNL LHN LSN SCNT 

EST PHN (FLAG) LCNH LCNL LHN LSN SCNT 

PHN = Physical Head Number 

r~~~ ~ ~~C~r~YI~nad~;'::~:~~ ~\:~ ~~~ 
LCNL = logical Cylinder Number, Low Byte 
LHN = logical Head Number 
LSN = logical Sector Number 
SCNT = Sector Number 
EST = Error Status 

(1) In executing the Scal1 command, the HOC reads the 
data from the sector specified by the preset parameters 
of the command phase. The HOC then compares this 
data with the data transmitted from the local memory. 
(The purpose of this command is to locate a sector that 
contains the same data as the local memory.) 

This command will terminate successfully if the data 
from the disk and the data from the local memory are 
the same. If they are not, the HOC updates SCNT and 
LSN, and executes the abovementioned operation 
again. 

If the H DC cannot locate a sector that satisfies the scan 
conditions, the NCI bit of the STR will be set. The HOC 
tries to compare data until the end of the. cylinder has 
been reached, or until SCNT is zero. 6 
(2) If the value of the LSN (logical sector number) is 
equal to that of ESN (ending sector number) after updat-
ing LSN, the HOC updates the contents of LHN (increas-
ing by 1) and that of LSN (LSN = 0), and repeats the 
operation described in item 1 after selecting the next 
head. 

(3) After comparing the data transferred from the host 
CPU with the data in the specified sectors, the result 
bytes (FLAG, which is only for hard-sector disks, LCNH, 
LCNL, LHN, and LSN) will be set equal to the sector lo
cation that satisfies the Scan command. 

(4) The descriptions in4, 5, 6, 8, and 9 of Read Data com
mand, and items 3 and 4 of Verify Data command are 
identical for this command. Refer to these descriptions 
for additional details. 

Verify Data 

PHN (FLAG) LCNH LCNL LHN LSN SCNT 

EST PHN (FLAG) LCNH LCNL LHN LSN SCNT 

PHN = Physical Head Number 

E~~ ~ ~~c~r~I~::;~:bt:~ ~=~ ~~~ 
LCNL = logical Cylinder Number, Low Byte 
LHN = logical Head Number 
LSN = logical Sector Number 
SCNT = Sector Number 
EST = Error Status 

This command is used to verify data on the disk. 
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(1) The HOC reads the data from the specified sector, 
and compares the data transmittedfrom the local mem
ory via DMA with the data from the disk. 

The sector is specified by FLAG (hard-sector only), 
LCNH, LCNL, LHN, and LSN, and the drive is selected 
by UA. If the data transmitted from the local memory is 
the same as that read from the sector, the HOC updates 
the contents of LSN and SCNT, and continues the 
abovementioned operation. After updating SCNT, if the 
value of SCNT is equal to zero, the HOC ends the execu
tion of the command in the normal mode. If the value of 
LSN isequal tothatof ESN afterupdating LSN, the HOC 
updates the contents of LHN and LSN, and the HOC 
continues the verify data operation after selecting the 
head (track) specified by LHN. 

If the data transmitted from the local memory is not the 
same as that read from the sector, the HOC ends the ex
ecution of the command in the abnormal mode after 
setting the NCI (not coincident) bit of STR to one. 

(2) If, after verifying the data on the last sector the con
tents of SCNT are not equal to zero, the HOC t~rminates 
execution of the command abnormally after setting the 
ENC (end of cylinder) bit of the EST register to one. 

(3) After verifying the data read from a sector, the HOC 
checks the CRC bytes (CRC mode) or the ECC bytes 
(ECCmode). 

.If the HDC detects a CRC or an ECC error on a sector, 
the HOC terminates execution of the command abnor
mally after setting the DER bit of the EST register to a 
one. 

(4) After detecting an active TC signal (TC = 0), the HOC 
executes the above operation by comparing the read 
data from the disk drive with the data 00 instead of the 
data from the main system until the end of the sector. 

In the case of SCNT greater than one, when SCNT is up
dated,DMA transfers restart and disk data is compared 
against host data until SCNT is zero. 

(5) Afterverification of the data on all the sectors, FLAG 
(hard-sector only), LCNH, LCNL, LHN, and LSN are set 
to the values of FLAG, LCNH, LCNL, LHN, and LSN of 
the last verified sector. 

(6) The descriptions in items 4, 5, 6, 8, 9,and 12 of the 
Read Oata command are valid in this command. Please 
refer to these items for additional detail. 
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Write Data 

PHN (FLAG) LCNH LCNL LHN LSN SCNT 

EST PHN (FLAG) LCNH LCNL LHN LSN SCNT 

PHN = Physical Head Number 
FLAG = Flag Byte, Hard·Sector 10 "Field Only 
LCNH = logical Cylinder Number, High Byte 
LCNL = logical Cylinder Number, Low Byte 
LHN = logical Head Number 
LSN = logical Sector Number 
SCNT = Sector Number 
EST = Error Status 

(1) This command is used to write data into the data field 
of the sectors specifed by FLAG (hard disks only), 
LCNH, LCNL, LHN, and LSN, and to write CRC bytes or 
ECC bytes according to each internally specified mode 
(CRC or ECG). The data is written to the disk via OMA 
transfer from the local memory. 

(2) After writing data on a sector, the HOC updates the 
contents of SCNT and LSN, and repeats the above de
scribed Write Oata operation until SCNT is equal to 
zero. 

Ouring the above Write Oata operations, if LSN is equal 
to ESN, the HOC updates LHN and LSN, and continues 
the Write Data operations after selecting the new head 
(track) specified by LHN. 

As described above, the HOC has the capability of 
multi-sector and multi-track write operations. 

(3) The HOC abnormally termi nates the execution of th is 
command if the SCNT is not equal to zero when the 
H DC writes the data to the last sector (LSN = ESN and 
LHN = ETN). The ENC (end of cylinder) bit of EST (error 
status) register is set to one in this situation. 

(4) If the write protected signal is active (high) at the be
ginning of the execution of this command, the HOC 
ends the execution of this command in the abnormal 
mode after setting the NWR (not writable) bit of the EST 
register to one. 

(5) After detecting an active TC signal (TC = 0), the HOC 
writes the data 00 to the sector, instead of the data from 
the host system. 

In the case of SCNT of two or more, when SCNT is up
dated, the OMA transfers will restart and writing of host 
data will continue until SCNT = O. 

(6) In the ST506-type mode, the HOC will set the reduced 
write current output bit to a one when the cylinder num
ber becomes greater than that specified by RWCH and 
RWCL. These parameters are loaded during execution 
of the Specify command. 

The descriptions in items 4,5,6,8,9, and 11 of the Read 
Oata command are applicable here also. Refer to these 
items for further detail. 
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Sense Interrupt Status 

1ST = Interrupt Status 

(1) The HOC transfers the new disk status to the host 
CPU at the end of a Seek or Recalibrate operation or the 
new disk status resulting from a change of state of the 
ready signal, which may occur at any time. 

(2) If the Seek or Recalibrate command in progress is 
completed when this command is issued or if there has 
been no change of state of the ready signal from the 
drive, this command will be terminated abnormally. 

Specify 

MODE DTlH DTll ETN ESN GPl2 I~~~~~ IRWCll 

MODE = Mode Byte; Selects Operation Mode 
DTLH = Data length, High Byte 
DTll = Data length, Low Byte 
ETN = Ending Track Number 
ESN = Ending Sector Number 
GPl2 = Gap length 2 

~~~~1 ~ ~:~u~~ncP:Jt~U~~~n~m~I:::~~ ~~.r.)~f:hn~~: Read Gate Timing 
RWCl = Reduced Write Current (Cylinder No.), Low Byte 

The Specify command is used to set the operational 
mode of the HOC by presetting various parameters. 
Parameters such as MODE (figure 5, table 7), OTLH (fig
ure 6), DTLL, ETN, ESN, GPL2, MGPL1/RWCH, and 
RWCL may be programmed into the HOC. This allows 
for a high degree of versatility. Data record length is 
programmable from 128 to 4095 bytes in soft-sector 
mode and 256 to 4095 bytes in hard-sector mode. 

Figure 5. Mode Byte 

Figure 6. DTLH Byte 

CRC' 
PAD 

POL 

I CRC' I PAD I POL I DTl11 I DTl10 DTl9 DTlS 

Initial Value of Polynomial Counter, Either All Zeros or All Ones 
Selects ID/Data pad of DOH if 0 
Selects ID/Data pad of 4EH if 1 
Polling Mode if 0 
Nonpolling Mode if 1 
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Table 7. Mode Byte Bits 
Bit Name Specified Mode 

EGG 
1 EGG is appended in data field: (x21 + 1) (x 11 +x2 + 1) 

o GRG is appended in data field 

GRGS 
1 Generator polynomial: (x16+ 1) 

SSEG 
1 Soft-sector disk (floppy-like interface), MFM data 

o Hard-sector disk (SMD interface), NRZ data 

SSEC=O SSEC=1 

DSL Data strobe late STP3 (Note 1) 

DSE Data strobe early STP2 (Note 1) 

SaM Servo offset minus STP1 (Note 1) 

SOP Servo offset plus STPO (Note 1) 

Note: 
(1) Stepping rate for ST506 mode = (16-STP) x 2110 x tCY 

Assuming a 10 MHz processor clock: FH = 2.11 ms ... OH = 33.76 ms 

Sense Unit Status 

Soft·Sector Mode 

lOON< I U~ I 
SMD Mode 

I 000' I~ ;: os :: DT I 
The Sense Unit Status (SUS) command is used to trans
fer the Unit Status (UST) to the host. In the case of SMD 
mode the SUS command may also be used to transfer 
the Detail Status (DS) and Device Type (DT) by using the 
appropriate preset parameter value as shown above. No 
preset parameters are used in the soft-sector mode, al
though one is required in the SMD mode. Values other 
than 1, 2, or 5 do not produce valid results. 

After result bytes are placed in FIFO, HDC generates a 
FAULT CLEAR when in SMD mode. 

The DS and DT bytes are defined by the type of drives 
used. The UST is shown in table 8. 

Table 8. Unit Status Byte 
Interface Type 

Bit No. SMD ST506 

D7 U nit selected 0 

D6 Seek end 0 

D5 Write protected 

D4 0 Drive selected 

D3 Unit ready Seek complete 

D2 On cylinder Track 000 

D1 Seek error Ready 

Do Fault Write fault 
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Detect Error Figure 8. Auxiliary Command 

I .... ~1-EA-D-H-EA-DL--EPT1--E-PT--2--EPT-3---------1 
EADH = Error Addl888, High Byte Halt Sense Interrupt StatuaRequest 
EADL = Error Addreaa, LoW Byte 
EPT1 = EmIr Pattern, Byte 1 
EPT2 = Error Pattern, Byte 2 
EPT3 = Error Pattern, Byte 3 

This command is used to transfer the error pattern and 
the error address to the host CPU, when correctable er
rors have occurred during the execution of a Read Data 
command with the ECC mode enabled. 

The error address (EADH and EADL) is calculated from 
the last data byte of the sector that contained a correct
able error which was indicated by the status bit of the 
previous Read Data command with the ECC mode en
abled. The error pattern is used for correcting the error 
data at the location where the error occurred. After re
ceiving the error address and the error pattern, the host 
CPU can correct the error data by performing an 
exclusive-OR of the error pattern and the error data. See 
figure 7. 

The result bytes are available to the host CPU within 
1oo",s. 

Figure 7. Error Correction 

The Sector 
Included 
Correctable 
Error 

1-----DTL-----l:1 

I------EADH, EADL ------

n-1 n-2 

(exclualve OR) 

The Error Pattern I EPT1 I EPT2 EPT3 I 
The Corrected I 

Data Bytes 1.... _--' __ ~_"'" Note:' EOn equals error byte. 

Auxiliary Command 

I--~I -------i 
There are no preset parameters or result bytes associ
ated with this command. The definitions of the 4 LSBs 
(AAAA) are given in figure 8 and table 9. The auxiliary 
command is accepted at any time and is immediately 
executed. The auxiliary command may be used to re
cover from certain types of error conditions, or to mask 
and clear interrupts. 
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Table 9. Auxiliary Command Sits 
IltNalM 

CLCE 

HSRQ 

CLB 

RST 

Operation 

Clears the CE bits of the status register, inactivating the 
interrupt request output caused by Command End condi
tion. This is used when no disk commands are going to be 
issued and it is desired to clear the interrupt. 

Deactivates the interrupt request output caused by Sense 
Interrupt Status Request condition until a Command End 
occurs. However, this command has no effect on the SRO 
bit of the status register. 

Clears the data buffer. 

This has the same effect as a reset signal on the Reset in
put. This function is used whenever the RRO bit in the sta
tus register is set (indicating the format controller is hung 
up), or when a software reset is needed. 

System Example 
Figure 9 shows an example of a local bus system. 

Figure 9. Local Sus System 
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Track Format System Example Timing Diagrams 
Figure 10 shows track format for hard- and soft-sectored 
disks. 

Figures 11 through 22 show the interface timing (soft
sector and hard-sector) required to interface the hard 
disk drive. 

Figure 10. Track Format 
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Hard Sector 
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r- -
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OW the drive' 

andfreque 
srecorded 

bacomephase- ncy-synchronlzed 
with the data bit on the media. 

'-- -
ID field 

r- -
These bytes are the controller and written by 

he drive to 
recovery of 

codes. 

are required by t ensure proper 
recording and the last bits of the 
data field check 
~ 
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AM 19H(I) 

DATA 
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Sec 

ECC/CRC 

DATA PAD 
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r 

r--

~ -
the controller and These bytes are written by 
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the last bits of the 

I 
'-- -

SoflSector 

Index 

GAPI 

4EH (GPLI) 

PLOSYNC - OOH(GPL2) 

AM A1H (1) 

LCNH (1) 
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LHN (1) 

LSN (1) 

CRC (2) 
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IDPAD 
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DATA 

(DTL) 
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(4/2) 
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INTER 
RECORD GAP 
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Index 4EH 
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Figure n. "Unit Selection" and "State Sense" Timing (Hard Sector) 
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Figure 12. Return to Zero Timing (Hard Sector) 

------------------,----~Il~------------------------

tl 
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Figure 13. "Seek" Timing (Hard Sector) 
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Figure 14. "Head Select" Timing (Hard Sector) 
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Figure 15. "Unit Status Sense' Timing (Hard Sector) 
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Figure 16. "Data Read" Timing (Hard Sector) 

Tag 1 } 
Thg2 ------------------------------------------------~ll~---------------------

Sr Sel. Tag "1" 

Tag 3} Bus Direction __ ·_'O_" ______________________________________________ -i\)r ____________________ __ 
US Tag 

Unit selected} 1\1-----------------------
Seek End "1" 
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BT1 (Read Gate) 

Index/Sector 
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- _____ ~I 
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Figure 17. "Data Write" Timing (Hard Sector) 
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Figure 18. "Drive Select" and "Unit Status Sense" Timing (Soft Sector) 
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Figure 19. "Normal Seek" Timing (Soft Sector) 
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Figure 20. "Buffered Seek" Timing (Soft Sector) 
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Figure 21. "Data Read" Timing (Soft Sector) 
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Figure 22. "Data Write" Timing (Soft Sector) 
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Description 

The ",PD9306 and ",PD9306A hard-disk interface (HDI) 
chips are unique CMOS single-chip support devices in
tended for use with the ",PD7261A hard-disk controller. 
The ",PD93061 A includes a high-performance, digital 
phase-locked loop (DPll), write precompensation 
logic, and ",PD7261A ClK and R/W ClK generation. The 
",PD93061 A requires only two inexpensive passive delay 
lines and a crystal for the self-contained oscillator. It 
provides a simple but effective solution to the design of 
support circuitry for typical hard-disk controllers utiliz
ing the ST-506 type interface. Due to its fast acquisition 
time, the ",PD9306! A can actually provide increased 
storage by allowing for a size reduction in the sync field 
areas. The HDI also significantly reduces board area re
quirements and overall design time. The schematic 
examples included in this data sheet can be used to re
duce the ST-506 interface design time to a few hours. 

Features 

D Unique digital phase-locked loop (no adjustments) 
D Precompensation logic 
D 5-MHz MFM data rate 
D Internal crystal oscillator 
D CMOS technology 
D Single +5 V power supply 

Ordering Information 
Part 
Number 

IlPD9306C I IlPD9306AC 

Pin Configuration 

DLCLK 1 

DC1 

DC2 

DC3 4 

DC4 

DC5 

Package Type 

28-pin plastic DIP 

PCEN 

R/WDATA 

15 R/WCLK I--__ ~ 

83·003570A 

J.lPD9306/A 
CMOS HARD-DISK 

INTERFACE 

Pin Identification 
No. Symbol Function 

DlClK Delay line clock output 

2-10 DC1-DC9 Delay clock inputs 

11 RGATE . Read gate input 

12 X1 Crystal clock input 

13 X2 Crystal clock output 

14 GND Ground 

15 R/W ClK Read I write clock output 

16 R/W DATA Read I write data input loutput 

17 PCEN Precompensation enable input 

18 PCE Precompensation early input 

19 PCl Precompensation late input 

20-24 DD1-DD5 Delayed data inputs 

25 WDATA Write data output 

26 RDATA Read data input 

27 DlDATA Delay line data output 

28 Voo +5 V power supply 

Pin Functions 

DC1-DC9 (Delayed Clock) 

These nine inputs receive clock signals delayed relative 
to DlClK. The delays for pins DC1-DC9 are 10 ns to 
90 ns in 10 ns increments. 

DD1-DD5 (Delayed Data) 

These five inputs receive the input data signals, delayed 
relative to DlDATA. The delays for pins DD1-DD5 are 40, 
60,80,90, and 100 ns respectively. As an option, DD1 and 
DD2 may be connected to the 30-ns and 70-ns taps, re
spectively, of delay line 1. Comparative performance 
data is shown in table 1. 

DLDATA (Delay Line Data) 

This output supplies the external delay line with proc
essed read data from the disk or processed write data 
from the host. 

DLCLK (Delay Line Clock) 

This pin is used for the output clock of the on-chip oscil
lator and to supply clocks for both the delay line and the 
",PD7261A. 
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RGATE (Read Gate) 

When this input is active, the digital phase-locked loop 
(DPll) circuit generates a read/write cloGk that is syn
chronized to the phase of the read data from the disk. 

R/W ClK (Read/Write Clock) 

When RGATE is active, the DPll selects one clock 
input from DlClK or DC1-DC9. The clock input is syn
chronized with the read data at the R/W DATA pin and 
output via R/W ClK. When RGATE is inactive, the DPll 
outputs the previously selected clock. 

R/W DATA (Read/Write Data) 

This pin outputs read data that has been synchronized 
with R/W ClK when RGATE is high. This pin inputs 
write data when RGATE is low. 

RDATA (Read Data) 

Input for read data from the hard-disk drive. 

WDATA (Write Data) 

Output for write data to the hard-disk drive. Precompen
sation is according to PCE, PCl, and PCEN states. 

PCEN (Precompensation Enable) 

Write precompensation is performed when this input 
signal is active. 

PCE (Precompensation Early) 

When PCE and PCEN are active, write data is advanced 
in phase from its nominal position and output on. the 
WDATA pin. External delay lines determine the amount 
of time advance. 

PCl (Precompensation late) 

When PCl and PCEN are active, write data is delayed in 
phase from its nominal position and output on the 
WDATA pin. External delay lines determine the amount 
of time delay. 

X1, X2 (Crystal) 

These two pins connect the crystal to the on-chip oscil
lator and clock generator. 

Voo (Power Supply) 

+5 V power supply input. 

GND (Ground) 

Ground. 

6-122 

Absolute Maximum Ratings 
TA=25°C 

Power supply voltage, Voo 

Input voltage, VI 

Output current, 10 

Operating temperature, TOPT 

Storage temperature, T STG 

Note: 
(1) With respect to ground. 

NEe 

-0.5to +7.0V(Note1) 

-0.5to +7.0V(Note1) 

10mA 

Comment: Exposing the device to stresses above those listed in Abso
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

DC Characteristics 
TA=O°Cto +70°C, Voo= +5.0V±10% unless otherwise specified 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input voltage VIH 2.0 Voo+0.5 V 9306 only 
high 

VIH1 2.0 Voo+0.5 V (Note 3) 

VIH2 0. 7VOO Voo +0.5 V (Note 4) 

Input voltage VIL -0.5 +0,8 V 9306 only 
low 

VIL1 -0.5 +0.8 V (Note 3) 

VIL2 0 0.3 Voo V . (Note 4) 

Output voltage VOH1 Voo-O.4 V IOH=-1.0mA 
high (Note 1) 

VOH2 Voo-O.4 V IOH= -2.0mA 
(Note 2) 

Output voltage VOL1 +0.4 V IOL=3.2mA 
low (Note 1) 

VOL2 +0.4 V 10L =6.4 rnA 
(Note 2) 

Input leakage III ±10 ~ OV~Vr"'Voo 
current 

Output leakage 10L ±10 JAA OV~Vo~Voo 
current 

Supply current 100 10 30 rnA 

Note: 
(1) All pins except DlClK, DlDATA and R/W ClK. 

(2) DlClK, DlDATA, and R/W elK pins only. 

(3) 9306A only: all inputs except Xt 

(4) 9306A only: X1 input. 
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Capacitance 
TA = 25°C, fc = 1 MHz Limits Test 

Limits Parameter Symbol Min Typ Max Unit Conditions 
Test 

Parameter Symbol Min Typ Max Unit Conditions Crystal fXTAL 10 10.5 MHz 

Input CI 10 pF (Note 1) 
frequency 

capacitance DLCLK t to DC9 tOOC1 85 90 95 ns (Note 3) 

Output Co 15 pF (Note 1) 
t delay time 

capacitance DCn tto DCn+1 tOOC2 8 10 12 ns (Note 3) 

I /0 capacitance CIO 15 pF (Note 1) 
t delay time 
(n=1, 2, ",8) 

Note: DLDATA tto tOOO1 95 100 105 ns (Note 3) 
(1) All unmeasured pins returned to ground. 005 t delay time 

AC Characteristics 
DOn t to tOOO2 8 10 12 ns (Note 3) 
DOn +1 t delay 

TA=OOCto +70°C, VDD= +5.0V±10% (Note 1) time 

Limits (n=2, 3, 4) 
Test 

RGATE=1 Parameter Symbol Min Typ Max Unit Conditions R/WCLK tto tORW 10 20 45 ns 
R/WDATA 

DLCLK, DLDATA tOLR 20 ns (Note 2) delay time 
rise time 

Note: 
DLCLK, DLDATA tOLF 20 ns (Note 2) (1) CLOAD = 30 pF 
fall time 

(2) When delay line is driven 
DLCLK cycle tCYOLK 100 ns 
time (3) Delay line specs used: 

Delay time step = 10±2 ns; total delaytime= 100±5ns 
DLCLK high tWOLKH 40 50 60 ns 
level width Table 1. J.lPD93061 A Performance If DLCLK low tWOLKL 40 50 60 ns 

Connection lit Jitter Speed Variation level width 
(Note 1) Margin Tolerance 

DLDATA high tWOLH 55 70 100 ns 001 to 40-ns delay line tap and ±30ns ±2% (Note 2) 
level width 002 to 60-ns delay line tap 
DC1-DC9, tOR 30 ns 001 to 30-ns delay line tap and ±35ns ±1.5% (Note 2) 
001-005 rise 002 to 70-ns delay line tap 
time 

DC1-DC9, tOF 30 
Note: 

ns (1) Performance depends on precision of externally connected delay 
001-005 fall 
time 

line. 

DC1-DC9 cycle tCYOC 100 ns 
(2) Modern Winchester drives seldom exceed 0.5% speed variation. 

time 

DC1-DC9 high tWOCH 40 50 60 
AC Test Points 

ns 
level width 

DC1-DC9Iow tWOCL 40 50 60 ns 
2.4V==X2.0V 

>~~~:s< 2.0VC 

level width 
0.8 V 0.8V 

0.45 V 
83002909A 

001-005 high tWOH 55 70 100 ns 
level width 

R/WCLK rise tRWR 10 ns 
time 

R/WCLKfall tRWF 10 ns 
time 

R / W CLK cycle tCYRW 83 100 ns 
time 

R/WCLK high tWRWH 30 ns 
level width 

R/W CLK low tWRWL 30 ns 
level width 
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Timing Waveforms 

Controller Interlace Timing (Read Operation Only) 

R/WCLK 

R/WDATA 

Delay Line Timing Requirements 

DC1-DC9 

DOl-DDS 

DCn 

DCn+l 

(n=l,2,·· .,8) 

DOll 

DOn +1 

(n=2,3,4) 
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Delay Line Inputs 

DLCLK 

DLDATA 

83'()()3731A 

DLCLK 

DC9 

DLDATA 

DDS 

83.()()3735A 
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Functional Description 

System Configuration 

The schematic diagram in figure 1 illustrates the use of 
the /-lPD93061 A in conjunction with active delay lines. 
Active delay lines are the easiest to use in any applica
tion, but generally cost twice as much as the passive 
type. The /-lPD9306 I A is capable of driving passive delay 
lines with 200 Q or higher impedance. A circuit example 
is shown in figure 2. Passive delay lines will perform very 
well when provided with good grounds and proper 
termination. 

Figure 1. System Configuration with Passive 
Delay Lines 

I'PD9306/A 

Characteristic Impedance = Zo (1) lor Delay 1 and 2 

Note: 

Rl 

R2 

":" Rl =1.6-Zo 
R2=2.S-Zo 

Rl 

R2 

83'()()3571A 

(1) An internal terminating resistor provided with the delay line should not 
be used. The delay line should be terminated at the last stage output 
(100 ns) as shown. 

Precompensation Circuit 

Write precompensation is a technique that reduces the 
bit jitter present in read data, thereby increasing reliabil
ity. It is typically used only on the inner cylinders. When 
data is written to the disk, pulse crowding takes place 
on the higher-numbered inner cylinders where the same 
amount of data is compressed into less space than on 
the outer cylinders. A high percentage of the bit jitter 
present in the read data is due to magnetic effects caus
ing flux transitions to occur displaced from their nomi
nal position. These effects are predictable based on the 
pattern of data being recorded. Precompensation re
duces bit jitter by writing the data slightly before or 
slightly after the nominal pulse transition time in a 
direction opposite to the expected jitter. 

J.lPD9306/A 

Various manufacturers of many ST-506 style Winchester 
disk drives use delay values of 10-12 ns. The /-lPD7261A 
generates the two precompensation control signals, 
precompensation early (PCE) and precompensation 
late (PCl), to direct the write data through one of three 
delay pathways. There is circuitry within the /-lPD93061 A 
allowing it to operate with PCE/l and R/W DATA 
skewed from each other by as much as 50 ns. This elimi
nates the need for synchronizing the precompensation 
and write data signals externally. 

The /-lPD93061 A utilizes the data path delay line for both 
the precompensation and the phase-comparator cir
cuit. When RGATE is low, data appearing on the R/W 
DATA line is written to the drive. The write data is passed 
through delay line 1, and the 80-, 90- and 100-ns taps are 
used for the early, nominal and late signals. 

Digital Phase-Locked Loop 

The /-lPD93061 A employs unique circuitry to accomplish 
the phase-locked loop (Pll) function, which simplifies 
the overall design and provides very low error rate data 
recovery. 

The raw read data from the ST-506 Winchester is MFM 
encoded and consists of clock and data pulses. The 
data format on the disk is broken into sectors with each 
sector containing sync fields, address marks, ID fields, 
and data fields. The different fields each have specific 
functions. For an in-depth explanation of each of these, 
refer to the /-lPD7261A user's manual. 

Typically, a Winchester controller will have a data sepa
rator that recovers data from the MFM data stream. 
Within the data separator are several functional blocks 
that include a sync field detector, phase-locked loop 
(consisting of a phase comparator, error amplifier, low
pass filter, voltage-controlled oscillator, and pulse syn
chronizing logic), reference oscillator, and address. 
mark detector. The /-lPD93061 A eliminates the need for 
many of these functional blocks. It acquires "lock" 
within 4 bit times in a sync field, yet it is incapable of 
locking to a harmonic, as analog Pll circuits are prone 
to do. The /-lPD93061A is also immune to the high
frequency bursts that may occur during the write splice 
areas of the disk. 
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Figure 2. I-lPD9306 with Passive Delay Line 
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The J..IPD93061 A simulates the function of an analog 
veo by using a digital phase-shift network. One of the 
external delay lines is used to generate ten phase
shifted reference clocks. These clocks have a frequency 
of 10 MHz and are phase shifted in equal degree incre
ments. The total delay line time is 100 ns, which is the 
same as the period of the clock, providing a complete 
360 0 phase shift. The J..IPD93061 A synthesizes the veo 
signal by internally selecting one of the phase-shifted 
clock signals. The rate at which the clock is phase
shifted in one direction or the other corresponds to an 
increase or decrease in the resulting frequency. 

J.tPD9306/A 

The internal phase comparator uses the data delay line 
(Delay 1) to divide the data window into ten slices. De
pending on where the sampling edge of the recovery 
clock falls within the data window, a proprietary 
algorithm changes the phase of the recovery clock. The 
J..IPD93061 A has the same jitter rejection abilities that 
you would expect from a well-designed analog PLL. It 
can accept disk data with jitter in excess of plus or mi
nus 30 ns. As an option, delay line 1 taps DD1 and DD2 
may be connected to the 30-ns and the 70-ns tap respec
tively. Due to this option, the J..IPD93061 A performance is 
affected by its immunity to bit jitter and its tolerance to 
speed variation as shown in table 1. 
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NEe Electronics Inc. 
PRELIMINARY INFORMATION 

Description 

The JiPD7262 is a highly-integrated, single-chip con
troller for ESDI Winchester Disks. While conforming 
to the complete revision E of the ESDI specification, 
this device executes 22 high-level commands that 
provide flexibility and ease of usage. The JiPD7262 is 
based on the proven JiPD7261 A/JiPD7260 architecture 
but adapted to the special requirements of this disk 
interface. It eliminates numerous ICs and gives 
complete access to all of the features implemented by 
the ESDI disk drive manufacturers. 

Features 

o Controls ESDI serial mode disks 
o Controls up to seven disk drives 
o Programmable soft and hard sector formats 
o 18-M Hz data transfer rate 
o Multi-sector, -track, and -cylinder transfer 

capability 
o Implied seek and parallel seek capability 
o 22 high level disk commands and 4 auxiliary 

commands 
o CRC error detection 
o ECC error detection and correction 
o Single +5 volt supply 
o NMOS 40-pin DIP 

Disk Commands 

Check 
Chip Reset 
Clear Command End Bit 
Clear Data FIFO 
Detect Error 
Format Sector 
Format Track 
Get Internal Information 
Group Assign 
Logical Seek 
Mask SRQ Interrupt 
Physical Seek 
Read Data 

Read Diagnostic 
Read ID 
Recalibrate 
Scan 
Send 
Send Extended 
Sense Seek Status 
Sense Unit Status 
Specify1 
Specify2 
Verify Data 
Verify ID 
Write Data 

Ordering Information 

Part Number Package Type 

pPD7262D 40-pin ceramic DIP 

Max Frequency 
of Operation 

18 MHz 

j1PD7262 
ENHANCED SMALL DEVICE 

INTERFACE CONTROLLER 

Pin Configuration 

WDATA 

RESET 

INT 

DMARQ 6 

TC 
WCLK 

INDEX 

35 SECP/BCLK/AMF 

AME 

[NC] 

READY 

ATT 

CMDC 

HSo/XACK 

83-002630A 

Pi n Identification 
No. Symbol Function 

WDATA NRZ write data output to ESDI drive 

2 RDATA NRZ read data input from ESDI drive 

3 RCLK Read/reference clock input from 
ESDI drive 

4 RESET System reset input 

5 INT Interrupt request output 

6 DMARa DMA request output 

7 TC Terminal count input from DMAC 

8 WCLK Write clock output to ESDI drive 

9 RD Read control input signal from host 
computer 

10 WR Write control input signal from host 
computer 

11 Ao Address select input from host 
computer 

12-19 Do-D7 Data bus from host computer 

20 GND System ground 

21 RW/COM This output specifies the status of 
pins 25-28 

22-24 DS3-DS1 Drive select outputs to ESDI drive 
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Pin Identification (cont) 
No. Symbol 

25 HS3/XREQ 
26 HS2/TxD 
27 HS1/RxD 
28 HSo/XACK 

29 CMDC 

30 An 
31 READY 

32 DSD 

Block Diagram 

00-07 

6-130 

Function 

If RW/COM = 1: head select (HS) 
outputs to ESDI drive. 

If RW/COM = 0 for serial data 
transfer to ESDI drive: transfer 
request (XREQ) output, transmit data 
(TxD) output, receive data (RxD) 
input, and transfer acknowledge 
(XACK) input. 

Command complete input from ESDI 
drive 

Attention input from ESDI drive 

Ready input from ESDI drive 

Drive selected input from ESDI drive 

OMARQ 

. INT 

CLK

RESET

VCC

GNO_ 

Host 
System 

Interface 
Logic 

No. 

33 

34 

35 

36 

37 

38 

39 

40 

Symbol 

NC 

AME 

SECP/BClKI 
AMF 

INDEX 

ClK 

WGATE 

RGATE 

Vee 

Disk 
Interface 
Control 
Logic 

Serial 
Communication 

Logic 

Format 
Control 
Logic 

NEe 
Function 

Not connected; leave open 

Address mark enable output from 
ESDI drive 

Sector pulse or byte clock or 
address mark found; input from ESDI 
drive (mutually exclusive) 

Index detected input from ESDI drive 

System clock input to pPD7262 

Write gate output to ESDI drive 

Read gate output to ESDI drive 

+5 V (Typical) input 

OSD 

Ready 

ATT 

CMOC 

HSo 

HS1 

HS2 

HS3 

OS1 

OS2 

OS3 

RW/COM 

XREQ 

TxO 

XACK 

RxO 

RGATE 

WGATE 

Index 

SECP/BCLK/AMF 

AME 

WOATA 

WCLK 

ROATA 

RCLK 

83-0035528 



NEe 
NEe Electronics Inc. 

Description 

The /JPD7201A is a dual-channel multifunction 
peripheral communication controller (MPSCC) that 
satisfies a wide variety of serial data communication 
requirements in computer systems. Its basic function 
is as a serial-to-parallel, parallel-to-serial converter/ 
controller, and it is software configurable for serial 
data communications applications. 

The /JPD7201A can handle asynchronous and synchro
nous byte-oriented protocols, such as IBM Bisync, 
and synchronous bit-oriented protocols such as 
HDLC and IBM SDLC. It also supports virtually any 
other serial protocol for applications other than data 
communications. 

The /JPD7201A can generate and check cyclic redun
dancy check (CRC) codes in any synchronous mode 
and can be programmed to check data integrity in 
various modes. The device also has facilities for 
modem controls in both channels. In applications 
where modem controls are not needed, they can be 
used for general-purpose I/O. 

Features 

D Two fully independent duplex serial channels 
D Four independent DMA channels for send/receive 

data for both serial inputs/outputs 
D Programmable interrupt vectors and interrupt 

priorities 
D Modem control signals 
D Variable software programmable data rate, up to 

1 Mbaud at 5 MHz clock 
D Double buffered transmitter data and quadruply 

buffered receive data 
D Programmble eRC algorithm 
D Selection of interrupt, DMA or polling mode of 

operation 
o Asynchronous operation 

Character length: x 1, x 16, x 32, or x 64 
lock frequency 
Parity: odd, even, or disable 
Break generation and detection 
Interrupt on parity, overrun, or framing errors 

IlPD7201A 
MUL TIPROTOCOL SERIAL 

COMMUNICATIONS CONTROLLER 

D Monosync, bisync, and external sync operations 
- Software selectable sync characters 
- Automatic sync insertion 
- CRC generation and checking 

D HDLC and SDLC operations 
Abort sequence generation and detection 
Automatic zero insertion and detection 
Address field recognition 
CRC generation and checking 
I-field residue handling 

D N-channel MOS technology 
D Single + 5V power supply; interface to most 

microprocessors including 8080, 8085, 8086, and 
others. 

D Single-phase TTL clock 
D Plastic and ceramic dual-in-line packages 

Ordering Information 
Part Number 

pPD7201AC 

pPD7201AD 

Pin Configuration 

RESET 

OCOA 

RxCB 

OCOB 

WAITB/ORQTxA 

0 7 

Package Type 

40-pin plastic DIP 

40-pin ceramic DIP 

OTRA/HAO 

PRO/ORQTxB 

OTRB/HAI 

B/A 

C/O 

cs 
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Pin Identification Pin Functions 

No. Symbol Function ClK [System Clock] 
ClK System clock input A TTL-level clock signal is applied to the ClK input. 

2 RESET Reset input The system clock frequency must be at least 4.5 times 
3 DCDA Data carrier detect input A the clock frequency applied to any of the data clock 
4 RxCB Receiver clock input B inputs (TxCA, TxCB, RxCA, RxCB). 
5 DCDB Data carrier detect input B 

6 CTSB Clear to send input B RESET [Reset] 

7 TxCB Transmitter clock input B A low on the RESET input (one complete ClK cycle 
8 TxDB Transmit data output B minimum) initializes the MPSCC to the following con-

9 RxDB Receive data input B ditions: receivers and transmitters disabled, TxDA and 

10 RTSB/SYNCB Request to send output B/Synchro-
TxDB set to marking (high), and modem controls 

nization input/output B (DTRA, DTRB, RTSA, RTSB) set high. 

11 WAITB/DROTxA Wait output B/Transmit DMA request In addition, all interrupts are disabled and all inter-
output A rupt and DMA requests are cleared. All control 

12-19 DTDO Data Bus registers must be rewritten after a reset before 
20 Vss Ground transmission or reception can be restarted. 

21 WR Write strobe input --- ---
22 RD Read strobe input 

DCOA, DCOB [Data Carrier Detect] 

23 cs Chip select input The DCDA and DCDB inputs go low to indicate the 

24 C/D Control/data input presence of valid serial data at RxD. The MPSCC may 

25 B/A Channel select input 
be programmed so that the receiver is enabled only 
when DCD is low, and so that any change in state that 

26 DTRB/HAI Data terminal output B/Hold lasts longer than the minium specified pulse width 
acknowledge input causes an interrupt and latches the DCD status bit 

27 INTAK Interrupt acknowledge input to the new state. 
28 INT Interrupt request output -- --
29 PRI/DRORxB Interrupt priority input/Receive DMA RxCA,· RxCB [Receiver Clock] 

request output B 
The RxCA and RxCB inputs control sampling and 

30 PRO/DROTxB Interrupt priority output/Transmit 
DMA request output B shifting serial data at RxDA and RxDB. The MPSCC 

31 DTRAlHAO Data terminal output AlHoid 
can be programmed so that the clock rate is 1, 16,32, 
or 64 times the data rate. RxD is sampled on the ris-acknowledge output 
ing edge of RxC. RxC features a Schmitt-trigger in-

32 WAITA/DRORxA Wait output A/Receive DMA request 
output A put for relaxed rise and fall time requirements. 

33 SYNCA Synchronization input/output A TxCA, TxCB [Transmitter Clock] 
34 RxDA Receive data input A 

The TxCA and TxCB inputs control the rate at which 35 RxCA Receiver clock input A 

36 TxCA Transmitter clock input A 
data is shifted out at TxDA and TxDB. The MPSCC can 
be programmed so that the clock rate is 1, 16, 32, or 

37 TxDA Transmit data output A 64 times the data rate. Data changes on the falling 
38 RTSA Request to send output A edge of TxC. TxC features a Schmitt-trigger input for 
39 CTSA Clear to send input A relaxed rise and fall time requirements. 
40 Vee +5V 

TxDA,TxDB [Transmit Data] 

TxDA and TxDB output serial data from the MPSCC. 
(Marking high). 
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RxDA, RxDB [Receive Data] 

RxDA and RxDB input serial data to the MPSCC. 
(Marking high.) 

CTSA, CTSB [Clear to Send] 

The CTSA and CTSB inputs go low to indicate that 
the receiving modem or peripheral is ready to receive 
data from the MPSCC. The MPSCC can be program
med so that the transmitter is enabled only when CTS 
is low. As with DCD, the MPSCC can be programmed 
to cause an interrupt and latch the new state when 
CTS changes state for longer than the minimum 
specified pulse width. 

RTSA, RTSB [Request to Send] 

When the MPSCC is in one of the synchronous 
modes, RTSA and RTSB are general-purpose outputs 
that can be set or reset with commands to the 
MPSCC. In asynchronous mode, RTS is active (low) 
as soon as it is programmed on. However, when pro
grammed off, RTS remains active until the transmit
ter is completely empty. This feature simplifies the 
programming required to perform modem control. 

SYNCA, SYNCB [Synchronization] 

The function of the SYNCA and SYNCB pins depends 
on the MPSCC operating mode. In asynchronous 
mode, SYNC is used as an input that the processor 
can read. It can be programmed to generate an inter
rupt in the same manner as DCD or CTS. 

In external sync mode, SYNC is an active-low input 
that notifies the MPSCC that synchronization has 
been achieved (see timing waveforms for details). 
Once synchronization is achieved, SYNC should be 
held low until synchronization is lost or a new 
message is about to start. 

In internal synchronization modes (monosync, bisync, 
SDLC), SYNC is an output which is active (low) 
whenever a SYNC character match is made. There is 
no qualifying logic associated with~function. 
Regardless of character boundaries, SYNC is active 
on any match. 

DRQTxA, DRQTxB, DRQRxA, DRQRxB 
[DMA Request] 

When a DRQTxA, DRQTxB, DRQRxA, or DRQRxB out
put is active (low), it indicates to a DMA controller that 
a transmitter or receiver is requesting a DMA data 
transfer. 

j.tPD7201A 

WAlTA, WAITB [Wait] 

The WAlTA and WAITB outputs synchronize the pro
cessor with the M PSCC when block transfer mode is 
used. It can be programmed to operate with either the 
receiver or transmitter, but not both simutaneously. 
WAIT is normally inactive (high). If the processor tries, 
for example, to perform an inappropriate data transfer 
such as a write to the transmitter when the transmit
ter buffer is full, the WAIT output for the channel will 
go active (low) until the MPSCC is ready to accept the 
data. The CS, CfO, BfA, RD, and WR inputs must re
main stable while wait is active. (Open drain.) 

Do-D7 [Data Bus] 

The three-state data bus lines are connected to the 
system data bus. Data or status from the MPSCC is 
output on these lines when CS and RD are active (low). 
Data and commands are latched into the MPSCC on 
the rising edge of WR when CS is active. 

WR [Write Strobe] 

A low on the WR input (with either CS during the read 
cycle or HAl during a DMA cycle) notifies the MPSCC 
to write data or control information to the device. 

RD [Read Strobe] 

A low on the RD input (with either CS during a read 
cycle or HAl during a DMA cycle) notifies the MPSCC 
to read data or status from the device. 

CS [Chip Select] 

A low on the CS input allows the MPSCC to transfer 
data or commands during a read or write cycle. 

C/O [Control/Data] 

The cifS input, with RD, WR, CS, and Bi"A selects the 
data register (CID = O) or the control and status 
registers (CID = 1) for access over the data bus. 

B/A [Channel Select] 

BfA input low selects channel A and BfA high selects 
channel B for access during a read or write cycle. 

DTRA, DTRB [Data Terminal] 

The DTRA and DTRB outputs are general-purpose, 
active-low outputs which may be set or reset with 
commands to the MPSCC. 
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INTAK [Interrupt Acknowledge] 

The processor generates two or three INTAK low 
pulses (depending on the processor type) to signal all 
peripheral devices that an interrupt acknowledge se
quence is taking place. During the interrupt 
acknowledge sequence, the MPSCC, if so program
med, places information on the data bus to vector the 
processor to the appropriate interrupt service 
location. 

INT [Interrupt Request] 

The INT output is pulled low when an internal inter
rupt request is accepted. (Open drain.) 

PRI [Interrupt Priority In] 

The PRI input informs the MPSCC that the highest 
priority device is requesting an interrupt. It is used 
with PRO to implement a priority-resolution 
daisychain when there is more than one interrupting 
device. The state of PRI and the programmed inter
rupt mode determine the MPSCC's response to an in
terrupt acknowledge sequence. 

Block Diagram 

WAITA----j 

WAITB----! 

C/D---+I 

B/A---+I 

DATA 
BUS 

CS---+I 
RD---+I 
WR----t 
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Control and 
Status Registers 
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PRO [Interrupt Priority Out] 

The PRO output is active (low) when PRI is active (low) 
and the MPSCC is not requesting an interrupt (INT is 
not active). 

The active state informs the next lower priority device 
that there are no higher priority interrupt requests 
pending during an acknowledge sequence. 

HAl [Hold Acknowledge In] 

The HAl input goes low to notify the M PSCC that the 
host processor has acknowledged the DMA request 
and has placed itself in the hold state. The MPSCC 
then performs a DMA cycle for the highest priority 
outstanding DMA request, if any. 

HAO [Hold Acknowledge Out] 

The HAO output, with HAl, implements a priority
resolution daisychain for multiple DMA devices. HAO 
is active (low) when HAl is active and there are no 
DMA requests pending in the MPSCC. 

Interrupt Control 
Logic 

INTAK 

} Serial Data 

} 
Serial Data 
Clocks 

Modem and Sync 
Controls 

} Serial Data 

} 
Serial Data 
Clocks 

Modem and Sync 
Controls 
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Absolute Maximum Ratings AC Characteristics (cont) 
TA = 25°C TA = O°C to + 70°C; Vee = +5 V ± 10% 

Power Supply, Vcc -0.5 to + 7.0 V Limits 

Input Voltage, VI -0.5 to + 7.0 V Parameter Symbol Min Max Unit Test Conditions 

Output Voltage, Vo -0.5 to + 7.0 V Clock rise time tr 0 30 ns 

Operating temperature, T OPT DoC to + 70°C Clock fall time tf 0 30 ns 

Storage Temperature, T STG - 65°C to + 150°C AdQ!!lss setup tAR 0 ns 
to RD 

Comment: Exposing the device to stresses above those listed in Address hold tRA ns 
Absolute Maximum Ratings could cause permanent damage. The from Ro 
device is not meant to be operated under conditions outside the 
limits described in the operational section of this specification. RD pulse width tRR 200 ns 
Exposure to absolute maximum rating conditions for extended Data output tAD 200 ns 
periods may affect device reliability. delay from 

address 
Capacitance 

Data output_ tRD 200 ns 
TA = 250 C; Vee = GND = OV delay from RD 

Limits Data !!Q.at delay tDF 10 100 ns 

Parameter Symbol Min Max Unit Test Conditions from RD 

Input Capacitance CIN 10 pF fc = 1MHz Address setup tAW 0 ns 
from WR 

Output Capacitance COUT 15 pF Unmeasured pins 
Address hold tWA ns 

1/0 Capacitance CliO 20 pF returned to GND. from WR 

WR pulse width tww 200 ns 

E DC Characteristics Da!!Jetup tDW 130 ns 
T A = O°C to + 70°C; Vee = + 5 V ± 10% to WR 

Limits Data hold tWD ns 

Parameter Symbol Min Max Unit Test Conditions 
from WR 

Input low Vil -0.5 +0.8 V PRO delay tplPO 100 ns 

voltage from PRI 

Input high VIH +2.0 Vcc+ 0.5 V PRO delay tlAPO 200 ns 

voltage from INTAK 

Output low VOL +0.45 V IOl = +2.0 mA PRI setup tpHA ns 

voltage to INTAK 

Output high VOH +2.4 V IOH = 200J.lA PRI hold tlAPI 20 ns 

Voltage from INTAK 

Input leakage III ±10 J.lA VIN=VCC to 0 V 
INTAK pulse tlAIA 200 ns 

current width 

tlAD 200 Output leakage IOl ±10 J.lA VOUT=VCC 
Data output ns 

current to 0 V delay from 
INTAK 

VCC supply Icc 230 mA 
current Data float delay tDF 10 100 ns 

from INTAK 

Request hold tco 150 ns 
AC Characteristics from RD/WR 
T A = O°C to + 70°C; Vee = + 5 V ± 10% 

HAl setup to tHIC 300 ns 

Limits 'Ro/WR 

Parameter Symbol Min Max Unit Test Conditions HAl hold from tCHI ns 

Clock cycle tCY 200 4000 ns 'Ro/WR 

HAO delay tHIHO 100 ns 
Clock high tCH 70 2000 ns from HAl 
width 

Data clock tDCY 400 ns RxC, TxC 
Clock low width tCl 70 2000 ns cycle 
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AC Characteristics (cont) 
TA = ooe to + 70oe; Vee = +5 V ± 10% 

Parameter 

Data clock high 
width 

Data clock low 
width 

Tx data delay 
from TxC 

Rx data setup 
to RxC 

Symbol 

tDCH 

tDCl 

tTCTD 

Rx Data hold tRCRD 
from RxC 

INT delay Time tlDl 
from Tx Data 

INT delay Time 
from RXC 

CTS, DCD, 
SYNC high 
pulse width 

CTS, DCD, 
SYNC low 
pulse width 

External I NT 
from CTS, 
DCD, SYNC 

Recovery time 
between 
controls 

WAIT delay 
time from 
Address 

SYNC setup to 
RxC 

tMl 

tMF 

tRV 

tAWT 

tRCS 

Llmhs 

Min Max Unit 

180 ns 

180 ns 

300 ns 

1000 ns 

o ns 

140 ns 

4-6 tCY 

7-11 tCY 

200 ns 

200 ns 

500 ns 

300 ns 

120 ns 

100 ns 

Test Conditions 

RxC, TxC 

RxC, TxC 

x1 Mode 

x16, x32, x64 
Mode 

Note: 1. RESET must be active for a minimum of one complete elK 
cycle. 

2. In all modes system clock rate must be 4.5 times data rate. 
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Timing Waveforms 

AC Waveform Measurement Points 

:

2.0 2.0~x:: 2.4V=X --Test Points 
0.45V _-----------....,. 

0.8 CL = 150 pI 0.8 

Read Cycle 

INTAK Cycle 

DB 

PRO 

Note: (1) iN'fA signal acts as RD signal. 

(2) Piii and HAl signals act as Cs signal. 

Write Cycle 

CID, B/A. cs :Jb'AW1='WW~ ViR 

DB ----------f ~-

DMA Cycle 

=rc-
RD/:: [1=) ===========:~=t=H_:';';':_I;';":~ ~ 

DRO --1' 

HAO 1-, 

Note: (1) PRI and HAl signals act as Cs Signal. 
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Timing Waveforms (coni) 

Transmit Data Cycle 

Other Timing 

Read/Write Cycle 
(Software Block Transfer Mode) 

Programming the MPSCC 

Software operation of the MPSCC includes consistent 
register organization and high-level command struc
ture to help minimize the number of operations re
quired to implement complex protocol designs. The 
MPSCC also has extensive interrupt and status report
ing capabilities to simplify programming. 

The MPSCC Registers 

The MPSCC interfaces to the system software with 
a number of control and status registers associated 
with each channel (see tables 1 and 2). Commonly us
ed commands and status bits are accessed directly 
through control and status register O. Other functions 
are accessed indirectly with a register pointer to 
minimize the address space that must be dedicated 
to the M PSCC. 

Receive Data Cycle 

Rxe 

RxD 

Clock 

Sync Pulse Generation 
(External Sync Mode) 

IlPD7201A 

All control and status registers except CR2 are 
separately maintained for each channel. Control and 
status register 2 are linked with the overall operation 
of the MPSCC and have different meanings when ad
dressed through different channels. 

Before intializing the MPSCC, first program control 
register 2A (2B if desired) to establish the MPSCC pro
cessor/bus interface mode. Each channel may then 
be programmed for separate use beginning with con
trol register 4 to set the protocol mode for that chan
nel. The remaining registers may then be program
med in any order. 
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Table 1. Control Registers 

Control 
Register Function 

o Frequently used commands and register pointer 
control 

1 Interrupt control 

2 Processor/bus interface control 

3 Receiver control 

4 Mode control 

5 Transmitter control 

6 Sync/address character 

Sync character 

Control Register 0 

°7 I 06 °5 I °4 I 0 3 °2 I °1 I 
CRC Control Command Register Pointer Command 

Register Pointer [00-02] 

Do 

The register pointer specifies which register number 
is accessed at the next control register write or status 
register read. After a hardware or software reset, the 
register pOinter is set to zero. Therefore, the first con
trol byte goes to control register O. When the register 
pointer is set to a value other than zero the next con
trol or status (C/O = 1) access is to the specified 
register. The pointer is then reset to 0 by setting the 
register pOinter. 

Commands [03-05] 

Commands commonly used during the operation of 
the MPSCC are grouped in control register O. They in
clude the following: 

Null [000] : This command has no effect and is used 
only to set the register pointer or issue a CRC 
command. 

Send Abort [001]: When operating in the SOLC mode, 
this command causes the MPSCC to transmit the 
SOLe abort code by issuing 8 to 13 consecutive 1s. 
Any data currently in the transmitter or the transmit
ter buffer is destroyed. After sending the abort, the 
transmitter reverts to the idle phase (flags). When us
ing the Tx byte count mode enable (06 of CR1), the 
send abort command is automatically issued when 
an underrun condition occurs. 
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Table 2. Status Registers 

Status 
Register Function 

o Buffer and "external/status" status 

Received character error and special condition 
status 

2 Interrupt Vector 
(Channel 
B only) 

3 Tx byte count register, low byte 

4 Tx byte count register, high byte 

Reset External Status Interrupt [010] : When the ex
ternal/status change flag is set, the condition of bits 
03-07 of status register 0 are latched to capture the 
short pulses that may occur. The reset external/status 
interrupts command reenables the latches so that 
new interrupts may be sensed. 

Channel Reset [001]: This command has the same 
effect on a single channel as an external reset at pin 2. 
A channel reset command to channel A rests the 
internal interrupt prioritization logic. This does not 
occur when a channel reset command is issued to 
channel B. All control registers associated with the 
channel to be reset must be reinitialized. After a channel 
reset, wait at least four system clock cycles before 
writing new commands or controls to that channel. 

Enable Interrupt on Next Character [100] : Issue this 
command at any time when operating the MPSCC in 
an interrupt on first received character mode. This 
command must be issued at the end of a message 
to reenable the interrupt logic for the next received 
character (first character of the next message). 

Reset Pending Transmitter Interrupt/DMA Request 
[101] : A pending transmitter buffer empty interrupt or 
OMA request can be reset without sending another 
character by issuing this command (typically at the 
end of a message). A new transmitter buffer empty 
interrupt or OMA request is not made until another 
character has been loaded and transferred to the 
transmitter shift register or when, if operating in the 
synchronous or SOLC modes, the first CRC character 
has been sent. 

Error Reset [110]: This command resets a special 
receive condition interrupt. It also reenables the parity 
and overrun error latches that allow error checking at 
the end of a message. 
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End of Interrupt [111J [Channel A OnlyJ: Once an in
terrupt request has been issued by the MPSCC, all 
lower priority internal and external interrupts in the 
daisy chain are held off to permit the current inter
rupt to be serviced while allowing higher priority in
terrupts to occur. At some point in the interrupt ser
vice routine (generally at the end), the end of the in
terrupt command must be issued to channel A to 
reenable the daisy chain and allow any pending lower 
priority internal interrupt requests to occur. The EOI 
command must be sent to channel A for interrupts 
that occured on either channel. 

CRC Control Commands [06.07] 

The following commands control the operation of the 
CRC generator/checker logic: 

Null [OOJ : This command has no effect and is used 
when issuing other commands or setting the register 
pointer. 

Reset Receiver CRC Checker [01J: This command 
resets the CRC checker to zero when the channel is 
in a synchronous mode. It resets to all1s when in an 
SOLC mode. 

Reset Transmitter CRC Generator [01J: This com
mand resets the CRC generator to zero when the 
channel is in a synchronous mode. It resets to all 1 s 
when in an SOLC mode. 

Reset Idle/CRC Latch [11J : This command resets the 
idle/CRC latch so that when a transmitter underrun 
condition occurs (transmitter has no more characters 
to send), the transmitter enters the CRC phase of 
operation and begins to send the 16-bit CRC character 
calculated up to that point. The latch is then set so 
that if the underrun condition persists, idle characters 
are sent following the CRC. After a hardware or soft
ware reset, the latch is in the set state. This latch is 
automatically reset after the first character has been 
loaded into the Tx buffer in the SOLC mode. 

Control Register 1 
07 0& 05 0_ I 03 02 01 DO 

Wait Tx Byte Wait on Condi- Trans- Ext/ 
Func- Count Receive Receiver tion mitter Status 
tion Mode Trans- Interrupt Affects Interrupt INT 

Enable Enable mitter Mode Vector Enable Enable 

07 0& 05 0_ I 03 02 01 DO 

Low Byte 

07 0& 05 0_ I 03 02 01 DO 

High Byte 

J.tPD7201A 

External/Status Interrupt Enable [00] 

When this bit is set to one, the MPSCC issues an inter
rupt whenever any of the following conditions occur: 
- Transition of the OCO, CTS or SYNC input pin 
- Entering or leaving synchronous hunt phase, 

break detection or termination 
SOLC abort detection or termination 
Idle/CRC latch set (CRC being sent) 
After ending flag is sent in the SOLC mode 

Transmitter Interrupt Enable [01] 

When this bit is set to one, the MPSCC issues an 
interrupt when the following conditions occur: 
- A character currently in the transmitter buffer is 

transferred to the shift register (transmitter buf
fer becomes empty), or 

- The transmitter enters the idle phase and begins 
transmitting sync or flag characters. 
The Tx byte mode enable bit is set (06 of CR1 = 
1). The 7201A will automatically issue a Tx inter
rupt or OMA request when the transmitter 
becomes enabled (03 of CR5 = 1). 

Condition Affects Vector [02] 

When this bit is set to zero, the fixed vector pro- 6 
grammed in CR2B during MPSCC initialization is 
returned in an interrupt acknowledge sequence. When 
this bit is set to one, the vector is modified to reflect 
the condition that caused the interrupt. (Programm-
ed in channel B for both channels). 

Receiver Interrupt Mode [03 . 04] 

This field controls how the MPSCC interruptlDMA 
logic handles the character received condition. 

Receiver Interrupts/DMA Request Disabled [OOJ : The 
MPSCC does not issue an interrupt or a OMA request 
when a character has been received. 

Interrupt/DMA on First Received Character Only [01J: 
In this mode the MPSCC issues an interrupt only for 
the first character received after an enable inter
ruptlDMA on first character command (CRO) has been 
given. If the channel is in a OMA mode, a OMA request 
is issued for each character received, including the 
first. In general, use this mode whenever the MPSCC 
is in a DMA or block transfer mode. This will signal 
the processor that the beginning of an incoming 
message has been received. 
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Interrupt [and Issue a DMA RequestJ on All Received 
Characters [10J : In this mode an interrupt (and DMA 
request if the DMA mode is selected) is issued 
whenever there is a character present in the receiver 
buffer. A parity error is considered a special receive 
condition. 

Interrupt [and Issue a DMA RequestJ on All Received 
Characters [11J: This mode is the same as the one 
above, except that a parity error is not considered a 
special receive condition. The following are con
sidered special receive conditions: 

Receive overrun error 
Asynchronous framing error 
Parity error (if specified) 
SDLC end of message (final flag received) 

Wait on ReceiverlTransmitter [05] 

If the wait function is enabled for block mode 
transfers, setting this bit to zero causes the MPSCC 
to issue a wait (WAIT output goes low) when the pro
cessor attempts to write a character to the transmitter 
while the transmitter buffer is full. Setting this bit to 
one causes the MPSCC to issue a wait when the pro
cessor attempts to read a character from the receiver 
while the receiver buffer is empty. 

Tx Byte Count Enable [06] 

Each channel has a 16-bit Tx byte count register used 
for automatic transmit termination. When this bit is 
set to one, the next two consecutive command cycle 
writes will be to the byte count register. The first byte 
is loaded into the lower 8 bits and the second to the 
upper 8 bits of the byte count register. The byte count 
register holds the number of transfers to be performed 
by the transmitter. A byte counter is incremented each 
time a transfer is performed until the value of the byte 
counter is equal to the value in the byte count register. 
When equal, interrupts or DMA requests will be stop
ped until the byte count enable bit is issued and a new 
byte count is loaded into the byte count' register. If 
a transmit underrun occurs in the SDLC mode, and 
the byte count is not equal to the byte count register, 
an abort sequence will be sent automatically. 

Table 3_ DMA Mode Selection 

Channel 

01 DO A B 11 

0 0 Non-DMA Non-DMA WAITB 

0 DMA Non-DMA DRQTxA 

0 DMA DMA DRQTXA 

DMA DMA DRQTxA 
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Also, when using the Tx byte count mode, a transmit 
interrupt or DMA request will automatically become 
active after issuing the TX enable command to CR5. 

The Tx byte count mode can be cleared by either a 
channel reset command or a hardware reset. 

Wait Function Enable [07] 

Setting this bit to one enables the wait function 
selected by D5 of CR1. 

Control Register 2 (Channel A) 

07 06 05 I 0" I 03 02 01 I do 

Pin 10 Rx 
SYNCB/ INT Priority DMA Mode 

RTSB Mask Interrupt Vector Select 

OMA Mode Select [Do • 01] 

Setting this field determines whether channel A or B' 
is used in a DMA mode [data transfers are performed 
by a DMA controller], or in a non-DMA mode where 
transfers are performed by the processor in either a 
polled, interrupt, or block transfer mode. The func
tions of some MPSCC pins are also controlled by this 
field. See table 3. 

Priority [02] 

This bit selects the relative priorities of the various 
interrupt and DMA conditions according to the ap
plication requirements. See table 4. 

Interrupt Vector Mode [03 . 05] 

This field determines how the MPSCC responds to an 
interrupt acknowledge sequence from the processor. 
See table 5. 

Rx INT Mask [06] 

This option is generally used in the DMA modes. 
Enabling this bit inhibits the interrupt from occuring 
when the interrupt/DMA request on first received 
character mode is selected. In other words, only a 
DMA request will be generated when the first 
character is received. 

PIn FunctIon 

26 29 30 31 32 

DTRB PRI PRO DTRA WAlTA 

HAl PRI PRO HAO DRQRxA 

HAl DRQRxB DRQTxB HAD DRQRxA 

DRTB DRQRxB DRQTxB DTRA DRQRxA 
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Table 4. DMAllnterrupt Priorities 

Mode 

Channel A 

o INT 

INT 

OMA 

OMA 

o OMA 

OMA 

Channel B 

INT 

INT 

INT 

INT 

OMA 

OMA 

RxA>Tx 

OMA Priority 
Relation 

RxA>TxA 

RxA > TxA > RxB > TxB 

RxA> RxB > TxA > TxB 

Table 5. Interrupt Acknowledge Sequence Response 

Status Register 2B and Inter-
rupt Vector Bits Affected 
When Condition Affects 

05 0" 03 Mode Vector Is Enabled 

0 0 0 Nonvectored 040302 

0 0 Nonvectored 040302 

0 0 Nonvectored 020100 

0 1 Illegal 

0 0 8085 Master 04D302 

0 8085 Slave 040302 

0 8086 020100 

8085/8259A Slave 040302 

Pin 10 SYNCB/RTSB Select [07] 

Programming a zero into this bit selects RTSB as the 
function of pin 10. A one selects SYNCB as the 
function. 

Control Register 2 (Channel B) 

I ~ I ~ I ~ I ~ I ~ I ~ I ~ 
Interrupt Vector 

DO 

Interrupt Vector [00 . 07] 

When using the MPSCC in the vectored interrupt 
mode, the contents of this register are placed on the 
bus during the appropriate portion of the interrupt 
acknowledge sequence. Its value is modified if status 
affects vector is enabled. The value of SR2B can be 
read at anytime. This feature is useful in determining 
the cause of an interrupt when using the MPSCC in 
a nonvectored interrupt mode. 

Control Register 3 
07 I Os D5 04 D3 D2 D1 Do 

Sync 
Re- Char-

Number of Enter ceiver Address acter Re-
Received Bits Auto Hunt CRC Search Load ceiver 
per Character Enables Phase Enable Mode Inhibit Enable 

ILPD7201A 

Interrupt Priority Relation 

SRxA, RxA > TxA > SRxB, RxB > TxB > ExTA > ExTB 

SRxA, RxA>SRxB, RxB>TxA, TxB>ExTA>ExTB 

SRxA, RxA>SRxB, RxB>ExTA>ExTB 

SRxA, RxA>SRxB, RxB>TxB, ExTA>ExTB 

SRxA, RxA > SRxB, RxB > TxB > ExTB 

SRxA, RxA>SRxB, RxB>ExTA, ExTB 

Receiver Enable [001 

Setting this bit to one after the channel has been com
pletely initialized allows the receiver to begin opera
tion. This bit may be set to zero at any time to disable 
the receiver. 

Sync Character Load Inhibit [01] 

In the character synchronous modes, this bit inhibits 
the transfer of sync characters to the receiver buffer, 
thus performing a "sync-stripping" operation. When 
using the MPSCC's CRC checking ability, use this 
feature only to strip leading sync characters 
preceding a message, since the load inhibit does not E 
exclude sync characters embedded in the message • 
from the CRC calculation. Synchronous protocols us-
ing other types of block checking such as checksum 
or LRC are free to strip embedded sync characters. 

Address Search Mode [021 

In the SDLC mode, setting this bit places the MPSCC 
in an address search mode. Character assembly does 
not begin until the 8-bit character (secondarY address 
field) following the starting flag of a message matches 
either the address programmed into CR6 or the global 
address 11111111. 

Receiver CRC Enable [Oa] 

This bit enables and disables [1 = enable) the CRC 
checker in the character oriented protocol mode, 
allowing characters from the CRC calculation to be 
selectively included or excluded. The MPSCC has a 
one-character delay between the receiver shift register 
and the CRC checker so that the enabling or disabl
ing takes affect with the last character transferred 
from the shift register to the receiver buffer. Therefore, 
there is one full character time in which to read the 
character and decide whether or not it should be 
included in the CRC calculation. In the SDLC mode, 
there is no 8-bit delay. 
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Enter Hunt Phase [04] 

Although the MPSCC receiver automatically enters 
the sync hunt phase after a reset, there are other 
times when reentry is appropriate. This may occur 
when synchronization has been lost or, in an SOLC 
mode, to ignore the current incoming message. A one 
in this bit position at any time after initialization 
causes the M PSCC to reenter the hunt phase. 

Auto Enables [05] 

Setting this bit to one causes the OCO and CTS in
puts to act as enable inputs to the receiver and 
transmitter, respectively. 

Number of Received Bits per Character [06 • 07] 

This field specifies the number of data bits assembled 
to make each character. The value may be changed 
while a character is being assembled and, if the 
change is made before the new number of bits has 
been reached, it affects that character. Otherwise, the 
new specifications take effect on the next character 
received. See table 6. 

Control Register 4 
07 I 0& 05 I 0_ 03 I 02 01 Do 

Number Parity 
of Stop Bits Even/ Parity 

Clock Rate Sync Mode per Sync Mode Odd Enable 

Parity Enable [Do] 

Setting this bit to one adds an extra data bit contain
ingparity information to each transmitted character. 
Each received character is expected to contain this 
extra bit, and the receiver parity checker is enabled. 

Table 8. Received Bits per Character 

07 0& Bits per Character 

0 0 5 

0 7 

0 6 

8 

Table 7. Stop Bits 

02 Mode 

o o Synchronous modes 

o Asynchronous 1 bit time (1 stop bit) 

o Asynchronous 11/2 bit times (11/2 stop bits) 

Asynchronous 2 bit times (2 stop bits) 
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Parity Even/Odd [01] 

Programming a zero into this bit when parity is en
abled selects odd parity for the received character. 
Conversely, a one in this bit selects even parity 
generation and checking. 

Number of Stop Bits per Sync Mode [02 . 03] 

This field specifies whether the channel is used in a 
synchronous (SOLC) or an asynchronous mode. In an 
asynchronous mode, this field also specifies the 
number of bit times used as the stop bit length by the 
transmitter. The receiver always checks for one stop 
bit. See table 7. 

Sync Mode [04 • 05] 

When the stop bits/sync mode field is programmed 
for synchronous modes (02, 03 = 00), this field 
specifies the particular synchronous format to be 
used. This field is ignored in an asynchronous mode. 
See table 8. 

Clock Rate [06 • 07] 

This field specifies the relationship between the 
transmitter and receiver clock inputs (TxC, RxC) and 
the actual data rates at TxO and RxO. When operating 
in a synchronous mode, a 1x clock rate must be 
specified. In asynchronous modes, any of the rates 
may be specified. However, with a 1x clock rate, the 
receiver cannot determine the center of the start bit. 
In this mode, the sampling (rising) edge of RxC must 
be externally synchronized with the data. See table 9. 

Table 8. Synchronous Formats 

Sync 
Mode 1 

05 

O 

0 

Sync 
Mode 2 

D_ 

0 

0 

Mode 

8-bit internal synchronization character 
(monosync) 

16-bit internal synchronization character 
(bisync) 

SDLC 

External synchronization (SYNC pin becomes an 
input) 

Table 9. Clock Rates 

Clock Clock 
Rate 1 Rate 2 Clock Rate 

07 06 

0 0 Clock Rate = 1x Data Rate 

0 1 Clock Rate = 16x Data Rate 

0 Clock Rate = 32x Data Rate 

Clock Rate = 64x Data Rate 
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Control Register 5 

07 Os I 05 04 03 02 01 00 

CRC Trans-
Number of Trans- Poly- mitter 

Transmitted Bits Send mitter nomial CRC 
DTR per Character . Break Enable Select RTS Enable 

Transmitter CRC Enable [00] 

A one or a zero enables or disables (respectively) the 
CRC generator calculation. The enable or disable 
does not take effect until the next character is 
transferred from the transmitter buffer to the shift 
register, thus allowing specific characters to be in
cluded or excluded from the CRC calculation. By set
ting or resetting this bit just before loading the next 
character, it and subsequent characters are included 
or excluded from the calculation. If this bit is zero 
when the transmitter becomes empty, the MPSCC 
goes to the idle phase regardless of the state of the 
idle/CRC latch. 

RTS [01] 

In synchronous and SDLC modes, setting this bit to 
one causes the RTS pin to go low, while a zero causes 
it to go high. In an asynchronous mode, setting this 
bit to zero causes the RTS pin to go high when the 
transmitter is completely empty. This feature 
facilitates programming the MPSCC for use with asyn
chronous modems. 

eRC Polynomial Select [02] 

This bit selects the polynomial used by the transmitter 
and receiver for CRC generation and checking. A one 
selects the CRC-16 polynomial (X16 + X15 + X2 + 1). 
A zero selects the CRC-CCITT polynomial (X16 + X12 
+ X5 + 1). In an SDLC mode CRC·CCITT must be 
selected. Either polynomial may be used in other syn· 
chronous modes. 

Transmitter Enable [03] 

After a reset, the transmitted data output (TxO) is held 
high (marking) and the transmitter is disabled until 
this bit is set. 

In an asynchronous mode TxD remains high until data 
is loaded for transmission. 

When the transmitter is disabled in an asynchronous 
mode, any character currently being sent is completed 
before TxD returns to the marking state. 

If the transmitter is disabled during the data phase 
in a synchronous mode, the current character is sent. 
TxO then goes high (marking). In an SOLC mode, the 
current character is sent, but the following marking 
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line is zero-inserted. That is, the line goes low for one 
bit time out of every five. 

Never disable the transmitter during the SDLC data 
phase unless a reset follows immediately. In either 
case, any character in the buffer register is held. 

Disabling the transmitter during the CRC phase 
causes the remainder of the CRC character to be bit· 
substituted with the sync (or flag). The total number 
of bits transmitted is correct and TxD goes high after 
they are sent. 

If the transmitter is disabled during the idle phase, the 
remainder of the sync (flag) character is sent. TxO then 
goes high. 

Send Break [041 

Setting this bit to one immediately forces the 
transmitter output (TxD) low (spacing). This function 
overrides the normal transmitter output and destroys 
any data being transmitted, although the transmitter 
is still in operation. Resetting this bit releases the 
transmitter output. 

Transmitted Bits per Character [05 • 06] 

This field controls the number of data bits transmitted 
in each character. The number of bits per character 
may be changed by rewriting this field just before the 
first character is loaded. See table 10. 

Normally each character is sent to the M PSCC right· 
justified and the unused bits are ignored. However, 
when sending five bits or less, the data should be for· 
matted as shown below to inform the MPSCC of the 
precise number of bits to be sent. See table 11. 

Table 10. Transmitted Bits per Character 

lh!Rsmmed 'IhInsmmed 
Bits per Bits per 

Character 1 Character 
06 05 Bits per Character 

0 0 5 or less (see below) 

0 1 7 

0 

Table 11. Transmitted Bits per Character for 5 
Characters or Less 

07 06 05 O. 03 02 01 00 Number of Bits per Charater 

1 1 0 0 0 DO 

0 0 0 D1 DO 2 

1 0 0 0 D2 D1 DO 3 

0 0 0 D3 D2 D1 Do 4 

0 D4 D3 D2 D1 DO 5 
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OTR [Data Terminal Ready] [07] 

When this bit is one, the OTR output is low [active]. 
When this bit is zero, DTR is high. 

Control Register 6 

I ~ I ~ I ~ I ~ I ~ 02 01 

Sync Byte 1 

DO 

Sync Byte 1 [Do . 07] 

Sync byte 1 is used in the following modes: 

Monosync a-bit sync character transmitted 
during the idle phase 

Bisync Least significant (first) a bits of the 
16-bit transmit and receive sync 
character 

External Sync Sync character transmitted during the 
idle phase 

SOLC Secondary address value matched to 
secondary address field of the SOLC 
frame when the MPSCC is in the ad
dress search mode 

Control Register 7 

I ~ I ~ I ~ I ~ I ~ 02 01 

Sync Byte 2 

DO 

Sync Byte 2 [00 . 07] 

Sync byte 2 is used in the following modes: 

Monosync 

Bisync 

SOLC 

a-bit sync character matched by 
the receiver 
Most significant (second) a bits of 
the 16-bit transmit and receive sync 
characters 
The flag character 01111110 must 
be programmed into control 
register 7 for flag matching by the 
M PSCC receiver 

Status Register 0 

07 oe 05 0" 03 D2 Dl Do 

Rec'd 
Tx INT Char 

Break/ Idle/ Sync Buffer Pend- Avail-
Abort CRC CTS Status DCD Empty ing able 

Received Character Available [Dol 

When this bit is set, it indicates that one or more 
characters in the receiver buffer are available for the 
processor to read. Once the processor has read all 
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the available characters, the MPSCC resets this bit 
until a new character is received. 

Interrupt Pending [01 . Channel A Only] 

The interrupt pending bit is used with the interrupt 
vector register (status register 2) to make it easier to 
determine the MPSCC's interrupt status. This is 
useful in a nonvectored interrupt mode where the pro
cessor must poll each device to determine the inter
rupt source. In this mode, interrupt pending is set 
when status register 28 is read, the PRI input is active 
(low), and the MPSCC requests interrupt service. 

It is not necessary to read the status registers of both 
channels to determine if an interrupt is pending. If the 
status 'affects vector is enabled aod the interrupt 
pending is set, the vector read from SR2 contains 
valid condition information. 

In a vectored interrupt mode, interrupt pending is set 
during the interrupt acknowledge cycle (on the 
leading edge of the second INTAK pulse) when the 
MPSCC is the highest priority device requesting in
terrupt service (PRI is active). In either mode, if there 
are no other pending interrupt requests, interrupt pen~ 
ding is reset when the end of the interrupt command 
is issued. 

Transmitter Buffer Empty [02] 

This bit is set whenever the transmitter buffer is 
empty - except during the transmission ofCRC. The 
MPSCC uses the buffer to facilitate this function. 
After a reset, the buffer is considered empty and 
transmit buffer empty is set. 

External/Status Flags [03 • 07] 

The following status bits reflect the state of the 
various conditions that cause an external/status inter
rupt. The MPSCC latches all external/status bits 
whenever a change occurs that would cause an 
external/status interrupt, regardless of whether this 
interrupt is enabled. This allows transient status 
changes on these lines to be latched more quickly. 

When operating the MPSCC in an interrupt-driven 
mode for external/status interrupts, read status 
register 0 when this interrupt occurs and issue a reset
external/status interrupt command to reenable the 
interrupt and the latches. To poll these bits without 
interrupts, issue the reset external/status interrupt 
command to first update the status to reflect the cur
rent values. 
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OCO [03] : This bit reflects the inverted state of the 
OCO input. When OCO is low the OCO status bit is 
high. Any transition on this bit causes an external/ 
status interrupt request. 

Sync Status [041 : The meaning of this bit depends on 
the operating mode of the MPSCC. 

Asynchronous mode: Sync status reflects the inverted 
state of the SYNC input. When SYNC is low, sync 
status is high. Any transition on this bit causes an 
external/status interrupt request. 

External synchronization mode: Sync status operates 
in the same manner as in asynchronous mode. The 
MPSCC's receiver synchronization logic is also tied 
to the sync status bit in an external synchronization 
mode. A low-to-high transition (SYNC input going low) 
informs the receiver that synchronization has started 
and character assembly begins. 

A low-to-high transition on the SYNC input indicates 
that synchronization has been lost. The sync status 
becomes zero and an external/status is generated. 
The receiver remains in the receive data phase until 
the enter hunt phase bit in control register 3 is set. 

Monosync, bisync, SOLC modes: In these modes, 
sync status indicates whether the MPSCC receiver is 
in the sync hunt or receive data phase of operation. 
A zero indicates that the MPSCC is in the receive data 
phase, and a one indicates that the MPSCC is in the 
sync hunt phase (as in after a reset or when the enter 
sync hunt bit sets to 1). As in the other modes, a tran
sition on this bit causes an external/status interrupt. 
Note that entering a sync hunt phase (when pro
grammed) or a reset causes an external/status inter
rupt request which may be cleared immediately with 
a reset external/status interrupt command. 

CTS [05] : This bit reflects the inverted state of the 
CTS input. When CTS is low, the CTS status bit is 
high. Any transition on this bit causes an external/ 
status interrupt request. 

Idle/CRC [06] [Tx Underrun/EOM] : This bit indicates 
the state of the idle/CRC latch used in the syn
chronous and SOLC modes. After a hardware reset, 
this bit is set to one, indicating that the transmitter 
is completely empty. When the MPSCC enters idle 
phase, it automatically transmits sync or flag 
characters. 

In the SOLC mode, the MPSCC automatically resets 
this latch after the first byte of a frame is written to 
the Tx buffer. 

j-tPD7201A 

When the transmitter is completely empty, the 
MPSCC sends the 16-bit CRC character and sets the 
latch again. An external/status interrupt is issued 
when the latch is set, indicating that CRC is being 
sent. No interrupt is issued when the latch is reset. 

Break/Abort [07]: In the asynchronous mode, this bit 
indicates the detection of a break sequence (a null 
character plus framing error that occurs when the RxO 
input is held low, spacing, for more than one 
character time). Break/abort is reset when RxO returns 
high (marking). 

In the SOLC mode, break/abort indicates the detec
tion of an abort sequence when seven or more ones 
are received in sequence. It is reset when a zero is 
received. 

Any transition of the break/abort bit causes an exter
nal/status interrupt. 

Status Register 1 
0 7 0& 05 04 03 I 02 I 01 DO 

Erid of CRC Over· 
SOLC Framing run Parity All 
Frame Error Error Error SOLC Residue Code Sent 

All Sent [00] 

This bit is set when the transmitter is empty and reset 
when a character is present in the transmitter buffer 
or shift register. This feature simplifies the mode con
trol software routines. In the bit synchronous mode, 
this bit sets when the ending flag pattern is sent. 

SOLC Residue Code [01 . 03] 

Since the data portion of an SOLC message can con
sist of any number of bits and not necessarily an 
integral number of characters, the MPSCC has special 
logic to determine and report when the end of frame 
flag has been received (that is, the boundary between 
the data field and the CRC character in the last few 
data characters that were just read). 

When the end of frame condition is indicated (07 of 
status register 1 = 1) and there is a special receive 
condition interrupt (if enabled), the last bits of the 
CRC character are in the receiver buffer. The residue 
code for the frame is valid in the status register 1 byte 
associated with that data character. (SR1 tracks the 
received data in its own buffer). 

The meaning of the residue code depends upon the 
number of bits per character specified for the receiver. 
The previous character refers to the last character 
read before the end of frame, and so on. See table 12. 
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Table 12. Residue· Codes When any of these conditions occur and interrupts 

BBits per Character are enabled, the MPSeC issues an interrupt request. 

Previous 2nd Previous 
In addition, if a condition affect vector mode is en-

03 °2 °1 Character Character abled, the vector generated (and the contents of SR2B 

0 0 CCCCCCCC CCCCCooo 
for nonvectored interrupts) is different from that of a 
received character available condition. Therefore, it 

0 0 CCCCCCCC CCCCO!)OO is not necessary to analyze SR1 with each character 
1 0 CCCCCCCC CCCDOOOO to determine if an error has occurred. 
0 0 CCCCCCCC ccoooooo Also, the parity error and receiver overrun error flags 

0 CCCCCCCC COOOOOOO are latched. That is, once one of these errors occurs, 
0 C C C C C C C C* o 0 0 0 0 0 0 0* the flag remains set for all subsequent characters 

CCCCCCCo 00000000 until reset by the error reset command. Therefore read 

0 0 0 CCCCCCOo 00000000 SR1 only at the end of a message to determine if 

7 Bits per Character 
either of these errors occurred anywhere in the 
message. The other flags are not latched and follow 

Previous 2nd Previous each character available in the receiver buffer. 
03 °2 °1 Character Character 

0 0 CCCCCCC C C C CC DO Parity Error [041 : This bit is set and latched when 
0 0 CCCCCCC ccccooo parity is enabled and the received parity bit does not 
1 1 0 CCCCCCC CCCOOOO match the sense (odd or even) calculated from the 
0 0 CCCCCCC ccooooo data bits. 

0 1 CCCCCCC COOOOOO 

0 1 1 C C C C C C C* DO 0 0 0 0 0* 
Receiver Overrun Error [05] : This error occurs and is 
latched when the receiver buffer already contains 

0 0 0 CCCCCCO 0000000 three characters and a fourth character is completely 
6 Bits per Character received, overwriting the last character in the buffer. 

Previous 2nd Previous 
03 02 01 Character eRe/Framing Error [06] : In the asynchronous mode 

0 0 CCCCCC CCCCCO a framing error is flagged (but not latched) when no 

0 0 CCCCCC CCCCCO stop bit is detected at the end of a character (RxO is 

1 1 0 CCCCCC cccooo low one bit time after the center of the last data or 

0 0 1 CCCCCC CCOOOo 
parity bit). When this condition occurs, the MPSee 
waits an additional one"half bit time before sampling 

0 1 CCCCCC COOOOO again so that the framing error is not interpreted as 
0 0 0 CCCCCC 000000 a new start bit. 

5 Bits per Character In the synchronous and SOLe modes, this bit indi-
Previous 2nd Previous cates the result of the comparison between the cur-

03 02 01 Character rent eRe result and the appropriate check value. It 
0 C C C C C* o 0 0 0 0* is usually set to one, since a message rarely indicates 

0 0 CCCCo 00000 a correct eRe result until correctly completed with 
0 C C COO 00000 the eRe check character. Note that a eRe error does 

0 0 1 CCOOO 00000 not result in a special receive condition interrupt. 

0 0 0 COOOO 00000 
End of SOLe Frame [EOF] [07] : This status bit is used 

Notes: C = CRC bit only in the bit synchronous mode to indicate that the 
o = Valid data end of frame flag has been received and that the eRe 
* = No residue error flag and residue code are valid. This flag can be 

SpeCial Receive Condition Flags 
reset at any time by issuing an error reset command. 
The MPSee also automatically resets this bit when 

The status bits described below-parity error (if parity the first character of the next message is sent. 
as a special receive condition is enabled), receiver 
overrun error, eRe/framing error, and end of SOLe 
frame-all represent special receive conditions. 

6-146 



NEe 
Status Register 2B 

00 

Interrupt Vector 

Interrupt Vector [Do • 07 • Channel B Only] 

Reading status register 2B returns the interrupt vector 
that is programmed into control register 2B. If a con
dition affects vector mode is enabled, the value of the 
vector is modified as shown in table 13. 

Code 111 can mean either channel A special receive 
condition or no interrupt pending. Examine the inter
rupt pending bit (01 of status register 0, channel A), 
to distinguish which it means. In a nonvectored inter
rupt mode, the vector register must be read first for 
the interrupt pending to be valid. 

Status Register Bit Functions (Sheet 1 of 2) 

Control Register 0 

Null Code 
Send Abort (SDLC) 

RegisterO } Register 1 
Register 2 
Register 3 
Register 4 
Register 5 
Register 6 
Register 7 

Reset EXT/Status Interrupts 
Channel Reset 
Enable INT on Next Rx Character 
Reset Tx INT/DMA Pending 
Error Reset 

Pointer for 
the Selection of 
a Read/Write 
Register 

End of Interrupt (EOI - Channel A only) 

Null Code 
Reset Rx CRC Checker 
Reset Tx CRC Generator 
Reset Tx Underrun/EOM Latch 

Control Register 1 

EXT INT Enable 
Tx INT Enable 

~---- Status Affects Vector 
(Channel B only) 

Rx INT and DMA Disable } 
Rx INT on First Character 

:~!rf.~ ~~~:';~:~~~:jrs ~:e~~~r~~~~::,~ 
INT on All Rx Characters Condition 
(Parity Does Not Affect 
Vector) 

Wait on Receiver/Transmitter 
Tx Byte Count Enable 

L _____ Wait Enable 

J,tPD7201A 

Table 13. Condition Affects Vector Modifications 

Interrupt 
Pending 8085 Modes 0, 03 02 
(SRO,OI 

Channel A) 808& Modes 02 01 00 Condition 

0 No interrupt pending 

1 0 0 Channel B transmitter 
buffer empty 

0 0 Channel B external/status 
Change 

0 0 Channel B received 
character available 

0 Channel B special receive 
condition 

0 0 Channel A transmitter 
buffer empty 

0 Channel A external/status 
change 

0 Channel A received 
Character available 

Channel A special receive 
condition 

Control Register 2 (Channel B) 

vo 

} V1 
V2 
V3 Interrupt 
V4 Vector 
V5 
V6 
V7 

Control Register 2 (Channel A) 

o Both Channels Interrupt 

o Both Channels DMA-Internal Priority Mode 
1 Both Channels DMA- External Priority Mode 

l 
1 Channel A DMA; Channel B INT 

o Priority RxA '> TxA > RxB > TxB 
1 Priority RxA > RxB > TxA > TxB 

~ ~ :~:~ ~I~!~~~~e 
1 0 8086/88 Mode 
1 1 8085/8259A Slave Mode 

Interrupt Vectored/Nonvectored 

Receive Interrupt Mask 

RTSBPin10 
SYNCBPin 10 

Control Register 3 

Rx Enable 
Sync Character Load Inhibit 

'------- Address Search Mode (SOLe) 
'-------- Rx CRC Enable 

'---------- Enter Hunt Phase 
'------------ Auto Enables 

Rx5 Bits/Character 
Rx7 Bits/Character 
Rx6 Bits/Character 
Rx8 Bits/Character 
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Status Register Bit Functions (Sheet 2 of 2) 

Control Register 4 

Parity Enable 
o Parity = Odd 
1 Parity = Even 

Sync Modes Enable 
1 Stop Bil/Character 
1 'h Stop Bits/Character 
2 Stop Bits/Character 

o 8-blt Sync Character 
o 16-blt Sync Character 
1 SOLCMode(01111110Flag) 
1 1 External Sync Mode 

X1 Clock Mode 
X16 Clock Mode 
X32 Clock Mode 
X64 Clock Mode 

Control Register 5 

DTR 

Tx CRC Enable 
RTS 

'------CRC-1S/CRC-CCITT 
'--------Tx Enable 

'----------Send Break 
o Tx5 Bits (or Less)/Character 
1 Tx7 Bits/Character 
o TxS Bits/Character 
1 Tx8 Bits/Character 

Control Register 6 

Sync Bit 1 
'------Sync Bit 2 

'--------Sync Bit 3 Also SOLC 

SyncBltO } 

'----------Sync Bit 4 Address Field 
'------------Sync Bit 5 

'-------------Sync Bit 6 
'----------------'--Sync Blt7 

Control Register 7 

'------i~~~::Ho } '--________ :~~~:: g [1J 

'------------Sync Bit 13 
'-------------Sync Bit 14 

'---------------Sync Bit 15 

Note: 

[1J For SOLC It must be programmed to 01111110 for flag recognition. 

Status Register 0 

Rx Character Available 
INT Pending (Channel A Only) 

t-IEC 

Status Register 1 

All Sent - Used with External/Status 
Interrupt Mode 

I-Field 
Bits in 

Previous 
Byte 
o 
o 
o 
o 
o 
o 
1 
2 

Parity Error } 

'--____ ~~~~~rn:r~~r [1J 
'--------End of Frame (SOLC) 

Status Register 2B 

I-Field 
Bits In 

Second 
Previous 

Byte 

I } Residue Data for 
Eight Rx Bits per 
Character 
Programmed 

'------ ~ml} Interru.pt 
'---------- V4[2J Vector 

'-------------V5 
'---------------VS 

'----------------V7 

Note: 

[1J Used with special receive condition mode. 

[2J Varlable If Status Affects Vector Is programmed. 

Status Register 3 
(Tx Byte Count Register) 

BltO 
Bit 1 

'------Blt 2 
'---------Blt 3 

'-----------Blt 4 
'------------Blt 5 

'--------------BltS 
'---------------Blt7 

Status Register 4 
(Tx Byte Count Register) 

Bit 8 
Blt9 

'------Blt10 
'----~---Blt11 

'-------'----Blt12 
'------------BI113 

'--------------Blt14 
'---------------BI115 

Low 
Byte 

High 
Byte 

'--_____ '-_ -_ -_~-_-_-_-_- ~~~;:::mpty } ~=~~/~tatus 
'------------- Tx UnderrunlEOM Interrupt Mode 

'--------------- Break/Abort 
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NEe Electronics Inc. 
PRELIMINARY INFORMATION 

Descri ption 

The jJPD72001 is an advanced multiprotocol serial 
controller (AMPSC) designed to meet a wide variety of 
communications needs. This 40-pin device contains 
two independent full-duplex channels which can be 
configured to transmit and receive data in either 
asynchronous character-oriented (BISYNC) or bit
oriented (SDLC/HDLC) protocols, including CRC 
generation and checking-in synchronous modes. 

The AMPSC can handle several modes of interrupt 
operation including vectored and non-vectored modes. 
Separate DMA requests are available for the transmit
ter and receiver on each channel, allowing operation at 
speeds up to 1.6 Mb/s in synchronous modes. The 
AMPSC is easily interfaced to most microprocessors 
with a minimum of logic. 

The AMPSC is an upgraded CMOS version of the 
jJPD7201 A, adding internal baud rate generators, a 
digital phase lock loop (DPLL), and a crystal oscillator. 
The jJPD72001 also adds the capability of SDLC loop 
operation. These added features further simplify the 
design requirements while maintaining the flexible 
architecture of the jJPD7201 A. 

Features 

D Upgraded version of the jJPD7201A 
D Multiprotocol: 

- Asynchronous, character-oriented (BISYNC) 
- Bit-oriented (SDLC/HDLC) 

o Two independent full-duplex channels 
D Versatile host-system interface: 

- Software polling 
-Wait 
- Interrupt 
-DMA 

D DC to 1.6-Mb/s data rate 
o Modem control signals 
o NRZ, NRZI, and FM encoding/decoding 
o Digital phase lock loop 
D Two baud rate generators per channel (receive 

and transmit) 
o Crystal oscillator 
o Test loop mode 
D SDLC loop mode 
D Mark idle detection 
D Short frame detection 
o Single +5 V power supply 
o CMOS technology 

pPD72001 
CMOS MULTIPROTOCOL 

SERIAL COMMUNICATIONS 
CONTROLLER 

Ordering Information 
Part No. Package Type 

jlPD72001C 40-pin plastic DIP 

jlPD72001L 44-pin PLCC (Available 4Q86) 

Pin Configuration 

OCOB 

Pin Identification 

No. Symbol 

DCDA 

2-9 D7-DO 

10 GND 

11 WR 

12 RD 

13 C/D 

14 B/A 

15 PRO 

16 PRI 

17 INTAK 

18 INT 

XI1B/STRxCB 

RxOB 

83-002773A 

Function 

Data carrier detect input for 
channel A 

System data bus 

System ground 

Write control input from host 
computer 

Read control input from host 
computer 

Control/data input select from host 
computer 

Channel B or channel A select input 
from host computer 

Priority output, interrupt daisy chain 
control 

Priority input, interrupt daisy chain 
control 

Interrupt acknowledge input from 
host computer 

Interrupt request output to host 
computer 
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Pin Identification (cont) 

No. Symbol 

19 CTSB 

20 DCDB 

21 TRxCB 

22 RxDB 

23 XI1B/STRxCB 
24 XI2B/SYNCB 

25 TxDB 

26 RTSB 

27 DTRB/ 
DRQRxB 

28 DTRA/ 
DRQTxB 

Block Diagram 

iNT_ 

INTAK 

PRI_ 

PRO 

:~ 
C/~ L-,./ 
B/A 

ORO TxA, B 

DRO RxA, B 
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Function 

Clear to send input for channel B 

Data carrier detect input for 
channel B 

Transmit/receive clock input/output 
for channel B 

Receive data input for channel B 

Crystal inputs for channel B; or 
synchronization and source of 
transmit/receive clock for channel 
B. Function depends on control 
register 15. 

Transmit data output for channel B 

Request to send output for channel B 

Data terminal ready output for 
channel B or DMA request output for 
receive channel B; determined by 
control register 2A. 

Data terminal ready output for 
channel A or DMA request output for 
transmit channel B; determined by 
control register 2A. 

Interrupt 
Control 
logic 

Processor 
Bus 

Interface 

OMA 
Control 
logic 

I 
Channel 

I 
A 

CIS 
Register 

~ 

No. 

29 

30 

31 

32 

33 

34 

35 

36 

37 
38 

39 

40 

TxBRG A l--
RxBRG A ~ 
TxlCA 

I 

NEe 

Symbol Function 

DRQTxA DMA request for transmit channel A. 

Vee +5 V (typical) 

ClK System clock input from host 
computer 

RESET System reset input from host 
computer 

DRQRxA· DMA request output for receive 
channel A 

RTSA Request-to-send output for channel A 

TxDA Transmit data output for channel A 

TRxCA Transmit/receive clock input for 
channel A 

XI2A/SYNCA Crystal inputs for channel A; or 
XI1A/STRxCA synchronization input and source of 

transmit/receive clock for channel 
A. Functions depend on control 
register 15. 

RxDA Receive data input for channel A 

CTSA Clear-to-send input for channel A 

< > CTSA DCDA 
DTRA RTSA 

RxDA 
Channel 

A TxDA 

TxlRx TRxCA 
Control 

~ XTAlA/RTxCA 

t OSCA T XTAlA/SYNCA 

.-----.,;;..-......, DTRB RTSB < > 
CTSB DCDB 

Channel 
B 

-------, 

1+-------- RxDB 

.--------_ TxOB 

Tx/Rx • TRxCB 
Control 

~ 
XTAlB/RTxCB 

ClK 

L..----t~ OSC B T XTAlB/SYNCB 
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NEe Electronics Inc. 
PRELIMINARY INFORMATION 

Description 

The pPD72105 provides local area network (LAN) 
communications implementing the OMNINET® I and II 
protocols in asingleCMOS48-pin DIP. The device can 
transmit data at a rate of up to 4 Mb/s using RS-422 bus 
transmitters and receivers. The controller responds to 
17 OMNINET commands using the on-chip CPU. 

The chip also contains a DMA controller with four in
dependent channels for use with an 8- or 16-bit data 
bus, and can address a 16M-byte address space. The 
transmit section contains a 12-byte FIFO and the 
receiver contains a 20-byte FIFO to accommodate the 
high data rate. The OMNINET controller provides 
network diagnostics capability as well as CRC gen
eration and checking using a 16- or 32-bit CRC for data 
reliability. 

The pPD721 05 provides a single chip solution to LAN 
implementation. The excellent memory addressing 
and data handling capability of this controller can 
significantly reduce the overhead on the system CPU. 
OMNINET is a registered trademark of Corvus Systems. 

Features 

D Fully implements OMNINET I and II protocols 
D Data rates up to 4 Mbps 
D 17 OMNINET commands 
D On-chip CPU 
Dan-chip DMAC with four independent channels 
D 8- or 16-bit data bus 
D 16M-byte (224) address space for dual-ported local 

or global memory 
D 12-byte transmitter FI Fa 
D 20-byte receiver FIFO 
D 16- or 32-bit CRC 
Dan-chip 40-MHz DPLL 
D Network diagnostics 
D 8-MHz system clock input, independent of serial 

clock 
D CMOS technology 

Ordering Information 
Part No. Package Type 

pPD72105C 48-pin plastic DIP 

pPD72105l 52-pin PlCC (Available 4086) 

pPD72105 
OMNINET LOCAL AREA 

NETWORK CONTROLLER 

Pin Configuration 

CRQ 

RxC 

RxD 

TxC 

TxD 

TxEN 

RESET 

LED 

B/W 

TEST 

GND 

A23/D7 

A22/Ds 

A21/Ds 

A20/D4 

A1S/D3 

A1S/D2 

A17/ D1 

A1S/Do 

AD1S 

WR 

AD 

AO 

VDO 

AS 

AD14 ADs 

AD~ ADw 

AD12 -,... __ ---'~ AD11 

83-002775A 

Pin Identification 
No. Symbol Function 

1 CRO Command request input 

2 RxC Receive clock input 

3 RxD Receive data input 

4 TxC Transmit clock input/output 

5 TxD Transmit data output 

6 TxEN Transmit enable output 

7 RESET System reset from host computer 

8 lED lED drive output, general purpose 
output 

9 B/W Byte/word mode select input 

10 TEST Test input, must be held high for 
normal operation 

11 ClK System clock input 

12 GND System ground 

13-20 A23/D7 to Multiplexed address bits 16-23 and 
A16/DO data bus bits 0-7. These signals are 

bidirectional. 

21-28 AD1s/ ADa Multiplexed address bits 8-15 and 
data bus bits 8-15. These signals are 
bidirectional. 

29-35 A7~A1 Address bits 1 to 7; bit 1 is an 
input/output, bits 2-7 are output 
only. 
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Pi n Identification (cont) 
No. Symbol Function 

36 VDD +5 V (typical) 

37 Ao Address bit 0, input/output 

38 CS Chip select input from host 
computer; input 

39 RD Read control signal from host 
computer; input 

40 WR Write control signal from host 
computer; input 

41 UBE Upper byte enable input/output 

42 INT Interrupt request output 

43 CLRINT Clear interrupt request input 

44 HLDRQ Hold request output 

45 HLDAK Hold acknowledge input 

46 READY Ready input 

47 ASTB Address strobe output 

48 AEN Address enable output 

Block Diagram 
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UBE

Ril
WR

Cs-
ASTB 

AEN 

REAOY

HLORQ 

HLOAK-

CRQ

INT 

CLRINT

B/W
TEST

LED 

Voo
GNO-

RESET

CLK-

Bus < Interface 

1--__ ... 

On·Chip CPU 

D 
D 
OMAC 

t-.. 

I I 
> 

TxFIFO 

fl > Internal Bus 

fl 
RxFIFO 

fC 

Transmitter 

1----

Receiver 

NEe 

r-----r----

--

TxEN 

TxC 

TxO 

RxC 

RxO 
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Description 

The pPD721 0 is an intelligent, general purpose inter
face bus (GPIB) controller designed to meet all of the 
functional requirements for talker, listener, and control
ler (TLC) as specified by IEEE Standard 488-1978. 
Connected between a processor bus and the GPIB, the 
controller provides high-level management of the GPI B 
to unburden the processor and to simplify both hard
ware and software design. The pPD7210 is fully 
compatible with most processor architectures and 
requires only the addition of bus driver/receiver 
components to implement any type of GPIB. 

Features 

o All-functional interface capability meeting IEEE 
Standard 488-1978 
-SH1 (source handshake) 
-AH1 (acceptor handshake) 
-L3 or LE3 (listener or extended listener) 
- T5 or TE5 (talker or extended talker) 
-SR1 (service request) 
-RL 1 (remote local) 
-PP1 or PP2 (parallel poll, remote or local 

configuration) 
-DC1 (device clear) 
-DT1 (device trigger) 
-C1-C5 (controller, all functions) 

o Programmable data transfer rate 
o 16 MPU accessible registers: 8 read and 8 write 
o 2 address registers 

-Detection of MTA, MLA, MSA (my talk/my 
listen/my secondary addresses) 

-2 device addresses 
o EOS message automatic detection 
o Command (IEEE Standard 488-1978) automatic 

processing and undefined command read 
capability 

o DMA capability 
o Programmable bus transceiver I/O specification 

(works with T .1.lMotorola/1 ntel) 
o 1-MHz to 8-MHz clock range 
o TTL-compatible 
o NMOS 
o +5 V single power supply 
o 8080/85/86-compatible 

Ordering Information 

Part Number Package Type 

JlPD7210C 40-pin plastic DIP 

Max Frequency 
of Operation 

8 MHz 

pPD7210 
INTELLIGENT GPIB 

CONTROLLER 

Pin Configuration 

TlR3 5 

ORO 6 

DACK 

01 

04 

05 

06 

07 

GNO 

Vee 
EOi 

Di04 

Pin Identification 
No. Symbol Function 

1,2,5 T/R1-T/R3 Transmit/receive control outputs 

3 ClK Clock input 

4 RESET Reset input 

6 DRO DMA request output 

7 DACK DMA acknowledge input 

8 CS Chip select input 

9 RD Read input 

10 WR Write input 

11 INT Interrupt request output 

12-19 Do-D7 Bidirectional data bus 

20 GND Ground 

21-23 RSO-RS2 Register select input 

24 IFC Interface clear 110 

25 REN Remote enable 110 

26 ATN Attention control line 110 

27 SRO Service request 110 

28-35 D101-D108 8-bit bidirectional data bus 

36 DAV Data valid 110 

37 NRFD Ready for data 110 

38 NDAC Data accepted 110 

39 EOI End or identify 1/0 

40 Vee +5 V power supply 

83-003368A 
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Pin Functions 

T/R1-T/R3 [Transmit/Receive Control] 

This is the input/output control signal for the GPIB 
transceivers. The values of TRM1 and TRMO of the 
address mode register determine the functions of T /R2 
and T/R3. 

ClK [Clock] 

This 1-MHz to 8-MHz reference clock generates the 
state change prohibit times T 1, T 6, T 7, and T 9 specified 
in IEEE Standard 488-1978. 

RESET 

When high, the RESET signal places thepP07210 in an 
idle state. 

ORQ [DMA Request] 

ORQ becomes low on input of the OMA acknowledge 
signal OACK. 

OACK [OMA Acknowledge] 

This signal connects the computer system data bus to 
the data register of the pP07210. 

CS [Chip Select] 

The chip select input enables access to the register 
selected by the read or write operation (RSo-RS2)' 

RO [Read] 

The read input places the contents of the read register 
specified by RSO-RS2 on the computer bus (00-07)' 

WR [Write] 

This input writes data on 00-07 into the write register 
specified by RSO-RS2. 

INT, INT [Interrupt Request] 

This output is active high/low. It becomes active due to 
anyone of 13 internal interrupt factors (unmasked). Its 
active state is software configurable, and it is active 
high on chip reset. 

00-07 [Data Bus] 

The 8-bit bidirectional data bus interfaces to the 
computer system. 

GNO [Ground] 

This is the ground. 
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RSO-RS2 [Register Select] 

These lines select one of eight read (write) registers 
during a read (write) operation. 

IFC [Interface Clear] 

This bidirectional control line is used for clearing the 
interface functions. 

REN [Remote Enable] 

This bidirectional control line is used to select remote 
or local control of the devices. 

ATN [Attention] 

This bidirectional control line indicates whether data 
on the 010 lines is an interface message or a device
dependent message. 

SRQ [Service Request] 

This bidirectional control line is used to request service 
from the controller. 

0101-0108 [Data Input/Output] 

This 8-bit bidirectional bus transfers messages on the 
GPIB. 

OAV [Data Valid] 

This handshake line indicates that data on the 010 
line is valid. 

NRFO [Ready for Data] 

This handshake line indicates that the device is ready 
for data. 

NOAC [Data Accepted] 

This handshake line indicates the completion of 
message reception. 

EOI [End or Identify] 

This control line is used to indicate the end of a 
multiple byte transfer sequence or to execute parallel 
polling in conjunction with ATN. 

Vee [Power Supply] 

+5 V power supply. 
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Block Diagram 

Registers 
0108-0101 

Data-In 

07-00 

Command Pass 
Message 
Decoder 

CS 
Through 

RS2-RSO 

AD 
Byte-Out 

Interface 

WR 
Functions 

Address Status 
ORQ SH1 

DACK 

Address Mode 
AH1 

TSITES 

Address 011 GPIB Control 

L3/LE3 

SR1 
End-ol-String 

RL1 m PP1/PP2 

T/R3-T/R1 
INT 

DC1 

OT1 

Serial Poll 

C1 

Parallel Poll C2 

C3 

Aux AlBIE 

C4 

Internal CS 

Clock 
Counter 

Auxiliary 
Command 
Decoder 

Reset 

83-003369C 
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Absolute Maximum Ratings AC Characteristics 
TA = +25°C TA = 0 to +70°C; Vee = 5 V ±10% 

Supply voltage, Vee -0.5 to +7.0 V Limits 
Test 

Input voltage, VI -0.5 to +7.0 V Parameter Symbol Min Typ Max Unit Conditions 

Output voltage, Vo -0.5 to +7.0 V EOll -- 010 tEODI 250 ns PPSS -- PPAS, 
ATN = true 

Operating temperature, T OPR o to +70°C 
EOll --T/R1t tEOT11 155 ns PPSS -- PPAS, 

Storage temperature, T STG -65 to +150°C ATN = true 

Comment: Exposing the device to stresses above those listed in EOIt -- T/R1l tEOT12 200 ns PPAS -- PPSS, 
Absolute Maximum Ratings could cause permanent damage. The ATN = false 
device is not meant to be operated under conditions outside the 

ATNl -- NDACl tATND 155 ns AIDS -- ANRS, limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended LIDS 

periods may affect device reliability. ATNl --T/R1l tATT1 155 ns TACS + SPAS 
-- TAOS, CIDS 

DC Characteristics ATNl -- T/R2l tATT2 200 ns TACS + SPAS 
TA = 0 to +70°C; Vee = 5 V ±10% -- TAOS, CIDS 

Limits 
Test DAVl -- DRQ tDVRQ 600 ns ACRS--

Parameter Symbol Min Typ Max Unit Conditions ACDS, LACS 

Input low VIL -0.5 +0.8 V DAVl -- NRFDl tDVNR1 350 ns ACRS -- ACDS 
voltage DAVl -- NDACt tDVND1 650 ns ACRS -- ACDS 
Input high VIH +2.0 Vee V --AWNS 
voltage +0.5 DAVt -- NDACl tDVND2 350 ns AWNS--
Low-level output VOL +0.45 V IOL = 2 mA ANRS 
voltage (4 mA: T/R1 pin) DAVt -- NRFDt tDVNR2 350 ns AWNS--
High-level VOH1 +2.4 V IOH = -400f.1A ANRS -- ACRS 
output voltage RDl -- NRFDt tRNR 500 ns ANRS -- ACRS 
(except INT) LACS, 01 
High-level VOH2 +2.4 V IOH = -400f.1A register 
output voltage selected 
(INT) +3.5 IOH = -50f.1A NDACt -- DRQt tNDRQ 400 ns STRS--
Input leakage IlL -10 +10 f.1A VI = 0 V to Vee SWNS--
current SGNS,TACS 

Output leakage IOL -10 +10 f.1A Vo = 0.45 V to NDACt -- DAVt tNDDV 350 ns STRS--
current Vee SWNS--

Supply current 
SGNS 

lee +180 mA 
WRt -- 010 tWOI 250 ns SGNS--

SDYS, 80 
Capacitance register 
TA = +25°C; Vee = GND = 0 V selected 

Limits NRFDt -- DAVl tNRDV 350 ns SDYS -- STRS, 
Test T1 = true Parameter Symbol Min Typ Max Unit Conditions 

WRt -- DAVl SGNS -- SDYS Input capacitance CIN 10 pF f= 1 MHz twov 830+ ns 
tSYNe -- STRS; 80 

Output capacitance COUT 15 pF All pins except register 

pin under test selected; RFD = 

tied to ac true; NF = fc = 

ground. 8 MHz; T1 (high 
speed) 

I/O capacitance CliO 20 pF 
TRIG pulse width tTRIG 50 ns 

6-156 



t\fEC ~PD7210 

AC Characteristics (cont) DMA Read 

Limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions CS, RS2-RSo 

Address setup tAR 85 ns RSo to RS2 
to AD 0 ns CS 

RD 
Address hold tRA 0 ns 
from iffi 

RD pulse width tRR 170 ns 07-0 0 

Data delay from tAD 250 ns 
tAD-

address };''''-Data delay from tRO 150 ns 
iffi~ 

OACK 

Output float delay tOF 80 ns ""Q:.{ 
from iffit ORO ...J 
RD recovery time tRV 250 ns 83-0033Z0A 

Address setup to tAW 0 ns 
WR DMA Write 
Address hold from tWA IT ns 
WR 

ORO~ \ WR pulse width tww 170 ns 

Data setup to WR tow 150 ns 

Data hold from WR two 0 ns DACK \ 
v"j WR recovery time tRV 250 ns m DRQ~ del~om tAKRQ 130 ns 

ViR 
selected DACK 

Data delay from tAKO 200 ns 83-003371A 

DACK 

DACK hold time 
fromWRt 

tOH 200 ns CPU Write 

Timing Waveforms 
cs, 's,-'" ~ 

tAW 

Test Waveform WR 

2.4 
2.0 _______ _________ 2.0 

0.8 __ Test Points --------.. 0.8 07-0 0 

0.45 83-003372A 

"')lJ~ ),,? 
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History 

The IEEE Standard 488 describes a "Standard Digital 
Interface for Programmable Instrumentation" which, 
since its introduction in 1975, has become the most 
popular means of interconnecting instruments and 
controllers in laboratory, automatic test, and even 
industrial applications. Refined over several years, the 
488-: 1978 Standard, also known as the General Pu rpose 
I nterface Bus (G PI B), is a h ig h Iy soph isticated standard 
providing a high degree of flexibility to meet virtually 
all instrumentation requirements. ThepPD7210 imple
ments all of the functions that are required to interface 

. to the GPIB. While it is beyond the scope of this 
document to provide a complete explanation of the 
IEEE 488 Standard, a basic description follows: 

The GPIB interconnects up to 15 devices over a 
common set of data control lines. Three types of 
devices are defined by the standard: talker, listener, 
and controller, although some devices may combine 
functions such as talker/listener or talker/controller. 

Data on the GPIB is transferred in a bit-parallel, byte
serial fashion over eight data I/O lines (DIOrDIOa). A 
three-wire handshake is used to ensure synchronization 
of transmission and reception. In order to permit more 
than one device to receive data at the same time, these 
control lines are "open collector" so that the slowest 
device controls the data rate. A number of other control 
lines perform a variety of functions such as device 
addressing, interrupt generation, and so forth. 

The pPD7210 implements all functional aspects of 
talker, listener, and controller functions as defined by 
the 488-1978 Standard on a single chip. 

General 

The pPD7210 is an intelligent controller designed to 
provide high-level protocol management of the GPIB, 
freeing the host processor for other tasks. Control of 
thepPD7210 is accomplished via 16 internal registers. 
Data may be transferred either under program control 
or via DMA using the pPD721 O's DMA control facilities 
to further reduce processor overhead. The processor 
interface of the pPD721 0 is general in nature and may 
be readily interfaced to most processor lines. 

In addition to providing all control and data lines 
necessary for a complete GPIB implementation, the 
pPD7210 also provides a unique set of bus transceiver 
controls permitting a variety of transceiver configura
tions for maximum flexibility. 
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Internal Registers 

The pPD7210 has eight read registers (OR-7R) and 
eight write registers (OW-7W). The register number is 
selected via the RS2, RS1, and RSo lines; read orwrite is 
selected via WR, RD, and CS. 

Register Addressing 

Addressing 
Register RS2 RSl RSO WR RD CS 

Data-In OR 0 0 0 0 0 
Interrupt Status 1 1R 0 0 1 0 0 
Interrupt Status 2 2R 0 1 0 0 0 
Serial Poll Status 3R 0 1 1 0 0 

Address Status 4R 1 0 0 1 0 0 
Command Pass Through 5R 1 0 1 1 0 0 
Address 0 6R 1 1 0 1 0 0 
Address 1 7R 1 1 1 1 0 0 

Byte Out OW 0 0 0 0 0 
Interrupt Mask 1 1W 0 0 1 0 0 
Interrupt Mask 2 2W 0 1 0 0 0 
Serial Poll Mode 3W 0 1 1 0 0 

Address Mode 4W 0 0 0 0 
Auxiliary Mode 5W 0 1 0 0 
Address 0/1 6W 1 0 0 0 
End of String 7W 1 1 0 0 

Data Registers 

Data-In (OR) 

DI7 DI6 Dis I DI4 I DI3 I DI2 DI1 Dlo 

Byte-Out (OW) 

The data registers are used for data and command 
transfers between the GPIB and the microcomputer 
system. The Data-In register holds data sent from the 
GPIB to the computer; the Byte-Out register holds 
information written into it for transfer to the GPIB. 

Interrupt Registers 

Interrupt Status 1 (1R) 

CPT I APT I DET I END I DEC I ERR I DO DI 

Interrupt Status 2 (2R) 

INT I SROII LOK I REM I CO I LOKCI REMCI ADscl 

Interrupt Mask 1 (1W) 

I CPT I APT I DET I END I DEC I ERR I DO DI 

Interrupt Mask 2 (2W) 

o I SROI I DMAOI DMAI I CO I LOKC I REMC I ADSC I 
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The interrupt registers are composed of interrupt 
status bits, interrupt mask bits, and some other non
interrupt related bits. 

There are 13 factors that can generate an interrupt 
from the JlPD7210, each with its own status bit and 
mask bit. 

The interrupt status bits are always set to 1 if the 
interrupt condition is met. The interrupt mask bits 
decide whether or not the INT bit and the interrupt pin 
will be active for that condition. 

Interrupt Status Bits 

INT OR of all unmasked interrupt status bits 

CPT Command pass through 

APT Address pass through 

DET Device trigger 

END End (END or EOS message received) 

DEC Device clear 

ERR Error 

DO Data out 

01 Data in 

SRQI Service request input 

LOKC Lockout change 

REMC Remote change 

ADSC Address status change 

CO Command output 

Noninterrupt Related Bits 

LOK Lockout 

REM Remote/local 

DMAO Enable/disable DMA out 

DMAI Enable/disable DMA in 

Serial Poll Registers 

Serial Poll Status (3R) 

sa I PENDI S6 I S5 I S4 I S3 I S2 S1 

Serial Poll Mode (3W) 

sa rsv S6 I S5 I S4 I S3 I S2 S1 

The serial poll mode register holds the STB (status 
byte: Sa, S6-S1) sent over the GPIB and the local 
message rsv (request service). The serial poll mode 
register may be read through the serial poll status 
register. The PEND is set by rsv = 1 and cleared by 
NPRS . rsv = 1 (NPRS means negative poll response 
state). 

",PD7210 

Address Model Address Status Registers 

Address Status (4R) 

CIC I ATN I SPMS I LPAS I TPAS I LA I TA I MJMNI 

Address Mode (4W) 

ton Ion I TRM11 TRMO I 0 I 0 I AMD11 AMDOI 

The address mode register selects the address mode of 
the device and also sets the mode for the transceiver 
control lines, T/R3 and T/R2. 

The functions of T IR2 (pin 2) and T IR3 (pin 5) are 
determined by the TRM1, TRMO values of the address 
mode register. 

Function of TIR2 and T1R3 

T/R3 TRMl TRMO 

EOIOE TRIG 0 0 

CIC TRIG 0 1 

CIC EOIOE 0 

CIC PE 

EOIOE = TAGS + SPAS + GIG· GSBS 
This denotes the input/output of the EOI terminal. 

When 1: output 
When 0: input 

GIG = GIDS + GADS 
This denotes whether or not the controller interface 
function is active. 

When 1: ATN = output, SRQ = input 
When 0: ATN = input, SRQ = output 

PE = CIC + PPAS 
This indicates the type of bus driver connected to the 
DIOa to DI01 and DAV lines. 

When 1: three-state 
When 0: open-collector 

TRIG: When DTAS state is initiated or when a trigger 
auxiliary command is issued, a high pulse is generated. 

Upon reset, TRMO and TRM1 become 0 (TRMO = TRM1 
= 0) and a local message port is provided so that T IR2 
and T/R3 both become low. 
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Address Modes 

Contents of Contents of 
Address Address 0 Address 1 

ton Ion ADMl ADMO Mode Register Register 

1 0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 

Note: 

Talk only 
mode 

Listen only 
mode 

Address 
mode 1 
(Note 1) 

Address 
mode2 
(Note 2) 

Address 
mode3 
(Note 3) 

Address identification not 
necessary (No controller on 
the GPIB) 

Not used 

Major talk 
address or 
major listen 
address 

Minor talk 
address or 
minor listen 
address 

Primary Secondary 
address (talk address (talk 
or listen) or listen} 

Primary Primary 
address address 
(major talk or (minor talk or 
major listen) minor listen} 

(1) Either MTA or MLA reception is indicated by coincidence of 
either address with the received address, interface function T 
or L. 

(2) Address register 0 = primary; address register 1 = secondary; 
interface function TE or LE. 

(3) CPU must read secondary address via Command Pass Through 
register interface function (TE or LE). 

(4) Combinations other than those indicated are prohibited. 

Address Status Bits 

ATN 

LPAS 

TPAS 

CIC 

LA 

TA 

MJMN 

SPMS 

6-160 

Data transfer cycle (device in CSBS) 

Listener primary addressed state 

Talker primary addressed state 

Controller active 

Listener addressed 

Talker addressed 

Sets minor TIL address, reset = major TIL 
address 

Serial poll mode state 

NEe 
Address Registers 

Address 0 (6R) 

X DTO' DLO 'ADS-O' AD4-0! AD3-0! AD2-ol AD-1 I 
Address 1 (7R) 

EOI DT1 DL 1 ! ADS-1! AD4-1! AD3-1! AD2-1! AD1-11 

Address 0/1 (6W) 

lARS! DT ! DL ! AD5 ! AD4 ! AD3 ! AD2 ! AD1 

The pPD721 0 is able to detect automatically two types 
of addresses that are held in address registers 0 and 1. 
The addressing modes are outlined below. 

Address settings are made by writing into the address 
0/1 register. The function of each bit is described 
below. 

Address 0/1 Register Bit Selections 

ARS Selects either address register 0 or 1 

DT Permits or prohibits address to be detected as Talk 

DL Permits or prohibits address to be detected as Listen 

Device address value 

EOI Holds the value of EOI line when data is received 

Command Pass Through Register [SR] 

I CPT?! CPT6! CPT5! CPT41 CPT31 CPT21 CPT1 I CPTo I 
The CPT register is used such that the CPU may read 
the DIO lines in the cases of undefined command, 
secondary address, or parallel poll response. 

End-of-String Register [7W] 

This register holds either a 7- or a-bit EOS message 
byte used in the GPI B system to detect the end of a data 
block. Auxiliary register A controls the specific use of 
this register. 

Auxiliary Mode Register [SW] 

This is a multipurpose register. A write tothis register 
generates one of the following operations according to 
the values of the CNT bits. 
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Auxiliary Mode Operations 

CNT COM 
2 I 0 4 3 2 I 0 Operation 

0 0 C4 C3 C2 C1 Co Issues an auxiliary 
command specified 
by C4 to Co. 

0 F3 F2 F1 Fo The reference clock 
frequency is specified 
and T1, T6, T7, and T9 
are determined as 
a result. 

U S P3 P2 P1 Makes a write 
operation to the 
parallel poll register. 

0 A4 A3 A2 A1 Ao Makes a write 
operation to the 
auxiliary A register. 

0 B4 B3 B2 B1 Bo Makes a write 
operation to the 
auxiliary B register. 

0 E1 Eo Makes a write 
operation to the 
auxiliary E register. 

Commands and Other Registers 

Auxiliary Commands 

0 I 0 I 0 I C4 C3 C2 C1 Co 

Auxiliary Command Descriptions 

Command Auxiliary 
C4 C3 C2 C1 Co Command Description 

0 0 0 0 iepon Immediate execute pon; 
generate local pon 
message. 

0 0 crst Chip reset (same as 
external reset) 

0 1 rrfd Release RFD 

0 0 0 trig Trigger 

0 0 0 rtl Return to local message 
generation 

0 0 seoi Send EOI message 

0 0 nvid Nonvalid (OSA 
reception); release DAC 
holdoff 

vid Valid (MSA Reception, 
CPT, DEC, DET); release 
DAC holdoff 

X 0 sppf Set/reset parallel poll 
flag 

0 0 0 0 gts Go to standby 

0 0 0 tca Take control asynch-
ronously 

J-lPD7210 

Auxiliary Command Descriptions (cont) 

Command Auxiliary 
C4 C3 C2 Cl Co Command Description 

1 0 0 1 0 tcs Take control synch-
ronously 

0 tcse Take control synch-
ronously on end 

0 Itn Listen 

0 Itnc Listen with continuous 
mode 

0 lun Local unlisten 

epp Execute parallel poll 

X sifc Set! reset IFe 

X 1 sren Set! reset REN 

0 0 dsc Disable system control 

Internal Counter 

o o I o FO 

The internal counter generates the state change pro
hibit times (T1' T6, T7, Tg) specified in IEEE Standard 
488-1978 with reference to the clock frequency. 

Auxiliary A Register 

AO 

Of the five bits that may be specified as part of the 
access word, two bits control the GPI B data receiving 
modes of the pPD721 0 and three bits control how the 
end-of-string (EOS) message is used. 

Data Receiving Modes 

AD Data Receiving Mode 

o o Normal handshake mode 

RFD holdoff on all data modes 

o RFD holdoff on end mode 

Continuous mode 

EOS Message 

Bit 
Name Function 

A2 0 Prohibit Permits (prohibits) the setting of the END 

Permit 
bit by reception of the EOS message. 

A3 0 Prohibit Permits (prohibits) automatic 

Permit 
transmission of END message 
simultaneously with the transmission of 
EOS message T ACS. 

A4 0 7-bit EOS Makes the 8 bits (7 bits) of the 

8-bit EOS 
EOS register the valid EOS message. 
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Auxiliary B Register 

o I BO 

The auxiliary B register is much like the A register in 
that it controls the special operating features of the 
device. 

Special Features 

Bit 
Name 

BO 

6-162 

1 Permit 

o Prohibit 

1 Permit 

0 Prohibit 

T1 (high-
speed) 

0 T1 (Iow-
speed) 

1 INT 

0 INT 

ist= 
SROS 

0 ist= 
Parallel 
Poll Flag 

Function 

Permits (prohibits) the detection of an un
defined command. In other words, it 
permits (prohibits) the setting of the CPT 
bit on receipt of an undefined command. 

Permits (prohibits) the transmission of 
the END message when in serial poll 
active state (SPAS). 

T1 (high speed) as T1 in source handshake 
function after transmission of second 
byte following data transmission. 

Sets T1 (low speed) as T1 in all cases. 

Specifies the active level of the INT pin. 

SROS indicates the value of the ist level 
local message (the value of the parallel 
poll flag is ignored). 

SROS = 1 ... ist = 1 
SROS = 0 ... ist = 0 

The value of the parallel poll flag is taken 
as the ist local message. 

NEe 
Auxiliary E Register 

1 I o I 0 I 0 I 0 I E1 EO 

This register controls the Data Acceptance modes of 
the J,lPD721 O. 

Data Acceptance Modes 

Bit 
Name Function 

EO 1 Enable DAC holdoff by initialization of DCAS 

o Disable 

Enable DAC holdoff by initialization of DTAS 

o Disable 

Parallel Poll Register 

o I 
The parallel poll register defines the parallel poll 
response of the J,lPD721 O. 

Parallel Poll Response 

Bit 
Name 

U 

S 

P3-P1 

1 
0 

1 
0 

000-111 

Function 

No response to parallel poll 
Response to parallel poll 

In phase 
Reverse phase 

Status bit output line 0101 to 0108 
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Minimum 8085 System with ",PD7210 

",PD7210 

",PD8085 cs -tJEf[ ..... ': 101M ....----
" h> Aa-A1S ) RSo-RS2 
v 

A A--- " ADO-AD1 K IY- ) 00-01 
'4 V 

Data 

RESET 6.5 t--- INT T/R3-T/R1 
Xcvrs 

RESET 5.5 t--- DRQ 

RD t--- RD K= K=>GPIB 

\VA r-- WR '----r-;: RESET 
ALE r ClK 

RESET OUT t---
ClK t--- iJPD8155 

~ CE .. " 
X'D ~ " PCo-PCs V 

) ~ f'r-
ADo-AD1 V 

V 

~ t--- 101M 
X2 t- t-- t--- AD A ~ 

PBo-PB7K Device 
t--- ViR Controls 

'4 v 
I-- ALE 

I-- RESET 

f---- TIMER IN A " V 
t--- TIMER OUT 

PAD-PA7 
~ RESET 7.5 v 

RESET IN 
iJPD8355 

1 -
CE 

Jo. " I ) Aa-A10 Display 
y 

~ : 
'y- ) ADO-AD1 PAD-PA1. 

0' PBO-PB1 - - 101M 

..-- - - AD A I 

1 lOW 
Switches 

- I 
- ALE 

- RESET 

- ClK 

"'- '"'-" 
83-003373C 
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Minimum 8085 System with /iPD7210 (cont) 

0108 

0107 

0106 

DiOs 

r--

0104 

0103 

0102 

0101 

~ 

T/R1 ~ -(>0-
T/R3(EOIOE) 

EOI 

L.--

OAV 

NRFO 

NOAC 

TlR:z(CIC) -t»-
SRQ 

ATN 

-
REN 

>--

IFC 

HL 
Note_ In th,s example, hIgh speed data transfer cannot be made since 

the bus transceiver is an open-collector type (set B2 = 0)_ 

f.lPD7210 

0108-0101 8/ 

TlR3(PE) 

MC3448A 

Data A Bus A 

Data B Bus B 

Data C Bus C 

Data 0 Bus 0 

S/RA-S/RO PEA-PEo 

MC3448A 

Data A Bus A 

Data B Bus B 

Data C Bus C 

Data 0 Bus 0 

S/RA-S/Ro PEA-PEO 

MC3448A 

S/RA 

Data A Bus A 

S/RB 

Data B Bus B 

SIRe 

Data C Bus C 

S/Ro 

Data 0 Bus 0 

PEA-PEo 

MC3448A 

S/RA 

Data A Bus A 

S/RB 

Data B Bus B 

SIRe 

Data C Bus C 

S/RO 

Data 0 Bus 0 

PEA-PEo 

SN75160 

08-01 B8-B1 

I PE TE 

t T/R1 J SN75161 
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T/R2(CIC) DC 
-
SRQ SRQ 

ATN ATN 
-
EOI EOI 

OAV OAV 
--
NRFO NRFO 
--
NOAC NOAC 

IFC IFC 

REN REN 

Note: In the case of low-speed data transfer (B2 = 0), the TlR3 pin can be used as a TRIG 
output. The PE input of SN7S160 should be cleared to 0_ 

TE 

-

-

I----< 

I----< 

8/ , 
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0108 

0107 

0106 

OIOs 

EOI 

OAV 

NRFO 

NOAC 

SRQ 

ATN 

REN 

IFC 

GPIB 

GPIB 
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J-tPD7220A 
HIGH· PERFORMANCE 

GRAPHICS DISPLAY CONTROLLER 

Description 

The pPD7220A high-performance graphics display 
controller (HGDC) is an intelligent microprocessor 
peripheral designed to be the heart of a high-perfor
mance raster scan computer graphics and character 
display system. Positioned between the video display 
memory and the microprocessor bus, the HGDC 
performs the tasks needed to generate the raster 
display and manage the display memory. Processor 
software overhead is minimized by the HGDC's sophis
ticated instruction set, graphics figure drawing, and 
DMA transfer capabilities. The display memory sup
ported by the HGDC can be configured in any number 
of formats and sizes up to 256K 16-bit words. The 
display can be zoomed and panned, while partitioned 
screen areas can be independently scrolled. With its 
light pen input and multiple controller capability, the 
HGDC is ideal for advanced computer graphics 
applications. 

For a more detailed description of the HGDC's 
operation, please refer to the 7220/7220A design 
manuals. 

System Considerations 

The HGDC is designed to work with a general purpose 
microprocessor to implement a high-performance 
computer graphics system. Through the division of 
labor established by the HGDC's design, each of the 
system components is used to the maximum extent 
through a six-level hierarchy of simultaneous tasks. At 
the lowest level, the HGDC generates the basic video 
raster timing, including sync and blanking signals. 
Partitioning areas on the screen and zooming are also 
accomplished at this level. At the next level, video 
display memory is modified during the figure drawing 
operations and data moves. Third, display memory 
addresses are calculated pixel by pixel as drawing 
progresses. Outside the HGDC at the next level, 
preliminary calculations are done to prepare drawing 
parameters. At the fifth level, the picture must be 
represented as a list of graphics figures drawable by 
the HGDC. Finally, this representation must be 
manipulated, stored, and communicated. By handling 
the first three levels, the HGDC takes care of the high
speed and repetitive tasks required to implement a 
graphics system. 

Features 

o Microprocessor interface 
- DMA transfers with 8257- or 8237-type 

controllers 
- FIFO command buffering 

o Display memory interface 
- Up to 256K words of 16-bits 
- Read-modify-write (RMW) display memory 

cycles as fast as 500 ns 
- Dynamic RAM refresh cycles for nonaccessed 

memory 
o Light pen input 
o Drawing hold input 
o External video synchronization mode 
o Graphic mode 

- Four megabit, bit-mapped display memory 
o Character mode 

- 8K character code and attributes display 
memory 

o Mixed graphics and character mode 
- 64K if all characters 
- 1 megapixel if all graphics 

o Graphics capabilities 
- Figure drawing of lines, arc/circles, rectangles, 

and graphics characters in 500 ns per pixel 
- Display 1 024-by-1 024 pixels with 4 planes of 

color or grayscale 
- Two independently scrollable areas 

o Character capabilities 
- Auto cursor advanced 
- Four independently scrollable areas 
- Programmable cursor height 
- Characters per row: up to 256 
- Character rows per screen: up to 100 

o Video display format 
- Zoom magnification factors of 1 to 16 
- Panning 
- Command-settable video raster parameters 

o NMOS technology 
o Single +5 V power supply 
o DMA capability 

- Bytes or word transfers 
- 4 clock periods per byte transferred 

o On-chip pull-up resistor for VSYNC/EXT, HSYNC 
and DACK, and a pull-down resistor for LPEN/DH 
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Ordering Information 
Part Package 
Number Type 

pPD7220AD 40-pin ceramic DIP 

pPD7220AD-1 40-pin ceramic DIP 

pPD7220AD-2 40-pin ceramic DIP 

Pin Configuration 

2xWCLK 

DBIN 

HSYNC 

V/EXTSYNC 

BLANK 

ALE 

DRQ 

DACK 

AD 
WR 

DB. 

DB, 

DB. 

DB. 

DB. 

DB. 

DB. 

DB, 

GND 

Vee 

A17 

A'6 

AD,. 

AD,. 

AD,. 

AD,. 

AD" 

AD. 

AD, 

AD. 

AD. 

AD. 

AD. 

AD. 

AD, 

Character Mode Pin Utilization 
Pin 

No. Symbol Function 

Max Frequency 
of Operation 

6 MHz 

7 MHz 

8 MHz 

35-37 AD13-AD15 Line counter bits 0 to 2 outputs 

38 AD16 Line counter bit 3 output 

39 AD17 Cursor output and line counter bit 4 

Mixed Mode Pin Utilization 
Pin 

No. Symbol Function 

35-37 AD13-AD15 Address and data bits 13 to 15 

38 A16 Attribute blink and clear line counter 
output 

39 A17 Cursor and bit-map area flag output 
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Pin Identification 

Pin 

No. Symbol Function 

1 2xWCLK Clock input 

2 DBIN Display memory read input flag 

3 HSYNC Horizontal video sync output 

4 V/EXT SYNC Vertical video sync output or external 
VSYNC input 

5 BLANK CRT blanking output 

6 ALE Address latch enable output 

7 DRQ DMA request output 

8 DACK DMA acknowledge input 

9 AD Read strobe input for microprocessor 
interface 

10 WR Write stobe input for microprocessor 
interface 

11 Ao Address select input for microprocessor 
interface 

12-19 DBO-DB? Bidirectional data bus to host micro-
processor 

20 GND Ground 

21 LPEN/DH Light pen detect input drawing hold 
input 

22-34 ADo-AD12 Address data lines to display memory 

35-37 AD13-AD15 Utilization varies with mode of 
operation 

38 A16 Utilization varies with mode of 
operation 

39 A17 Utilization varies with mode of 
operation 

40 Vee +5 V ±10% power supply 

Graphics Mode Pin Utilization 
Pin 

No. Symbol Function 

35-37 AD13-AD15 Address and data bits 13 to 15 

38 A16 Address bit 16 output 

39 A17 Address bit 17 output 
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Pin Functions 

2xWCLK [Clock Input] 

2xWCLK is the clock input. 

DBIN [Data Bus Input Enable] 

The DBIN output indicates the time the AGDC will 
accept data read from display RAM during read
modify-write (RMW) cycles. 

HSYNC [Horizontal Sync] 

The HSYNC output indicates the time the CRT's beam 
is to start its retrace back to the left side of the screen. 

V /EXT SYNC [Vertical SYNC Output/External 
Sync Input] 

The AGDC can be programmed to output a vertical 
sync signal at the start of the return of the CRT's beam 
from the lower right of the screen to the upper left 
during vertical retrace. The AGDC may also be 
programmed to accept an external sync input when 
used in slave mode. 

BLANK [Blank] 

BLANK is output during inactive display times (hori
zontal and vertical retrace) of the CRT and during a 
read-modify-write memory cycle when in flash mode. 

ALE [Address Latch Enable] 

The falling edge of ALE indicates the first clock cycle of 
a display memory cycle and the availability of the 
memory address on pins ADo-AD17' ALE and external 
logic can generate display memory control signals. 

AO [Address Bit 0] 

Ao is the address select input for the microprocessor 
interface. 

A1 [Address Bit 1] 

The A1 input selects registers when reading or writing 
to the AGDC. 

DACK [DMA Acknowledge] 

DACK is the DMA acknowledge input handshake line 
that directly interfaces to the pPD8257 or pPD8237 
DMA controller. 

DRQ [DMA Request] 

DRO is the DMA request output handshake line that 
directly interfaces to the pPD8257 or pPD8237 DMA 
controller. 
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RD [Read Strobe] 

The host CPU clears the RD input to 0 when reading 
the internal status and FIFO registers. 

WR [Write Strobe] 

The host CPU clears WR to 0 when writing to the 
internal command and parameter registers. 

DBO-DB7 [Data Bus] 

DBo-DB7, the 8-bit, three-state bidirectional data bus 
transfers data to and from the host CPU via the system 
bus. 

LPEN/DH [Light.Pen/Drawing Hold] 

The LPEN/DH input can be programmed as either a 
light pen input or drawing hold input. The drawing hold 
input halts all read-modify-write operations. 

ADO-AD17 [Address and Data Lines] 

ADo-AD17 are address and data lines to display 
memory. AD13-AD17 functions vary with the mode of 
operation oftheADGC. ThepPD7220/7220A Graphics 
Display Controller User's Manual describes these 
functions and modes of operation. 

Vee [Power Supply] 

Vee is the +5 V power supply input. 

GND [Ground] 

GND is ground potential. 

Block Diagram 

+5Vo----+ 
GNDo--

2 x WCLK 0----+ 

HSYNC 
V/EXTSYNC 
BLANK 

LPEN 

6-167 



pPD7220A 

HGDC Components 

Microprocessor Bus Interface 

Control of the HGDC by the system microprocessor is 
achieved through an 8-bit bidirectional interface. The 
status register is readable at any time. Access to the 
FIFO buffer is coordinated through flags in the status 
register and operates independently of the various 
internal HGDC operations, due to the separate data 
bus connecting the interface and the FIFO buffer. 

Applications 

NEC Electronics Inc. recently learned that applica
ion of the pPD7220 or pPD7220A Graphics Display 
Controller in conjunction with other non-NEC 
Electronics Inc. equipment to achieve panning and 
zooming capabilities may infringe U.S. Patents 
4,197,590 and RE 31,200 held by CADTRAK CORP
ORATION of Sunnyvale, Ca. Neither the pPD7220 nor 
the pPD7220A Graphics Display Controllers by them
selves infringe CADTRAK's patents. CUSTOMERS OF 
NEC ELECTRONICS INC. ARE HEREBY GIVEN 
NOTICE OF THE EXISTENCE OF THE CADTRAK 
PATENTS. USER'S ARE RESPONSIBLE FOR IN
SURING THAT THEIR SYSTEM DESIGN, MANU
FACTURE AND RESULTING PRODUCT DO NOT 
VIOLATE ANY APPLICABLE PATENTS. 

Command Processor 

The contents of the FIFO are interpreted by the 
command processor. The command bytes are decoded, 
and the succeeding parameters are distributed to their 
proper destinations within the HGDC. The command 
processor yields to the bus interface when both access 
the FIFO simultaneously. 

DMA Control 

The DMA control circuitry in the HGDC coordinates 
transfers over the microprocessor interface when using 
an external DMA controller. The DMA Request and 
Acknowledge handshake lines directly interface with a 
pPD8257 or pPD8237 DMA controller, so that display 
data can be moved between the microprocessor 
memory and the display memory. 
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Parameter RAM 

The 16-byte RAM stores parameters that are used 
repetitively during the display and drawing processes. 
In character mode, this RAM holds four sets of 
partitioned display area parameters; in graphics mode, 
the drawing pattern and graphics character take the 
place of two of the sets of parameters. 

Video Sync Generator 

Based on the clock input, the sync logic generates the 
raster timing signals for almost interlaced, non
interlaced, or "repeat field" interlaced video format. 
The generator is programmed during the idle period 
following a reset. In video sync slave mode, it 
coordinates timing between multiple HGDCs. 

Memory Timing Generator 

The memory timing circuitry provides two memory 
cycle types: a two-clock period refresh cycle and the 
read-modify-write (RMW) cycle, which takes four clock 
periods. The memory control signals needed to drive 
the display memory devices are easily generated from 
the HGDC's ALE and DBIN outputs. 

Zoom & Pan Controller 

Based on the programmable zoom display factor and 
the display area entries in the parameter RAM, the 
zoom and pan controller determines when to advance 
to the next memory address for display refresh and 
when to go on to the next display area. A horizontal 
zoom is produced by slowing down the display refresh 
rate while maintaining the video sync rates. Vertical 
zoom is accomplished by repeatedly acceSSing each 
line a number of times equal to the horizontal repeat. 
Once the line count for a display area is exhausted, the 
controller accesses the starting address and line count 
of the next display area from the parameter RAM. The 
system microprocessor, by modifying a display area 
starting address, can pan in any direction, in
dependently of the other display areas. 

Drawing Controller 

The drawing processor contains the logic necessary to 
calculate the addresses and positions of the pixels of 
the various graphics figures. Given a starting point and 
the appropriate drawing parameters, the drawing 
controller needs no further assistance to complete the 
figure drawing. 
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Display Memory Controller 

The display memory contoller's tasks are numerous. 
Its primary purpose is to multiplex the address and 
data information in and out of the display memory. It 
also contains the 16-bit logic unit used to modify the 
display memory contents during RMW cycles, the 
character mode line counter, and the refresh counter 
for dynamic RAMs. The memory controller apportions 
the video field time between the various types of 
cycles. 

Light Pen Deglitcher/Drawing Hold 

Only if two rising edges on the light pen input occur at 
the same point during successive video fields are the 
pulses accepted as a valid light pen detection. A status 
bit indicates to the system microprocessor that the 
light pen register contains a valid address. If this input 
is held high for a period greater than four 2xWCLK 
cycles, drawing execution is halted when bit 7 of P5 of 
the SYNC command is set. 

Programmer's View of HG DC 

The HGDC occupies two addresses on the system 
microprocessor bus through which the HGDC's status 
register and FIFO are accessed. Commands and 
parameters are written into the HGDC's FIFO and are 
differentiated based on address bit Ao. The status 
register or the FIFO can be read as selected by the 
address line. 

Commands to the HGDC take the form of a command 
byte followed by a series of parameter bytes as needed 
for specifying the details of the command. The 
command processor decodes the commands, unpacks 
the parameters, loads them into the appropriate 
registers within the HGDC, and initiates the required 
operations. 

The commands available in the HGDC can be organized 
into five categories as described in the following 
section. 

HGDC Microprocessor Bus Interface Registers 

AD READ WRITE 

Status Register Parameter Into FIFO 

I I I I I I I I I 

FIFO Read Command Into FIFO 

I I I I I I I I I 
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HGDC Commands Summary 

Video Control Commands 

1. RESET1 Resets the GDC to its idle state. 
Resychronizes video timing. Blanks 
the display. 

2. RESET2 Resets the HGDC to its idle state. 
Does not resynchronize video 
timing. Blanks the display. 

3. RESET3 Resets the HGDC to its idle state. 
Does not resynchronize video 
timing. Does not blank the display. 

4. SYNC Specifies the video display format. 
5. VSYNC Selects master or slave video 

synchronization mode. 
6. CCHAR Specifies the cursor and character 

row heights. 

Display Control Commands 

1. START Ends idle mode and unblanks the 
display. 

2. BLANK1 Controls the blanking and 
un blanking of the display, along 
with video resynchronization. 

3. BLANK2 Controls the blanking and 
unblanking of the display. Does not 
blank the display. 

4. ZOOM Specifies zoom factors for the 
display and graphics characters 
writing. 

5. CURS Sets the position of the cursor in 
display memory. 

6. PRAM 

7. PITCH 

Defines starting addresses and 
lengths of the display areas and 
specifies the eight bytes for the 
graphics character. 
Specifies the width of the X 
dimension of display memory. 

Drawing Control Commands 

1. WDAT 

2. MASK 
3. FIGS 

4. FIGD 

5. GCHRD 

Writes data words or bytes into 
display memory. 
Sets the mask register contents. 
Specifies the parameters for the 
drawing controller. 
Draws the figure as specified 
above. 
Draws the graphics character into 
display memory. 
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Data Read Commands, 
1. RDAT Reads data words or bytes from 

display memory. 
2. CURD Reads the cursor position. 
3. LPRD Reads the light pen address. 

DMA Control Commands 
1. DMAR Requests a DMA read transfer. 
2. DMAW Requests a DMA write transfer. 

Status Register Flags 

SR-7: Light Pen Detect 

When this bit is set to 1, the light pen address (LAD) 
register contains a deglitched value that the system 
microprocessor may read. This flag is reset after the 
3-byte LAD is moved into the FIFO in response to the 
light pen read command. 

SR-6: Horizontal Blank ActlveNertlcal 
Blank Active 

A 1 value for this flag signifies that horizontal retrace 
blanking or vertical retrace blanking is currently under
way dependent on the status of the VH bit in SYNC or 
the RESETx parameter 6. 

SR-S: Vertical Sync 

Vertical retrace sync occurs while this flag is a 1. The 
vertical sync flag coordinates display format modifying 
commands to the blanked interval surrounding vertical 
sync, This eliminates display disturbances. 

SR-4: DMA Execute 

This bit is a 1 during DMA data tranfers. 

SR-3: Drawing In Progress 

While the HGDC is drawing a graphics figure, this 
status bit is a 1. 

Status Register (SR) 

I 7 I 6 I 5 I 4 I 3 I 2 I 1 0 I 

[ I 1 1 
ttl Data Ready 

FIFO Full 

FIFO Empty 

Drawing in Progress 

DMA Execute 

Vertical Sync Active 

Horizontal Blank Activel 
Vertical Blank Active 

Light Pen Detect 
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SR-2: FIFO Empty 

This bit and the FIFO-full flag coordinate system 
microprocessor accesses with the HGDC FIFO. When 
it is 1, the Empty flag ensures that all the commands 
and parameters previously sent to the HGDC have 
been interpreted. 

SR-1: FIFO Full 

A 1 at this flag indicates a full FIFO in the HGDC. A 0 
ensures that there is room for at least one byte. This 
flag needs to be checked before each write into the 
HGDC. 

SR-O: Data Ready 

When this flag is a 1, it indicates that a byte is available 
to be read by the system microprocessor. This bit must 
be tested before each read operation. It drops to a 0 
while the data is transferred from the FIFO into the 
microprocessor interface data register. 

FIFO Operation & Command Protocol 

The first-in, first-out buffer (FIFO) in the HGDC handles 
the command dialogue with the system microproces
sor. This flow of information uses a half-duplex 
technique, in which thesingle 16-location FIFO is used 
for both directions of data movement, one direction at 
a time. The FI FO's direction is controlled by the system 
microprocessor through the HGDC's command set. 
The host microprocessor coordinates these transfers 
by checking the appropriate status register bits. 

The command protocol used by the HGDC requires 
differentiation of the first byte of a command sequence 
from the succeeding bytes. The first byte contains the 
operation code and the remaining bytes carry para
meters. Writing into the HGDC causes the FIFO to 
store a flag value alongside the data byte to signify 
whether the byte was written into the command or the 
parameter address. The command processor in the 
HGDC tests this bit as it interprets the entries in the 
FIFO. 

The receipt of a command byte by the command 
processor marks the end of any previous operation. 
The number of parameter bytes supplied with a 
command is cut short by the receipt of the next 
command byte. A read operation from the HGDC to the 
microprocessor can be terminated at any time by the 
next command. 
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The FIFO changes direction under the control of the 
system microprocessor. Commands written into the 
HGDC always put the FIFO into write mode if it was not 
in it already. If it was in read mode, any read data in the 
FIFO at the time of the turnaround is lost. Commands 
which require an HGDC response, such as RDAT, 
CURD and LPRD, put the FIFO into read mode afterthe 
command is interpreted by the HGDC's command 
processor. Any commands and parameters behind the 
read-evoking command are discarded when the FIFO 
direction is reversed. 

Aead-Modify-Write Cycle 

Data transfers between the HGDC and the display 
memory are accomplished using a read-modify-write 
(RMW) memory cycle. The four-clock period timing of 
the RMW cycle is used to 1. output the address, 2. read 
data rom the memory, 3. modify the data, and 4. write 
the modified data back into the initially selected 
memory address. This type of memory cycle is used for 
all interactions with display memory including DMA 
transfers, except for the two-clock period display and 
RAM refresh cycles. 

The operations performed during the modify portion of 
the RMW cycle merit additional explanation. The 
circuitry in the HGDC uses three main elements: the 
Pattern register, the Mask register, and the 16-bit Logic 
unit. The Pattern register holds the data pattern to be 
moved into memory. It is loaded by the WDAT para
meters or, during drawing, from the parameter RAM. 
The Mask register contents determ i ne wh ich bits of the 
read data will be modified. Based on the contents of 
these registers, the Logic unit performs the selected 
operations of REPLACE, COMPLEMENT, SET, or 
CLEAR on the data read from display memory. 

The Pattern register contents are ANDed with the Mask 
register contents to enable the actual modification of 
the memory read data, on a bit-by-bit basis. For 
graphics drawing, one bit at a time from the Pattern 
register is combined with the Mask. When ANDed with 
the bit set to a 1 in the Mask register, the proper single 
pixel is modified by the Logic unit. For the next pixel in 
the figure, the next bit in the Pattern register is selected 
and the Mask register bit is moved to identify the pixel's 
location within the word. The Execution word address 
pointer register, EAD, is also adjusted as required to 
address the word containing the next pixel. 
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In character mode, all of the bits in the Pattern register 
are used in parallel to form the respective bits of the 
modify data word. Since the bits of the character code 
word are used in parallel, unlike the one-bit-at-a-time 
graphics drawing process, this facility allows any or all 
of the bits in a memory word to be modified in one 
RMW memory cycle. The Mask register must be loaded 
with ones in the positions where modification is to be 
permitted. 

The Mask register can be loaded in either of two ways. 
In graphics mode, the CURS command contains a 4-bit 
dAD field to specify the dot address. The command 
processor converts this parameter into th~ 1-of-16 
format used in the Mask register for figure drawing. A 
full 16-bits can be loaded into the Mask register using 
the MASK command. In additi.on to the character mode 
use mentioned above, the 16-bit MASK load is con
venient in graphics mode when all of the pixels of a 
word are to be set to the same value. 

The Logic unit combines the data read from display 
memory, the Pattern register, and the Mask register to 
generate the data to be written back into display 
memory. Anyone of four operations can be selected: 
REPLACE, COMPLEMENT, CLEAR or SET. In each 
case, if the respective Mask bit is 0, that particular bit of Ii 
the read data is returned to memory unmodified. If the ; 
Mask bit is 1, the modification is enabled. With the 
REPLACE operation, the Pattern register data simply 
takes the place of the read data for modification 
enabled bits. For the other three operations, a 0 in the 
modify data allows the read data bit to be returned to 
memory. A 1 value causes the specified operation to be 
performed in the bit positions with set Mask bits. 

Figure Drawing 

The HGDC draws graphics figures at the rate of one 
pixel per read-modify-write (RMW) display memory 
cycle. These cycles take four clock periods to complete. 
At a clock frequency of 8 MHz, this is equal to 500 ns. 
During the RMW cycle the HGDC simultaneously 
calculates the address and position of the next pixel to 
be drawn. 

The graphics figure drawing process depends on the 
display memory addressing structure. Groups of 16 
horizontally adjacent pixels form the 16-bit words 
which are handled by the HGDC. Display memory is 
organized as a linearly addressed space of these 
words. Addressing of individual pixels is handled by 
the HGDC's internal RMW logic. 
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During the drawing process, the HGDC finds the next 
pixel of the figure which is one of the eight nearest 
neighbors of the last pixel drawn. The HGDC assigns 
each of these eight directions a number from 0 to 7, 
starting with straight down and proceeding counter
clockwise. 

Figure drawing requires the proper manipulation of 
the address and the pixel bit position according to the 
drawing direction to determine the next pixel of the 
figure. To move to the word above or below the current 
one, it is necessary to subtract or add the number of 
words per line in display memory. This parameter is 
called the pitch. To move to the word to either side, the 
Execute word address cursor, EAD, must be increment
ed or decremented as the dot address pointer bit reaches 
the LSB or the MSB of the Mask register. To move to a 
pixel within the same word, it is necessary to rotate the 
dot address pointer to the right or left. The table below 
summarizes these operations for each direction. 

Oir Operations to Address the Next Pixel 

000 EAD - P-+ EAD 

001 EAD - P-+ EAD 
dAD (MSB) = tEAD - 1 -+ EAD dAD -+ LR 

010 dAD (MSB) = tEAD - 1 -+ EAD dAD -+ LR 

011 EAD - P-+ EAD 
dAD (MSB) = tEAD - 1 -+ EAD dAD -+ LR 

100 EAD - P-+ EAD 

101 EAD - P -+ EAD 
dAD (LSB) = tEAD - 1 -+ EAD dAD -+ RR 

110 dAD (LSB) = tEAD - 1 -+ EAD dAD -+ RR 

111 EAD - P-+ EAD 
dAD (LSB) = 1 :EAD - 1 -+ EAD dAD -+ RR 

Note: 

P = Pitch, LR == Left Rotate, RR = Right Rotate, EAD = Execute Word 
Address, and dAD = Dot Address stored in the Mask register. 

Drawing Directions 
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Whole word drawing is useful for filling areas in 
memory with a single value. By setting the Mask 
register to all 1 s with the MASK command, both the 
LSB and MSB of the dAD will always be 1, so that the 
EAD value will be incremented or decremented for 
each cycle regardless of direction. One RMW cycle will 
be able to affect all 16 bits of the word for any drawing 
type. One bit in the Pattern register is used per RMW 
cycle to write all the bits of the word to the same value. 
The next Pattern bit is used for the word, etc. 

For the various figures, the effect of the initial direction 
upon the resulting drawing is shown below: 

Dir Line Arc 

000 ~# ~,:/ 

001 ~ V 
A " 

010 
", 
L> 

011 " (>:, 

100 4~ ,/:~:J 
101 ~ 

///: 
~ 

110 

" 
(; 

"J 
111 ~ '<,) 

Character Slant Char 

U1J1J1J 
, 

~ ~ 
~ ff 
~ -flJ1JU1 
, 

~ ~ 
~ f 
~ ~ 

Rectangle 

0 

0 
D 

0 
D 

0 
D 

0 

DMA 

f\N 

~ 
~ 

~ 
m 
~ 
~ 
~ 

Note that during line drawing, the angle of the line may 
be anywhere within the shaded octant defined by the 
DIR value. Arc drawing starts in the direction initially 
specified by the DIR value and veers into an arc as 
drawing proceeds. An arc may be up to 45 0 in length. 
DMA transfers are done on word boundaries only, and 
follow the arrows indicated in the table to find succes
sive word addresses. The slanted paths for DMA 
transfers indicate the HGDC changing both the X and Y 
componentsof the word address when moving to the 
next word. It does not follow a 45 0 diagonal path by 
pixels. 
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Drawing Parameters 

I n preparation for graph ics fig u re d rawi ng, the H G DC's 
Drawing processor needs the figure type, direction and 
drawing parameters, the starting pixel address, and the 
pattern from the microprocessor. Once these are in 
place within the HGDC, the Figure Draw command, 
FIGD, initiates the drawing operation. From that pOint 
on, the system microprocessor is not involved in the 
drawing process. The HGDC Drawing controller co
ordinates the RMW circuitry and address registers to 
draw the specified figure pixel by pixel. 

The algorithms used by the processor for figure 
drawing are designed to optimize its drawing speed. To 
this end, the specific details about the figure to be 
drawn are reduced by the microprocessor to form 
conducive to high-speed address calculations within 
the HGDC. In this way the repetitive, pixel-by-pixel 
calculations can be done quickly, thereby minimizing 
the overall figure drawing time. The table below sum
marizes the parameters. 

Drawing 
Type DC 02 01 OM 

Initial 8 8 -1 -1 
Value (1) 

Line I toll 21 toD I - I toll 2( I toD I - I toll) 21 toD I 

Arc (2) rsin¢ r-1 2(r-1) -1 rsin 8! 

Rectangle 3 A-1 B-1 -1 A-1 

Area fill B-1 A A 

Graphic B-1 A A 
character 
(3) 

Read & W-1 
write data 

DMAW 0-1 C-1 

OMAR 0-1 C-1 (C-1)/2/t 

Note: 

All numbers are shown in base 10 for convenience. The HGDC 
accepts base 2 numbers (2's complement notation) where 
appropriate. 

(1) I nitial values for the various parameters remain as each drawing 
process ends. 

(2) Circles are drawn with 8 arcs, each of which span 45°, so that sin 
¢ = 1/y'2 and sin 8 = o. 

(3) Graphic characters are a special case of bit-map area filling in 
which B and A :s; 8. If A = 8 there is no need to load D and D2. 
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Symbol Definitions 

-1 = All ONES value. 
= No parameter bytes sent to HGDC for this 

parameter. 
~I = The larger at ~x or l1y. 

I1D = The smaller at I1x or l1y. 
r = Radius of curvature, in pixels. 

¢ = Angle from major axis to end of the arc. 
¢:::; 45°. 

o = Angle from major axis to start of the arc. 
0:::; 45°. 

= Round up to the next higher integer. 
= Round down to the next lower integer. 

A = Number of pixels in the initially specified 
direction. 

S = Number of pixels in the direction at right 
angles to the initially specified direction. 

W = Number of words to be accessed. 
C = Number of bytes to be transferred in the 

initially specified direction. (Two bytes per 
word if word transfer mode is selected.) 

D = Number of words to be accessed in the 
direction at right angles to the initially 
specified direction. 

DC = Drawing count parameter which is one less 6 
than the number of RMW cycles to be 
executed. 

DM = Dots masked from drawing during arc 
drawing. 

t = Needed only for word reads. 

Graphics Character Drawing 

Graphics characters can be drawn into display memory 
pixel by pixel. The up to 8-by-8 character display is 
loaded into the HGDC's parameter RAM by the system 
microprocessor. Consequently, there are no limitations 
on the character set used. Sy varying the drawing 
parameters and drawing direction, numerous drawing 
options are available. In area fill applications, a 
character can be written into display memory as many 
times as desired without reloading the parameter RAM. 

Once the parameter RAM has been loaded with up to 
eight graphics character bytes by the appropriate 
PRAM command, the GCHRD command can be used 
to draw the bytes into display memory starting at the 
cursor. The zoom magnification factor for writing, set 
by the ZOOM command, controls the size of the 
character written into the display memory in integer 
multiples of 1 through 16. The bit values in the PRAM 
are repeated horizontally and vertically the number of 
times specified by the zoom factor. 
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The movement of these PRAM bytes to the display 
memory is controlled by the parameters of the FIGS 
command. 

Based on the specified height and width of the area to 
be drawn, the parameter RAM is scanned to fill the 
required area. 

For an 8-by-8 graphics character, the first pixel drawn 
uses the LSB of RA-15, the second pixel uses bit 1 of 
RA-15, and so on, until the MSB of RA-15 is reached. 

The HGDC jumps to the corresponding bit in RA-14 to 
continue the drawing. The progression then advances 
toward the LSB of RA-14. This snaking sequence is 
continued for the other 6 PRAM bytes. This progression 
matches the sequence of display memory addresses 
calculated by the drawing processor as shown above. 
If the area is narrower than 8 pixels wide, the snaking 
will advance to the next PRAM byte before the MSB is 
reached. If the area is less than 81ines high, fewer bytes 
in the parameter RAM will be scanned. If the area is 
larger than 8 by 8, the HG DC wi II repeat the contents of 
the parameter RAM in two dimensions, as required to 
fill the area with the 8-by-8 mosaic. (Fractions of the 
8-by-8 pattern will be used to fill areas which are not 
multiples of 8 by 8.) 

Parameter RAM Contents: RAM Address 
RA-O to RA-15 

The parameters stored in the parameter RAM, PRAM, 
are available for the HGDC to refer to repeatedly 
during figure drawing and raster-scanning. In each 
mode of operation the values in the PRAM are inter
preted by the HGDC in a predetermined fashion. The 
host microprocessor must load the appropriate para
meters into the proper PRAM locations. PRAM loading 
command allows the host to write into any location of 
the PRAM and transfer as many bytes as desired. In this 
way any stored parameter byte or bytes may be 
changed without influencing the other bytes. 

The PRAM stores two types of information. For 
specifying the details of the display area partitions, 
blocks of four bytes are used. The four parameters 
stored in each block include the starting address in 
display memory of each display area, and its length. In 
addition, there are two mode bits for each area which 
specify whether the area is a bit-mapped graph ics area 
or a coded-character area, and whether a 16-bit or a 
32-bit wide display cycle is to be used for that area. 
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The other use for the PRAM contents is to supply the 
pattern for figure drawing when in a bit-mapped 
graphics area or mode. In these situations, PRAM 
bytes 8 through 16 are reserved for this patterning 
information. For line, arc, and rectangle drawing (linear 
figures) locations 8 and 9 are loaded into the Pattern 
reg ister to allow the HG DC to d raw dotted, dashed, etc. 
lines. For area filling and graphics bit-mapped char
acter drawing, locations 8 through 15 are referenced for 
the pattern or character to be drawn. 

Details of the bit assignments are shown for the various 
modes of operation. 

Character Mode 

RA·O ( ..... ~! ~~~:;::S=A~D=1L=S~A=D1~H=~~!2 =:::::.":!::::,:.. 
1 '0 0 1 ! high significance fields 

(word address) 

2 (I LEN1L 1 0 0 I 
,i I, , ~ Length of Display Partition 1 

3 WD1 0 LEN1H !~ f~~eS~~~iW~:::~~ w~~:nd 

RA-4 

RA-8 

10 

11 

RA-12 

13 

14 

15 

t 
A Wide Display cycle width 
of two words per memory cycle 

L...----------~r::II~~~fs~~:i~h!!~~~~I~~ 

0 0 o I 
LEN2L 

WD21 0 I 

0 0 o I 
LEN3L 

WD3! 0 ! 

0 0 o ! 

LEN4L 

WD41 0 ! 

SAD2L 

SAD2H 

, 0 0 

LEN2H 

SAD3L 

SAD3H 

! 0 0 

LEN3H 

SAD4L 

SAD4H 

I 0 0 

LEN4H 

0 0 

0 0 

0 0 

--

The display address counter 
Is then incremented by 
2 for each display scan 
cycle. Other memory cycle 
types are not influenced. 

Display Partition 2 
starting address 
and length 

Display Partition 3 
~ starting address 

and length 

I--
Display Partition 4 
starting address 
and length 
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Graphics and Mixed Graphics and Character 
Modes 

RA-8 
I 

PTNH or 

RA-l0 

11 

12 

13 

14 

15 

GCHR8 

GCHR7 

GCHR6 

GCHR5 

GCHR4 

GCHR3 

GCHR2 

GCHRI 

I 

-p 

1/ 

} 

Pattern 0116 bits used for 
figure drawing to pattern 
dotted, dashed, etc. lines 

I--
Graphics character bytes 
to be moved into display 
memory with graphics 
character drawing 

I 
L Display Partition Area 1 

RA-O SADIL I_starting address with low, 

1-. _'---'-_'---'-_.L----'-_.L----' ;:'~~d~(~~: ~~:r:~~"'cance 

I 
2 I LENIL 

RA-4 

I I ~ 
L Length of Display Partition 

I-W_D_l LI,M,.-L_'----'-_L_EN ..... l_H ......... _.L----'I- :,~~,fl,:~~!~r:.~~d(~~~hcount) 
. In mixed mode, a 1 indicates an 

'----------- :::'d~~:t~~~~~::~~t'::re:;::.~,," 0 

SAD2L 

SAD2y 

LEN2L I 0 o I SAD2H 

WD2!IM! LEN2H 

I--

graphics mode this bit must be O. 
When 1, the DAD is incremented 
every other display cycle. 

Display Partition Area 2 
starting address and 
length with image 
bit as in area 1 

Command Bytes Summary 

RESETl 

RESET2 

RESET3 

BLANKI DE 

BLANK2 I 0 DE I 
SYNC I 0 

VSYNC I 0 

CCHAR I 0 

Command Bytes Summary 

START o 11 

ZOOM o I 0 I 0 

CURS o 11 

PRAM 1 I 
PITCH o I 0 

WDAT 1 I TYPE 

MASK 

FIGS 

FIGD 

GCHRD 

RDAT 1 I TYPE 

CURD o I 0 

LPRD o I 0 

DMAR 1 I TYPE 

DMAW 1 I TYPE 

Video Control Commands 

Reset 

RESETX: O' 
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SA 

o I 

I 0 I 

1 I 
1 I 

1 I 
MOD 

MOD 

MOD 

MOD 

Blank the display, enter 
Idle mode, and initialize 
within the HGDC: 
-FIFO 
- Command Processor 
- Internal Counters 

This command can be executed at any time and does 
not modify any of the parameters already loaded into 
the HGDC. 

If followed by the parameter bytes. this command also 
sets the sync generator parameters as described below_ 
Idle mode is exited with the START command_ 

RESET1: 
RESET2: 
RESET3: 

Resync video timing in slave mode. 
Blank the display and so not resync. 
Unblank the display and do not resync. 
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In graphics mode, a word is a group of 16 pixels. In 
character mode, a word is one character code and its 
attributes, if any. The number of active words per line 
must be an even number from 2 to 256. An all-zero 
parameter value selects a count equal to 2n where n = 
number of bits in the parameter field for vertical 
parameters. All horizontal widths are counted in display 
words. All vertical invervals are counted in lines. 

If the Drawing Hold (DH) is set to one, pin 21 
(LPEN/DH) is used as the drawing hold control pin. 
When the input to LPEN/DH is held high for over four 2 
x WCLK clocks, the drawing address output is temp
orarily held and the display address is output. 

The HGDC allows an even or odd number of lines per 
frame. Selection is via the VL flag, the seventh bit of the 
sixth parameter byte following a RESET or SYNC 
command. When VL is 0, an odd number of display lines 
is generated. 

PI 0 0 Mode of OperaUon select bits 
See below 

P2 

P3 

Active Display Words per 
line - 2 Must be even 
number with bit 0 = 0 

Horizontal Sync Width - 1 
'---------- Vertical Sync Width, low bits 

P4 L....I....-...1--H....JFc....,P ,......J----I.---l,---V ...... SH----II- Vertical Sync Width, high bits 

• ',--' ---'------Horizontal Front Porch Width - 1 

P5 

P6 

P7 

P8 

VL 

o 

DH PHT HBP 

VH VL I VFP 

ALL 

r--
I--

I---

Horizontal Back Porch Width - 1 

Vertical Front Porch Width 

Active Display Lines per 
Video Field, low bits 

ALH 1- ~ Active Display Lines per 
~-'----'--"""""--'-' ---I.---''---'---'! Video Field, high bits 

\,----
VBP 

- Vertical Back Porch Width 

Number of lines in interfaced mode 

Odd, as in 7220 

Even 

When VH = 0, status operation is as in J.lPD7220. 
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VH Blank Status Bit Definition 

o Status register bit 6 indicates horizontal blank 

Status register bit 6 indicates vertical blank 

PH is the most significant bit (9) of the display pitch 
parameter. Use the PITCH command to set the lower 
eight bits. 

SYNC Generator Period Constraints 

Horizontal Back Porch Constraints 

1. In general: 
HBP ~ 3 Display Word Cycles (6 clock cycles). 

2. If the Image bit or WD mode changes within one 
video field: 
HBP ~ 5 Display Word Cycles (10 clock cycles). 

3. If interlaced, mixed mode, or split screen is used: 
HBP ~ 5 Display Word Cycles (10 clock cycles). 

Horizontal Front Porch Constraints 

1. In general: 
HFP ~ 2 Display Word Cycles (4 clock cycles). 

2. If the GDC is used in video sync Slave mode: 
HFP ~ 4 Display Word Cycles (8 clock cycles). 

3. If the Light Pen is used: 
HFP ~ 6 Display Word Cycles (12 clock cycles). 

4. If interlaced mode, DMA, or ZOOM is used: 
HFP ~ 3 Display Word Cycles (6 clock cycles). 

Horizontal Sync Constraints 

1. If interlaced display mode is used: 
HS ~ 5 Display Word Cycles (6 clock cycles). 

2. If DRAM Refresh is enabled: 
HS ~ 2 Display Word Cycles (4 clock cycles). 

Modes of Operation Bits 

c G Display Mode 

o o Mixed graphics and character 

o Graphics mode 

o Character mode 

Invalid 

s Video Framing 

o o Non-interlaced 

o Invalid 

o Interlaced repeat field for character displays 

Interlaced 
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Repeat Field Framing: 2 field sequence with 1/2 

line offset between 
otherwise identical fields. 

Interlaced Framing: 2 field sequence with 1/2 
line offset. Each field 
displays alternate lines. 

Non-Interlaced Framing: 1 field brings all the 
information to the screen. 

D Dynamic RAM Refresh Cycles Enable 

0 No refresh-static RAM 

Refresh-dynamic RAM 

Dynamic RAM refresh is important when high display 
zoom factors or DMA are used in such a way that not all 
of the rows in the RAMs are regularly accessed during 
display raster generation and for otherwise inactive 
display memory. 

Drawing Time Window 

0 Drawing during active display time and retrace blanking 

Drawing only during retrace blanking 

Access to display memory can be limited to retrace 
blanking intervals only, so that no disruptions of the 
image are seen on the screen. 

Both commands allow a reset while preventing re
initialization of the internal sync generator by an 
external sync source (slave mode). 

RESET21 ° 
0 o I 0 I 0 1 I 

RESET31 0 0 o I 0 1 1 0 1 1 

Vertical Sync Mode 

When using two or more HGDCs to contribute to one 
image, one HGDC is defined as the master sync 
generator, and the others operate as its slaves. The 
VSYNC pins of all HGDCs are connected together. 

VSYNC: 1L.-°...&......-..o.1 ~~~_1 ...LI ..-J~ 
o -Accept External Vertical 

Sync - Slave Mode 

1 - Generate & Output Vertical 
Sync - Master Mode 
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SYNC Format Specify 

This command also loads parameters into the sync 
generator. The various parameter fields and bits are 
identical to those at the RESET command. The HDGC 
is not reset nor does it enter idle mode. 

SYNC: I ° 0 

PI 

P2 

P3 

0 l1D~ 
The display is enabled by 
a I, and blanked by a O. 

Mode of Operation select bits 
See below 

Active display words per line 2 
Must be even number with 
bit 0" O. 

P4 HFP 

\ 
'--'---'---'-.......... '--...o..---L-_V ..... S_H .....J!---vertical Sync Width, high bits 

P5 DH PH 

P6 VH VL 

P7 

'--------Horizontal Front Porch Width - 1 

HBP 

VFP 

Horizontal Back Porch Width - 1 

Vertical Front Porch Width 

Active Display Lines per Video 
Field, low bits 

P8 VBP ALH 1- Active Display Lines per Video 
L..--,---~-",,----'_-'---....I---'----.J! Field, high bits 

\,----- Vertical Back Porch Width 

Slave Mode Operation 

A few considerations should be observed when syn
chronizing two or more HGDCs to generate overlayed 
video via the V/EXT SYNC pin. As mentioned above, 
the Horizontal Front Porch (HFP) must be four or more 
display cycles wide. This is equivalent to eight or more 
clock cycles. This gives the slave HGDCs time to 
initialize their internal video sync generators to the 
proper point in the video field to match the incoming 
vertical sync pulse (VSYNC). This resetting of the 
generator occurs just after the end of the incoming 
VSYNC pulse, during the HFP interval. Enough time 
during HFP is required to allow the slave HGDC to 
complete the operation before the start of the HSYNC 
interval. 
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Once the HGDCs are initialized and set up as master 
and slaves, they must be given time to synchronize. It is 
a good idea to watch the VSYNC status bit of the 
master HGDC and wait until after one or more VSYNC 
pulses have been generated before the display progess 
is started. The START command will begin the active 
display of data and will end the video synchronization 
process, so be sure there has been at least one VSYNC 
pulse generated to which the slaves can synchronize. 

Cursor and Character Characteristics 

In graphics mode, LR should be set to O. The blink rate 
parameter controls both the cursor and attribute blink 
rates. The cursor blink-on time = blink-off time = 2 x 
BR (video frames). The attribute blink rate is always 
one-half the cursor rate but with a 3/4-on-1/4-off duty 
cycle. All three parameter bytes must be output for 
interlaced displays, regardless of mode. For interlaced 
displays in graphics mode, the parameter BRL = 3. 

When SE = 0, the HGDC, in slave mode, detects the 
falling edge of EX. SYNC on the first frame. When SE = 
1, the HGDC, in slave mode, detects the falling edge of 
EX. SYNC on every frame. 

/r---------External SYNC Enable 

~ It~ I ~ I-U".,. ...... _~, 
~-------- Display Cursor if 1 

P2 I B~~~,-___ CT_OP ___ =~~U:~:~::Pllnenumber 
~ 0 - Blinking Cursor 

1 - Steady Cursor 
'---------Blink Rate, lower bits 

P3 ~",--..... C~B0.....LT _'--..L.--L-BR_U""---..JI-- Blink Rate, uppsr bits 

. ,,--' -------- Cursor Bottom line number In 
the row CBOT < LR 

Display Control Commands 

Start Display and End Idle Mode 

The START command generates the video signals as 
specified by the RESETX or SYNC command. 
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Display Blanking Control 

BLANK2 does not cause the resyncing of an HGDC in 
slave mode. BLANK1 does cause the resyncing of an 
HGDC in slave mode. 

BLANK!: I 0 0 0 0 

~I 0 0 0 0 

Zoom Factors Specify 

o I DE I--The display is enabled 
by a 1, and blanked by 
aO. 

Zoom magnification factors of 1 through 16 are avail
able using codes 0 through 15, respectively. 

P! I DISP GCHR I--- Zoom factor for graphics 

~. ____ ---'" ""'V....J,--'-_-_..I.. _-_...J _-_-_.L.. _-_...J _L.... _-:_ character wrltong and area 
\ filling 

Display zoom factor 

Cursor Position Specify 

In character mode, the third parameter byte is not 
needed. The cursor is displayed for the word time in 
which the display scan address (DAD) equals the 
cursor address. In graphics mode, the cursor word 
address specifies the word containing the starting 
pixel of the drawing; the dot address value specifies the 
pixel within that word. 

~Io 1 0 0 1 I 
PI 

I 
EAD I-- Execute Word Address, 

low byte 

P2 EAD I---Execute Word Address, 
middle byte 

P3 dAD IWG 0 I E~CC= (Graphics Mode only) 

\ Word Address, top bits 

Dot Address within the word 
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When the WG bit is set to one, any data following the 
WDAT command is written as is. When the WG bit is set 
to zero, the 7220A performs as the 7220 does: The 
pattern written is determined by the least significant bit 
of each parameter byte following the WDAT command. 
This bit is expanded into 16 identical bits which form 
the pattern. 

Parameter RAM Load 

From the starting address, SA, any number of bytes 
may be loaded into the parameter RAM at incrementing 
addresses, up to location 15. The sequence of para
meter bytes is determined by the next command byte 
entered into the FIFO. The parameter RAM stores 16 
bytes of information in predefined locations which 
differ for graphics and character modes. See the 
parameter RAM discussion for bit aSSignments. 

'----- Starting Address in 
parameter RAM 

~1 I f----l to 16 bytes to be loaded 

I '----'---'-----'------'---'-~---.J.~ ~~~~t~~~ ~~~~~~~~ Ra~~ress 
~ n I specified by SA 

Pitch Specification 

This value is used during drawing by the drawing 
processor to find the word directly above or below the 
current word, and during display to find the start of the 
next line. 

The Pitch parameter (width of display memory) is set 
by two different commands. In addition to the PITCH 
command, the RESET (or SYNC) command also sets 
the pitch value. The "active-words-per-line" parameter, 
which specifies the width of the raster-scan display, 
also sets the pitch of the display memory. Note that the 
AW value is two less than the display window width. 
The PITCH command must be used to set the proper 
memory width larger than the window width. 

PI: I Number of word addresses ! in display memory in the 
horizontal direction 
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Drawing Control Commands 

Write Data into Display Memory 

Upon receiving a set of parameters (two bytes for a 
word transfer, one for a byte transfer), one RMW cycle 
into video memory is done at the address pointed to by 
the cursor EAD. The EAD pOinter is advanced to the 
next word, according to the previously specified 
direction. More parameters can then be accepted. 

For byte writes, the unspecified byte is treated as all 
zeros during the RMW memory cycle. 

In graphics bit-map situations, only the LSB of the 
WDAT parameter bytes is used as the pattern in the 
RMW operations. Therefore it is possible to have only 
an all ones or all zeros pattern. If the WG bit of the third 
parameter of the CURS command is set to one, any 
byte following the WDAT command is written as is. In 
coded character applications all the bits of the WDAT 
parameters are used to establish the drawing pattern. 

The WDAT command operates differently from the 
other commands which initiate RMW cycle activity. It 
requires parameters to set up the Pattern registerwhile 
the other commands use the stored values in the 
parameter RAM. Like all of these commands, the 6 
WDAT command must be preceded by a FIGS com-
mand and its parameters. Only the first three para-
meters need be given following the FIGS opcode to set 
up the type of drawing, the DIR direction, and DC 
value. The DC parameter +1 will be the number of 
RMW cycles done by the HGDC with the first set of 
WDAT parameters. Additional sets of WDAT para-
meters will see a DC value of 0 which will cause only 
one RMW cycle to be executed per set of parameters. 

1 I TYPE I 0 I MOD I 

-- RMW Memory cycle 
Logical Operation: 

o 0 - REPLACE with Pattern 
o 1 _ COMPLEMENT 
1 0 - RESETto zero 
1 I.-SETtol 

'--------Data Transfer Type: --o 0 ------Word, Low then High byte 
1 0 I Low Byte olthe Word 
1 1 High Byte olthe Word 
o 1.. Invalid 

PI IL....--'-----'-_W-'O_RD_L-'-OR_B.....LYT_E---'---'--~~ Word Low Data Byte or . 1- Single Byte Data value 

P2 I WORD
H 

L Word transfer only: 
etc. L...---'-----J._'--~--'----"-~--'! - High Data Byte 
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Mask Register Load 

This command sets the value of the 16-bit Mask 
register of the figure drawing processor. The Mask 
register controls which bits can be modified in the 
display memory during a read-modify-write cycle. 

The Mask register is loaded both by the MASK com
mand and the third parameter byte of the CURS 
command. The MASK command accepts two para
meter bytes to load a 16-bit value into the Mask 
register. All 16-bits can be individually one or zero, 
under program control. The CURS command, on the 
other hand, puts a 1-of-16 pattern into the Mask 
register based on the value of the Dot Address value, 
dAD. If normal single-pixel-at-a-time graphics figure 
drawing is desired, there is no need to do a MASK 
command at all since the CURS command will set up 
the proper pattern to address the proper pixels as 
drawing progresses. For coded character DMA, and 
screen setting and clearing operations using the WDAT 
command, the MASK command should be used after 
the CURS command if its third parameter byte has 
been output. The Mask register should be set to all 
ones for any "word-at-a-time" operation. 

MASK: I 0 0 I 0 I o I 

PI I Ml Low significance byte 

P21 MH High significance byte 

Valid Figure Type Select Combinations 

SL A GC L Operation 
0 0 0 0 Character display mode drawing, 

individual dot drawing, DMA, WDAT, 
and RDAT 

0 0 0 0 1 Straight line drawing 

0 0 0 0 Graphics character drawing and 
area filling with graphics character 
pattern 

0 0 1 0 0 Arc and circle drawing 

0 0 0 0 Rectangle drawing 

0 0 Slanted graphics character drawing 
and slanted area filling 

Only these bit combinations assure correct drawing 
operation. 
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Figure Drawing Parameters Specify 

FIGS: I. 0 , I , 0 , 0 , I , I 

PI I SL I R I A I GC I L I DIR Drawing Direction Base 

1 
I ''---_' ___ FigUreType Select Bits: I '------ Line (Vector) 

Graphics Character 
Arc/Circle 

Rectangle 
I------------Slanted Graphics Character 

P2 rl DCl r, DC Drawing Parameter 

P3 I 0 i GO I D~H If 
,'-_______ GraPhICs Drawing IIag for use in 

Mixed Graphics and Character Mode 

Figure Draw Start 

~O_"""-

to. ,,-'"' ,.~ .. 
The parameters take on 
dillerent interpretations for 
dillerent figure types. 

On execution of this instruction, the HGDC loads the 
parameters from the parameter RAM into the drawing 
processor and starts the drawing process at the pixel 
pointed to by the cursor, EAD, and the dot address, 
dAD. 
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Graphics Character Draw and Area Filling Start 

Based on parameters loaded with the FIGS command, 
this command initiates the drawing of the graphics 
character or area filling pattern stored in parameter 
RAM. Drawing begins at the address in display memory 
pointed to by the EAD and dAD values. 
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The following bytes are returned by the HGDC through 
the FIFO: 

PI A7 

P2 A15 EADM 

Execute Address (EAD), 
low byte 

Execute Address (EAD), 
middle byte 

I 
P3 ° ° 0 ° ° ° Execute Address (EAD), 

high bits 

1---___________________ ---' Pp
4
s d~~=~~=dA~D=L ~~~~I-""' .. '-.(~"-"". 

GCHRD: I ° 1 1 ° 1 ° ° ° 

Data Read Commands I : : : d~DH: : : i2-DotAddressldAD),hlghbyte 

Read Data from Display Memory 

Using the DIR and DC parameters of the FIGS com
mand to establish direction and transfer count, multiple 
RMW cycles can be executed without specification of 
the cursor address after the initial load (DC = number 
of words or bytes). 

As this instruction begins to execute, the FIFO buffer 
direction is reversed so that the data read from display 
memory can pass to the microprocessor. Any com
mands or parameters in the FIFO at this time will be 
lost. A command byte sent to the HGDC will im
mediately reverse the ·buffer direction back to write 
mode, and all RDAT information not yet read from the 
FIFO will be lost. MOD should be set to 00 if no 
modification to video buffer is desired. 

RDAT: 
11 ° 1 I TYPE I ° I MOD 

1: 
° 
1 

° 

° • 
1-------Data TranslerType: 

.-------Word, low then high byte 

-------Low byte 01 the Word only ° • 
------High byte 01 the Word only 

1 . ------Invalld 

Cursor Address Read 

CURD: I L. _1 --,---,-_I ..1....-0 --,--0---,-_0 -,---0 --,--0.....1 

The execute address, EAD, points to the display 
memory word containing the pixel to be addressed. 

The dot address, dAD, within the word is represented 
as a 1-of-16 code for graphics drawing operations. 

Light Pen Address Read 

I L...---_LPRD: 1 _1 ° ° _0 ° ° _0 ----JIm 
The following bytes are returned by the HGDC through 
the FIFO: 

I L. _A7-'-----'-----'-_L_Ai-DL--'---'-_ ..... A_O I-Light Pen Address, low byte 

1 AI5 LADM A8 I---Light Pen Address, 
L--'-----'-----'-_'---'----'---'"-_ middle byte 

I ° ° ° ° 0, ° 1 LADM 1---Light Pen Address. high byte 

The light pen address, LAD, corresponds to the display 
word address, DAD, at which the light pen input signal 
is detected and deglitched. 

The light pen may be used in graphics, character, or 
mixed modes but only indicates the word address of 
light pen position. 
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DMA Control Commands 

DMA Read Request 

~: ~11~~~1~I __ TY~P_E~I_1~I __ M~00--J 
1-.0------- Data Transfer Type: 

o _ao------- Word, Low then High Byte 

o _alO__----- Low Byte of the Word 

1 _aa------_ High Byte of the Word 

1 - .. IO__-----Invalid 

AC Characteristics 
TA = 0 to +70°C; Vee = 5.0 V ±10%; GND = 0 v 

NEe 
DMA Write Request 

!mAW: 1 0 1 1 TYPE 11 1 MOD 1 
~~~ __ ~~-L~~~~ 

!-------RMW Memory Logical Operation: 

o 0 --REPLACE with Pattern 

1 ---COMPLEMENT 

0 ___ RESET to Zero 

1 -- SET to One 

1-------Data Transfer Type: 

o a Word, Low then High Byte 

0_01----__ Low Byte of the Word 

1 -AO-------Hlgh Byte of the Word 

1 -ao------Invalid 

7220AD Limits 722DAD·l limits 7220AD·2 limits 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Read Cycle IGDC -- CPU) 

0 0 0 ns Address setup to tAR 
FiiH 

0 0 0 ns Address hold from tRA 
ROf 

RD pulse width tRH1 tR01 + 20 tRCY - 1/2 tCLK tR01 + 20 tRCY - 1/2 tCLK tR01 + 20 tRCY - 1/2 tCLK ns 

75 65 55 ns CL = 50 pF Data delay from tR01 
Ai>! 
Data floating from tOF 
ROf 

o 75 65 o 0 55 ns 

RD pulse cycle tRCY 4 tCLK 4 tCLK 4 tCLK ns 

Write Cycle IGDC -- CPU) 

Address setup to tAW 
WR! 

0 ns o o 

Address hold from tWA 
WRf 

10 ns 10 10 

WR pulse width tww 80 twCY - tCLK 70 tWCY - tCLK 60 twCY - tCLK ns 

Data setup to WR'f tow 65 55 45 ns 

Data hold from WR'f two o 10 10 ns 

WR pulse cycle twCY 4 tCLK 4 tCLK 4 tCLK ns 
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NEe pPD7220A 

AC Characteristics (cont) 
TA = 0 to +70°C; Vcc = 5.0 V ±10%; GND = 0 V 

7220AO Limits 7220AO-l Limits 7220AO-2 Limits 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

OMA Read Cycle (GOC - CPU) 

DACR setup to 
ffiH 

tKR 0 0 ns 

DACK hold from Rill tRK 0 0 0 ns 

RD pulse width tRR2 tR02 + 20 tR02 + 20 tR02 + 20 ns 

Data delay from RD! tR02 1.5 tCLK + 80 1.5 tCLK + 70 1.5 tCLK + 60 ns CL = 50 pF 

DREQ delay from 
2xWCLKl 

tREO 100 85 75 ns CL = 50 pF 

DREQ setup to tOK 0 0 ns 
DACK! 

DACK high-level tOK tCLK tCLK tCLK ns 
width 

DACK pulse cycle tE 4tCLd1) 4tCLd1) 4 tCLK (1) ns 

DREQ! delay from 
DACK! 

tKO(R) tCLK + 100 tCLK + 90 tCLK + 80 ns CL = 50 pF 

DACK low-level tLK 2 tCLK 2 tCLK 2 tCLK 
width 

OMA Write Cycle (GOC - CPU) 

DACK setup to tKW 0 0 0 ns 

II WR! 

DACK hold from WRl tWK 0 0 0 ns 

RMW Cycle (GOC - Display Memory) 

Address! data tAD 20 105 20 90 15 80 ns CL = 50 pF 
display from 
2xWCLKl 

Address! data tOFF 20 105 20 90 15 80 ns CL = 50 pF 
floating from 
2xWCLKl 

Input data setup to tDiS 0 0 0 ns 
2xWCLK! 

Input data hold from tOIH tOE tOE tOE ns 
2xWCLK! 

DBIN delay from tOE 20 80 20 70 15 60 ns CL.= 50 pF 
2xWCLK! 

ALEl delay from tRR 20 80 20 70 15 60 ns CL = 50 pF 
2xWCLKl 

ALE! delay from tRF 20 65 }O 55 15 50 ns CL = 50 pF 
2xWCLK! 

ALE high width tRW 1!3 tCLK 1!3 tCLK 1!3 tCLK ns CL = 50 pF 

ALE low width tRL 1.5 tCLK - 30 1.5 tCLK - 30 1.5 tCLK - 30 ns 

Address setup to 
ALE! 

tAA 30 30 30 

Note: 

(1) For high-byte and low-byte transfers: tE = 5 tCLK' 
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AC Characteristics (cont) 
TA = 0 to +70°C; Vee = 5.0 V ±10%; GND = 0 V 

7220AD Limits 722DAD·l limits 7220AD·2 limits 

Parameter Symbol Min 

Display Cycle (GDC -- Display Memory) 

Video signal display tVD 
from 2xWCLKt 

Input Cycle (GDC -- Display Memory) 

Input signal setup to tps 10 
2xWCLKt 

Input signal width tpw tClK 

Clock (2xWCLK) 

Clock rise time tCR 

Clock fall time tCF 

Clock high pulse tCH 70 
width 

Clock low pulse tCl 70 
width 

Clock cycle tClK 165 

Capacitance 
TA = 25°C; Vee = GND = 0 V 

Limits 

Parameter Symbol Min Typ Max 

Input capacitance 
10 capacitance 

Output capacitance COUT 20 
Clock input C¢ 20 
capacitance 

Unit 

pF 
pF 

pF 
pF 

Max Min 

90 

10 

tClK 

15 

15 

10000 

Test 
Conditions 

fC = 1 MHz 
V1 (unmeasured) 
=OV 

61 

61 

145 

Absolute Maximum Ratings (Tentative) 

Ambient temperature under bias 

Storage temperature -65 to + 150°C 

Voltage on any pin with respect to ground -0.5 to +7 V 

Power dissipation 1.5 W 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

DC Characteristics 
TA = 0 to HODC; Vee = 5 V ±10%; GND = 0 V 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input low voltage Vil -0.5 0.8 V (Note 1) 

Input high voltage VIH 2.2 VCC + 0.5 V (Notes 2, 3) 

Output low voltage VOL 0.45 VIOL =2.2 mA 

Output high voltage VOH 2.4 V 10H = -400 JlA 
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Max Min Max Unit Test Conditions 

80 70 ns Cl = 50 pF 

10 ns 

tClK ns 

15 15 ns 

15 15 ns 

52 ns 

52 ns 

10000 125 10000 ns 

DC Characteristics (cont) 
TA = 0 to +70DC; Vee = 5 V ±10%; GND = 0 V 

limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input low leak III -10 JlA VI =OV 
current (except 
VSYNC, OACK) 

Input low leak III -500 JlA VI = 0 V 
current (VSYNC, 
OACK) 

Input high leak IIH +10 JlA VI = Vce 
current (except 
LPEN/OH) 

Input high leak IIH +500 JlA VI = VCC 
current (LPEN/OH) 

Output low leak IOl -10 JlA VO=OV 
current 

Output high leak 10H +10 JlA Vo = Vec 
current 

Clock input low VCl -0.5 0.6 V 
voltage 

Clock input high VCH 3.5 Vec + 1.0 V 
voltage 

VCC supply current Icc 270 mA 

Note: 

(1) For 2xWCLK, VIL = -0.5 to +0.6 V. 

(2) For 2xWCLK, VIH = +3.9 V to Vee +1.0 V. 

(3) For WR, VIH = 2.5 V to Vee +0.5 V. 



NEe 
AC Testing Conditions 

Input Waveform for AC Test (Except 2xCCLK) 

2.2 2.2 

2.4 ===x~ ---------:x==1. 
Test Points 

0.45 'I '\ 
0.8 0.8 

Output Waveform for AC Test 

2.0 2.0 

-,}'-----__ ----'+-~~ Test Points ,,'--

Q8 Q8 

Clock Timing (2xCCLK) 

-\'3.5 3.5/1-
0.6 0.6 

Timing Waveforms 

Microprocessor Interface Write Timing 

AO:~ Valid ~ Invalid 

- - -hAWf:ZtttWA t-WR: ww 

--------~-:f~----~ __ ---r--
OBO-7: Invalid I ~ Invalid I 

I· twCY ----... ·1 

Microprocessor Interface Read Timing 

AO:~f-__ V_a_lid __ -r 

tAR 

Invalid X .... __ _ 

RD: 

OBO-7:-+.;Hi~9h==:-t<::=~~~--;u,;;;"i=.:=4"=:-t--Impedance High Impedance 
1+---- t

RCY 
----+I 

pPD7220A 

Timing Waveforms (cont) 

Microprocessor Interface DMA Write Timing 

2xWCLK: 

OREQ: 

tWH (WR t to HSYNC t ) "" tClK 

tKH (OACK t to HSYNC t ) "" tClK 

Microprocessor Interface DMA Read Timing 

HSYNC 

2xWCLK: 

OREQ: 

OACK::-----'------:~-
,"!t---....:;:;---'-----f! 

R'D: 

OBO-7::--~~-----(lr;;;jiid)rv;;jjd)..!!!B!2~
High Impedance 
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Timing Waveforms (cont) 

Display Memory Display Cycle Timing Display Memory RMW Timing 

Display and RMW Cycles (1x Zoom) 

2xWCLK: 

ALE: 

DBIN: 

ADO-IS: 

A16,17: 

HSYNC: 
BLANK: 

V/EXTSYNC: 
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Timing Waveforms (cont) 

Display and RMW Cycles (2x Zoom) 

I 
--~!-~----~I-I--~-----41----IH~-----(H 

I I I I 
~ I ~ 

" 
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Timing Waveforms (cont) 

Display and RMW Cycles (3x Zoom) 

6-188 
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Timing Waveforms (cont) 

Light Pen and External Sync Input Timing 

2XWCLK:f,1==PS 

LPEN,---
EX. SYNC: 

t pw 

Video Sync Signals Timing 

Clock Timing (2xWCLK) 

2xWCLK: 

I" 1 H "I 
2XWCLK:~ ____ ~ __ .J"\.f\f ___ ~ __ J\... 

HBLANK:J 

HSYNC: ___________ ~I \ _______________ _ 

ADO-15:::x""""---_-JX'-_~><= ~ = ~ = = )(~----,X'-___ >C= ~ ~ ~'----__ )( ~ ~ = x= = = = ~ t 

ROW:=*----------------------------------~ 

-------------------------- ______ 1 

ROW:j------..* ----~ ~ ~ ~ ~ ; ..... ----........ X,--------- ____ ~~x= 
I 

VBLANK: I '-- _ _ _ _ I ---------
VSYNC:---,-I ___________________________ --J! 

1"""1 .. --------------1 V (Frame)-----------------+l.I 

Interlaced Video Timing 

HBLANK:JL __ ~ __ ~ __ ~ __ ..JL __ JL __ JLJL __ ..JL.JL_ 
I I I I I I I 

VBLANK:L __ -.r---- --L __ ~ I I I 

: I I 
VSYNC: I I I L-

(Interlace) I I 
1 I 

I' Odd Field ·1-
I 
1 

VSYNC: I 
(No Interlace)l-----------' 

Even Field -------
1 

I 
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pPD7220A NEe 
Timing Waveforms (cont) 

Video Horizontal Sync Generator Parameters 

HBLANK: 

HSYNC: 

1~'----------------------------1H--------------------------~·1 

------' 

!l 
I I 

I 
I 

---1 H~~HBP 

I 
I 

~------------------------------~.--

I 
I 
I 

I 
I 
I 

I· --~~----------------c/R------------------~·1 

Video Vertical Sync Generator Parameters 

~---------------------1V------------------------~'1 

VBLANK: I ~ 
I I 
I I 
I I I 

VSYNC:~ ________________________ --:-__ ---,nL.. _______ I __ _ 

I I I I I 
I I I I I 

I I -.1 VFP r I I r VBP -.-I+!.------L/F-------I.. : tBP---j 

---l VS 

Cursor-Image Bit Flag 

-l !--tCLK 

2 x CCLK JlIUln 

HBLANK. rr----;' f-- =--j ''"L-
'''NO ~,.J'>j ,,«~ ~ ,L 

CRS·lmage n~ ~ Invalid x:;~ 
Image 
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NEe 
Video Field Timing 

HorIzontal 
SYNC----o 
Pul .. 

HorIzontal 

HSYNC Output 
BLANK Output 

H--+---..,.,'IertIcII:-::--:-::IS""Y::-:NC=-U"",..------i<:--t------

VertICIII BlIck Porch Blanked U,.. 

Active 
Display 
Lines 

Horizontal 
Front Porch --I 
Blanking 

Back Porch f- f
Blanking 

~ VertICIII Front Porch Blanked Lines 

~~-------------~~----

Drawing Intervals 

~ Drawing Interval 

~ Additional Drawing Interval When 
~ In Flash Mode 

m Dynamic RAM Refresh if Enabled, Otherwise 
~ Additional Drawing Interval 

pPD7220A 

DMA Request Intervals 

DMA Request Interval 

Additional DMA Request Intervals 
When in Flash Mode 
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Block Diagram of a Graphics Terminal 

r------------

Clock 

DB()'7 

Data 

f'PD7220 
GDC 

NEe 

Host 
Computer 

L ___________________________ ~ 

Multiplane Display Memory Diagram 
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Section 7 - CMOS System Support Products 

pPD71011 
pPD71051 
pPD71054 
pPD71055 
pPD71059 
pPD71071 
pPD71082/83 
pPD71084 
pPD71086/87 
pPD71088 
pPD82C43 

Clock Pulse Generator/Driver ............................... 7-3 
Serial Control Unit ........................................ 7-11 
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NEe 
NEe Electronics Inc. 

Description 

The pPD71011 is a clock pulse generatorldriver for 
microprocessors and their peripherals using NEC's 
high-speed CMOS technology. 

Features 

o CMOS technology 
o Clock pulse generatorldriver for pPD70108170116 

or other CMOS or NMOS CPUs and their 
peripherals 

050% duty cycle 
o Frequency source can be crystal or external clock 

input 
D Reset signal with Schmitt-trigger circuit for CPU 

or peripherals 
o Bus ready signal with two-bus system 

synch ron ization 
o Clock synchronization with other pPD71011s 
D Single +5 V ±1 0% power supply 
D Industrial temperature range: -40 to +85°C 

Ordering Information 

Part Number Package Type 

pPD71011C 18-pin plastic DIP 

pPD71011G 20-pin plastic SO (available 3086) 

Max Frequency 
of Operation 

20 MHz 

20 MHz 

Pi n Identification 
No. Symbol Function 

1 CKSYN Clock synchronization input 

2 PRClK Peripheral clock output 

3 REN1 Bus ready enable input 1 

4 RDY1 Bus ready input 1 

5 READY Ready output 

6 RDY2 Bus ready input 2 

7 REN2 Bus ready enable input 2 

8 ClK Processor clock output 

9 Vss Ground potential 

10 RESET Reset output 

11 RESIN Reset input 

12 OSC Oscillator output 

13 FIX External frequency sourcelcrystal select input 

14 EXFS External frequency source input 

15 RDYSYN Ready synchronization select input 

16 X2 Crystal input 

17 Xl Crystal input 

18 VDD +5 V Power supply 

pPD71011 
CLOCK PULSE 

GENERATORIDRIVER 

Pin Configuration 

Pin Functions 

X1, X2 [Crystal] 

83-000196A 

When FIX is low, a crystal connected to X1 and X2 will 
be the frequency source for a CPU and its peripherals. 
The crystal frequency should be two times the fre
quency of ClK. 

EXFS [External Frequency Source] 

EXFS input is the external frequency input in the 
external TTL-frequency source mode (FIX high). A 
square TTL-level clock signal two times the frequency 
of ClK's output should be used for the source. 

F/X [Frequency/Crystal Select] 

FIX input selects whether an external TTL-type input 
or an external crystal input is the frequency source of 
the ClK output. When FIX is low, ClK is generated 
from the crystal connected to Xl and X2. When FIX is 
high, ClK is generated from an external TTL-level 
frequency input on the EXFS pin. At the same time, the 
internal oscillator circuit will go into stop mode and the 
OSC output will be high. 

ClK [Processor Clock] 

The ClK output supplies the CPU and its local bus 
peripherals' clocks. ClK is a 50% duty cycle clock of 
one-half the frequency of the external frequency 
sou rce. The ClK output is +0.4 V h ig her than the other 
outputs. 

PRClK [Peripheral Clock] 

The PRClK output supplies a 50% duty cycle clock at 
one-half the frequency of ClK to drive peripheral 
devices. 
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pPD71011 

OSC [Oscillator] 

OSC outputs a signal at the same frequency as the 
crystal input. When EXFS is selected, the OSC output 
is powered down, and its output will be high. 

CKSYN [Clock Synchronization] 

CKSYN synchronizes one pPD71011 to other 
pPD71 011 s. A high level at CKSYN resets the internal 
counter, and a low level enables it to count. 

RESIN [Reset] 

This Schmitt-trigger input generates the RESET out
put. It is used as a power-on reset. 

RESET [Reset] 

This output is a reset signal forthe CPU. Reset timing is 
provided by the RESIN inputto a Schmitt-trigger input 
gate and a flip-flop which will synchronize the reset 
timing to the falling edge of ClK. Power-on reset can 
be provided by a simple RC circuit on the RESI N input. 

RDY1, RDY2 [Bus Ready] 

A peripheral device sends RDY 1 or RDY 2 to signal that 
the data on the system bus has been received or is 
ready to be sent. REN1 and REN2 enable the RDY1 or 
RDY2 signals, 

Block Diagram 

t-{EC 
REN1, REN2 [Bus Ready Enable] 

REN1 and REN2 qualify their respective RDY inputs. 

RDYSYN [Ready Sychronization Select] 

RDYSYN selects the mode of READY signal synchroni
zation. A lOW-level signal makes the synchronization a 
two-step process. This is used when RDY1 and RDY2 
inputs are not synchronized to ClK. A high-level signal 
makes synchronization a one-step process. This is 
used when RDY1 and RDY2 are synchronized to ClK. 
See Block Diagram. 

READY [Ready] 

The READY signal to the processor is synchronized by 
the RDY inputs to the processor ClK. READY is 
cleared after the RDY signal goes low and the guaran
teed hold time of the processor has been met. 

Xl 

X2 
..-..-----------<4 >------0 OSC 

FIX PRCLK 

EXFS 0----------' 
CKSYN 0-----------------+---+------' 

READY 

RDYSYNo-------------~ 

RESINo----------~~-----__; RESET 

83-0001978 
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NEe 
Crystal 

The oscillator circuit of the pPD71011 works with a 
parallel-resonant" fundamental mode, "AT cut" crystal 
connected to pins X1 and X2. 

Figure 1 shows the recommended circuit configuration. 
Capacitors C1 and C2 are required for frequency 
stability. The values of C1 and C2 (C1 = C2) can be 
calculated from the load capacitance (CL) specified by 
the crystal manufacturer. 

C1 x C2 
CL = C1 + C2 + Cs 

Where CS is any stray capacitance in parallel with the 
crystal, such as the pPD71 011 input capacitance Cin. 

Figure 1. Crystal Configuration Circuit 

IlPD71011 

X2 

Absolute Maximum Ratings 
(TA = 25°C, Vss = 0 V) 

83-001577A 

Power supply voltage, VOO - 0.5 to + 7.0 V 

Input voltage, VI - 1,0 V to VOO + 1,0 V 

Output voltage, Vo - 0.5 V to VOO + 0.5 V 

Power dissipation, POMAX 500 mW 

Operating temperature, T opt 

Storage temperature, Tstg 

Comment: Exposing the device to stresses above those listed in the 
absolute maximum ratings could cause permament damage. Expo
sure to absolute maximum ratings for extended periods may affect 
device reliability. 

DC Characteristics 
(TA -40 to +85°C, voo = 5 V ± 10%) 

Limit 

Parameter Symbol Min 

Input voltage high VIH 2.2 

Input voltage high VIH 2,6 

Input voltage low VIL 

Output voltage high VOH VOO - 0,8 

Output voltage high VOH VOO - 0.4 

Output voltage low VOL 

Input current leakage IlL -1.0 

RDYSYN input current II - 400 

RESIN input hysteresis VH 0.25 

Power supply current 
(dynamic) 

IOOdyn 

Power supply current 100 
(static) 

Capacitance 
(TA = 25°C, Voo = +5 V) 

Limit 

pPD71011 

Max Units 

V 

V 

0.8 V 

V 

V 

Test 
Conditions 

RESIN only 

elK, 
IOH = -4 mA 

0.45 VIOL = 4 mA 

1.0 /lA 

1.0 /lA 

V 

30 mA Fin = 20 MHz 

200 /lA 

Test 
Parameter Symbol Min Max Units Conditions 

Input capacitance 12 pF F = 1 MHz 
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pPD71011 NEe 
AC Characteristics AC Characteristics (cont) 
(@fose = 10 MHz, Voo = 5 V ± 10%, TA = -40 to +85°C) (@fose = 10 MHz, Voo = 5 V ± 10%, TA = -40 to +85°C) 
(@fose = 16 MHz, Voo = 5 V ± 5%, TA = -10 to +70°C) (@fose= 16 MHz, Voo = 5 V ± 5%, TA = -10 to +70°C) 

Limit 
Test 

Limit 
Test 

Parameter Symbol Min Max Units Conditions Parameter Symbol Min Max Units Conditions 

EXFS cycle time tCYFS 50 ns OSC to ClK ! delay tOCK -6 28 ns 

EXFS high tFSH 20 ns From 90% to PRClK cycle time tCYPRK 250 ns 
90% Vin PRClK high tpWPRKH tCYCK-20 ns 

EXFS low tFSL 20 ns From 10% to PRClK low tPWPRKL tCYCK-20 ns 
10% of Vin 

ClK ! to PRClK t OSC frequency fosc 8 20 MHz tOPRKH 22 ns 
delay 

CKSYN width tpWCT 2tCYFS ns ClK ! to PRClK ! tOPRKL 22 ns 
CKSYN hold for EXFS tHFSCT 20 ns delay 
(active) RESIN to ClK ! setup tSRiCK 65 ns 
CKSYN setup (inactive) tSCTFS 20 ns ClK ! to RESIN hold tHCKRi 20 ns 
ClK cycle time tCYCK 125 ns ClK ! to RESET delay tOCKRS 40 ns 
ClK high tPWCKH 50 ns Test point 3.0 V, REN1,2 to RDY1, 2 tSRERY 15 ns 

fosc = 16 MHz setup --_._-_ ...... _---_ ............ _--_ ................ _---.............. 
80 ns Test point 3.0 V, ClK ! to REN1. 2 hold tHCKRE 0 ns 

fOSC = 10 MHz 
RDY1.2to ClK! tSRYCK 35 RDYSYN high ns 

ClK low tpWCKL 60 ns Test point 1.5 V, setup 
fosc = 16 MHz 

ROY 1,2 to ClK t tSRYCK 35 RDYSYN low ---_ .... _-----_ .... _-..... _-_ .............. _-_ .......... __ .......... ns 
90 ns Test point 1.5 V, setup 

fosc = 10 MHz 
ClK ! to RDY1. 2 hold tHCKRY 0 ns 

ClK rise time tLHCK 8 ns Test point 1.5 V 
RDYSYN t to ClK ! to 3.0 V, tSRYSCK 50 ns 

fOSC = 16 MHz setup 
........................................... __ ......... ---_ .......... 

ClK t to RDYSYN ! tHCKRYS 0 10 ns Test point 1.5 V ns 
to 3.0 V, hold 
fosc = 10 MHz ClK ! to READY t tOCKROY 8 ns 

ClK fall time tHLCK 7 ns Test point 3.0 V output delay 
to 1.5 V, ClK ! to READY! tOCKROY 8 ns 
fosc = 16 MHz output delay . __ ... __ ...... __ .............. _-_ .................. _--..... __ ....... 

10 ns Test point 3.0 V Rise time 
to 1.5 V, 

tLH 20 ns 0.8 V to 2.0 V 

fosc = 10 MHz Fall time tHL 12 ns 2.0 V to 0.8 V 

OSC to ClK t delay tOCK 2 30 ns 
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NEe jlPD71011 

Timing Waveforms 

Clock Output 

F~ ~~ ____ ~ ______ ~ ____________ ~ __ ~ __________________________________________________ _ 

EXFS/OSC 

CKSYN 

CLK 

PRCLK \_-- -f 
RESET Output 

CLK 

''''N~t--~ 
tOCKRS--I!+- tOCKRS 

RESET 

---------------------- ~------
83-00011438 

Input/Output Waveform for AC Test 

2.6V ~.5V ... ____ Test Point ---_I 1.5V-
O.45V~--------------""'''-

83-000205A 
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pPD71011 NEe 
Timing Waveforms (coni) 

READY Output (RDYSYN High) 

REN12~ 
tSRERY 

r-----------------------~ 
RDY1,2 

ClK 

,.,"" t""""-I 
----------- '.0".'__ f--~------------------------------

READY * 
83·00011448 

READY Output (RDYSYN Low) 

RDY1,2 

ClK 

READY 

83-00011458 
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NEe 
Test Circuit for CLK High or Low Time (in 
Crystal Oscillation Mode) 

.--------<....---1 Xl 

.-----------;X2 
71011 

FIX 

CKSYN 

ClK 

Test Circuit for CLK High or Low Time (in 
EXFS Oscillation Mode) 

Voo 

FIX ClK 

71011 

EXFS 

CKSYN 

Test Circuit for CLK to READY (in Crystal 
Oscillation Mode) 

Voo 

!mill ClK 

Xl 

16 MHz 11:1 

X2 

READY 

71011 
RDY2 

FIX 

REN2 OSC 

CKSYN 

83-000201 A 

83-000202A 

83-000203A 

pPD71011 

Test Circuit for CLK to READY (in EXFS 
Oscillation Mode) 

Voo 

FIX 

RENl 

Loading Circuits 

~
VL=2.5V 

RL = 525 n 

71011 

JCL=100 pF 

load 1 for ClK 

READY 

71011 

83-000204A 

~
VL=2.3V 

RL = 475 n 

71011 

J CL=30pF 

load 2 for Other Output Except ClK 

83-000206A 
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NEe Electronics Inc. 

Description 

The pPD71051 serial control unit is a CMOS USART 
designed to provide serial data communications in 
microcomputer systems. The CPU uses it as a peri
pheral I/O device and programs it to communicate in 
synchronous or asynchronous serial data transmission 
protocols, including IBM bisync. 

The USART receives serial data streams and converts 
them into parallel data characters for the CPU. While 
receiving serial data, the USART can also accept 
parallel data from the CPU, convert it to serial, and 
transmit the data. The USART signals the CPU when it 
has received or transmitted a character and requires 
service. The CPU may read complete USART status 
data at any time. 

Features 

o Synchronous operation 
One or two SYNC characters 
Internal/external synchronization 
Automatic SYNC character insertion 

o Asynchronous operation 
Clock rate: (baud rate) 
x1,x16,orx64 
Send stop bits: 1, 1.5, or 2 bits 
Break transmission 
Automatic break detection 
Valid start bit detection 

o Baud rate: DC - 240 kbit/s at x1 clock 
o Full duplex, double-buffered transmitter/receiver 
o Error detection: parity, overrun, and framing 
o Five- to eight-bit characters 
o Low-power standby mode 
o Compatible with standard microcomputers 
o Functionally equivalent to (except standby mode) 

and can replace the pPD8251AF 
o CMOS technology 
o Single +5 V ± 10% power supply 
o Industrial temperature range -40 to +85°C 
o 28-pin plastic DIP or 44-pin plastic miniflat 

Ordering Information 

Part Number 

pPD71051C 

pPD71051G 

pPD71051L 

Package Type 

28-pin plastic DIP 

44-pin plastic miniflat 

28-pin PLCC 
(available 3Q86) 

Max. Frequency 
of Operation 

8 MHz 

8 MHz 

8 MHz 

pPD71051 
SERIAL CONTROL UNIT 

Pin Configurations 

28-Pln Plastic DIP 

02 

03 

RxOATA 

GNO 

04 

Os 

06 

07 

TxClK 

OSR 

RESET 

WR TxOATA 

CS TxEMP 

c/o CTS 

Ro SYNC/BRK 

RxROY TxROY ---....---......1 

44-Pln Plastic Minlflat 

NC 

NC 

TxOATA 

ClK 

RESET 

NC 

OSR 

RTS 

OTR 

NC 

NC 

~ 11/1 U ':l I-
Z I- U 

U 1101: C CO Z ....I Q 

~ > 

B3-0007B1A 

NC 

NC 

WR 
TxClK 

07 

NC 

06 

05 

04 

NC 

NC 
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Pin Identification 

Plastic DIP Plastic Flatpack 

No Symbol Function No Symbol Function 

1,2 D2, D3 Data bus, bits 2 and 3 1,2 NC Not connected 

3 RxDATA Receive data input 3 TxDATA Transmit data output 

4 GND Ground 4 ClK Clock input 

5-8 D4-D7 Data bus, bits 4-7 5 RESET Reset input 

9 TxClK Transmitter clock input 7 DSR Data set ready input 

10 WR Write strobe input 8 RTS Request to send output 

11 CS Chip select input 9 DTR Data terminal ready output 

12 C/D Control or data input 10-12 NC Not connected 

13 RD Read strobe input 13 RxClK Receiver clock input 

14 RxRDY Receiver ready output 14 VDD +5 V power supply 

15 TxRDY Transmitter ready output 15,16 Do, D1 Data bus, bits 0 and 1 

16 SYNC/BRK Synchronization/Break input/output 17 IC Internally connected (Do not connect 

17 CTS Clear to send input 
any signal to pin 17) 

18 TxEMP Transmitter empty output 
18,19 D2, D3 Data bus, bits 2 and 3 

19 TxDATA Transmit data output 
20 RxDATA Receive data input 

20 ClK Clock input 
21 GND Ground 

21 RESET Reset input 
22-24 NC Not connected 

22 DSR Data set ready input 
25-27 D4-D6 Data bus, bits 4-6 

23 RTS Request to send output 
28 NC Not connected 

24 DTR Data terminal ready output 
29 D7 Data bus, bit 7 

25 RxClK Receiver clock input 
30 TxClK Transmitter clock input 

26 VDD +5 V power supply 
31 WR Write strobe input 

27,28 Do, D1 Data bus, bits 0 and 1 
32-34 NC Not connected 

35 CS Chip select input 

36 C/D Control or data input 

37 RD Read strobe input 

38 RxRDY Receiver ready output 

39 NC Not connected 

40 TxRDY Transmitter ready output 

41 SYNC/BRK Synchronization/Break input/output 

42 CTS Clear to send input 

43 TxEMP Transmitter empty output 

44 NC Not connected 

7-12 
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Pin Functions 

D 7- Do [Data Bus] 

07-00 are an 8-bit, 3-state, bidirectional data bus. The 
bus transfers data by connecting to the CPU data bus. 

RESET [Reset] 

A high level to the RESET input resets the pPD71051 
and puts it in an idle state. It performs no operations in 
the idle state. The pPD71051 enters standby mode 
when this signal falls from a high level to a low level. 
Standby mode is released when the CPU writes a mode 
byte to thepPD71051. The reset pulse width must be at 
least 6 tCYK cycles and the clock must be enabled. 

ClK [Clock] 

This clock input produces internal timing for the 
pPD71051. The clock frequency should be at least 30 
times the transmitter or receiver clock input frequency 
(TxCLK, RxCLK) in sync or async mode with the X1 
clock. This assures stable operation. The clock 
frequency must be more than 4.5 times the TxCLK or 
RxCLK in async mode using x16 or x64 clock mode. 

CS [Chip Select] 

The CS input selects the pPD71051. The pPD71051 is 
selected by setting CS = O. When CS = 1, thepPD71 051 
is not selected, the data bus (DrDo) is in the high 
impedance state, and the RD and WR signals are 
ignored. 

RD [Read Strobe] 

The RD input is low when reading data or status 
information from the pPD71051. 

WR [Write Strobe] 

The WR input is low when writing data or a control byte 
to the pPD71051. 

C/O [Control or Data] 

The C/O input determines the data type when accessing 
the pPD71051. When C/O = 1, the data is a control 
byte (table 1) or status. When C/O = 0, the data is 
character data. This pin is normally connected to the 
least significant bit (Ao) of the CPU address bus. 

i5S'R [Data Set Ready] 

DSR is a general-purpose input pin that can be used for 
modem control. The status of th is pi n can be determ i ned 
by reading bit 7 of the status byte. 

JlPD71051 

DTR [Data Terminal Ready] 

DTR is a general-purpose output pin that can be used 
for modem control. The state of this pin can be 
controlled by writing bit 1 of the command byte. If bit 1 
= 0, then DTR = 1. If bit 1 = 1, then DTR = O. 

RTS [Request to Send] 

RTS is a general-purpose output pin that can be used 
for modem control. The status of this pin can be 
controlled by writing bit 5 of the command byte. If bit 5 
= 1, then RTS = O. If bit 5 = 0, then RTS = 1. 

CTS [Clear to Send] 

The CTS input controls data transmission. The 
pPD71051 is able to transmit serial data when CTS = b 
and the command byte sets TxEN = 1. If CTS is set 
equal to 1 during transmission, the sending operation 
stops after sending all currently written data and the 
TxDATA pin goes high. 

TxDATA [Transmit Data] 

The pPD71051 sends serial data over the TxDATA 
output. 

TxRDY [Transmitter Ready] 

The TxRDY output tells the CPU that the transmit data 
buffer in the pPD71051 is empty; that is, that new m 
transmit data can be written. This signal is masked by 
the TxEN bit of the command byte and by the CTS 
input. It can be used as an interrupt signal to request 
data from the CPU. 

The status of TxRDY can be determined by reading bit 
o of the status byte. This allows the pPD71051 to be 
polled. Note that TxRDY of the status byte is not 
masked by CTS or TxEN. 

TxRDY is cleared to 0 by the falling edge of WR when 
the CPU writes transmit data to the pPD71 051. Data in 
the transmit data buffer that has not been sent is 
destroyed if transmit data is written while TxRDY = O. 

TxEMP [Transmitter Empty] 

The pPD71051 reduces CPU overhead by using a 
double buffer; the transmit data buffer (second buffer) 
and the transmit buffer (first buffer) in the transmitter. 
When the CPU writes transmit data to the transmit data 
buffer (second buffer), the pPD71 051 sends data by 
transferring the contents of the second buffer to the 
first buffer, after transmitting the contents of the first 
buffer. 
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This empties the second buffer and TxRDY is set to 1. 
The TxEMP output becomes 1 when the contents of the 
first buffer are sent and the second buffer is empty. 
Thus, TxEMP = 1 shows that both buffers are empty. In 
half-duplex operation, you can determine when to 
change from sending to receiving by testing TxEMP = 1. 

When TxEMP = 1 occurs in async mode, the TxDATA 
pin goes high. When the CPU writes transmit data, 
TxEMP is set to 0 and data transmission resumes. 

When TxEMP = 1 occurs in sync mode, the pPD71 051 
loads SYNC characters from the SYNC character 
register and sends them through the TxDATA pin. 
TxEMP is set to 0 and resumes sending data after 
sending (one or two) SYNC characters and the CPU 
writes new transmit data to the pPD71051. 

TxCLK [Transmitter Clock] 

The TxCLK input is the reference clock input that 
determines the transmission rate. Data is transmitted 
at the same rate as TxCLK in sync mode. In async 
mode, set TxCLK to 1,16, or 64 times the transmission 
rate. Serial data from TxDATA issentatthefalling edge 
of TxCLK. 

For example, a rate of 19200 baud in sync mode means 
that TxCLK is 19.2 kHz. A rate of 2400 baud in async 

. mode can represent a TxCLK of: 

x1 clock = 2.4 kHz 
x16 clock = 38.4 kHz 
x64 clock = 153.6 kHz 

RxDATA [Receive Data] 

ThepPD71051 receives serial data through the RxDATA 
input. 

RxRDY [Receiver Ready] 

The RxRDY output becomes 1 when the pPD71051 
receives one character of data and transfers that data 
to the receive data buffer; that is, when the receive data 
can be read. This signal can be used as an interrupt 
signal for a data read request to the CPU. You can 
determine the status of RxRDY by reading bit 1 of the 
status byte and use the pPD71051 in a polling applica
tion. RxRDY becomes 0 when the CPU reads the 
receive data .. 

Unless the CPU reads the receive data (after RxRDY::::: 
1 is set) before the next single character is received and 
transferred to the receive buffer, an overrun error 
occurs, and the OVE status bit is set. The unread data 
in the receive data buffer is overwritten by newly 
transferred data and lost. 
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RxRDY is set to 0 in the receive disable state. This state 
is set by changing the RxEN bit to 0 through the 
command byte. After RxEN is set to 1 (making receiving 
possible), RxRDY becomes 1 whenever new characters 
are received and transferred to the receive data buffer. 

SYNC/BRK [Synchronization/Break] 

The SYNC pin detects synchronization characters in 
sync mode. The SYNC mode byte selects internal or 
external SYNC detection. The SYNC pin becomes an 
output when internal synchronization is set, and an 
input when external synchronization is set. 

The SYNC output goes high when the pPD71051 
detects a SYNC character in internal synchronization. 
When two SYNC characters are used, SYNC goes high 
when the last bit of the two consecutive SYNC 
characters is detected. You can read the status of the 
SYNC signal in bit 6 of the status byte. Both the SYNC 
pin and status are set to 0 by a read status operation. 

In external synchronization, in order for the external 
circuit to detect synchronization, a high level of at least 
one period of RxCLK must be input to the SYNC pin. 
When the pPD71051 detects the high level, it begins to 
receive data, starting at the rising edge of the next 
RxCLK. The high level input may be removed when 
synchronization is released . 

The BRK output is used only in async mode and shows 
the detection of a break state. BRK goes high when a 
low level signal is input to the RxDATA pin for two 
character bit lengths (including the start, stop, and 
parity bits). As with SYNC, you can read the status of 
BRK in bit 6 of the status byte. BRK isnot cleared by the 
read operation. 

The set BRK signal is cleared when the RxDATA pin 
returns to high level, orwhen thepPD71051 is reset by 
hardware or software. The SYNC/BRK pin goes low on 
reset, regardless of previous mode. Figure 1 shows the 
break state and BRK signal. 

RxCLK [Receiver Ciock] 

RxCLK is a reference clock input that controls the 
receive data rate. I n sync mode, the receiving rate is the 
same as RxCLK. In async mode, RxCLK can be 1, 16, or 
64 times the receive rate. Serial data from RxDATA is 
input by the rising edge of RxCLK. 

Voo [Power] 

+5 V power supply. 

GND [Ground] 

Ground. 
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Table 1. Control SIgnals and Operations 

cs iii Viii ciii ~P071051 CPU Operation 

Receive data buffer 

0 Read receive data 
Data bus 

Status register 

'(> Read status 
Data bus 

Data bus 

'0 Write transmit data 
Transmit data buffer 

Data bus 

'0 Write control byte 
Control byte register 

Data bus: 
None 

High impedance 

Data bus: None 
High impedance 

FIgure 1. Break Status and Break SIgnal 

8-blt Characlar, No Parlly 

~ ~ 
:::~ ::: [2] IT SlOp Bit 

I Charac~er Blls I , Charac~er Blls I I 
RxDATA -, Do D7 Do D7 I r 

i---Flral Dala .1 • Second Dala----...l 
Block Block [1] BRK ____________________________ ~ 

8-blt Characler wllh Parlly 

ffi. 
Parlly BII ffi Parlly BII 
SlOp BII [2] Slop BII 

Slart BII Slart BII Slart BII 

R
Charac1er Bits ITCharaCl,er Blls IT 
ii' i 

RXDATA""" Do D5 Do ,D5 
!----Flrsl Dala---!.-Second Dala-.-.l 

Block Block [1] 

BRK------------------------~ 

Nole: 
[1] When RxDATA goes high In Ihnlop bll position of Ihe second data block, 

Ihe BRK signal level may [bul does nol always] become high for a 
maximum of one blilime. 

[2] Only one bll of Ihe slop bills checked. 
83-OOO783A 
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Block Diagram 

D7- Do 
TxDATA 
TxRDY 
TxEMP 
TxClK 

RxDATA 
RxRDY 
SYNC/BRK 

RESET RxCLK 

ClK 
C/O CTS iiD 

RTS iNA DSR 

cs DTR 
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pPD71051 Functions 
The pPD71 051 is a CMOS serial control (USART) unit 
that provides serial communications in microcomputer 
systems. The CPU handles the pPD71 051 as an ordinary 
I/O device. 

ThepPD71051 can operate in synchronousorasynchro
no us systems. In sync mode, the character bit length, 
number of sync characters, and sync detection mode 
must be designated. In async mode, the communication 7 
rate, character bit length, stop bit length, etc., must be 
designated. The parity bit may be designated in either 
mode. 

The pPD71 051 converts parallel data received from the 
CPU into serial transmitted data (from the TxDATA 
pin), and converts serial input data (from the RxDATA 
pin) into parallel data so that the CPU can read it 
(receiving operation). 

The CPU can read the cu rrent status of the pPD71 051 
and can process data after checking the status, after 
checking for transfer errors, andpPD71051 data buffer 
status. 

The pPD71 051 can be reset under hardware or software 
control to a standby mode that consumes less power 
and removes the device from system operation. In this 
mode, the pPD71051's previous operating mode is 
released and it waits for a mode byte to set the mode. 
The pPD71051 leaves standby mode and shifts to a 
deSignated operating mode when the CPU writes a 
mode byte to it. 
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Status Register 

The status register allows the CPU to read the status of 
the pPD71051 except in standby mode. This register 
indicates status and allows the CPU to manage data 
reading, writing, and error handling during operations. 

Receive Data Buffer 

When the receiver has converted the serial data input 
from the RxDATA pin into parallel data, the converted 
data is stored in the receive data buffer. The CPU can 
then read it. Data for one character entering the receive 
buffer is transferred to the receive data buffer and 
RxRDY becomes 1, requesting that the CPU read the 
data. 

Transmit Data Buffer 

The transmit data buffer holds the parallel data from 
the CPU that the transmitter will convert to serial data 
and output from the TxDATA pin. When the CPU writes 
transmit data to the pPD71051, the pPD71051 stores 
data in the transmit data buffer. The transmit data 
buffer transfers the data to the transmitter, which 
sends the data from the TxDATA pin. 

Control Register 

This register stores the mode and the command bytes. 

Control Logic 

The control logic sends control signals to the internal 
blocks and controls the operation of the pPD71051 
based on internal and external signals. 

Synchronous Character Register 

This register stores one or two SYNC characters used 
in sync mode. During transmission, the SYNC 
characters stored in this register are output from the 
TxDATA pin when the CPU does not send a new 
character and TxEMPstatus is set. During receiving, 
synchronization is established when the characters 
received and the SYNC characters stored in this 
register are the same. 

Transmitter 

The contents of the transmit data buffer are transferred 
to the transmitter, converted from parallel to serial, and 
output from the TxDATA pin. The transmitter adds 
start, stop, and parity bits; 
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Receiver 

The receiver converts serial data input from the RxDATA 
pin into parallel data and transfers the parallel data to 
the receive data buffer, allowing the CPU to read it. 

The receiver detects SYNC characters and checks 
parity bits in sync mode. It detects the start and stop 
bits, and checks parity in the async mode. 

In async mode, receiving does not begin (the start bit is 
not detected) until one effective stop bit (high level) is 
input to the RxDATA pin and Receive Enable (RxEN = 
1) is set after setting up the mode. 

Modem Control 

This block controls the CTS, RTS, DSR, and DTR 
modem interface pins. The RTS, DSR, and DTR pins 
can also be used as general-purpose 1/0 pins. 

Absolute Maximum Ratings 
TA = +25°C 

Power supply voltage, Voo -0.5 to +7.0 V 

Input voltage, VI -0.5 to Voo + 0.3 V 

Output voltage, Vo -0.5 to Voo + 0.3 V 

Operating temperature, T OPT 

Storage temperature, T sm 
Power dissipation, PDMAX 1.0 W 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periodsmay affect device reliability. 

Capacitance 
TA = +25°C, VDD = 0 V 

Limits 
'---

Parameter Symbol Min Max 

Input capacitance CI 10 

I/O capacitance CIO 20 

Test 

Unit Conditions 

pF fc = 1MHz 
Unmeasured pins 

pF returned to 0 V 
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AC Characteristics AC Characteristics 
TA = -40 oe to +85°e, VDD = +5 V, ±10% TA = -40 oe to +85°e, VDD = +5 V, ±10% 

Limits Test Limits Test 

Parameter Symbol Min Max Unit Conditions Parameter Symbol Min Max Unit Conditions 

Read Cycle Serial Transfer Timing (cont) 

Address set-up tSAR ns CS,C/D Transmitter input tTKTKL 12 tCYK 1xBR (1) 
to RD ! clock pulse 

Address hold tHRA CS,C/D width low level 1 tCYK 16x, 64xBR 
ns 

from RB t Transmitter input tTKTKH 15 tCYK 1xBR 

RD low tRRL 150 
clock pulse 

ns width high level 3 tCYK 16x, 64xBR 
level width 

Data delay tORO 120 CL = 150 pF 
Transmitter input fTK(2) DC 240 kHZ 1xBR 

ns clock frequency from RB! DC 1536 kHz 16xBR 

Data float tFRO 10 80 ns DC 1536 kHz 64xBR 
from RB t Receiver input tRKRKL 12 tCYK 1xBR 
Port (DSR, CTS) tSPR 20 tCYK clock pulse 

tCYK 16x, 64xBR 
set-up to RD ! width low level 

Write Cycle Receiver input tRKRKH 15 tCYK 1xBR 

Address set-up tSAW ns CS, C/O clock pulse 
3 tCYK 16x, 64xBR 

to WR! 
width high level 

Address hold tHWA CS,C/D Receiver input fRK(2) DC 240 kHz 1xBR 
ns clock frequency 

fromWR t DC 1536 kHz 16xBR 

WRlow tWWL 150 ns DC 1536 kHz 64xBR 
level width RxDATA set-up to tSROSP f.lS 
Data set-up tsow 80 ns sampling pulse 
to WR t RxDATA hold from tHSPRO /1S 
Data hold tHWO 0 tCYK sampling pulse 
from WR t TxEMP delay tOTXEP 20 tCYK 
Port (DTR, RTS), towp 8 tCYK time (TxDATA) 
delay from WR t TxRDY delay tOTXR 8 tCYK 
Write recovery tRV 6 tCYK Mode Initialize time (TxRDYt) 
time 

tCYK Async Mode TxRDY delay tOWTXR 200 ns 

16 tCYK Sync Mode 
time (TxRDY!) 

Serial Transfer Timing RxRDY delay tORXR 26 tCYK 
time (RxRDyt) 

ClK cycle time tCYK 125 DC ns RxRDY delay tORRXR 200 ns 
ClK high tKKH 50 ns time (RxRDY!) 
level width SYNC output tORKSY 26 tCYK 
ClK low tKKL 35 ns delay time 
level width (for internal sync) 

ClK rise time tKR 20 ns SYNC input tSSYRK 18 tCYK 

ClK fall time tKF 20 ns 
set-up time 
(for external sync) 

TxDATA delay tOTKTO 0.5 /1S RESET pulse 6 tCYK from TxClK width 

Note: 

(1) BR = Baud rate 

(2) 1 xBR: fTK orfRK:::; 1/30 tCLK, 16x, 64xBR: fTK orfRK:::; 1/4.5 tCLK 

(3) System elK is needed during reset operation 

(4) Status update can have a maximum delay of 28 tCYK from the 
event effecting the status. 
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DC Characteristics Write Data Cycle 
TA = -40°C to +85°C, Voo = +5 V ± 10% 

limits Test 

Parameter Symbol Min Max Unit Conditions 

Input voltage VIH 2.2 Voo+0.3 V 
high 

Input voltage VIL -0.5 0.8 V 
low 

Output voltage VOH .7 x Voo V 10H = -400p.A 

C/O ----~ k=: 
cs ----~ §}----

'I I I I 

ViR ---H---.I~tWWL1fi"""~_-
it J tHWD I SDW~ 

high 

Output voltage VOL 0.4 V 10L = 2.5 rnA 
low I x= 
Input leakage IUH 10 p.A VI = Voo 
current high 

Input leakage IUL -10 p.A VI =OV 
TxROY ---.-l 

I---tDWTXR --+I 
-L 

83-01913A 

current low 

Output leakage ILOH 10 p.A Vo = Voo 
current high Read Data Cycle 

Output leakage ILOL -10 p.A Vo=OV 
current low 

Supply current 
1001 10 rnA 8 MHz operation 

1002 50 p.A Stand-bY mode 

Timing Waveforms 

AC Test Input 

2.2 V 2.2 V 

2.4 V :::X:::=:T ... Point, :::::::C 
0.45 v 0.8 V 0.8 V 

83-OOO766A 

C/O __ ---JX k: 
cs ----\M E}= 

r-tS~R--l1-- ----l I I 

I 
'\J. tRRL Y!trn~' 

__ ~ ____ .:..hi_tD_RD ~ 
07- 0

0 I ~~ 

~'.~' ~~----~i --------
~ 

RxROY / ~\l~ ____ _ 

Write Recovery Time 83-oD0767A 

Main Clock 

ClK 

83-000770A 
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Timing Waveforms (cont) 

Transmitter Clock and TxDATA 

TxCLK [1 x BRI 

TxDATA 

TxCLK [16 x BRI 

TxDATA 

Receiver Clock and RxDA TA Timing 

RxCLK [1 x BRI 

Internal 
Sampling 
Pulse 

•• D.,. ~~ _____________ S_ta_rt_B_lt ____________ -a~ ___________ 1_A_D_a_ta_B_lt ____________ J){~-----------

RxCLK [16 x BRI 

Inlernal 
Sampling 
Pulse 

RxDATA 

IfoI.~----tSRDSP-----.j 

~~' ____________ -;J~St_art __ B_lt ______ ~~ ____ .-________ ~~_1s_t_D_at_a_B_lt _____ '~ ______ __ 

83-0007698 
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Connecting the pPD71051 to the System 

The CPU uses the pPD71051 as an I/O device by 
allocating two I/O addresses, set by the value of C/O. 
One I/O address is allocated when the level of C/O is 
low and becomes a port to the transmit and receive 
data register. The other I/O address is allocated when 
C/O is high and becomes a port to the mode, command, 
and status registers. Generally, the least significant bit 
(Ao) of the CPU address bus is connected to C/O to get 
a continuous I/O address. This is shown in figure 2. 

Pins TxRDY and RxRDY are connected to the CPU or, 
when interrupts are used, to the interrupt pin of the 
interrupt controller. 

Opera~ing the pPD71051 

Start with a hardware reset (set the RESET pin high) 
after powering on the pPD71051. This puts the 
pPD71051 into standby mode and it waits for a mode 
byte. In async mode, the pPD71051 is ready for a 
command byte after the mode byte; the mode byte sets 
the communication protocol to the async mode. In 
sync mode, the pPD71051 waits for one or two SYNC 
characters to be sent after the mode byte; set C/O = 1. 
A command byte may be sent after the SYNC characters 
are written. Figure 3 shows this operation sequence. 

I n both modes, it is possi ble to write transm it data, read 
receive data, read status, and write more command 
bytes after the first command byte is written. The 
pPD71051 performs a reset, enters standby mode, and 
returns to a state where it waits for a mode byte when 
the command byte performs a software reset. 

Figure 2. System Connection 

. 
AddrenBus 

II Ao v 
CPU 

Data Bus } 

~j. . L ,...no" 
MEM/iO H Decoder J 

I 
--V 07-00 

-~fj 
CS 

AD RD 
WR WR 
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Figure 3. pPD71051 Operating Procedure 

Note: 

[1] This is done with C/O = o. Others are operated with C/O = 1. 
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Mode Register 

When the pPD71051 IS In standby mode, writing a 
mode byte to it will release standby mode. Figure 4 
shows the mode byte format for designating async 
mode. Figure 5 shows the mode byte format for 
designating sync mode. Bits 0 and 1 must be 00 to 
designate sync mode. Async mode is designated by all 
other combinations of bits 0 and 1. 

The P1, PO and L 1, LO bits are common to both modes. 
Bits P1 and PO (parity) control the generation and 
checking (sending and receiving) functions. These 
parity bit functions do not operate when PO = O. When 
P1, PO = 01, the pPD71 051 generates and checks odd 
parity. When P1, PO = 11, it generates and checks even 
parity. 

Bits L 1 and LO set the number of bits per character (n). 
Additional bits such as parity bits are not included in 
this number. Given n bits, the pPD71051 receives the 
lower n bits of the 8-bit data written by the CPU. The 
upper bits (8 -n) of data that the CPU reads from the 
pPD71051 are set to zero. 

The ST1, STO and B1, BO bits are used in async mode. 
The ST1 and STO bits determine the number of stop 
bits added by the pPD71 051 during transmission. 

The B1 and BO bits determine the relationship between 
the baud rates for sending and receiving, and the 
clocks TxCLK and RxCLK. B1 and BO select a mUlti
plication rate of 1, 16, or 64 for the frequency of the 
sending and receiving clock relative to the baud rate. 
Multiplication by 1 is not normally used in async mode. 
Note that the data and clock must be synchronized on 
the sending and receiving sides when multiplication by 
1 is used. 

The SSC and EXSYNC bits are used in sync mode. The 
SSC bit determines the number of SYNC characters. 
SSC = 1 designates one SYNC character. SSC = 0 
designates two SYNC characters. The number of 
SYNC characters determined by the SSC bit are 
written to the pPD71 051 immediately after writing the 
mode byte. 

The EXSYNC bit determines whether sync detection 
during receiving operations is internal or external. 
EXSYNC = 1 selects external sync detection and 
EXSYNC = 0 selects internal sync detection. 

J.lPD71051 

Figure 4. Mode Byte for Setting Asynchronous Mode 

C/D=l 

7654321 

IST1 STol P1 PO I L1 LO I Bl I BO I 

L,J L,J L,J ~Bl BO Baud Rate 

0 1 x 1 Clock 

1 0 x 16 Clock 

1 1 x 64 Clock 

Ll LO Character Length 

0 0 5·bit 

0 1 6-bit 

1 0 7-bit 

1 1 8-bit 

PI PO Parity Generate/Check 

x 0 No Parity 

0 1 Odd Parity 

1 1 Even Parity 

STI STO Transmit Stop Bits 

0 0 Use Illegal 

0 1 1-bit 

1 0 1·112 bit 

1 1 2-bit 

x: don't care 
83-000786A 

Figure 5. Mode byte for Setting Synchronous Mode 

C/D=l 

5 4 3 2 1 0 

LSSQEXSYNClp1 POIL11Loi010 

L,..J y 
L1 LO Character Length 

0 0 5-bit 

0 1 6-bit 

1 0 7-bit 

1 1 8-bit 

P1 PO Parity Generate/C,!eck 

x 0 No Parity 

0 1 Odd Parity 

1 1 Even Parity 

EXSYNC Sync Detect I 

0 Internally [Outputl I 

1 Externally [Input] I 

SSC Sync Characters I 
0 2 [BSC] I 

1 1 I 

x: don't care 
83-0007B7A 
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Command Register 

Commands are issued to thepPD71051 by the CPU by 
command bytes that control the sending and receiving 
operations of the pPD71 051. A com mand byte is sent 
after the mode byte (in sync mode, a command byte 
may only be sent after ~riting SYNC characters) and 
the CPU must set C/D = 1. Figure 6 shows the 
command byte format. 

Bit EH is set to 1 when entering hunt phase to 
synchronize in sync mode. Bit RxEN should also be set 
to 1 at that time. Data reception begins when SYNC 
characters are detected and synchronization is 
achieved, thus releasing hunt phase. 

When bit SRES is set to 1, a software reset is executed, 
and the pPD71051 goes into standby mode and waits 
for a mode' byte. 

Bit RTS controls the RTS output pin. RTS is low when 
the RTS bit = 1 , and goes high when RTS = O. 

Setting bit ECl to 1 clears the error flags (PE, OVE, and 
FE) in the status register. Set ECl to 1 when entering 
the hunt phase or enabling the receiver. 

Bit SBRK sends a break. When SBRK = 1, the data 
currently being sent is destroyed and the TxDATA pin 
goes low. Set SBRK = 0 to release a break. Break also 
works when TxEN = 0 (send disable). 

Bit RxEN enables and disables the receiver. RxEN = 1 
enables the receiver and RxEN = 0 disables the 
receiver. Synchronization is lost if RxEN = 0 during 
sync mode. 

Bit DTR controls the DTR output pin. DTR goes low 
when the DTR bit = 1 and goes high when the DTR 
bit= O. 

The TxEN bit enables and disables the transmitter. 
TxEN = 1 enables the transmitter and TxEN = 0 
disables the transmitter. When TxEN = 0, sending 
stops and the TxDATA pin goes high (mark status) 
after all the currently written data is sent. 

Status Register 

The CPU can read the status of the pPD71051 at any 
time except when the pPD71051 isjn standby mode. 
Status can be read after setting C/D = 1 and RD = O. 
Status is not updated while being read. Status updating 
is delayed at least 28 clock periods after an event that 
affects the status. Figure 7 shows the format of the 
status register. 

7-22 

NEe 
The TxEMP and RxRDY bits have the same meaning as 
the pins of the same name. The SYNC/BRK bit generally 
has the same meaning as the SYNC/BRK pin. 'In 
external synchronization mode, the status of this bit 
does not always coincide with the pin. In this case, the 
SYNC pin becomes an input and the status bit goes to 1 
when a rising edge is detected at the input. The status 
bit remains at 1 until it is read, even when the input level 
at the SYNC pin goes low. The status bit becomes 1 
when a SYNC character is input with the RxDATA 
input, even when the pin is at a low level. 

The DSR bit shows the status of the DSR input pin. The 
status bit is 1 when the DSR pin is low. 

The FE bit (framing error) becomes 1 when less than 
one stop bit is detected at the end of each data block 
during asynchronous receiving. Figure 8 shows how a 
framing error can happen. 

Figure 6. Command Byte Format 

C/D=1 

5 4 

I EH I SRES IRTsiecLI SBRK I RxEN IDTFi TXENJ 

YTXEN Transmit Enable 

I 0 Disable 

I 1 Enable J 

~ DTR I DTR Pin Control 

I 0 DTR=1 I 
1 DTR=O I 

RxENl Receive Enable I 

I 0 Disable 

1 I Enable 

SBRK Send Break 

0 
TxDATA Pin 

Normal Operation 

1 TxDATA =0 

ECLJ Error Clear 

0 No Operation 

I 1 Error Flag Clear 

RTS IffS Pin Control 

0 RTS=1 

1 lffS=o 

SRES I Software Reset 

o 'I' No Operation 

1 I Reset Operation 

EH [11l Enter Hunt Phase 

o I No Operation 

1 I Enter Hunt Phase 

Note: 

[1 J The EH bit Is effective only In SYNC mode. 
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The aVE bit (overrun error) becomes 1 when the CPU 
delays reading the received data and two new data 
bytes have been received. In this case, the first data 
byte received is overwritten and lost in the receive data 
buffer. Figure 9 shows how an overrun can happen. 

The PE bit (parity error) becomes 1 when a parity error 
occurs in a receive state. 

Figure 7. Status Register Format 

C/D=l 

5 4 3 

I DSR I~~~C/I FE IoV~PE~EM~ RxRDY I TxR DY 
Same as the Output Pin L Function with the Same Na 

TxRDY Trasmlt Data 
Buffer State 

0 

1 

PE 

0 

1 

{ OVE 

0 

I 1 I 

"I FE 

I 0 

1 I 

DSR 

0 

1 

Figure 9. Overrun Error 

OVE RxRDY CPU 

Full 

Empty 

Parity Error 

-No Error 

- Error 

Overrun Error 

- No Error 

-Error 

Framing Error 

- No Error 

- Error 

DSR Inpul 
Pin State 

DSR=l 

DSR=O 

83-000796A 

Receive Data Bulfer 
[Second BufferJ 

pPD71051 

Framing, overrun, and parity errors do not disable the 
pPD71 051 's operations. All three error flags are cleared 
to 0 by a command byte that sets the ECl bit to 1. 

The TxRDY bit becomes 1 when the transmit data 
buffer is empty. The TxRDY output pin becomes 1 
when the transmit data buffer is empty, the CTS pin is 
low, and TxEN = 1. That is, bit TxRDY = Transmit Data 
Buffer Empty, pin TxRDY = (Transmit Data Buffer 
Empty)-{CTS = O)-{TxEN = 1). 

Figure 8. Framing Error 

1 Character = 5-blt, No Parity, 1 Stop Bit 

[1 J In the break state: Enter the Break State 

RxDATA I r""Il ! ..... !...,..! -! r""Il I mil 
f t \ 

Start Stop Start 
Bit Bit Bit 

I~ I 
FE=1 
Set because a stop bit 
should be here. 

[2J A large frequency difference between RxCLK and TxCLK: 

RxDATA II ! ! ! i I cSto~blt 
; ; \ \ \ \ \ t/FE - 1 
I I \ \ \ \ \ This pulse samples the stop bit. Because of 

Sampling . I I I I I I I the frequency of RxCLK Is lower than that of 
Pulse • • • • • •• TxCLK the start bit Is sampled too late 

In time. 

[3J When data Is changed during transmission; [Using less 
reliable transmission circuit, etc.J 

TxDATA ---, n n n n· n n '-< I U Ut~ I 4-It,-< 4-
Start Stop Start Stop Start 

Bit Bit Bit Bit Bit 

RxDATA ---, r---l n n 
u I I~ U L;-J I ~ 

Bit Change Bit Bit Change 

Receive Buffer 
[First BufferJ 

Change 
FE=l 

R x Data 

83-000797A 

~6~=:6~ I~Char1 
~Char1 

~Chrr1~Char1 
ReadCharo~ I I I I I I I I 

I I I I I I 

10t'W4)ch:r'1~ 

~A0£q~fr;~ 

~Ch?r1~ 
~Ch~r1~ 

~C+2~ 

I I I I I I I k0J- Char2 

I I I I I I M*- Char2 

~~/.J-Char2 
~Ch~r2~Char2 

I I I I I I I @- Char 3 

Char 1 is not read by the CPU and Is discarded on receipt of Char 2 
83-0007988 
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Sending in Asynchronous Mode 

The TxDATA pin is typically in the high state (marking) 
when data is not being sent. When the CPU writes 
transmit data to the pPD71 051, the pPD71 051 transfers 
the transmit data from the transmit data buffer to the 
send buffer and sends the data from the TxDA T A pin 
after adding one start bit (low level) and aprogrammed 
stop bit. If parity is used, a parity bit is inserted between 
the character and the stop bit. Figure 10 shows the data 
format for async mode characters. Serial data is sent 
by the falling edge of the signal that divided TxCLK 
(1/1,1/16, or 1164). 

Figure 11. Asynchronous Transmitter Example 

ASYNTX: 

TXSTART: 

TXDADR 

ASYNMOD: 

CALL 
MOV 
OUT 
MOV 
IN 
AND 
TEST 
BNE 
MOV 
OUT 
INC 
CMP 
BNE 
RET 
DB 
DB 
MOV 
OUT 
OUT 
OUT 
MOV 
OUT 
MOV 
OUT 
RET 

Figure 12. TxDATA Pin Output 
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ASYNMOD 
Al, 00010001 B 
PCTRl,Al 
BW, OFFSET TXDADR 
Al, PCTRl 
Al,01H 
Al,01H 
TXSTART 
Al, [BW] 
PDATA,Al 
BW 
Al,OOH 
TXSTART 

'NEC' 
o 
Al,O 
PCTRl, Al 
PCTRl, Al 
PCTRL, Al 
Al, 01 OOOOOOB 
PCTRl, Al 
Al, 1111101 OB 
PCTRl, Al 

NEe 
When bit SBRK is set to 1, the TxDATA pin goes low 
(break status), regardless of whether data is being 
sent. Figure 11 is a fragment of a typical program to 
send data in the async mode. Figure 12 shows the 
output from pin TxDATA. 

Figure 10. Asynchronous Mode Data Format 

No Parity 
Do 01 On-1 On 

~ S~~~ I :::: I S;~ 
Data Bits Bit[s] 

With Parity 
Do 

-::-:-1 Start 
Mark I Bit I :::: I Ist;C= 

Parity Bil[s] 

Bit 
Data Bits 

n=4,5,6,7 
Stop Bit = 1 bit, 1.5 bit, 2 bit 

83-000789A 

;Set async mode 
;Command: clear error flag, transmit enable 

;Transmit data area 

;Read status 
;Wait until TxRDY = 1 
;Write transmit data 

;Set next data address 

;End if data = 0 

;Transmit data 4EH, 45H, 43H, 00 

;Writes control bytes three times 
;with OOH to unconditionally 
;accept the new command byte 

;Software reset 

;Write mode byte 
;Stop bit = 2 bits, even parity 
;7 bits/character, x16 clock 

83-0007906 
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Receiving in Asynchronous Mode 

The RxDATA pin is normally in the high state when 
data is not being received, as shown in figure 13. The 
pPD71051 detects the falling edge of a low level signal 
when a low level signal enters it. 

The pPD71051 samples the level of the RxDATA input 
(only when x16 or x64 clock is selected) in a position 
1/2 bit time after the falling edge of the RxDATA input 
to check whether this low level is a valid start bit. It is 
considered a valid start bit if a low level is detected at 
that time. If a low level is not detected, it is not regarded 
as a start bit and the pPD71051 continues testing for a 
val id start bit. 

When a start bit is detected, the sampling points of the 
data bits, parity bit (when used), and stop bit are 
decided by a bit counter. The sampling is performed by 
the rising edge of the RxCLK when an X1 clock is used. 
When a x16 or x64 clock is used, it is sampled at the 
nominal middle of RxCLK. 

Figure 13. Start Bit Detection 

Note: 

RxDATA [1) 

RxDATA [2) 
~ 
~ 

Sampling 
Bit Boundary __ --1._--1..1 _.....I-_....L... 

[1) Start bit Is not recognized because R x Data Is high at the sampling time. 

[2) Start Is recognized because R x Data Is low at the sampling time. 
83-000791A 

Figure 14. Asynchronous Receiver Example 

ASYNRX : CALL ASYNMOD 
MOV AL, 000101 OOB 

PCTRL,AL 

pPD71051 

Data for one character entering the receive buffer is 
transferred to the receive data buffer and causes 
RxRDY = 1, requesting that the CPU read the data. 
When the CPU reads the data, RxRDY becomes O. 

When a valid stop bit is detected, the pPD71051 waits 
for the start bit of the next data. If a low level is detected 
in the stop bit, a framing error flag is set; however, the 
receiving operation continues as if the correct high 
level had been detected. A parity error flag is set if a 
parity error is detected. An overrun error flag is set 
when the CPU does not read the data in time, and the 
next receiving data is transferred to the receive data 
buffer, overwriting the unread data. The pPD71 051's 
sending and receiving operations are not affected by 
these errors. 

If a low level is input to the RxDATA pin for more than 
two data blocks during a receive operation, the 
pPD71051 considers it a break state and the SYNC/BRK 
pin status becomes 1. 

In async mode, the start bit is not detected until a high 
level of more than one bit is input to the RxDATA pin 
and the receiver is enabled. Figure 14 is a fragment of a 
typical program to receive the data sent in the previous 
async transmit example. 

;Set ASYNC mode 
;Command:clear error flag, receive 
;enable 

RXSTART: 

OUT 
MOV 
IN 
AND 
TEST 
BNE 
IN 
MOV 
INC 
CMP 
BNE 
RET 
DB 

BW, OFFSET RXDADR 
AL, PCTRL 

;Data store area 

AL,02H 
AL,02H 
RXSTART 
AL, PDATA 
[BW], AL 
BW 
AL,OOH 
RXSTART 

RXDADR 256 DUP 

;Read status 
;Wait until RxRDY = 1 
;Read and store the receive data 

;Set next store address 
;End if data = 0 

;Reserve receive data area 
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Sending in Synchronous Mode 

Following the establishment of sync mode and the 
enabling of the transmi~ter, the TxDATA pin stays high 
until the CPU writes the first character (normally, 
SYNC characters). When data is written, the TxDATA 
pin sends one bit for each falling edge of TxCLK if the 
CTS pin is low. Unlike async mode, start and stop bits 
are not used. However, a parity bit may be set. Figure 
15 shows these data formats. 

Once sending begins, the CPU must write data to the 
pPD71051 at the same rate as that of TxCLK. If TxEMP 
goes to 1 because of a delay in writing by the CPU, the 
pPD71051 sends SYNC characters until the CPU writes 
data. TxEMP goes to 0 when data is written, and the 
data is sent as soon as transmission of SYNC characters 
stops. 

Figure 16. Synchronous Mode Transmit Timing 

No_ of Sync characters = 2 [BSC] 

CTS=O 

TxDATA Mark 

TxRDY 
[Pin] 

SYNC Chr 1 SYNC Chr 2 

NEe 
Figure 15. Synchronous Mode Data Format 

Character Data without Parity 

I Do D1 :: Dn·1 

I. One Character 
Character Data with Parity 

I Do D1 :: Dn.1 

1 One Character with Parity 

n=4,5,6,7 

pPD71051 Transmits 
Automatically 

Chr1 Chr2 

Dn I 
.1 

Dn Parity I 
.1 

83-000792A 

TxEMP ~L ________________ .....J!lL. _________ ...J 

Figure 17. Issuing a Command During SYNC Character 
Transmission 

No. of Sync Characters = 1 

Data By the 71051 By the 71051 By the CPU 

Sync Sync 
character Character TxDATA ........ ----........ -:C~h~~~~::~te~r ...... -~~=-""-~~---

TxRDY J 
TxEMP -------' 

[1] 

iff> U 
Note: 
[1] Confirm the automatic trasmission of the SYNC 

character by the TxEMP status. 
[2] Write SYNC character data. 

L-J 
I 
[2] 

U 

[3] Confirm the beginning of SYNC character trasmission 
by the CPU by reading the status. 

[4] Write command word. 
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[4] 

U-
[3] 

~ 

83-000794A 
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Automatic transmission of SYNC characters begins 
after the CPU sends new data. SYNC characters are 
not automatically sent by enabling the transmitter. 
Figure 16 shows these timing sequences. 

If a command is sent to the pPD71051 while SYNC 
characters are automatically being sent and TxEMP = 
1, the pPD71051 may interpret the command as a data 

Figure 18. Synchronous Transmitter Example 

SYNTX: CALL SYNMOD 
MOV AL, 00010001 B 
OUT PCTRL, AL 
MOV BW, OFFSET TXDADR 
MOV CL, LDLEN 
MOV CH,OOH 

TXLEN: IN AL, PCTRL 
AND AL,01H 
BNE TXLEN 
MOV AL, LDLEN 
OUT PDATA,AL 

TXDATA: IN AL, PCTRL 
AND AL,01H 
BNE TXDATA 
MOV AL, (BW) 
OUT PDATA,AL 
INC BW 
DBNZ TXDATA 
MOV AL,00010000B 
OUT PCTRL, AL 
RET 

SYNC1 DB ? 
SYNC2 DB ? 
SYNMOD: MOV AL,OOH 

OUT PCTRL, AL 
OUT PCTRL, AL 
OUT PCTRL, AL 

MOV AL, 01000000B 
OUT PCTRL, AL 
MOV AL,00111100B 
OUT PCTRL, AL 

MOV AL, SYNC1 
OUT PCTRL, AL 
MOV AL, SYNC2 
OUT PCTRL, AL 
RET 

pPD71051 

byte and transmit it as data. If a command must be sent 
under these conditions, the CPU should send a SYNC 
character to the pPD71051 and send the command 
while the SYNC character is being transmitted. This is 
shown in figure 17. 

Figure 18 is a fragment of a typical program for sending 
in sync mode. 

;Set sync mode 
;Command; clear error 
;flags, transmit enable 
;Start location of data area TxDADR 
;Set number of bytes (LDLEN) to be transmitted 

;Transmit the length byte 

;Transmit the number of 
;bytes specified by LDLEN 

;Command; clear error 
;flags, transmit disable 

;SYNC character 1 
;SYNC character 2 

;Write control bytes 
;three times with OOH to 
;unconditionally accept the new 
;command byte 
;Software reset 

;Write mode byte: 2 SYNC 
;characters, internal sync detect, 
;even parity, 8 bits/character 

;Write SYNC characters 

7-27 



pPD71051 

Receiving in Synchronous Mode 

In orderto receive in sync mode, synchronization must 
be establishedwith the sending side. The first command 
after setting sync mode and writing the SYNC character 
must be EH = 1, ECl = 1, and RxEN = 1. When hunt 
phase is entered all the bits in the receive buffer are set 
to 1. In internal synchronization, data on the RxDATA 
pin is input to the receive buffer for each rising edge of 
RxClK and is compared with the SYNC character at 
the same time. Figure 19 shows this internal sync 
detection. 

When the receive buffer and the SYNC character 
coincide, and parity is not used, the pPD71051 ends 
hunt phase and SYNC is set to 1 inthe center of the last 
SYNC bit. When parity is used, SYNC becomes 1 in the 
center of the parity bit. Receiving starts with the bit 
which follows the bit when SYNC is set to 1. 

In external sync detection, synchronization is achieved 
by setting the SYNC pin high from an external circuit 
for at least one period of RxClK. Hunt phase ends, and 
data reception can start. At this time, the SYNC status 

Figure 19. Internal Sync Detect/on Example 

~EC 
bit becomes 1, and goes to 0 when the status is read. 
The SYNC status bit is set to 1 when the SYNC input 
has a rising edge followed by a high level of more than 
one period of RxClK,even after synchronization is 
achieved. 

ThepPD71051 can regain lost synchronization anytime 
by issuing an enter hunt phase command. 

Aftersynchronization, the SYNC character is compared 
with each character regardless of whether internal or 
external synchronization is used. When the characters 
coincide, SYNC becomes 1, indicating that a SYNC 
character has been received. SYNC (SYNC status bit 
only in external detection) becomes 0 when the status 
is read. 

Overrun and parity errors are checked the same way as 
in async mode, affecting only the status flag. Parity 
checking is not performed in the hunt phase. Figure 20 
is a fragment of a typical program that receives the data 
sent by the previous sync transmit program example. 
Note that the frequencies of TxCLK on the transmitter 
and RxCLK on the receiver must be the same. 

5-bit Character, No Parity, 2 Sync Characters 

CPU Operation 

Command EH=1 

RxEN=1 

ECL=1 

SYNC 

Read Status 1 

Sync Character 1 = 01100B, Sync Character 2 = 11001B 

Sync Character 1 Sync Character 2 

LSB MSB LSB MSB 

10[oi1j1!oixjxjxI11ioio;1!1!xix!xl 
~ ~ 

® cb ® 

All bits are set to 1 by 
EH = 1. 

Receive Buffer RxDATA Input 

Ixixlx;xix;x;x;xjxlxJx;xJxJxixixix:xl 1} 

1 , 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 , 1 1 Mark 

1: 1! 1! 1! 1! 1; 1! 1! 111 i 1! 1! 1 i 1; 1 J 1 i 1: 11--1 

1 ! 1 i 1 i 1 J 1 ! 1 J 1 i 1 ! 1 1 1 : 1 :1 i 1 J 0 ! 1 ! 1 J 1 i 1 I-- 0 

1. i 1 ! 1 : 1 i 1 j 1 i 1 i 1 ! 1 1 1 J 1 ! 1 ! 0 J 0 ! 1 : 1 i 1 J 1 I-- 0 

1 i 1 ! 1 ; 1 i 1 i 1 : 1 ! 1 i 1 1 1 ! 1 ! 0 i 0 ! 1 ! 1 i 1 J 1 i 1 I-- 1 Sync Character 1 

1 i 1 i 1 i 1 ! 1 i 1 ! 1 i 1 i 1 11 ! 0 i O! 1 i 1 : 1 i 1 :1 ; 11--1 

1! 1! 1 i 1 i 1! 1 i 1! 1 i 11 0 i 0 i 1 i 1: O! 1! 1 i 1! 1 1--0 

1:1 i 1 i 1 i 0 i 1 i 1 : 1; 1 O! 1 ! 1 i O! 1 i 1! 1 ! 1 i 1 1--1 

1: 1: 1 i O! O! 111 i 1 ! 1 1 J 1 i O! 1 i O! 1 J 1 !!T1J--0 

1 i 1 ! 0 ! 0 i 1 ! 1 i 1 i 1 i 1 1 i 0 i 1 i 0 i 0 ! 1 ! 1 J 1 i 1 I-- 0 Sync Character 2 

1! O! 0 i 1! 1! 1 i 1 i 1 i 1 0: 1 J O! 0 J 1 J 1! 1 : 1 J 11--1 

o ;0 J 1 : 1 i 0 i 1 ! 1 : 1 i 1 1! 0 J 0 J 1 ! 1 : 1 J 1 ! 1 ! 1 1--1 

o ! 1 i ~i 0 i 1 i 1 i 1~ 1 i 1 O! 0 : ~i 1 ! 0 i 1 i 1 ~ 1 ! 1 I-- 0 1 Data 

Cleared by Status Read 
X: don't care 

Note: 
Since the character is 5 bits, part 1 of the sync character register [lower 
five bits] is valid and part 2 doesn't mailer. Similarly, in the receive 
buffer, part 3 is valid and part 4 is not used. SYNC = 1 when part 1 = 3. 
With parity, the LSB of part 4 is the parity bit, but it is not compared with 
the SYNC character. 
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Figure 20. Synchronous Receiver Example 

SYNRX: CAll SYNMOD ;Set sync mode 
MOV Al,10010100B ;Command: enter hunt 
OUT PCTRl, Al ;phase, clear error flags, receive enable 
MOV BW, OFFSET RXDADR ;Set receive data store address 

RXlEN: IN Al,PCTRl 
AND Al,02H 
TEST Al,02H 
BNE RXlEN 
IN Al, DATA 
MOV STlEN,Al 
MOV Cl, Al 

MOV CH,OOH 
RXDATA: IN Al, PCTRl 

AND Al,02H 
TEST Al,02H 
BNE RXDATA 
IN Al, PDATA 
MOV (BW),Al 
INC BW 
DBNZ RXDATA 
MOV Al,OOOOOOOOB 
OUT PCTRl, Al 
RET 
STlEN DB? 

RXDADR DB 256 DUP (0) 

Standby Mode 

The pPD71 051 is a low-power CMOS device. In standby 
mode, it disables the external input clocks to the inside 
circuitry (ClK, TxClK, and RxClK), thereby con
suming less power. 

A hardware reset is one way to enter standby mode. 
The input of a high level to the RESET pin causes the 
pPD71051 to enter standby mode at the falling edge of 
the high level. A software reset command is the other 
way to enter standby mode. The only way to take the 
pPD71051 out of standby mode is to write a mode byte. 

In standby mode, the TxRDY, TxEMP, RxRDY, and 
SYNC/BRK pins are at low level and the TxDATA, DTS, 
and RTS pins are at high level. 

Figure 21 shows the timing for standby mode. While 
the internal standby signal is high, the external clocks 
tothepPD71051 areignored.lfdata(C/D=O) is written 
to the pPD71051 in standby mode, the operations are 
undefined and unpredictable operation may result. 

;Receive the number of 
;receive data 
;Set the number of 
;receive data to both variable and 
;counter 

;Receive and store the 
;number of data bytes 
;stated by the counter 

;Command: receive disable 

;Set number of receiver data 
; Reserve receive data area 

Figure 21. Standby Mode Timing 

Hardware Reset 

Mode Word 

Software Reset 

Mode Word 

Internal 
Standby Signal __ ----' 

83-000799A 
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NEe Electronics Inc. 

Description 

The pPD71 054 is a high-performance, programmable 
counter for microcomputer system timing control. 
Three 16-bit counters, each with its own clock input, 
gate input, and OUT pin, can be clocked from DC to 
8 MHz. Under software control, thepPD71 054 can gen
erate accurate time delays. Initialize the counter, and 
the pPD71054 counts the delay, and interrupts the 
CPU when the task is complete. This eliminates the 
need for software timing loops. 

The pPD71054 contains three counters capable of 
binary or BCD operation. There are six programmable 
count modes. The counters operate independently and 
each can be set to a different mode. Use address lines 
A1, Ao to select a counter and perform a read/write 
operation. 

Features 

D Three independent 16-bit counters 
o Six programmable counter modes 
o Binary or BCD count 
o Multiple latch command 
o Clock rate DC (standby mode) to 8 MHz 
o Low-power standby mode 
o CMOS technology 
o Single power supply, 5 V ±10% 
o Industrial temperature range -40 to +85°C 

Ordering Information 
Part Max Frequency 
Number Package Type of Operation 

pPD71054C 24-pin plastic DIP 8 MHz 

pPD71054G 44-pin plastic miniflat 8 MHz 

pPD71054L 28-pin PLCC 8 MHz 
(available 3086) 

pPD71054 
PROGRAMMABLE 
TIMER/COUNTER 

Pin Configurations 

24-Pln Plastic DIP 

03 

02 

01 

DO 

ClKO 9 

OUTO 

GNO 

44-Pin Plastic Mlnlflat 

NC 

NC 

NC 

03 

02 

NC 

01 

DO 

ClKO 

OUTO 

NC 

Note: 

[1] Do not connect any signal with pin 17. 

OUT2 

GATE2 

15 ClK1 

83-000800A 

NC 

liD 

cs 
A1 

Ao 

NC 

ClK2 

OUT2 

GATE2 

ClK1 

NC 

83-001787A 
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Pi n Identification 

Plastic DIP 

No. Symbol 

1-8 D7-DO 

9,15,18 CLKn 

10,13,17 OUTn 

11,14,16 GATEn 

12 GND 

19-20 Ao-A1 

21 CS 

22 RD 

23 WR 

24 VDD 

Plastic Flatpack 

No. Symbol 

1-3,6, NC 
11-14,20-23, 
28,33-36, 

" 
39,44 

40-43,4,5,7,8 D7-DO 

9,24,27 CLKn 

10,18,26 OUTn 

15,19,25 GATEn 

16 GND 

17 IC 

29,30 Ao-A1 

31 CS 

32 RD 

37 WR 

38 VDD 

7-32 

Function 

Three-state, bidirectional data bus 

Counter n clock input (n = 0-2) 

Counter n output (n = 0-2) 

Output to inhibit or trigger counter n 
(n = 0-2) 

Ground 

Select counter input 0, 1. or 2 

Chip select 

Read strobe 

Write strobe 

+5V 

Function 

Not connected 

Three-state, bidirectional data bus 

Counter n clock output (n = 0-2) 

Counter n output (n = 0-2) 

Output to inhibit or trigger counter n 
(n =0-2) 

Ground 

Internally connected 

Select counter input 0, 1, or 2 

Chip select 

Read strobe 

Write strobe 

+5V 

NEe 
Pin Functions 

07-Do [Data Bus] 

These pins are an 8-bit three-state bidirectional data 
bus. This bus is used to program counter modes and to 
read status and count values. The data bus is active 
when es = 0, and is high impedance when es = 1. 

ClKn [Counter Clock, n = 0-2] 

These pins are the clock input that determine the count 
rate for counter n. The clock rate may beDe (standby 
mode) to 8 MHz. 

OUTn [Counter Output, n = 0-2] 

These are the output pins for counter n. A variety of 
outputs is available depending on the count mode. 
When the J.lPD71 054 is used as an interrupt source, 
these pins can output an interrupt request signal. 

GATEn [Counter Gate, n = 0-2] 

These output pins inhibit or trigger counter n according 
to the mode selected. 

Ah Ao [Address] 

These input pins select the counter. A1, Ao equal to 00, 
01, or 10 selects counter 0, 1, or 2, respectively. The 
control register is selected when A1, Ao equals 11. 
These pins are normally connected to the address bus. 

CS [Chip Select] 

When the es input = 1, all the bits of the data bus 
become high impedance. es must be low to access the 
J.lPD71 054. 

RD [Read Strobe] 

The RD input must be low to read data from the 
J.lPD71 054. 

WR [Write Strobe] 

The WR input must be low to write data to the 
J.lPD71 054. The contents of the data bus are written to 
the J.lPD71 054 at the rising edge of WR. 

Voo [Power] 

+5V. 

GND [Ground] 

Ground. 
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Block Diagram 

Counter #0 

n 1----------------, 
I ~ 1 l 

I 
I 

[8] ~ I High I 
'CS [8] ~ 

.A. .),. Data Bus A. .J... I 
07- DO Buller [8] i g'6.f--~ ( [8] (.) ~ I Low 

-r---Y [8] -r---Y [8]j~ 

I -Down 
Control 
~ 
~ 

CLKO 

GATEO 

OUTO 

iii) 

ViR 
AO 

A1 

Note: 

Read/Write 
Controller 

+ 

Control 
Register 

II 

I--

I-
A.. 

~ 

A 
[8] 

~ 

A 
[8] 

'I 

A 
[8] , 

A I 
'I I 

A I 
~I 

"'-

Counter 
[16] Logic 

IHi9h -
I 'C ~ [8] l4si I g~f--~ 

I (.) .... ILow 

~ 
i [8] I 

I t=- ;... I 

I 
I I 

I L!::~u[~] Status I 
[8] Register [8] I -

I .,r- I 
I 
I L ________________ ~ 

~ 

[8] 

~ Counter #1 

· ~ 

[8] · Counter #2 

· 

CLK1 

GATE1 

OUT1 

CLK2 

GATE2 
OUT2 

The internal architecture of counters #1 and #2 Is the same as counter #0. 

Block Functions 

Data Bus Buffer 

This is an 8-bit three-state bidirectional buffer that acts 
as an interface between thepPD71054 and the system 
data bus. The data bus buffer handles control com
mands, the count to be written to the count register, 
count data read from the count latch, and status data 
read from the status latch. 

Read/Write Control 

This circuit decodes signals from the system bus and 
sends control signals to other blocks of the pPD71 054. 
A1 and Ao select one of the counters or the control 
register. A low signal on RD or WR selects a read or 
write operation. CS must be low to enable these 
operations. 

Control Register 

This is an 8-bit register into which is written the control 
command that determines the operating mode of the 
counter. Data is written to this register when the CPU 

83-0008018 

executes an OUT command when A1, Ao = 11. The 
contents of this register cannot be read if the CPU 
executes an IN command when A1, Ao = 11. However, 
the multiple latch command allows you to read the 
mode and status of each counter. 

Counter n [n = 0-2] 

A 16-bit synchronous down counter performs the 
actual count operation within the counter. You can 
preset this counter and select binary or BCD operation. 

The count register is a 16-bit register that stores the 
count when it is first written to the counter. The count is 
transferred to the down counter and a count operation 
for a specified number of counts begins. 

The 8-bit width of the internal data bus permits the 
transfer of only eight bits at a time when the count is 
written to the count register. However, when data is 
written from the count registerto the down counter, all 
16 bits can be written at once. When the count is written 
to the count register while the counter is in read/write 
one byte mode, a OOH is written to the remaining byte of 
the register. 
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The count latch normally holds the current value of the DC Characteristics 
down counter. If the contents of the down counter TA = -40°C to +85°C, voo = +5 V ±10% 
change, the contents of the count latch also change so Limits Test 
that the two values are the same. When the JlPD71 054 Parameter Symbol Min Typ Max Unit Conditions 
receives a count latch command, the count latch 

Input voltage VIH 2.2 VOO + 0.3 V 
latches the value of the down counter and holds it until high 
the CPU can read it. When the data is read, the count Input voltage VIL -0.5 0.8 V 
latch returns to tracking the value of the down counter. low 

When the mode specified is written to the counter, the Output voltage VOH 0.7 V IOH = -400 pA 

lower six bits of the control register are copied to the high xVOO 

lower six bits of the a-bit status register. The remaining Output voltage VOL 0.4 V IOL = 2.5 mA 

two bits show the status of the OUT pin and the null 
low 

count flag. When the multiple latch command is sentto Input leakage IUH 10 pA VI == Voo 

the counter, the current value of the status register is 
current high 

latched into the status latch. This data is held in the Input leakage IUL -10 pA VI =OV 
current low 

latch until the CPU can read it. 
Output leakage ILOH 10 pA Vo = Voo 

The control logic controls each internal block according current high 

to the mode and the state of the ClK and GATE pins. Output leakage ILOL -10 pA Vo =OV 
The result is output to and sets the state of the OUT pin. current low 

Supply current 1001 30 mA 8 MHz 

Absolute Maximum Ratings 1002 2 50 pA Stand-by mode 
TA = +25°C 

Power supply voltage, Voo -0.5 to +7.0 V AC Characteristics 
Input voltage, VI -0.5 to voo + 0.3 V TA = -40°C to +85°C, Voo = 5 V ±10% 

Output voltage, Vo -0.5 to Voo + 0.3 V limits 
Test 

Operating temperature, T OPT -40°C to 85°C Parameter Symbol Min Max Unit Conditions 

Storage temperature, T STG -65°C to +150°C Read Cycle 

Power dissipation, PDMax 1.0 W Address set-up tSAR 30 ns 
to AD l 

Comment: Exposing the device to stresses above those listed in 
Address hold tHRA 10 ns Absolute Maximum Ratings could cause permanent damage. The 

device is not meant to be operated under conditions outside the from AD t 
limits described in the operational sections of this specification. CS set-up tSCR 0 ns 
Exposure to absolute maximum rating conditions for extended to AD l 
periods may affect device reliability. 

RD low tRR~ 150 ns 

Capacitance level width 

TA == +25°C, Voo = 0 V Data delay tORO 120 ns CL=150pF 
from AD l 

Limits 
Test Data float tFRO 10 85 ns CL = 20 pF 

Parameter Symbol Min Max Unit Conditions from AD t RL =2 kn 
Input capacitance CIN 10 pF fc = 1 MHz Data delay tOAO 220 ns CL = 150 pF 
1/0 capacitance ClIO 20 pF Unmeasured pins from address 

returned to 0 V 
Read recovery tRV 200 ns 
time 

Write Cycle 

Address set:up tSAW 0 ns 
to WR l 
Address hold tHWA 0 ns 
from WR t 
CS set-up tscw 0 ns 
to WR l 
WRlow tWWL 160 ns 
level width 
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AC Characteristics (cont) 
TA = -40°C to +85°C, VDD = 5 V ±10% 

limits 

Parameter 

Write Cycle Icontl 

Data hold 
to WR t 
Data hold 
from WR t 
Write recovery 
time 

ClK and Gate Timing 

ClK cycle time 

ClK high 
level width 

ClK low 
level width 

ClK rise time 

ClK fall time 

GATE high 
level width 

GATE low 
level width 

GATE set-up 
to ClK t 
GATE hold 
from ClK t 
Clock delay from 
WR t (count 
transfer) 

Clock set-up 
to WR t (latch) 

GATE delay 
from WR t 
OUT delay 
from GATE l 

Symbol Min 

tsow 120 

o 

200 

tCYK 125 

60 

60 

50 

50 

tSGK 50 

tHKG 50 

tOWK 100 

225-
tKKH 

tSKW 85 

tOWG 0 

tOGO 

OUT delay tOKO 
from CLK l 
OUT delay from towo 
WR t (initial out) 

295 

Note: 

Max 

DC 

25 

25 

120 

150 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Test 
Conditions 

tKKH ~ 125 ns 

tKKH:S; 125 ns 

CL=150pF 

CL=150pF 

CL = 150 pF 

AC timing test pOints for output VOH = 2.2 V, VOL =0.8 V 

Timing Waveforms 

AC Test Input 

2.2 V 2.2 V 

2.4 v :::X:::=:=T"I Points :::::;x== 
0.4 V 

O.BV O.B V 

83-QOO766A 

pPD71 054 

Timing Waveforms (cont) 

Read Cycle 

A"AO 

07- Do 
I-IDAD~~ ~-tDAD----

83-001788A 

Write Cycle 

A"Ao _,.,.... ________ ~_-

83-001789A 

Read/Write Recovery 

~
RV 

RD~tRV tRV 

WR 

---tRV--------

83-000772A 

CLK and GA TE Timing 

tSGK 

ClK 

GATE 
-----~ 

:J.---+-----+-------.. latch 
[2J 

OUT __ -+-_______ ~~----J~------

-tDWO----

Note: 

[1 J The last 1 byte of count number writing. 
[2] Count latch command or multiple latch command. 

83-000773A 
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Functional Description 

pPD71054 System Configuration Example 

The CPU views the three counters and the control 
register as four I/O ports. A1 and Aoare connected to 
the A1 and Ao pins of the system address bus. CS is 
generated by decoding the address and 10/MEM 
signals so that CS goes low when the address bus is set 
to the target I/O address and I/O is selected. These 
connections are shown in figure 1. 

You can use the pPD71054 in memory-mapped I/O 
configurations. However, the decoding should be such 
that CS goes low when memory is selected. 

Programming and Reading the Counter 

The counter must be programmed and the operating 
mode specified before you can use the pPD71054. 
Once a mode has been selected for a counter, it 
operates in that mode until another mode is set. The 
count is written to the count register and when that 
data is transferred to the down counter, a new count 
operation begins. The current count and status can be 
read while the counter is in operation. Figure 2 outlines 
the steps of operation. 

Programming the Counter 

ThepPD71 054 is controlled by a microcomputer program. 
The program must write a control command to set the 
counter mode and write the count data that determines 
the length of the count operation. Table 1 shows the 
values for A1 and Ao that determine the target counter 
for write operations. 

Table 1. Write Operations (CS = 0, RD = 1, WR = 0) 

AO Write Target 

o Counter 0 

o Counter 1 

o Counter 2 

Control word register 

Control and Mode Setting 

The control command must be written to set the 
counter mode before operating the counter. If a write 
operation is performed when A1, Ao = 11, a control 
command is written to the control register. Figure 3 
shows the format of the 8-bit control command. 

Bits SC1 and SCO specify a counter or the multiple 
latch command. When a counter is chosen, the spec
ifications described below apply to the counter. 
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Bits RMW1 and RMW2 specify the read/write operation 
to the counter or select the count latch command. 

Bits CM2, CM1, and CMO set the counter mode (0 to 5). 

Bit BCD selects binary or BCD operation. The count 
may be 0 to FFFFH in binary mode or 0 to 9999 in BCD. 

If a control command written to the counter specifies a 
mode, the lower six bits of the control command are 
copied to the lower six bits of the status register of the 
counter selected by SC1 and SCO. The mode selected 
remains in effect until a new mode is set. This is not true 
if the control command specifies the count latch or 
multiple latch command. 

Writing the Count 

The count is written to the counter after the mode is set. 
Set A1, Ao to specify the target counter as shown in 
table 1. A new count can be written to a counter at any 
time, but the read/write mode selected (when the mode 
was written) must be used when writing the count. 

I n high 1-byte and low 1-byte modes only, the higher or 
lower byte of the count register is written by the first 
write. The write operation ends and OOH is automatically 
written to the remaining byte by the pPD71054. In the 
2-byte modes, the lower byte is written by the first write 
and the higher byte by the second. 

For example, if the 2-byte count 8801 H is written to a 
counter set in lower 1-byte mode, the lower byte (01 H) 
is written first, followed by the higher byte (88H). 
Therefore, the data written to the count register is 
0001 H forthe first write and 0088H for the second. This 
is shown in Table 2. 

Table 2. Read/Write Mode and Count Write 

No. of Count Register 
Read/Write Mode Writes Higher Byte Lower Byte 

Low 1-byte OOH nnH 

High 1-byte 1 nnH OOH 

Low/High 2-byte 2 nnH nnH 
(2nd write) (1stwrite) 

nnH = Two-digit hexadecimal value 

Reading the Counter 

The following three methods allow you to read the 
contents of the down counter during operation. In 
particular, the multiple latch command reads the 
current count data and the counter mode orthe state of 
the OUT pin. Table 3 shows the values of A1, Ao used to 
select the counter to be read. 
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Figure 1. Typical System Configuration Figure 2. Basic Operating Procedure 

CPU pPD710S4 
Ao Ao 

A1 A1 
- - - - - - OUT Inslruclion 

~ 
A7-A2 ------1 l Decoder CS 

iO/MEM I ------ OUT Inslruclion 

AD AD 

WR ViR 

t-
D7 - Do [8] D7 - Do 

- - - - - - OUT Inslruclion 
83-000802A 

------ IN Instruclion 

Yes 

83-000803A 

Figure 3. Control Register Format 

D6 Ds D1 Do 

I SC1 SCO IRWM1 RWMOI CM2 I CM1 I CMO I BCD 

L,-J L,-J 

Note: 

[1] CS=O,AD=O,WR=1 

[2] See: Reading the Counter 

I I 
LrBCD Binary or BCD 

0 Binary Count [16 Bits] 

1 BCD Count [4 Digits] 

CM2 CM1 CMO Count Mode[1] 

0 0 0 Mode 0 

0 0 1 Mode 1 

X 1 0 Mode 2 

X 1 1 Mode 3 

1 0 0 Mode 4 

1 0 1 ModeS 

RWM1 RWMO Read/Write Mode 

0 0 Counl Lalch Command[2] 

0 1 Lower Byte Only 

1 0 Higher Byle Only 

1 1 Lower Byte then Higher 

SC1 SCO 
Select Counler or Mullipie 
Latch Command 

0 0 Counter#O 

0 1 Counter # 1 

1 0 Counter # 2 

1 1 Multiple Latch Command[2] 

X: Don'l Care 

83-000804B 
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Table 3. Read Operations (CS = 0, iffi = 0, WR = 1) 

AO Read Target 

o o Counter 0 

Counter 1 

o Counter 2 

Directly Reading the Counter 

You can read the current value of the counter by 
reading the counter selected by A1,Ao as shown in 
table 3. This involves reading the count latch; since the 
value of the down counter may change while the the 
count latch is read, this method may not provide an 
accurate reading. You must control the ClK or GATE 
input to stop the counter and read it for a correct 
reading. 

Using the Count Latch Command 

When the count latch command is executed, the 
current counter value is latched into the counter latch. 
This value is held by the latch until it is read or until a 
new mode is set. This provides an accurate reading of 
the counter value when the command is executed 
without affecting counter operation. Figure 4 shows 
the format for the count latch command. 

If the counter value that was latched into the count 
latch is not read before a second count latch command 
is executed, the second command is ignored. This is 
because the cou nter val ue latched by the fi rst com mand 
is held until it is read or until a new mode is set. When 
the data in the count latch is read, the latch is released 
and continues tracking the value of the down counter. 

Using the Multiple Latch Command 

When the multiple latch command is received, the 
counter value and status register for any counter may 
be selectively latched into the count latch and status 
latch. Bits OrOs of the multiple latch command specify 
the counter latching. The CPU can then read the status 
and counter value for the selected counter. Figure 5 
shows the format for this command. 

Bits CNT2, CNT1, and CNTO correspond to counters 2, 
1, and O. The command is executed for all counters 
whose corresponding bit is 1. This allows the data for 
more than one counter to be latched by a single count 
latch command. 

When the count bit is 0, the counter value of the 
selected counters is latched into the count latches. 
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When the status bit is 0, the status of the selected 
counters is latched into the status latches. Bits Os-Do 
of the status register show the mode status of the 
counter. The output bit (07) shows the state of the OUT 
pin of that counter. These bits are shown in figure 6. 
The null count bit (06) indicates whether the count 
data is valid. When the count is transferred from the 
count register to the down counter, this bit changes to 
o to show that the data is valid. Table 4 shows how the 
null count flag operates. 

Table 4. Null Count Flag Operation 

Operation Null Count Flag 

Write control word for mode set 1 

Write count to count register(1) 1 

Transfer count from count register to down counter 0 

Note: 

(1) When 2-byte mode is selected, the flag becomes 1 when the 
second byte is written. 

Figure 4. Control Register Format for Count Latch 
Command 

07 06 05 03 

o I 0 I 0 

I SC1 I SCO Latch Target 

0 0 Counter#O 

0 1 Counter # 1 

1 0 Counter#2 

1 1 Multiple Latch Command 

Note: 

When bits SC1 and SCO are 11, the command is not the count 
latch command; it is the multiple latch command. 

83-000805A 

Figure 5. Control Register Format for Multiple Latch 
Command 

07 06 Os 

I 11 1 lCOUNT!STATUSICNT2ICNT1jCNTOl ° J 
I r ° I Counter # 0 Not Selected 1 

I 1 I Counter # 0 Selected I 

I ° I Counter # 1 Not Selected 1 
I 1 I Counter # 1 Selected 1 

I ° I Counter # 2 Not Selected I 
I 1 I Counter # 2 Selected 1 

I ° I Latch Status 1 
r 1 I Do Not Latch Status 1 

I ° I Latch Count I 
I 1 I Do Not Latch Count I 

83-00080SA 
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If the data that was latched is not read before a second 
multiple latch command is executed, the second command 
is ignored for those latches whose contents have not 
been read. This is because the data latched by the first 
command is held until it is read or until a new mode is 
set. When the data in the latch is read, the latch is 
released. See figure 7. 

It is possible to latch both the count and status using 
two multiple latch commands. However, regardless of 
which data is latched first, the status is always read 
first. The count data is read by the next read operation 
(1- or 2-step read as determined by read/write mode). If 
additional read commands are received, the count data 
that has not been latched (the contents of the down 
counter as reflected by the current counter value) is 
read. 

Read operations must be performed in accordance 
with read/write mode. In 2-byte mode, two bytes of 
data must always be read. This does not imply that the 
second byte must be read immediately after the first; 
other counter operations may be performed between 
the two reads. For example, you could read the lower 
byte, write a new lower byte, read the higher byte, and 
write a new higher byte. 

Definitions 

ClK pulse refers to the time from the rising to the 
falling edge of the ClKn input. 

Trigger refers to the rising edge of the GATEn input. 

The GATEn input is sampled at each rising edge of the 
ClKn input. The GATE input can be level or rising edge 
sensitive. In the latter case, counter n's internal flip-flop 
is set at the rising edge of the GATE signal, sensed at 
the rising edge of the next ClK pulse, and reset 
immediately. This allows edge-triggering to be sensed 
whenever it occurs. 

Figure 6. Status Data 

pPD71 054 

Initial OUT refers to the state of the OUT pin immediately 
after the mode is set. 

Count transfer refers to the transfer from the count 
register to the down counter. The down counter is 
decremented at the falling edge of the ClK pulse. 

Count zero is the state of the down counter when the 
counter is decremented to zero. 

PCNTO, PCNT1, and PCNT2 are the I/O ports for 
counters 0, 1, and 2, respectively. PCTRl is the I/O port 
for the control command. 

CW is the control command. 

HB is the higher byte of the count. 

lB is the lower byte of the count. 

In the timing charts for each counter mode, counterO is 
in the read/write 1-byte and binary count mode. When 
no GATE signal appears in the charts, assume a high 
level signal. The value shown below the OUT signal is 
the counter value. The maximum value that can be set 
forthe count in each mode is O. When this value is set, a 
maximum value of 10000H (hexadecimal count) or 
10000 (BCD count) is obtained. 

Figure 7. Multiple Latch Command Execution 
Example 

Latch Condition 

Start 

Latched Count 
of Counter 0 
Ignored 

Command to 
Latch Status 
of Counter 
1 Ignored 

All Latches 
Ignored 

o Latch Released 
• Latched 
* Command Ignored 

83-000808A 
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Counter Modes 

Mode 0: Interrupt on End of Count. In this mode, the 
OUT output changes from low to high level when the 
end of the specified count is reached. See table 5 and 
figure 8. 

Table 5. Mode 0 Operation 

Function 

Initial OUT 

GATE High 

GATE low 

Count Write 

Count 
Transfer 
and 
Operation 

Count Zero 

Minimum Count 

7-40 

Result 

low level 

Count enable 

Count disable 

The OUT pin goes low independent of the ClK pulse. 
In 2-byte mode, the count is disabled when the first 
byte is written. The OUT pin goes low. OUT goes low 
when a new mode or new count is written. 

When the count is written with GATE high: 
Transfer is performed at the first ClK pulse after the 
count value is written. The down counter is decre
mented beginning at the first ClK pulse after data 
transfer. If a count of n is set, the OUT pin goes high 
after n + 1 ClK pulses. 
When the count is written with GATE low: 
Transfer is performed at the first ClK pulse after the 
count is written. The down counter is decremented 
beginning at the first ClK pulse after the GATE 
signal goes high. If a count of n is set, OUT is low for 
a period of n ClK pulses after GATE goes high. 

The signal at the OUT pin goes high. The count 
operation does not stop and counts down to FFFFH 
(hexadecimal) or 9999 (BCD) and continues to count 
down. 

NEe 
Mode 0 Program Example. This subroutine causes a 
delay of 10004 (decimal, or 271 OH) elK pulses. In this 
program, counter 2 is set to 2-byte mode and binary 
count. See figure 9. 

SUBRO: MOV Al,10110000B ;set mode:' counter 2, 
;2-byte mode, 

OUT PCTRl,Al ;count mode 0, binary 
MOV Al,10H 
OUT PCNT2,Al 
MOV Al,27H ;write count 10000 (decimal) 
OUT PCNT2,Al 
RET 

Mode 1: GATE Retriggerable One-Shot. In mode 1, the 
pPD71054 functions as a retriggerable one-shot. A 
low-level pulse triggered by the GATE input is output 
from the OUT pin. See table 6 and figure 10. 

Table 6. Mode 1 Operation 

Function Result 

Initial OUT High level 

GATE Trigger(1) Count data is transferred at the ClK pulse after the 
trigger. 

Count Write 

Count 
Transfer and 
Operation 

Count Zero 

The count is written without affecting the current 
operation. 

Transfer is performed at the first ClK pulse after the 
trigger. At the same time, the sign~1 at the OUT pin goes 
low to start the one-shot pulse operation. The count is 
decremented beginning at the next ClK pulse. If a count 
of n is set, the one-shot output from the OUT pin 
continues for n ClK pulses. 

The signal at the OUT pin becomes high. Count oper
ation does not stop and wraps to FFFFH (hexadecimal) 
or 9999 (BCD) and continues to count. 

Minimum Count 1 

Note: 

(1) The trigger is ignored when the count has not been written after 
the mode is set, or when only one byte.of the count has been 
written in 2-byte count mode. 
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Figure 8. Mode 0 Timing Chart 

CLKO 

OUTO 

--~--~--~----~--~--~--~ 
Count Value 

OUTO 
--~--~--~----~--~--~----~--~--~ 

Count Value 

-,LB·3/ 
WR L--' 

GATEO LJ 
OUTO 

--~--~--~----~--~--~--~ 
Count Value 

Figure 9. Mode 0 Program Example Timing Chart 

CLK2 

GATE2 -----... 
OUT2 

Count Value 

Figure 10. Mode 1 Timing Chart 

pPD71 054 

83-0008096 

83-0008106 

GATEO ---------l n---------------\ tl --------------ltl------ltl-----------
OUTO 

Count Value n-1 I n-2 

-~ WR 

GATEO --------\ tl---- n ----------1 tl--------- n

----------

OUTO 

Count Value I n-1 I n-2 
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Mode 1 Program Example. This subroutine waits until 
no trigger is generated for an interval of 200 or more 
ClK pulses after the first gate trigger and returns to the 
main program. Counter 1 is set to low-byte read/write 
mode and binary count. See figure 11. 

SUBR1: MOV Al,01010010B ;set mode: counter 1, low-byte 
OUT PCTRl,Al ;read/write mode, count mode 1, 
MOV Al,200 ;binary 
OUT PCNT1,Al ;write low byte of count 

FSTTRG: MOV Al,11100100B ;multiple latch command: 
;counter 1, 

OUT PCNT1,Al ;status 
IN Al,PCNT1 
ANO Al,40H ;zero all bits except null count (06) 
TEST Al,40H ;wait for first trigger 
BNZ FSTTRG 

WAIT: MOV Al,11100100B ;multiple latch command: 
;counter 1, 

OUT PCTRl,Al ;status 
IN Al,PCNT1 
ANO Al,80H ;zero all bits except output (07) 
TEST Al,80H ;wait until output goes high 
BZ WAIT 
RET 

Mode 2: Rate Generator. In mode 2, the signal from the 
OUT pin cyclically goes low for one clock period when 
the counter reaches 0001 H. The counter operates as a 
frequency divider. See table 7 and figure 12. 

Figure 11. Mode 1 Program Example Timing Chart 

NEe 
Table 7. Mode 2 Operation 

Function 

Initial OUT 

GATE High 

GATE low 

GATE 
Trigger(1) 

Count Write 

Count 
Transfer and 
Operation 

Result 

High level 

Count enable 

Count disabled. If GATE goes low when OUT is low, OUT 
will go high (independent of the ClK pulse). 

Transfer is performed at the first ClK pulse after the 
trigger. 

Count is written without affecting the current 
operation. 

TrC'llsfer is performed at the ClK pulse after the count 
is written following the mode setting. The counter is 
then decremented. Transfer is again performed at the 
first ClK pulse after the count becomes 1. When the 
trigger is used, transfer is performed at the next ClK 
pulse. When the contents of the down counter becomes 
1, OUT goes low for one ClK pulse and returns to high. If 
a count of n is set, OUT repeats this sequence every n 
ClK pulses. 

Count Zero Never occurs in this mode. 

Minimum 2 
Count 

Note: 

(1) The trigger is ignored when the count has not been written or 
when only one byte of the count has been written in 2-byte mode .. 

Number 01 ClK Pulses 1-80 -1-60-11 
•• ----200----+· I 

GATE1 

r 
Subroutine Start Return to Main Program 

83-0008128 

Figure 12. Mode 2 Operation Timing Chart 

ClKO 

GATED LJ 
OUTO 

Count Value I n I 0003H I 0002H I 0002H I 0003H I 0002H 

-~ WR 

OUTO 

Count Value I n I n-1 I 0006H I OOOSH I 0004H I 0003H I 0002H 0001H 0004H I 0003H I 0002H 

83-0008138 
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Mode 2 Program Example. This subroutine generates 
an interrupt to the CPU each time 10000 (decimal) 
clock pulses elapse. Counter 0 is in 2-byte mode and 
binary counting. See figure 13. 

SUBR3: MOV Al,00110100B 
OUT PCTRl,Al 
MOV Al,10H 
OUT PCNTO,Al 
MOV Al,27H 
OUT PCNTO,Al 
RET 

;mode setting: counter 0, 2-byte 
;mode, count mode 2, binary 

;write count 10000 (decimal) 

Mode 3: Square Wave Generator. Mode 3 is a frequency 
divider similar to mode 2, but with a different duty 
cycle. See table 8 and figure 14. 

Figure 13. Mode 2 Configuration 

Voo 

CPU 

INT 1-----0< I------i OUTO 

83-000814A 

Figure 14. Mode 3 Timing Chart 

CLKO 

GATED 

OUTO 

pPD71054 

Table 8. Mode 3 Operation 

Function 

Initial OUT 

GATE High 

GATE low 

GATE Trigger(1) 

Count Write 

Count 
Transfer 
and Operation 

Result 

High level 

Count enable 

Count disable. If GATE goes low when OUT is low, 
OUT will go high (independent of the ClK pulse). 

Transfer is performed at the first ClK pulse after the 
trigger. 

Current operation is not affected. The count is 
transferred at the end of the half-period of the 
current square wave and the OUT pin goes high. 

Count data is transferred at the first ClK pulse after 
the count write following the mode setting. Transfer 
is performed at the end of the current half-cycle and 
the OUT pin is inverted. Transfer is also performed 
at the ClK pulse after the trigger. The operation 
performed depends on whether count n is even or 
odd. When n is even, the count is decremented by 
two on each following clock pulse. At the end of the 
count of two, the count is again transferred and the 
OUT pin is inverted. This is taken as a half-cycle and 
repeated. When n is odd, n - 1 is transferred and 
the count is decremented by two on each follow
ing clock pulse. The half-cycle when the OUT pin 
is high continues until the end of count 0 and 
n - 1 is transferred again at the next ClK pulse. 
The half-cycle while OUT is low continues until 
the end of count 2. Thus, the half-cycle while 
OUT is high is one ClK longer than the half
cycle while OUT is low. 

Count Zero Occurs only when the count is odd. 

Minimum Count 2 

Note: 

(1) The trigger is ignored when the count has not been written after 
the mode is set or when only one byte of count has been written in 
2-byte mode. 

LJ 

u 
CounlValue n-1 I 0004H I 0002H 0004H I 0002H 0004H I 0002H I 0004H I 0004H I 0004H 

OUTO 

CounlValue n-1 I 0004H I 0002H I OOOOH 0004H I 0002H 0004H I 0002H I OOOOH I 0004H 

83-0008158 
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Mode 3 Program Example. This subroutine divides the 
input ClK frequency (5.0688 MHz) by 264 to get a 
19,200 Hz clock. Counter 2 is in 2-byte binary mode. 
See figu re 15. 

SUBR4: MOV 
OUT 
MOV 
OUT 
MOV 
OUT 
RET 

Al,10110110B 
PCTRl,Al 
Al,OBH 
PCNT2,Al 
A,01H 
PCNT2,Al 

;mode setting: counter 2, 2-byte 
;mode, count mode 3, binary 

;264 frequency division 

Figure 15. Frequency Division 

t pPD71054 

GATE2 

OUT2 - "'. [19200 Hz] 

'" [5.0688 MHz] - CLK2 

83-000816A 

Figure 16. Mode 4 Timing Chart 

OUTO 

NEe 
Mode 4: Software-Triggered Strobe. I n mode 4, when 
the specified count is reached, OUT goes low for one 
ClK pulse. See table 9 and figure 16. 

Table 9. Mode 4 Operation 

Function 

Initial OUT 

GATE High 

GATE low 

Count Write 

Count 
Transfer 
and 
Operation 

Result 

High level 

Count enable 

Count disable 

Count is transferred at the next ClK pulse when the 
count is written. In 2-byte mode, data is transferred 
after the second byte is written. 

Count is transferred at the first ClK following the 
count write. If GATE is high, the down counter begins 
to decrement from the next ClK. If GATE is low, 
decrement begins at the first ClK after GATE goes 
high. 

Count Zero OUT is low for one ClK pulse and returns to high. The 
down counter wraps to FFFFH (hexadecimal) or 9999 
(BCD) without stopping counter operation. 

Minimum Count 1 

Count Value I n I n-1 I 0004H I 0003H I 0002H I 0001H OOOOH FFFFH I FFFEH I FFFDH I FFFCH 

GATEO 
--------------------~ 

OUTO 

Count Value I n I n-1 I 0004H I 0004H 10004H I 0003H I 0002H I 000lH OOOOH FFFFH I FFFEH 

OUTO 

Count Value I n I n-1 I 0005H I 0004H I 0003H I 0002H I 0003H I 0002H IOOOlH 

83-000817B 
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Figure 17. Mode 5 Timing Chart 

CLKO 

WR 

- - - - - - - - - - - - - -1 

GATEO I 

OUTO 

Count Value I n I n-1 

GATEO un uu: nu un --U -- h _n -- n ____ : n u h -- - ---

OUTO L-J 
Count Value I n I n-1 I 0004H I 0003H I 0002H I 0001H I OOOOH I FFFFH IFFFEH I 0003H I0002H 

Mode 5: Hardware-Triggered Strobe [Retriggerable]. 
Mode 5 is similar to mode 4 except that operation is 
triggered by the GATE input and can be retriggered. 
See table 10 and figure 17. 

Table 10. Mode 5 Operation 

Function 

Initial OUT 

GATE Trigger(1) 

Count Write 

Count 
Transfer 
and 
Operation 

Count Zero 

Minimum Count 

Note: 

Result 

High level 

The count is transferred at the ClK pulse after the 
trigger. The GATE has no effect on the OUT signal. 

The count is written without affecting the current 
operation. 

Count is transferred at the first ClK pulse after a 
trigger, providing that the mode and count have 
been written. Decrement begins from the first ClK 
pulse after a data transfer. If a count of n is set, OUT 
goes low for n + 1 ClK pulses after the trigger. 

OUT is low for one ClK and goes high again. The 
down counter counts to FFFFH (hexadecimal) or 
9999 (BCD) without stopping the counter operation. 

(1) The trigger is ignored when the count has not been written after 
the mode is set or when only one byte has been written in 2-byte 
mode. 

83-000818B 

Mode 5 Program Example. Use mode 5 to add a 
fail-safe function to an interface. For example, the 
receiving equipment requests data by issuing a REO 
signal to the sending equipment. The sending equip
ment responds by outputting data to the data bus and 
returning a SEND signal to the receiving equipment. In 
this type of system, if a malfunction exists in the 
sending equipment and no SEND signal is sent, the 
receiving equipment waits indefinitely for the SEND 
signal and system operation stops. The following 
subroutine remedies this situation. If no SEND signal is 
output within a given period (50 elK cycles in this 
example) after the REO signal is output, the system 
assumes the sending equipment is malfunctioning and 
a FAil signal is sent to the receiving equipment. 

SUBR5: MOV Al,00011010B 

OUT PCTRl,Al 
MOV Al,50 
OUT PCNTO,Al 
RET 

;mode setting: counter 0, low 
;1-byte 
;mode, count mode 5, binary 
;set interval: 50 ClK pulses 

Figure 18. Interface Fail-safe Example 

Receiving 
Equipment 

P+-------<lr------------i SEND Sending 
f--------1f---------<~REQ Equipment 

/JPD71054 

83-000819A 
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NEe Electronics Inc. 

Description 

The pPD71 055 is a low-power CMOS programmable 
parallel interface unitforuse in microcomputer systems. 
ThepPD71055 has three liD ports and is typically used 
to interface peripheral devices to a microcomputer 
system bus. 

Features 

D Three 8-bit liD ports 
D Three programmable operation modes 
D Bit manipulation command 
D Microcomputer compatible 
D 8 MHz operation 
D CMOS technology 
D Single +5 V ±10% power supply 
D Industrial temperature range: -40 to +85°C 

Ordering Information 
Part Number Package Type 

pPD71055C 40-pin plastic DIP 

pPD71055G 44-pin plastic miniflat 

pPD71055L 44-pin PLCC (available 3086) 

Pin Configurations 

40-Pin Plastic DIP 

RD 
Cs 

GNO 

P23 

P10 

P11 

P12-.... ___ -r 

P04 

pOs 

POe 

P07 

WR 
RESET 

DO 

01 

04 

05 

0& 

07 

Voo 
P17 

P1& 

P1s 

P14 

49-000610A 

pPD71 055 
PARALLEL INTERFACE UNIT 

44-Pln Plastic Min/fiat 

NC NC 

Cs RESET 

GNO Do 

A1 01 

Ao 02 

P27 03 

P26 04 

P2s 05 

P24 0& 

P20 07 

P21 Voo 

83-001218A 

Pin Identification 

Plastic D/P 

No. Symbol Function 

1-4 P03-POO 1/0 port 0, bits 3-0 

5 RD Read strobe input 

6 CS Chip select input 

7 GND Ground 

8,9 A1, Ao Address inputs 1 and 0 

10-13 P2rP24 1/0 port 2, bits 7-4 

14-17 P2o-P23 1/0 port 2, bits 0-3 

18-25 P1o-P17 1/0 port 1, bits 0-7 

26 VDD +5V 

27-34 DrDo 1/0 data bus 

35 RESET Reset input 

36 WR Write strobe input 

37-40 POrP04 1/0 port 0, bits 7-4 
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Pin Identification (cont) 

Plastic F/atpack 

No. Symbol 

NC 

2 CS 
3 GND 

4,5 A1, Ao 

6-9 P27-P24 

10-13 P20-P23 

14-16 P1o-P12 

17 IC 

18-22 P13-P17 

23 VDD 

24-31 07-00 

32 RESET 

33,34 NC 

35 WR 

36-43 P07-POO 

44 RD 

Pin Functions 

D7-Do [Data Bus) 

Function 

No connection 

Chip select input 

Ground 

Address inputs 1 and 0 

1/0 port 2, bits 7-4 

1/0 port 2, bits 0-3 

1/0 port 1, bits 0-2 

Internally connected 

1/0 port 1, bits 3-7 

+5V 

1/0 data bus 

Reset input 

No connection 

Write strobe input 

1/0 port 0, bits 7-0 

Read strobe input 

D7-DO make up an 8-bit, three-state, bidirectional 
data bus. The bus is connected to the system data 
bus. It is used to send commands to the pPD71 055 
and to send data to and from the pPD71 055. 

CS [Chip Select) 

The CS input is used to select the pPD71 055. When 
CS = 0, the pPD71 055 is selected. When CS = 1, the 
pPD71055 is not selected and its data bus is high
impedance. 

RD [Read Strobe) 

The RD input is set low when data is being read from 
the pPD71 055 data bus. 
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WR [Write Strobe) 

The WRo input should be set low when data is to be 
written to the pPD71055 data bus. The contents of 
the data bus are written to the pPD71 055 at the rising 
edge (low to high) of the WR signal. 

A1, Ao [Address) 

The A1 and Ao inputs are used in combination with 
the RD and WR signals to select one of the three 
ports or the command register. A1 and Ao.are usually 
connected to the lower two bits of the system 
address bus (table 1). 

Table 1. Control Signals and Operation 

cs Rii WR AI Ao Operation 

o 0 0 0 Port 0 to data bus 

o 0 0 Port 1 to data bus 

o 0 0 Port 2 to data bus 

o 0 1 Use prohibited 
o 0 0 x x 

o 000 Data bus to port 0 

o o 0 Data bus to port 1 

o o Data bus to port 2 

o Data bus to command 

IIPD71055 
Operation 

Input 

Input 

Input 

Output 

Output 

Output 

register Output 

o 
1 x 

x x 
x x x 

RESET [Reset) 

Data bus high impedance 

When the RESET input is high, thepPD71055 is reset. 
The group 0 and the group 1 ports are set to mode 0 
(basic I/O port mode). All port bits are cleared to zero 
and all ports are set for input. 

P07-POO, P17-P10, P27-P20 [Ports 0,1,2) 

Pins P07-POo, P17-P10, and P2rP20 are the port 0, 1, 
and 2 I/O pins, bits 7-0, respectively. 
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Block Diagram 

0,...0. 

R[jo--_-<l 

WRo--_-<l 

A, o-----l~ 

RESETo-------i~ 

Data 
bus 
buffer 

Readl 
write 
control 

cs 0--------' 

Functional Description 

Ports 0, 1, 2 

The J.lPD71 055 has th ree 8-bit I/O ports, referred to as 
port 0, port 1, and port 2. These ports are divided into 
two groups, group 0 and group 1. The groups can be in 
one of three modes, mode 0, mode 1, and mode 2. 
Modes can be set independently for each group. 

When port 0 is in mode 0, port 0 and the four upper 
bits of port 2 belong to group 0, and port 1 and the four 
lower bits of port 2 belong to group 1. When port 0 is 
in mode 1 or 2, port 0 and the 5 upper bits of port 2 
belong to group 0 and port 1 and the three lower bits of 
port 2 belong to group 1. 

Command Register 

The host writes command words to the J.lPD71 055 in 
this register. These commands control group 0 and 
group 1. Note that the contents of this register cannot 
be read. 

pPD71 055 

49-{){)()611B 

Group 0 Control and Group 1 Control 

These blocks control the operation of group 0 and 
group 1. 

Read/Write Control 

The read/write control controls the read/write opera
tions for the ports and the data bus in response to the 
RD, WR, CS, and address signals. It also handles 
RESET signals and the Ao, A1 address inputs. 

Data Bus Buffer 

The data bus buffer latches information going to or 
from the system data bus. 
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Absolute Maximum Ratings 
(TA = 25°C) 

Power supply voltage, Voo 

Input voltage, VI 

Output voltage, Vo 

Power dissipation, POMAX 

Operating temperature, T opt 

Storage temperature, T stg 

-0.5 to +7.0 V 

-0.5 to Voo + 0.3 V 

-0.5 to Voo + 0.3 V 

500mW 

-40 to +85°C 

-65 to +150°C 

Comment: These devices are not meant to be operated outside the 
limits specified above. Exposure to stresses beyond those listed in 
Absolute Maximum Ratings could cause damage. Exposure to an 
absolute maximum rating for extended periods may affect reliability. 

Capacitance 
(TA = 25°C, Voo = GND = 0 V) 

Limits Test 
Parameter Symbol Min Typ Max Units Conditions 

Input CI 10 pF fc = 1 MHz 
capacitance Unmeasured 

110 capacitance CIQ 20 pF pins returned 
to 0 V 

7-50 
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DC Characteristics 
(TA =-40 to +85°C, Voo =5 V ±10%) 

Limits Test 
Parameter Symbol Min Typ Max Units Conditions 

Input voltage VIH 2.2 Voo + 0.3 V 
high 

Input voltage Vil -0.5 0.8 V 
low 

Output VOH 0.7 x V 10H = -400 pA 
voltage high Voo 

Output VOL 0.4 V 10l = 2.5 rnA 
voltage low 

Input IUH 10 pA VI = Voo 
leakage 
current high 

Input IUl -10 pA VI =OV 
leakage 
current low 

Output IlOH 10 pA Vo = Voo 
leakage 
current high 

Output IlOl -10 p.A Vo=OV 
leakage 
current low 

Supply 1001 15 rnA 
current 
(dynamic) 

Supply 1002 2 50 p.A 
current 
(standby) 
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AC Characteristics AC Characteristics (cont) 
(TA = -40 to +85°C, Voo = 5 v ±10%) (TA = -40 to =85°C, Voo = 5 v ±10%) 

Limits Test Limits Test 
Parameter Symbol Min Typ Max Units Conditions Parameter Symbol Min Typ Max Units Conditions 

Read Timing Other Timing (cont) 

A1, Ao, CS set-up to tSAR 0 ns Port delay time from towp 350 ns CL=150pF 
ItO! WAf 

A1, Ao, CS tHRA 0 ns STB pulse width tSSL 350 ns 
hold from Fin f OAK pulse width tOAOAL 300 ns 
RTI pulse width tRRL 160 ns Port delay time from tOOAP 300 CL=150pF ns 
Data delay from tORO 120 ns CL = 150 pF OAK !(mode 2) 
RTI! Port float time from tFDAP 20 250 CL = 20 pF ns 
Data float from RD t tFRO 10 85 ns CL = 20 pF OAK t (mode 2) AL =2 kQ 

RL = 2 kQ OBF set delay from tOWOB 300 ns CL = 150 pF 
Read recovery time tRV 200 ns WAf 

Write Timing OBF clear delay tOOAOB 350 ns 

~ ~o, CS set-up to tSAW 0 ns from OAK! 

IBF set delay tOSIB 300 ns 

~ Ao, CS hold from tHWA 0 ns from STB ! 

WRf IBF clear delay from tORIB 300 ns 

WR pulse width tWWL 120 ADf ns 

Data set-up to WR t tsow 100 ns INT set delay from 
OAK f 

tOOAI 350 ns 

Data hold from WR t tHWO 0 ns INT clear delay from tow I 450 ns 
Write recovery time tRV 200 ns WAl 

Other Timing INT set delay from tOSI 300 ns 

Port set-up time to tSPR 0 ns STB f 

D AD! INT clear delay from tORI 400 ns 

Port hold time from tHRP 0 ns AD! 

iIDt RESET pulse width tRESET1 50 /lS During right 

Port set-up time to tsps 0 ns after power-

STB! on 
.-------.. _-_ ........ __ ..... _-.......... __ ..... __ .. _--........... __ ._-.................... 

Port hold time from tHSP 150 ns tRESET2 500 ns During 

STB t operation 
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Timing Waveforms 

AC Test Waveform Recovery Time 

24 '2,.2=-_______ ----'::2 ... 2 

O:4====X> Test Points <C== 
0.8 0.8 AD 

49-000166A 
WR 

Timing Mode 0: Input 
49-000275A 

Mode 1: Input 

STB 
Port 

____ J~--+_--~--~ 

07-00 ------< IBF 

49-001140A Port 

Mode 0: Output AD 

INT 

C$, A1, AD ~I<-____ -,--__ __:_:------
r:=tSAW 

49-001142A 

Mode 1: Output 
07-00 

WR 
Port 

49-001141A INT 

OBF 

OAK 

07-00 

Port 

49-000276A 
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Timing Waveforms (cont) 

Mode 2 

INT 

07-00 

IBF 

portO--------~--~--------~ 
Pertpheral-",P071055 ",P071055 -Peripheral 

pPD71 055 

49-000277A 

16 
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pPD71055 Commands 

Two commands control pPD71055 operation. The 
mode select command determines the operation of 
group 0 and· group 1 ports. The bit manipulation 
command sets or resets the bits of port 2. These 
commands are executed by writing an a-bit command 
word to the command register (A1AO = 11). 

Mode Select 

The pPD71 055 port g rou ps have th ree modes. Modes 0 
and 1 can be specified for groups 0 and 1, but mode 2 
can only be specified for group O. The bits of all ports 
are cleared when a mode is selected or when the 
pPD71055 is reset. 

Mode O. Basic input/output port operation. 

Mode 1. Strobed input/output operation controlled by 
three or four bits of port 2 used as control/status 
signals. 

Mode 2. (Only available for group 0). Port 0 is the 
bidirectional 1/0 port and the higher 5 bits of port 2 are 
used for status and control signals. 

To specify the mode, set the command word as shown 
in figure 1 and write it to the command register. 

Bit Manipulation Command 

This command (figure 2) affects only port 2. It is mainly 
used in mode 1 and mode 2 to control the port 2 bits 
which are used as control/status signals. It is also used 
to enable and disable pPD71 055-generated interrupts 
and to set and reset port 2 general input/output pins. 

For example, to set bit 2 of port 2 to 1 (P22 = 1), set the 
command word as shown in figure 3 (05H) in the 
command register. 

Operation in Each Mode 

The operation mode for each group in the pPD71055 
can be set according to the application. Group 0 can be 
in modes 0, 1, or 2, while group 1 is in mode 0 or 1. 
Group 1 cannot be used in mode 2. 
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The RD and WR signals that appear in the descriptions 
of each mode refer to the port in question as addressed 
by A1 and Ao. These signals only affect the port 
addressed by A1 and Ao. 

Where the port addressed may not be clear, 0 or 1 is 
appended to the signal name to indicate the port. 

Mode 0 

In this mode the ports of the pPD71055 are used to 
perform basic I/O operations. Each port operates with 
a buffered input and a buffered latched output. See 
figure 4. 

Depending on the control word sent to the pPD71055 
from the system bus, ports 0, 1, and 2 can be i nde
pendently specified for input or output. 

Input Port Operation 

While the RD signal is low, data from the port selected 
by the A1 Ao signals is put on the data bus. See figu re 5. 

Output Port Operation 

When the pPD71 055 is written to (WR = 0), the data on 
the data bus will be latched in the port selected by the 
A1AO signals at the rising edge of WR and output to the 
port pins. See figure 6. 

By reading a port which is set for output, the output 
value of the port can be obtained. 

Note: When group 0 is in mode 1 or mode 2, only bits 
P22-P20 of port 2 can be used by group 1. Bit P23 
belongs to group O. 

Mode 0 Example 

This is an example of a CPU connected to an A/D 
converter via apPD71 055 (figure 7). Here both group 0 
and group 1 are set to mode 0 and port 2 is used to start 
conversion and detect the end of the conversion 
process. 

Figure a is a subroutine that reads the converted data 
from an A/D converter. 
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Figure 1. Mode Select Command Word 

I 1 I I I I I I I Group 1 

L~ ~ 0 Output 
Port 2 (Lower) 

1 Input 

0 Output 
Port 1 

1 Input 

0 Mode 0 
Mode 

1 Model 

GroupO 

0 Output 
Port 2 (Upper) 

1 Input 

0 Output 
PortO 

1 Input 

00 Mode 0 

Mode 01 Model 

lX Mode 2 

Command 0 Bit manipulation 
select 1 Mode select 

Figure 2. Bit Manipulation Command Word 

I o I x I x I x I I I I J 
I J Y I o I Reset 

Bit set/reset 

I 1 I Set 

o 0 0 Bit 0 

o 0 1 Bit 1 

o 1 0 Bit 2 

Port 2 o 1 1 Bit 3 
bit 
select 1 0 0 Bit 4 

1 o 1 BitS 

1 1 0 Bit 6 

1 1 1 Elit7 

Command I o I Bit manipulation 

select I 1 I Modeselect I 

Figure 3. Bit Manipulation Command Example 

I 0 I x I x I x I 0 I 1 I 0 I 1 I =05H 

Bit 
manipulation 
Command 

f 
Don't care Specifies bit 2 Bltse! 

pPD71 055 

49-1lOO613B 

49-1lOO614B 

49-000615A 
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Figure 4. Mode 0 

~O~ 1: Input 

Groupo 0: Output 
I 

1 ~ [1: Input 

0: Output 

1: Input 

0: OUtput 

1: Input 

Figure 5. Mode 0 Input Timing 

-:~----------
Internal delay Internal delay Intemal delay 
(RO->07-0ol (RO-07-00) (Port-07-00) 

Figure 6. Mode 0 Output Timing 
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7

-0

0 
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Portoutput __________ +~ ,_ 

Internal delay 
<WR-Port) 
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Group 1 Mode 0 

"P071055 

Port 1 
P17-P10 

Port 2 
P23-P20 

"P071055 

Port 2 
P27-P2. 

PortO 
PO.,-POo 

Group 0 Mode 0 

49-00Q620A 

49-000618A 
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Figure 7. AID Converter Connect/on Example 

CPU .,.P071055 
AID 
Converter 

Figure 8. AID Converter Example 

Mode 1 

READ_AID: MOV 
OUT 

MOV 
OUT 

WAIT _EOC: IN 
AND 
TEST 
BNZ 
IN 
RET 

L ~ 

8 0 7-00 , . 

AL,1 0011 OOOB 
CTRLPORT,AL 

AL,00000001 B 
CTRLPORT,AL 
AL,PORT2 
AL,80H 
AL,80H 
WAIT_EOC 
AL,PORTO 

In this mode, the control and status signals control the 
1/0 data_ In group 0, port 0 functions as the data port 
and the upper five bits of port 2 function as controll 
status. In group 1, port 1 functions as the data port and 
the lower three bits of port 2 function ascontrol/status. 

In mode 1, the bit manipulation command is used to 
write the bits of port 2. 

Group 0 Mode 1 

When group 0 is used in mode 1, the upper five bits of 
port 2 become part of group O. Of these five bits, three 
are used for controllstatus and the remaining two can 
be used for 1/0 (using the bit manipulation command). 
See figure 9. 

Group 1 Mode 1 

When group 1 is used in mode 1, the lowerthree orfour 
bits of port 2 tiecome part of g rou p 1. Of these fou r bits, 
three are used for control/status. The remaining bit, 
P23, can be used for 1/0 only if group 0 is in mode O. 
Otherwise, P23 belongs to group 0 as a control/status 
bit. See figure 9 and table 4. 

P07 A 

I 
POo 

P27 

P20 

Analog signal 
8 0 7-00 

A'N I----

EOC 
,... 

START v 

;pPD71 055 Mode Setting: 
;Group 0, group 1 in mode 0 
;Port 0 & port 2 (upper) are inputs 
;Port 1 & port 2 (lower) are outputs 

;Conversion starts by setting P20 high 
;End of conversion wait loop 

;Conversion ends when P27 = 0 

; Read AID converted val ues 

Mode 1 Input Operation 

49-Q00621 A 

I n mode 1, port 0 is the data port for group 0, and port 1 
for group 1. The controllstatus bits (port 2) are used as 
listed below. Figure 10 shows the signal timing. 

STB [Strobe]. The data input at port 0 is latched in port 
o when the STBO input is brought low. The data input at 
port 1 is latched in port 1 by STB1. 

IBF [Input Buffer Full F/F]. The IBF output goes high to 
indicatethatthe input buffer has becomefull.lBF goes 
high when the STB signal goes 10w.IBF goes low atthe 
rising edge of the RD signal when STB = 1. 

INT [Interrupt Request]. INT goes high when the data 
is latched in the input port, when RIE is 1 and STB, IBF 
and RD are all high. INT goes low at the falling edge of 
the RD signal. It can function as a data read request 
interrupt signal to a CPU. 
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Figure 9. Mode 1 Input 

I 1 I 0 1 

L......J 

----I 

GroupO 
I 

I 

GroupO 
mode 

Group 1 
mode 

Command word 

1 I I 1 

i 

I 00 I ModeO 

l 01 1 Model 

I 1 X I Mode2 

I 0 I ModeO 

I 1 I Model 

Command I o I Bit manipulation 

select I 1 I Mode select 

Group 1 
I 

1 

I 
I 

I I 

0: 

0: Output 
1: Input 

IBFO 

8TBO 

" 1: Input Output/INTO 
8TB1 
IBF1 
1NT1 
Port 1 
Input 

PortO 
Input 

~ 

8 

8 
v 

.,.PD71055 

P2,..P2. 

P2. I RI~O I P2. 
P2* . • _____ ..J 

1'2:! S P2, 

P20 
4 _____ l 

P1,..P1o 

PO"'POo 

RIEO and RIEl 
are controlled by bit 

manlpulallon command 

'Note: Bit P2. I, available In Group 1 only when Group 0 I. Mode O. For all other condition. 
P2. I. part of Group O. Thl. diagram ahowa how bit P2. would be used If Group 1 
wa.ln Model. 

49-0006168 

Figure 10. Mode 1 Input Timing 

RIE =1 

[Notel 

IBF ____ ~ 

PortlnpU1 __ _.f'--_~~-+ _ _.f'--__ IM-_______ +_-

Portlntemel------~i~~----~~¥---------~+-
latch 

I~ _____________ _.f 

Note: If STB goes low IIere belore ISF goes low, original content. 01 port latch will cllange. 
STS must be keptlligh unllllBF goe.low to prevent 1088 of date. 

49·000624A 
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RIE [Read Interrupt Enable Flag]. RIE controls the 
interrupt output. Interrupts can be enabled by using 
the bit manipulation command to set this bit to 1, and 
disabled by resetting it to O. This signal is internal to the 
JlPD71 055 and is not an output. The state of RIE does 
not affect the function of STBO or STB1, which are 
inputs to the same bits (P24 and P22) of port 2. 

When input is specified in mode 1, the status of IBF, 
INT and RIE can be read by reading the contents of 
port 2. 

Figure 11. Mode 1 Output 

I 1 I 

GroupO 
I 

0 1 I 
L~ 

L... GroupO 
mode 

Group 1 
mode 

Command 
select 

0 

Command word 

I I 1 

r 

00 Mode 0 

01 Mode 1 

OX Mode 2 

0 Mode 0 

1 Mode 1 

0 Bit manipulation 

1 I Modeselect 

Figure 12. Mode 1 Output Timing 

W1E =1 

INT 

Group 1 
I 

0 

I 
I 

I 

pPD71055 

Mode 1 Output Operation 

In mode 1 output operation (figure 11), the status/ 
control bits (port 2) are used as listed below. 'Figure 12 
shows the signal timing. 

OBF [Output Buffer Full F/F). OBF goes low when data 
is received by the JlP071055 and is latched in output 
ports 1 or O. OBF functions as a data receive flag. OBF 
goes low at the rising edge of WR when OAK = 1 (write 
complete). It goes high when the OAK signal goes low. 

I 

0: 
1:ln 

INTI 
Port 1 
output 

PortO 
output 

ILP071055 
-----IP27 

WI EO and WIE1 
are controlled by 

manipulation command 

'Note: BII P23 I. available In Group 1 only when Group 0 II Mode O. For all other condltlonl 
P23 Is part of Group O. Thll diagram shows how bit P23 would be used If Group 1 
was In Mode 1. 

49.()()()616B 

[Note] 

0 7.00 ___ J'-__ --I>.~..J\---~\ ,_-------
,\ 

Portoutput ______ ~, ______ U_ _______ _ 

Note: If data II written to the I'PD71055 before OBF goes high the original contents of the 
port latch will change. Data mUlt not be written while OBF II low to prevent 1011 of data 

49.()()()623A 
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OAK [Data Acknowledge]. When this input is low, it 
signals the IIP071 055 that output port data has been 
taken from the 71055. 

INT [Interrupt Request]. INT goes high when the 
output data is taken when WIE is set to 1 and WR, OBF 
and OAK are all high. It goes low at the falling edge of 
the WR signal. INT therefore functions as a write 
request signal, indicating that new data should be 
sent to the IIP071 055. 

NEe 
Table 2. Functions of Port 2 Bits In Mode 1 
Group Bit Data Input Data Output 

1 P20 INT1 (Interrupt request) INT1 (Interrupt request) 
-P2-~------i"i3F1--(-i~p~t-b~ff;~-f~ii-fifi----oB-F1--(O-~-tP-~-t-b-~ff~~-f~-ii-f/f)-----

-P2-~------sii1--(St~~-b;-i~p-~-ti--------------D:A:K"1--iD~t~-~~-k-~~~i~dg-~----------

input) 
RIE1 (Read interrupt WIE1 (Write interrupt 
enable flag) enable flag) 

----_ ... -.-------_ ..... _----------_.----_ ....... ------...... -------_ ........ --.--........ ---_ ....... --------...... --
P23 I/O (Note) I/O (Note) 

WIE [Write Interrupt Enable Flag]. WIE controls the 0 P23 INTO (Interrupt request) INTO (Interrupt request) 
interrupt output. Interrupts can be enabled by using 
the bit manipulation command to set this bit to 1 and 
disabled by resetting it to O. This signal is internal to the 
IIP071055 and is not an output. The state of WI E does 
not affect the function of OAK addressed to the same 
bits of port 2. 

When output is specified in mode 1, the status of OBF, 
INT and WIE can be obtained by reading the contents 
of port 2. 

Table 2 shows a summary of these signals. 

Figure 13. Connection to Printer 

CPU !,-P071055 

------_ .. _------_ ... __ ._-----_ .... ---------_ ... ---------_._------------_ .. --------_ .... ----_ ....... ---------_ .. -----
P24 STBO (Strobe input) I/O 

RIEO (Read interrupt 
enable flag) 

P25 IBFO (Input buffer I/O 
full f/f) 

P26 I/O 

P27 I/O 

DAKO (Data acknowledge 
input) 
WIEO (Write interrupt enable 
flag) 

OBFO (Output buffer full f/f) 

Note: Can be used with group 1 only when group 0 is set to mode o. 
In other modes, P23 belongs to group o. 

Mode 1 Example 

This example (figure 13) demonstrates connecting 
a printer to the IIP071 055. Group 0 is used in mode 1 
output. Group 1 can operate in mode 0 or 1; in this 
example it is set to mode O. 

Printer 

P07 -POO f--_----:.s __ vl 
07-001\.-----:;.8_-.1107-00 One-shot delay 

, r OBFO (P271 ~:> STROBE 

OAKO(P2.lI--------I ACK 

P2s BUSY 

49-000625A 
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t-{EC J.lPD71 055 

Figure 14. Printer Example Subroutine 

;This subroutine sends character strings to the printer 
INIT: MOV AL,10101000B ;JlPD71 055 Mode Setting: 

;Group 0: mode 1 output 
;Group 1: mode a 

SENDPRN: 
PRNLOOP: 

WAIT: 

Mode 2 

OUT 
RET 
MOV 
MOV 
CMP 
BNZ 
RET 
IN 
MOV 
AND 
TEST 
BZ 
MOV 
AND 
TEST 
BNZ 
MOV 
OUT 
INC 
BR 

CTRLPORT,AL 

BW,DATA 
AL,[BW] 
AL,OFFH 
WAIT 

AL,PORT2 
CL,AL 
AL,80H 
AL,80H 
WAIT 
AL,CL 
AL,20H 
AL,20H 
WAIT 
AL,[BW] 
PORTO,AL 
BW 
PRNLOOP 

Mode 2 can only be used by group O.ln this mode, port 
a functions as a bidirectional8-bit data port operating 
under the control of the upper five bits of port 2 as 
control/status signals. In this mode, port a combines 
the input and output operations of mode 1. See figures 
15and16. 

In mode 2, the status of the following signals can be 
determined by reading port 2: OBFO, IBFO, INTO, WIEO, 
and RIEO. 

The DAKO and STBO signals are used to select input or 
output for port O. By using these signals, bidirectional 
operation between the JlPD71 055 and peripheral can 
be realized. 

In mode 2, the bit manipulation command is used to 
write to port 2. 

Control/Status Port Operation 

The following control/status signals are used for output: 

OBFO [Output Buffer Full]. OBFO goes low when data 
is received from the Do-D7 data bus and is latched in 
the port a output buffer. It therefore functions as a 
receive request signal to the peripheral. OBFO goes low 

;Output data address 

; End if data = OFFH 

;Wait until output buffer is empty 

;Wait until printer can accept data 

;Send data to printer 

at the rising edge of the WRO signal (end of data write). 
It goes high when DAKO is low (output data from port a II 
received). 

DAKO [Data Acknowledge]. DAKO is sent to the 
JlPD71 055 in response to the OBFO signal. It should be 
set low when data· is received from port a of the 
JlPD71 055. 

WIEO [Write Interrupt Enable Flag]. WI EO controls the 
write interrupt request output. Interrupts are enabled 
by using the bit manipulation command to set this bit to 
1 and disabled by setting it to O. The state of WIE does 
not affect the DAK function of this pin. 

The following control/status signals are used for input: 

STBO [Strobe Input]. When STBO goes low, the data 
being sent to the JlPD71055 is latched in port O. 

IBFO [Input Buffer Full F/F]. When IBFO goes high, it 
indicates that the input buffer is full. It functions as a 
signal which can be used to prohibit further data 
transfer. IBFO goes high when STBO goes low. It goes 
low at the rising edge of RDO when STBO = 1 (read 
complete). 
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Figure 15. Mode 2 
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Note: 

WINTO and RINTO are Internal Ilgnal. and are write and read Interrupt reque.t 
slgnall to the CPU, respectively. 

WINTO = OBFO .(0) WiEO (0) DAKo (.) WRO 

RINTO = IBFO (0) RIEO (0) STBO (0) ROO 

Allo note that 
INTO = WINTO (+) RINTO 

NEe 

49-000627A 

49-00062813 
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RIEO [Read Interrupt Enable Flag]. RIEO controls the 
read interrupt request output. Interrupts are enabled 
by using the bit manipulation command to set this bit to 
1 and disabled by setting it to O. The state of RIEO does 
not affect the STBO function of this pin. 

This control/status signal is used for both input and 
output: 

INTO [Interrupt Request]. During input operations, 
INTO functions as a read request interrupt signal. 
During output, it functions as a write request interrupt 
signal. Thissignal is the logical OR of the INTsignal for 
data read (RINTO) and the INTsignal for write (WINTO) 
in mode 1 (RINTO OR WINTO). 

In mode 2, the status of OBFO, IBFO, INTO, WIEO, and 
RIEO can be determined by reading port 2. 

Table 3 is a summary of these signals. 

Figure 17. Connecting Two CPUs 

pPD71055 

Table 3. Functions of Port 2 In Mode 2 

Bit function 

P23 INTO (Interrupt request) 

P24 STBO (Strobe input) 
RIEO (Read interrupt enable flag) 

P25 IBFO (Input buffer full f If) 

P26 DAKO (Data acknowledge input) 
WIEO (Write interrupt enable flag) 

P27 OBFO (Output buffer full f If) 

Mode 2 Example 

Figures 17,18, and 19 show data transfer between two 
CPUs. 

Main CPU "P071055 Sub CPU 

0 7-00 8 0 7-00 P07-POO 8 0 7-00 
~ r ~ 

OBFO(P27) NMI 

INT 
INTO 

oAKO(P2.) AD (P23) 

IBFO(P2s) INT 

STBO(P2.) WR 

49-000626A 
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Figure 18. Main CPU Flowchart 

49-006298 
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Figure 19. Sub CPU Flowchart, 
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Mode Combinations 
Table 4 is a complete list of all the combinations of 
modes and groups, and the function of the port 2 bits in 
each mode. 

Table 4. Mode Combinations and Port 2 Bit Functions 

Group 0 Group 1 

Mode P07-POo P27 P2a P25 P24 P23 Mode P17-P10 P23 P22 P21 P20 

0 In D D D D NA 0 In D D D D 

0 In D D D D NA 0 Out D D D D 

In D D D D NA In B STB1 IBF1 INT1 
(RIE1) 

In D D D D NA Out B DAK1 OBF1 INT1 
(WIE1) 

Out D D D D NA 0 In D D D D 

Out D D D D NA 0 Out D D D D 

0 Out D D D D NA In B STB1 IBF1 INT1 
(RIE1) 

Out D D D D NA Out B DAK1 OBF1 INT1 
(WIE1) 

In B B IBFO STBO INTO 0 In NA D D D 
(RIEO) 

In B B IBFO STBO INTO 0 Out NA D D D 
(RIEO) 

In B B IBFO STBO INTO In NA STB1 IBF1 INT1 
(RIEO) (RIE1) 

In B B IBFO STBO INTO Out NA DAK1 OBF1 INT1 
(RIEO) (WIE1) 

Out OBFO DAKO B B INTO 0 In NA D D D 
(WIEO) 

Out OBFO DAKO B B INTO 0 Out NA D D D 
(WIEO) 

Out OBFO DAKO B B INTO In NA STB1 IBF1 INT1 
(WIEO) (RIE1) 

Out OBFO DAKO B B INTO Out NA DAK1 OBF1 INT1 
(WI EO) (WIE1) 

2 1/0 OBFO DAKO IBFO STBO INTO 0 In NA D D D 
(WIEO) (RIEO) 

2 1/0 OBFO DAKO IBFO STBO INTO 0 Out NA D D D 
(WIEO) (RIEO) 

2 1/0 OBFO DAKO IBFO STBO INTO In NA STB1 IBF1 INT1 
(WIEO) (RIEO) (RIE1) 

2 1/0 OBFO DAKO IBFO STBO INTO Out NA DAK1 OBF1 INT1 
(WI EO) (RIEO) (WIE1) 

Note: 

(1) In this chart, "NA" indicates that the bit cannot be used by this group. 

(2) The symbol "8" indicates bits that can only be rewritten by the bit manipulation command. 

(3) In this chart, "D" indicates that is used by the user. 

(4) Symbols in parentheses are internal flags. They are not output to port 2 pins and they cannot be read by the host. 

(5) In indicates Input, Out indicates Output, and I/O indicates Input/Output. 
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NEe Electronics Inc. 

Description 

The pPD71059 is a low-power CMOS programmable 
interrupt control unit for microcomputer systems. It 
can process eight interrupt request inputs, allocating a 
priority level to each one. It transfers the interrupt with 
the highest priority to the CPU, along with interrupt 
address information. By cascading up to eight slave 
pPD71059s to a master pPD71059, a system can 
process up to 64 interrupt requests. System scale, 
interrupt routine address, interrupt request priority 
and masking are all under complete program control. 

Features 

o pPD8085A compatible (CALL mode) 
o pPD70108/70116 compatible (vector mode) 
o Eight interrupt request inputs per chip 
o Up to 64 interrupt requests inputs per system 

(extended mode) 
o Edge- or level-triggered interrupt request inputs 
o Each interrupt maskable 
o Programmable priority level 
o Polling operation 
o Single +5 V ±10% power supply 
o Industrial temperature range: -40 to +85°C 
o CMOS technology 

Ordering Information 
Order Code Package Type 

pPD71059C 28-pin plastic DIP 

pPD71059G 44-pin plastic miniflat 

pPD71059L 28-pin PLCC (available 3086) 

Pin Configurations 

28-Pln Plastic DIP 

44-Pln Plastic Mlnlflat 

Ne 

07 

0& 

Os 

04 

03 

02 

01 

00 

Ne 

He 

pPD71059 
INTERRUPT 

CONTROL UNIT 

INTP. 

INTP. 

INTP. 

INTP. 

INTP. 

INTP. 

SY[BUFR/Wj 

SA. 

83·00'220A 

Ne 

INTP7 

INTP& 

INTPs 

INTP4 

INTP3 

IHTP2 

1HTP1 

IHTPo 

He 

He 

83-001579A 
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Pin Identification 

Plastic DIP 

No. Symbol 

CS 

2 WR 

3 RD 

4-11 07-00 

12-13 SAO, SA1 

14 GND 

15 SA2 

16 SV(BUFR/W) 

17 INT 

18-25 INTPO-INTP7 

26 INTAK 

27 AO 

28 VDD 

Plastic Flatpack 

No. Symbol 

NC 

2-9 07-00 

10-13 NC 

14,15 SAo, SA1 

16 GND 

17 IC 

18 NC 

19 SA2 

20 SV (BUFR/W) 

21 INT 

22-24 NC 

25-32 INTPo-INTP7 

33-35 NC 

36 INTAK 

37 Ao 

38 VDD 

39 CS 

40 WR 

41 RD 

42-44 NC 

7-68 

Function· 

Chip select input 

Write strobe input 

Read strobe input 

Data bus 110 

Slave address 110, bits 0, 1 

Ground potential 

Slave address 110, bit 2 

Slave (Buffer read write) 110 

Interrupt output 

Interrupt inputs 

Interrupt acknowledge input 

Address input 

Power supply 

Function 

Not connected 

Data bus 110 

Not connected 

Slave address 110; bits 0, 1 

Ground potential 

Internally connected 

Not connected 

Slave address 110, bit 2 

Slave (Buffer read write) 110 

Interrupt output 

Not connected 

Interrupt inputs 

Not connected 

Interrupt acknowledge input 

Address input 

Power supply 

Chip select input 

Write strobe input 

Read strobe input 

Not connected 

Pin Functions 

D7-Do [Data Bus] 

NEe 

The 8-bit 3-state bidirectional bus transfers data to and 
from the CPU through the system bus. The data bus 
becomes active when data is sent to the CPU in the 
INTAK sequence. Otherwise, the data bus is high 
impedance. 

CS [Chip Select] 

The CPU uses the tJPD71059's CS input to select a 
tJPD71059 to read from (IN instructions) or write to 
(OUT instructions). The RD and WR signals to the 
tJPD71 059 are enabled when CS is low. CS is not used 
for the INTAK sequence. 

Ri5 [Read Strobe] 

The CPU sets the RD input to 0 when reading the 
internal registers IMR, IRR and ISR, and during polling 
operations to read polling data. 

WR [Write Strobe] 

The CPU sets the WR input to 0 when writing initializing 
words IW1-IW4 and command words IMW, PFCWand 
MCW. 

Ao [Address] 

The Ao input is used with CS, RD, and WR to read or 
write to the tJPD71 059. Normally, Ao is connected to Ao 
of the address bus. Table 1 shows the relationship 
between read/write operations and the control signals 
(CS, WR, RD, and Ao). 

INTP7-INTPo [Interrupt Request from Peripheral] 

I NTPy-1 NTPo are eight asynchronous interrupt request 
inputs. They can be set to be either edge-or level
triggered. These pins are pulled up by an internal 
resistance. Their power consumption is lower at high
level input than at lOW-level input. 

INT [Interrupt] 

INT is the interrupt request output from a 
tJPD71 059 to the CPU or master tJPD71 059. When an 
interrupt from a peripheral is input to an INTP pin and 
acknowledged, the tJPD71059 asserts INT high to 
generate an interrupt request at the CPU or master 
tJPD71 059. 
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INTAK [Interrupt Acknowledge] 

The INTAK input from the CPU acknowledges an 
interrupt from the pPD71 059. After acknowledging the 
interrupt request, the CPU returns three low-level 
pulses (pPD8085) or two low-level pulses (pPD70108/ 
70116). Synchronizing to these pulses, the pPD71 059 
sends a CALL instruction in three bytes, or an interrupt 
vector number in one byte through the data bus. 

SV [BUFR/W] [Slave, Buffer Read/Write] 

This pin has two functions. When no external buffer is 
used in the data bus, it is the SV input. When SV is low, 
the pPD71 059 acts as a slave. It operates as a master 
when SV is high. SV has no master/slave meaning 
when the pPD71059 is set to single mode. 

As the BUFR/W output, this pin can allow a bus 
transceiver to be controlled by the pPD71 059, if one is 
required. When the pPD71059 changes its data bus to 
output, it sets BUFR/W low. It sets BUFR/W high when 
the data bus changes to input. 

Table 1. Read/Write Operations 

pPD71059 

SA2-SAO [Slave Address] 

These pins are only used in systems with cascaded 
pPD71059s. The master pPD71 059 uses these pins to 
address up to eight slave pPD71059s. These pins are 
output pins for masters, and input pins for slaves. 

Note: In the single mode, SA2-SAO are output pins, but the output 
data has no meaning. 

Voo [Power Supply] 

This is the positive power supply. 

GN 0 [Ground] 

This is the ground potential. 

IC [Internally Connected] 

This pin must be left unconnected. 

cs iii WR AD Other Conditions JlPD71059 Operation CPU Operation 

o 
o 

o 

o 
1 

o 
Note: 

o 0 

o 

x x 
o o 

o 

x 
x 
x 

IRR set by MCW IRR to Data bus IRR read 
•• ________________________ • _______________________________________________________ ••••• ___ ••• ____ • __ •• ______ ••• _ ••• ___ •• ___ •• _______________________________ ••• ___ ••• ••• _0 ______ ----_._ •• _------------------------

ISR set by MCW ISR to Data bus ISR read 

Polling phase (Note 1) Polling data to Data bus Polling 

IMR to Data bus IMR read 

D4 = 1 Data bus to IW1 register IW1 write ..... -0 ....... _--_._----_ ...... _-_ .. _- ... -.. -... ·_-_·.0_ ... _______ .. ________ .. ________________ . ___ . ___________ . __ ... __ ...... _ .... __ .... __ ...................................................... __ .. ___ .. __ ..... . 
D4, D3 = 0 Data bus to PFCW register PFCW write 

.. -._--._-.... _ ........................... _ .......... ----_.-.- .. _-.... _-........ -....... _ ............................. _ ....... _ .................. _ ....... -........................... _ .... _ .... _ ................. . 

D4 = 0, D3 = 1 Data bus to MCW register MCW write 

(Note 2) Data bus to IW2 register IW2write 

Data bus to IW3 register IW3 write 

Data bus to IW4 register IW4 write 
....................................................................... _ .......... -... _ .............................................. _ ............................. -........................................... . 

After initializing Data bus to IMR IMW write 

Data bus high impedance 

Illegal 

(1) In the polling phase, polling data is read instead of IRR and ISA. 

(2) Refer to Control Words section for IW2-IW4 writing procedure. 
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Block Diagram 

0,-00 
'----,/1 

RD 

WR 

Ao 

DetllBU8 
Buffer 

Readl 
WrIte 

Control 

! In ID 

Initialization and 
Command Word 
Register Group 

Control Logic 

NEe 

SAo 

SA, 

SA. 

'----.. SV/(BUFR/W) 

I---_INT 

INTPo 
CS Priority 

j 
Service Decision INTP, 

Block Diagram Functions 

Data Bus Buffer 

Register 
(ISR) 

The data bus buffer is a buffer between 07-00 and the 
pP071059's internal bus. 

Read/Write Control 

The read/write control controls the CPU's reading and 
writing to and from the pP071059 registers. 

Initialization and Command Word Registers 

These registers store initializing words IW1-IW4 and 
command words PFCW (priority and finish control 
word) and MCW (mode control word). The CPU 
cannot read these registers. 

Interrupt Mask Register [IMR] 

The interrupt mask register stores the interrupt mask 
word (IMW) command word. Each bit masks an inter
rupt. If bit n of this register is 1, the interrupt request 
INTPn is masked and cannot be accepted by the 
pP071059. TT CPU can read this register by perform
ing an IN instruction with Ao = 1. 
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Logic 

INTP. 

INTP3 

INTP4 

INTP. 

INTP. 

INTP7 

49.000'468 

Interrupt Request Register [IRR] 

The interrupt request register shows which interrupt 
levels are currently being requested. If bit n of the IRR 
is 1, INTPn is requesting an interrupt. The CPU can 
read this register. 

In-Service Register [ISR] 

The in-service register shows all interrupt levels cur
rently in service. If bit n of this register is 1, the interrupt 
routine corresponding to INTPn is currently being 
executed. The CPU can read this register. 

Slave Control 

Slave control is used in systems with cascaded 
pP071 059s. A master pP071 059 uses it to control slave 
pP071059s, and a slave uses it to interface with the 
master pP071 059. 

Control Logic 

The control logic receives and generates the signals 
that control the sequence of events in an interrupt. 
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Priority Decision Logic 

The priority decision logic determines which interrupt 
request from the IRR will be serviced next. The 
decision is made based upon the current interrupt 
mask, interrupt service status, mode status, and current 
priority. 

Absolute Maximum Ratings 
~=~~ . 
Power supply voltage, Voo -0.5 to +7.0 V 

Input voltage, VI -0.5 to Voo + 0.3 V 

Output voltage, Vo -0.5 to Voo + 0.3 V 

Power dissipation, POMAX 500mW 

Operating temperature, T opt 

Storage temperature, T stg -65 to +150 °C 

Comment: Exposing the device to stresses above those listed in the 
absolute maximum ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational section of this specification. 
Exposure to absolute maximum ratings for extended periods may 
affect device reliability. 

Capacitance 
TA = 25°C; Voo = GND = 0 v 

Parameter 

Input 
capacitance 

1/0 
capacitance 

limits 

Symbol Min Typ Max Unit 

10 pF 

20 pF 

Test 
Conditions 

fc = 1 MHz 

Unmeasured pins 
returned to 0 V 

• 

J.lPD71 059 

DC Characteristics 
TA = -40°C to +85°C; Voo = 5 V ±10% 

Parameter 

Input voltage 
high 

Symbol 

Input VIL 
voltage low 

Output VOH 
voltage high 

Output VOL 
voltage low 

Input leakage IUH 
current high 

Input leakage IUL 
current low 

Output ILOH 
leakage 
current high 

Output ILOL 
leakage 
current low 

INTP input 
leakage 
current high 

INTP input 
leakage 
current low 

Supply 
current 
(dynamic) 

Supply 
current 
(power 
down mode) 

Note: 

IUPL 

1001 

1002 

Min 

2.2 

-0.5 

0.7 
(VOO) 

Limits 

Typ Max Unit 
Test 

Conditions 

3.5 

2 

Voo+ V 
0.3 

0.8 V 

V 10H = -400 pA 

0.4 VIOL = 2.5 rnA 

10 pA VI = Voo 

10 pA Vo = Voo 

-10 pA Vo=OV 

10 pA VI = Voo 

rnA 

50 pA Input Pins: 
VIH = Voo -0.1 V 
VIL =0.1 V 
Output Pins: Open 
(Note 1) 

(1) In power down mode, INTP7 to INTPO, INTAK and CS must be at 
high level (VIH = Voo - 0.1 V). 
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AC Characteristics 
TA = -40 to +85°C; Voo ± 5 v + 10% 

Limits Test limits Test 

Parameter Svmbol Min TVp Max Unit Conditions Parameter Svmbol Min TVp Max Unit Conditions 

Read Timing Interrupt Timing 

Ao. CS set- tSAR 0 ns INTP pulse tlPIPL 100 ns (Note 1) 
up to RD l width 

Ao. CS hold tHRA 0 ns SA set-up to tSSIA 40 ns Slave 
from AD t second

1 
third 

RD pulse tRRL 160 
INTAK 

ns 
width low INTAK pulse tlAIAL 160 ns 

RD pulse tRRH 120 ns 
width low 

width high INTAK pulse tlAIAH 120 ns INTAK Sequence 

Data delay tORO 120 ns CL=150pF 
width high 

from RD I INT delay tDiPI 300 ns CL = 150 pF 

Data float tFRO 10 85 ns CL = 100 pF 
from INTP t 

from RD t SA delay tOIAS 360 ns Master. 

Data dela,L tOAD 200 ns CL=150pF from first CL=150pF 
INTAK l 

from Ao. CS 

BUFR/W tORBL 100 ns Data delay to lAO 120 ns CL = 150 pF 

delay 
from INTAK l 

from RD l Data float tFIAO 10 85 ns' 

BUFR/W tORBH 150 ns from INTAK t 
delay from Data delay toso 200 ns Slave. 
RDt from SA CL = 150 pF 

Write Timing BUFR/W tDlABL 100 ns CL = 150 pF 

Ao. CS set- tSAW 0 ns delay from 

up to WR l INTAK l 

An. CS hold tHWA 0 
BUFR/W tDiABH 150 ns 

ns delay from from WR t INTAK t 
WR pulse tWWL 120 ns Other Timing 
width low 

Command tRv1 120 (Note 2) 
WR pulse tWWH 120 

ns 
ns recovery time width high 

Data set-up tsow 120 
INTAK tRV2 250 ns (Note 3) 

ns recovery time from WR t 
INTAKI tRV3 250 (Note 4) 

Data hold tHWO 0 
ns ns command from WR t recovery time 

Notes: 

(1) The time to clear the input latch in edge-trigger mode. 

(2) The time to move from read to write operation. 

(3) The time to move to the next INTAK operation. 

(4) The time to move INTAK to/from command (read/write). 
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Timing Waveforms 

AC Test Input/Output Waveform 

24 2,.2~ ______________ ~2_.2 

0:4===X> Test Points :;;::::::x=== 
0.8 0.8 

49-000166A 

Read Cycle 

AO,CS ----'-Jr.----------------------------r'---
tRRL-----I

1

}--1 ________ _ 

49-000164A 

Write Cycle 

AO, CS ===*1'-------------------------
!--tSAW 

07-00. _________________ J~~------~~~-------

49-000165A 

INTAK Sequence (CALL Mode) f.1PDBOB5 

~r-tOIPI 

MP -f=r 11<-__ \ ______ _____ 

INT * L 

0 7-00 ------------1--< 

SA2 -SAo ---------------~ 
83-001629A 

pPD71059 

INTAK Sequence (Vector Mode) f.1PD7010B/70116 

~I IJ,- rtolPI ,.,. -tt-I ,'----------
INT--------1 \\...---------

INTAK ---------, 

tlAIAL 

0 7-00 -------------1--------+--<1 

SA2-SAo ------------------

INTP Input Should be Malntained..!!.!:!!gh Level 
until the Leading Edge of the 1st INTAK Pulse. 

Other-Timing 

49-000168A 

r-- I-- tOIABH 

_ ~ tOIABL =1~_ 
INTAK~ -X' 

i""WJj."Nm~_""_1 
INTAK or RD/WR ~1<--------1 

49-000169A 
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Interrupt Operation 

Almost all microcomputer systems use interrupts to 
reduce software overhead when controlling periph
erals. However, the number of interrupt pins on a CPU 
is limited. When the numberof interrupt lines increases 
beyond that limit, external circuits like the pPD71 059 
become necessary. 

The pPD71059 can process eight interrupt request 
according to an allocated priority order and transmit 
the signal with the highest priority to the CPU. It also 
supplies the CPU with information to ascertain the 
interrupt routine start address. Cascading pPD71059s 
by connecting up to eight "slave" pPD71059s to a 
single "master" pPD71 059 permits expansion to up to a 
maximum of 64 interrupt request signals. 

Interrupt system scale (master/slave), interrupt routine 
addresses, interrupt request priority, and interrupt 
request masking are all programmable, and can be set 
by the CPU. 

Normal interrupt operation for a singlepPD71059 is as 
follows. First, the initialization registers are set with a 
sequence of initialization words. When the pPD71059 
detects an interrupt request from a peripheral to an 
INTP pin it sets the corresponding bit of the interrupt 
request register (IRR). The interrupt is checked against 
the interrupt mask register (IMR) and the interrupt 
service register (ISR). If the interrupt is not masked 
and there is no other interrupt with a higher priority in 
service or requesting service, it generates an INT 
signal to the CPU. 

The CPU acknowledges the interrupt by bringing the 
I NTAK line low. The pPD71 059 then outputs interrupt 
CALL or vector data onto the data bus in response to 
INTAK pulses. During the last INTAK pulse, the 
pPD71059 sets the corresponding bit in its ISR to 
indicate that this interrupt is in service and to disable 
interrupts with lower priority. It resets the bit in the IRR 
at this point. When the CPU has finished processing 
the interrupt, it will inform thepPD71059 by sending a 
finish interrupt (FI) command. This resets the bit in the 
ISR and allows the pPD71 059 to accept interrupts with 
lower priorities. If the pPD71 059 is in the self-FI mode, 
the ISR bit is reset automatically and this step is not 
necessary. 
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Software Features 

The pPD71059 has the following software features: 

• Interrupt types: CALL/vector 
• Interrupt masking: Normal/extended nesting 
• End of interrupt: Self-FI/normal FI/ 

specific FI 
• Priority rotation: Normal nested/extended 

nested/exceptional nested 
Automatic priority rotation 
Rotate to specific priority 

• Polled mode 
• CPU-readable registers 

Hardware Configurations 

The pPD71059 has the following hardware config
urations: 

• Interrupt input: 
• Cascading pPD71059s: 

• Output driver control: 

Mode Control 

Edge/level sensitive 
Single/extended 
(master/slave) 
Buffered/non-buffered 

These features and configurations are selected and 
controlled by the four initialization words (IW1-IW4) 
and the three command words (IMW, PFCW, and 
MCW). The format of these words are shown in figu res 
2 and 3, respectively. 

Control Words 
There are two types of pPD71059 control words: 
initialization words and command words. 

There are four initialization words: IW1-IW4. These 
words must be written to the pPD71 059 at least once to 
initialize it. They must be written in sequence. 

There are three types of command words: interrupt 
mask word (IMW), priority and finish control word 
(PFCW), and the mode control word (MCW). These 
words can be written freely after initialization. 
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Initialization Words 

Initialization sequence. When data is written to a 
pP071059 after setting Ao = 0 and 04 = 1, data is 
always accepted as IW1. This results in a default 
initialization as shown below. See figure 1. 

(1) The edge-trigger circuit of the INTP input is 
reset. IRR is cleared in the edge-trigger mode. 

(2) ISR and IMR are cleared. 

(3) I NTP7 receives the lowest priority; I NTPo 
receives the highest. 

(4) The exceptional nesting mode is released. IRR 
is set as the register to be read. 

(5) Register IW4 is cleared. The normal nesting 
mode, non-buffer mode, FI command mode, 
and CALL mode are set. 

Initialization Words. The initialization words are written 
consecutively, and in order. The first two, IW1 and IW2, 
set the interrupt address or vector.IW3 specifies which 
interrupts are slaves for master systems, and defines 
the slave number of a slave system. Therefore, IW3 is 
only required in extended systems. ThepP071059 will 
only expect it if bit 01 of IW1, SNGL = O. IW4 is only 
written if bit Do of IW1, 14 = 1. See figure 2 for the format 
of the initialization words. 

Command Words 

The command words give various commands to a 
pP071059 during its operation to change interrupt 
masks and priorities, to end interrupt processing, etc. 
See figure 3. 

IMW [Interrupt Mask Word]. This word masks the IRR 
and disables the corresponding INTP interrupt re
quests. It also masks the ISR in the exceptional nesting 
mode. Bits MrMo correspond to the interrupt levels of 
INTP7-INTPo, respectively. 

In the exceptional nesting mode, interrupts corre
sponding to the bits of IRR and ISR are masked if the 
Mn bit is set to 1. 

PFCW [Priority and Finish Control Word]. This word 
sets the FI (finish interrupt) command that defines the 
way that interrupts are ended, and the commands that 
change interrupt request priorities. 

When RP (rotate priority) is set to 1 , the priorities of the 
interrupt requests change (rotate). The priority order 
of the 81 NTP pins is as shown in figure 4. Setting a level 
as the lowest priority sets all the other levels corre
spondingly. For example, if INTP3 is the lowest 
priority, INTP4 will be the highest. (INTP7 has the 
lowest priority after initialization). 

pPD71059 

SIL (specify interrupt level) is set to 1 to change the 
priority order or designate an interrupt level. It is used 
with the RP and FI bits (bits 07 and 05). When SIL = 1 
and RP or FI = 1, the level identified by I L2-1 Lo is 
designated as the lowest priority level. The other 
priorities will be set correspondingly. When used with 
FI = 1, it resets the ISR bit corresponding to the 
interrupt leveIIL2-ILo. 

MCW [Mode Control Word]. This word is used to set 
the exceptional nesting mode, to poll the pP071059, 
and to read the ISR and IRR registers. 

Figure 1. Initialization Sequence 

CPU Sends 
IW1 

[Ao = 0,04 = 1J 

83-0016308 
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Bits SR and ISIIR are used to read the contents of the 
IRR and ISR registers. When SR = 0, no operation is 
performed. To read IRR or ISR, set Ao = 0 and select 
the IRR or ISR register by writing to MeW. To select 
the IRR register; write MeW with SR = 1 andlS/i'R = O. 
To select the ISR, write MeW with SR = 1 and IS/i'R = 1. 
The selection is retained, and MeW does not have to 
be rewritten to read the same register again. IRR and 
ISR are not masked by the IMR. 

Figure 2. Initialization Word Formats (Sheet 1 of 2) 

IW1 [Initialization Word 1] 

D. 0 3 O2 0, 

A7 I A. I As 1 I LEV I AG4 I SNGL I 14 I 

I j 

The Higher 3 Bits of 
the Lower Byte of 
the Interrupt Routine 
Address In CALL Mode 

IW2 [Initialization Word 2] 

AO 

IW3 [Initialization Word 3] Master Mode 

7-76 

IIW4 I 1 I IW4Write 

Selection 1 o 1 IW4 Not Written 

Y Interrupt l 1 J Single Mode 

Scale I o I Extended Mode 

J CALL Mode I 1 -' 
4 Bytes 

I Address Gap I o I 8 Bytes 

J INTPlnput I 1 J Level-Trigger Mode 

I Trigger I o I Edge-Trigger Mode 

A,s-A.: Higher Byte of Interrupt Routine 
Address in CALL Mode 

V7- V 3: The Higher 5 Bits of Interrupt 
Vector Number in Vector Mode 

INTP Input is a Slave 

INTP Input is Not a Slave 

NEe 

I 
I 

I 
I 

I 
I 

I 
I 

49·00016OC 
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Figure 2. Initialization Word Formats (Sheet 2 of 2) 

IW3 [Initialization Word 3] Slave Mode 

0 3 O2 0, 

I 0 I 0 I 0 I 0 I 0 SN2 SN, SNo 

0 0 0 0 
Slave Number 

0 0 1 1 

0 1 0 2 

0 1 1 3 

1 0 0 4 

1 0 1 5 

1 1 0 6 

1 1 1 7 

IW4 [Inilialization Word 4] 

0 3 O2 0, 

I 0 I 0 I 0 I EXTN I BUF BSV 1 SFI VIC J 

LJ 
Inlerrupl 1 Vector Mode 
Mode 
Select 0 CALL Mode 

-1 FI 1 Self-FI Mode 

Mode 0 FI Command Mode 

BUF BSV 

Buffer 0 X Non-Buffer Mode 
Mode 
Select 1 1 Buffer Mode Master 

1 0 Buffer Mode Slave 

Extended 1 Extended Nest Mode 

Nest 0 Normal Nest Mode 

49~()(){)'61C 
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Figure 3. Command Word Format 

IMW [Interrupt Mask Word) 

PFCW [Priority Finish and Control Word) 

Ao D7 D. Ds 

~ RP I SIL I FI I 

Priority 
Rotation and 
FI Command 

MCW [Mode Control Word) 

AD D7 D. D. 

~ X I SNM I EXCN I 

D2 D, Do 

M, M, I Mo 

I I I I 

J Interrupt 

I Mask 

D. D. D2 D, Do 

0 I 0 IL2 IL, I ILo 

Internal 0 
Level ~-+--+--+----i 

No Level Without Rotation 

FI Designation With Rotation 
Com-
mand Without Rotation 

With Level With Rotation 
Designation 

Without Rotation 
Non-

With Rotation FI 
Com-

No Level WIthout Rotation 
mand 

Designation 
With Rotation 

D. D. D, 0, Do 

o I POL I SR I ISIIR I 

Read 

Register 

Select 

I 
/ 

'--+-_-,tL~:1 Polling /1 
X No Operation 

ISRSelect 

IRRSelect 

Exceptional 

Nesting 

X No Operation 

Exceptional Nesting Mode Set 

Mode Exceptional Nesting Mode Release 
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I 1 Set Interrupt Mask 

I 0 Reset Interrupt Mask 

Normal FI Command 

Normal Rotation FI Command 

Specific FI Command 

Specific Rotation FI Command 

No Operation 

Specific Rotation Command 

SeH-FI Mode Rotation Reset 

SeH-FI Mode Rotation Set 

I 1 I Polling Command 

I 0 I No Operation 

49~OOO162C 
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Figure 4. INTP Priority Order 

Alter Initialization 

Highest Lowest 
Priority Priority 

Alter Rotation 

CALL or Vector Modes 

Highest 
Priority 

83-001631 A 

The pPD71 059 passes interrupt routine address data to 
the CPU in two modes, depending on the CPU type. 
This mode is set by bit VIC in initialization word IW4. 
V Ie is set to one to to select the vector mode for 
pPD701 OB170116 CPUs, and reset to zero to select the 
CALL mode for pPDBOB5A CPUs. 

CALL Mode [pPDSOS5A CPUs] 

In this mode, when an interrupt is acknowledged by 
the CPU, the pPD71 059 outputs three bytes of interrupt 
data to the data bus in its INTAK sequence. During the 
fi rst I NT AK pu Ise from the CPU, the pPD71 059 outputs 
the CALL opcode OCDH. During the next I NTAK pulse, 
it outputs the lower byte of a two-byte interrupt routine 
address. During the third INTAK pulse, it outputs the 
upper byte of the address. The CPU interprets these 
three bytes as a CALL instruction and executes the 
CALL interrupt routine. See figure 5 and the INTAK 
sequence (CALL mode) pPDBOB5 diagram in the AC 
Timing Waveforms. 

Interrupt routine addresses are set using words IW1 
and IW2 during initialization. However, only the higher 
ten or eleven bits of the interrupt addresses are set, 
A15-A6 or A15-A5. The pPD71059 sets the remaining 
low bits (D5-DO or D4-DO) to get the address of INTPn's 
interrupt routine. The addresses for INTPrlNTP7 are 
set in order of interrupt level. The space between 
interrupt addresses is determined by setting the AG4 
bit (address gap 4 bytes) of IW1. When AG4 = 1, the 
interrupt routine starting addresses are 4 bytes apart. 
Therefore, the starting address for INTPn is the starting 
address for INTPo plus four times n. When AG4 = 0, 
starting addresses are eight bytes apart, so the starting 
address for INTPn is the starting address for INTPo 
plus eight times n. See figure 6. 

pPD71059 

Vector Mode [pPD7010S170116 CPUs] 

I n the vector mode, the pPD71 059 outputs a one-byte 
interrupt vector number to the data bus in the INTAK 
sequence. The CPU uses that vector number to gen
erate an interrupt routine address. See figure 7. 

The higher five bits of the vector number, VrV3, are set 
by IW2 during initialization. The pPD71059 sets the 
remaining three bits to the number of the interrupt 
input (0 for INTPo, 1 for INTP1, etc). See figure B. 

The CPU generates an interrupt vector by multiplying 
the vector number by four, and using the result as the 
address of a location in an interrupt vector table 
located at addresses 000H-3FFH. See figure 9. 

System Scale Modes 

The pPD71 059 can operate in either single mode, with 
up to eight interrupt lines or extended mode, with more 
than one pPD71059 and more than eight interrupt 
lines. In extended mode apPD71059 is in either master 
or slave mode. 

Bit D1, SNGL (single mode), of the first initialization 
word IW1 designates the scale of the interrupt system. 
SNGL = 1 designates that only one pPD71059 is being 
used (single mode system). SNGL = 0 designates an 
extended mode system with a master and slave 
pPD71059s. In the single mode (SNGL = 1), the SV 
input and IW4 buffer mode bits D3 and D2 do not 
indicate a master/slave relation for the pPD71 059. 

Single Mode 

This mode is the normal mode of pPD71 059 operation. 
It has been described in the Interrupt Operation 
description. See figure 10 for a system example. 

Extended Mode 

In this mode, up to 64 interrupt requests can be 
processed using a master (pPD71 059 in master mode) 
connected to a maximum of eight slaves (pPD71059s 
in slave mode). See figure 11 for a system example. 
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Figure 5. CALL Mode Interrupt Sequence 

7-80 

Peripheral Circuit 
[Connected to INTPnl 

Generated Interrupi 
Request INTPn 

I 
I 
I 

Hold INTPn High until First 
INTAK Pulse Is Generated 

Reset Interrupl 
Requesl at INTPn 

INTAK 
Sequence 

,...PD71 059 
I 
I 

Output Address 
Higher Byte (ADH) 

to Data Bus 

Sel Bit n of ISR; 
Resel Bit n of IRR 

CPU (,...PD8085A) 
(Interrupt Enable) 

I 
I 
I 

NEe 

49000147C 
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Figure 6. CALL Mode Interrupt Address Sequence 

• Address Lower Byte [ADLJ During Second INTAK 

AG4 = 1 (4-Byte Spacing Address) 

Interrupt 
Level 0 7 

INTPo 

INTP, 

INTP2 

INTP3 

INTP4 

INTPs 

INTPs 

INTP7 

A7 

A7 

A7 

A7 

A7 

A7 

A7 

A7 

As 

A. 

A. 

A. 

As 

A. 

As 

As 

AG4 = 0 (S-Byte Spacing Address) 

Interrupt 
Level D7 

INTPo 

INTP, 

INTP2 

INTP3 

INTP4 

INTPs 

INTPs 

INTP7 

A7 

A7 

A7 

A7 

A7 

A7 

A7 

A7 

As 

As 

As 

A. 

As 

As 

As 

As 

Os 

As 

As 

As 

As 

As 

As 

As 

As 

0 

0 

0 

0 

1 

1 

1 

1 

Note: When AG4 = 0, bit As is ignored . 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

• Address Higher Byte [ADHl During Third .INTAK 

Os 

A,s A'4 A'3 A'2 

pPD71059 

D3 O2 0, 

0 0 0 0 

0 1 0 0 

1 0 0 0 

1 1 0 0 

0 0 0 0 

0 1 0 0 

1 0 0 0 

1 1 0 0 

D3 O2 D, 

0 0 0 0 

1 0 0 0 

0 0 0 0 

1 0 0 0 

0 0 0 0 

1 0 0 0 

0 0 0 0 

1 0 0 0 

D3 O2 0, 

A11 A,o 

83-001632A 
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Figure 7. Vector Mode Interrupt Sequence 

7-82 

Peripheral Circuit 
Connected to INTPn 

I 
I 

Hold INTPn High until 
First iRTAK Pulle 

II Generated 

INTAK 
Sequence 

.,.PD71059 

I 
I 

CPU (.,.PD701 08/70116) 
(Interrupt Enable) 

I 

NEe 

49000148C 
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Figure 8. Vector Numbers Output In Vector Mode 

Output During the Second INTAK 

Interrupt 
Levels 

INTPo 

INTP, 

INTP2 

INTPa 

INTP. 

INTPs 

tNTP. 

INTP7 

V7 

V7 

V7 

V7 

V7 

V7 

V7 

V7 

V. Vs 

V. Vs 

V. Vs 

V. Vs 

V. Vs 

V. Vs 

V. Vs 

V. Vs 

Figure 9. Interrupt Vectors for the pPD70108170116 

Vector Number x 4 

(Interrupt vector 
table address Is 
obtained by 
multiplying vector 
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Figure 10. Single Mode System 

Vector Table 
Address 

OOOH 

004H 
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3F8H 
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ILPD71059 

I------~ INTAK 

1------1 INT 

I-----~Ao 

Vector 0 

Vector 1 

Vector 2 
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Da D2 D, 

V. Va 0 0 

V. Va 0 0 

V. Va 0 1 

V. Va 0 1 

V. Va 1 0 

V. Va 1 0 

V. Va 1 1 

V. Va 1 1 

Interrupt Vector Table 

Program Counter Word 

Program Segment Word 

pPD71059 

0 

1 

0 

1 

0 

1 

0 

1 

83-0016338 

49-0001S2A 

7-83 



pPD71059 NEe 
Figure 11. Extended System Example with Three Slaves 
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Master Mode 

When a pPD71059 is a master in an extended mode 
system, 57-50 of IW3 (master mode) define which of 
INTP7':·INTPo are inputs from slave pPD71059s or 
peripheral interrupts. 

Consider an interrupt requestfrom I NTPn. If 5n = 0, the 
interrupt is from a peripheral (for example, INTPo of 
the master pPD71 059 in Figure 11), and the pPD71 059 
treats it the same way it would if it were in the single 
mode. SA2-5Ao outputs are low level and the master 
provides the interrupt address or vector number. 

If 5n = 1, the interrupt is from a slave (for example, 
INTP7 of the master). The master sends an interrupt to 
the CPU if the slave requesting the interrupt has 
priority. The master then outputs slave address n to 
pins 5A2-5Ao on the first INTAK pulse by the CPU. It 
lets slave n perform the rest of the INTAK sequence. 
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Slave Mode 

When a slave receives an interrupt request from a 
peripheral, and the slave has no interrupts with higher 
priority in service, it sends an interrupt request to the 
master through its INT output. When the interrupt is 
accepted by the CPU through the master, the master 
outputs the slave's address on pins 5A2-5Ao. Each 
slave compares the address on 5A2-5Ao to its own 
address. The slave that sent the interrupt will find a 
match. It completes the INTAK sequence the same 
way as a single pPD71059 would. 

The master outputs slave address 0 when it is proces
sing a non-slave interrupt. Therefore, do not use Oas a 
slave address if there are less than eight slaves con
nected to the master. 

Figures 12 and 13 show the interrupt operating se
quences for slaves in the extended mode. 
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Figure 12. Interrupt from Slave (CALL Mode) 
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Figure 13. Interrupt from Slave (Vector Mode) 
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Buffer and Non-Buffer Modes 

In a large system, a buffer may be needed by the 
pP071059 to drive the data bus. A buffer mode is 
supplied, with a signal to specify the buffer direction. 
In the buffer mode, SV (BUFR/W) is used to select the 
buffer direction and SV cannot be used to specify the 
master/slave mode. The master/slave selection must 
be set by IW4. IW4 bit 03, BUF (buffer) and O2 , BSV 
(buffered slave) are used together to set the buffer 
mode and master/slave relation. When BUF = 0, the 
non-buffer mode is set and BSV has no meaning. When 
BUF = 1, the buffer mode is set. In buffer mode, the 
pP071 059 is a master when BSV = 1 , a slave when BSV 
= O. See figure 14. 

Nesting Modes 

The way apP071059 handles interrupts when there is 
already an interrupt in service depends on the nesting 
mode. 

Normal Nesting Mode 

This mode is set when IW4 is not written or when IW4 
has EXTN = O. It is the most common nesting mode. 
See figure 15. 

When an interrupt is being executed in this mode (cor
responding bit of ISR = 1), only interrupt requests with 
higher priority can be accepted. 

Extended Nesting Mode 

This mode is only applicable to a master in the 
extended mode. A slave's eight interrupt priority levels 
become only one priority level when viewed by the 
master. Therefore, a request made by a slave with a 
higher priority than a previous request from the same 
slave will not be accepted. This cannot be called 
complete nesting since priority ranking within slaves 
loses its significance. 

The extended nesting mode is set by setting bit 04 of 
IW4 in both the master and the slave. Interrupt requests 
of a higher level than the one currently being serviced 
can be accepted in the master from the same slave in 
the extended nesting mode. 

Care should be exercised when issuing ~n FI (finish 
interrupt) command in the extended nesting mode. In 
an interrupt by a slave, the CPU first issues an FI 
command to the slave. Then, the CPU reads the slave's 
in-service register (ISR) to see if that slave still has 
interrupts in service. If there are no interrupts in 
service, (ISR = OOH) an FI command is issued to the 
master, as in the single mode when an interrupt is 
made by a peripheral. 

pPD71059 

Figure 14. Buffer Mode 

~ .......... :... 
~P071059 

Buffer 
A A. .A 

A B 0 7-00 

II' . I/' 

0 

.. 
" III 
.l!! 

Voo .!! 

-«l f' SV/(BUFR/W) 

~ 

Note 1: 0 determines data direction 
Low Level: A--->B 
High Level: A---B 
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Figure 15. Normal Nesting Mode 

Lowest Highest 
Priority Priority 

7 6 

IRR 1%0&021 0 I 0 I 0 I 0 

ISR P;0a?1:;?1 0 I 0 I 0 I 0 I 0 I 0 
Interrupts that can be accepted are INTP 5 through 
INTPo during execution of interrupt Lev~16. 

Request Generated in Level 2 

ISRI(O%l>$OX;O$O%''?J 0 I 0 

Interrupt Level 2 has been accepted and is being executed. 

Request Generated in Level 4 

IRR I( 0 J? 0 W 0 X; 1 %f 6 ?f;o a 0 I 0 

ISR~0$1%0%:0$0??;,a 0 0 I 
Level 4 requests cannot be accepted. 

Level 2 FI Command Issued 

ISR 12 0 $;' ?£ 0 /£ 1?1 0 lot 0 I 0 

Level 4 request can be accepted after processing of 
Level 2 has been. ended, when high level is maintained 
at INTP4 until INTP4 is accepted. 
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Exceptional Nesting Mode 

A JlPD71059 in the normal or extended nesting mode 
cannot accept interrupts of a lower priority than the 
interrupts in service. Sometimes, however, it is desir
able that requests with lower priority be accepted 
while higher-priority interrupts are being serviced. 
Setting the exceptional nesting mode allows this. After 
releasing the exceptional mode, the previous mode is 
resumed. 

The exceptional nesting mode is controlled by the 
SNM (set nesting mode) and EXCN (exceptional nest
ing mode) bits (06 and 05) of MCW. They set and 
release the exceptional nesting mode. The mode 
doesn't change when SNM = O. Exceptional nesting is 
set if SNM and EXCN = 1 and released when SNM =1 
and EXCN = O. 

Setting a bit in the IMW in the exceptional nesting 
mode, inhibits interrupts of that level and allows 
unmasked interrupts to all other levels, higher or lower 
priority. 

The procedure for setting the exceptional nesting (EN) 
mode is as follows: 

(1) Read the ISA. 
(2) Write the ISR data to the IMA. 
(3) Set the exceptional nesting mode. 

In this way, all interrupt requests not currently in 
service will be enabled. 

Figure 16 (a) shows what happens if IMR is not set to 
ISA. When the exceptional nesting is set, bit 2 of ISR 
will be ignored, and bit 5 will be serviced. Servicing bit 
5 will mask the lower priority interrupts 6 and 7. When 
the ISR is set equal to the IMR ,as in(b), all interrupts 
except 2 and 5 can be serviced when the exceptional 
nesting mode is set. 

Issuing an FI command to a level masked by the 
exceptional nesting mode requires caution. Since the 
ISR bit is masked, the normal FI command will not 
work. For this reason, a specific FI command specifying 
the ISR bit must be issued. After the exceptional mode 
is released, the normal FI command may be used. 
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Figure 16. Exceptional Nesting Mode 
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bit 2 o' the IMR is set to 1. 
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All requests other than those being executed can be accepted when the IMR is set the 
same as the ISR, in exceptional nesting mode. 
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Finishing Interrupts (FI) and Changing 
the Priority Levels 
The priority and finish control word (PFCW) issues FI 
commands and ch~nges interrupt priorities. 

Normal FI Command 

PFCW= 

When a normal FI command is issued, the JlP071 059 
resets the ISR bit corresponding to the highest priority 
level selected from the interrupts in service. This 
operation assumes that the interrupt accepted last has 
ended. 

When an interrupt routine changes the priority level or 
the exceptional nesting mode is set, this command will 
not operate correctly because the highest priority 
interrupt is not necessarily the last interrupt in service. 
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Specific FI Command 

07 06 05 04 03 02 01 Do 

PFCW = I 0 I 1 I 1 I 0 I 0 IIL211L1 IILo I 

When the specific FI command is issued, thepPD71059 
resets the ISR bit designated by bits IL2-ILo of the 
PFCW. This command is used when the normal nesting 
mode isn't being used. 

Self-FI Mode 

When SFI of IW4 = 1, the pPD71 059 is set to the self-FI 
mode. In this mode, the ISR bit corresponding to the 
interrupt is set and reset during the third INTAK pulse. 
Therefore, the CPU does not have to issue an FI 
command when the interrupt routine ends. In this 
mode, however, the ISR does not store the routine in 
service. Unless interrupts are disabled by the interrupt 
routine, newly generated interrupt requests are gen
erated without priority limitation by the ISR. This can 
cause a stack overflow when frequent interrupt requests 
occur, or when the interrupt is level triggered. 

Self-FI Rotation 

Rotation of interrupt priorities can be added to the 
self-FI mode. In this case, the corresponding interrupt 
is set to the lowest priority level when a bit is reset in 
the ISR at the end of the INTAK sequence. 

Self-FI Rotation Set: 

07 06 05 04 03 02 01 Do 

PFCW = I 1 I 0 I 0 0 0 X X X 

Self-FI Rotation Reset: 

07 06 05 04 03 02 01 Do 

PFCW= I 0 I o I o 1 o 1 0 X X X 

Normal Rotation FI Command 

07 06 05 04 03 02 01 Do 

PFCW= 0 0 0 X X X 

pPD71059 

When the normal rotation FI command is issued, the 
pPD71059 resets the ISR bit corresponding to the 
highest priority level selected from the interrupts in 
service, then rotates the priority levels so that the 
interrupt just completed has the lowest priority. 

Specific Rotation FI Command 

07 06 05 04 03 02 01 Do 

PFCW = 111 1 11 I 0 I 0 IIL211L1 I'Lo I 
When the specific rotation FI command is issued, the 
pPD71059 resets the ISR bit designated by bits IL2-ILo 
of the PFCW and rotates the interrupt priorities so that 
the interrupt just reset becomes the lowest priority. 
This change in priority levels is differentfrom the normal 
nesting mode, therefore, it is the user's responsibility 
to manage nesting. 

Specific Rotation Command 

07 06 05 04 03 02 01 Do 

PFCW = 1 1 1 1 1 0 I 0 1 0 I'L211L1 IILo 1 

When the specific rotation command is issued, the 
pPD71 059 sets the interrupt priority specified by I L2-1 Lo 7 
to the lowest priority. In this case also, the user must 
manage nesting. 

Triggering Mode 

Bit 03 of the first initialization word, IW1, is LEV (Ievel
trigger mode bit). LEV sets the trigger mode of the 
INTP inputs. The level-trigger mode is set when LEV = 
1. The risi ng-edge-triggered mode is set when LEV = O. 

Edge-Trigger Mode 

In the edge-trigger mode, an interrupt is detected by 
the rising edge of the signal on an INTP input. 
Although an IRR bit goes high when INTP is high, the 
IRR bit is not latched until the CPU returns an INTAK 
pulse. Therefore, the INTP input should be maintained 
high until INTAK is received. This filters out noise 
spikes on the INT lines. To send the next interrupt 
request, temporarily lower the INTP input, then raise it. 
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Level-Trigger Mode 

In the level-trigger mode, an IRR bit is set by the INTP 
input being at a high level. As in the edge-trigger mode, 
the INTP must be maintained high until the INTAK is 
received. Interrupts are requested as long as the INTP 
input remains high. Care should be taken so as not to 
cause a stack overflow in the CPU. See figure 17. 

Note: The pPD71059 operates as if the INTP7 interrupt had 
occurred if the INTAK pulse is senttothepPD71059 by the 
CPU when the pPD71059 INT output level is low. Bit 7 of 
ISR is not set. Accordingly, if it is expected that this will 
occur, the INTP7 interrupt should be reserved for servicing 
incomplete interrupts. The FI should not be issued for 
incomplete interrupts. See figure 18. 

Figure 17. INTP Input 

RESTG 

Figure 18. Incomplete Interrupt Request 

\'--------

::\ ..... ------I I First INTAK Pulse 
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I I INT Sampling by CPU _ _ 

Polling Operation 

49-0001S6A 

49-0001S7A 

When polling, the CPU should disable its INT input. 
Next, it issues a polling command to the pPD71059 
using MCW with POL = 1.· This command sets the 
pPD71 059 in polling mode until the CPU reads one of 
the pPD71059's registers. 
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When the CPU performs a read operation with Ao = 0 in 
the polling mode, polling data as shown in figure 19 is 
read instead of ISR or IRR. The pPD71059 then ends 
the polling mode. 

Figure 19. Polling Data 

D. 0, 

Mcw=IL-I_NT~ __ o_IL-_o~l_o~IL-°_~P_L~.~_PL~,~_P_L~O 
83-001635A 

The INT bit has the same meaning as the INT pin. 
When it is set to 1, it means that the pPD71059 has 
accepted an INTP input. 

The PL2-PLO (permitted level) bits show which INTP 
input requested an interrupt when INT = 1. 

If INT in the polling data is 1, thepPD71059 sets the ISR 
bit corresponding to the interrupt level shown by bits 
PL2-PLO of the polling data and considers that interrupt 
as being executed. The CPU then processes the 
interrupt accordingly, based on the polling data read. 
An FI command should be issued when this processing 
ends. 

Note: When a read is performed with AO = 1 after the polling 
command is sent to the pPD71059, the IMR will be read 
instead of polling data. However, when the polling command 
is sent, the pPD71 059 operates in the same manner when 
Ao = 0 as it does when Ao = 1. This means that although Ao 
was set to 1, the pPD71 059 will send the contents of the 
IMR, but it will also set an ISR bit just as it would if AO had 
been set to zero_ This may disturb the nesting. Therefore, 
performing a read operation with Ao = 1 immediately after 
sending the polling command should be avoided. 
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Description 

The IlPD71071 is a high-speed, high-performance 
direct memory access (DMA) controller that provides 
high-speed data transfers between peripheral devices 
and memory. A programmable bus width allows 
bidirectional data transfer in both 8- and 16-bit systems. 
In addition, the IlPD71071 uses CMOS technology to 
reduce power consumption. 

The IlPD71 071 can perform a variety of transfer func
tions including byte/word, memory-to-memory, and 
transfers between memory and I/O. The IlPD71071 
also utilizes single, demand, and block mode transfers; 
release and bus hold modes; and normal and com
pressed timing. 

Features 

o Four independent DMA channels 
o 16M-byte addressing 
o 64K-byte/word transfer count 
o 8- or 16-bit programmable data bus width 
o Enable/disable of individual DMA requests 
o Software DMA requests 
o Enable/disable of autoinitialize 
o Address increment/decrement 
o Fixed/rotational DMA channel priority 
o Terminal count output signal 
o Forced transfer termination input 
o Cascade capability 
o Programmable DMA request and acknowledge 

signal polarities 
o High performance: transfers to 5.33 Mbytes/s 
o 8-MHz operation 
o IlPD701 08170116-compatible 
o CMOS technology 
o Low-power standby mode 
o Single power supply, 5 V ±10% 
o Industrial temperature range, -40 to +85°C 

Ordering Information 
Part Maximum Frequency 
Number Package Type of Operation 

J.lPD71071C 48-pin plastic DIP 8 MHz 

J.lPD71071D 48-pin ceramic DIP 8 MHz 

J.lPD71071G 52-pin plastic miniflat 8 MHz 

J.lPD71071L 52-pin PLCC (available 3086) 8 MHz 

pPD71071 
DMA CONTROLLER 

Pin Configurations 

48-Pin Plastic DIP, Ceramic DIP 

ClK HlDRQ 

RESET HlDAK 

END/TC READY 

DMAAK3 cs 
DMAAK2 MWR 
DMAAK1 MFffi 
DMAAKO IOWR 

DMARQ3 KmD 
DMARQ2 UBE 

DMARQ1 AEN 

DMARQO ASTB 

GND Ao 

D1S/A23 VDD 

D14fA22 A1 

D1a1A21 

D12/A20 

D11/A19 

D10/A18 

Dg/A17 

DalA1S 

DS/A14 

Ds/A13 

D4f
A

12 --...-------' 

AS 

A7 

Do/A8 

D1/Ag 

D2/A10 

DalA11 

52-Pin Plastic Miniflat 

Dg/A17 

DalA16 

D7/A15 

D6/A14 

Ds/A13 

D4/A12 

IC 

D3/A11 

D2/A10 

D1/Ag 

Do/A8 

A7 

A6 
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DMAAK1 

DMAAK2 

DMAAK3 

END/TC 

RESET 

ClK 

IC 

HlDRQ 

HlDAK 

READY 

cs 
MWR 

MRD 
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Pin Identification 
Symbol Function 

A23-A8/ Bidirectional address/data bus 
D15-DO 

IC Internally connected; leave open 

A7-A4 Address bus output 

NC Not connected 

A3-AO Bidirectional address bus 

VDD Power supply 

ASTB Address strobe output 

AEN Address enable output 

UBE Upper byte enable input/output 

lORD I/O read input/output 

10WR I/O write input/output 

MRD Memory read output 

MWR Memory write output 

CS Chip select input 

READY Ready input 

HlDAK Hold acknowledge input 

HlDRQ Hold request output 

ClK Clock input 

RESET Reset input 

ENDITC End DMA transfer input/terminal count output 

DMAAK3- DMA acknowledge output 
DMAAKO 

DMARQ3- DMA request input 
DMARQO 

GND Ground 

Pi n Fu nctions 

ClK [Clock] 

ClK controls the internal operation and data transfer 
speed of the pPD71 071. 

RESET [Reset] 

RESET initializes the controller's internal registers and 
leaves the controller in the idle cycle (CPU controls the 
bus). Active high. 

EN D/TC [End/Terminal Count] 

This is a bidirectional pin. The END input is used to 
terminate the current DMA transfer. TC indicates the 
designate~cles of the DMA count transfer have 
finished. END/TC is open drain and requires an ext
ernal pull-up resistor. Active low. 
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DMAAK3-DMAAKO [DMA Acknowledge] 

DMAAK3-DMAAKO indicates to peripheral devices 
that DMA service has been granted. DMAAK3-DMAAKO 
respond respectively to DMA channels 3-0 and the 
polarities are user programmable. 

DMARQ3-DMARQO [DMA Request] 

DMARQ3-DMARQO accept DMA service requests from 
peripheral devices .. DMARQ3-DMARQO respond re
spectively to DMA channels 3-0 and the polarities are 
user programmable. DMARQ must remain asserted until 
DMAAK is asserted. 

GND [Ground] 

GND connects to the power supply ground terminal. 

A23-AS/D1S-Do [Address/Data Bus] 

A23-Aa/D1s-Do function as a 16-bit, multiplexed address/ 
data bus when thepPD71 071 is in the 16-bit data mode. 
In the 8-bit data mode, A23-A16 (pins 13-20) become 
address bits only and A15-As/DrDo (pins 21-28) remain 
an 8-bit multiplexed address/data bus. A23-AS/D1s-Do 
are three-state. 

A7-A4, A3-AO [Address Bus] 

ArA4, A3-AO function as the lower eight bits of the address 
bus. ArA4 output memory addresses during the DMA 
cycle and become high impedance in the idle cycle. 
A3-AO function as the lower four bits of the address bus. 
In the idle cycle, A3-AO become address inputs to select 
internal registers for the CPU to read or write. In the 
DMA cycle, A3-AO output memory addresses. 

Voo [Power Supply] 

Voo connects to the +S-V power supply. 

ASTB [Address Strobe] 

ASTB latches add ress A23-AS (16-bit mode)/ A1S-AS (8-
bit mode) from the address/data bus into an external 
address latch at the falling edge of ASTB during a DMA 
cycle. Active high. 

AEN [Address Enable] 

AEN enables the output of an external latch that holds 
DMA addresses. AEN becomes high during the DMA 
cycle. 
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UBE [Upper Byte Enable] 

USE indicates the upper byte of the data bus is valid 
during 16-bit mode. In the idle cycle during data 
transfer, the pPD71071 acknowledges data on D15-D8 
when USE is asserted. During a DMA cycle, USE goes 
low to signify the presence of valid data on D15-D8' 
USE has no meaning in 8-bit mode and becomes high 
impedance in the idle cycle and high level in the DMA 
cycle. Three-state, active low. 

lORD [I/O Read] 

In the idle cycle, lORD inputs a read signal from the 
CPU. In the DMA cycle, lORD outputs a read Signal to 
an I/O device. Three-state, active low. 

10WR [I/O Write] 

In the idle cycle, 10WR inputs a write signal from the 
CPU. I n the DMA cycle, 10WR outputs a write sig nal to 
an I/O device. Three-state, active low. 

MRD [Memory Read] 

During the DMA cycle, MRD outputs a read signal to 
memory. MRD is high impedance during the idle cycle. 
Three-state, active low. 

Block Diagram 

cs 
ClK 

RESET 

A 

( 
~ 

( . 
( . 

. 
v 

Bus Control Unit 

Address Bus 
Buffer 

Data Bus 
Buffer 

Bus Control 
logic 

11 
/ Internal Address 

\ Bus (24) 

'i 

Address 
Registers 

A 

pPD71071 

MWR [Memory Write] 

During the DMA cycle, MWR outputs a write signal to 
memory. MWR is high impedance during the idle cycle. 
Three-state, active low. 

CS [Chip Select] 

During the idle cycle, CS selects the,uPD71071 as an 
I/O device. Active low. 

READY [Ready] 

During a DMA operation, READY indicates that·a data 
transfer for one cycle has been completed and may be 
terminated. To meetthe requirements of low-speed I/O 
devices or memory, READY may be negated to insert 
wait states to extend the bus cycle unti.1 READY is again 
asserted. 

HLDAK [Hold Acknowledge] 

When active, HLDAK indicates that the CPU has 
granted the pPD71 071 the use of the system bus. Active 
high. 

HLDRQ [Hold Request] 

HLDRQ outputs a bus hold request to the CPU. Active 
high. 
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Block Diagram Description 

The JlPD71071 has the followi-ng functional units. 

• Bus control unit 
• DMA control unit 
• Address registers 
• Address incrementer/decrementer 
• Count registers 
• Count decrementer 
• Control registers 

Bus Control Unit 

The bus control unit consists of the address and data 
buffers, and bus control logic. The bus control unit 
generates and receives signals that control addresses 
and. data on the internal address and data buses. 

DMA Control Unit 

The DMA control unit contains the priority arid timing 
control logic. The priority control logic determines the 
priority level of DMA requests and arbitrates the use of 
the bus in accordance with this priority level. The DMA 
control unit also provides internal timing and controls 
DMA operations. 

Address Registers 

Each of the four DMA channels has one 24-bit base 
address register and one 24-bit current address register. 
The base address register holds a value determined by 
the CPU and transfers this value to the current address 
register during autoinitialization (address and count 
are automatically initialized). The channel's current 
address register is incremented/decremented for each 
transfer and always contains the add ress of the data to 
be transferred next. 

Address Incrementer/Decrementer 

The address incrementer/decrementer updates the 
contents of the curre'nt address register whenever a 
DMA transfer completes. 

Count Registers 

Each of the four DMAchannels has one 16-bit base 
count register and one 16:-bit current count register. 
The base count register holds a value written by the 
CPU and transfers the value to the current count 
register during autoinitialization. A channel's current 
count register is decremented for each transfer and 
generates a terminal count when the count register is 
decremented to FFFFH. 

Note: The number of DMA transfer cycles is actually the value 
of the current count register + 1, Therefore, when pro
gramming the count register, specify the number of DMA 
transfers minus One, 
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Count Decrementer 

The count decrementer decrements the contents of the 
current count register by one when each DMA transfer 
cycle ends. 

Control Registers 

The JlPD71 071 contains the following control registers. 

• Channel 
• Device 
• Status 
• Mode 
• Temporary 
• Request 
• Mask 

These registers control bus mode, pin active levels, 
DMA operation mode, mask bits, and other JlPD71 071 
operating functions. 

Absolute Maximum Ratings 
Power supply voltage, Voo -0.5 to +7.0 V 

Input voltage,VI -0.5 to Voo + 0.3 V 

Output voltage, Vo -0.5 to Voo + 0.3 V 

Operating temperature, TOPT -40 to +85°C 

Storage temperature, TSTG (D/G) -65 to +150°C 

Storage temperature, T STG (C) -40 to +125°C 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the. operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 
TA = 25°C 

Parameter 

Output 
capacitance 

Input 
capacitance 

I/O capacitance 

Symbol 

Co 

CI 

CIO 

Limits 

Typ Max 

4 8 

15 

10 18 

Test 
Unit Conditions 

pF fc =1.0 MHz 
Unmeasured 

pF pins returned 
to 0 V 

pF 
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DC Characteristics 
TA = -40 to +85°C, Voo = 5 V ±10% 

Limits Test 
Limits Test, 

Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Max Unit Conditions 

Input high VIH 3.3 Voo+ V ClK input pin HlDAK high tSHA 35 ns SO,S4,S4w 
voltage 0.3 setup time to 

--_ ............. _-_.- .......... _----_ .. _----_ ... __ . __ .... _-------_ ... -........ ClK low 
2.2 VOO+ V Other inputs 

0.3 AEN high delay tOAEH 90 ns S1, S2 

Input low VIL -0.5 0.8 V 
from ClK low 

voltage AEN low delay tOAEL 90 ns SI, S4w 

Output high VOH 0.7 V 10H = -400 pA 
time from ClK 
low 

voltage Voo 

Output low VOL 0.4 V 10L = 2.5 mA; 
ASTB high tOSTH 70 ns S1 
delay time 

voltage 2.7 mA (TC) from ClK low 
Input leakage 'll ±10 pA o V:5 VI:5 VOO ASTB low delay tOSTL 70 ns S1 
current time from ClK 
Output leakage ILO ±10 pA OV:5Vo:5VOO high 
current ASTB high level tSTSTH tKKL ns 
Supply current 1001 15 30 mA period -15 
(dynamic) ADR/UBE/RD/ tOA 100 ns S1, S2 
Supply current 1002 10 pA Inputs stable, WR (1) active 
(static) outputs open delay from ClK 

low 

AC Characteristics ADR/UBE/RD/ tFA 70 ns SI, S4w 
WR float time 

TA = -40 to +85°C, Voo = 5 V ±10% from ClK low 
Limits Test ADR setup time tSAST tKKL ns 

Parameter Symbol Min Max Unit Conditions to ASTB low -50 

II DMA Mode ADR hold time tHSTA tKKH ns 
from ASTB low -20 

Clock cycle tCYK 125 ns 
ADA/UBE off tOAF 0 70 S1,S2 ns 

Clock pulse tKKH 44 ns delay time from 
width high ClK low 

Clock pulse tKKL 55 ns AD low delay tOAR -10 ns 
width low time from ADA 

Clock rise time tKR 10 ns 1.5 V - 3.0 V float 

Clock fall time tKF 10 ns 3.0 V -1.5 V Input data delay tOMRIO 2tCYK ns S12 
time from MRD -100 

Input rise time tlR 20 ns low 

Input fall time tlF 12 ns Input data hold tHMRID 0 ns S14 

Output rise time tOR 20 ns time from MRD 
high 

Output fall time tOF 12 ns 
Output data tooo 10 100 S22 ns 

DMARQ setup tSOQ 35 ns S1, SO, S3, SW, delay time from 
time to ClK high S4w ClK low 

HlDAQ high tOHQH 100 ns S1, S4w Output data tHOO 10 ns S24 
delay from hold time from 
ClK low ClK high 

HlDRQlow tOHQL 100 ns S1, SO, S4w Output data tHMWOO tKKL - 50 ns 
delay from hold time from 
ClK low MWR high 

HlDAQ low tHQHQL 2tCYK ns S4w 
level period -50 
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AC Characteristics (cont) 

Limits Test Limits Test 
Parameter Symbol Min Max Unit Conditions Parameter Symbol Min Max Unit Conditions 

DMA Mode (cont) DMAAK inactive tODAI2 5 tKKL ns S4 cascade 
delay time from +80 mode, HlDAK 

RD low delay tOKLR 70 ns S2 normal HlDAK low low in S4 
time from ClK timing ____ o ___ • _____________ • ____ • •• •• __ ••• _____ • __ ••••• •••• __ •••• _ ••••••• ____ ••••••••••••• _ •••••• ____ 

low tOOAI3 tKKL 4 tCYK ns S4 cascade 
+80 +80 mode, HlDAK 

RD low delay tOKHR 70 ns S2 compressed low except in 
time from ClK timing S4 
high 

DMAAK active tOAOA 2 tCYK Cascade mode ns 
RD low level tRRL1 2tCYK - 50 ns Normal timing level period 
period -----_ .... _-----.-----_. __ ._---- .. ---------------...... _-.... --_. __ .. ---_ .... -----.... _----_ .... 

tRRL2 tCYK+ ns Compressed TC low delay tOTCL 100 ns S3 
tKKH - 50 timing time from ClK 

RD high delay tORH 15 100 ns S4 high 

time from elK TC off delay tOTCF 40 ns S4 
low time from ClK 

ADR delay time tORA tCYK - 40 ns high 

from RD high TC high delay tOTCH tKKH+ ns o to 2.2 V (2) 

WR low delay tOWL1 10 70 ns S3 normal time from ClK tCYK 

time from ClK write high -10 

low TC low level tTCTCL tCYK ns 

WR low delay tOWL2 10 70 ns S2 extended period -15 

time from elK write, normal END low setup tSEO 35 ns S2 
low timing time to ClK high 

WR low delay tOWL3 10 70 ns S2 extended END low level tEOEOL 100 ns 
time from elK write, period 
high compressed 

READY setup tSRY 35 ns S3, SW timing 
time to ClK high 

WR low level tWWL1 tCYK - 50 ns Normal write 
READY hold tHRY 20 S3,SW period ----------------.-----_ .. _------.. --------_._-------------_ ... ----------.-.... ------_ .. _---_ ... - ns 

tWWL2 2tCYK - 50 ns Extended write, time from elK 
normal timing high 

--_ .. -----_ .. ---........ _----_ .. _-_ ..... _---_.-.. _-_ .. _._ .. _----... _----------------------.-----
tWWL3 tCYK + ns Extended write, Note: 

tKKH - 50 compressed 
(1) Ro/WR refers to lORD or MRD and IOWR or MWR, respectively. timing 

WR high delay tOWH 10 80 ns S4 (2) For END/TC, output load capacitance = 75 pF maximum. To 

from elK low meet the tOTCH parameter use a 2.2-kO pull-uP3sistor with a 
load capacitance of 75 pF. For other than END/TC, output load 

RD, WR low tOOARW 0 ns S1,S2 capacitance = 100 pF maximum. 
delay from 
DMAAK active 

RD high delay tOWHRH 5 ns 
time from WR 
high 

DMAAK delay tOKHOA 10 70 ns S11/0 memory 
time from ClK timing 
high 

DMAAKdeiay tOKLOA 10 115 ns S1 cascade 
time from ClK mode 
low 

DMAAK inactive tOOAI1 10 70 ns S4 
delay time from 
ClK high 
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AC Characteristics (cont) Timing Waveforms 
Limits Test 

Parameter Symbol Min Max Unit Conditions 
Timing Measurement Points 

Programming Mode and RESET 2.4V~2.2V>- T~st <2.2VX== 

IOWR low level tlWIWL 100 ns 0.8 V POints 0.8 V 
0.4 V 

period 83-003764A 

CSlow~ tSCSIW 100 ns 
time to IOWR Clock Timing 
high 

CS hold time tHIWCS 0 ns 
from IOWR high 

elK 

ADR/UBE setup tSAIW 100 ns 
time to IOWR 

49-000764A 
high 

ADR/UBE hold tHIWA 0 ns 
time from IOWR Input/Output Edge Timing 
high 

Input data tSlDlW 100 ns 1ttiF r setup time to Input 

IOWR high 

Input data..!J..Q!Q. tHlwlD ns 
1[t

OF r time from IOWR Output 

high 

lORD low level tlRlRL 150 ns 49-000786A 

period 

ADR/CS setup tSAIR 35 ns 
time to lORD low 

ADR/CS hold tHIRA 0 ns 
time from lORD 
high 

Output data tDIROD 120 ns 
~timefrom 
lORD low 

Output data tFIROD 100 ns 
float time from 
lORD high 

RESET high tRESET 2tCYK ns 
level period 

VDD setup time tSVDD 500 ns 
to RESET low 

IOWRIIORD tSYIWR 2tCYK ns RESET low to 
wait time from first read/write 
RESET low 

IOWRIIORD tRVIWR 200 ns 
recovery time 
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Timing Waveforms (coni) 

Memory-to-Memory Transfer Timing 

ClK 

AEN 

ASTB 

AOR/OB -------<I 

tFA 

~~~-----<l 
~--~+-----------~--~---' 

tRRLI 

MiUi-----...JI 

E 
1 eW~Ll - tOWH 

MWR------'/~------------------------------------~~'~\~_--_-__ --_~~ "MWO' ______________ _ 

tWWL2 

tOWL2 ID 
83·003752C 

Ready Timing 

ClK 

READY 

83-0037538 
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Timing Waveforms (cont) 

Programming Mode and RESET Timing 

VDD 
I 

--.J 
tSVDD 

.". 
RESET / 

tRESET tSYIWR 

\ iOwA 
or lORD 

tRVIWR 

CS IOWR 

ADR 

lORD 
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ENDITC Timing 
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n: --------------------------+-----------~ 
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Timing Waveforms (cont) 

Bus Walt Timing 

ClK 

HlDAK 

1-----tHQHQL-----J 

HlDRQ 

AEN 

DB/ADR -----------------""" Rl5Mm ___________________ -n 

Cascade Timing 

so S1 S2 S3 54 54 

ClK 

DMARQ ------~----------------------------~-----,-~ 
(Active 

High) 

HlDRQ 

HlDAK 

DMAAK 
(Active 

High) -----

tOKLOA 

1-------tOOAI3------00t 

1----------tOAOA----------t 

pPD71071 

83-0037568 

54 SI 

83-0037578 

7-101 



pPD710'71 

Functional Description 

DMA Operation 

The pPD71071 functions in three cycles: idle, DMA, 
and standby. In an idle or standby cycle, the CPU uses 
the bus, while in a DMA cycle, the pPD71071 uses it. 

Idle Cycle. Inan idle cycle, there are no DMA cycles 
active, but there may be one or more active DMA 
requests; however, the CPU has not released the bus. 
The pPD71071 will sample the four DMARQ input pins 
at every clock. If one or more inputs are active, the 
corresponding DMA request bits (RQ) are set in the 
status register and the pPD71071 sends a bus hold 
request to the CPU. The pPD71071 continues, to 
sample DMA requests until it obt~ins the bus. 

After the CPU returns a HLDAK signal and the 
pPD71071 obtains the bus, the pPD71 071 stops DMA 
sampling and selects the DMA channel with the highest 
priority from the valid DMA request signals. Program
mingofthepPD71071 isdonewhenthepPD71071 isin 
the idle cycle or the standby mode. 

DMA Cycle. In a DMA cycle, thepPD71071 controls the 
bus and performs DMA transfer operations based on 
programmed information. Figure 1 outlines the sequen
tialflow of a DMA operation. 

Standby Mode. The pPD71071 can also be used in 
standby mode. It is in standby mode and consumes the 
static supply current (IDD2) when the clock is turned off 
and no I/O read or write operations are being per
formed. All internal registers will retain their contents. 

The pPD71071 can be programmed (using 10WR) and 
read (using lORD) with the clock off. The pPD71071 
only uses the clock for the DMA data transfer cycles. 
The clock may be turned off without altering the 
internal registers when the pPD71071 is in the idle 
cycle. If the clock is turned off during a DMA transfer, 
the pPD71071 will not operate correctly. When the 
clock is off, the DMARQ inputs will not be recognized. 
The DMARQ inputs could be externally logically ORed 
and cause an interrupt to the CPU. The CPU could then 
turn on the clock, thus activating the pPD71071. If the 
previously programmed mode of operation is still valid, 
the pPD71071 does not have to be reprogrammed. 

Data Bus Width 

In order to allow an easy interface with an 8- or 16-bit 
CPU, the data bus width of the pPD71071 is user 
prog ram mabie for 8 or 16 bits. A 16-bit data bus allows 
16-bit memory-to-memory DMA transfers and also 
provides a one-I/O bus cycle access to the 16-bit 
internal registers. 
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Table 1 shows the rel~tionshiROf the data bus width; 
Ao, UBE, and the internal registers. 

Table 1. Data Bus Width 

Bus Width AD UBE Internal Read/Write Registers 

a bits x X 07-00 +--7 a-bit internal register 

16 bits o 1 07-DO +--- a-bit internal register 
.. _-_ ... _-----._ .... _--------._ ... _--------.- .... ---_.---- ..... __ ._--------_ ... _-------_ .. 

o 015-08 - a-bit internal register 
----_ ... ------._-_ ... _-------------------_._.-----_ ... ----....... _-----------_ .... _-----_. 

o 0 015-00 - 16-bit internal register 

Figure 1. DMA Operation Flow 

Idle Cycle 

• •••• (4) 

••••• (5) DMA Cycle 

• •••• (6) 

......_---,.--_ ... 
..... (7)} Idle Cycle 
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Terminal Count 

The JlPD71071 ends DMA service when it generates a 
terminal count (TC) or when the END input becomes 
active. A terminal count is produced when a borrow is 
generated by the current count register and a low-level 
pulse is output to the 'fC pin. Figure 2 shows that the 
current count register is tested after each DMA 
operation. 

If autoinitialize is not set when DMA service ends, the 
mask register bit applicable to the channel where 
service ended is set, and the DMARQ input of that 
channel is masked. 

DMA Transfer Type 

The type of transfer the JlPD71 071 performs depends 
. on the following conditions. 

• Memory-to-memory transfer enable 
• Direction of memory-to-I/O transfer (each channel) 
• Transfer mode (each channel) 
• Bus mode 

Memory-to-Memory Transfer Enable. The JlPD71071 
can perform memory-to-IIO transfers (one transfer 
cycle in one bus cycle) and memory-to-memory trans
fers (one transfer in two bus cycles). To select 
memory-to-memory transfer, set bit 0 of the device 
control register to 1. The DMA channels used in 
memory-to-memory transfers are fixed, with channel 0 
as the source channel and channel 1 as the destination 
channel. Channels 2 and 3 cannot be used in memory
to-memory transfers. The contents of the count 
registers and word/byte transfer modes of channels 0 
and 1 should be the same when performing memory
to-memory transfer. 

Figure 2. Generation of Terminal Count (TC) 

83-003758A 
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For memory-to-memory byte transfer in 16-bit data 
bus mode, a read data from upper data bus is to be 
written to upper data bus, while a read data from lower 
data bus is to be written to lower data bus. Therefore, 
start addresses for source and destination mustbe the 
even-even or odd-odd. For word transfer, only even
even addresses are to be set for source and destination. 
(See Byte/Word Transfer paragraphs below.) When 
DMARQO(channel 0) becomes active, the transfer is 
initiated. 

During memory-to-memory bus cycles in the 16-bit 
mode, data read from the DMAC's upper (lower) data 
bus is written to the upper (lower) data bus of the 
destination device. Thus, for word transfers, only even 
source and destination addresses should be used. 

The DMA request input pin or a software DMA request 
to channel 0 may initiate memory-to-memory transfers. 
The JlPD71 071 performs the following operations until 
a channel 1 terminal count or END input is present: 

• During the first bus cycle, the memory data pointed 
to by the current address register of channel 0 is 
read into the temporary register of the JlPD71071 
and the address and count of channel 0 are updated. 

• During the second bus cycle, the temporary register 
data is written to the memory location shown by the 
current address register of channel 1, and the 
address and count of channel 1 are updated. 

Note: If DMARQ1 (channel 1) becomes active, the JlPD71 071 
will perform memory-to-I/O transfer even though memory-to
memory transfer is selected. Since this may cause erroneous 
memory-to-memory transfers, mask out channel 1 (DMARQ1) 
by setting bit 1 of the mask register to 1 before starting 
memory-to-memory transfers. 

During memory-to-memory transfers, the addresses 
on the source side (channel 0) can be fixed by setting 
bit 1 of the device control register to 1.ln this manner, a 

Figure 3. Memory-to-Memory Transfer in 16-Bit Data 
Bus Mode 

I'PD71071 
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range of memory can be initialized with the same value 
since the contents of the source address never change. 
During memory-to-memory transfer, the DMAAK signal 
and channel O's terminal count (FG) pulse are not 
output. (See figure 3.) 

Direction of Memory-to-I/O Transfers. All DMA trans
fers use memory as a reference point. Therefore, a 
DMA read reads a memory location and writes to an 1/0 
port; A DMA write reads an I/O port and writes the data 
to a memory location. In memory-to-I/O transfer, use 
the mode control register to set one of the transfer 
directions in table 2 for each channel and activate the 
appropriate control signals. 

Table 2. Transfer Direction 

Transfer Direction 

Memory""";' I/O (DMA read) 

I/O - memory (DMA write) 

Verify 
(Outputs addresses only. Does not 
perform a transfer.) 

Activated Signals 

10WR, MRD 

lORD, MWR 

Transfer Modes. In memory-to-I/O transfer, the mode 
control register selects the single, demand, or block 
mode of DMA transferforeach channel. The conditions 
for the termination of each transfer characterize each 
transfer mode. Memory-to-memory transfers have no 
relationship to single, demand, or block mode. Memory-to
memory transfers are a separate and distinct type of 
transfer-- mode. Table 3 shows the various transfer 
modes and termination conditions. 

Table 3. Transfer Termination 

Transfer Mode 

Single 

Demand 

Block 

Memory-to
memory 

End of Transfer Conditions 

After each byte/word 

END input 
Generation of terminal count 
When DMA request of the channel in service 
becomes inactive 
When DMA request of a channel in higher priority 
becomes active (bus hold mode) 

END input 
Generation of terminal count 

END input 
Generation of terminal count 

Bus Modes. The device control register selects either 
the bus release or bus hold mode. The bus mode 
determines when the pPD71 071 returns the system bus 
to the CPU. The pPD71 071 can be in either the release 
or hold modes for the single, demand, or block mode 
transfers. Therefore, there are six possible mode 
combinations. 
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Figure 4 shows that in bus release mode, only one 
channel can receive service after obtaining the bus. 
When DMA service ends (end of transfer conditions 
depend on the transfer mode), the channel returns the 
bus to the CPU (regardless of the state of other DMA 
requests) and the pPD71071 enters the idle cycle. 
When the pPD71 071 regains use of the bus, a new DMA 
operation begins. 

Figure 4. Bus Modes 

RlghttoUse 
Bus 

Service 
Channel 

Rightto Use 
Bus 

Service 
Channel 

Bus Release Mode 

CPU ---, n n n r-
fJ.PD71 071 L.J L.J W L.J 

CHO CH1 CH2 CH3 

Bus Hold Mode 

CPU 

fJ.PD71 071 ~ 
CHO i CH1 i CH21 CH3 

49-000522A 

In bus hold mode, several channels can receive service 
without releasing the bus after obtaining it. If there is 
another valid DMA request when a channel's DMA 
service is finished, the new DMA service can begin 
after the previous service without returning the busto 
the CPU. End of transfer conditions depend on the 
transfer mode. A channel cannotterminate (end count) 
a transfer mode and immediately start on its next set of 
transfers. There must be another DMA channel service 
interleaved or the pPD71 071 will put in an idle cycle. 
The following shows an example of the possible se
quences for Channel 2. 

CHAN2 - CHANn (n = 0,1,3) -+ CHAN2 
or, 
CHAN2 - idle -+ CHAN2 

The operation of single, demand, and block mode 
transfers depends on whether the pPD71071 is in bus 
release or bus hold mode. In bus release mode, only 
one type of bus mode (single, demand, or block) is 
used each time the pPD71071 has the bus. In bus hold 
mode, multiple types of transfers are possible. Channel 
o might operate in the demand mode, and channel 1, 
which could get the bus immediately after channel 0, 
could operate in block mode. 

Single Mode Transfer 

In bus release mode, when a channel completes the 
transfer of a single byte or word, the pPD71 071 enters 
the idle cycle regardless of the state of the DMA 
request inputs. In this manner, other devices will be 
able to access the bus on alternate bus cycles. 
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In bus hold mode, when a channel completes the 
transfer of a single byte or word, the pPD71071 
terminates the channel's service even if it is still 
asserting a DMA request signal. The pPD71071 will 
then service the highest priority channel requesting 
the bus. If there are no requests from any other 
channel, thepPD71 071 releases the bus and enters the 
idle cycle. 

Demand Mode Transfer 

In bus release mode, the currently active channel 
continues its data transfer as long as the DMA request 
of that channel is active, even though other DMA 
channels are issuing higher priority requests. When 
the DMA request of the serviced channel becomes 
inactive, the pPD71 071 releases the bus and enters the 
idle state, even if the DMA request lines of other 
channels are active. 

In bus hold mode, when the active channel completes 
a single transfer, the pPD71071 checks DMA request 
lines (other request lines when END or TC, all request 
lines including the last serviced channel when there is 
no END or TC). If there are active requests, the 
pPD71071 starts servicing the highest priority channel 
requesti ng service. Ifthere is no req uest, the pPD71 071 
releases the bus and enters the idle state. 

Block Mode Transfer 

In bus release mode, the current channel continues 
data transfer until a terminal count orthe external END 
signal becomes active. During this time, the pPD71 071 
ignores all other DMA requests. After completion of 
the block transfer, the pPD71 071 releases the bus and 
enters the idle cycle even if DMA requests from other 
channels are active. 

In bus hold mode, the current channel transfers data 
until a terminal count or the external END signal 
becomes active. When the service is complete, the 
pPD71071 checks all DMA requests without releasing 
the bus. If there is an active request, the pPD71071 
immediately begins servicing the request. The 
pPD71071 releases the bus after it honors all DMA 
requests or a higher priority bus master requests the 
bus. 

Figure 5 shows the operation flow for the six possible 
transfer and bus mode operations in DMA transfer. 

Byte/Word Transfer 

If the initialize command selects a 16-bit data bus 
width, the mode control register can specify DMA 
transfer in byte or word units for each channel. Table 
4 shows the update of the address and count registers 
during byte/word transfer. 

pPD71071 

Table 4. Address and Count Registers 

Register Byte Transfer Word Transfer 

Address ±1 ±2 

Count -1 -1 

During word transfers, two bytes starting at an even 
address are handled as one word. If word transfer is 
selected and the initial value of the set address is odd, 
thepPD71071 will always decrement that address by 1, 
thus making the address even for the data transfer. For 
this reason, it is best to select even addresses when 
transferring words, to avoid destroying data. Ao and 
USE control byte and word transfers. 

Table 5 shows the relationship between the data bus 
width, Ao and USE signals, and data bus status. 

Table 5. Data Bus Status 

Data Bus Width Au UBE Data Bus Status 

8 bits X 1 (1) 07-00 valid byte 

16 bits 0 1 07-00 valid byte 
-----._--------_ .. _-------- ----------------------

1 0 015-08 valid byte 
------------------_._._------.--.--

o 0 015-00 valid word 

Note: 

(1) Always 1 for an a-bit bus. 

Compressed Timing 

In transfers between I/O and memory, a DMA transfer 
cycle is normally executed in four clocks. However, 
when the device control register selects compressed 
timing, one DMA cycle can be executed in a three-clock 
bus cycle. Compressed timing may be used in the 
release or hold modes when doing block transfers 
between I/O and memory. In the demand mode, only 
use compressed timing in the bus release mode. 
Compressed timing mode increases data transfer rates 
by 33%. 

The pPD71 071 is able to omit one clock period during 
compressed timing by not updating the upper 16 bits 
of the latched add ress.1 n block mode and demand bus 
release mode, addresses are output sequentially and 
the upper 16 bits of addresses latched in external 
latches need not be updated except after a carry or 
borrow from A7 to Aa. Forthis reason, during compres
sed timing, the S1 state (output of upper 16 bits of an 
address for external latching) is omitted in the bus 
cycles except during the first bus cycle when the upper 
16 bits of an address are changed. Figure 6 shows one 
word waveforms for normal and compressed timing. 
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Figure 5. Transfer and Bus Modes Operations 
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Figure 6. Normal and Compressed Timing Waveforms 
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The pPD71071 can accept software DMA requests in 
addition to DMA requests from the four DMARQ pins. 
Setting the appropriate bit in the request register 
generates a software DMA request. The mask register 
does not mask software DMA requests. Software DMA 
requests operate differently depending on which bus 
or transfer mode is used. 

Bus Mode. When bus release mode is set, the highest 
priority channel among software DMA requests and 
DMARQ pins is serviced, and all bits of the request 
register are cleared when the service is over. Therefore, 
there is a chance that other software DMA requests will 
be cancelled. 

When bus hold mode is set, only the corresponding bit 
of the request register is cleared after a DMA service is 
over. Therefore, all software DMA requests will be 
serviced in the sequence of their priority level. 

Software DMA requests for cascade channels (see 
Cascade Connection) must be performed in bus hold 
mode. When a cascade channel is serviced, the master 
pPD71071 operational mode is changed to bus release 
mode temporarily and all bits of the request register 
are cleared when the cascade channel service is over. 
To avoid this, it is necessary to mask any cascade 
channels before issuing a software DMA request. After 
confirming that all DMA software services are complete 
and all bits of the request register are cleared, the 
cascade channel masks can be cleared. 

Transfer Mode. When single or demand mode is set, 
the applicable request bits are cleared and software 
DMA service ends with the transfer of one byte/word. 
When block mode or memory-to-memory modes are 
set, service continues until END is input or a terminal 
count is generated. Applicable request bits are cleared 
when service ends. 

pPD71071 

Autoinitialize 

When the mode control register is set to autoinitialize a 
channel, the pPD71071 automatically initializes the 
address and count registers when END is input or a 
terminal count is generated. The contents of the base 
address and base count registers are transferred to the 
current address and current count registers, respect
ively. The applicable bit of the mask register is 
unaffected. The applicable bit of the mask register is 
set for channels not programmed for autoinitialize. 

The autoinitialize function is useful for the following 
types of transfers. 

Repetitive Input/Output of Memory Area. Figure 7 
shows an example of DMA transfer between a CRT 
controller and memory. After setting the value in the 
base and current registers, autoinitialize allows re
petitive DMA transfer between the CRT controller and 
the video memory area without CPU involvement. 

Continuous Transfer of Several Memory Areas. The 
CPU can indirectly write to the address or count 
registers by writing to the base registers. New values 
can be written to the base registers. In the autoinitialize 
mode, the value in the base register will be transferred 
to the address/count registers when termination is 
reached in the address/count registers. Because of 
this, the autoinitialize function can perform continuous 
transfer of several contiguous or noncontiguous mem- 7 
ory areas during single or demand bus release modes 
in the following manner. 

During the transfer of data in area 1 (the first area being 
transferred), the CPU can write address and count 
information about area 2 (the second area to be 
transferred). Generation of a terminal count for area 1 
results in the transfer of information of area 2 to the 
address and count registers. This will cause area 2 to 
be transferred. Figure 8 illustrates this procedure. 

Channel Priority 

Each of the pPD71071's four channels has its own 
priority. When there are DMA requests from several 
channels simultaneously, the channel with the highest 
priority will be serviced. The device control register 
selects one of two channel priority methods: fixed and 
rotational priority. In fixed priority, the priority (starting 
with the highest) is channel 0, 1,2, and 3, respectively. 
In rotational priority, priority order is rotated so that 
the channel that has just been given service receives 
the lowest priority and the next highest channel 
number is given the highest priority. This method 
prevents exclusive servicing of some channel(s). 
Figure 9 shows the two priority order methods. 
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Figure 7. Autoinitialize Application 1 
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Cascade Connection 

The JIPD71071 can be cascaded to expand the system 
DMA channel capacity. To connect a JIPD71 071 for 
cascading (figure 10), perform the following operations. 

(1) Connect pins HLDRQ and HLDAK of the second-
stage (slave) JIPD71 071 to pins DMARQ and DMAAK 
of any channel of the first-stage (master) 
JIPD71071. 

(2) To select the cascade mode of a particular channel 
of a master JIPD71 071, set bits 7 and 6 of that 
channel's mode control register to 11. 

When a channel is set to the cascade mode in a master 
JIPD71071, DMARQ, DMAAK, HLDRQ, HLDAK, and 
RESET are the only valid signals in the master 
JIPD71 071. The other signals are disabled. The master 
cascade channel only intermediates hold request/hold 
acknowledge between the slave and CPU. 

The master JIPD71071 always operates in the bus 
release mode when a cascade channel is in service 
(even when the bus hold mode is set). Other DMA 
requests are ignored while a cascade channel is in 
service. When the slave JIPD71 071 ends DMA service 
and moves into an idle cycle, the master also moves to 
an idle cycle and releases the bus. At this time, all bits 
of the master's request register are cleared. The master 
operates its non-cascaded channels normally. 

Figure 10. Cascade Connection Example 

HLOAK HLOAK 

HLORQ HLORQ 
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Bus Wait Operation 

I n systems using a JIPD70208170216 (V40/v50) as the 
CPU, the refresh control unit in the CPU changes the 
HLDAK signal to inactive (even during a DMA cycle) 
and uses the bus. Here, the JIPD71 071 automatically 
performs a bus wait operation. This system has a bus 
master (V40/V50) whose priority level is higher than 
that of the JIPD71 071. 

The JIPD71 071 executes the bus wait operation when 
the HLDAK signal becomes inactive in an operating 
mode where transfer is executed continuously in block 
mode, during demand bus release mode, or during 
memory-to-memory transfer. 

When HLDAK becomes inactive during service in other 
operating modes, the operation returns to the idle 
cycle and transfers control of the bus to the higher bus 
master. 

Figure 11 shows that when the HLDAK signal becomes 
inactive during a continuous transfer, the JIPD71 071 is 
set up in an S4w state (bus wait). Operation moves to 
the idle cycle if DMARQ is inactive in the demand 
mode. The HLDRQ signal is made inactive for a period 
of about two clocks and the bus is released. The S4w 
state is repeated until the HLDAK signal again becomes 
active and the interrupted service is immediately 
restarted. 

~OMA1 

..... OMA2 - OMA3 -
("MM' HLOAK 

Cascaded -Channel 
OMARQ HLORQ ~ 

OMA4 

DMA5 

CPU flP071071 
(Master) 

flPI;)i11071 
(~"il\Ive) 

---
DMA6 

DMA7 
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Figure 11. Bus Walt Operation 
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Programming the pPD71071 

To prepare a channel for DMA transfer, you must select 
the following characteristics. 

• Starting address for the transfer 
• Number of byte/word transfers 
• DMA operating modes 
• Data bus widths 
• Active levels of the DMARQ and DMAAK signals 

When reading from or writing to a pPD71 071 internal 
register, address lines A3-AO select the register, lORD 
or IOWR select the data transfer direction, and CS 
enables the transfer. Table 6 shows the register and 
command configurations. 

Table 6. Register Configuration 

Register Bit size 

Channel 5 

Base address 24 (4) 

Current address 24 (4) 

Base count 16 (4) 

Current count 16 (4) 

Mode control 7 (4) 

Device control 10 

Status 8 

Request 4 

Mask 4 

Temporary 16 

Note: 

When using a 16-bit CPU and selecting a 16-bit data bus, the word 
IN/OUT instruction can be used to read/write information two bytes 
at a time. However, commands in table 7 suffixed with 8 must be 
issued with the byte IN/OUT instruction. 

7-110 

49·000529A 

Initialize 

Use the initialize command as a software initialize to 
the pPD71 071 or to set the width of the data bus. When 
using a 16-bit CPU, setthe data bus width to 16 bits 
first. Figure 12 shows the initialize command format. 

Bit O. When the RES bit is set, the internal state of the 
pPD71071 is initialized and will be the same as when a 
hardware reset is used (except for data bus width 
selection). A software reset leaves. bit 168. intact 
whereas a hardware reset selects the 8-bit data bus. 
After initialization, the registers are as in table 8 and the 
RES bit is cleared automatically. 

Table 8. Register Initialization 

Register Initialization Operation 

Initialize Clears bit 0 only 

Address No change 

Count No change 

Channel Selects channel 0, current and base 

Mode control Clears all bits 

Device control Clears all bits 

Status Clears bits 3-0 only 

Request Clears all bits 

Mask Sets all bits (masks all channels) 

Temporary Clears all bits 

Bit 1. The 168 bit determines the data bus width. When 
using the pPD71071 in a 16-bit system, set this bit 
immediately after a hardware reset since a hardware 
reset always initializes it to the 8-bit data bus mode. 
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Table 7. Command Configuration 

Address R/W Command Name MSB 
Format LSB 

OH W(B) Initialize - - I - - I - I - I 16B I RES I 

R(B) Channel Register - - I - BASE I SEL3 I SEL2 I SEL 1 I SELO 
Read 

1H 

W(B) Channel Register - - I - - I - BASEl SE~CH 
Write 

2H R/W Count Register C7 C6 1 C5 C4 1 C3 C2 1 C1 1 CO 

3H R/W 
Read/Write 

C15 C14 I C13 C12 1 C11 C10 1 C9 1 C8 

4H R/W I A7 A6 A5 I A4 1 A3 A2 1 A1 1 AO 

5H R/W Address Register 1 A15 A14 A13 1 A12 1 A11 A10 1 A9 1 A8 Read/Write 

6H R/W(B) 1 A23 A22 A21 1 A20 1 A19 A18 1 A17 1 A16 

8H R/W Device Control I AKL RQL EXW I ROT I CMP I DDMAI AHLD I MTM 

9H R/W Reg. Read/Write 
1 - - - 1 - 1 - 1 - 1 WEV 1 BHLD I 

Mode Control 
OAH R/W(B) I TMODE 1 ADIR I AUTI I TDIR I - I W/B I Reg. Read/Write 

Status Register 1 RQ3 1 RQ2 1 RQ1 1 RQO 1 TC3 1 TC2 1 TC1 1 TCO I OBH R(B) 
Read 

OCH R Temporary Reg. I T7 I T6 I T5 I T4 I T3 I T2 I T1 I TO I (lower) Read 

Temporary Reg. 
112 I T11 I ODH R I 1151 T14 1 T13 1 T10 I T9 I T8 I (higher) Read 

Request Reg. 
OEH R/W(B) Read/Write I - I - I - I - I SRQ31 SRQ21 SRQ1 I SRQO I 

Mask Reg. 
OFH R/W(B) 1 Read/Write - 1 - 1 - 1 - 1 M3 I M2 I M1 I MO I 

49-0006038 

Figure 12. Initialize Command Format 

OH I - I -I - I - I - I - I 16B I RES OUT (Byte only) 

Channel Register 

This command reads and writes the channel register 
that selects one of four DMA channels for programming 
the address, count, and mode control registers. 
Figure 13 shows the channel register read/write format. 

Channel Register Read 

SEL3-SELO. These mutually exclusive bits show which 
of the four channels is currently selected for 
programming. 

BASE. Base = O. The current register may be read. 
During a write, the base and current registers will be 
written to simultaneously. 

L Software 0 No operation 
Reset 1 Reset 

16-blt 0 8-bit data bus 
'------

data bus 1 16-bit data bus 

49·0006048 

Base = 1. Only the base registers may be read or 
written to. 

Channel Register Write 

SELCH. This bit selects the channel to be programmed. 

BASE. Base = O. The current register may be read. 
During a write, the base and current registers will be 
written to simultaneously. 

Base = 1. Only the base registers may be read or 
written to. 
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Figure 13. Channel Register Format 

Channel Register Read 

1H I - I - I - I BASE I SEL3J SEL21 SELl I SELO I IN [Byte only] 

I 0001 Channel 0 

Selected 0610 Channell 
Channel 0100 Channel 2 

1000 Channel 3 

0 Select Current (read), 

Base Only 
select both Base and 
Current (write) 

1 Select Base (read/write) 

Channel Register Write 

1H I -I -I - I - I - I BASEl SELCH OUT (Byte only) 

L .. ,- 00 Channel 0 

01 Channell 

Count Register Read/Write 

When the 16-bit bus mode is selected, the IN/OUT 
instruction can directly transfer 16-bit data. The 
channel register selects one of the count registers. 
When bit 2 of the channel register write is cleared, a 
write to the count register updates both the base and 
current count registers with the new data. If bit 2 of the 
channel register write is set, a write to the count 
register only affects the base count register. 

The base count registers hold the initial count value 
until a new count is specified. If autoinitialize is 
enabled, this value is transferred to the current count 
register when an END or TC is generated. For each 
DMA transfer, the current count register is decre
mented by one. Figure 14 shows the count register 
read/write format. 

Address Register Read/Write 

When a 16-bit data bus width is selected, the IN/OUT 
instruction can directly transfer the lower two bytes 
(4H and 5H) of the register. You must use the byte 
IN/OUT instruction with the upper byte (6H) of the 
register. The channel register selects one of the address 
registers. When bit 2 of the channel register is cleared, 
a write to the address register updates both the base 
and current address registers with the new data. If bit 2 
of the channel register is set, a write to the address 
register only affects the base address register. 
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Channel 10 Channel 2 

11 Channel 3 

Select Current (read), 
0 select both Base and 

Base Only CUrrent (write) 

1 Select Base (read/write) 

49·0006058 

The base register holds the starting address value until 
a new setting is made and this value is transferred to 
the current address register during autoinitialization. 
For each DMA transfer, the current address register is 
updated ±2 during word transfer and ±1 during byte 
transfer. Figure 15 shows the address register read/ 
write format. 

Device Control Register Read/Write 

The device control command reads from and writes to 
the device control register. When using a 16-bit data 
bus, use the word IN/OUT instruction to read and write 
16-bit data. Figure 16 shows the device control register 
read/write format. 
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Figure 14. Count Register Read/Write Format Figure 15. Address Register Read/Write Format 

2H I C7 

3H I C1S 

Figure 16. 

C6 Cs C4 C3 C2 C1 Co Iln/Out 4H I A7 A6 

C14 C13 C12 C11 C10 Cg Cs Iln/Out 5H I A1S A14 

83-001951A 

6H I A23 A22 

Device Control RegisterRead/Write Format 

8H I AKL I RQL I EXW I ROT I CMP I DDMAI AHLD I MTM I IN/OUT 

L Memory-to-
Memory 

~ 
Fixed 
Address [1J 

Disable DMA 
Operallon [2J 

Compressed 
Timing [3J 

Rotational 
Priority 

Extended 
Writing [4J 

DMARQ 
Active Level 

DMAAK 
Active Level 

9H I - I - I - I - I - I - I WEV I BHLD IN/OUT 

L Bus Mode 

- WallEnable 
During 
Verify [5] 

Note: 
[1] This bit Is only used when MTM = 1, [memory-to-memory transfers]. 

[2] Disables HLDRQ to the CPU to prevent Incorrect DMA operation while the 
tIPD71071's registers are being Initialized or modilled. 

[3] When 1, caules the tIPD71071 to use compressed timing In the demand bus 
release mode or In the block mode. 

O 

1 

0 
1 

0 
1 

0 
1 

0 
1 

0 

1 

0 
1 

0 

1 

0 

1 

0 

1 

As A4 

A13 A12 

A21 A20 

Disable 

Enable 

Disable for CHO 
Enable for CHO 
Enable 

Disable 
Normal 
Compressed 

Fixed 

Rotational 
Normal 

Extended 
Active High 
Active Low 

Active Low 

Acllve High 

Bus Release 

Bus Hold 

Disable 

Enable 

[4] When EXW Is 0, the write signal becomes active [normal write] during 53 and 5W. 
When 1, the write signal becomes active during 52, 53, and 5W. 
See figures 27-29_ 

[5] This bit enables or disables the walt state generated by the READY signal 
during a verify transfer. 

A3 A2 A1 Ao Iln/Out 

Aj1 A10 Ag As Iln/Out 

A19 A1S An A16 I ;~y~:~nIYJ 
83-001952A 
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Mode Control Register Read/Write 

This command reads from and writes to the mode 
control register to specify the operating mode for each 
channel. The channel register selects the mode control 
register to be programmed. This command must be 
issued by the byte IN/OUT instruction. Figure 17 
shows the mode control register read/write format. 

Status Register Read 

This command reads the status register for the in
dividual DMA channels. The register has DMA request 
states and terminal count or END information. This 
command must be issued by the byte IN instruction. 
Figure 18 shows the status register read format. 

Temporary Register Read 

When a 16-bit data bus is selected, the IN instruction 
will read 16-bit data with this command. The last data 
transferred in memory-to-memory transfer is stored in 
the temporary register. Figure 19 shows the temporary 
register read format. 

Request Register Read/Write 

This command reads from and writes to the request 
register to generate DMA requests by software for the 
four corresponding DMA. channels. This command 
may be issued by the byte IN/OUT instruction. 
Figure 20 shows the reguest register read/write format. 

Figure 17. Mode Control Register Read/Write Format 

OAH I TMODE I ADIR I AUTI I TDIR 

L~ 

Note: 

I 

ttiEC 
Mask Register Read/Write 

This command reads from and writes to the mask 
register to mask or unmask external DMA requests for 
the corresponding four DMA cha,nnels (DMARQ3-
DMARQO). This command may be issued by the byte 
IN/OUT instruction. Figure 21 shows the mask register 
read/write format. 

DMA Transfer Modes 

Figures 22-27 show state transition diagrams for the 
different modes of DMA transfer. 

Figure 23 shows the state of a master pPD71071 when 
an input from a siavepPD71071 (cascaded pPD71071) 
is using the system bus. 

Transfer Timing 

Figures 28-30 show pPD71071 timing waveforms. 

Examples of System Configuration 

Figures 31-32 show system configuration examples 
using the 8- bitpPD701 08 CPU and the 16-bitpPD70116 
CPU. The pPD71 082 externally latches addresses and 
data. 

- I W/B 

L Wordlbyte 0 Byte 
Transfer [1] 1 Word 

00 Verify 

Transfer 01 IID-ta-memory 
Direction [2] 10 Memory-ta-IIO 

11 Not allowed 

Auto- 0 Disable 
Initialize [3] 1 Enable 

Address 0 Increment 
Direction [4] 1 Decrement 

00 Demand 

Transfer 01 Single 
Mode [5] 10 Block 

11 Cascade 

[1] This bit selects byte or word transfer for DMA transfars. This bit Is used only 
In 16·blt data bus mode. 

7-114 

[2] These bits select the DMA transfer direction between memory and 110. These bits 
are meaningless during memory-to-mamory transfer. 

[3] Channel 0 and 1 must have the same AUTI bit value when perlormlng 
memory-tOomemory transfer. 

[4] Thll bit decides the update direction of the Current Addrels Regllter. When ADIR Is 0, 
the regllter Incramentl by 1 for a byta transfer and by 2 for a word transfer. When ADIR II 1, 
the regllter decrementl by 1 for a byte trenlfer and by 2 for a word transfer. 

[5] Thele bltl lelect the tranlfer mode during DMA transfer between memory and I/O and are 
meanlnglell during memory-tOomemory transfer. 

49-0006086 
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Figure 18. Status Register Read Format 

aBH I R03 I R02 R01 I ROo I TC3 I TC2 I TC1 I TCO IN (Byte only) 

I Terminal 
a Not ended (for each read) 

Count 1 END or terminal 
count 

0 No DMA request active 
DMA 

1 Request Externll DMA 
[1] request present 

Note: 
(1) Bits R03-ROo will be set If an external hardware DMA request Is pending even If 

Its request bit Is masked. Software·generated DMA requests, hardware resat, and 
software reset will not affect these bits. 

Figure 19. Temporary Register Read Format 

OCH I T7 

OOH I T15 

Figure 20. 

T6 T5 T4 T3 T2 T, To lin 

T14 T13 T12 T'1 T10 T9 T8 lin 
83-001953A 

Request Register Read/Write Format 

Note: 

[1] In memory-to-memory applications, only bit SROO will be cleared 
at terminal count or when an END Input Is present. 

Figure 21. Mask Register Read/Write Format 

Note: 

[.1] In memory-to-memory applications, only bits MO and M1 will be set 
at terminal count or when an END input Is present. 

pPD71071 

49-0006078 

83-0018878 

49-DD0609B 
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Figure 22. Idle Cycle 

SI: DMA request idle c.ycle 

SO: HLDAK walt stete 

S1: Address latch state 

S2: Reed signal output state 

S3: Write signal output state 

S4: Readl Write signal recovery 

state 

SW: READY walt state 

S4w: Bus walt state 

1 : Memory-I/O Transfer 

2 : Memory-ta-Memory Transfer 

3 : DMARQ and HLDAK Inputs present 

N 

49-0005318 
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Figure 23. DMA Cycle, Cascade Mode Figure 24. DMA Cycle, SIngle Mode 

y 

49-000532A 

49-000533C 
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Figure 25. DMA Gycle, Demand Mode 

81 

Nole: 
[lJ Carry or borrow to upper Iwo byles of address? 

49-QOO534C 
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Figure 26. DMA Cycle, Block Mode 

N 

N 

N 

Note: 

[1) Carry or borrow to upper two bytes 01 address? 

49-000535C 
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Figure 27. DMA Cycle, Memory-to-Memory Transfer 
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511-514: Channel 0 Operation 
521-524: Channel 1 Operation 

y 

~ o 

cp 
<? 
~ 

~EC 
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Figure 28. Memory-liD Transfer, Normal Timing 

51 51 50 50 51 52 53 54 
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Note: 

[1] When an 8-bit data bus is selected, 015-08 are not used. Therefore, A23-A16 are 
not multiplexed address/data signals and will have the same timing as A7-AO' 

[2] The broken lines of the write signal are lor extended write liming. 
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Figure 29. Memory-1I0 Transfer, Compressed Timing 
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51 51 so 50 51 52 53 54 52 
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Note: 

[1] When an B-bit data bus is selected, 015-08 are not used. Therelore, A23-A16 are 
not multiplexed address/data signals and will have the same timing as A7-AO-

[2] The broken lines 01 the write signal are lor extended write timing. 
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Figure 30. Memory-to-Memory Transfer 

5tate SO 511 512 513 514 521 522 523 524 51 

Note: 

[lJ When an 8-blt data bus Is selected, 015-08 are not used. Therefore, A23-A16 
are not multiplexed address/data signals and will have the same timing as A7-AO. 

[2J The broken lines of the MWR signal are for extended write liming. 

49·0005398 

Figure 31. END/TC Input/Output 

5tate 51 52 53 54 

elK 

TC (Output) E 
END (Input) 

83-003760A 
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Figure 32. System Configuration with pPD70108 
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Figure 33. System Configuration with pPD70116 
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Description 

pPD71082 and pPD71 083 are CMOS 8-bit transparent 
latches with three-state output buffers. They are used 
as bus buffers or bus multiplexers in microprocessor 
systems. Their high-drive capability makes them suit
able for data latch, buffer, or I/O port applications. 

Features 

D CMOS technology 
D 8-bit parallel data register 
D Three-state output buffer 
D High drive capability output buffer (IOL = 12 rnA) 
D pPD8085A, 8048, 8086, 8088, 70108, and 70116 CPU 

system compatible 
D pPD71082 - non-inverted output; pPD71083 

inverted output 
D Single +5 V ±10% power supply 
D 20-pin plastic DIP (300 mil) 
D Transparent operation 
D Industrial temperature range: -40 to +85°C 

Pin Identification 
No. Symbol Function 

1 010 Data input, bit 0 

2 011 Data input, bit 1 

3 012 Data input, bit 2 

4 013 Data input, bit 3 

5 014 Data input, bit 4 

6 015 Data input, bit 5 

7 016 Data input, bit 6 

8 017 Data input, bit 7 

9 OE Output enable input 

10 Vss Ground 

11 STB Strobe input 

12 007/007 Data output, bit 7 

13 006/006 Data output, bit 6 

14 005/005 Data output, bit 5 

15 004/004 Data output, bit 4 

16 003/003 Data output, bit 3 

17 002/002 Data output, bit 2 

18 001 /001 Data output, bit 1 

19 000/000 Data output, bit 0 

20 Voo +5 V Power supply 

pPD71082/83 
8-BIT LATCHES 

Pin Configuration 

Ordering Information 
Part Number Package Type 

jJPD71082C 20-pin plastic DIP 

jJPD71083C 20-pin plastic DIP 

jJPD71082G 20-pin plastic SO (available 3086) 

jJPD71083G 20-pin plastic SO (available 3086) 

Pin Functions 

017-010 [Oata Input] 

83-OO0225A 

Output 

Non-inverted 

Inverted 

DlrDloare data input lines to the 8-bit data latch. Data 
on Dllines passes through the latch while STB is high. 7 
The data is latched to DO/DO with the trailing edge of 
STB (high to low). 

007-000/007-000 [Data Output] 

DOrDOo/DOrDOo are the three-state data output 
lines from the 8-bit data latch. When OE is high, these 
lines go into the high-impedance state. When OE is 
low, data from the latch is output, either non-inverted 
(pPD71082) or inverted (pPD71083). 

STB [Strobe] 

STB is the input strobe signal for the 8-bit latch. When 
STB is high, data on the DI lines passes through the 
8-bit latch. Data is latched on the trailing edge of STB 
(high to low). When STB is low, latched data does not 
change. 

OE [Output Enable] 

OE input is the output enable signal for the DO/DO 
lines. When OE is high, DO/DO lines are high imped
ance. When OE is low, data from the 8-bit latch is 
output to DOrDOo/DOrDOo. See table 1. 
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Block Diagram 

I'P071082 

OE ~----a ~----. 

STB 

1----------
I 
I OloO--!-I---I >---'-1 -0 000 

I I 
L--------------l 

Ollo---J r--o 001 

1--------------

012~ ~002 
r---------------j 

013 C>-------i 1---0 003 
L ____________ ..j 

014 o-----i ~ 004 

r----------------, 
015 o-----i r-----o 005 

L-------------l 
016 o-----i ~ 006 

r-----------, 
0 17 o------l r-----o 007 

L ____________ J 

Table 1. Latch Operation 

STB OE D07-DOo/iiD7-1JiJii 8-Blt Data Latch 

Low Low Latched data from 8-bit 01 line data has been 
data latch is enabled latched with trailing 

High High impedance edge of STB (high to 
low) 

High Low Data on OlrOlo 01 p~ses through to 

High High impedance 00/00 

Functional Description 

The pPD71 082 and pPD71083 are 8-bit data latches 
strobed by the STB signal. They have high-drive 
capability output buffers controlled by the OE signal. 
Data on the 01 lines is latched by the trailing edge of 
STB (high to low). When STB is high, data passes 
through the latch. When OE is high, DO lines are high 
impedance. When OE is low, the contents of the 
iatches are ouipui on D07-DOO' The DO lines aie 
isolated from OE switching noise. 
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I'P071 083 

OE o-----q >---, 

STB 

OIOo--+-------i ;>0---.---0 000 

I I 
I 
I--------------...j 

011 ()--j L-o 001 
f- ____________ J 

012 0-------1 1--0 002 

~ - ------ -----l 
0 13 o----J r--o 003 

1--------------1 
1 1 .... -

014 ~ r--v 004 

,--- - - --- ------1 
015 C>-------i 1--0 005 

~---- ----------i 
0160----1 r--o 006 

1-------------1 
017 o---l l--o 007 

L _____________ J 

Absolute Maximum Ratings 
TA = 25°C, Vss=OV 

Power supply voltage, Voo 

83-0002268 

Input voltage, VI -1.0 to Voo + 1 V 

Output voltage ,VO -0.5 to Voo + 0.5 V 

Power dissipation, POMAX 500 mW 

Operating temperature, T opt 

Storage temperature, T stg 

Comment: Exposing the device to stresses above those listed in the 
absolute maximum ratings could cause permanent damage. Exposure 
to absolute maximum ratings for extended periods may affect device 
reliability. 

Capacitance 
TA = 25°C, Voo = +5 V 

Parameter 

Input 
capacitance 

Symbol Min 

limits 
Test 

Max Units Conditions 

12 pF F = 1 MHz 
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DC Characteristics 
TA = -40 to +85°C, Voo = 5 V ±10% 

limits 

Parameter Symbol Min Max 

Input voltage VIH 2.2 
high 

Input voltage low VIL 0.8 

Output voltage VOH VDD - 0.8 
high 

Output voltage VOL 0.45 
low 

Input current -1.0 1.0 

Leakage current, 10FF -10 10 
high impedance 

Power supply IDD 80 
current (static) 

Power supply IDDdyn 20 
current 
(dynamic) 

Timing Waveforms 

01 

STB 

DOIDO 

AC Testing 

2.4V_"--"".....------.. 
90% 

0.4 V .;.;10;.;;;%"...... ______ --J 

Units 

V 

V 

V 

V 

/JA 

/JA 

/JA 

rnA 

Test 
Conditions 

10H = -4 rnA 

10L = 12 rnA 

VI = VDD, VSS 

OE = VDD 

VI = VDD, VSS 

Fin = 10 MHz 
C = 200 pF 

VOZ+0.1 V 
VOz-0.1 V 

83-000227A 

pPD71082/83 

AC Characteristics 
TA = -40 to +85°C, Voo = 5 V ±10% 

limits 
Test 

Parameter Symbol Min Max Units Conditions 

Input to output tDiO 5 40 ns Load circuit a 
delay 

STS to output tDSTBO 10 60 ns Load circuit a 
delay 

Data float time tFCTO 5 30 ns Load circuit b 
from DE high 

Data output tDCTO 10 40 ns Load circuit b 
Qijay from 
OE low 

Input to STS tSISTB 0 ns Load circuit a 
setup time 

Input to STS tHSTBI 25 ns Load circuit a 
hold time 

STS high pulse tpWSTB 20 ns Load circuit a 
width 

Signal rise time tLH 20 ns 0.8 V to 2.0 V 

Signal fall time tHL 12 ns 2.0 V to 0.8 V 

83-0002298 

Loading Circuits for AC Testing 

[a] VOL, VOH Outputs 

2.87V 

12060 

outo---f 
r200PF 

[b] Three-State Output 

2.87V 
4 

3600 

Loading Conditions: IOL = 12 mA, IOH = -4 mA, CL = 200 pF 
83-000228A 
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NEe Electronics Inc. 

Description 

The J,lPD71084 is a clock pulse generator/driver for 
microprocessors and their peripherals using NEC's 
high-speed CMOS technology. 

Features 

D CMOS technology 
D Clock pulse generator/driver for J,lPD701 08170116 or 

other CMOS or NMOS CPUs and their peripherals 
D Frequency source can be crystal or external clock 

input 
D Reset signal with Schmitt-trigger circuit for CPU or 

peripherals 
D Bus ready signal with two-bus system synchro-

nization 
D Clock synchronization with other J,lPD71084s 
D Single +S V ±10% power supply 
D Industrial temperature range: -40 to +8SoC 

Ordering Information 

Part Number Package Type 
Max Frequency 

of Operation 

pPD71084C 18-pin plastic DIP 25 MHz 

pPD71084G 20-pin plastic SO (available 3Q86) 25 MHz 

Pin Identification 
No. Symbol Function 

CKSYN Clock synchronization input 

2 PRClK Peripheral clock output 

3 REN1 Bus ready enable input 1 

4 RDY1 Bus ready input 1 

5 READY Ready output 

6 RDY2 Bus ready input 2 

7 REN2 Bus ready enable input 2 

8 ClK Processor clock output 

9 Vss Ground potential 

10 RESET Reset output 

11 RESIN Reset input 

12 OSC Oscillator output 

13 F/X External frequency source/crystal select 

14 EXFS External frequency source input 

15 RDYSYN Ready synchronization select input 

16 X2 Crystal input 

17 X1 Crystal input 

18 VDD +5 V Power supply 

JlPD71084 
CLOCK PULSE 

GENERATOR/DRIVER 

Pin Configuration 

CKSYN ,I 

iiEN2 7 

Pin Functions 

X1, X2 [Crystal] 

Xl 

X2 

15 RDYSYN 

EXFS 

FiEsiN 
RESET 

83-001580A 

When the Fix input is low, a crystal.connectedto X1 
and X? will be the frequency source to generate clocks 
for a CPU and its peripherals. The crystal frequency 
should be three times the frequency of ClK. 

EXFS [External Frequency] 

EXFS is the external frequency input in the external 
TTL frequency source mode (F/X high). A TTL-level 
clock signal three tim~ the frequency of ClK's output 
should be used for the source. 

F/X [Frequency/Crystal Select] 

F/X input selects whether an external TTL-level input 
or an external crystal input is the frequency source of 
the ClK output. When Fix is low, ClK is generated 
from the crystal connected to X1 and X2. When Fix is 
high, ClK is generated from an external TTL-level fre
quency input on the EXFS pin. At the same time, the 
internal oscillator circuit will stop and the OSC output 
will be high. 

ClK [Processor Clock] 

ClK output supplies the CPU and its local bus pe
ripherals. ClK is a 33% duty cycle clock of one-third 
the frequency of the frequency source. The ClK 
output is +0.4 V higher than the other outputs. 

PRCLK [Peripheral Clock] 

PRClK output supplies a SO% duty cycle clock at one
half the frequency of ClK to drive peripheral devices. 
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OSC [Oscillator] 

OSC outputs a signal at the same frequency as the 
crystal input. When EXFS is selected, the OSCoutput 
is powered down, and its output will be high. 

CKSYN [Clock Synchronization] 

CKSYN input synchronizes one pPD71084 to other 
pPD71084s. A high level at CKSYN resets the internal 
counter, and a low level enables it to count. 

RESIN [Reset] 

This Schmitt-trigger input generates the RESET output. 
It is used as a power-on reset. 

RESET [Reset] 

This output is a reset signal for the CPU. Reset timing 
is provided by the RESIN input to a Schmitt-trigger 
input gate and a flip-flop which will synchronize the 
reset timing to the falling edge of ClK. Power-on reset 
can be provided by a simple RC circuit on the RESIN 
input. 

RDY1, RDY2 [Bus Ready] 

A peripheral device drives the RDY1 or RDY2 inputs to 
signal that the data on the system bus has been 
received or is ready to be sent. REN1 and REN2 enable 
the RDY 1 and RDY 2 signals. 

REN1, REN2 [Address Enable] 

REN1 and REN2 inputs qualify their respective RDY 
inputs. 

RDYSYN [Ready Synchronization Select] 

RDYSYN input selects the mode of READY signal 
synchronization. A low-level signal makes the synchro
nization a two-step process. Two-step synchroniza
tion is used when RDY 1 or RDY 2 are not synchronized 
to the microprocessor clock and therefore cannot be 
guaranteed to meet the READY setup time. A high
level signal makes synchronization a one-step pro
cess. One-step synchronization is used when RDY1 
and RDY 2 are synchronized to the processor clock. 
See Biock Diagram. 

7-132 

NEe 
READY [Ready] 

The READY output signal to the processor is synchro
nized by the RDY inputs to the processor ClK. READY 
is cleared after RDY goes low and the guaranteed hold 
time of the processor has been met. 

Crystal 

The oscillator circuit of the pPD71084 works with a 
parallel-resonant, fundamental mode, "AT cut" crystal 
connected to pins X1 and X2. 

Figure 1 shows the recommended circuit configuration. 
Capacitors C1 and C2 are required for frequency 
stability. The values of C1 and C2 (C1 = C2) can be 
calculated from the load capacitance (Cd specified by 
the crystal manufacturer. 

C1 x C2 
CL = + Cs 

C1 + C2 

Where Cs is any stray capacitance in parallel with the 
crystal, such as the pPD71084 input capacitance Cin· 

Figure 1. Crystal Configuration Circuit 

.--_--1 x, 

pPD71084 

83-001S72A 
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Block Diagram 

X1 

X2 
........ _______________________ -01 ~_----_<> OSC 

FIX 

EXFS ~-_--_-J 
CKSYN~----------------------------~~--+_----~~ 

REN1 

REN2 

RDYSYN ~------------------------~ 

RESIN ~------------------~~------------~ 

Absolute Maximum Ratings DC Characteristics 

PRClK 

ClK 

READY 

RESET 

(TA = 25°C, Vss = 0 V) (TA = -40 to +85°C, Voo = 5 V ± 10%) 

Power supply voltage, Voo -0.5 to +7.0 V Limits 

Input voltage, VI -1.0 to Voo + 1.0 V Parameter Symbol Min Max 

Output voltage, Vo -0.5 to VOO + 0.5 V Input voltage high VIH 2.2 

Power dissipation, POMAX 500mW Input voltage low VIL 0.8 

Operating temperature, T opt -40 to +85°C Input voltage high VIH 2.6 

Storage temperature, T stg -60 to +125°C Output voltage high VOH VOO 
-0.4 

Comment: Exposing the device to stresses above those listed in the 
Output voltage high absolute maximum ratings could cause permanent damage. Exposure VOH VOO 

to absolute maximum ratings for extended periods may affect device -0.8 
reliability. Output voltage low VOL 0.45 

Capacitance Input current -1.0 1.0 

(TA = 25°C, Voo = +5 V) Input current II -400 1.0 

Limits RESIN input V 0.25 
Test hysteresis 

Parameter Symbol Min Max Units Conditions 

Input capacitance Cin 12 
Power supply 100 200 

pF F = 1 MHz current (static) 

Power supply IOOdyn 30 
current (dynamic) 

pPD71084 

83-0015838 

Test 
Units Conditions 

V 

V 

V RESIN 16 V IOH=-4mA 
ClK 

V IOH=-4mA 

V 10L =4 rnA 

pA 

pA RDYSYN 

V 

pA 

rnA Fin = 24 MHz 
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AC Characteristics AC Characteristics (cont) 
(TA == -40 to +85°C, Voo == 5 v ±10%) (TA == -40 to +85°C, Voo == 5 V ±100/0) 

Limits 
Test 

Limits 
Test 

Parameter Symbol Min Max Units Conditions Parameter Symbol Min Max Units Conditions 

EXFS high tEHEL 16 ns At 2.2 V RESIN hold to tCLl1H 20 ns 

EXFS low tELEH 16 ns At 0.8 V ClK 

EXFS period tELEL 40 ns ClK cycle period tCLCL 125 ns 

XTAl frequency 12 25 MHz ClK high tCHCL 41 ns 3 V, fOSC == 
24 MHz (Note 1) 

ROY 1,2 setup tR1VCL, 35 ns 
1/3tCLCL +2 ns 1.5 V, fosc;§; 

to ClK tR1VCH 24 MHz (Note 2) 

RDY1,2 hold tCLR1X 0 ns ClK low tCLCH 68 ns 1.5 V, fosc == 
to ClK 24 MHz (Note 1) 

RDYSYN setup tRSYVCL 50 ns 2/3tCLCL -15 ns 1.5 V, fosc;§; 
to ClK 24 MHz (Note 2) 

RDYSYN hold tCLRSYX 0 ns ClK rise and fall tCLH, 10 ns 1.5 V to 3.5 V, 
to ClK time tCHL 3.5 V to 1.5 V 

REN1, 2 setup to tA1R1V 15 ns PRClK high tpHPL tCLCL-20 ns 

RDY1,2 PRClK low tpLPH tCLCL-20 ns 

REN1,2 hold to tCLA1X 0 ns READY inactive tRYLCL 8 ns 
ClK to ClK 

CKSYN setup to tYHEH 20 ns READY active tRYHCH 8 ns 
EXFS to ClK 

CKSYN hold to tEHYL 20 ns ClK to RESET tCLIL 40 ns 
EXFS delay 

CKSYN width tYHYL 2tELEL ns ClK to PRClK tCLPH 22 ns 

RESIN setup to tl1HCL 65 ns 
delay 

ClK ClK to PRClK tCLPL 22 ns 
delay 

OSC to ClK f tOLCH -5 22 ns 
delay 

OSC to ClK l tOLCL 2 35 ns 
delay 

Signal rise time tLH 20 ns 0.8 V to 2.0 V 
(except ClK) 

Signal fall time tHL 12 ns 2.0 V to 0.8 V 
(except ClK) 

Note: 

(1) Test pOints are specified in accordance with V-Series CMOS 
peripherals. 

(2) Test pOints are specified in accordance with the pPD8284. 
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Timing Waveforms 

eLK, RESET Signals 

ClK 

PRClK 

CKSYN 

RESET 

Note: 

IEHYl ~ i-iIYHEH 

IYH:1-

(1) VIN 10 0.8 V or 2.2 V 10 VIN 

(2) 1.5 V 10 3.5 V or 3.5 V 10 1.5 V 

READY Signal (In an Asynchronous Device) 

elK 

ROY1, ROY2 -----------' 

REN1,REN2 -------.1 

ROYSYN _________ J 

REAOY--------------

JlPD71084 

--+-<-j+----IPHPl.----+--+I 

~~----~~--------~ 

--------------~r~,--------------------

83-000199B 
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Timing Waveforms (coni) 

READY Signal (In a Synchronous Device) 

elK 

RDY1, RDY2 -----------' 

REN1, REN2 ------.,. 

RDYSYN ---------' 

It 

READY ------------
83-0001998 

Input/Output Waveform for AC Test 

2.6V =x 2.2 v 2.2 V)C 
Test Point 

0.45 V ~0._8~V __________ ..:0~.8...:.V 

83-000205A 
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Test Circuit for CLK High or Low Time 

(In Crystal Oscillation Mode) 

r------<~--i X1 ClK 

r---<---f X2 
71084 

FIX 

RiiY'SvN 

Test Circuit for CLK to READY 
(In Crystal OSCillation Mode) 

Voo 

REN1 

.---------------.----iX1 

24MHz~ 

r-----~-~X2 

READY 

71084 

FIX 

REN2 

CKSYN 

83-001581A 

83-001582A 

pPD71084 

Test Circuit for CLK High or Low Time 
(In EXFS Oscillation Mode) 

Voo 

FIX ClK 

71011 

EXFS 

CKSYN 

Test Circuit for CLK to READY 
(In EXFS Oscillation Mode) 

Voo 

FIX 

REN1 

~ __ --fEXFS 

Loading Circuits 

READY 

71011 

REN2 

CKSYN 

83-000202A 

83-000204A 

,--_7_10_1_1 _~ c," '" "I L __ 71_0_11_...11 c," 00" 

load 1 lor ClK load 2 lor Other Output Except ClK 
83-000206A 
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Description 

pPD71086 and pPD71087 are 8-bit, bidirectional bus 
buffer/drivers with three-state outputs. The pPD71 086 
provides a non-inverted system bus. The pPD71 087 
provides an inverted system bus. These devices are 
used to expand CPU bus drive capability. The input! 
output lines are isolated from OE and BUFR/W switch
ing noise. 

Features 

o CMOS technology 
o Bidirectional8-bit parallel bus buffer 
o Three-state output 
o High drive capability system bus output (IOL = 12 mA) 
o Compatible with pPD701 08C, pPD70116C and other 

CMOS or NMOS designs 
o pPD71086 - non-inverted system bus output 

pPD71087 - inverted system bus output 
o Single +5 V ±10% power supply 
o 20 Pin plastic DIP (300 mil) 
o Industrial temperature range: -40 to +85°C 

Ordering Information 
Part Number Package Type Output 

pPD71086C 20-pin plastic DIP Non-inverted 

pPD71087C 20-pin plastic DIP Inverted 

pPD71086G 20-pin SO plastic (available 3086) 

pPD71087G 20-pin SO plastic (available 3086) 

pPD71086/87 
8-BIT BUS 

BUFFER/DRIVERS 

Pin Configuration 

LBo 

LSt SBo/SBO 

LB2 SSt/sa; 

LB3 

LB4 

LBs 

LBe 

LB7 

~ 

BUFR/W 

83·001138A 

Pin Identification 
No. Symbol Function 

1 LBO CPU local data bus, bit 0 

2 LB1 CPU local data bus, bit 1 

3 LB2 CPU local data bus, bit 2 

4 LB3 CPU local data bus, bit 3 , 

5 LB4 CPU local data bus, bit 4 

6 LB5 CPU local data bus, bit 5 

7 LBs CPU local data bus, bit 6 

8 LB7 CPU local data bus, bit 7 

9 OE Output enable input 

10 Vss Ground 

11 BUFR/W Buffer read/write input 

12 SB7/SB7 System data bus, bit 7 

13 SBs/SBs System data bus, bit 6 

14 SB5/SB5 System data bus, bit 5 

15 SB4/SB4 System data bus, bit 4 

16 SB3/SB3 System data bus, bit 3 

17 SB2/SB2 System data bus, bit 2 

18 SB1/SB1 System data bus, bit 1 

19 SBo/SBo System data bus, bit 0 

20 VDD +5 V power supply 
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Pin Functions 

LB7-LBo [Local Data Bus] 

LBrLBoare three state Inputs/Outputs which connect 
to the CPU local data bus. They input and output data 
between the CPU and memory, I/O, or other periphe
rals. Data read/write mode is controlled by the BUFR/W 
signal input. 

SB7-SBO/SB7-SBO [System Data Bus] 

SBrSBo/SB7-SBo are three state I nputs/Outputs which 
connect to the system bus, along with the memory. 
I/O, or other peripherals. pPD71086 outputs non
inverted !!9nals, SBrSBo. pPD71087 outputs inverted 
signals, SBrSBo. 

OE [Output Enable] 

OE input controls the output buffers. When OE is high, 
all output buffers go to the high-impedance state. 
When OE is low, data is output from the buffers 
specified by the BUFR/W signal. 

Block Diagram 

pPD7l 086 

~ 0--__ ------, 

BUFR/W o--_---+---' ....------' 

LBO 0----+-......... ...--+----0 SBo 

I I 
~------------1 

LBl o-:--l ~ SBl 
L ___________ J 
I I 

LB2 D------1 r-----o SB2 

1--- -----------1 
LB3 o---l ~ SB3 

I--------.-.:---~ 
LB4 o----J ~ SB4 

, 1 

t------------l 
LB5 0---1 ~ SB5 

L------------{ 
!. as o-----J 1------0 sBs 

~------------l 
LB7 o------J ~ SB7 L __________ J 
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BUFR/W [Buffer Read/Write] 

The data read/write mode is controlled by the BU FR/W 
signal input. When BUFR/W is high, LB lines are in 
input mode and SB lines are in output mode. When 
BUFR/W is low, SB lines are in input mode, and LB 
lines are output. See table 1. 

Table 1. Data Read/Write Mode 

DE BUFR/W LB Pins SB/SB Pins Mode 

Low Low Output Input System bus to local bus 

Low High Input Output Local bus to system bus 

High Low High impedance 

High High High impedance 

Note: When OE is high, all local and system bus pins go to high
impedance state. 

pPD7l087 

OE 0--...... -------, 

BUFR/W O--+_---+---' 
.------' 

LBo 0-----1.--. .,.---+----0 SBo 

I I 
I I 
f-----------i 

LB1 o----l 1------0 SB1 
I I 
I- -------------, 

LB2 o---J f------o SB2 

~-----------j 
LB3 0-----/ ~ SB3 

~----------~ 
LB4 o------l ~ SB4 

!-----------.-j 
I I -

LB5 00-------1 r----<' SB5 

I-------------l 
LBs~ ~SB6 

t-------------l 
LB7 o----l 1---0 SB7 L __________ --1 
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Absolute Maximum Ratings AC Characteristics 
(TA= 25°C, Vss = 0 V) (TA = -40°C to +85°C, Voo = 5 V ± 10%) 

Power supply voltage, Voo -0.5 to +7.0 V Limits 
Test 

Input voltage, V, -1.0 to Voo + 1 V Parameter Symbol Min Max Units Conditions 

Output voltage, Va -0.5 to Voo + 0.5 V Input to output tOiO 5 40 ns Load (1), (1') 

Power dissipation, Po 500mW 
delay and (2), (2') 

BUFR/W hold time 
Operating temperature, T opt -40°C to +85 °C tHCTRW ns 

from OE 
Storage temperature, T stg -65°C to +150 °C BUFiVW2 etup tSRWCT 10 ns 
Comment: Exposing the device to stresses above those listed in the time to OE 
absolute maximum ratings could cause permanent damage. Exposure Data float time tFCTO 5 30 ns Load (3) and to absolute maximum ratings for extended periods may affect device from OE (3') reliability. 

Data Q1ttput delay tOCTO 10 40 ns Load (3) and 

Capacitance from OE (3') 

(TA = 25°C, Voo = +5 V) Signal rise time tR 20 ns 0.8 to 2.0 V 

Limits Signal fall time tF 12 ns 2.0 to 0.8 V 
Test 

Parameter Symbol Min Max Units Conditions 

Input Capacitance C, 24 pF fc = 1 MHz Loading Circuit for A C Test 

LBlo SB/SB 

DC Characteristics 2.87 v v 
(TA = -45°C to +85°C, Voo = 5 V ±10%) 

[1J [2J [3J 

Limits 
Test 

Parameter Symbol Min Max Units Conditions 
206 0 3060 

Input voltage high V,H 2.2 V 
OUl

l 
Oul Oul 

Input voltage low V,L 0.8 V 

Output voltage high VOH Voo V 10H = -4 rnA 

r'~ r'~ IJ -0.8 I""" 675 

Output voltage low VOL 0.45 V LB,IOL = 4 rnA 
-:-

Output voltage low VOL 0.45 V SB, 10L = 12 rnA 

Input leakage I,L -1.0 1.0 pA Vi = VOO, VSS 
current SB/SBto LB 

2.05 V v 
Leakage current, 10FF -1.0 1.0 pA OE = VOO [1'J [2'J [3'J 

high impedance 

Power supply 100 80 pA Vi = Voo, VSS 4130 10080 
current (static) 

Power supply IOOdyn 40 rnA fin = 2 MHz 
0", 1 0", 

Oul 
current (dynamic) 

roo" 1.00

" roo" 8760 

-:-
B3-001137A 
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Timing Waveforms 

BUFR/W 

Input 

tDIO 

Output -------~ 

83-001201 A 

Input Wavelorm lor AC Test 

0.4 V 

2.4 V --""""'"""" ,.---_ ,.~-__ -

901~7o-V:-':-___ -'--___ --I*' ~~H,,:.2:!..V ___ ~Voz - 0.1 V 
U-to A Test Point 1.5 V .. FVOL - 0.1 V "":::\: Voz - 0.1 V 

83-OO1200A 
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NEe Electronics Inc. 

Description 
The pPD71 088 is a CMOS system bus controller for a 
pPD70108 or pPD70116 CPU processor system. It 
controls the memory or I/O system bus. 

Features 
o CMOS technology 
o Bus controller for microcomputer system expansion 
o Command outputs for system bus control 
o Control outputs for I/O peripheral bus control 
o High drive capability for command and control 

outputs (IOL = 12 rnA) 
o Three-state outputs for command outputs 
o Advanced I/O and memory write command outputs 
o pPD70108, pPD70116 compatible 
o +5 V ±1 0% single power supply 
o 20-pin plastic DIP (300 mil) 
o Industrial temperature range: -40 to +85°C 

Ordering Information 

Part Number Package Type 

pPD71088C 20-pin plastic DIP 

pPD71088G 20-pin plastic SO (available 3Q86) 

Max Frequency 
of Operation 

8 MHz 

8MHz 

Pin Identification 
No. Symbol Function 

1 lOB Input/output bus mode input 

2 ClK Clock input 

3 BS1 Bus status input 1 

4 BUFR/W Buffer read/write output 

5 ASTB Address strobe output 

6 AEN Address enable input 

7 MRD Memory read output 

8 AMWR Advanced memory write output 

9 MWR Memory write command output 

10 Vss Ground 

11 10WR I/O write command output 

12 AIOWR Advanced I/O write command output 

13 lORD I/O read command output 

14 INTAK Interrupt acknowledge output 

15 CEN Command enable input 

16 DBEN Data buffer enable output 

17 ICE/PBEN Interrupt cascade enable/Peripheral 
data bus enable output 

18 BS2 Bus status input 2 

19 BSo Bus status input 0 

20 VDD Power supply 

Pin Configuration 

lOB 

ClK 

BS, 

BUFR/W 

ASTB 

AEN 

MRo 
AMWR 

MWR 

Pin Functions 

pPD71088 
SYSTEM BUS 
CONTROLLER 

BB2 
ICE/PBEN 

14 iNi'AK 
iOiiD 
AIOWR 

49{)()()365A 

BSO-BS2 [Bus. Status Inputs 0 - 2] 

The BSO-BS2 inputs are connected to the encoded 
CPU status outputs. The pPD71088 decodes these 
status outputs into command and control outputs for 
timing control. See table 1 for an explanation of these 
inputs. 

ClK [Clock] 

The ClK input is connected to the same clock output 
that drives the CPU clock, usually the ClK output of a 
pPD71 084 or apPD71 011. It is the internal system clock 
of the pPD71 088. 

AEN [Address Enable] 

The AEN input controls the command output buffers. 
When lOB is low, a low-level AEN causes the command 
buffers to output command output signals. A high-level 
AEN makes all command lines go to high impedance. 
When lOB is high, the pPD71088 is in I/O bus mode, 
and the command lines are not affected by AEN. 

CEN [Command Enable] 

The CEN input controls DBEN, PBEN and all command 
outputs. When CEN is high, all these outputs are active. 
When CEN is low, they are inactive. 

lOB [I/O Bus Mode] 

When the lOB input is high, the bus control mode is I/O 
bus mode. When lOB is low, the bus control mode is 
system bus mode. 

MRD [Memory Read Command] 

The MRD output is the signal to read data from a 
memory device. MRD is three-state, active low. 
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MWR [Memory Write Command] 

The MWR output is the signal to write data to a memory 
device. MWR is three-state, active low. 

APtfWA [Advanced Memory Write Command] 

This com mand output is the same as MWR, except that it 
is generated one state (clock cycle) earlier than MWR. 

lORD [I/O Read Command] 

The lORD output is the signal to read data from an 
I/O device. lORD is three-state, active low. 

10WR [I/O Write Command] 

The 10WR output is the signal to write data to an I/O 
device. 10WR is three-state, active low. 

AIOWR [Advanced I/O Write Command] 

This command output is the same as 10WR, except that 
it is generated one state (clock cycle) earlier than 
10WR. . 

INTAK [Interrupt Acknowledge] 

The INTAK output acknowledges interrupt requests. 
Requesting devices output an interrupt vector address 
in response to INTAK. INTAK is three-state, active low. 

ASTB [Address Strobe] 

The ASTB output control signal latches the address 
outputs from the CPU into an external address latch, 
such as a IlPD71 082 or IlPD71 083. Add ress data shou Id 
be strobed with the trailing edge (high to low) of ASTB. 

Block Diagram 

-{ BS. 

BS, Status 
Input Decoder 

BSo 

ClK 

~-{ AEN Control Signal logic Input CEN 

lOB 
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DBEN [Data Buffer Enable] 

The DBEN output activates a data bus buffer/driver 
such as a IlPD71 086 or IlPD71 087 to input or output 
data between the CPU local bus and the memory or I/O 
system bus~ 

BUFR/W [Buffer Read/Write] 

The BUFR/W output controls the direction in which 
data moves through a transceiver between the CPU 
and the memory or I/O peripherals. When BUFR/W is 
high, data is transferred from the CPU local bus to the 
memory or I/O system bus. When BUFR/W is low, data 
is transferred from the memory or I/O system bus to the 
CPU local bus. 

ICE/PBEN [Interrupt Cascade Enable/Peripheral 
Data Bus Enable] 

The meaning of this output signal depends on lOB. If 
lOB is low {system bus mode}, it is the ICE output. ICE 
controls the cascade address transfer from a master 
priority interrupt controller to slave priority interrupt 
controllers. The slave reads the address from the mas
ter when ICE goes high. 

When lOB is high, it becomes PBEN. PBEN controls 
the I/O bus the same way that DBEN controls the 
system bus. In this case, however, the output is active 
low. 

MAD 

t-~ MWR 

AMWR 
Command iORo Process Output 

iOWA 

AiOWi:i 

" .. ~iNTAK ..J 

BUFR/W 

Control DBEN }~ Process 
ICE/PBEN 

Output 

ASTB 
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Absolute Maximum Ratings AC Characteristics 
(TA = 25°C, Vss = 0 V) (TA = -40°C to +85°C, Voo = 5 ±10%) 

Power supply voltage, VOO -0.5 to +7.0 V Limits 
Test 

Input voltage, VI -1.0 to Voo + 1.0 V Parameter Symbol Min Max Units Conditions 

Output voltage, Vo -0.5 to VOO + 0.5 V ClK cycle period tCYCK 125 ns 

Power dissipation, Po 500 mW 
ClK pulse with low tpWCKL 60 ns 

ClK pulse width tpWCKH 40 ns 
Operating temperature, T opt -40 to +B5°C high 

Storage temperature, T stg -65 to +150°C Setup time for bus tSBSV 40 ns 
status active to ClK t 

Comment: Exposing the device to stresses above those listed in the 
Hold time for bus tHBSV 10 ns Absolute Maximum Ratings could cause permanent damage. 
status inactive Exposure to absolute maximum ratings for extended periods may 
from ClK! affect device reliability. 
Setup time for bus tSBSIV 35 ns 

DC Characteristics status inactive 

(TA = -40°C to +85°C, Voo = 5 V ±10%) to ClK! 

Limits Hold time for bus tHBSIV 10 ns 
Test status inactive 

Parameter Symbol Min Max Units Conditions from ClKt 
Input voltage high VIH 2.2 V DBEN, PBEN active tOCTV 10 50 ns IOL =4 mA 

Input voltage low VIL O.B V DBEN, PBEN inactive tOCT 10 50 ns 
IOH = -4 mA 
CL = 100 pF 

Output voltage high VOH VOO - O.B V IOH = -4 mA delay 

Output voltage low VOL 0.45 V IOL = 12 mA, ASTB active delay tOCKSTH 30 ns 
command from ClK! 

Output voltage low VOL 0.45 V IOL = 4 mA, ASTB active delay tOBSST 25 ns 
control from status 

Input current leakage IlL -1.0 1.0 pA VI = VOO, VSS ASTB inactive delay tOCKSTL 7 25 ns 

leakage current at IOFF -10 10 pA from ClKt 
high impedance ICE active delay tOCKIC 30 ns 
Power supply current 100 BO pA VI = VOO, VSS from ClK! 
(static) ICE inactive delay tOICL 10 50 ns 
Power supply current IOOdyn 20 mA Fin = 10 MHz from ClK! 
(dynamic) 

ICE active delay tOBSIC 25 ns 
from status 

BUFR/W ! output tOCKRO 60 ns 
delay 

BUFR/W t output tOCKWR 40 ns 

AEN to DBEN delay tOAECT 30 ns 

CEN to DBEN, PBEN tOCECT 30 ns 
delay 

CEN to command delay tOCECM tCLML ns 

Command active delay 
from ClK ! 

tOCML 10 40 ns 

Command inactive tOCMH 10 40 ns 
delay 

Command output delay tOAECML 40 ns 
from AEN 

Command active output tOAECML 100 295 ns 
delay from AEN 

Command disable tFAECM 50 ns 
delay from AEN t 

Input/output rise time tR 20 ns O.B V to 2.0 V 

Input/output fall time tF 12 ns 2.0 V to O.B V 
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Timing Waveforms 

- T4 ----+il--- T1 --~-- T2 ----1~-- T3 -----<"i--- T4 -----to-!+-- T1 -

CLK 

BSo. BS1. BS2 

ASTB 

BUFR/W 

DBEN 

ICE 

83-0012279 

AEN, PBEN, DBEN Timing Diagrams 

lOB J 
AEN r L r 1 CEN 

I na~ .. 
~'.Mcr-. 

~ j 

I-- tOCECT ~ tOCECT 

PBEN ~r 
\. ,'--

tOAECM HOCECM tOCECM f.---j tFAECM 

Command , i Output I -'~ 
-tDAECML-

83-0012288 
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Timing Waveforms (cont) 

AC Test Points 

Voo-0.8V---"", ,----",\ ~----

0.45 V-__ ..Ir Te.t Point 1.5 V ~ r---------(""--___ _ 
83-0012008 

Loading Circuit 

Voo Voo 

4700 1.2K 

I OUT I I OUT I 
Note: I t~~ J t'00~ For command output. 8200 1K 
MRD, lORD MWR,~, Note: 
iNfAR, AMWR, AiOWR. For other output •• 

49-0003708 

Bus Controller Funtional Description Table 1. Command Logic 

Command Logic #lPD71 088 
BS2 BSI BSo CPU Status Command Output 

The pPD71088 decodes the CPU bus status outputs Low Low Low Interrupt acknowledge INTAK 
into command outputs. The bus status outputs 

Low Low High 1/0 read mode lORD (B80-B82) and their decoded commands are shown in 
table 1. Low High Low I/O write mode 10WR, AIOWR 

Bus Control Mode Low High High Halt mode None 

AEN 
High Low Low Instruction fetch mode MRD 

IJ The CEN, lOB, and signals control the bus 
High Low High Memory read mode MRD controller mode as shown in table 2. 
High High Low Memory write mode MWR,AMWR 

High High High No bus cycle mode None 

Table 2. Bus Control Mode 

Control Input Command Output Control Output 

Memory 1/0 

MRD,MWR, 10WR, AIOWR, ASTB, BUFii/W, 
CEN lOB AEN AMWR lORD, INTAK ICE/PBEN DBEN 

H H H High impedance Outputs enabled (NC) PBEN (NC) Outputs enabled 
(I/O bus mode) (NC) 

L Outputs enabled 

L H High impedance High impedance ICE (NC) Outputs enabled 
(System bus (NC) 
mode) L Outputs enabled Outputs enabled 

L x x H H PBEN = H Outputs enabled 
(Command disable mode) (DBEN = L: ASTB, 

BUFR/W are NC) 

Note: 

x = Don't care, NC = No change, H = High, L = Low 
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Description 

The J.tPD82C43 input/output expander is directly 
compatible with the J.tPD8048/C48 family of single-chip 
microcomputers. Using CMOS technology, the 
J.tPD82C43 provides high drive.capabilities while requir
ing only a single +5 V supply voltage. 

The J.tPD82C43 interfaces to the J.tPD8048/C48 family 
through a 4-bit 110 port and offers four 4-bit bidirectional 
static 1/0 ports. The ease of expansion allows for mUlti
ple J.tPD82C43s to be added using the bus port. 

The bidirectional 110 ports of the J.tPD82C43 act as an 
extension of the 1/0 capabilities of the J.tPD8048/C48 
microcomputer family. They are accessible with their 
own ANL, MOV, and ORL instructions. 

Features 

D Four 4-bit 1/0 ports 
D High output drive 
D Logical AND and OR directly to ports 
D Compatible with industry standard 8243 
D Direct extension of resident J.tPD8048/C48 1/0 ports 
D Fully compatible with J.tPD8048/C48 

microcomputer family 
D CMOS technology 
D Single +5 V supply 

Ordering Information 
Part 
Number 

J.lPD82C43C 

J.lPD82C43CX 

Package Type 

24-pin plastic DIP 

24-pin plastic skinny DIP 

JJPD82C43 
CMOS INPUT/OUTPUT EXPANDER 

FORJJPD8048/C48 FAMILY 

Pin Configuration 

Pin Identification 
No. Symbol 

1,23-21 P50-P53 

2-5 P40-P43 

CS 

7 PROG 

8-11 P2TP20 

12 GND 

13-16 P70-P73 

17-20 P6TP60 

24 VDD 

Pin Functions 

P20-P23 (Port 2) 

83-001983A 

Function 

4-bit I/O port 5 

4-bit I /0 port 4 

Chip select input 

Clock input 

4-bit I /0 CPU interface port 2 

Ground 

4-bit I /0 port 7 

4-bit I /0 port 6 

+5 V power supply 

A 4-bit bidirectional port which contains the 110 port 
address and instruction code on a high to low transition 
of PROG. During a low to high transition of PROG, port 2 
contains either the data for a selected output port if a 
write operation, or the data from a selected output port 
(before a low to high transition) if a read operation. Data 
on port 2 may be directly written, read, ANDed or ORed 
with previous data. 

P40-P43 (Port 4) 

A 4-bit 110 port. May be programmed for input (during 
read), low impedance latched output (after write), or 
high impedance (after read). 

P50-P53 (Port 5) 

A 4-bit 110 port. May be programmed for input (during 
read), low impedance latched output (after write), or 
high impedance (after read). 
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P60-P63 (Port 6) 

A 4-bit 1/0 port. May be programmed for input (during 
read), low impedance latched output (after write), or 
high impedance (after read). 

P70-P73 (Port 7) 

A 4·bit 1/0 port. May be programmed for input (during 
read), low impedance latched output (after write), or 
high impedance (after read). 

CS (Chip Select) 

A chip select input. A high on CS inhibits any change of 
output or internal status. 

Block Diagram 

Port 2 

PROG---" 
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PROG (Clock Input) 

A high to low transition on PROG indicates that the op· 
code and the addressed port information are available 
on port 2. A low to high transition indicates that data is 
available on port 2. 

Ground 

Ground. 

Voo (Power Supply) 

+5 V power supply input. 

Port 7 

PortS 

PortS 

Port 4 
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NEe 
Absolute Maximum Ratings 
TA=25°C 

Power supply voltage, Voo 

Input voltage, VI 

Output voltage, Vo 

Operating temperature, TOPT 

Storage temperature, T STG 

Power dissipation, Po 

Note: 
(1) With respect to ground. 

- 0.5 V to +7 V(1) 

- 0.3 V to Voo +0.3 V 

- 0.3 V to Voo +0.3 V 

1.0W 

Comment: Exposing the device to stresses above those listed in Abso
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

DC Characteristics 
TA = - 40°C to +85°C; voo = +5 V ±10% 

Limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

Input voltage VIH Voo-2.0 Voo V 
high 

Input voltage VIL -0.3 +0.8 V 
low 

Output voltage VOH1 Voo-0.5 V IOH= -240/AA 
high (port 4-7) 

Output voltage VOH2 Voo-0.5 V IOH= -100/AA 
high (port 2) 

Output voltage VOL1 +0.45 V IOL =5mA, (Note 
low (port 4-7) 1) 

Output voltage VOL2 +1 V IOL = +20mA 
low (port 7) 

Output voltage VOL3 +0.45 V IOL =0.6mA 
low (port 2) 

Sum of all IOL IOL 80 mA 5 mA each pin 
from 16 outputs 

Input leakage IIL1 ±1 ~ VIN=VootoOV 
current (port 
4-7) 

Input leakage IIL2 ±1 /AA VIN=VootoOV 
current (port 2, 
CS, PROG) 

Voo supply 1001 100 300 /AA 
current 

Power down 1002 10 /AA 
supply current 

Note: 
(1) Refer to graph of additional sink current drive. 

J,lPD82C43 

DC Characteristics (cont) 
TA = - 40°C to +85°C; Voo = +2.5 V to +6 V 

Limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

Input voltage VIH 0. 7Voo Voo V 
high 

Input voltage VIL -0.3 +0.18 Voo V 
low 

Output voltage VOH1 0.75 Voo V IOH= -120/AA 
high (port 4-7) 

Output voltage VOH2 0.75 Voo V IOH= - 5O /AA 
high (port 2) 

Output voltage VOL1 +0.45 V IOL = +2.5mA 
low (port 4-7) 

Output voltage VOL2 +1 V IOL=+7mA 
low (port 7) 

Output voltage VOL3 +0.45 V IOL = +0.3mA 
low (port 2) 

Output current IOL 40 mA +2.5 mA each pin 
low (port 4-7) 

Input leakage IIL1 ±1 /AA VIN=VOO to OV 
current (port 
4-7) 

Input leakage IIL2 ±1 /AA VIN=VOO to OV 
current (port 2, 
CS, PROG) 

Voo supply 1001 100 300 /AA Operation mode, 
current (Note 1) 

Ii Power down 1002 10 /AA Standby mode 
supply current 

Note: 
(1) IOH = O~A, PROG pulse cycle = 5~s min. 
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AC Characteristics 
TA = - 40°C to +85°C, VDD = +5 V ±10% 

Parameter Symbol Min 

Code valid 
before PROG 

100 

Code valid after ts 0 
PROG 

Data valid before tc 200 
PROG 

Data valid after to 
PROG 

Port 2 floating tH 
after PROG 

PROG negative tK 
pulse width 

Ports 4-7 valid tpo 
after PROG 

Ports 4-7 valid tiP 
before / after 
PROG 

Port 2 valid after tACC 
PROG 

CS valid tcs 
before / after 
PROG 

20 

700 

100 

90 

50 

Timing Waveform 

Limits 

Typ Max 

150 

700 

650 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

1-----tK-----t 

Port 2 

Ports 
4-7 Previous Output Valid 

Test 
Conditions 

SO pF load 

20 pF load 

80 pF load 

20 pF load 

20 pF load 

100 pF load 

SO pF load 

~ ______________________________ J 

p04rt_7·--L~l--tl_P ---~I-_ .. 'j ~ 
~ Input Valid ""'---

7-152 

AC Characteristics 
TA = - 40°C to +S5°C, VDD = +2.5 V to +6 V 

Parameter Symbol Min 

Command input tA 300 
setup time to 
PROG .j, 

Command input ts 
setup time after 
PROG .j, 

Data input setup tc 
time to PROG t 

Data input hold to 
time after 
PROG t 

Data float delay tH 
time from 
PROG t 

PROG pulse tK 
width 

CS input setup tcs 
time to PROG .j, 

CS input hold 
time after 
PROG t 

Data output tpo 
delay time from 
PROG t 

Data input setup tiP 
time to PROG .j, 

Data input hold 
time after 
PROG t 

Data output tACC 
delay time from 
PROG .j, 

600 

so 

200 

100 

Limits 

Typ Max 

400 

3.5 

NEe 

Test 
Unit Conditions 

ns Port 2 (control, 
port, address); 
80 pF load 

ns Port 2 (control, 
port, address); 
20 pF load 

ns Port 2 (write 
mode); SOpF load 

ns Port 2 (write 
mode); 20 pF load 

ns Port 2 (read mode): 
20 pF load 

!-Is 

ns 

ns Port 4-7; 100 pF 
load 

ns Port 4-7 

!-Is Port 2; SO pF load 



NEe 
Figure 1. Current Sinking Capability (Note 1) 

125 

o 

I' 
"-"-"'-~ 

~ 

" ~ , 
1\ 

I' 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Maximum Sink Current at Any Pin [VOL = 0.4 VI 
Maximum IOL Worst Cast Pin In mA 

Note: 
(1) This curve plots the guaranteed worst case current sinking capability 

01 any I/O port line versus the total sink current 01 all pins. The 
I'PD82C43Is capable 01 sinking 5 mA (lor VOL = 0.4 V) through each of 
the 161/0 lines simultaneously. The current sinking curve shows how 
the Individual I/O line drive Increases if all the I/O lines are not fully 
loaded. 
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Figure 2. tACC (Min)/ /APD82C43 vs 
tpc (Max)//APD80C48, /APD80C49 
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Functional Description 

The I/O capabilities of the J.tPD8048/C48 family can be 
enhanced in four 1/0 port increments of 4 bits each 
using one or more /APD82C43s. These additional 1/0 
lines are addressed as ports 4-7. The following lists the 
operations which can be performed on ports 4-7. 

• Logical AND accumulator to port 
• Logical OR accumulator to port 
• Transfer port to accumulator 
• Transfer accumulator to port 

Port 2 (P20-P23) forms the 4-bit bus through which the 
/APD82C43 communicates with the host processor. The 
PROG output from the J.tPD8048/C48 family provides 
the necessary timing to the /APD82C43. There are two 
4-bit nibbles involved in each data transfer. The first 
nibble contains the opcode and port address followed 
by the second nibble containing the 4-bit data. Multiple 
/APD82C43s can be used for additional 110. The output 
lines from the J.tPD8048/C48 family can be used to form 
the chip selects for additionalllPD82C43s. 

Power On Initialization 

Applying power to the /APD82C43 sets ports 4-7 to the 
high impedance mode and port 2 to the input mode. The 
state of the PROG pin at power on may be either high or 
low. The PROG pin must make a high to low transition in 
order to exit from the power on mode. The power on 
sequence is initiated any time VDD drops below 1 V. 
Table 1 following shows how the first 4-bit nibble of a 
data transfer instruction is decoded. 

Table 1. Port 2 Instruction Decoding 

P23 P22 Instruction Code P21 P20 Address Code 

0 0 Read 0 0 Port 4 

1 Write Port 5 

0 ORlD Port 6 

ANlD Port 7 

For example, a 0010 appearing on P23-P20, respectively, 
would result in a read of port 6. 

Read Mode 

There is one read mode in the /APD82C43. A falling edge 
on the PROG pin latches the op code and port address 
from input port 2. The port address and read operation 
are then decoded, causing the appropriate outputs to 
be high impedance and the input buffers switched on. 
The rising edge of PROG terminates the read operation. 
The port (4, 5, 6, or 7) that was selected by the port 
address (P21-P20) is returned to the high impedance 
mode, and port 2 is switched to the input mode. 
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Generally, in the read mode a port will be an input and in 
the write mode it will be an output. If during program 
operation the t-tPD82C43's modes are changed, the first 
read pulse immediately following a write should be 
ignored. The subsequent read signals are valid. 
Reading a port will then force that port to a high 
impedance state. 

Write Modes 

There are three write modes in the t-tPD82C43. The 
MOVD Pp, A instruction from the t-tPD8048/C48 family 
writes the new data directly to the specified port (4,5,6, 
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or 7). The old data previously latched at that port is lost 
The ORlD Pp, A instruction performs a logical OR 
between the new data and the data currently latched at 
the selected port. The result is then latched at that port. 
The final write mode uses the ANlD Pp, A instruction. It 
performs a logical AND between the new data and the 
data currently latched at the specified port. The result is 
latched at that port. 

The data remains latched at the selected port following 
the logical manipulation until new data is written to that 
port. 
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Description 

The J.tPD8155 and J.tPD8156 are J.tPD8085A family 
components having 256 x 8-bit static RAM, 3 
programmable I/O ports, and a programmable timer. 
They directly interface to the multiplexed J.tPD8085A bus 
with no external logic. The J.tPD8155 has an active low 
chip enable while the J.tPD8156 is active high. 

The J.tPD8155 and J.tPD8156 contain 2048 bits (256 x 8) of 
static RAM. The 256 words of memory may be selected 
anywhere within the system's 64K memory space by 
coding the upper 8 bits of address from the J.tPD8085A 
as a chip select. 

The two general purpose 8-bit ports (PA and PB) may be 
programmed for input or output either in interrupt or sta
tus mode. The single 6-bit port (PC) may be used as a 
control for PA and PB or as a general purpose I/O port. 
The J.tPD8155 and J.tPD8156 are programmed for their sys
tem personalities by writing into their command/status 
(C/S) registers upon system initialization. 

The timer is a single 14-bit down counter which is 
programmable for 4 modes of output operation; see 
table 3. 

Features 

o 256 x 8-bit static RAM 
o Two programmable 8-bit I/O ports 
o One programmable 6-bit I/O port 
o Single +5 V ± 10% power supply 
o Directly interfaces to the J.tPD8085A and 

J.tPD8085A-2 
o Programmable 14-bit binary counter/timer 

Ordering Information 
Part Max Frequency 
Number Package Type of Operation 

IlPD8155C / 55HC 40-pin plastiC DIP 3 MHz 

IlPD8155C-2 /55HC-2 40-pin plastiC DIP 5MHz 

IlPD8156C / 56HC 40-pin plastiC DIP 3 MHz 

IlPD8156C-2 / 56HC-2 40-pin plastiC DIP 5 MHz 

JiPD8155/56 
2048·BIT STATIC MOS RAM 

WITH 1/0 PORTS AND TIMER 

Pin Configuration 

PC3 

TIMER IN 

RESET 4 

PCs 

TIMER OUT 

101M 

*flPD8155: CE 
flPD8156:CE 

CE/CE* 

AD 
WR 

ALE 

ADo 

ADl 

AD2 

AD3 

AD4 

ADs 

ADs 

AD7 

Vss 

Pin Identification 
No. Symbol 

1. 2, 5, 37-39 PCO-PC5 

TIMER IN 

4 RESET 

TIMER OUT 

101M 

CEI CE 

RD 

10 WR 

11 ALE 

12-19 ADO-AD? 

20 Vss 
21-28 PAO-PA? 

29-36 PBO-PB? 

40 Vee 

83·002685A 

Function 

6-bit I 10 port or contrallines 

Timer clock input 

Reset input 

Timer counter output 

I 10 or memory select input 

Chip enable input 

Read strobe input 

Write strobe input 

Address low enable input 

Low address I data bus I 10 

Graund 

8-bit I 10 port A 

8-bit 110 port B 

+5 V power supply 
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Pin Functions 

ADO-AD7 (Low Address I Data Bus) 

Three-state addressldata (AD) lines that interface with 
the CPU lower 8-bit addressl data bus. The 8-bit address 
is loaded into the internal address latch on the falling 
edge of ALE. The 8-bit data is then written to or read 
from the chip, based on WR and RD strobe inputs. 

PAO-PA7 (Port A) 

8-bit general purpose 1/0 port. Data direction is se
lected by programming the command status register. 

PBO-PB7 (Port B) 

8-bit general purpose 1/0 port. Data direction is se
lected by programming the command status register. 

PCO-PC5 (Port C) 

6-bit general purpose 1/0 port or control signals for PA 
and PB. Port C function is selected by programming the 
command status register. 

ALE (Address Low Enable) 

This input control signal latches th~ddress QD the 
ADo-AD7lines and the states of CE/CE and 101M into 
the chip on the falling edge of ALE. 

CE/CE (Chip Enable) 

The chip enable input is active low for /APD8155 and ac
tive high for /APD8156. 
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10 I M (110 or Memory Select) 

This input selects either internal RAM memory if low or 
1/0 and command status registers if high. 

RESET (Reset) 

The reset input from /APD8085Ainitializes ports A, B, 
and C to the input mode. 

TIMER IN (Timer Clock In) 

Clock input to the 14-bit binary down counter. 

TIMER OUT (Timer Counter Output) 

The timer output is programmable for 4 output 
waveform modes. The selected output waveform can be 
a single pulse or a continuous pulse train, or it can be a 
single square wave or a continuous square wave. 

RD (Read Strobe) 

The RD input will strobe the addressed RAM data onto 
the AD bus if the 101M pin is low; otherwise the content 
of the selected 1/0 port or command status registers 
will be strobed onto the AD bus. 

WR (Write Strobe) 

The WR input will strobe the available data on the AD 
bus into addressed RAM location or 1/0 ports and com
mand status registers depending on 10(M. 

Vee (Power Supply) 

+5 V power supply input. 

Vss (Ground) 

Ground. 
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Block Diagram 

AD7-ADO PA7-PAo 
101M Latch RAM 

CE 
ALE 

PB7-PBo 

WR 
RESET Control 

PCS-PCo 
AD 

TIMER IN Timer TIMER OUT 

83'()()2686A 

Absolute Maximum Ratings DC Characteristics 
TA=25°C TA=OOCto +700 C, Vee = +5V±10% 

Power supply voltage, Vee -0.5Vto+7V Limits T ... 
Operating temperature, TOPT DoC to +70°C Parame.er Symbol Min Typ Max Un" Conditions 

Storage temperature, T STG - 65°C to + 150°C Input voltage VIL -0.5 0.8 V 
low 

Power dissipation, PD 1.5W 
Input voltage VIH 2.0 Vee +0.5 V 

E Comment: Exposing the device to stresses above those listed in Abso- high 
lute Maximum Ratings cou Id cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- Output voltage VOL 0.45 V IOL =2.0mA 
scribed in the operational sections of the specification. Exposure to low 
absolute maximum rating conditions for extended periods may affect Output voltage VOH 2.4 V IOH=400jAA 
device reliability. high 

Input leakage III ±10 jAA VI=Vee to OV 
current 

Output leakage ILO ±10 jAA 0.45 V ~ VOUT ~ 
current Vee 

Power supply Icc 180 mA 8155/56, 
current (Vee) 8155-2/ 56-2 

125 mA 8155H/56H, 
8155H-2 1 56H-2 

Chip ",PD8155 IldCE) +100 jAA VI=Vee toOV 
enable PD8156 
leakage'" 

-100 jAA VI=Vee toOV 
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AC Characteristics 
TA=OOCto +70°C, VCC=5V±10% 

Limits 

/APD8155/56/55H/56H /APD8155·2/56·2/55H·2/56H.2 Test 
Parameter Symbol Min Max Min Max Unit Condltlons(1) 

Address to latch setup time tAL 50 30 ns 

Address hold time after latch tlA 80 30 ns 

latch to READ / WRITE control tlC 100 40 ns 

Valid data out delay from READ tRO 170 140 ns 
control 

Address stable to data out valid tAD 400 330 ns 

latch enable width tll 100 70 ns 

Data"bus float after READ tROF 100 80 ns 

READ / WRITE control to latch enable tCl 20 10 ns 

READ / WRITE control width tcc 250 200 ns 

Data in to WRITE setup time tow 150 100 ns 

Data in hold time after WRITE two 0 ns 

Recovery time between controls tRV 300 200 ns 

WRITE to port output twp 400 300 ns 

Port input setup time tpR 70 50 ns 

Port input hold time tRP 50 10 ns 

Strobe to buffer full tSBF 400 300 ns 

Strobe width tss 200 150 ns 

READ to buffer empty tRBE 400 300 ns 

Strobe to INTR on tSI 400 300 ns 

READ to INTR off tROI 400 300 ns 

Port setup time to strobe tpss 50 ns 

Port hold time after strobe tpHS 120 100 ns 

Strobe to buffer empty tSBE 400 300 ns 

WRITE to buffer full tWBE 400 300 nS 

WRITE to INTR off tWI 400 300 ns 

TIMER IN to TIMER OUT low tTL 400 300 ns 

TIMER IN to TIMER OUT high tTH 400 300 ns 

Data bus enable from READ control tROE 10 10 ns 

Ciock TiMER iN tCYC 320 200 ns 

elK rise and fall time tr,tf 30 30 ns 

elK pulse width t1 80 40 ns 

t2 120 70 ns 

Note: 
(1) 150 pF load 
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Timing Waveforms 

Read Cycle 

CE 
I'PD8155 

OR 

101M 

ADO-7 

ALE ___ J 

Write Cycle 

CE 
I'PD8155 

OR 

CE 
I'PD8156 

101M 

ADo-7 

ALE 

WR 

J-tPD8155 156 

83-002687A 

11 

83-002688A 
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Timing Waveforms (cont) 

Strobed Input Mode 

BF 

INTR 

Input Data 
From Port 

------~ 

______________________ +-__ --J 

Strobed Output Mode 

BF 

INTR 

Output Data 
To Port 

NEe 

83·002689A 

-----------------------------'~---------------------------------------
83'()()2690A 
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Basic Input Mode 

Data Bus ------------y 
----------_.../\~--------

Time Output 

Load 

F;~~n6t~ _I 
COUNT 1 

TIMER IN 

TIMER OUT 
(Pulse) 

I~~~~ '/ _____________ .1 

Functional Description 

Command Status Register 

83-002691A 

The command status register is an 8-bit register which 
must be programmed before the JAPD8155/56 can per
form any useful functions. Its purpose is to define the 
mode of operation of the three ports and the timer. Pro
gramming of the device may be accomplished by writ
ing to 1/0 address XXXXXOOO (X = don't care) with a 
specific bit pattern. Reading of the command status 
register can be accomplished by performing an 1/0 read 
operation at address XXXXXOOO. The pattern returned 
will be a 7-bit status report of PA, PB and the timer. The 
bit patterns for the command status register read and 
write are shown in tables 1 and 2. 

Table 1. Command Status Write 

/ TM2 / TM1 /IEB /IEA / PC, PC, 

where: 
TM2-TM1 
IEB 
lEA 
PC2-PC1 
PB/PA 

= Define timer mode 
= Enable port B interrupt 
= Enable port A interrupt 
= Define port C mode 
= Define port BI A as in or out(1) 

PB PA 

J.lPD8155 156 

Basic Output Mode 

\'-----( 
Data Bus =========)( _______ "'~==== 0_ E 

83-002692A 

Reload 

F;~~n6rR -l 

83.(J()2693A 

The timer mode of operation is programmed as follows 
during command status write: 

TM2 TM1 Timer Mode 

o Don't affect timer operation 

Stop timer counting 

Stop counting after TC 

Start timer operation 

Interrupt enable status is programmed as follows: 

lEI ilEA Interrupt Enable Port II A 

o No 

Yes 

Port C may be placed in four possible (Alt) modes of op
eration as outlined below. The modes are selected dur
ing command status write as follows: 

PC2 PC1 PortCMode 

0 0 Alt1 

0 1 Alt3 

0 Alt4 

Alt 2 
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The function of each pin of port C in the four possible 
modes is outlined as follows: 

Pin Alt1 AIt2 Alt3(2) Alt4(2) 

PCa In Out AINTR A INTR 

PC1 In Out A BF A BF 

PC2 In Out ASTB A STB 

PC3 In Out Out B INTR 

PC4 In Out Out B BF 

PC5 In Out Out B STB 

Note: 
(1) PBI PA sets port BI A mode: 0 = input; 1 = output 

(2) In Alt 3 and Alt 4 modes, the control signals are initialized as follows: 
Control Input Output 
STB (Input strobe) Input control Output control 
INTR (Interrupt request) Low High 
BF (Buffer full) Low Low 

Table 2. Command Status Read 

A 
BF 

INTR 
A 

where: 
TI = Indicates a timer interrupt. This bit is set 

when terminal count is reached. It is re
set when starting a new count, or a hard
ware reset occurs, or after reading the CS 
register. 

INTE B/A 
B/A BF 

= Port B/ A interrupt. High = active. 
= Indicates whether port B/ A is full if in in

put mode or empty if in output mode. 
High = active. 

INTR B/A = Port B/ A interrupt request. High = active. 

The programming address summary for the status, 
ports, and timer are as follows: 

110 Address Number of Bits Function 

XXXXXOOO 8 Command status 

XXXXXOO1 8 PA 

XXXXX010 PB 

XXXXX011 6 PC 

XXXXX100 Timer low 

XXXXX101 Timer high 
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Timer Operation 

The internal timer is a 14-bit binary down counter capa
ble of operating in 4 output modes which are 
programmable at any time during operation. Any TTL 
clock meeting timer in requirements (see AC Character
istics) may be used as a time base and fed to the timer 
input. The timer output may be looped around and 
cause an interrupt or may be used as I/O control. The 
output modes are defined in table 3 and programmed as 
the two MSBs of the higher order byte of the timer count 
register. 

Table 3. Timer Output Modes 

Operation 

o Single square wave cycle from start to terminal count 

Continuous square wave (period = count length) 

Single pulse at terminal count 

Continuous single pulse occurring at terminal count 

Programming the timer requries two words to be written 
to the f-tPD8155/56 at I/O address XXXXX100 and XX
XXX101 for the low and high order bytes, respectively. 
Valid count length must be between 0002H and 3FFFH. 
The bit assignments for the high and low programming 
words of the timer count register are as follows: 

Word 

High byte 
Low byte 

Timer Count Register 
~~--T-~--~~--'-~~~ 

I/O Address 

XXXXX101 
XXXXX100 

The control of the timer is performed by TM2 and TM1 of 
the command status word. 

Note that counting will be stopped by a hardware reset. 
A start command must be issued via the command sta
tus register to begin counting. A new mode and/or 
count length can be loaded while the counter is count~ 
ing, but will not be used until a start command is issued. 

When an external nonsynchronous event is used as the 
timer input, the signal must first be synchronized to the 
system clock. A D-type flip-flop can be used for this 
purpose. 
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Description 

The pPB8216 and pPB8226 are 4-bit parallel bidi rectional 
bus drivers specifically designed to buffer microcomput
er system components. All inputs are low power TTL 
compatible. For driving MOS, the DO outputs provide a 
high 3.65 volts (VaH); for high-capacitance terminated 
bus structures, the DB outputs provide a high 55 mA 
(lad capability. The noninverting pPB8216 and the 
inverting pPB8226 bus drivers are available to meet a 
wide variety of applications for buffering in micro
computer systems. 

Features 

o Low input load current; 0.25 mA maximum 
o High output drive capability for driving system data 

bus 
o 3.65 V output high voltage for direct interface to 

CPU 
o Three-state outputs 
o Reduces system package count 

Ordering Information 

Part Number Package Type 

pPB8216C 16-pin plastic DIP 

pPB8226C 16-pin plastic DIP 

Pin Configuration 

001 013 

DBl 002 

011 OB2 

GND 011 

83·001988A 

JlPB8216/26 
4·BIT PARALLEL 

BIDIRECTIONAL BUS DRIVERS 

Pin Identification 
No. Symbol Function 

1 CS Chip select input 

2 000 Data output, bit 0 

DBa Data bus, bit a 
4 01 0 Data input, bit a 

001 Data output, bit 1 

DB1 Data bus, bit 1 

7 011 Data input, bit 1 

GND Ground 

9 01 2 Data input, bit 2 

10 DB2 Data bus, bit 2 

11 002 Data output, bit 2 

12 013 Data input, bit 3 

13 DB3 Data bus, bit 3 

14 003 Data output, bit 3 

15 DIEN Data in enable 

16 VCC +5 V power supply 

Pin Functions 

DBO-DB3 (Bidirectional Data Bus) 

Three-state data lines that interface with the system 
data bus. Oata direction and high impedance output are 
functions of the CS and OlEN control signals. 

010- 013 (Data Input) 

The four data input lines receive data from the CPU and 
make it available to the system data bus when both CS 
and OlEN are active low. 

000-003 (Data Output) 

The four data output lines make data available to the 
CPU from the system data bus when CS is active low 
and OlEN is active high. 

CS (Chip Select) 

Chip select enables the chip's I/O capability when ac
tive low. When CS is high, the output drivers go to a high 
impedance state. 
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OlEN (Data In Enable) 

OlEN is the data flow direction control signal. When low, 
data on the chip's input lines (010-013) from the CPU is 
made available to the system data bus (080-083). 
When high, data on the chip's data bus lines (080-083) 
is output to the CPU (providing CS is active lowen
abled). 

Block Diagrams 

Vee (Power Supply) 

+5 V power supply input. 

GNO (Ground) 

Ground. 

/APB8216 /APB8226 

t\'EC 

r-----~-----------------------------------------------__. 

010 0100-----1 >o-t----, 

OBo OBo 

000 0000---+-<><.--+--1 

011 011 C>----+---I 

O~ O~ 

012 012 C>----t--lI.>O 

O~ O~ 

002 0020---1-C!<.-

013 013 O----+__-I ><>--It----, 

OB3 OB3 

003 0030-----11-0< 

83-OO1989A 83-001990A 

~-------------------------------------------------------~ 
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Functional Description 

Microprocessors like the J,.tP08080A are MOS devices 
and are generally capable of driving a single TTL load. 
This also applies to MOS memory devices. This type of 
drive is sufficient for small systems with a few 
components, but often it is necessary to buffer the 
microprocessor and memories when adding 
components or expanding to a multiboard system. 

Bidirectional Driver 

Each buffered line of the J,.tPB8216/26 4-bit driver 
consists of two separate buffers. They are three-state in 
nature to achieve direct bus interface and bidirectional 
capability. On one side of the driver the output of one 
buffer and the input of another are tied together (DB). 
This is used to interface to the system side components 
such as memories, 1/0, etc. Its interface is directly 
TTL-compatible and it has a high drive (55 rnA). For 
maximum flexibility on the other side of the driver, the 
inputs and outputs are separate. They can be tied 
together so that the driver can be used to buffer a true 
bidirectional bus such as the 8080A data bus. The DO 
outputs on this side of the driver have a special high 
voltage output drive capability (3.65 V) so that direct 
interface to the 8080A processor is achieved with a 
maximum noise level of 650 mV. 

Control Gating CS, OlEN 

The CS input is used for device selection. When CS is 
high, the output drivers are all forced to their high 
impedance state. When it is low, the device is selected 
(enabled) and the data flow direction is determined by 
the OlEN input. 

The OlEN input controls the data flow direction (see 
block diagrams for complete truth table). This 
directional control is accomplished by forcing one of 
the pair of buffers to its high impedance state. This 
allows the other to transmit its data. This is 
accomplished by a simple two-gate circuit. 

The J,.tPB8216/26 is a device that will reduce component 
count in microcomputer systems and at the same time 
enhance noise immunity to assure reliable, high 
performance operation. 

f..lPB8216/26 

Absolute Maximum Ratings 
TA = 25°C 

Power supply voltage, Vee -0.5Vto +7.0V 

Input voltage, VI -1.0Vto +5.5V 

Output voltage, Vo -1.0Vto +5.5V 

Operating temperature, TOPT 

Storage temperature, T STG 

Output current, 10 125mA 

Comment: Exposing the device to stresses above those listed in Abso· 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

Capacitance (Note 1) 
TA = 25°C, Vcc=5V 

Limits 

Parameter Symbol Min Typ 

Input CI 
capacitance 

Output C01 
capacitance 

Output CO2 
capacitance 

Note: 
(1) This parameter is not 100% tested. 

(2) DO output. 

(3) DB output. 

Max Unit 
Test 

Conditions 

pF f=1.0MHz 

10(2) pF VBIAS=2.5V 

18(3) pF 
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DC Characteristics AC Characteristics 
TA=OOCto +70°C;Vee= +5V±5% TA=O°Cto +70°C, Vee = +5V±5% (Note 1) 

Limits 
Test 

Limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions 

I nput voltage VIL 0.95 V Input to output tp01 25 ns CL =30 pF, 
low delay DO outputs R1=300Q, 

Input voltage VIH 2.0 V 
R2=600Q, 

high 
(Note 4) 

Output voltage VOL1 0.48 V DO outputs: 
I nput to output tp02 30 ns 8216; CL = 300 pF, 
delay DB outputs R1=90Q, 

low 10L =15mA R2=180Q, 
0.48 V DB outputs (Note 4) 

10L =25mA 25 ns 8226; CL = 300 pF, 
VOL2 0.7 V 8216: DB outputs: R1=90Q, 

10L =55 mA R2=180Q, 

0.7 V 8226: DB outputs (Note 4) 

10L =50mA Output enable tE 65 ns 8216; (Notes 2 & 4) 

Output voltage VOH1 3.65 V DO outputs: time 54 ns 8226; (Notes 2 & 4) 
high IOH=-1mA 

Output disable to 35 ns (Notes 3 & 4) 
VOH2 2.4 V DB outputs; time 

10H= -10mA 
Note: 

Input forward Vc -1.0 V Ic=-5mA (1) Typical values are forTA = 25°C, Vee = +5.0V. 
voltage clamp 

(2) DO outputs, CL = 30 pF, R1 = 300/10 kQ, R2 = 600/1 kQ 
Input load IF1 -0.5 mA (DIEN, CS): DB outputs, CL = 300 pF, R1 = 90/10 kQ, R2 = 180/1 kQ. 
current VF=0.45V (3) DO outputs, CL = 5 pF, R1 = 300/10 kQ, R2 = 600/1 kQ 

IF2 -0.25 mA (All other inputs); DB outputs, CL = 5 pF, R1 = 90/10 kQ, R2 = 180/1 kQ. 
VF=0.45V (4) Input pulse amplitude: 2.5 V 

Input leakage IR1 20 IlA (DIEN, CS); Input rise and fall times of 5 ns between 1 and 2 V. 
current VR=5.25V Output loading is 5 mA and 10 pF. 

IR2 10 IlA (DI inputs): Speed measurements are made at 1.5 V levels. 

VR=5.25 V 

Output leakage 10 20 IlA DO outputs; Test Load Circuit 
current (3-state) Vo =0.45 / 5.25 V 

100 IlA DB outputs 
Vec 

Output short los -15 -65 mA DO outputs; 
circuit current Vo=OV 

-30 -120 mA DB outputs Rl 

Vcc=5.0V 

Power supply Icc 130 mA 8216 
current 120 mA 8226 Out 

Timing Waveform r r Inputs 

1 ",~J Output 
Enable 

Outputs 

83'()()1992A 
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pPD8237A 
HIGH·PERFORMANCE 

PROGRAMMABLE DMA CONTROLLER 

Description 

The J,lPD8237 A high performance DMA controller is a 
peripheral interface circuit for microprocessor 
systems. It is designed to improve system per
formance by allowing external devices to directly 
transfer information to or from the system memory. 
Memory-to-memory transfer capability is also provid
ed. The J,lPD8237 A offers a wide variety of program
mable control features to enhance data throughput 
and allow dynamic reconfiguration under program 
control. 

The J,lPD8237 A is designed to be used with an exter
nal 8-bit address register such as the 8282. It contains 
four independent channels and may be expanded to 
any number of channels by cascading additional con
troller chips. 

The three basic transfer modes allow the user to pro
gram the types of DMA service. Each channel can be 
individually programmed to autoinitialize to its 
original condition following an end of process (EOP). 

Each channel has a full 64K-byte address and word 
count capability. 

Features 

o Memory-to-memory transfers 
o Memory block initialization 
o Address increment or decrement 
o Four independent DMA channels 
o Multiple transfer modes: block, demand, 

single word, cascade 
o Independent autoinitialization of all channels 
o Enable/disable control of individual DMA requests 
o Independent polarity control of DREQ and DACK 

signals 
o End of process input for terminating transfers 
o Software DMA requests 
o High performance: transfers up to 1.6 Mbs 
o Directly expandable to any number of channels 

Ordering Information 

Part 
Number 

j./PD8237AC·5 

Package 
Type 

40·pin plastic DIP 

Max Frequency 
of Operation 

5 MHz 

Pin Configuration 

I/OR 1 

I/OW 

MEMR 

MEMW 

HlDA 

ADDSTB 

AEN 

HRQ 

cs 
ClK 

RESET 

DACK2 

DACK3 

DRQ3 

DRQ2 

DRQl 

DRQo 

GND 

Pin Identification 
No. Symbol 

IIOR 

IIOW 

3 MEMR 

4 MEMW 

5 

READY 

7 HlDA 

8 ADDSTB 

9 AEN 

10 HRO 

11 CS 

12 ClK 

13 RESET 

14, 15 DACK2, DACK3 
24, 25 DACK1, DACKo 

16-19 DR03-DROo 

20 GND 

21-23, DrD5 
26-30 D4-Do 

31 Vee 
32-35 Ao-A3 

36 EOP 

37-40 A4-A7 

A7 

As 

A5 

A4 

EOP 

A3 

A2 

Al 

Ao 

Vee 
Do 

Dl 

D2 

D3 

D4 

DACKo 

DACKl 

D5 

De 
D7 

83-003617A 

Function 

liD read control signal 

liD write control signal 

Memory read output 

Memory write output 

Fixed, high level input 

Ready input 

Hold acknOWledge input 

Address strobe output 

Address enable output 

Hold request output 

Chip select input 

Clock input 

Reset input 

DMA acknowledge output 

DMA request input 

Ground 

liD data bus 

Power supply 

liD address bus 

liD end of process 

Output address bus 
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Pin Functions 

Do-D7 (1/0 Data Bus) 
During an 110 read,the CPU enables these lines as 
outputs, allowing it to read an address register, a 
word count register, or the status or temporary 
register. During an 1/0 write, these lines are enabled 
as inputs, allowing the CPU to program the ",PD8237 A 
control registers. During DMA cycles, the eight MSBs 
of the address are output to the data bus to be strob
ed to an external latch via ADDSTB. 

A4-A7 (Output Address Bus) 

These lines, active only during DMA service, are out
puts that provide the four MSBs of the address. 

AO-A3 (1/0 Address Bus) 

During DMA active states, these lines are outputs that 
provide the 4 LSBs of the output address bus. During 
DMA idle states, these lines are inputs, allowing the 
CPU to load or examine control registers. 

DRQo-DRQ3 (DMA Request Input) 

These are asynchronous channel request inputs us
ed by peripherals to request DMA service. In a fixed 
priority scheme, DR03 has the lowest. The polarity of 
these lines is programmable; however, reset initializes 
them to active high. 

HLDA (Hold Acknowledge) 

Indicates that the CPU has relinquished control of the 
system buses. 

H RQ (Hold Request) 

Requests control of the system bus. The ",PD8237A 
issues this signal in response to software requests 
or ORO inputs from peripherals. 

DACKo-DACK3 (DMA Acknowledge Output) 

These lines indicate an active channel. They are 
sometimes used to select a peripheral. Only one 
DACK may be active at any time. All DACK lines are 
inactive unless DMA has control of the bus. The 
polarity of these lines is programmable; however, 
reset initializes them to active low. 
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EOP (End of Process) 

EOP signals that DMA service has been completed. 
When the word count of a channel becomes zero, the 
",PD8237 A pulses EOP low to notify the peripheral that 
DMA service is complete. The peripheral may pull EOP 
low to prematurely end DMA service. Internal or ex
ternal receipt of EOP causes the currently active 
channel to end service, set its TC bit in the status 
register, and reset its request bit. If the channel is pro
grammed for autoinitialization, the current registers 
are updated from the base registers. Otherwise, the 
channel's mask bit is set and the contents of the 
register are unaltered. 

EOP is output when TC for channel 1 occurs during 
memory-to-memory transfers. EOP applies to the 
channel with an active DACK. When DACKo-DACK3 
are inactive, external EOPs are ignored. 

Use of an external pull-up resistor of 3.3 kO or 4.7 kO 
is recommended. This pin (EOP) cannot sink the cur
rent passed by a 1 kO or 4.7 kO pull-up. 

RESET 

Clears the command, status, request, and temporary 
registers, the firstllast flip flop, and sets the mask 
register. The ",PD8237 A is in idle state after a ·reset. 

CS (Chip Select) 

The CPU uses CS to select the ",PD8237 A as an 1/0 
device during an 1/0 read or write by the CPU. This 
provides CPU communication on the data bus. CS 
may be held low during multiple transfers to or from 
the ",PD8237 A as long as IIOR or IIOW is toggled 
following each transfer. 

READY 

This signal can extend memory read and write pulses 
for slow memories or 1/0 peripherals. 

ClK (Clock) 

Controls internal operations and data transfer rate. 

AEN (Address Enable) 

This signal allows the external latch to output the 
upper address byte by disabling the system bus dur
ing DMA cycles. Use H LOA and AEN to deselect 1/0 
peripherals that may be erroneously accessed during 
DMA transfers. The ",PD8237A deselects itself during 
DMA transfers. 
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AOOSTB (Address Strobe) 

This signal strobes the upper address byte form 00-07 
into an external latch. 

MEMR (Memory Read) 

This signal accesses data from a specified memory 
location during memory-to-peripheral or memory-to-
memory transfers. . 

MEMW (Memory Write) 

This signal writes data to a specified memory loca
tion during peripheral-to-memory or memory-to 
memory transfers. 

IIOR (1/0 Read) 

In the idle state, this signal is an input control line 
used by the CPU to read control registers. In the ac
tive state, the J.LP08237A uses IIOR as an output con
trol signal to access data from a peripheral during a 
OMA write. 

Block Diagram 

EOP 

RESET 

ES 
READY 

ClK 

AEN 

ADDSTB 
MEMR 

MEMW 
IIOR 

IIOW 

ORQO-ORQ3 
HlDA -~ 

HRQ 

OACKO-DACK3 4 

J.lPD8237A 

1I0W (1/0 Write) 

In the idle state, the CPU uses IIOW, as an input con
trol signal to load information to the J.LP08237A. In the 
active state, the J.LP08237 A uses IIOW as an output 
control signal to load data to a peripheral during a 
OMA read. 

The rising edge of WR must follow each data byte 
transfer in order for the CPU to write to the J.LP08237A. 
Holding IIOW low while toggling CS does not produce 
the same effect. 

Pin 5 

Pin 5 is always tied high. 

Vee 
Power supply. 

GNO 
Ground. 

AO-A3 

00-07 
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Functional Description 

The ",PD8237 A has three basic control logic blocks, 
as shown in the block diagram. The command con
trol block decodes commands issued by th~ CPU to 
the ",PD8237 A before DMA requests are serviced. It 
also decodes the mode control word of each channel. 
The timing control block generates the external con
trol signals and the internal timing. The priority en
coder block settles priority contentions among chan
nels simultaneously requesting service. 

DMA Operation 

The ",PD8237 A operates in two states: idle and active. 
Each of these is made up of several smaller states 
equal to one clock cycle. The inactive state, 51, is 
entered when there are no pending DMA requests. The 
controller is inactive in 51, but the CPU may program 
it. 50 is the initial state for DMA service; the ",PD8237 A 
requests a hold, but the CPU has not acknowledged. 
Transfers may begin upon acknowledgement from the 
CPU. The normal working states of DMA service are 
51, 52, 53, and 54. If more time is needed for a 
transfer, a wait state, 5W, can be inserted using the 
READY line. 

A memory-to-memory transfer requires read-from
memory and write-to-memory operations. The states 
511, 512, 513, and 514 provide the read-from opera
tion. 521,522,523, and 524 provide the write-to part 
of the transfer. The byte is stored in the temporary 
register between operations. 

Idle State 

When there are no pending service requests, the 
",PD8237A is in the idle state; more specifically, in 51, 
DRO lines and C5 are sampled to determine requests 
for DMA service and CPU attempts to inspect or 
modify the registers of the ",PD8237A, respectively. 
The CPU can read or write to the registers when C5 
and HLDA are low. Ao-A3 are used as inputs to the 
",PD8237 A and select the registers affected. The liaR 
and iiOW iines seiect and time the reads and wiites. 
An internal flip-flop generates an additional address 
bit which determines the upper or lower byte of the 
address and vv'crd count registers. This flip-flop can 
be reset by master clear, reset, or a software 
command. 

When CS and HLDA are low (program phase), the 
",PD8237A can execute special software commands. 
When C5 and IIOW are active, the commands are 
decoded as addresses and do not use the data bus. 
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Active State 

When a channel requests service while the ",PD8237A 
is in idle state, the ",PD8237A outputs an HRO to the 
CPU and enters the active state. DMA service takes 
place in the active state, in one of the four modes 
described below. 

DRO is held active only until the corresponding DACK 
goes active when a single transfer is performed. If 
DRO is held active for a longer period, HRO will 
become inactive after each transfer, become active 
again, and a one-byte transfer will be made after each 
rising edge of HLDA. This assures a full machinecy
cle between DMA transfers in 8080A/8085A systems. 
Timing between the ",PD8237 A and other bus control 
protocols depends on the CPU being used. 

Block Transfer Mode 

In this mode, the ",PD8237A makes transfers unitl it 
encounters a TC or an external EOP. Hold DRO active 
only until DACK goes active. The channel will au
toinitialize at the end of the DMA service if it has been 
programmed to do so. 

Demand Transfer Mode 

In this mode, the ",PD8237A makes transfers until it 
encounters a TC or an external EOp, or until DRO 
becomes inactive. This allows the device requesting 
service to stop the transfers by sending DRO inactive. 
The device can resume service by making DRO active. 
The current address and current word count registers 
may be examined during the time between services 
when the CPU is allowed to operate. Autoinitialization 
can occur only after a TC or EOP at the end of the 
DMA service. After an autoinitialization, there must 
be an active-going DRO edge to begin new DMA 
service. 

Cascade Mode 
In this mode, you can expand your system by 
cascading several ",PD8237 As together. Connect the 
HLDA and HRO signals from the additional 
",PD8237 As to the DRO and DACK signals of a chan
nel of the initial ",PD8237A. This scheme allows the 
additionai devices to send the DMA requests through 
the priority resolution circuitry of the preceding 
device, preserving the priority chain and forcing the 
device to wait its turn to acknowledge requests. The 
cascade channel in the initial device does not output 
any address or control signals because its only func
tion is that of assigning priorities. The ",PD8237A 
responds to DRO with DACK, but all outputs except 
HRO are disabled. 
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Figure 1 shows two J.lPD8237As cascaded into two 
channels of another one, forming a two-level DMA 
system. You could add more devices at the second 
level by using the leftover channels of the first level; 
likewise, you could add more devices to form a third 
level by cascading into the channels of the second 
level. 

Transfers 

There are three types of transfers that can be per
formed by the three active transfer modes: read, write, 
and verify. Read transfers activate M EM Rand 1I0W 
to move memory data to an 110 device. Write transfers 
activate 1I0R and M EMW to move data from an 1/0 
device to memory. Verify transfers are not really 
transfers; the J.lPD8237 A goes through the motions of 
a transfer but the memory and 1/0 lines are not active. 

Figure 1. Two·LeveiDMA System 

CPU Hold 1st Level 

DACK 

Initial 
Device 

Memory-to-Memory Transfers 

2nd Level 

I'PD8237A-5 

HLDA 

Additionlll 
Devices 

Use block transfer mode for memory-to-memory 
transfers. Mask out channels 0 and 1, and initialize 
the channel 0 word count to the same value as chan
nel 1. 8etting bit CO of the command register to 1 
makes channels 0 and 1 operate as memory-to
memory transfer channels. Channel 0 is the source 
address, channel 1 is the destination address, and the 
channel 1 word count is used. Initiate the memory-to
memory transfer by setting a DMA request for chan
nel O. You can write a single source word to a block 
of memory when channel 0 is programmed for a fixed 
source address. The J.lPD8237 A responds to external 
EOP signals during these transfers, but no DACK out
puts are active. The EOP input may be used 
by data comparators doing block searches to end ser
vice when a match is found. 

J.lPD8237A 

Autoinitialization 
A channel may be set for autoinitialize by program
ming a bit in the mode register. Autoinitialize restores 
the original values of the current address and current 
word count registers from the initial address and in
itial word count registers of that channel. The CPU 
loads the current and initial registers simultaneous
ly and they are unchanged through DMA service. EOP 
does not set the mask bit when the channel is in 
autoinitialize. The channel can repeat its service 
following autoinitialize without CPU intervention. 

Priority Resolution 

Two software-selectable priority resolution schemes 
are available on the J.lPD8237 A: fixed priority and 
rotating priority. In the fixed priority scheme, priority 
is assigned by the value of the channel number. Chan
nel 3 is the lowest priority and channel 0 is the highest 
priority. 

In the rotating priority scheme, the channel that was 
just serviced assumes the lowest priority and the 
other channels move up accordingly. This guarantees 
that a device requesting service can be adcknowl
edged after no more than three other devices have 
been serviced, preventing any channel from 
monopolizing the system. 

1st Service 2nd Service 3rd Service 

Highest o 2-Service 3-Service 
1-Service" 3-Request'\. 0 2 ,,0 "'-1 
3 1 2 Lowest 

The highest priority channel is selected on each r:t 
active-going HLDA edge. Once service to a channel a:.I 
begins, it cannot be interrupted by a request from a 
higher priority channel. A higher priority channel gets 
control only when the lower priority channel releases 
HRQ. The CPU gets bus control when control passes 
from channel to channel, ensuring that a rising HLDA 
edge can be generated to select the new highest 
priority request. 

Transfer Timing 

If, you can cut transfer timing, by compressing the 
transfer time to two clock periods. 8ince state 3 (83) 
extends the access time for the read pulse, you can 
eliminate 83, making the width of the read pulse equal 
to the write pulse. A transfer is then made up of 82 
to change the address and 84 to perform the read or 
write. When the address lines As-A15 need to be up
dated, 81 states occur. 
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Generating Addresses 

The eight MSBs of the address are multiplexed on the 
data lines. These bits are output to an external latch 
during S1, after which they can be placed on the ad
dress bus. The falling edge of ADDSTB loads the bits 
from the data lines to the latch. AEN places the bits 
on the address bus. The eight LSBs of the address are 
directly output on lines Ao-A7 to the address bus. 

Sequential addresses are generated during block and 
demand transfer mode operations because they in
clude several transfers. Often, data in the external ad
dress latch does not change; it changes only when 
a carry or borrow from A7 to As occurs in the se
quence of addresses. S1 states are executed only 
when As-A15 need to be updated. In the course of 
lengthy transfers, S1 states may be executed only 
once every 256 transfers. 

Registers 

Table 1 summarizes the registers of the ",PD8237A. 

Table 1. Register Summary 

Register No. Bits 

Current address registers 4 16 
Current word count registers 4 16 

Initial address registers 4 16 

Initial word count registers 4 16 

Command register 1 8 

Mode registers 4 6 

Request register 1 4 

Mask register 4 

Status register 8 

Temporary register 8 

Temporary address register 16 

Temporary word count register 16 
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Current Address Register. There is a current address 
register for each channel. This register holds the ad
dress used for DMA transfers; the address is in
cremented or decremented after each transfer and the 
intermediate values are stored here during the 
transfer. The CPU writes or reads this register in 8-bit 
bytes. An autoinitialize restores this register to its in
itial value. 

Current Word Count Register. There.is a current word 
count register for each channel. Program this register 
with the value of the number of words to be transfer
red, minus one. The word count is decremented after 
each transfer and intermediate values are stored in 
this register during the transfer. A TC is generated 
when the word count is zero. The CPU writes or reads 
this register in 8-bit bytes during program phase. An 
autoinitialize restores this register to its initial value. 
After an internally generated EOP, the contents of this 
register with be FFFFH. 

Initial Address and Initial Word Count Registers. 
There is an initial register and an initial word count 
register for each channel. The initial values of the 
associated current registers are stored in these 
registers. The values in these registers are used to 
restore the current registers at autoinitialize. During 
DMA programming, the CPU writes the initial registers 
and the corresponding current registers at the same 
time, in 8-bit bytes. Intermediate values in the current 
registers are overwritten if you write to the initial 
registers while the current registers contain in
termediate values. The CPU cannot read the initial 
registers. 
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Table 2. Word Count and Address Register Command Codes 

Channel Operation CS IIOR iiiiW 
0 Initial & current 0 0 

address write 0 0 

Current 0 0 1 
address read 0 0 1 

Initial & current 0 0 
word count write 0 0 

Current 0 0 1 
word count read 0 0 1 

Initial & current 0 0 
address write 0 0 

Current 0 0 1 
address read 0 0 1 

Initial & current 0 0 
word count write 0 0 

Current 0 0 1 
word cou nt read 0 0 1 

Initial & current 0 0 
address write 0 0 

Current 0 0 
address read 0 0 

Initial & current 0 1 0 
word count write 0 1 0 

Current 0 0 1 
word count read 0 0 1 

3 Initial & current 0 1 0 
address write 0 1 0 

Current 0 0 1 
address read 0 0 1 

Initial & current 0 1 0 
word count write 0 1 0 

Current 0 0 
word count read 0 0 

Command Register. The CPU programs this register 
during program phase. The register can be cleared 
with reset. 

Signals 

A3 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

A2 Al Ao 

0 0 0 
0 0 0 

0 0 0 
0 0 0 

0 0 
0 0 

0 0 
0 0 

0 0 
0 0 

0 0 
0 0 

0 1 
0 1 

0 1 1 
0 1 1 

1 0 0 
1 0 0 

0 0 
0 0 

0 
0 

0 
0 

0 
0 

0 
0 

J.lPD8237A 

Internal 
Flip-Flop 

Do-D7 

0 Ao-A7 
1 As-A15 

0 Ao-A7 
1 As-A15 

0 WO-W7 
1 WS-W15 

0 WO-W7 
1 WS-W15 

0 Ao-A7 
1 As-AI5 

0 Ao-A7 
1 As-A15 

0 WO-W7 
1 WS-W15 

0 WO-W7 
1 WS-W15 

0 Ao-A7 
1 As-A15 

0 Ao-A7 
1 As-A15 

0 WO-W7 
1 WS-W15 

0 WO-W7 
1 WS-W15 

0 AO-A? 
1 As-A15 

0 AO-A? 
1 As-A15 

0 WO-W? 
1 WS-W15 

0 WO-W7 
1 WO-W15 

o Memory-to-memory disable 
1 Memory-to-memory enable 

o Channel 0 address hold disable 
1 Channel 0 address hold enable 
XllbitO=O 

o Controller enable 
1 Controller disable 

o Normal Timing 
1 Compressed Timing 
X If bit 0 =1 

o Fixed Priority 
1 Rotating Priority 

o Late write 
1 Extended write 
X II bit 3 = 1 

~ _______ ., ~ g~g :~:::: ~~h 
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Mode Register. There is a mode register associated 
with each channel. When the CPU writes to this 
register during the program phase, bits 0 and 1 deter
mine on which channel mode register the operation 
is performed. 

~
. 00 Channel 0 

01 Channell 
10 Channel 2 
11 Channel 3 

00 Verify transfer 
01 Write transfer 
10 Read transfer 
11 Illegal 
XX If bits 6 and 7 = 11 

o Disable autoinitialize 
1 Enable autoinitialize 

o Address increment 
1 Address decrement 

00 Demand mode 
01 Single mode 
10 Block mode 
11 Cascade mode 

Request Register. This register allows the IJP08237 A 
to respond to OMA requests from software as well as 
hardware. There is a bit pattern for each channel in 
the request register. These bits can be prioritized by 
the priority resolving circuitry and are not maskable. 
Each bit is set or reset under software control or 
cleared when TC or an external EOP is generated. A 
reset clears the entire register. The correct data word 
is loaded by software to set or reset a bit. 

Software requests receive service only when the chan
nel is in block mode. The software request for chan
nel 0 should be set at the beginning of a memory-to
memory. transfer. 

7654321 

~NA .' li 00 Channel 0 
01 Channell 
10 Channel 2 
11 Channel 3 

'. (0 Reset request bit ~ 1 Set request bit 
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Mask Register. There is a mask bit for each channel 
which can disable an incoming ORQ. If the channel 
is not set for autoinitialize, each mask bit is set when 
its channel produces an EOP. Each bit can be set or 
cleared under software control. Reset clears the 
register. This disallows OMA requests until they are 
permitted by a clear mask register instruction. 

NA L{ 00 Channel 0 mask bit 
01 Channell mask bit 
10 Channel 2 mask bit 
11 Channel 3 mask bit 

o Clear mask bit 
1 Set mask bit 

You may also write all four bits of the mask register 
with a single command. 

o Clear Channel 0 mask bit 
1 Set Channel 0 mask bit 

o Clear Channel 1 mask bit 
1 Set Channel 1 mask bit 

o Clear Channel 2 mask bit 
1 Set Channel 2 mask bit 

o Clear Channel 3 mask bit 
1 Set Channel 3 mask bit 

Status Register. The status register indicates which 
channels have made OMA requests and which chan
nels have reached TC. Each time a channel reaches 
TC, including after autoinitialization, bits 0-3 are set. 
Status read and reset clear these bits. Bits 4-7 are set 
when a channel is requesting service. The CPU can 
read the status register. 

1 Channel 0 TC 
1 Channel 1 TC 
1 Channel 2 TC 
1 Channel 3 TC 

1 Channel 0 DMA request 
1 Channell DMA request 
i Channei ~ DiViA requt=si 
1 Channel 3 DMA request 
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Temporary Register. The temporary register holds 
data during memory-to-memory transfers. The CPU 
can read the last word moved when the transfer is 
complete. This register always contains the last byte 
transferred in a memory-to-memory transfer unless 
cleared by a reset. 

Table 3. Software Command Codes 

Software Commands 

There are two software commands that can be ex
ecuted in the program phase. These commands are 
independent of data on the data bus. 

A3 

Note: 

A2 

0 

0 

0 

0 

A1 AD 

0 0 

0 0 

0 1 

1 0 

1 

0 0 

0 

0 

1 

0 

IIOR IIOW (1) Operation 

0 Read status register 

0 Write to command register 

0 Write to request register 

0 Write a mask register bit 

0 Write to mode register 

1 0 Clear byte pOinter flip-flop 

0 Read temporary register 

0 Master clear 

1 0 Write all mask register bits 

0 Clear Mask register 

Clear FirstlLast Flip·Flop. You may issue this com
mand before reading or writing any word count or ad
dress information. It allows the CPU to access 
registers, addressing upper and lower bytes correct
ly by initializing the flip-flop to an identifiable state. (1) All other bit combinations are illegal. 

Application Example Master Clear. This command produces the same 
effect as reset. It clears the command, status, request, 
temporary, and internal firstllast flip-flop registers, 
sets the mask register, and causes the IiPD8237A to 
enter idle state. 

Table 3 illustrates address codes for the software 
commands. 

Figure 2 shows an application using the IiPD8237A 
with an 8088. The IiPD8237 A sends a hold request to 
the CPU whenever there is a valid DMA request from 
a peripheral device. The IiPD8237A takes control of 
the address, data, and control buses when the CPU 

Figure 2. j.lPD8237A DMA Controller Application with 8088 CPU 

Handshake with Device 
[iDb Requesting Service I 

rlRD~284 I -I'>o----JoeAs
o:;:2! 

RST ClK I I .... rl: ... S_TB~ ........ 
READY 1 I r--:A-=EN~-=a~'?~~~~:----~A:-::D~DS=T:l=tB /">. 

RESET 1 RESET 15 C> ~ 
ClK 1---+-"IClK I'PD8237A 

HlDA t----... HlDA 

HOLD HRQ 

8088 

CPU 

~ ~ 7~ 7 
~ 8282 I------Ad-d-re-ss-B-US....:.L->.L...---I 

I~~ 
Data Bus 

v 

" 
v 

83'()03618B 
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replies with an HLDA signal. The address for the first 
transfer appears in two bytes: the eight LSBs are out
put on Ao-A7 and the eight MSBs are output on the 
data bus pins. The contents of the data bus pins are 
latched to the 8282 to make up the 16 bits of the 
address bus. Once the address is latched, the data 
bus transfers data to or from a memory location or 
1/0 device, using the control bus signals generated 
by the ",PD8237 A. 

AC Characteristics Supplementary 
Information 
All AC timing measurement pOints are 2 . .0 V for high 
and 0.8 V for low, for both inputs and outputs. The 
loading on the outputs is one TTL gate plus 100 pF 
of capacitance for the data bus pins, and one TTL gate 
plus 50 pF for all other outputs. 

Recovery time between successive read and write in
puts must be at least 400 ns. 1/0 or memory write 
pulse widths will be Tcy-100 ns for normal DMA 
transfers and 2 T Cy-100 ns for extended cycles. 1/0 or 
memory reads will be 2 T cy-50 ns for normal reads 
and T cy-50 ns for compressed cycles. T OQ1 and T OQ2 
are measured on two different levels: T OQ1 at 2.0 V, 
TOQ2 at 3.3 V with a 3.3 kO pull-up resistor. DREQ and 
DACK are both active high and low. DREQ must be 
held in the active state (user defined) until DACK is 
returned from the ",PD8237 A. The AC waveforms 
assume these are programmed to the active high 
state. 

Absolute Maximum· Ratings 
TA = 25°C 

Ambient temperature under bias, 
TOPT 

Storage temperature, T STG 

Voltage on any pin with respect to 
Ground, Vee 

Power dissipation, Po 

. -0.5V to + 7V 

1.5W 

Comment: Exposing the device to stresses above those listed in 
Abso!ute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability_ 
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CapaCitance 
TA = 25°C 

Parameter Symbol 

Output capacitance Co 

Input capacitance CI 

1/0 capacitance CIQ 

Note: 

Min 

NEe. 

Limits Test 
Typ(1) Max Unit Conditions 

4 8 pF fc = 1.0 MHz, 

8 15 pF Inputs = 0 V 

10 18 pF 

(1) Typical values measured at T A = 25°C, nominal processing 
parameters, and nominal Vee. 

DC Characteristics 
TA = OOC to + 70°C; Vee = +5 V ± 5% 

Limits Test 
Parameter Symbol Min Typ(1) Max Unit Conditions 

Output high VOH 2.4 V IOH = - 200 IJA 
voltage 3.3 V IOH = -100 IJA 

(HRQ only) 

Output low VOL 0.45 IOL = 2.0 rnA 
voltage (Data bus) 

V IOL = 3.2 mA 
(Other outputs) 

Input high VIH 2.0 Vee 
voltage +0.5 V 

Input low voltage VIL -0.5 0.8 V 

Input load III ±10 IJA OV ;:s; VIN 
current ;:s; Vee 

Output leakage ILO ±10 IJA 0.45 ;:s; VOUT 
current ;:s; Vee 

Vee supply lee 65 130 mA TA = +25°C 
current 75 150 mA TA = O°C 

Note: 
(1) Typical values measured at T A = 25°C, nominal processing 

parameters, and nominal Vee. 
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AC Characteristics 
DMA (Master) Mode 
TA = O°C to + 70°C; Vcc = 5V ± 5%; Vss = 0 V 

Limits Limits 

Parameter Symbol Min Typ Max Unit Parameter Symbol Min Typ Max Unit 

AEN high from ClK low (S1) tAEl 200 ns Data bus float to active delay tFAOB 200 ns 
delay time from ClK high 

AEN low from ClK high (S1) tAET 130 ns HlDA valid to ClK high setup tHS 75 ns 
delay time time 

ADR active to float delay from tAFAB 90 ns Input data from MEMR high tlDH 0 ns 
ClK high hold time 

READ or WRITE float from ClK tAFC 120 ns Input data to MEMR high setup tlDS 170 ns 
high time 

DB active to float delay from tAFDB 170 ns Output data from MEMW high tOOH 10 ns 
ClK high hold time 

ADR from READ high hold time tAHR tCy-100 ns Output data valid to MEMW toov 125 ns 

DB from ADDSTB low hold time tAHS 30 ns high 

ADR from WRITE high hold time tAHW tCy-50 ns DRQ to ClK low (S1, S4) setup tos 0 ns 
time 

DACK valid from ClK low delay tAK 170 ns 
ClK to READY low hold time tRH 20 time ns 

EOP high from ClK high delay tAK 170 ns READY to ClK low setup time tRS 60 ns 

time ADDSTB high from ClK high tSTl 130 ns 

EOP low to ClK high delay time tAK 100 ns delay time 

ADR stable from ClK high tASM 170 ns ADDSTB low from ClK high tSTT 90 ns 

Data bus to ADDSTB low setup 100 
delay time 

tASS ns 
time Note: 

Clock high time (transitions tCH 80 ns (1) Net IIOW or MEMW pulse width for norm~rite~-100 

:s 10 ns) ns and tCy-100 ns for extended write. Net IIOR or MEMR pulse 

Clock low time (transitions tCl 68 
width for normal read to 2tCy-50 ns and tCy-50 ns for compress-

ns ed read. 
:s 10 ns) (2) T 001 is measured at 2.0 V. t002 is measured at 3.3 V. An exter-
ClK cycle time tCY 200 ns nal pullup resistor of 3.30 connected from HRQ to Vcc is assum-

ClK high to READ or WRITE tOCl 190 ns ed for t002' 

El low delay(l) 

READ high from ClK high (S-4) tOCTR 190 ns 
delay time(l) 

WRITE high from ClK high tDCTW 130 ns 
(S-4) delay time(l) 

HRQ valid from ClK high delay tOOl 120 ns 
time (2) t002 120 ns 

EOP low from ClK low setup tEPS 40 
time 

EOP pulse width tEPw 220 ns 

ADR float to active delay from tFAAB 170 ns 
ClK high 

READ or WRITE active from tFAC 150 ns 
ClK high 

8-25 
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AC Characteristics (cont) 
Peripheral Mode 
TA = ooc to + 70°C; Vcc = 5 V ± 5%; Vss = a v 

Limits 

Parameter Symbol Min Typ Max Unit 

ADR valid or CS low to READ tAR 50 ns 
low 

ADR valid to WRITE high setup tAW 150 ns 
time 

CS low to WRITE high setup tcw 150 ns 
time 

Data valid to WRITE high setup tow 150 ns 
time 

ADR or CS hold from READ high tRA 0 ns 

Data access from READ low(1) tROE 140 ns 

Data bus float delay from READ tROF 70 ns 
high 

Power supply high to RESET tRSTO 500 ns 
low setup time 

RESET to first liaR or IIOW tRSTS 2tCY ns 

RESET pulse width tRSTW 300 ns 

READ width tRW 200 ns 

ADR from WRITE high hold time tWA 20 ns 

CS high from WRITE high hold twc 20 ns 
time 

Data from WRITE high hold time two 30 ns 

Write width twws 160 ns 

Note: 
(1) Data bus output loading is 1 TTL gate plus 100 pF capacitance. 

8-26 
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AC Testing Input/Output Waveform 

2.4---><2.0_ _2.0X== 
Test Points 

0.8- -0.8 0.45 
Inputs are driven at 2.4V for logic 1 and 0.45V for logic 
O. These timing measurements are made at 2.0V for 
logic 1 and O.BV for logic O. A transition time of 20 ns 
or less is assumed for input timing parameters. 
Unless noted, output loading is 1 TIL gate plus 50 pF 
capacitance. 
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Timing Waveforms 

Slave Mode Write 

tcw 

I twws 

"{ 
I 

tAW 

AO-A3 :x Input Valid 

tDW 

DO-D7 }. Input Valid 

Note: 
(1) You must time successive read or write operations by the CPU to allow at least 400 ns 

recovery time for the ,..PD8237 between read and write pulses. 

Slave Mode Read 

-
J 
}~ 

I 
-

-

cs---.......... 
~ y ~------________________________________________________ -J 

,t
wc 

(1) 

I 

f--tWA 

\V 
Jf\ 

I---tWD 

K 

AO-A3 \i Address Must Be Valid K __ ~P-~ _____________________________ ~~ _________ _ 

DO-D7 

~"R=1r =1'~~ 

_ _ ~ '1~-_ -_tRDE~tRW-IIt:----_t=_tRDF----jj 
t Data Out Valid }--

Note: 
(1) You must time successive read or write operations by the CPU to allow at least 400 ns 

recovery time for the ,..PD8237 between read and write pulses. 
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Timing Waveforms (cont) 

DMA Transfer 

ClK l' ,~b~r\~ ~tlrlv ~b~~~~~lA-
~\\0\\\\\\~'" - ~j IQS-l i--

ORQ !l) 

----=;= 10Q_ I..-

HRQ 

- -IHS 

HlOA IIIII 1\\ 1\\\ \\\\ 
IAEl -~ -t 

I 
Vf AEN 

ISTl 

~ 
-ISTT 

t----
1- -IEPS 

I ""\ 
I 

AOOSTB 

- - lASS 

f--H - IAHS 
IAK- l-

I 

TAOB 

~~1 I I--- IASM r IAFAB 
~ ~IAFrB =}-I-IFAAB I-IArW- I 

00-07 

7 I I X Address V~II~ 

~ 
Addre~s Valid 

t-IA~R- I- IAHR 

Ao-A 

K / \ 
I 

OAC 

r-- 10Cl 10CTR r-- I-- 10Cl 
IFAC r-- 10CTR r- - I--IAFC 

I ~ n 'IF-----
READ 

r-- 10CTW _ I--IOCTW 

-----1I-----~k 
WRITE 

n 
l~~)t- -,,~ I 

t_~ 
Exlernal W-P -----II---------..~~\~\""'""'\\"\-.-\.....--.\\"\-....-\t J~II~/rl--T-T-cr-r-r--:r-rI-,-Ir-7I----

II 
Internal EOP 

~ See Note 2, AC Characteristics. OMA Mode 
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Timing Waveforms (cont) 

Memory-fo-Memory Transfer 

so S14 S21 S22 S23 S24 S1 

AOOSTB 

j--tAHS tAFAB_ 

AO-A7------I----< Address Valid 

00-07 ______ 1-_--( 
OUT 

MEMR 
tAFC 

tAK 

n
EPS 

tEPW 

EXT EOP=-------r-\-....\~\~\-.--\-.--\.....--\...----\ ...----\ ........... \ \,---..,\~\--.-\--.-\ ..........,Z~Z--rZ~Z --'-z -r-Z Z-r---
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Timing W av.forms ( 
Ready contI 

ClK 

AO-A7 

tDCTW l--
,t--
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Timing Waveforms (cont) 

Reset 

V ._cc _________ /I-I------IRSTO------~ 
~--- tRsTW----i 

RESET I\.-;

-1-

--------------------~ 

j..(PD8237A 

IRSTS={ 

----------------------------------------------~ll~---------
1I0Ror 1I0W 

'----
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Description 

The J.lPD8243 and J.lPD8243H input/output expander is 
directly compatible with the J.lPD8048 family of single
chip microcomputers. Using NMOS technology the 
J.lPD8243 provides high drive capabilities while re
quiring only a single +5 V supply voltage. 

The J.lPD8243 interfaces to the J.lPD8048 family through a 
4-bit I/O port and offers four4-bit bidirectional static 110 
ports. The ease of expansion allows for multiple 
J.lPD8243s to be added using the bus port. 

The bidirectional 110 ports of the J.lPD8243 act as an ex
tension of the 110 capabilities of the J.lPD8048 micro
computer family. They are accessible with their own 
ANL, MOV, and ORL instructions. 

Another version, J.lPD8243H, has less total output 
current sinking capability than J.lPD8243 but is other
wise identical. 

Features 

o Four4-bit 110 ports 
o High output drive 
o Logical AND and OR directly to ports 
o Compatible with industry standard 8243 
o Direct extension of resident J.lPD8048I/O ports 
o Fully compatible with J.lPD8048 microcomputer 

family 
o NMOS technology 
o Single +5 V supply 

Ordering Information 
Part 
Number 

",PD8243C 

",PD8243HC 

Package Type 

24-pin plastic DIP 

24-pin plastic DIP 

pPD8243/H 
INPUT/OUTPUT EXPANDER 

FOR pPD8048 FAMILY 

Pin Configuration 

PSo 

P4, 

P42 

PROG 

P21 

P20 
GND 

Pin Identification 
No. Symbol 

1.21-23 P50-P53 

2-5 P40-P43 

6 CS 

PROG 

voo 
P5, 

P52 

P53 

P60 

4-bit I/O port 5 

4-bit I/O port 4 

Function 

Chip select input 

Clock input 

83'()()3799A 

8-11 P20-P23 4-bit I/O CPU interface port 2 

12 GND Ground 

13-16 P70-P73 4-bit I/O port 7 

17-20 P60-P63 4-bit I/O port 6 

24 Voo +5 V power supply 

Absolute Maximum Ratings 
TA=25°C 

Power supply voltage. Voo (to ground) 

Operating temperature. TOPT 

Storage temperature. T STG 

Power dissipation. Po 

-0.5to +7V 

-65 to +150°C 

1.0W 

Comment: Exposing the device to stresses above those listed in Abso
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

IJ 
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Pin Functions 

P20-P23 (Port 2) 

A 4·bit bidirectional port which contains the 110 port 
address and instruction code on a high to low transition 
of PROG. During a low to high transition of PROG, port 2 
contains either the data for a selected output port if a 
write operation, or the data from a selected output port 
(before a low to high transition) if a read operation. Data 
on port 2 may be directly written, read, ANDed, or ORed 
with previous data. 

P40-P43 (Port 4) 

A 4·bit 1/0 port. May be programmed for input (during 
read), low impedance latched output (after write), or 
high impedance (after read). 

P50-P53 (Port 5) 

A 4·bit 1/0 port. May be programmed for input (during 
read), low impedance latched output (after write), or 
high impedance (after read). 

P60-P63 (Port 6) 

A 4·bit 1/0 port. May be programmed for input (during 
read), low impedance latched output (after write), or 
high impedance (after read). 

Block Diagram 

NEe 
P70-P7 3 (Port 7) 

A 4·bit 110 port. May be programmed for input (during 
read), low impedance latched output (after write), or 
high impedance (after read). 

CS (Chip Select) 

Chip select input. A high on CS inhibits any change of 
output or internal status. 

PROG (Clock Input) 

A high to low transition on PROG indicates that the op· 
code and the addressed port information are available 
on port 2. A low to high transition indicates that data is 
available on port 2. 

Ground 

Ground. 

V DO (Power Supply) 

+5 V power supply input. 

83·0038008 
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DC Characteristics 
TA=OOCto +70 0 C;Voo= +5V±10% 

Limits 

Parameter Srmbol Min Typ Max Unit 

Input voltage VIH VOO+0.5 V 
high 

Input voltage VIL -0.5 +O.B V 
low 

Output voltage VOH1 2.4 V 
high (port 4-7) 

Output voltage VOH2 2.4 V 
high (port 2) 

Output voltage VOL1 0.45 V 
low (port 4-7) 

Output voltage VOL2 V 
low (port 7) 

Output voltage VOL3 0.45 V 
low (port 2) 

Sum of all IOL IOL 100 rnA 
from 16 outputs 
(Note 1) 

BO rnA 

Input leakage 11L1 -10 20 p.A 
current (port 
4-7) 

Input leakage IIL2 -10 
current (port 2, 
CS, PROG) 

VOO supply 100 10 16 rnA 
current 

Note: 
(1) Refer to graph of current sinking capability. 

Test 
Conditions 

IOH= -240p.A 

IOH = -100 p.A 

IOL =5mA, 
(Note 1) 

IOL =20mA 

IOL =0.6mA 

(B243) 5mA 
each pin 

(B243H) 5mA 
each pin 

VIN=VOO to OV 

fJPD8243 

AC Characteristics 
TA =OOCto + 70°C, Voo= +5V±10% 

Limits 

Parameter Srmbol Min Typ 

Code valid 
before PROG 

Code valid after 
PROG 

t8 

Data valid before te 
PROG 

Data valid after to 
PROG 

Port 2 floating tH 
after PROG 

PROG negative tK 
pulse width 

Ports 4-7 valid tpo 
after PROG 

Ports 4-7 valid tiP 
before / after 
PROG 

Port 2 valid after tAee 
PROG 

CS valid tes 
before / after 
PROG 

100 

60 

200 

20 

o 

700 

100 

50 

Current Sinking Capability 
125 

-::; 100 
S 
!:!. 
< 

......... 

'" i'-
"" E 

~ 
75 

c 

~ 
(.) 50 ... 
c 
iii 

~ 25 
f-

o 

" 

Max Unit 

ns 

ns 

ns 

ns 

150 ns 

ns 

700 ns 

ns 

650 ns 

ns 

" ~ 
'\ 

[\ 
~ 

Test 
Conditions 

BOpF load 

20pF load 

BOpF load 

20 pF load 

20 pF load 

100 pF load 

BOpF load 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Maximum Sink Current At Any Pin (VOL = 0.4Vj 
Maximum IOL Worst Case Pin In mAo 

Note: 

I 

This curve plots the guaranteed worst case current sinking capability 
of any 110 port line versus the total sink current of all pins. The 
JAPD8243 is capable of Sinking 5 rnA (for VOL = 0.4 V) through each 
of the 16 110 lines simultaneously. The current sinking curve 
shows how the individual 110 line drive increases if all the 110 
lines are not fully loaded. 
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Timing Waveform 

P rog 1\ I 

~tA- ~tc- i--tD-

~tB--

Instruction X Float X Data X Float 

Port 2 

tACC -tH-

Port 2 X Output Valid X 
tpo 

Previous Output Valid ~ Valid 

- tiP !--

X Input Valid 

4·7 Ports 

cs\ 
~tcs-

Functional Description 

The I/O capabilities of the ",PD8048 family can be 
enhanced in four I/O port increments of 4-bits each 
using one or more ",PD8243's~ These additional 1/0 lines 
are addressed as ports 4-7. The following lists the 
operations which can be performed on ports 4-7. 

• logical AND accumulator to port 
• logical OR accumulator to port 
• Transfer port to accumulator 
• Transfer accumulator to port 

Pert 2 (P2Q-P23) forms the 4-bit bus through which the 
",PD8243 communicates with the host processor. The 
PROG output from the ",PD8048 family provides the 
necessary timing to the ",PD8243. There are two 4-bit 
nibbles involved in each data transfer. Th~ first nibble 
contains the opcode and port address followed by the 
se'cond nibble containing the 4-bit data. Multiple 
",PD8243's can be used f6radditional 1/0. The output 
lines from the ",PD8048 family can be used to form the 
chip selects for additional ",PD8243's. 

_tIP_ 

D< 

-tcs-

V 
83-0038028 

Power On Initialization 

Applying power to the ",PD8243 sets ports 4-7 to the 
high impedance mode and port 2 to the input mode. The 
state of the PROG pin at power on may be either high or 
low. The PROG pin must make a high to low transition in 
order to exit from the power on mode. The power on 
sequence is initiated any time Voo drops below 1 V. 
Table 1 following shows how the first 4-bit nibble of a 
data transfer instruction is decoded. 

Table 1. Port 2 Instruction Decoding 

P23 P22 Instruction Code P21 P20 Address Code 

0 0 Read 0 0 Port 4 

0 Write 0 Port 5 

0 ORlD n Port 6 v 

ANLD Port? 

For example, an 0010 appearing on P23-P2Q, 
respectively would result in a read of port 6. 
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Read Mode 

There is one read mode in the ",PD8243. A falling edge 
on the PROG pin latches the opcode and port address 
from input port 2. The port address and read operation 
are then decoded causing the appropriate outputs to be 
high impedance and the input buffers switched on. The 
rising edge of PROG terminates the read operation. The 
port (4, 5, 6, or 7) that was selected by the port address 
(P21-P20) is returned to the high impedance mode, and 
port 2 is switched to the input mode. 

Generally, in the read mode a port will be an input and in 
the write mode it will be an output. If during program 
operation, the ",PD8243's modes are changed, the first 
read pulse immediately following a write should be 
ignored. The subsequent read signals are valid. 
Reading a port will then force that port to a high 
impedance state. 

Write Modes 

There are three write modes in the ",PD8243. The MOVD 
Pp, A instruction from the ",PD8048 family writes the 
new data directly to the specified port (4, 5, 6, or 7). The 
old data previously latched at that port is lost. The 
ORlD Pp,A instruction performs a logical OR between 
the new data and the data currently latched at the 
selected port. The result is then latched at that port. The 
final write mode uses the ANlD Pp, A instruction. It 
performs a logical AN D between the new data and the 
data currently latched at the specified port. The result is 
latched at that port. 

The data remains latched at the selected port following 
the logical manipulation until new data is written to that 
port. 

~PD8243 
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pPD8251 A/AF 
PROGRAMMABLE COMMUNICATIONS 

INTERFACE (USART) 

Description 

The ~PD8251A and ~PD8251AF Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) are de
signed for microcomputer systems data communica
tions. The USART is used as a peripheral and is 
programmed by the 8085A or other processor to com
municate in commonly used serial data transmission 
techniques including IBM Bi-Sync. The USART receives 
serial data streams and converts them into parallel data 
characters for the processor. While receiving serial 
data, the USART will also accept data characters from 
the processor in parallel format, convert them to serial 
format, and transmit. The USART will signal the proces
sor when it has completely received or transmitted a 
character and requires service. Complete USART status 
including data format errors and control signals such as 
TxE and SYNDET, is available to the processor at any 
time. 

Features 

o Asynchronous or synchronous operation 
- Asynchronous: 

-Five 8-bit characters 
-Clock rate -1, 16, or 64 x baud rate 
-Break character generation 
-Select 1, 11/2, or 2 stop bits 
-False start bit detector 
-Automatic break detect and handling 

- Synchronous: 
-Five 8-bit characters 
-Internal or external character synchronization 
-Automatic sync insertion 
-Single or double sync characters 

o Baud rate (1x mode) - DC to 64K baud 
o Full-duplex, double buffered transmitter and 

receiver 
o Parity, overrun and framing flags 
o Fully compatible with 8085A/ ~PD780 (Z80®), etc. 
o All inputs and outputs are TTL-compatible 
o Single +5 V supply, ± 10% 
o Separate device receive and transmit TTL clocks 
o NMOS technology 

Ordering Information 
Part 
Number 

J.lPD8251AC 

J.lPD8251AFC 

Package Type 

28·Pin plastic DIP 

28·Pin plastic DIP 

Z80 is a registered trademark of Zilog, Inc. 

Mal( Frequency 
of Operation 

3 I 5 MHz 

3/5MHz 

Pin Configuration 

02 01 

03 

RxO Vee 
GNO RxC 

04 OTR 

05 RTS 

06 

07 RESET 

TxC 

WR TxO 

CS TxE 

C/O CTS 

Ri5 SYNOET/BO 

RxROY 

83·003398A 

Pin Identification 
No. Symbol Function 

1,2,27,28,5-8 Dr Do Data bus buffer 

26 Voo Voo supply voltage 

4 GND Ground 

21 RESET Reset 

20 ClK Clock pulse 

10 WR Write data 

13 RD Read data 

12 C/D Control I data 

11 CS Chip select 

22 DSR Data set ready 

24 DTR Data terminal ready 

23 RTS Request to send 

17 CTS Clear to send 

15 TxRDY Transmitter ready 

18 TxE Transmitter empty 

9 TxC Transmitter clock 

19 TxD Transmitter data 

14 RxRDY Receiver ready 

25 RxC Receiver clock 

3 RxD Receiver data 

16 SYNDET IBD Sync detect I break detect 

8-39 
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Pin Functions 

Data Bus Buffer 

An 8-bit, 3-state bi-directional buffer used to interface 
the USART to the processor data bus. Data is transmit
ted or received by the buffer in response to input/output 
or read/write instructions from the processor. The data 
bus buffer also transfers control words, command 
words, and status. 

Voo Supply Voltage 

+5V supply 

Ground 

Ground 

ReadlWrite Control Logic 

This logic block accepts inputs from the processor con
trol bus and generates control signals for overall USART 
operation. The mode instruction and command instruc
tion registers that store the control formats for device 
functional definition are located in the read/write con
trollogic. 

Reset 

A "one" on this input forces the USART into the "Idle" 
mode where it will remain until reinitialized with a new 
set of control words. Minimum RESET pulse width is 
6tCY· 

Clock Pulse 

The ClK input provides for internal device timing and is 
usually connected to the phase 2 (TIl) output of the 
",PB8224 clock generator. External inputs and outputs 
are not referenced to ClK, but the ClK frequency must 
be at least 30 times the receiver or transmitter clocks in 
the synchronous mode and 4.5 ti mes for the asynchron
ous mode. 

Write Data 

A "zero" on this input instructs the USART to accept the 
data or control word which the processor is writing out 
on the data bus. 

8-40 
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Read Data 

A "zero" on this input instructs the USART to place the 
data or status information onto the data bus for the 
processor to read. 

Control I Data 

The control/data input, in conjunction with the WR and 
RD inputs, informs the USART to accept or provide ei
ther a data character, control word, or status informa
tion via the data bus. 0 = Data; 1 = Control. 

Chip Select 

A "zero" on this input enables the USART to read from or 
write to the processor. 

Modem .Control 

The ",PD8251A/51AF have a set of control inputs and 
outputs which may be used to simplify the interface to a 
modem. 

Data Set Ready 

The data set ready input can be tested by the processor 
via status information. The DSR input is normally used 
to test the modem data set ready condition. 

Data Terminal Ready 

The data terminal ready output can be controlled via the 
command word. The DTR output is normally used to 
drive modem data terminal ready or rate select lines. 

Request to Send 

The request to send output can be controlled via the 
command word. The RTS output is normally used to 
drive the modem request to send line. 

Clear to Send 

A "zero" on the clear to send input enables the USART 
to transmit serial data if the TxEN bit in the command 
instruction register is enabled (one). 
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Transmit Control Logic 

The transmit control logic accepts and outputs all exter
nal and internal Signals necessary for serial data trans
mission. 

Transmitter Ready 

Transmitter ready signals the processor that the trans
mitter is ready to accept a data character. TxRDY can be 
used as an interrupt or may be tested through the status 
information for polled operation. Loading a character 
from the processor automatically resets TxRDY, on the 
leading edge. 

Transmitter Empty 

The transmitter empty output signals the processor 
that the USART has no further characters to transmit. 
TxE is automatically reset upon receiving a data charac
ter from the processor. In half-duplex, TxE can be used to 
signal the end of a transmission and request the proces
sor to "turn the line around." The TxEn bit in the com
mand instruction does not effect TxE. 

In the synchronous mode, a "one" on this output indi
cates that a sync character or characters are about to be 
automatically transmitted as "fillers" because the next 
data character has not been loaded. 

Transmitter Clock 

The transmitter clock controls the serial character 
transmission rate. In the asynchronous mode, the TxC 
frequency is a multiple of the actual baud rate. Two bits 
of the mode instruction select the multiple to be 1x, 16x, 
or 64x the baud rate. In the synchronous mode, the TxC 
frequency is automatically selected to equal the actual 
baud rate. 

Note that for both synchronous and asynchronous 
modes, serial data is shifted out of the USART by the 
falling edge of TxC. 

Transmitter Data 

The transmit control logic outputs the composite serial 
data stream on this pin. 

Receiver Control Logic 

This block manages all activities related to incoming 
data. 

fJPD8251A/AF 

Receiver Ready 

The receiver ready output indicates that the receiver 
buffer is ready with an "assembled" character for input 
to the processor. For polled operation, the processor 
can check RxRDY using a status read or RxRDY can be 
connected to the processor interrupt structure. Note 
that reading the character to the processor automati
cally resets RxRDY. 

Receiver Clock 

The receiver clock determines the rate at which the in
coming character is received. In the asynchronous 
mode, the RxC frequency may be 1, 16 or 64 times the 
actual baud rate, but in the synchronous mode the RxC 
frequency must equal the baud rate. Two bits in the 
mode instruction select asynchronous at 1x, 16x, or 64x 
or synchronous operation at 1x the baud rate. 

Unlike TxC, data is sampled by the ~PD8251A/51AF on 
the riSing edge of RxC. (Note 1) 

Receiver Data 

A composite serial data stream is received by the re
ceiver control logic on this pin. 

Sync Detect/Break Detect 

The ~PD8251A/51AF may be programmed through the 
mode instruction to operate in either the internal or ex-
ternal sync mode; the SYNDET/BD pin then functions 
as an output or input respectively. In the internal sync 
mode, the SYNDET output will go to a "one" when the 
~PD8251A/51AF has located the SYNC character in the 8 
receive mode. If double SYNC character (bi-sync) opera-
tion has been programmed, SYN DET will go to "one" in 
the middle of the last bit of the second SYNC character. 
SYNDET is automatically reset to "zero" upon a status 
read or RESET. In the external SYNC mode, a "zero" to 
"one" transition on the SYNDET input will cause the 
~PD8251A/51AF to start assembling data character on 
the next falling edge of RxC. The length of the SYNDET 
input should be at least one RxC period, but may be re-
moved once the ~PD8251A/51AF is in SYNC. 
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In the asynchronous mode, the SYNDET/BD pin func
tions as a break detect. The BD output will go high when 
a word of all zeros is received. This word consists of: 
start bit, data bits, parity bit, and one stop bit. Reset only 
occurs when Rx data returns to a logic one state or upon 
chip reset. The state of break 'detect can be read as a 
status bit. 
Note: 
(1) Since the IlPD8251A/51AF will frequently be handling both the recep

tion and transmission for a given link, the receive and transmit baud 
rates will be the same. RxC and TxC then require the same frequency 
and. may be tied together and connected to a single clock source or 
baud rate generator. 
Examples: 
If the baud rate equals 110 (Async): 
RxC orTxC equals 110 Hz (1x) 
RxC orTxC equals 1.76 kHz (16x) 
RxC or TxC equals 7.04 kHz (64x) 
If the baud rate equals 300: 
RxC or TxC equals 300 Hz (1x) A or S 
RxC or TxC equals 4800 Hz (16x) A only 
RxC orTxC equals 19.2 kHz (64x) A only 

Block Diagram 

07 Do 

8-42 

Absolute Maximum Ratings 
TA=25°C 

Power supply voltage, Voo 

Input voltage, VI 

Output voltage, Vo 

Operating temperature, TOPT 

Storage temperature, T STG 

t-IEC 

-O.5Vto +7V 

-O.5Vto +7V 

-O.5Vto +7V 

Comment: Exposing the device to stresses above those listed in Abso
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

Capacitance 
TA=25°C, Vcc=GND=OV, fc=1.0MHz 

Limits 

Parameter Symbol Min Typ Max 

Input GIN 10 
capacitance 

liD GIO 20 
capacitance 

Note: 
(1) All unmeasured pins returned to GND. 

Transmit 
Buffer 
(P-S) 

TxD 

TxRDY 

TxE 

RxD 

RxRDY 

RxC 

SYNDET/BD 

Unit 
Test 

Conditions 

pF (Note 1) 

pF (Note 1) 

63-0036628 
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DC Characteristics 
TA=O°Cto +70 0 C, Vee = +5V±10%,GND=OV 

Limits 
Test Limits 

Parameter Symbol Min Typ Mal Unit Conditions I'PD8251A I'PD8251AF 
Test 

Input voltage VIL -0.5 +0.8 V Parameter Symbol Min Max Min Mal Unit Conditions 
low Write 
Input voltage VIH Vcc V Address stable tAW 50 ns 
high before WR 
Output voltage VOL +0.45 V /iPD8251: Address hold tWA 50 ns 
low 10L =1.7mA time for WR 

/iPD8251A: 
10L =2.2mA WR pulse width tww 250 200 ns 

Output voltage VOH 2.4 V /iPD8251: Data set-up time tow 150 100 ns 
high 10H= -100/iA forWR 

/iPD8251A: Data hold time two 30 ns 
10H= -400mA forWR 

Output float 10FL ±10 !iA VOUT=0.45V Recovery time tRV 6 6 tCY (Note 2) 
leakage current between WR's 

10 !iA 0.45 V ~ VOUT~ Other Timing 
Vcc 

Input load . IlL 10 !iA 0.45V~VIN~VCC 
Clock period tCY 0.32 1.35 0.20 1.35 /is (Note 3) 

current Clock pulse t~w 140 tCy-9O 70 tCy-40 ns 

Power supply Icc 100 mA All outputs = width high 

current logic 1 Clock pulse t~w gO 40 ns 
width low 

AC Characteristics Clock rise and tR, tF 20 20 ns 

TA=O°Cto +70oC, Vee=5V±10%; GND=OV 
fall time 

Limits 
TxD delay from tOTx /is 
falling edge of 

I'PD8251A I'PD8251AF Test TxC 

Parameter Symbol Min Mal Min Mal Unit Conditions Rx data set-up tSRx /is 

Read time to sampling 

Address stable tAR 50 0 ns (Note 7) 
pulse 

Il before RB, (CS, Rx data hold tHRx /is 

CiS) time to sampling 
pulse 

Address hold tRA 50 0 ns (Note 7) 
time forRO, Transmitter input fTx 64 DC 64 kHz 1x baud rate 

(CS,Co) clock frequency 310 DC 310 kHz 16x baud 

RD pulse width tRR 250 200 ns rate 

~ta delay from tRO 250 140 ns /iPD8251A; 
615 DC 615 kHz 64x baud 

RD CL =150pF, 
rate 

(Note 8) Transmitter input tTPW 12 12 tCY 1x baud rate 

RD to data tOF 10 100 10 80 ns clock pulse 
tCY 16x and 64x 

floating 
width baud rate 

Transmitter input tTPO 15 15 tCY 1x baud rate 

Testing Input, Output Waveform clock pulse 3 3 tCY 16x and 64x 
delay baud rate 

Input/Output 

2.4=X x= 2.0 ~ Test Points c:::::::::::. 2.0 . 
O.S O.S 

0.45 

A.C. Testing: Inputs Are Driven At 2.4 V For A Logic "1" And 
0.45 V For A logic "0". Timing Measurements Are Made At 2.0 V 
For A logic ''1'' And 0.8 V For A Logic "0". 

83-003863A 
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AC Characteristics (cont) 
Limits 

jAPD8251A jAPD8251AF 

Parameter Symbol Min Mal' Min Mal 

Other Timing (cant) 

ReceivElr input fRx 
clock frequency 

Receiver input tRPW 
clock pulse 
width 

Receiver input tRPD 
clock pulse 
delay 

TxRDY delay tTx 
from center of 
data bit 

TxRDY + from tTxRDY 
leading edge of CLEAR 
WR 
RxRDY delay tRx 
from center of 
data bit 

Internal SYNDET tiS 
delay from 
center of data bit 

64 DC 64 

310 DC 310 

615 DC 615 

12 12 

15 15 

3 3 

8 8 

300 

24 20 

24 

Test 
Unit Conditions 

kHz 1x baud rate 

kHz 16x baud 
rate 

kHz 64xbaud 
rate 

tCY 1x baud rate 

tCY 16x and 64x 
baud rate 

tCY 1x baud rate 

tCY 16x and 64x 
baud rate 

tCY (Note 9) 

ns (Note 9) 

tCY 

tCY (Note 9) 

RxRDY + from tRxRDY 300 ns (Note 9) 
leading edge of CLEAR 
RD 

External tES 16 18 tCY (Note 9) 
SYNDET set-up 
time before 
falling edge of 
RxC 

Test Load Circuit 

2V 

~~Q 

6KQ 

83·003864A 
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Limits 

jAPD8251A 

Parameter Symbol Min Mal 

Other Timing (cant) 

TxEMPTY delay tTxE 20 
from center of 
data bit 

Control delay twc 
from rising edge 
ofWR~E, 
DTR, RTS) 

Control to RD 
set-up time 
(DSR, CTS) 

Note: 

tCR 

8 

20 

jAPD8251AF 

Min Mal 

20 

20 

Test 
Unit Conditions 

tCY (Note 9) 

tCY (Note 9) 

tCY (Note 9) 

(1) ACtiming measured at VOH = 2.0 V, VOL = 0.8 V, and with test load cir
cuit below. 

(2) This recovery time is for initialization only, when MODE, SYNC1, 
SYNC2, COMMAND and first DATA BYTES are written into the 
USART. Subsequent writing of both COMMAND and DATA are only 
allowed when TxRDY = 1. 

(3) The TxC and RxC frequencies have the following limitations with 
respect to CLK: 
For 1x baud rate, fTx or fRx" 1 (30 tCY) 
For 16x and 64x baud rate, fTx or fRx" 1 (4.5 tCY) 

(4) Reset pulse width = 6 tCY minimum. 

(5) tTxRDYCCR - 2 tCY + t, + tR + 200 ns 

(6) tRxRDYCCR - 2 tCY + t, + tR + 170 ns 

(7) Chip Select (CS) and CommandlData (C/O) are considered as 
addresses. 

(8) Assumes that address is valid before Ro t 

(9) Status update can have a miximum delay of 28 clock periods from 
the event affecting the status. 

Typicaill. Output Delay Versus Il. Capacitance 

-so o +so +100 

/; CAPACITANCE (PF) 
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Timing Waveforms 

System Clock Input 

Clock 

83-003866A 

Transmitter Clock and Data 

trPWtTPO 
T x C (1x Mode) 

J.(PD8251AI AF 

'"C""'_, ~ ~ --
1:= tOTX 1:= tOTX 

Tx Data :=:x ~It------------C 

83-0038678 

Receiver Clock and Data 

R x Data 
(R x Baud Counter Starts Here) 

Start Bit Data Bit Data Bit 

__ 111-----tRpW----t:::==:::t~R~PO~=_=_=__::_::_::jj 
R x C (1x Mode) 

R x C (16x Mode) 

IntSamtf~il~~ -......f----------4 I'---------+------------t 

1+----tsRX----.I ... >----tHRX:----
83-0038688 

Write Data Cycle (Processor -+ USART) Read Data Cycle (Processor - USART) 

Tx ROY Rx ROY 

WR 

two 
Don't Care Don't Care 

Data In (D.B.) 
_

_ -1D~at~a!F~lo~at __ 1:~~~~~:>~~~~ Data Out (D. B.) 

tWJ ['"'1 c/o 

CS 
{tAW tWA} 

c/o ----t.-{t
A
RJ+---+

tRA
1r-=..t.--

CS ---_t"ft,_t_AR _________ tR_A~jr_ 
83-003869A 83-003870A 
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Timing Waveforms (cont) 

Write Control or Output Port Cycle 
(Processor - USART) 

(Note 1) 

MR'~S-------------~-------tw-c~~~------

WR E~~ 
Data In (D.B.) ---------i·t._=:_:===~.-~-----

c/o ,tAW=! FtwA~ 

CS ----....Jf'.~ ~ .. ,;\",..-~--~~~~~~ 
Note 1. twc Includes the response timing of a control byte. 

83·003871A 

Transmitter Control and Flag Timing (Async Mode) 

Read Control or Input Port Cycle 
(Processor ..... USART) 

NEe 

DataOut(D.B.) --------j~::=====)----
C/O ____ J' 

Note 1. tCR includes the effect of CTS on the T x ENBL circuitry. 

83·003872A 

CTS ~~ ________________________ -J" -1\ ''-__ .Jr--
IT x EMPTY , .. -----.1 

Tx Empty 

T x Ready ------.... 
(Status Bit) 

Tx Ready (Pln) ___ ~ 

C/O 

WrSBRK 
,---~---+--~ 

Tx Data 

DataChar1 Data Char 2 Data Char 3 
Data Char4 

is iii' 

Example Format = 7 Bit Character with Parity and 2 Stop Bits. 
~ g. 
c iii 

83·0038736 
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Timing Waveforms (coni) 

Receiver Control and Flag Timing (Async Mode) 

Break Detect 

Overrun Error 
(Status Bit) 

Rx ROY 

C/O 

R x Data 

(J,<PD8251A/AF) 

-, !-tRxRDY 

r1\ 
J \ \ / 

WrRxEn t 

V 

DataChar1 DataChar2 

Example Format = 7 Bit Character with Parity and 2 Stop Bits. 

Transmitter Control and Flag Timing (Sync Mode) 

/ 

Data Char3 

CTS ~~ __________________________________ --J 

Tx Empty 

T x Ready --+---"" 
(Status Bit) 

T x Ready 
(Pin) 

Tx Data 

Marking State 

Example Format = 5 bit Character with Parity and 2 Sync Characters 

J.lPD8251AI AF 

I 
Data 

~ 
Char2 
Lost r-: l\ 

Jd Data 

/ 1\ / II '---
WrERRR~t WrRxEnl tWrRxEn 

V --v-
J 

\'-___ ~8~....JJ 
Break 

83-0038748 

83-0038758 
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Timing Waveforms (cont) 

Receiver Control and Flag Timing (Sync Mode) 

SYNDET<1} 

SYNDET (S,B) 

Overrun 
Error (S.B.) 

R. ROY (Pin) 

CD 

Rx Data 

J wrEH' 
RxEn 

~ 

Don't Sync 
Care Char 1 

l.UXI 

/ '\ 
-~tIS 

1,11 

Jr 
Rd Data 
Char1 

Sync Data ~-Char 2 Char1 Data Char2 

I I XU IXlI II I 

~ 

Rd Status 

\ 

Data 
Char3 

NEe 

r~~ I 

Data Char2 
~-~~ 

lost 
/ 

t; --Jr I 
Rd Status 

\ f-- \ 1\ r--
Rd Data Rd Data 
Char 3 Char1 

k u~ Data Data\ • .1 
Char1 Char 2 Don't Care Char1 Char2 ETC 

XXI XXIXIXXlIIIU XXI XX XXII XX XXlIII 
TTTTTTTT I I I I I I I I ITT I I I I I I I I ITT T T 1 PAR PAR --fir -Char ~~y III p, PAR PAR PAR PAR 

~
r- Char ABsy Begins 

Exit Hunt Mode 
Set SYNC DET 

Notes: (1) Internal sync, 2 sync characters, 5 bits, with parity. 
(2) External sync, 5 bits, with parity. 

""PD8251AF Enhancements 

A previously loaded data character will be retransmitted if Tx was disabled 
before TxEMPTY by TxEnable '" or CTS t , and is re-enabled by TxEnable tor 
CTS '" before a new data character is sent to !-,PD8251A by the CPU. 

Break detect does not always reset upon RxData returning to a '1' during the 
last bit of the character following the break. Break detect will latch up, and the 
device must be cleared by device reset. 

On TxEnable '" or CTS t during the first character of a double-character sync 
output, the second sync characterwill not be output. 

If the status register is read during a status update, an erroneous status read 
may result. 

In Rx mode, a hardware or software reset does not force asynchronous mode, 
clear hunt condition, or require a proper line initialization (1 to 0 transition) 
before receiving. This may cause reception of garbage characters. 

Break detect will occur on the first complete (start bit to stop bit) break. This 
situation could be confused with a null frame (all zeros) that also has a 
framing error. 

Sync detect does noi resei 011 siaius read. 

RxRDY clears within 2 tCY 's of RD leading edge. 

TxEMPTY oscillates with internal clock when TxEnable '" or CTS t . 

TxRDY and TxEMPTY clear on WR trailing edge (data). 

Enter hunt command affects asynchronous Rx by loss of data characters. 

Writing a command will sometimes clear TxRDY or TxEMPTY if C / D set up or 
hold is marginal. Reading status will sometimes clear RxRDY if C/O set up or 
hold is marginal. 

8-48 

PAR PAR PAR * Beglns11UlJlnJl. 

Set SYN~~~ ~~::u~~~ij-.J Set SYNDET (Status Bit) 

83·0038766 

IlPD8251AF 

A previously loaded character will be flushed out and not transmitted on CTS '" 
or TxEnable t . 

Break detect will reset on RxData going to '1'. 

Will output both sync characters on TxEnable '" or CTS t . 

Some valid status (either new or old) will always be available. 

Reset will clear Rx hunt condition, force asynchronous operation (64x clock), 
and require a proper line initialization before receiving anything. 

Will give a framing error at the end of ilie fiiSt complete or partial break and 
will give a break detect at the stop bit position of the second contiguous break 
character. 

Sync detect wi!! reset on status re;!n 

RxRDY will clear on RD leading edge. 

TxEMPTY will not oscillate this way. 

TxRDY, TxEMPTY will clear on WR leading edge. 

Enter hunt will not affect asynchronous operation. 

C / D set up and hold margin will be improved. 
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IIPD8251A 

Rx data overrun error will not occur and garbage data may result if RD and CS 
are active during an internal data update. 

In asynchronous mode, after a reset, the first TxD bit may be shifted out on 
either the first or second TxC ~ edge. 

RxRDY can glitch when ClK does not have a fixed phase relationship to RxC. 

The receiver occasionally gives an extra character following the end of break 
condition. 

Functional Description 

The ,.,PD8251A/51AF Universal Synchronous/ 
Asynchronous Receiver/Transmitters are designed 
specifically for 8085A microcomputer systems but work 
with most 8-bit processors. Operations of the 
,.,PD8251A/51AF, like other I/O devices in the 8085A 
family, are programmed by system software for 
maximum flexibility. 

In the receive mode, the ,.,PD8251A/51AF converts 
incoming serial format data into parallel data and 
makes certain format checks. In the transmit mode, it 
formats parallel data into serial form. The device also 
supplies or removes characters or bits that are unique 
to the communication format in use. By performing 
conversion and formatting services automatically, the 
USART appears to the processor as a simple or 
"transparent" input or output of byte-oriented parallel 
data. 

Truth Table 
CID RD WR CS MODE 

0 0 1 0 J.lPD8251A / 51AF -
Data bus 

0 0 0 Data bus-
J.lPD8251A / 51AF 

0 1 0 Status - Data bus 

1 0 0 Data bus - Control 

X X X Data bus - 3-state 

X 1 0 Data bus - 3-state 

Transmit Buffer 

The transmit buffer receives parallel data from the data 
bus buffer via the internal data bus, converts parallel to 
serial data, inserts the necessary characters or bits 
needed for the programmed communication format and 
outputs composite serial data on the TxD pin. 

J.(PD8251AI AF 

",PD8251AF 

Will indicate an overrun error properly. 

The first TxD bit will be shifted out on the first TxC ~ edge. 

RxRDY will not glitch. 

No extra characters will occur. 

,.,PDB251AI51AF Interface to BOB5A Standard System 
Bus 

CS D7 Do WR RESET ClK 

8251AJAF 

83·0038778 

Receive Buffer 

The receive buffer accepts serial data input at the RxD 
pin and converts the data from serial to parallel format. 
Bits or characters required for the specific com
munication technique in use are checked and then an 
eight-bit "assembled" character is readied for the 
processor. For communication techniques which 
require fewer than eight bits, the ,.,PD8251A/51AF set 
the extra bits to "zero". 

Operation 

A set of control words must be sent to the 
,.,PD8251A/51AF to define the desired mode and 
communications format. The control words will specifiy 
the baud rate factor (1x, 16x, 64x), character length (5 to 
8), number of STOP bits (1, 11/2, 2) asynchronous or 
synchronous mode, SYNDET (IN or OUT), parity, etc. 

After receiving the control words, the ,.,PD8251A/51AF 
are ready to communicate. TxRDY is raised to signal the 
processor that the USART is ready to receive a 
character for transmission. When the processor writes 
a character to the USART, TxRDY is automatically reset. 

Concurrently, the ,.,PD8251A/51AF may receive serial 
data; and after receiving an entire character, the RxRDY 
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output is raised to indicate a completed character is 
ready for the processor. The processor fetch will 
automatically reset RxRDY. 

Note: 
The IlPD8251A/51AF may provide faulty RxRDY for the first read after 
power·on or for the first read after receive is re·enabled by a command 
instruction (RxE). A dummy read is recommended to clear faulty 
RxRDY. But this is not the case for the first read after hardware or 
software reset after the device operation has once been established. 

The IlPD8251A/51AF cannot transmit until the TxEN (transmitter 
enable) bit has been set by a command instruction and until the CTS 
(clearto send) input is a "zero". TxD is held in the "marking" state after 
reset awaiting new control words. 

USART Programming 

The USART must be loaded with a group of two to four 
control words provided by the processor before data 
reception and transmission can begin. A RESET 
(internal or external) must immediately proceed the 
control words which are used to program the complete 
operational description of the communications 
interface. If an external RESET is not avaHable, three 
successive 00 Hex or two successive 80 Hex command 
instructions (C/O = 1) followed by a software reset 
command instruction (40 Hex) can be used to initialize 
the /JPD8251A/51AF. 

There are two control word formats: 

1. Mode Instruction 
2. Command Instruction 

Mode Instruction 

This control word specifies the general characteristics 
of the interface regarding the synchronous or 
asynchronous mode, baud rate factor, character length, 
parity, and number of stop bits. Once the mode 
instruction has been received, SYNC characters or 
command instructions may be inserted depending on 
the mode instruction content. 

Command Instruction 

This control word will be interpreted as a SYNC 
character definition if immediately preceded by a mode 
instruction which specified a synchronous format. 
After the SYNC character(s) are specified or after an 
asynchronous mode instruction, all subsequent control 
words will be interpreted as an update to the command 
instruction. Command instruction updates may occur 
at any time during the data block. To modify the mode 
instruction, a bit may be set in the command instruction 
which causes an internal reset which allows a new 
mode instruction to be accepted. 

8 ... 50 

NEe 
Typical Data Block 

CD=1 Mode Instruction 

CD = 1 Sync Character 1 
} SYNC Mode 

CD=1 Sync Character 2 Only(1) 

CD=1 Command Instruction 

CD =0 Data 

CD=1 Command Instruction 

CD = 0 f Data 

J 
CD =1 Command Instruction 

83·003878A 

Mode Instruction Definition 

The /JPD8251A/51AF can operate in either asynchron
ous or synchronous communication modes. Under
standing how the mode instruction controls the 
functional operation of the USART is easiest when the 
device is considered to be two separate components 
(one asynchronous and the other synchronous) which 
share the same support circuits and package. Although 
the format definition can be changed at will or "on the 
fly;' the two modes will be explained separately for clar
ity. 

Asynchronous Transmission 

When a data character is written into /JPD8251A/51AF, 
the USART automatically adds a start bit (low level or 
"space") and the number of stop bits (high level or 
"mark") specified by the mode instruction. If parity has 
been enabled, an odd or even parity bit is inserted just 
before the stop bit(s), as specified by the mode instruc
tion. Then, depending on CTS and TxEN, the character 
may be transmitted as a serial data stream at the TxD 
output. Data is shifted out by the falling edge of TxC at 
TxC, TxC/16 or TxC/64, as defined by the mode instruc
tion. 

If no data characters have been loaded into the 
/JPD8251A/51AF, or if all available characters have been 
transmitted. the TxD output remains "high" (marking) in 
p;eparation'for sending 'the start bit of the next charac
ter provided by the processor. TxD may be forced to send 
a break (continuously low) by setting the correct bit in 
the command instruction. 
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Mode Instruction Format for Asynchronous Mode 

Do 

I S2 I S1 I EP I PEN I L2 1 L1 I B2 I B1 I 

TxD 

RxD 

L Baud Rate Factor 

0 1 0 1 

0 0 1 1 

SYNC (1 X) (16 X) (64 X) 
Mode 

Character Length 

0 1 0 1 

0 0 1 1 

5 6 7 8 
Bits Bits Bits Bits 

Parity Enable 

1 Enable 0 Disable 

Even Parity Generation/Check 
1 Even 0 Odd 

Number Of Stop Bits 

0 1 0 1 

0 0 1 1 

Invalid 1 1'12 2 
Bit Bits Bits 

DO 01 02 

StofL 
Bits 

Transmitter Output 

Do 01 02 

t t 
Data ~Bits Start I St0r-L 

Bit Bits 

Receiver Input 

Processor Byte (5·8 Bits/Char) 

~ _______ D_at_a~~~~;r_a_ct_e_r ______ ~ 
Assembled Serial Data Output (TxD) 

Start 
Bit Data ~;aracter P~I? ~~O 

~----~--------~~t--------~------~--~ 

Start 
Bit 

Notes: 

Transmission Format 

Serial Data Input (RxD) 

Processor Byte (5·8 Bits/Char) (3) 

Data Ch~r;l:-,ct_e_r ____ ........ 

Receive Format 

(1) Generated by,..PD8251A1AF 
(2) Does not appear on the Data Bus. 
(3) If character length is defined as 5, 6, or 7 bits, the unused bits are set to "zero:' 

J.(PD8251AI AF 

Il 

83·003879C 
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Asynchronous Receive 

The RxD input line is normally held "high" (marking) by 
the transmitting device. A falling edge at RxD signals 
the possible beginning of a start bit and a new charac
ter. The start bit is checked by testing for a "low" at its 
nominal center as specified by the baud rate. If a "low" 
is detected again, it is considered valid, and the bit as
sembling counter starts counting. The bit counter lo
cates the approximate center of the data, parity (if 
specified), and stop bits. The parity error flag (PE) is set, 
if a parity error occurs. Input bits are sampled at the RxD 
pin with the rising edge of RxC. If a high is not detected 
for the stop bit, which normally signals the end of an in
put character, a framing error (FE) will be set. After a 
valid stop bit, the input character is loaded into the para
llel data bus buffer of the IAPD8251A/51AF and the 
RxRDY signal is raised to indicate to the processor that 
a character is ready to be fetched. If the processor has 
failed to fetch the previous character, the new character 
replaces the old and the overrun flag (OE) is set. All the 
error flags can be reset by setting a bit in the command 
instruction. Error flag conditions will not stop subse
quent USART operation. 

Synchronous Transmission 

As in asynchronous transmission, the TxD output re
mains "high" (marking) until the IAPD8251A/51AF re
ceive the first character (usually a SYNC character) from 
the processor. After a command instruction has set 
TxEN and after clear to send (CTS) goes low, the first 
character is serially transmitted. Data is shifted out on 
the falling edge of TxC and the same rate as TxC. 

Once transmission has started, synchronous mode for
mat requires that the serial data stream at TxD continue 
at the TxC rate or SYNC will be lost. If a data character is 
not provided by the processor before the IAPD8251AI 
51AF transmit buffer becomes empty, the SYNC charac
ter(s) loaded directly following the mode instruction will 
be automatically inserted in the TxD data stream. The 
SYNC character(s) are inserted to fill the line and main
tain synchronization until new data characters are avail
able for transmission. If the IAPD8251A/51AF become 
empty, and must send the SYNC character(s), the Tx
EMPTY output is raised to signal the processor that the 
transmitter buffer is empty and SYNC characters are be
gin transmitted. TxEMPTY is automatically reset by the 
next character from the processor. 

8-52 
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Synchronous Receive 
In synchronous receive, character synchronization can 
be either external or internal. If the internal SYNC mode 
has been selected, and the enter hunt (EH) bit has been 
set by a command instruction, the receiver goes into the 
HUNT mode. 

Incoming data on the RxD input is sampled on the rising 
edge of RxC, and the receive buffer is compared with 
the first SYNC character after each bit has been loaded 
until a match is found. If two SYNC characters have 
been programmed, the next received character is also 
compared. When the SYNC character(s) programmed 
have been detected, the IAPD8251A/51AF leave the 
HUNT mode and are in character synchronization. At 
this time, the SYNDET (output) is set high. SYNDET is 
automatically reset by a status read. 

If external SYNC has been specified in the mode in
struction a "one" applied to the SYNDET (input) for at 
least one' RxC cycle will synchronize the USART. 

Parity and overrun errors are treated the same in the syn
chronous as in the asynchronous mode. If not in HUNT, 
parity will continue to be checked even if the receiver is 
not enabled. Framing errors do not apply in the synchro
nous format. 

The processor may command the receiver to enter the 
HUNT mode with a command instruction which sets en
ter hunt (EH) if synchronization is lost. 

Mode Instruction Format for Synchronous Mode 

D7 D6 Ds D4 D3 D2 D1 Do 

IscslES~ EP !E~ L21 L11 0 1 oJ 
It~ 

Character Length 

0 1 

0 0 

5 6 
Bits Bits 

Parity Enable 
'-------+ (1 Enable) 

(0 Disable) 

0 1 

1 1 

7 8 
Bits Bits 

I

': · ~ve~v~~rlty GeneraticnlChec 

o Odd 

'----______ -+;xt~~~~~~~; ~:~~~~t 
o SYNDET Is An Output 

Single Character SYNC 
'---------__ 1 Single SYNC Character 

o Double SYNC Character 
83·003880A 
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Transmitl Receive Format Synchronous Mode 

Note: 

Processor Bytes (5·8 Bits Char) 

Data Ch~~:acters ----I 
Assembled Serial Data Output (T x D) 

Data Cha~cters 
Transmit Format 

Serial Data Input (RxD) 

Data Cha~cters 
Processor Bytes (5-8 Bits Char) (Note 1) 

L-__ D_ata_C~h:~ 
Receive Format 

(1) If character length is defined as 5, 6 or 7 bits, the 
unused bits are set to "zero". 

Command Instruction Format 

83·003881A 

After the functional definition of the ",PD8251A/51AF 
has been specified by the mode instruction and the 
SYNC character(s) have been entered (if in SYNC mode), 
the USART is ready to receive command instructions 
and begin communication. A command instruction is 
used to control the specific operation of the format 
selected by the mode instruction. Enable transmit, 
enable receive, error reset and modem controls are 
controlled by the command instruction. 

After the mode instruction and the SYNC character(s) 
(as needed) are loaded, all subsequent "control writes" 
(CiO = 1) will load or overwrite the command instruction 
register. A reset operation (internal via CMD IR or 
external via the RESET input) will cause the 
",PD8251A/51AF to interpret the next "control write", 
which must immediately follow the reset, asa mode 
instruction. 

JJPD8251A/AF 

Status Read Format 

It is frequently necessary for the processor to examine 
the status of an active interface device to determine if 
errors have occurred or if there are other conditions 
which require a response from the processor. The 
",PD8251A/51AF have features which allow the 
processor to read the device status at any time. A data 
fetch is issued by the processor while holding the C/O 
input "high" to obtain device status information. Many 
of the bits in the status register are copies of external 
pins. This dual status arrangement allows the 
",PD8251A/51AF to be used in both polled and interrupt 
driven environments. Status update can have a 
maximum delay of 28 clock periods in the 
",PD8251A/51AF. 

Parity Error 

When a parity error is detected, the PE flag is set. It is 
cleared by setting the ER bit in a subsequent command 
instruction. PE begin set does not inhibit USART 
operation. 

Overrun Error 

If the processor fails to read a data character before the 
one following is available, the OE flag is set. It is cleared 
by setting the ER bit in a subsequent command 
instruction. Although OE being set does not inhibit 
USART operation, the previously received character is 
overwritten and lost. . 

Framing Error 

If a valid STOP bit is not detected at the end of a 
character, the FE flag is set (ASYUNC mode only). It is 
cleared by setting the ER bit in a subsequent command 
instruction. FE being set does not inhibit USART 
operation. 

8-53 



IlPD8251A/AF 

Command and Status Register Formats 

Command Register 

Status Register 

8-54 

o 7 

Transmit Enable 
1 = enable 
o = disable 

Data Terminal 
Ready _ 
"high" will force DTR 
output to zero 

Receive Enable 
1 = enable 
0= disable 

Send Break 
Character 
1 = forces TxD "low" 
o = normal operation 

Error Reset 
1 = reset all error flags 

PE, OE, FE 

Request To Send_ 
"high" will force RTS 
output to zero 

Internal Reset 
'---------------4H "high" returns USART to 

o 6 o 5 o 4 o 3 02 

Mode Instruction Format 

Enter Hunt Mode 
1 = enable search for 
Sync Characters(l) 

01 Do 

I DSR ISYNDETI 
IBD FE r OE I PE I TxE I RxRDY I TxRDY I 

I I I 1" 1 ~(2) 

+ Same Definitions As 110 Pins 

Parity Error 
The PE flag Is set when a parity 
error Is detected. It Is reset by 
the ER bit of the Command 
Instruction. PE does not Inhibit 
operation of the I'PD8251A1AF. 

Overrun Error 
The OE flag is set when the CPU 
does not read a character before 
the next one becomes available. 

~ It is reset by the ER bit of the 
Command Instruction. OE does 
not inhibit operation of the 
I'PD8251AI AF; but, the previously 
overrun character is lost. 

Framing Error (ASYNC only) 
The FE flag is set when a valid 
Stop bit is not detected at the 
end of every character. It is 
reset by the ER bit of the 
Commana instruction. FE due:; 
not inhibit the operation of the 
I'PD8251AI AF. 

Notes: 
(1) NO effect in ASYNC mode. 

(2) TxRDY status bit Is not totally equivalent to the TxRDY output pin, the 
relationship Is as follows: 

TxRDY status bit = DB Buffer Empty 
TxRDY (pin 15) = DB Buffer Empty· CTS • TltEn 

NEe 
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NEe 
Asynchronous Serial Interface to CRT Terminal, DC to 9600 Saud 

"PD8251AI AF 

Asynchronous Interface to Telephone Lines 

Address Bus 

Control Bus 

Data Bus 

I 
I 
I 

r----' : Te~i~al 
.------i ~~:; pun 

L ____ --i 1. ~ 
Baud Rate 
Generator 

Data Bus 

Phone Line 
Interface 

JJPD8251A/AF 

83-0038838 

83-0038848 
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Synchronous Interface to Terminal or Peripheral Device 

Synchronous Interface to Telephone Lines 

8-56 

SYNDET 1------+1 

Sync 
Modem 

Address Bus 

Control Bus 

Data Bus 

Synchronous 
Terminal 

or Peripheral 
Device 

Address Bus 

Control Bus 

Data Bus 

Phone Line 
Interface 

t 
Telel?hone 

LIRe 

NEe 
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NEe Electronics Inc. 

Description 

The NEC J.lPD8253 contains three independent, pro
grammable, multi-model 16-bit counter/timers. It is 
designed as a general purpose device, fully compati
ble with the 8080 family. The J.lPD8253 interfaces 
directly to the buses of the processor as an array of 
I/O ports. 

The J.lPD8253 can generate accurate time delays under 
the control of system software. The three independent 
16-bit counters can be clocked at rates from DC to 
5 MHz. The system software controls the loading and 
starting of the counters to provide accurate multiple 
time delays. The counter output flags the processor 
at the completion of the time-out cycles. 

System overhead is greatly improved by relieving the 
software from the maintenance of timing loops. Some 
other common uses for the J.lPD8253 in microproc
essor based systems are: 

• Programmable baud rate generator 
• Event counter 
• Binary rate multiplier 
• Real time clock 
• Digital one-shot 
• Complex motor controller 

Features 

o Three independent 16-bit counters 
o Clock rate: DC to 5 MHz 
o Binary count or BCD 
o Single + 5 V power supply, ± 10% 

Ordering Information 

Part 
Number 

J.lPD8253C-2 

J.lPD8253C-5 

Package Type 

24-pin plastic DIP 

24-pin plastic DIP 

Max Frequency 
olOperatien 

5 MHz 

4 MHz 

Pin Configuration 

07 

06 

05 

04 

03 

02 

01 

Do 

elK 0 

OUT 0 

GATE 0 

GNO 

Pin Identification 
No. Symbol 

1-8 DrDo 

9,15,18 ClK 0,1,2 

10,13,17 OUT 0,1,2 

11,14,16 GATE 0,1,2 

12 GND 

19,20 AO,A1 

21 CS 

22 RD 

23 WR 

24 Vee 

pPD8253 
PROGRAMMABLE 
INTERVAL TIMER 

Vee 
iNA 
AD 
cs 
A1 

Ao 
elK 2 

OUT 2 

GATE 2 

elK 1 

GATE 1 

OUT 1 

83-003610A 

Function 

Three-state data bus 

Counter clock inputs 0-2 

Counter outputs 0-2 

Counter gate inputs 0-2 

Ground 

Counter select 

Chip select 

Read counter 

Write command or data 

+5 V power supply 
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Pin Functions 

07-00 (Data Bus) 

These pins form a three-state, bidirectional data bus 
that interfaces with the 8080AF/8085 microprocessor 
system. 

ClK 0,1,2 (Counter Clock Inputs 0-2) 

ClK 0, ClK 1, and ClK 2 input the clock signal for 
counter 0, counter 1, and counter 2, respectively. 

OUT 0,1,2 (Counter Outputs 0-2) 

OUT 1, OUT 2, and OUT 3 are outputs signals for 
counter 0, counter 1, and counter 2, respectively. 

GATE 0,1,2 (Counter Gate Inputs 0-2) 

The GATE 0, GATE 1, and GATE 2 inputs gate counter 
0, counter 1, and counter 2, respectively. 

GND (Ground) 

Connection to ground. 

Block Diagram 

NEe 
Ao, A1 (Counter Select) 

These inputs are normally connected to the 
processor's address bus. Their function is to select 
which of the three counters will be operated on, and 
to address the control word register for mode 
selection. 

CS (Chip Select) 

A low level input to this pin enables the /JPD8253. 
Reading and writing will not occur unless the device 
is selected. This input has no effect on the actual 
operation of the counters. 

RD (Read Counter) 

A low level input to this pin instructs the /JPD8253 to 
send the selected counter value to the processor. 

WR (Write Command or Data) 
A low level input to this pin instructs the /JPD8253 to 
receive mode information or counter input data from 
the processor. 

Vee 
+5 V power supply. 

r---------------------------------, 
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AO 

HH 

I I 
I I 
I I 
I I 
I I 
I I 
I I 

D7- DO I ~LOCK 0 

I 
DATA 

BUS 
BUFFER 

~---1~..aRo READI 
WRITE 

1-----1r----iA, LOGIC 

CONTROL 
WORD 

REGISTER OUT 2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PROCESSOR PROCESSOR PROCESSOR I'PD8253-5 I 
ADDRESS CONTROL DATA ~-----------------------------------~ BUS BUS BUS 
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Functional Description 

The three-state, bidirectional data bus buffer 
interfaces the J.lPD8253 to the 8080AF/8085A micro
processor system. Data transfer is according to the 
input or output instructions executed by the proc
essor. The data bus buffer has three basic functions: 

• Programming the J.lPD8253 modes 
• Loading the count registers 
• Reading the count values 

The read/write logic controls the overall operation of 
the J.lPD8253 and is governed by inputs received from 
the processor system bus. 

When Ao and A1 are high level, data from the data bus 
buffer is stored in the control word register. This data 
controls the operational mode of. the counters, the 
selection of BCD or binary counting, and the loading 
of the count registers. 

Counters 0,1, and 2 are identical 16-bit down counters 
that are functionally independent, allowing for sepa
rate mode configurations and counting operations. 
Each counter can operate in either binary or BCD. 
Gate, input, and output line configurations are deter
mined by the operational mode data stored in the con
trol word register. System software overhead can be 
reduced by allowing the control word to govern the 
loading of the count data. 

It is possible to read the contents of a counter when 
it is operating, without disturbing its operation. The 
following table shows how the counters are manipu
lated by input signals to the read/write logic. 

CS RD WR Al AD Function 

0 0 0 o Load counter no. 0 

0 0 0 Load counter no. 1 

0 0 Load counter no. 2 

0 0 1 Write mode word 

0 0 0 Read counter no. 0 

0 0 0 Read counter no. 1 

0 0 Read counter no. 2 

0 0 1 1 1 No-operation, 3-state 

X X X X Disable, 3-state 

X X No-operation, 3-state 

J.lPD8253 

Absolute Maximum Ratings 
Operating temperature 

Storage temperature 

Voltage on any pin -0.5 to + 7 volts (1) 

Note: 

(1) With respect to ground. 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 
T A = 25°C; Vcc = GND = 0 v 

Limits 

Parameter Symbol Min Typ Max Unit 

Input capacitance GIN 10 pF 

Input/Output Gila 20 pF 
capacitance 

DC Characteristics 
TA = OOC to + 70°C; Vee = +5 V ± 10% 

Limits 

Parameter Symbol Min Typ Max 

Input low voltage VIL -0.5 0.8 

Input high voltage VIH (1) 2.0 Vee 
+ 0.5 

Output low voltage VOL 0.45 

Output high voltage VOH 2.4 

Input load current IlL ±10 

Output float IOFL ±10 
leakage current 

Vee supply current lee 140 

Note: 

(1) VIH 2.2 min for IJ.PD8253-2. 

Test 
Conditions 

fc = 1 MHz 

Unmeasured pins 
returned to Vss 

Test 
Unit Conditions 

V 

V 

V IOL = 2.2 mA 

V IOH = -400 IJ.A 

~ o ::S; VIN ::S; Vee 

IJ.A 0.45 ::S; Your 
::S; Vee 

mA 
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AC Characteristics 
TA = O°C to +700 C; Vee = +5 V ±10%; GND = 0 V 

Parameter Symbol 

Read 

Address stable before READ tAR 
Address hold time for READ tRA 

READ pulse width tRR 
Data delay from READ tRO 
READ to data floating tOF 
Recovery time between READS tRV 

Write 

Address stable before WRITE tAW 
Address hold time for WRITE tWA 
WRITE pulse width tww 

Data set up time for WRITE tow 
Data hold time for WRITE two 
Recovery time between WRITES tRV 
Clock and Gate TIming 

Clock period tClK 
High pulse width tPWH 
Low pulse width tPWl 
Gate pulse width high tGW 
Gate set up time to clock t tGS 
Gate hold time after clock t tGH 

Low gate width tGl 
Output delay from Clock ~ too 
Output delay from gate tOOG 

Note: 

(1) AC timing measured at VOH = 2.0 V; VOL = 0.8 V. 

Timing Waveforms 

AC Test Conditions 

2.4--V2.0 20:V--
O.4s---A-""o.,,-s ___ ~O=:8A....-.-

Read Timing 

Limits 
",PD8253-2 

Min Max 

30 

a 
200 

140 

10 85 

200 

o 
o 

160 

130 

o 
200 

200 

80 

80 

120 

70 

50 

120 

250 

250 

Limits 
",PD8253-5 

Min Max 

o 
o 

250 

170 

25 100 

1000 

o 
o 

250 

150 

o 
1000 

250 DC 

160 

90 

150 

100 

50 

100 

300 

300 

Write Timing 

A1. AO,CS=X-_________ ""'"'I '-___ _ 

C=tAR Read and Write Timing 
RD 

8-60 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NEe 

Test 
Conditions 

Cl = 150 pF 

Cl = 150 pF 

Cl = 150 pF 

Cl = 150 pF 
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Timing Waveforms (cont) 

Clock and Gate Timing 

Programming the J.tPD8253 

The programmer can select any of the six operational 
MODES for the counters using system software. In
dividual counter programming is accomplished by 
loading the CONTROL WORD REGISTER with the ap
propriate control word data (AQ, A1 = 11). 

Control Word Format 

RL - Read/Load 

RL1 RLo 

0 0 Counter latching operation 

1 0 Read/Load most significant byte only 

0 1 Read/Load least significant byte only 

1 1 Read/Load least significant byte first, then 
most significant byte 

J.lPD8253 

SC - Select Counter 

SC1 sCo 

0 0 Select counter 0 

0 1 Select counter 1 

1 0 Select counter 2 

1 1 Invalid 

BCD 
Binary counter, 16-bits 

BCD counter, 4-decades 

M·Mode 

M2 M1 Mo 

0 0 0 Mode 0 

0 0 1 Mode 1 

X 1 0 Mode 2 

X 1 1 Mode 3 

1 0 0 Mode 4 

1 0 1 Mode 5 
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Operational Modes 

Each of the three counters can be individually pro
grammed with different operating MODES by ap
propriately formatted control words. The following is 
a summary of the MODE operations. 

Mode 0: Interrupt on Terminal Count 

The initial MODE set operation forces the OUTPUT 
low. When the specified counter is loaded with the 
count value, it will begin counting. The OUTPUT will 

Mode 0: Interrupt on Terminal Count 

eLK 

WRn ---,L.. _____ ...J ! n = 4 

NEe 
remain low until the terminal count sets it high. It will 
remain in the high state until the trailing edge of the 
second WR pulse loads in COUNT data. If data is load
ed during the counting process, the first WR stops the 
count. Counting starts with the new count data trig
gered by the falling clock edge after the second WR. 
If a GATE pulse is asserted while counting, the count 
is terminated for the duration of GATE. The falling 
edge of ClK following the removal of GATE restarts 
counting from the terminated point. 

Output -------------7-------~ 

WRn ~L.. _____ -' ! n = 4 I 
I 

Gate -------------hi I 
I L.... ------' 

I 
Output ---------, 

8-62 
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Mode 1: Programmable One-Shot 

The OUTPUT is set low by the falling edge of CLOCK 
following the trailing edge of GATE. The OUTPUT is 
set high again at the terminal count. The output pulse 
is not affected if new count data is loaded while the 
OUTPUT is low. The new data will be loaded on the 
rising edge of the next trigger pulse. The assertion of 
a trigger pulse while OUTPUT is low, resets and retrig
gers the one-shot. The OUTPUT will remain low for the 
full count value after the rising edge of TRIGGER. 

Mode 1: Programmable One·Shot 

eLK 

n = 4 

Gate (Trigger) ------------' 

Output -------------; 

Gate (Trigger) -------' 

Output --------1 

J.lPD8253 

83-0036128 
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Mode 2: Rate Generator 

The RATE GENERATOR is a variable modulus 
counter. The OUTPUT goes low for one full CLOCK 
period as shown in the following timing diagram. The 
count data sets the time between OUTPUT pulses. If 
the count register is reloaded between output pulses 
the present period will not be affected. The subse
quent period will reflect the new value. The OUTPUT 
will remain high for the duration of the asserted GATE 
input. Normal operation resumes on the falling 
CLOCK edge following the rising edge of GATE. 

Mode 2: Rate Generator 

elK 

WRn ' .... ___ ---' ! n = 3 

NEe 

n = 4 

_ ___________ ......,1 0....:..(3-.) ___ ---,1 0(4) 1 0(4) 

Output U LJr'-"'-----~--LJ 

WRn ' .... _"""--___ ---' ! n = 3 

Gate (Reset) ----------. 

_ ________ ~ ______ ~ ______ ~10 ....:..(3-.) ___ ---,1 0(~3~) ____ _ 

Output U- U-
83-0036136 
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Mode 3: Square Wave Generator 

MODE 3 resembles MODE 2 except the OUTPUT will 
be high for half of the count and low for the other half 
(for even values of data). For odd values of count data 
the OUTPUT. Put will be high one clock cycle longer 
than when it is low (High Period -+ N t 1 clock 
cycles; Low Period -+ N 2' 1 clock periods, where N 
is the decimal value of count data). If the count 
register is reloaded with a new value during counting, 
the new value will be reflected immediately after the 
output transition of the current count. 

The OUTPUT will be held in the high state while GATE 
is asserted. Counting will start from the full count 
data after the GATE has been removed. 

Mode 3: Square' Wave Generator 

elK 

""PD825.3 

,.:.0(4.:.,.) ___ ----.°(4)° ,.:.(4.:.,.) ___ ----.0(4) 0,.;..(4.;,..) _~_-----;0(4) 0(4) 

Output (n -= 4) ~ L..-I _----II L..-I _----II L...-1 __ --', 
,.:.0(5..:.,.) _~_---.;:..-_ .... 0(5) 0{;.:,;5;:...) _--.:.. __ ~_.....;0(5) 0,.;..(5.;...) ____ _ 

Output (n -= 5) ~ 11.-__ ....... 11 L-__ ---JI 

Gate (Reset) --------, 

0(4) ... ________ ~_....,0(4) 0(4) 0(4) 0(4) 

Output (n -= 4) 11-__ ----11 L. ___ ---II;.:.. -=------..; .... 1 ___ ---AI 
83-0036148 
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Mode 4: Software Triggered Strobe 

The OUTPUT goes high when MODE 4 is set, and 
counting begins after the second byte of data has 
been loaded. When the terminal count is reached, the 
OUTPUT will pulse low for one clock period. Changes 
in count data are reflected in the OUTPUT as soon as 
the new data has been loaded into the count registers. 
During the loading of new data, the OUTPUT is held 
high and counting is inhibited. 

The OUTPUT is held high for the duration of GATE. 
The counters are reset and counting begins from the 
full data value after GATE is removed. 

Mode 4: Software Triggered Strobe 

elK 

n = 4 

o 
Output ----------..:..--.....:.---=-------:..---1U 

WRn ----, 

n = 4 

Gate -----------...., 

o 
Output -------------------------...,U 
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Mode 5: Hardware Triggered Strobe 

Loading MODE 5 sets OUTPUT high. Counting begins 
when count data is loaded and GATE goes high. After 
terminal count is reached, the OUTPUT will pulse low 
for one clock period. Subsequent trigger pulses will 
restart the counting sequence with the OUTPUT puls
ing low on terminal count following the last rising 
edge of the trigger input. (Reference the bottom half 
of the timing diagram.) 

Mode 5: Hardware Triggered Strobe 

elK 

WR
n 
----,<------' L n=4 

Gate ------_____ ---1 

o 
Output --------------.:....--~--..,;;..-------,LJ 

WRn----,,_~~ __ ~ L n=4 

Gate _________ --In ... __ ...1 

o 
Output -----------------------------,LJ 

JlPD8253 

83-0036168 

8-67 



pPD8253 ttfEC 



NEe 
NEe Electronics Inc. 

Description 

The I-LPD8255A-2 and I-LPD8255A-5 are general purpose 
programmable input/output devices designed for use 
with the 8080A/8085A microprocessors. Twenty-four 
I/O lines may be programmed in two groups of twelve 
(group I and group II) and used in three modes of 
operation. In the basic mode, (Mode 0), each group of 
twelve I/O pins may be programmed in sets of 4 to 
input or output. In the strobed mode, (MODE 1), each 
group may be programmed to have 8 lines of input or 
output. Three of the remaining four pins in each group 
are used for handshaking strobes and interrupt 
control signals. The bidirectional bus mode, (MODE 
2), uses the 8 lines of port A for a bi-directional bus, 
and five lines from port C for bus control signals. 

Features 

o Fully compatible with the 8080A/8085 
microprocessor families 

o All inputs and outputs TTL compatible 
o 24 programmable I/O pins 
o Direct bit set/reset eases control application 

interfaces 
o Eight Darlington drive outputs for printers 

and displays 
o LSI drastically reduces system package count 

Ordering Information 

Part Number Package 'iYpe 

JlPD8255AC-2 40-pin plastic DIP 

JlPD8255AC-5 40-pin plastic DIP 

Malt: System 
Clock Frequency 

5 MHz 

4 MHz 

JJPD8255A 
PROGRAMMABLE 

PERIPHERAL INTERFACE 

Pin Configuration 

83·002806A 

Pin Identification 

No. Symbol Function 

1-4, 37-40 PArPAo Port A (1/0) 

5 RD Read input 

6 CS Chip select input 

7 GND Ground 

8,9 A1,Ao Port address inputs 

10-17 PCrPCo Port C (1/0) 

18-25 PBrPBo Port B (1/0) 

26 Vee +5 V power supply 

27-34 DrDo Bidirectional data bus 

35 RESET Reset input 

36 WR Write input 
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Pin Functions 

07"00 (Data Bus Buffer) 

These pins form a three-state, bidirectional data bus 
buffer that is controlled by input and output 
instructions executed by the processor. Control words 
and status information are also transmitted via D7"Do. 

CS (Chip Select) 

A low input to this pin enables the ",PD8255A for 
communication with the 8080A/8085A. 

RO (Read) 

A low input to this pin enables the ",PD8255A for 
communication with the 8080A/8085A. 

WR (Write) 

A low input to this pin enables the data bus buffer to 
receive data or control words from the processor. 

A1, Ao (Port Address) 

These inputs are used in conjunction with CS, RD, and 
WR to control the selection of one of the three ports 
on the control word register. Ao and A1 are usually 
connected to Ao and A1 of the processor address bus. 

Block Diagram 

8-70 

Power _+5V 
Supplies -GNO 

07.0 0 
'\~-_I 

Ro----nI 
WR----01 

Ao----.I 
RESET ----.I 

Readl 
Write 

Control 
Logic 

Cs-------l 

NEe 
RESET (Reset) 

A high level input to this pin clears the control register 
and places ports A, B, and C in input mode. The input 
latches in ports A, B, and C are not cleared. 

PA7"PAO, PB7"PBO, PC7"PCO (Ports A, B, and C) 

These three 8-bit I/O ports can be configured to meet 
a variety of functional requirements through system 
software. The effectiveness and flexibility of the 
",PD8255A are further enhanced by special features 
unique to each of the ports, as follows: 

• Port A has an 8-bit data output latch/buffer, 
data input latch/buffer, and data input latch. 

• Port B has an 8-bit data I/O latch/buffer and an 
8-bit data input buffer. 

• Port C has an 8-bit output latch/buffer and a 
data input buffer (input not latched). 

Port C may be divided into two independent 4-bit 
control and status ports for use with ports A and B. 

Vee 
+5 V power supply. 

GNO (Ground) 

Connection to ground. 

1/0 
PA7·PAO 

1/0 
PC7·PC4 

1/0 
PCa·PCo 

83-0028078 
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Functional Description 

The read/write and control logic manages all internal 
and external transfers of data, control, and status. It 
is through this block that the processor address and 
control buses control the peripheral interfaces. 

Through an OUT instruction in system software from 
the processor, a control word is transmitted to the 
J.lPD8255A. Information such as the mode, bit set, and 
bit reset is used to initialize the functional 
configuration of each I/O port. 

Both group I and group II accept commands from the 
read/write control logic and control words from the 
internal data bus and in turn controls its associated 
I/O ports, as follows: 

• Group I: port A and upper port C (PC7-PC4) 
• Group II: port B and lower port C (PC3-PCO) 

While the control word register can be written to, the 
contents cannot be read back to the processor. 

Absolute Maximum Ratings 
TA = 25°C 

Operating temperature, T OPT 

Storage temperature, T STG 

Voltage on any pin with respect to VSS -0.5 to +7 V 

Comment: Stresses above those listed under Absolute Maximum 
Ratings may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these 
or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. 

JAPD8255A 

DC Characteristics 
TA = a to +70°C; Vce = +5 V ±10%; Vss = 0 V 

limits 

Parameter Symbol Min Max Unit Test Conditions 

Input low voltage VIL -0.5 0.8 V 

Input high voltage VIH Vee V 

Output low voltage VOL 0.45 V (2) 

Output high voltage VOH 2.4 V (3) 

Darlington drive IOH (1) -1 -4 rnA VEXT = 1.5 V 
current REXT = 7500 

Power supply lee 120 rnA Vee = +5 V, 
current output open 

Input leakage ILiH 10 /AA VIN = V = Vee 
current 

Input leakage ILiL -10 /AA VIN = 0.4 V 
current 

Output leakage ILDH ±10 /AA VOUT = Vee: 
current CS = 2.0 V 

Output leakage ILDL -10 /AA VOUT = 0.4 V; 
current CS = 2.0 V 

Note: 

(1) Any set of eight outputs from either port A, B, C can source 4 
rnA into 1.5 V. 

(2) IOL :;:: 2.5 rnA for DB port; 1.7 rnA for peripheral ports. 

(3) IOH = -400~A for DB port; -200 ~A for peripheral ports. 

Capacitance 
TA = 25°C; Vee = OV 

Limits 
Test 

Parameter Symbol Min Max Unit Conditions 

Input capacitance CI 10 pF fc = 1 MHz I] 1/0 capacitance Cia 20 pF Unmeasured pins 
returned to Vss 
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IJPD8255A tttrEC 
AC Characteristics 
TA = OOC to +700 C; Vee = +5 V ±5%; Vss = 0 V 

8255A-2 8255A-5 
Limits Limits Test 

Parameter Symbol Min Max Min Max Unit Conditions 

Address stable before READ tAR 0 0 ns 

Address stable after READ tRA 0 0 ns 

READ pulse width tRR 200 250 ns 

Data valid from READ tRO 140 170 ns CL = 150 pF 

Data float after READ tOF 100 100 ns CL= 100 pF 
10 10 ns CL = 15 pF 

Time between READS and /WRITES tRV 200 850 ns (Note 2) 

Write 

Address stable before WRITE tAW 0 0 ns 

Address stable after WRITE tWA 20 20 ns 

WRITE pulse width tww 200 250 ns 

Data valid toWRITE (lE.) tow 100 100 ns 

Data valid after WRITE two 0 0 ns 

Other Timing 

WR = 0 to output tWB 350 350 ns CL = 150 pF 

Peripheral data before RD tlR 0 0 ns 

Peripheral data after RD tHR 0 0 ns 

ACK pulse width tAK 300 300 ns 

STB pulse width tST 350 350 ns 

Per. data before lE. of STB tps 0 0 ns 

Per. data after lE. of STB tpH 150 150 ns 

ACK = 0 to output tAO 300 300 ns CL = 150 pF 

ACK = 0 to output float tKO 250 250 ns CL = 50 pF 
20 20 CL = 15 pF 

WR = 1 to OBF = 0 tWOB 300 650 ns 

ACK = 0 to OBF = 1 tAOB 350 350 ns 

STB = 0 to IBF = 1 tSIB 300 300 ns 

RD = 1 to IBF = 0 tRIB 300 300 ns 

RD = 0 to INTR = 0 tRIT 400 400 ns 

STB = 1 to INTR = 1 tSIT 300 300 ns CL = 150 pF 

ACK = 1 to INTR = 1 tAIT 350 350 ns 

WR = 0 to I NTR = 0 tWIT 450 850 ns CL = 150 pF (Note 3) 

Note: 

(1) Period of reset pulse must be at least 50 lAs during or after (3) INTRt may occur as early as WRt 
power on. Subsequent reset pulse can be 500 ns min. 

(2) tRY AC Testing Load Circuit 

I Device I 
VEXT* Under I lee = '"' pF 

Test 

}- *VEXT Is set at various voltages during testing to guarantee 

tRY 
the specification 

83·002809A 
83·002808A 
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Timing Waveforms 

AC Testing Input, Output Waveform 

2.4 

0.45 

Mode 0 

2.0 ___ ___ 2.0 

Test Points 

0.8 ---- -------- 0.8 

Input From 
Peripheral 

I--tIR-

) 
-tAR-------. 

) 

00.07 --------------

, 

00.07 

tRR 

\ I 

) 
---tRO-

Basic Input (READ) 

tww 

~ J 

-tow--

) 

tAW ') 

=> 

/JPD8255A 

I 

-tHR .... 

K 
~tRA-

K 

b-
tOF 

, 
-two .... 

K 
tWA 

C 
I---twB 

~~ ~ 
Peripheral _______________________ ~~----

Basic Output (WRITE) 
83·002810C 
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iJPD8255A tt{EC 
Timing Waveforms (cont) 

Mode 1 

8-74 

WR----------------~ 

OBF-------------------------+------~--~I 

INTR ----------------------........ 

ACK--------------------------------~----~----~ 

Output to 

Peripheral --------------------------------t-J 1" _______________________________ __ 

STB to 
Peripheral 

IBF __________________ ..J 

tWB 

INTR _______ _._----------------4--' 

AD -------------------------~----~--~ 

I~:~~~~~~ ---i---------_-__ d---+L1-------------------
r----- ti'S I 

83-002812C I 
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Timing Waveforms (cont) 

Mode 2 

OBF ------+--+-"" 

INTR----_ 

ACK from 
Peripheral ----------~--------_+_ 

STB from 
Peripheral -----------"'" I 

IBF-------------J 

Peripheral 
Bus------- '" :c '''}:---t D,"f~. 

-tpH I'PD8255A to Peripheral 

RD------------------~------~ 

Note: 

Read Data from 
I'PD8255A to I'PD8085A 

(1) Any sequence where VIR occurs before ACK and STB occurs before RD Is permissible 
(INTR = IBF • MASK. STB • RD + OBF • MASK. ACK • VIR). 

(2) When the I'PD8255A Is set to Mode 1 or 2, 
OBF Is reset to be high (logic 1). 

J..lPD8255A 

tRIB 

83·002813C 
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",PD8255A 

Modes 

The ",PD8255A can be operated in modes 0, 1 or 2 
which are selected by appropriate control words and 
are detailed below. 

Mode 0 

Mode 0 provides basic input and output operations 
through each of the ports A, B, and C. Output data 
is latched and input data follows the peripheral. No 
"handshaking" strobes are needed. 

.16 different configurations in mode 0 
• Two 8·bit ports and two 4·bit ports 
• Inputs are not latched 
• Outputs are latched 

Mode 1 

Mode 1 provides for strobed input and output opera· 
tions with data transferred through port A or Band 
handshaking through port C. 

• Two 1/0 groups (I and II) 
• Both groups contain an 8·bit data port and a 4·bit 

control/data port 
• Both 8·bit data ports can be either latched input or 

latched output 

Mode 2 

Mode 2 provides for strobed bidirectional operation 
using PAOPA.7 as the bidirectional latched data bus. 
PC3PC7 is used for interrupts and "handshaking" bus 
flow control similar to mode 1. Note that PBoPB7 and 
PCOPC2 may be defined as mode 0 or 1, input or out· 
put in conjunction with port A in mode 2. 

• An 8-bit latched bidirectional bus port (PAo-PA7) 
and a 5·bit control port (PC3PC7) 

• Both inputs and outputs are latched 
• An additional8·bit input or output port with a 3·bit 

control port. 

8-76 

NEe 
Basic Operation 

Input Operation (Read) 

A1 AD RD WR CS 

0 0 0 1 0 PORT A _ DATA BUS 

0 1 0 1 0 PORT B _ DATA BUS 

1 0 0 1 0 PORT C _ DATA BUS 

Output Operation (Write) 

A1 AD RD WR CS 

0 0 1 0 0 DATA BUS - PORT A 

0 1 1 0 0 DATA BUS _ PORT B 

1 0 1 0 0 DATA BUS _ PORT C 

1 1 1 0 0 DATA BUS _ CONTROL 

Disable Function 

A1 AD RD WR CS 

X X X X 1 DATA BUS-
HIGH Z STATE 

X X 1 1 0 DATA BUS _ 

HIGH Z STATE 

Note: 

(1) X means "DO NOT CARE" 
(2) All conditions not listed are illegal and should 

be avoided. 



NEe J.lPD8255A 

Formats 

Mode Definition, Bit/Rest Format 

Control Word Control Word 

1071 06 051 04 1 03 1 02 1 01 1 Dol r 07 1 06 r 051 041 03 1 02 1 01 1 DO I 
LJ 

Group II 

Port C (Lower) 
~ 1 = Input 

0= Output 

Port B - 1 = Input 
o = Output 

Mode Selection 
o = Mode 0 
1 = Mode 1 

X X X 
---.-

Don't 
Group I Care Bit Set/Reset 

~ 1 = Set 

Port C (Upper) o = Reset 

1 = Input 
o = Output 

Bit Select 
Port A 
1 = Input 0 1 2 3 4 5 6 7 
0= Output 

0 1 0 1 0 1 0 1 Bo 

Mode Selection 0 0 1 1 0 0 1 1 B1 
00 = Mode 0 
01 = Mode 1 0 0 0 0 1 1 1 1 B2 
1X = Mode 2 

Mode Set Flag Bit Set/Reset Flag 

Mode Definition 1 = Active Bit/Reset o = Active 

83·0028148 
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NEe Electronics Inc. 

Description 

The ",PD8257 is a programmable four-channel direct 
memory access (DMA) controller. It is designed to 
simplify high-speed transfers between peripheral 
devices and memories. Upon a peripheral request, the 
",PD8257 generates a sequential memory address, 
thus allowing the peripheral to read or write data 
directly to or from memory. Peripheral requests are 
prioritized within the ",PD8257 so that the system bus 
may be acquired by the generation of a single HOLD 
command to the 8080A. DMA cycle counts are main
tained for each of the four channels, and a control 
signal notifies the peripheral when the prepro
grammed member of DMA cycles nas occurred. Out
put control signals are also provided which allow 
simplified sectored data transfers and expansion to 
other ",PD8257 devices for systems requiring more 
than four DMA channels. 

Features 

D Four-channel DMA controller 
D Priority DMA request logic 
D Channel inhibit logic 
D Terminal count and modulo 128 outputs 
D Automatic load mode 
D Single TIL clock 
D Single +5 V ± 10% power supply 
D Expandable 
D Available in extended temperature range 

Ordering Information 
Part 
Number 

/APD8257C-2 

Package 1'Ipe 

40-pin plastic DIP 

40-pin plastic DIP 

Max Frequency 
of Operation 

5 MHz 

3 MHz 

J.(PD8257 
PROGRAMMABLE 

DMA CONTROLLER 

Pin Configuration 

IIOR 1 

IIOW 

MEMR 

MEMW 

MARK 

HLOA 

AEN 

HRO 

RESET 

OACK2 14 

OACK3 

OR03 

OR02 

OROI 

OROa 

GNO 

Pin Identification 
No. 

2 

3 

4 

6 

8 

9 

10 

11 

12 

13 

14, 15, 
24, 25 

16-19 

20 

21-23, 26-30 

31 

32-35 

36 

37-40 

Symbol 

IIOR 

IIOW, 

MEMR 

MEMW 

MARK 

READY 

HlDA 

ADDSTB 

AEN 

HRQ 

CS 

ClK 

RESET 

DACK2, DACK3, 
DACK1, DACKo 

DRQ3-DRQo 

GND 

DrD5, 
D4-DO 

Vee 

Ao-A3 

TC 

A4-A7 

A7 

As 

·As 

A4 

TC 

Aa 

A2 

Al 

Aa 

Vee 

Oa 

04 

OACKa 

OACKI 

Os 

06 

07 

83-003619A 

Function 

I/O read, control signal 

liD write, control signal 

Memory read output 

Memory write output 

Modulo 128 mark 

Ready input 

Hold acknowledge input 
(from 8080A) 

Address strobe output 

Address enable output 

Hold request (to 8080A) 

Chip select input 

Clock input 

Reset input 

DMA acknowledge output 

DMA request input 

Ground 

liD data bus 

+5 V power supply 

liD address bus 

Terminal count output 

Output address bus 

8-79 
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Pin Functions 

Do-D7 (1/0 Data Bus) 

During an 1/0 read, the CPU enables these lines as 
inputs, allowing it to read an address register, a word 
count register, or the'status or temporary register. Dur
ing an 1/0 write, these lines are enabled as outputs, 
allowing the CPU to program the iJPD8257-2/-5 control 
registers. During DMA cycles, the eight MSBs of the 
address are output tathe data bus to be strobed to 
an external latchvia ADDSTB. 

A4-A7 (Output Address ,Bus) 

These lines, active only during DMA service, are out
puts that provide the four MSBs of the address. 

Ao-A3 (1/0 Address Bus) 

During DMA active states, these lines are outputs that 
provide the 4 LSBs of the output address bus. During 
DMA idle states, lhese lines are inputs, allowing the 
CPU to load or examine control registers. 

DRQo-DRQ3 (DMA Request Input) 

These are asynchronous chaJmel request inputs used 
by peripherals to request DMA service. In a fixed 
priority scheme, DRQo has the highest priority and 
DRQ3 has the lowest. The polarity of these lines is 
programmable; however, reset initializes them to 
active high. 

HlDA (Hold Acknowledge) 

Indicates that the CPU has relinquished control of the 
system busses. 

H RQ (Hold Request) 

Requests control of the system bus. The iJPD8257-2/-5 
issues this signal in response to software requests 
or ORO inputs from peripherals. 

DACKo·DACK3 (DMA Acknowledge Output) 

These lines indicate an active channel. They are 
sometimes used to select "a peripheral. Only one 
DACK may be active at any time. All DACK lines are 
inactive unless DMA has control of the bus. The 
polarity of these lines is programmable; however, 
reset initializes them to active low. 

TC (Terminal Count) 

When the terminal count occurs, TC goes high, infor
ming the CPU that the data transfer is complete. 

8"'80 

NEe 
RESET 

Clears the command, status, request, and temporary 
registers, the first/last flip flop, and sets the mask 
register. The iJPD8257-2/-5 is in idle state after a reset. 

CS (Chip Select) 

The CPU uses CS to select the iJPD8257-2/-5 as an 1/0 
device during an 1/0 read or write by the CPU. This 
provides CPU communication on the data bus. CS 
may be held low during multiple transfers to or from 
the iJPD8257-21-5 as long as I/OR or I/OW is toggled 
fOllowing each transfer. 

READY 

This signal can extend memory read and write pulses 
for slow memories or 1/0 peripherals. 

ClK (Clock) , 

Controls internal operations and data transfer rate. 

AEN (Address Enable) 

This Signal allows the external latch to output the 
upper address byte by disabling the system bus dur
ing DMA cycles. Use HLDA and AEN to deselect 1/0 
peripherals that may be erroneously accessed during 
DMA transfers. The iJPD8257-2/-5 deselects itself dur
ing DMA transfers. 

ADDSTB (Address Strobe) 

This signal strobes the upper address byte form 00-07 
into an external latch. 

M EM R (Memory Read) 

This signal accesses data from a specified memory 
location during memory-to-peripheral or memory-to
memory transfers. 

MEMW (Memory Write) 

This signal writes data to a specified memory ioca
tion during peripheral-to-memory or memory-to
memory transfers. 

IIOR (1/0 Read) 

In the idle state, this signal is an input control line 
used by the CPU to read control registers. In the ac
tive state, the iJPD8257-2/-5 uses I/OR as an output 
control signal to access data from a peripheral dur
ing a DMA write. 



NEe 
I/OW (1/0 Write) 

In the idle state, the CPU uses I/OW as an input con
trol signal to load information to the J.lPD8257-2/-5. In 
the active state, the J.lPD8257-2I-5 uses I/OW as an out
put control signal to load data to a peripheral during 
a DMA read. 

The rising edge of WR must follow each data byte 
transfer in order for the CPU to write to the 
J.lPD8257-2/-5. Holding I/OW low while toggling CS 
does not produce the same effect. 

Block Diagram 

ClK 
RESET 

READI 

Ao 
WRITE 
logic 

Al 

A2 

Aa 

CS 

A4 

As 

A6 

A7 

READY 

HRQ 
HlDA 

MEMR 
MEMW 

AEN 
ADDSTB 

TC Internal 

MARK Bus 

J,lPD8257 

MARK (Modulo 128 Mark) 

This output notifies the selected peripheral that the 
current DMA cycle is the 128th cycle since the 
previous MARK output. MARK always occurs at 128 
(and all multiples of 128) cycles from the end of the 
data block. 

Vee 
Power supply. 

GND 
Ground. 

DACKl 

DRQ2 

DACK2 

DACKa 

83·003620B 
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I-lPD8257 

Absolute Maximum Ratings 
TA = 25°C 

Operating temperature, T OPT 

Storage temperature, T STG 

Power supply voltage, Vee 

Power dissipation 

-0.5 V to +7 V (1) 

1 Watt 

Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these 
or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. 

Note: 

(1) With respect to Ground 

DC Characteristics 
TA = OOC to +70°C; Vee = +5 V ±10% GND = 0 V 

Parameter Symbol 

Input low voltage VIL 

Input high voltage VIH 

Output low voltage VOL 
Output high VOH 
voltage 

HRQ output high VHH 
voltage 

Power supply lee 
current 

Input leakage IlL 

Output leakage IOFL 
during float 

8-82 

Limits 

Min Max 

-0.5 0.8 

2.0 Vee 
+0.5 

0.45 

2.4 Vee 

3.3 Vee 

100 

120 

-10 10 

-10 10 

Unit 

V 

V 

V 

V 

Test 
Conditions 

IOL = 1.6 mA 

IOH = -150 ~ 
for AB, 
DB and AEN 
IOH = -80 IlA for 
others 

V IOH = -80 IlA 

mA 8257-2 

mA 8257-5 

IlA o !5: VIN !5: Vee 

IlA 0.45 !5: VOUT 
!5: Vee 

Capacitance 
T A = 25°C; Vee = GND = 0 V 

Limits 

Parameter Symbol Min Typ 

Input capacitance Cr 

1/0 capacitance CliO 

Max 

10 

20 

NEe 

Test 
Unit Conditions 

pF fc = 1 MHz 

pF Unmeasured pins 
returned to GND 
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AC Characteristics 
TA = O°C to +700 C; Vee = 5 V ±10%; GND = 0 V 

Parameter Symbol 

Read 

ADR or CS* Setup to RD. tAR 

ADR or CS -+ hold from ROt tRA 

Data Access from RD* tROE 
DB -+ float delay from ROt tROF 

RD width tRW 

Write 

ADR setup to WR. tAW 

ADR hold from WRt tWA 

Data setu p to WR. tow 

Data hold from WRt two 

WR width twws 

Other timing 

Reset pulse width tRS1W 

Power supply t(Vccl setup to reseN tRSTO 

Signal rise & fall times tr• tf 

Reset to first IOWR tRSTS 

Note: 

limits 

",PD8257-2 

Min Max 

0 

0 

0 140 

10 85 

200 

20 

0 

100 

0 

100 

300 

500 

20 

2 

",PD8257-5 

Min Max 

o 170 

20 100 

250 

200 

200 

300 

500 

20 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

J.lS 

tCY 

J..lPD8257 

Test 
Conditions 

CL = 100 pF 

CL = 100 pF 

(1) All timing measurements are made at the following reference voltages unless specified otherwise: input "1" at 2.0 V, "0" at 0.8 V, output 
"1" at 2.0 V, "0" at 0.8 V. 

AC Characteristics 
TA = O°C to +70°C; Vee = +5 V ±10%; GND = 0 V 

",PD8257-2 

Parameter Symbol Min 

Cycle time (period) tCY 0.200 

Clock active (high) te BO 

DROt setup to e. (SI, S4) tas 50 

DRO* hold from HLDAt taH 

HROt or t delay from et (SI. S4) too 
(measured at 2.0 V) 

HROt or tdelay from et (SI. S4) tHS 

HLDAt or tsetup to et (SI. S4) tHS 50 

AENt delay from et (S1) tAEL 

AENt delay from et (SI) tAET 

ADR (A B) (active) delay from AENt (S1) tAEA 20 

ADR (A B) (active) delay from et (S1) tFAAB 

ADR (AB) (float) delay from et (SI) tAFAB 
ADR (AB) (stable) delay from et (S1) tASM 

ADR (AB) (stable) hold from et (S1) tAH tASM-50 

ADR (AB) (valid) hold from RDt (S2. SI) tAHR 60 

Limits 

",PD8257-5 

Max Min 

4 0.320 

BO 

120 

160 

200 100 

100 

150 

150 

20 

200 

150 

200 

tASM-50 

60 

Max Unit 

4 J.ls 

. BtCY ns 

160 ns 

250 ns 

ns 

300 ns 

200 ns 

ns 

250 ns 

150 ns 

250 ns 

ns 

Test 
Conditions 

(4) 

(3) 

(4) 

(2) 

(2) 

(2) 

(2) 

(4) 
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AC Characteristics (cont) 

LImits 

",PD8257-2 ",PD8257-5 18st 
Parameter Symbol Min Max Min Max Unit Conditions 

AOR (AB) (valid) hold from WRt (51, 51) tAHW 100 300 ns (4) 

AOR (DB) (active) delay from Bt (51) tFAOB 150 300 ns (2) 

AOR (DB) (float) delay from Bt (52) tAFOB tsn 140 tsn+ 2O 170 ns (2) 

ADA. (DB) setup to AOR 5TB+ (51-52) tASS 100 100 ns (4) 

AOR (DB) (valid) hold from AOR STB+ 
(52) tAHS 20 50 ns (4) 

AOR STBt delay from Bt (51) tSTL 150 200 ns 

AOR STB+ delay from Bt (S2) tsn 140 140 ns 

AOR 5TB width (S1-52) Tsw tCy-100 tCy-100 ns (4) 

RO+ or WR (ext)+ delay from AOR tASC 20 70 ns (4) 
5TB+ (S2) 

RO+ or WR (ext)+ delay from AOR (DB) tOBC 0 20 ns (4) 
(float) (52) 

OACKt or .j.delay from Bt (S2, 51) and tAK 200 250 ns (5) 
TC/Markt delay from Bt (53) and 
TClMark.I. delay from Bt (54) 

ROt or WR (ext) + delay from Bt (52) and tOCL 150 200 ns (2) (6) 
WRt delay from Bt (53) 

ROt delay from Bt (51, SI) and WRt delay tocr 150 200 ns (2) (7) 
from Bt (S4) 

RO or WR (active) from Bt (S1) tFAC 200 300 ns (2) 

RO or WR (float) from Bt (51) tAFC 150 150 ns (2) 

RO width (52-51 or 51) TRWM 2tCY+ 2tCY+ ns (4) 
tB-50 tB -50 

WR width (53-54) tWWM tCy-50 tCy-50 ns (4) 

WR (ext) width (52-54) tWWME 2tCy-50 2tCy-50 ns (4) 

READY set up time to Bt (53, Sw) tRS 30 30 ns 

READY hold time from Bt (S3, Sw) tRH 30 30 ns 

Note: 

(1) Load = 1 TIL 
(2) Load = 50 pF 
(3) Load =VOH = 3.3 V 
(4) Tracking specification 
(5) 6. tTAK ~ 50 ns 
(6) 6. tDCL ~ 50 ns 
(7) 6. toCT ~ 50 ns 
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Timing Waveforms 

Read Timing 

Chip Select ------...... \ 

~c=====---tA-R----------~ 

Address Bus 

1/0 RD -------------, 

Data Bus -----------------

Write/Reset Timing 

J-LPD8257 

83-0036258 

83-0036218 
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CD 
I 

CD 
0) 
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Functional Description 

The I-lPD8257 is a programmable, direct memory Ac
cess (DMA) device. When used with an 8212 I/O port 
device, it provides a complete four-channel DMA con
troller for use in 8080A/8085A based systems. Once 
initialized by an 8080A/8085A CPU, the I-lPD8257 will 
block transfer up to 16,364 bytes of data between 
memory and a peripheral device without any attention 
from the CPU. It will do this on all 4-DMA channels. 
After receiving a DMA transfer request from a 
peripheral, the following sequence of events occurs 
within the I-lPD8257. 

(1) It acquires control of the system bus (placing 
8080A/8085A in hold mode). 

(2) Resolves priority conflicts if multiple DMA re
quests are made. 

(3) A 16-bit memory address word is generated with 
the aid of an 8212 in the following manner: 

(a) The I-lPD8257 outputs the least significant 
eight bits (Ao-A?) which go directly onto the 
address bus. 

(b) The I-lPD8257 outputs the most significant 
eight bits (As-A15) onto the data bus where 
they are latched into an 8212 and then sent 
to the high order bits on the address bus. 

(4) The appropriate memory and I/O read/write con
trol signals are generated allowing the peripheral 
to receive or deposit a data byte directly from or 
to the appropriate memory location. 

J.lPD8257 

Block transfer of data (e.g., a sector of data on a flop
py disk) either to or from a peripheral may be ac
complished as long as the peripheral maintains its 
DMA request (DRQn). The I-lPD8257 retains control of 
the system bus as long as DRQn remains high or un
til the terminal count (TC) is reached. When the ter
minal count occurs, TC goes high, informing the CPU 
that the operation is complete. 

There are three different modes of operation: 

(1) DMA read, which causes data to be transferred 
from memory to a peripheral; 

(2) DMA write, which causes data to be transferred 
from a peripheral to memory; and 

(3) DMA verify, which does not actually involve the 
transfer of data. 

The DMA read and write modes are the normal 
operating conditions for the I-lPD8257. The DMA verify 
mode responds in the same manner as read/write ex
cept no memory or I/O read/write control signals are 
generated, thus preventing the transfer of data. The 
peripheral gains control of the system bus and 
obtains DMA acknowledgements for its requests, 
thus allowing it to access each byte of a data block 
for check purposes or accumulation of a CRC (cycle 
redundancy code) checkword. In some applications 
it is necessary for a block of DMA read or write cycles 
to be followed by a block of DMA verify cycles to allow 
the peripheral to verify its newly acquired data. 
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DMA Operation 

As shown in figure 1, internally the ",PD8257 contains 
six different states (SO, S1, S2, S3, S4 and SW). The 
duration of each state is determined by the input 
clock. In the idle state, (S1), no DMA operation is be
ing executed. A DMA cycle is started upon receipt of 
one or more DMA requests (DRan). Then the ",PD8257 
enters the SO state, during which a hold request (HRa) 
is sent to the 8080Al8085A and the ",PD8257 waits in 
SO until the 8080Al8085A issues a hold acknowledge 
(HLDA) back. During SO, DMA requests are sampled 
and DMA priority is resolved (based upon either the 
fixed or priority scheme). 

After receipt of HLDA, the DMA acknowledge line 
(DACKn) with the highest priority is driven low, selec
ting that particular peripheral for the DMA cycle. The 
DMA request line (DRan) must remain high until 
either a DMA acknowledge (DACKn) or both DACKn 
and TC (terminal count) occur, Indicating the end of 
a block or sector transfer (burst model). 

Figure 1. DMA Operation State Diagram 

8-88 
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HRQ + HLOA 

Notes: 
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The DMA cycle consists of four internal states; S1, 
S2, S3, and S4. If the access time of the memory or 
I/O device is not fast enough to return a ready com
mand to the ",PD8257 after it reaches state S3, then 
a wait state is initiated (SW). One or more than one 
wait state occurs until a ready signal is received, and 
the ",PD8257 is allowed to go into state S4. Either the 
extended write option or the DMA verify mode may 
eliminate any wait state. 

If the ",PD8257 should lose control of the system bus, 
(i.e., HLDA goes low) then the current DMA cycle is 
completed; the device goes into the S1 state, and no 
more DMA cycles occur until the bus is reacquired. 
Ready setup time (tRS), write setup time (tow), read 
data access time (tRO), and HLDA setup time (tas) 
should all be carefully observed during the handshak
ing mode between the ",PD8257 and the 8080Al8085A. 

During DMA write cycles, the I/O Read (110 R) output 
is generated at the beginning of state S2 and the 
memory write (MEMW) output is generated at the 
beginning of S3. During DMA read cycles, the memory 
read (MEMR) output is generated at the beginning of 
state S2 and the 110 write (110 W) goes low at the 
beginning of state S3. No read or write control signals 
are generated during DMA verify cycles. 

System Interface 

Figure 2 is the schematic diagram of a ",PD8257 
system interface with the 8080A CPU, 8212 110 Port, 
8224 Clock Generator, and 8228 System Controller 
and Bus Driver. 
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. Figure 2. Typlcal/JPD8257 System Interface Schematic 
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NEe Electronics Inc. 

Description 

The JJPD8259A is a programmable interrupt controller 
directly compatible with the 8080A/8085A/8086/8088 
microprocessors. It can service eight levels of inter
rupts and contains on-chip logic to expand interrupt 
capabilities up to 64 levels with the addition of other 
JJPD8259A's. The user can choose a selection of priority 
algorithms to tailor the priority processing to meet 
his system requirements. These algorithms can be 
dynamically modified during operation, which expands 
the versatility of the system. The JJPD8259A is 
completely upward compatible with the JJPD8259-5, 
allowing software written for the JJPD8259-5 to run on 
the JJPD8259A/-2. 

Features 

o Eight-level priority controller 
o Programmable base vector address 
o Expandable to 64 levels 
o Programmable interrupt modes (algorithms) 
o Individual request mask capability 
o Single +5 V power supply (no clocks) 
o Full compatibility with 8080A/8085A/8086/8088 

Ordering Information 
Part 
Number 

JlPD8259AC 

JlPD8259AC-2 

Package Type 

28-pin plastic DIP 

28-pin plastic DIP 

pPD8259A 
PROGRAMMABLE 

INTERRUPT CONTROLLER 

Pin Configuration 

83-002777A 

Pin Identification 
No. Symbol Function 

CS Chip select input 

WR Write input 

3 RD Read input 

4-11 DrDo Bidirectional data bus 

12,13,15 CAS o-CAS 2 Cascade lines 

14 GND Ground 

16 SP/EN Slave program input I enable buffer 
output 

17 INT Interrupt output 

18-25 IRo-IR7 Interrupt request inputs 

26 INTA Interrupt acknowledge input 

27 Ao Command select address input 

28 Vee +5 V power supply 
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Pin Functions 

Bidirectional Data Bus (D7-DO) 

Three-state data bus used for interfacing to the system 
data bus. This bus carries control words, status infor
mation, and interrupt vector information. 

Interrupt Request Inputs (IRO-IR7) 

These are eight asynchronous inputs that operate in 
two modes. In the edge-triggered mode, the IR input 
must be raised from low to high and held high until it is 
acknowledged. In the level-triggered mode, the IR input 
requires only a high. 

Cascade Lines (CASO-CAS2> 

These lines are used as a bus which controls multiple 
",PD8259As in a master/slave configuration. When an 
",PD8259A is a master, these lines are outputs. When a 
",PD8259A is used as a slave, the lines are inputs. 

Chip Select (CS) 

When CS is low, the CPU can read and write to the 
",PD8259A. The INTA input operates independently of 
CS. 

Command Select Address Input (AO) 

The ",PD8259A uses this input with CS and WR to de
code...,29mmand words written by the CPU. AO is used 
with CS and AD to decode controller status information 
for the CPU to read. Typically, Ao is connected to the Ao 
address lines on the CPU. 
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Interrupt (INn 

When the J,lPD8259A receives a valid interrupt request, 
the INT output goes high to interrupt the CPU. This pin 
should be connected directly to the interrupt pin on the 
CPU. 

Interrupt Acknowledge (lNTA) 

This input line goes active low to indicate that the CPU 
has received an interrupt request from the ",PD8259A. 
INTA enables interrupt vector data onto the data bus. 

Read Input (RD) 

When both RD and CS are low, the ",PD8259A sends its 
status information to the data bus so the CPU can read 
it. 

Write Input (WR) 

The J,lPD8259A can receive command words from the 
CPU when both WR and CS are low. 

Slave Program Input/Enable Buffer Output 
(SP/EN) 

This is a dual function pin. In the buffered mode, the en
able buffer output is used to enable the buffer transceiv
ers. In the non-buffered mode, when the SP input is 
high, the ",PD8259A operates as a master and when the 
SP input is low,the J,lPD8259A operates as a slave. 

Ground (GND) 

Ground 

Power Supply (VCC) 

Power supply input, +5 volts. 
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Block Diagram 
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Ao 

cs 

R5 

Ao 

Data 
Bus 

Buffer 

Read 
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Processor Processor Processor Siave-----
Address Control Data Program Cascade Internal 

Bus Bus Bus Enable Lines Bus 
Buffer 

Block Diagram Description 

Interrupt Request Register (IRR) and In-Service 
Register (ISR) 

The interrupt request and in-service registers store the 
incoming interrupt request signals appearing on the 
IRo-IR7 lines. The inputs requesting service are stored 
in the IRR while the interrupts actually being serviced 
are stored in the ISR. Refer to functional block diagram. 

A positive transition on an IRinput sets the correspond
ing bit in the interrupt request register. At the same time, 
the INT output of the IlPD8259A is set high. The IR input 
line must remain high until the first INTA input has been 
received. Multiple non-masked interrupts occurring si
multaneously can be stored in the IRR. The incoming 
INTA sets the appropriate ISR bit, which is determined 
by the programmed interrupt algorithm, and resets the 
corresponding IRR bit. The ISR bit stays active high dur
ing the interrupt service subroutine until it is reset by the 
programmed end of interrupt command (EO I). 

fJPD8259A 

INTA INT 

Control Logic 

IRo 
IR1 
IR2 
IR3 
IR4 
IRs 
IRa 
IR7 

Intenupt Mask Register (MR) 

83-0027786 

Priority Resolver 

The priority resolver decides the priority of the interrupt 
levels in the IRR. When the highest priority interrupt is 
determined, it is loaded into the appropriate bit of the 
ISR by the first INTA pulse. 

Data Bus Buffer 

The three state 8-bit bidirectional data bus buffer inter
faces the IlPD8259A to the systems data bus. It buffers 
the control word and status information being transfer
red between the IlPD8259A and the processor. 

Read/Write Logic 

The read Iwrite logic accepts processor commands and 
stores them in its initialization command word (ICW) 
and operation command word (OCW) registers. This 
logic also controls the transfer of status information to 
the processor. 

8-93 



J.lPD8259A 

Chip Select (CS) 

The /APD8259A is enabled when this input receives an 
active low signal. When the CS input is high, reading or 
writing of the /APD8259A is inhibited. 

Write(WR) 

This active low signal instructs the /APD8259A to receive 
command data from the processor. 

Read (RO) 

When the RD input receives an active low signal, the 
status of the interrupt request register, in-service regis
ter, interrupt mask register or binary code of the inter
rupt level is placed on the data bus. 

Interrupt (INn 

The interrupt output from the /APD8259A is directly con
nected to the processor's INT input. The voltage levels 
of this output are compatible with the 8080A/8085A/ 
8086/8088. 

Interrupt Mask Register (IMR) 

The interrupt mask register stores the bits which will 
mask the individual interrupt lines. The IMR masks the 
data in the ISR. Lower priority lines are not affected by 
masking a higher priority line. 

Interrupt Acknowledge (INTA) 

INTA pulses cause the /APD8259A to put vectoring infor
mation on the bus. The number of pulses depend upon 
whether the /APD8259A is in the /APD8085A mode or 
8086/8088 mode. 

Command Select Address Input (AO) 

Ao is usually connected to the processor's data bus. To
gether with RD and WR, it signals the loading of data 
into the command register or the reading of status data. 
Table 1 illustrates the basic operations performed. Note 
that it is divided into three functions: input; output, and 
bus disable distinguished by the RD, WR, and CS in
puts. 
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Table 1. /APD8259A Basic Operation 

Ao D4 Da RD WR CS Operation 

Processor Input (Read) 

0 0 IRR, ISR or IR -+ data bus (Note 1) 

0 0 IMR -+ data bus 

Processor Output (Write) 

0 0 0 0 0 Data bus -+ OCW2 

0 0 1 0 0 Data bus -+ OCW3 

0 X 0 Data bus -+ ICW1 

X X Data bus -+ OCW1, ICW2, ICW3, ICW4 
(Note 2) 

Disable Function 

X X X 1 0 Data bus -+ high impedance state 

X X X X X 1 Data bus -+ high impedance state 

Note: 
(1) The contents of OCW3 written prior to the read operation governs the 

selection of IRR, ISR or the interrupt level. 

(2) The sequencer logic on the ~PD8259A aligns these commands in the 
proper order. 

Cascade Buffer I Comparator 

The IDs of all /APD8259As are buffered and compared in 
the cascade buffer/comparator. See figure 4. The 
master /APD8259A sends the 10 of the interrupting slave 
device along the CASo, CAS1 and CAS21ines to all slave 
devices. The cascade buffer/comparator compares its 
preprogrammed 10 to the CASo, CAS1 and CAS2 lines. 
The next two INTA pulses strobe the preprogrammed, 2 
byte call routine address onto the data bus from the 
slave whose 10 matches the code on the CASo, CAS1 
and CAS2lines. 

Slave Program (SP) 

The interrupt capability can be expanded to 64 levels by 
cascading multiple /APD8259As in a master plus slaves 
array. See figure 4. The master controls the slaves 
through the CASo, CAS1 and CAS2lines. The SP input to 
the device selects the CASo, CAS1 and CAS2 lines as 
either outputs (SP = 1) for the master or as inputs 
(SP = 0) for the slaves. If only one /APD8259A is used, the 
SP input must be set to a logic 1, since it is functioning 
as a master. 
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Absolute Maximum Ratings 
TA = 25°C 

Power supply voltage, VCC 

Input voltage, VI 

Output voltage, Va 

Operating temperature, TOPT 

Storage temperature, TSTG 

Power dissipation, Po 

Note: 
(1) With respect to ground. 

-0.5 to +7.0 V(Note 1) 

-1.0VtoVcC +1.0V 

-0.5VtoVcC +0.5V 

- 65 to + 150°C 

lOW 

Comment: Exposing the device to stresses above those listed in Abso
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

AC Characteristics 

Timing Requirements 
TA=OOCto +70°C, Vee = +5V±10% 

).tPD8259A 

Parameter Symbol Min Max 

AO / CS setup to RD / INTA + tAHRL 0 

AO / CS hold after RD / INTA t tRHAX 

RD pulse width tRLRH 235 

AO / CS setup to WR + tAHWL 0 

AO / CS hold after WR t tWHAX 0 

WR pulse width tWLWH 290 

Data setup to WR t tOVWH 240 

Data hold after WR t tWHOX 

Interrupt request width low tJLJH 100 

Cascade setup to second or third tCVIAL 55 
INTA + (slave only) 

End of RD to next command tRHRL 160 

End of WR to next command tWHRL 190 

End of command to next command tCHCL 500 
(different type) 

End of INTA sequence to next INTA tCHCL 500 
sequence 

Note: 

DC Characteristics 
TA=Oto +70 0 C, Vee = +5V±10% 

Limits 

Parameter Symbol Min Typ 

Input voltage VIL -0.5 
low 

Input voltage VIH 2.0 
high 

Output voltage VOL 
low 

Output voltage VOH 2.4 
high 

Interrupt output VOH-INT 2.4 

High voltage 3.5 

Input leakage III -10 
current (Note 1) 

Output leakage ILO -10 
current 

VCC power Icc 
supply current 

Note: 
(1) For other inputs. 

Limits 

IIPD8259A.2 

Min Max 

0 

160 

0 

0 

190 

160 

0 

100 

40 

160 

190 

500 

500 

(1) This is the low time required to clear the input latch in the edge-triggered mode. 

Max 

0.8 

Vcc+0.5 

0.45 

10 

10 

85 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

J..lPD8259A 

Unit 

V 

V 

V 

V 

V 

V 

~ 

fdA 

mA 

Test 
Conditions 

10L =2.2 mA 

10H= -400fdA 

10H= -400fdA 

10H= -100fdA 

o V..; VI"; VCC 

0.45 V..; Vo";VCC 

Test 
Conditions 

(Note 1) 

(Note 2) 

(Note 2) 

(2) Worst case timing for tCHCL in an actual microprocessor system is typically much greater than 500 ns (8085A = 1/-1s, 8085-2 = 1/-1s, 8086 = 1/-1s, 
8086-2 = 625 ns). 
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AC Characteristics (cont) 

Timing Responses 
TA=OOCto +700 C, Vee = +5V±10% 

Parameter Symbol Min 

Data valid from RD / INTA + tRLDV 

Data float after RDIINTA ! tRHDZ 10 

Interrupt output delay tJHIH 

Cascade valid from first INTA + tlALCV 
(master only) 

Enable active from RD + or INTA t tRLEL 

Enable inactive from RD tor INTA t tRHEH 

Data valid from stable address tAHDV 

Cascade valid to valid data tCVDV 

Note: 
(1) C of data bus = 100 pF 

(2) Max test C = 100 pF 

(3) Min test C = 15 pF 

(4) CINT = 100 pF 

(5) CCASCADE = 100 pF 

Capacitance 
TA=25°C, Vce=GND=OV, fc=1.0MHz 

Limits 

Parameter Symbol Min Typ Max Unit 

Input CI 10 pF 
capacitance 

I/O CliO 20 pF 
capacitance 

Note: 
(1) Unmeasured pins returned to Vss 

Timing Waveforms 

Write Mode 

WR----_ 

Data Bus 
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Max 

Test 
Conditions 

(Note 1) 

(Note 1) 

200 

100 

350 

565 

125 

150 

200 

300 
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Limits 

IAPD8259A·2 Test 
Min Max Unit Conditions 

120 ns (Notes 1-5) 

10 85 ns (Notes 1-5) 

300 ns (Notes 1-5) 

360 ns (Notes 1-5) 

100 ns (Notes 1-5) 

150 ns (Notes 1-5) 

200 ns (Notes 1-5) 

200 ns (Notes 1-5) 

AC Test Input 

204 ===x 200 . 200X== 
0045 008 ::::::=-Test Polnts~ 008 

83-002779A 

ReadilNTA Mode 

RD/INTA ----6.~:::"~ ~ .. "'" 
EN-----t-_. 

tRLOV~ 
Data Bus ------ --------

tAHOV ------

83-002781A 
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Timing Waveforms (cont) 

INTA Sequence 
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Functional Description 

The /APD8259A functions are described in following 
paragraphs under these major headings: 

• Interrupt Sequence 
• 8080/8085A Mode 
• 8086/8088 Mode 
• Initialization Command Words 
• Operational Command Words 
• Reading /APD8259A Status 

Interrupt Sequence 

The /APD8259A derives its versatility from pro
grammable interrupt modes and the ability to jump to 
any memory address through programmable CALL 
instructions. 

The sequence used by the /APD8259A to handle an 
interrupt depends upon whether an 8080A/8085A or 
8080/8088 CPU is being used. 

The following sequence demonstrates how the 
/APD8259A interacts with the 8080A/8085A systems. 

(1) An interrupt(s) appearing on IRo-IR7 sets the 
corresponding IR bit(s) high. This in turn sets the 
corresponding IRR bit(s) high. 

(2) Once the IRR bit(s) has been set, the /APD8259A will 
resolve priorities according to the preprogrammed 
interrupt algorithm. It then issues an INT signal to 
the processor. 

(3) When the processor receives an INT, it issues an 
INTA to the /APD8259A. 

(4) The INTA input to the /APD8259A from the processor 
group sets the highest priority ISR bit and resets the 
corresponding IRR bit. The INTA also signals the 
/APD8259A to place an 8-bit CALL instruction opcode 
(11001101) onto its data bus lines. 

(5) The CALL instruction code instructs the processor 
group to issue two more INTA pulses to the 
/APD8259A. 
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(6) The two INTA pulses signal the /APD8259A to place 

its preprogrammed interrupt vector address onto 
the data bus. The first INTA releases the low order 8 
bits of the address and the second INTA releases· 
the high order 8 bits. 

(7) The /APD8259As CALL instruction sequence is 
complete. A preprogrammed EOI command is 
issued to the /APD8259A at the end of the interrupt 
service routine. This resets the ISR bit and allows 
the /APD8259A to service the next interrupt. 

The following sequence demonstrates how the 
/APD8259A interacts with the 8086/8088 systems. 

(1), (2), (3) Same as for 8080A/8085A. 

(4) During the first INTA from the processor, the 
/APD8259A does not drive the data bus. The highest 
priority ISR bit is set and the corresponding IRR bit 
is reset. 

(5) The /APD8259A puts vector information onto the data 
bus on the second INTA pulse from the 8086/8088. 

(6) There is no third INTA pulse in this mode. In the AEOI 
mode the ISR bit is reset at the end of the second 
INTA pulse, or it remains set until an EOI command 
is issued. 

8080 18085A Mode 

For these processors, the /APD8259A is controlled by 
three INTA pulses. The first INTA pulse will cause the 
/APD8259A to put the CALL opcode onto the data bus. 
See table 2. The second and third INTA pulses will cause 
the upper and lower address of the interrupt vector to be 
released on the bus. See tables 3 and 4. 

Table 2. Contents of First Interrupt Vector Byte 
D, DO 

o o o 
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Table 3. Contents of Second Interrupt Vector Byte 

IR Interval=4 

07 Os Os 04 03 02 01 DO 

7 A7 A6 A5 1 1 1 a a 
6 A7 As A5 1 1 a a a 
5 A7 A6 A5 1 a 1 a a 
4 A7 A6 A5 1 a a a a 
3 A7 A6 A5 a 1 1 a a 
2 A7 A6 A5 a 1 a a a 
1 A7 A6 A5 a a 1 a a 
a A7 A6 A5 a a a a a 

IR Interval=8 

07 Os Os 04 03 02 01 DO 

7 A7 A6 1 1 1 a a a 
6 A7 A6 1 1 a a a a 
5 A7 A6 1 a 1 a a a 
4 A7 A6 1 a a a a a 
3 A7 A6 a 1 1 a a a 
2 A7 A6 a 1 a a a a 
1 A7 A6 a a 1 a a a 
a A7 A6 a a a a a a 

Table 4. Contents of Third Interrupt Vector Byte 
~ ~ ~ ~ ~ ~ ~ ~ 

I A1S I A14 I A13 I A12 I All I Al0 I Ag I As 

Table 5. Contents of Interrupt Vector Byte, 808618088 
Mode 

IR Interval = 4 

07 Os Os 04 03 02 01 DO 

7 h T6 T5 T4 T3 1 1 1 

6 T7 T6 T5 T4 T3 1 1 a 
5 T7 T6 T5 T4 T3 1 a 1 

4 T7 T6 T5 T4 T3 1 a a 
3 T7 T6 T5 T4 T3 a 1 1 

2 T7 T6 T5 T4 T3 a 1 a 
1 T7 T6 T5 T4 T3 a a 1 

a T7 T6 T5 T4 T3 a a a 

J.LPD8259A 

8086/8088 Mode 

In this mode only two INTA pulses are sent to the 
pPD8259A. After the first INTA pulse, the pPD8259A 
does not output a CALL but internally sets priority reso
lution. If it is a master, it sets the cascade lines. The in
terrupt vector is output to the data bus on the second 
INTA pulse. See table 5. 

Initialization Command Words 

ICW1 and ICW2 

LTIM 

ADI 

SNGL 

IC4 

If LTIM = 1, then the IAPD8259A operates in 
the level interrupt mode. Edge detect logic 
on the interrupt inputs is disabled. 

CALL address interval. If ADI = 1 then the in
terval is four; if ADI = 0 then the interval is 
eight. 

(Single) Indicates that there is only one 
IAPD8259A in the system. If SNGL = 1, no 
ICW3 is issued. 

If this bit is set, ICW4 has to be read. If ICW4 
is not needed, set IC4 to logic O. 

A5-A15 Defines the page starting address of the 
service routines. In an 8085A system, the 
eight request levels generate CALLs to 
eight locations equally spaced in memory. 
These can be programmed to be spaced at 
intervals of four or eight memory locations, 
allowing eight routines to occupy a page of 
32 or 64 bytes, respectively. 

The address form is two bytes long (Ao-A15)· When the -:t 
routine interval is four, Ao-A4 are automatically inserted .:.I 
by the IAPD8259A, while A5-A15 are programmed exter-
nally. When the routine interval is eight, Ao-A5 are auto-
matically inserted by the IAPD8259A, while AS-A15 are 
programmed externally. 

The eight-byte interval maintains compatibility with 
current software, while the four-byte interval is best for a 
compact jump table. 

In an 8086/8088 system, T7-T3 are inserted in the five 
most significant bits of the vectoring byte. The 
IAPD8259A sets the three least significant bits accord
ing to the interrupt level. 
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ICW3 

This word is read only when there is more than one 
pPD8259A in the system and cascading will be used. 
SNGL of ICW1 is programmed for logic O. ICW3 will load 
the 8-bit slave register. The functions of this register are, 
in the master mode, when SP = 1 or BUF = 1 and MIS = 1 
in ICW4, a 1 is set for each slave in the system. The mas
ter then releases byte 1 of the call sequence (for 8080AI 
8085A system) and enables the corresponding slave via 
the cascade lines to release vector bytes 2 and 3 (byte 2 
only for 8086/8088). 

In the slave mode, when SP = 0 or aUF = 1 and M /S = 0 
in ICW4, bits 102-100 identify the slave. The slave com
pares its cascade input with these bits and if they are 
equal, vector bytes 2 and 3 of the call sequence (byte 2 
only for 8086/8088) are released by the slave on the data 
bus. 

Figure 1. Initialization Sequence 

06 Os 

As 

8-100 

ICW4 

SNFM 

aUF 

MIS 

NEe 

If SNFM = 1, the special fully nested mode 
is programmed. 

If aUF = 1, the buffered mod~ i~ro
grammed. In the buffered mode, SP/EN be-
comes an enable output and the 
masterlslave determination is by MIS. 

If the buffered mode is selected, M/S=1 
means the ~P08259A is programmed to be 
a master, M/S=O means the ~PD8259A is 
programmed to be a slave. If aUF=O, MIS 
has no function. 

AEOI If AEOI = 1, the automatic end of interrupt 
mode is programmed. 

~PM Microprocessor mode: ~PM = 0 sets the 
~P08259A for 8085A system operation; 
~PM = 1 sets the ~PD8259A for 8086 system 
operation. . 

Figure 1 illustrates the .command word initialization se
quence. 

DO 

LTIM AOI SNGL IC4 ICWl 

SFNM BUF MIS AEOI "PM ICW4 

83-002785A 
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Figure 2 illustrates the initialization command word for-
mat. 

Figure 2. Initialization Command Word Format 

ICWI 

ICW2 

ICW3 
(Master Device) 

ICW3 
(Slave Device) 

ICW4 

AI) 07 06 Os 04 03 02 1>1 Do 

AI) 07 06 Os 04 

I 1 I 0 J 0 1 0 J 0 I 0 I ID2 I 11>1 1 100 J 

I 

03 DO 

I 1 
I 

0 
1

0 
I 

o I SFNMI BUF I MIS I AEOI I "PM I 

1 0 - Buffered ModelSlave 

1= ICW4 Needed 
0= No ICW4 Needed 

1 = Single 
o = Cascade Mode 

Call Address Interval 
1 = Interval of 4 
o = Interval of 8 

1 = Level1l1ggered Mode 
o = Edge 1l1ggered Mode 

A7-As of Interrupt 
Vector Address 

(80/85 Mode Only) 

A1S-A/I of Interrupt 
Vector Address 
(80/85 Mode) 

T7-T3 Oflnterrupt 
Vector Address 

(8086/8088 Mode) 

1 = IR Input Has a Slave 
o = IR Input Does Not Have a 

Slave 

Slave 10(1) 

o 1 2 3 4 5 6 7 

o 1 0 1 o 1 o 1 

0 o 1 1 o 0 1 1 

0 o 0 o 1 1 1 1 

1 = 8088/8088 Mode 
o = 80/85 Mode 

1=AutoEOI 
0= Normal EOI 

EEm -Non Buffered Mode 

1 1 - Buffered ModelMaster 

1 = Special Fully Nested Mode 
o = Not·Speclal Fully Nested 

NOTE: 
Mode 

(1) Slave 10 Is eq ual to the corresponding master Input. 

J.'PD8259A 
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Operational Command Words 

Once the ",PD8259A has been programmed with initiali
zation command words, it can be programmed for the 
appropriate interrupt algorithm by the operation com
mand words (OCW). See figure 3. Interrupt algorithms in 
the ",PD8259A can be changed at any time during pro
gram operation by issuing another set of operation 
command words. The following sections describe the 
various algorithms available and their associated 
OCWs. 

Interrupt Masks 

The individual interrupt request input lines are maska
ble by setting the corresponding bits in the interrupt 
mask register to a logic 1 through OCW1. The actual 
masking is performed upon the contents of the in
service register. For example, if interrupt request line 3 
is to be masked, then only bit 30f the IMR is set to logic 
1. The IMR in turn acts upon the contents of the ISR to 
mask bit3. 

Once the ",PD8259A has acknowledged an interrrupt, 
the masked interrupt input inhibits lower priority re
quests from being acknowledged. There are two means 
of enabling these lower priority interrupt lines. The first 
is by issuing an end of interrupt (EO I) through operation 
command word 2 (OCW2), thereby resetting the appro
priate ISR bit. The second approach is to select the spe
cial mask mode through OCW3.The special mask mode 
(SMM) and end of interrupt (EOI) are described later. 

Fully Nested Mode 

The fully nested mode is the ",PD8259A's basic operat
ing mode. It will operate in this mode after the initializa
tion sequence without requiring operation command 
words for formatting. The order of priority is determined 
by IRO-IR7. IRO has the highest priority. After the inter
rupt has been acknowledged by the processor and sys
tem controller, only higher priorities will be serviced. 
Upon receiving an INTA, the priority resolver determines 
the priority of the interrupt, sets the corresponding IR 
bit, and outputs the vector address to the data bus. The 
EOI command resets the corresponding ISR bits at the 
end of its service routines. 

Rotating Priority Mode Commands 

The two variations of rotating priorities are the auto ro
tate and specific rotate modes. These two modes are 
typically used to service interrupting devices of equiva
lent priorities. 

Auto Rotate Mode. Programming the auto rotate mode 
through OCW2 assigns priorities 0-7 to the interrupt re
quest inputs. Interrupt line IRo is set to the highest prior
ity and IR7 to the lowest. Once an interrupt has been 
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serviced, it is automatically assigned the lowest prior
ity. That same input must then wait for the devices 
ahead of it to be serviced before it can be acknowledged 
again. The auto rotate mode is selected by program
ming OCW2 in the following way: set rotate priority bit R 
to a logic 1, program EOI to a logic 1 and SECOI to a logic 
O. The EOI and SEOI commands are discussed later. The 
following is an example of the auto rotate mode with de
vices requesting interrupts on line IR2 and IRs. 

(1) Before interrupts are serviced: 

In-service register 

IS7 ISs IS5 IS4 IS3 ISO 

o o o o 0 

Priority status register highest priority 

IR3 

According to the priority status register, IR2 has a higher 
priority than IRs and will be serviced first. 

(2) After interrupts are serviced: 

In-service register 

IS7 ISs IS5 IS3 ISO 

o o o o o o o 

Priority status register highest priority 

IRS 

At the completion of IR2'S service routine, the corres
ponding in-service register bit (IS2) is reset to logic 0 by 
the preprogrammed EOI command. IR2 is then as
signed the lowest priority level in the priority status reg
ister. The ",PD8259A is now ready to service the next 
highest interrupt, which, in this case, happens to be IRs. 

Specific Rotate Mode. The priorities are set by program-
ming the lowest level via OCW2. Then, the ",PD8259A au
tom~tically assigns the highest priority. If, for example, 
IR3 IS set to the lowest priority (bits L2, L1, La form the 
binary code of the bottom priority level), then IR4 will be 
set to the highest priority. The specific rotate mode is 
selected by programming OCW2 in the following man
ner: set rotate priority bit R to a logic 1, program EOI to a 
logic 0, SEOI to a logic 1 and L2, L1, La to the lowest prior
ity lev~1. If EOI is set to a logic 1, the ISR bit defined by L2, 
L1, La IS reset. 
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End of Interrupt (EOI) and Specific End of Interrupt 
(SEOI) 

The end of interrupt (EO I) or specific end of interrupt 
(SEOI) command must be issued to reset the appropri
ate in-service register bit before the completion of a 
service routine. Once the ISR bit has been reset to logic 
0, the IAPD8259A is ready to service the next interrupt. 

Two types of EOI's are available to clear the appropriate 
ISR bit depending on the IAPD8259A's operating mode. 

Non-Specific End of Interrupt (EOI). When operating in 
interrupt modes where the priority order of the interrupt 
inputs is preserved, such as the fully nested mode, the 
particular ISR bit to be reset at the completion of the 
service routine can be determined. A non-specific EOI 
command automatically resets the highest priority ISR 
bit of those set. The highest priority ISR bit must neces
sarily be the interrupt being serviced and must neces
sarily be the service subroutine returned from. 

Specific End of Interrupt (SEOI). When operating in in
terrupt modes where the priority order of the interrupt 
inputs is not preserved, such as the rotating priority 
mode, the last serviced interrupt level may not be 
known. In these modes, a specific end of interrupt must 
be issued to clear the ISR bit at the completion of the 
interrupt service routine. The SEOI is programmed by 
setting the appropriate bits in OCW2 to logic 1's. See fig
ure 3. Both the EOI and SEOI bits of OCW2 must be set 
to a logic 1 with L2, L1, Lo forming the binary code of the 
ISR bit to be reset. 

Special Mask Mode 

Setting up an interrupt mask through the interrupt mask 
register by setting the appropriate bits in OCW1 to a 
logic 1 inhibits lower priority interrupts being 
acknowledged. In applications requiring that the lower 
priorities be enabled while the IMR is set, the special 
mask mode can be used. The SMM is programmed in 
OCW3 by setting the appropriate bits to a logic 1. Once 
the SMM is set, the IAPD8259A remains in this mode 
until it is reset. The special mask mode does not affect 
the higher priority interrupts. 

Poll Mode 

In poll mode, the processor must be instructed to 
disable its interrupt input (INT). Interrupt service is 
initiated through software by a poll command. Poll 
mode is programmed by setting the poll mode bit in 
OCW3 to logic 1 during a WR Pulse. The following RD 
pulse is then considered as an interrupt acknowledge. If 
an interrupt input is present, the RD pulse sets the 
appropriate ISR bit and reads the interrupt priority level. 
Poll mode is a one time operation and must be 
programmed through OCW3 before every read. The 
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word format which is strobed onto the data bus during 
the poll mode follows: 

06 

x x I x x 

where: 
I = 1 if there is an interrupt requesting service 
I = 0 if there are no interrupts 

01 00 

Wo 

W2-WO forms the binary code of the highest priority level of the interrupts 
requesting service. 

Poll mode can be used when an interrupt service routine 
is common to several interrupt inputs. The INTA 
sequence is no longer required; this saves ROM space. 
Poll mode can also be used to expand the number of 
interrupts beyond 64. 

Reading /1PD8259A Status 

The following major registers' status is available to the 
processor by appropriately formatting OCW3 and 
issuing RD command. 

Interrupt Request Register 

The 8-bit interrupt request register stores the interrupt 
levels awaiting acknowledgement. The highest priority 
in-service bit is reset once it has been acknowledged. 
Note that the interrupt mask register has no effect on 
the IRR. Prior to the issuing of the RD command, a WR 
command must be issued with OCW3. Programmable 
logic bits RIS and ERIS of OCW3 determine whether the 
IRR or ISR register is to be read. To read the contents of 
the IRR, ERIS must be a logic 1, and RIS a logic O. 

In-Service Register 

The 8-bit in-service register stores the priorities of the 
interrupt levels being serviced. Assertion of an end of 
interrupt (EOI) updates the ISR to the next priority level. 
A WR command must be issued with OCW3 prior to 
issuing the RD command. both ERIS and RIS should be 
set to logic 1. 

Interrupt Mask Register 

The 8-bit interrupt mask register holds mask data 
modifying interrupt levels. A WR pulse preceding the 
RD is not necessary to read the IMR status. The IMR 
data is available to the data bus when RD is asserted 
with Ao at logic 1. 

A single OCW3 is sufficient to enable succesive status 
reads providing it is of the same register. A status read is 
overridden by the poll mode when bits P and ERIS of 
OCW3 are set to log ic 1. 

8-103 



IJPD8259A 

Figure 3. Operation Command Word Format 

OCW1: 

06 05 DO 

1 = f.f.ITsS~~t:::r. Bit In 

o = No Mask Present for 
the Corresponding 
IRRBIt. 

OCW2: I 0 I R I SEOI I EOI I 0 I 0 I L2 I L1 I Lo I Binary Level to be Reset 
or Put Into Lowest Priority 

Ao 07 06 05 

OCW3: I 0 I - I ESMMI SMM I o I 1 I 
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L~00~1~ __ 2~3~_4-+_5-+_6-+_7~ 
1 0 1 0 1 0 1 

'---------+I 0 0 1 1 0 0 1 1 

'-------------+1 0 0 0 0 1 1 1 1 

P 

DO 

Non-Specific End of Interrupt 
1 = Reset the Highest Priority 

BltoflSR 
0= No Action 

Specific End of Interrupt 
1 = L2. L1. La Bits are Used 
0= No Action 

Rotate Priority 
1 = Rotate 
o = Not Rotate 

I "IS I RlS Sl 
! Read In-Service Register 

0 0 No Action 

0 1 No Action 

1 0 ~::r*b ~':9s:n 
1 1 ~::r~~~s:n 

Polling 

1 Read Binary Code of 

~~~~~tL::~:~~~~~~e 
0 No Action 

~ 1 Special Mask Mode 

0 0 No Action 

0 1 No Action 

1 0 Read Special Mask 

1 1 Set Special '4ask 

NEe 
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Table 6. Summary of Operation Command Word 
Programming 

OCW1 x X 

OCW2 0 0 0 R SEOI 

0 0 

0 0 

0 

0 

0 

0 

EOI 

0 

0 

0 

0 

IMR (interrupt mask register) 
WR loads IMR data while RD 
reads status 

No action 

Non-specific end of interrupt 

No action 

Specific end of interrupt L2, L1, 
Lo forms binary representation 
of level to be reset 

No action 

Rotate priority at end of inter
rupt (auto mode) 

Rotate priority, L2, L1, Lo 
specifies bottom priority with
out end of interrupt 

Rotate priority at end of inter
rupt (specific mode). L2, L1, Lo 
specifies bottom priority, and 
it is in-service register bit is 
reset. 

OCW3 

Figure 4. Cascading the J.lPD8259A 

Processor Address Bus (16) 

Processor Control Bus (8) 

Processor Data Bus (8) 

-- --f--
-- --f--
-- --f--

CS Ao CS Ao 

Ao D4 Da 

0 0 1 ESMM 

0 

0 

ERIS 

0 

0 

SMM 

0 

RIS 

0 

J.lPD8259A 

Special mask not affected 

Special mask not affected 

Reset special mask 

Set special mask 

No action 

No action 

Read IR register status 

Read IS register status 

INT 
REQ 

I 

CASj 1+-+----'"+-1--1 CASj ~rMO:~;~A 
CAS2 1+-----' 

SP IR IR IR IR IR IR IR IR 

.LIIIIIIII 
21 20 19 18 17 16 15 14 

NOTE: 

CAS21+-+--........ I---I CAS2 
SP IR IR IR IR IR IR IR IR SP IR IR IR IR IR IR IR IR 

111111111 ,------,v!, 11111111 
131211109876 543210 

(1) Insure that the processor Interrupt input Is disabled during the execution of any control com· 
mand and initialization sequence for all ~PD8259A's. 

83-0027888 
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Instruction Set 

Operation Code 

Mnemonic Operation Description D7 De Ds D4 D3 D2 D1 Do Ao Format 

(Byte 1 Initialization, No ICW4 Required) 

1 ICW1A Single, edge triggered A7 A6 A5 0 0 0 4 

ICW1B Single, level triggered A7 A6 A5 1 1 0 0 4 

3 ICW1C Not single, edge triggered A7 A6 A5 0 0 0 0 4 

4 ICW1D Not single, level triggered A7 A6 A5 1 0 0 4 

ICW1E Single, edge triggered A7 A6 0 0 0 0 8 

6 ICW1 F Single, level triggered A7 A6 0 0 0 

ICW1G Not single, edge triggered A7 A6 0 0 0 0 8 

ICW1H Not single, level triggered A7 A6 0 0 0 0 0 8 

(Byte 1 Initialization, ICW4 Required) 

9 ICW11 Single, edge triggered A7 A6 A5 0 0 4 

10 ICW1J Single, level triggered A7 A6 A5 4 

11 ICW1 K Not single, edge triggered A7 A6 A5 0 0 4 

12 ICW1L Not single, level triggered A7 A6 A5 1 1 0 0 4 

13 ICW1M Single, edge triggered A7 A6 0 0 0 0 8 

14 ICW1 N Single, level triggered A7 A6 0 0 8 

15 ICW10 Not single, edge triggered A7 A6 0 0 0 8 

16 ICW1P Not single, level triggered A7 A6 0 0 8 

(Byte 2 Initialization) 

17 ICW2 Initialize byte 2 A15 A14 A13 A12 A11 A10 Ag As 

(Byte 3 Initialization) 

18 ICW3M Initialize byte 3 (master) S7 S6 S5 S4 S3 S2 S1 So 

19 ICW3S Initialize byte 3 (slave) 0 0 0 0 0 S2 S1 So 

(Byte 4 Initialization) 

20 ICW4A No action, redundant 0 0 0 0 0 0 0 

21 ICW4B Non-buffered, no AEOI, 8086/8088 0 0 0 0 0 0 1 

22 ICW4C Non-buffered, AEOI, 80/85 0 0 0 0 0 0 0 

23 ICW4D Non-buffered, AEOI, 8086/8088 0 0 0 0 0 0 

24 ICW4E No action, redundant 0 0 0 

25 ICW4 F Non-buffered, no AEOI, 8086/8088 0 0 0 0 0 

26 ICW4G Non-buffered AEOI, 80/85 0 0 0 

27 ICW4 H Non-buffered, AEOI, 8086/8088 0 0 0 0 0 

28 ICW41 Buffered, slave, noAEOI, 80/85 0 0 0 0 0 
,.,n ICVV4 J Buffered, slave, no,A.EO!, 8086/8088 0 0 0 0 '-" 
30 ICW4 K Buffered, slave, AEOI, 80/85 0 0 

31 ICW4 L Buffered, slave, AEOI, 8086/8088 0 0 0 

32 ICW4 M Buffered, master, no AEOI, 80/85 0 0 0 

33 ICW4 N Buffered, master, no AEOI, 8086/8088 0 0 
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Instruction Set (cont) 
Operation Code 

Mnemonic Operation Description D7 D6 Ds D4 D3 D2 D1 Do Ao Format 

(Byte 4 Initialization) (cont) 

34 ICW40 Buffered, master, AEO I, 80 1 85 

35 ICW4 P Buffered, master, AEOI, 8086/8088 

36 ICW4 NA Fully nested, non-buffered, no AEOI, 8085A 0 

37 ICW4 NB ICW4 NB-ICW4 NO are identical to ICW4 B-ICW4 0 with the 
addition of fully nested mode 0 a 

38 ICW4 NC ICW4 NB-ICW4 NO are identical to ICW4 B-ICW4 0 with the 
addition of fully nested mode 0 

39 ICW4 NO ICW4 NB-ICW4 NO are identical to ICW4 B-ICW4 0 with the 
addition of fully nested mode a 

40 ICW4 NE Fully nested, non-buffered, no AEOI, 80 1 85 a 0 

41 ICW4 NF ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode 

42 ICW4 NG ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode a 

43 ICW4 Nff ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode 

44 ICW4 NI ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode 0 0 

45 ICW4 NJ ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode a 

46 ICW4 NK ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode 0 0 

47 ICW4 NL ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode a 0 0 

48 ICW4 NM ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode 0 

IJ 49 ICW4 NN ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode a 0 

50 ICW4 NO ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode 0 

51 ICW4 NP ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode a 

52 OCW1 Load mask and read mark registers M7 M6 M5 M4 M3 M2 M1 Ma 

53 OCW2 E Non-specific EOI 0 a 1 a 0 a a a 
54 OCW2 SE Specific EOI, La-L2 code of IS FF to be reset a L2 L1 La 

55 OCW2 RE Rotate on non-specific EOI a a a a 
56 OCW2 RSE Rotate on specific EOI La-L2 code of line a L2 L1 La 

57 OCW2 R Rotate in auto EOI (set) a a a 
58 OCW2 CR Rotate in auto EOI (clear) 

., 
a a a 

59 OCW2 RS Set priority command L2 L1 La 

60 OCW3 P Poll mode a a 1 a a 
61 OCW3 RIS Read IS register a 
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NEe Electronics Inc. 

Description 

The I-tPD8279 is a programmable keyboard and display 
input/output device providing the user with the ability 
to display data on alphanumeric segment displays or 
simple indicators. The display RAM can be programm
ed to function as a 16 x 8-bit or dual 16 x 4-bit memory 
and can be loaded or read by the host processor. The 
display can be loaded with right or left entry with an 
auto-increment of the display RAM address. 

The keyboard interface provides a scanned signal to 
a 64 contact key matrix expandable to 128. General 
sensors or strobed keys may also be used. Keystrokes 
are stored in an 8 character FIFO and can be either 
2 key lockout or N key rollover. Keyboard entries 
generate an interrupt to the processor. 

Features 

D Programmable by processor 
D 32 hex or 16 alphanumeric displays 
D 64 expandable to 128 keyboard 
D Simultaneous keyboard and display 
D 8 character keyboard-FIFO 
D 2 key lockout or N key rollover 
D Contact debounce 
D Programmable scan timer 
D Interrupt on key entry 
D Single + 5 V ± 10% power supply 
D Fully compatible with 8080A, 8085A, I-tPD780 

(Z80®) 
® Z80 is a registered trademark of Zilog, Inc. 

Ordering Information 
Part 
Number 

~PD8279C-2 

~PD8279C-5 

Package 
~pe 

40-pin plastic DIP 

40-pin plastic DIP 

Max Frequency 
of Operation 

5 MHz 

3 MHz 

J.lPD8279 
PROGRAMMABLE KEYBOARDI 

DISPLAY INTERFACE 

Pin Configuration 

Rl2 

Rl 3 

ClK 

IRQ 

Rl4 

Rls 

Rle 

Vee 
Rl1 

38 Rlo 

CNTl/STB 

SHIFT 

OUT B1 

OUT 82 

OUTA1 

OUT A2 

cs 

DB4 

DBs 

DBe 

DB7 

Vss \-.-__ ---:. Ao 

83-002663A 

Pin Identification 
No. Symbol Function 

1,2,5,6,7,8,38,39 RlO-Rl? Return lines 

3 ClK Clock input 

4 IRQ Interrupt request 

9 RESET Reset input 

10 RD Read input 

11 WR Write input 

12-19 DBO-DB? Data bus 

20 Vss Ground reference 

21 Ao Buffer address 

22 CS Chip select 

23 BD Blank display output 

24-27 OUT Ao-OUT A3 Display A outputs 

28-31 OUT Bo-OUT B3 Display B outputs 

32-35 Slo-Sl3 Scan lines 

36 Shift Shift input 

37 CNTLlSTB Control/strobe input 

40 Vee +5 V input 
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Pin Functions 

Rlo-Rl7 (Return Lines) 

Return line inputs which are connected to the scan 
lines through the keys or sensor switches. They have 
active internal pullups to keep them high until a 
switch closure pulls one low. They also serve as an 
8-bit input in the strobed input mode. 

ClK (Clock) 

Clock from system used to generate internal timing. 

IRQ (Interrupt Request) 

In a keyboard mode, the interrupt line is high when 
there is data in the FIFO/sensor RAM. The interrupt 
line goes low with each FIFO/sensor RAM read and 
returns high if there is still information in the RAM. 
In the sensor mode, the interrupt line goes high 
whenever a change in a sensor is detected. 

RESET (Reset) 

A high signal on this pin resets the /JPD8279. 

RD (Read Input) 

Input read allows the data buffers to send data to the 
external bus. 

WR (Write Input) 

Input write allows the data buffers to receive data 
from the external bus. 

DBo-DB7 (Data Bus) 

Bidirectional data bus. All data and commands be
tween the processor and the /JPD8279 are transmit
ted on these lines. 

OUT Ao-OUT A3 (Display A Outputs) 

Output port for the 16 x 4 display refresh registers. 
The output data is synchronized to the scan lines 
(SLo-SL3) for multiplexed digit displays. Ports A and 
B may be blanked independently and may also be con
sidered as one 8-bit port. 

OUT Bo-OUT B3 (Display B Outputs) 

Output port for the 16 x 4 display refresh registers. 
The output data is synchronized to the scan lines 
(SLo-SL3) for multiplexed digit displays. Ports A and 
B may be blanked independently and may also be con
sidered as one 8-bit port. 
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Slo-Sl3 (Scan Lines) 

Scan lines which are used to scan the key switch or 
sensor matrix and the display digits. These lines can 
be either encoded (1 of 16) or decoded (1 of 4). 

Ao (Buffer Address) 

A high on this line indicates the signals in or out are 
interpreted as a command or status. A low indicates 
that they are data. 

CS (Chip Select) 

A low on this pin enables the interface functions to 
receive or transmit. 

BD (Blank Display Output) 

This output is used to blank the display during digit 
switching or by a display blanking command. 

SHIFT (Shift) 

The shift input status is stored along with the key 
position on key closure in the scanned keyboard 
modes. It has an active internal pullup to keep it high 
until a switch closure pulls it low. 

CNTl/STB (Control/Strobe Input) 

For keyboard modes this line is used as a control in
put and stored like status on a key closure. The line 
is also the strobe line that enters the data into the 
FIFO in strobed input mode (rising edge). It has an 
active internal pullup to keep it high until a switch 
closure pulls it low. 

Vss (Ground Reference) 

Ground. 

Vee (Power Supply) 
+ 5 V power supply input. 
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Block Diagram 

OBO·OB7 

Functional Description 

The ,.,PD8279 has two basic functions: 1) to control 
displays to output and 2) to control a keyboard for in
put. Its specific purpose is to unburden the host pro
cessor from monitoring keys and refreshing displays. 
The ,.,PD8279 is designed to directly interface with the 
microprocessor bus. The microprocessor must pro
gram the operating mode to the ,.,PD8279 as follows: 

Output Modes 

• 8 or 16 character display 

• Right or left entry display formats 

Input Modes 

• Scanned keyboard with encoded (8 x 8 key key
board) or decoded (4 x 8 key keyboard) scan lines. 

• Scanned sensor matrix with encoded (8 x 8 matrix 
switches) or decoded (4 x 8 matrix switches) scan 
lines. 

• Strobed input with data on return lines during con
trol line strobe being transferred to FIFO. 

Block Diagram 

Following is a description of each section of the 
,.,PD8279. See the block diagram for functional 
reference. 

83-0026648 

1/0 Control and Data Buffers 

Communication to and from the,.,PD8279 is perform
ed by selecting CS, Ao, RD and WR. The type of in
formation written or read by the processor is selected 
by Ao. A logic 0 states that information is data while 
a 1 selects command or status. RD and WR select the 
direction by which the transfer occurs through the 
data buffers. When the chip is deselected (CS = 1) E
the bidirectional data buffers are in a high impedance 
state. This enables the ,.,PD8279 to be tied directly to 
the processor bus. 

Timing Registers and Timing Control 

The timing registers store the display and keyboard 
modes and other conditions programmed by the pro
cessor. The timing control contains the timing counter 
chain. One counter is a divide-by-N scaler, which may 
be programmed to match the processor cycle time. 
The scaler is programmed with a value between 2 and 
31 to divide the external clock input by N to yield the 
internal clock frequency. A value which scales the in
ternal frequency to 100 kHz gives a 5.1 ms scan time 
and 10.3 ms switch debounce. The other counters 
divide down to make key, row matrix, and display 
scans. 
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Scan Counter 

The scan counter can operate in either the encoded 
or decoded mode. In the encoded mode, the counter 
provides a count which must be decoded to provide 
the scan lines. In the decoded mode, the counter pro
vides a 1 out of 4 decoded scan. In the encoded mode, 
the scan lines are active high, and in the decoded 
mode, they are active low. 

Return Buffers, Keyboard Debounce and Control 

The eight return lines are buffered and latched by the 
return buffers. In the keyboard mode these lines are 
scanned to sample for key closures in each row. If the 
debounce circuit senses a closure, about 10 ms are 
timed out and a check is performed again. If the 
switch is still pressed, the address of the switch 
matrix plus the status of shift and control are written 
into the FIFO. In the scanned sensor mode, the con
tents of return lines are sent directly to the sensor 
RAM (FIFO) each key scan. In the strobed mode, the 
transfer takes place on the rising edge of CNTUSTB. 

FIFO/Sensor RAM and Status 

This section is a dual purpose 8 x 8 RAM. In strobe 
or keyboard mode it is a FIFO. Each entry is pushed 
into the FIFO and read in order. Status keeps track 
of the number of entries in the FIFO. Too many reads 
or writes to the FI FO will be treated as an error con
dition. The status logic generates an IRQ whenever 
the FIFO has an entry. In the sensor mode the memory 
is a sensor RAM which detects changes in the status 
of a sensor~ If a change occurs, the IRQ is generated 
~until the change is acknowledged. 

Display Address Registers and Display RAM 

The display address register contains the address of 
the word being read or written by the processor, as 
well as the word being displayed. This address may 
be programmed to autoincrement after each read or 
write.The display RAM may be read by the processor 
any time after the mode and address is set. Data en
try to the display RAM may be set to either right or 
left entry. 

Command .Operation 

The commands programmable to the ~PD8279 via the 
data bus with CS active (0) and Ao high are as follows: 

Keyboard/Display Mode Set 

I 0 I 0 I 0 I D I D I K K K 
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Display Mode: 
o 0 

o 0 Eight 8-bit character display-left entry 

o 1 (1) Sixteen 8-bit character display-left entry 

o Eight 8-bit character display-right entry 

Sixteen 8-bit character display-right entry 

Note: 

(1) Power on default condition. 

Keyboard Mode: 
K K K 

0 0 0 Encoded scan-2 key lockout 

0 0 0 Decoded scan-2 key lockout 

0 0 Encoded scan-N key rollover 

0 1 Decoded scan-N key rollover 

0 Encoded scan-sensor matrix 

0 Decoded scan-sensor matrix 

0 Strobed input, encoded display scan 

1 Strobed input, decoded display scan 

Program Clock 

I 0 I 0 I p p p p p 

Where PPPPP is the prescaler value between 2 and 
31. This prescaler divides the external clock by 
PPPPP to develop its internal frequency. After reset, 
a default value of 31 is generated. 

Read FI FO/Sensor RAM 

~1_o~1 _1~1 _o~1 ~A1~1 _x~1 _A~I _A~_A~IAo=O 

A1 is the autoincrement flag. AAA is the row to be 
read by the processor. The read command is ac
complished with (CS • RD • AO) by the processor. If 
A1 is 1, the row select counter will be incremented 
after each read. Note that autoincrementing has no 
effect on the display. 

Read Display RAM 

I ~ _O~I_1~1_1~I_A~1~I __ x~_A~_A~_A~IAo=O 
Where A1 is the autoincrement flagg and AAAA is the 
character which the processor is about to read. 

Write Display RAM 

I 1 I 0 I 0 I A1 A A A A 

Where AAAA is the character the processor is about 
to write. 



NEe 
Display Write Inhibit Blanking 

BL 

B 

Where IWA and IWB are inhibit writing nibble A and 
B respectively, while BLA and BLB are used for blank
ing. When using the display as a dual 4-bit,it is 
necessary to mask one of the 4-bit halves to eliminate 
interaction between the two halves. This in ac
complished with the IW flags. The BL flags allow the 
programmer to blank either half of the display in
dependently. To blank a display formatted as a single 
a-bit, it is necessary to set both BLA and BLB. Default 
after a reset is all zeros. All signals are active high 
(logic 1). 

Clear 

I 1 I 0 Co CD CD CF CA 

Where: 

CD CD CD 

1 0 X All zeros 

0 AB = 20H 

All ones 

0 X X Disable clear display 

This command is used to clear the display RAM, the 
FIFO, or both. The Co options allow the user the abili
ty to clear the display RAM to either all zeros or all 
ones. Clearing the display takes one complete display 
scan. During this time the processor can't write to the 
display RAM. 

If the CF bit is set to logic 1, the FIFO status is 
cleared, the FIFO empty flag is set, and IRQ is cleared. 
The sensor matrix mode RAM pointer will then be set 
to row o. 
CA, the clear all bit, has the combined effect of CF 
and CD; it uses the Co clearing code on the display 
RAM and also clears FIFO status. It also re
synchronizes the internal timing chain. 

End Interrupt/Error Mode Set 

1111111Elxlxlxlx 
In the sensor matrix mode, this instruction clears IRQ 
and allows writing into RAM. In N key rollover, set
ting the E bit to 1 allow for operating in the special 
error mode. See description of FIFO status. 

J,lPD8279 

FIFO Status 

I Du I S/E I 0 I u I FIN I N I N 
Where: 

• DU = Display unavailable because a clear display 
or clear all command is in progress. 

• S/E = Sense error flag due to multiple closure of 
switch matrix. 

• 0 = FIFO overrun since an attempt was made to 
push too many characters into the FIFO. 

• U = FIFO underrun. An indication that the pro
cessor tried to read an empty FIFO. 

• F = FIFO full flag. 
• NNN = The number of characters presently in 

FIFO. 

The FIFO status is read with Ao high and CS, RD ac
tive low. 

If the CD or CA command has not completed its clear
ing, the display is not available. The S/E flags are used 
to show an error in multiple closures has occur
red. The 0 or U, overrun or underrun, flags occur when 
too many characters are written into the FIFO or the 
processor tries to read an empty FIFO. F is an indica
tion that the FIFO is full and NNN is the number of 
characters in the FIFO. 

Data Read 
Data can be read during Ao = 0 and when CS, RD are 
active low. The source of data is determined by the 
read display or read FIFO commands. 

Data Write 
Data is written to the chip when Ao, CS, and WR are 
active low. Data will be written into the display RAM 
with its address selected by the latest read or write 
display command. 

Data Format 

I CNTL I SH I SCAN RET 

In the scanned key mode, the characters in the FIFO 
correspond to the above format where CNTL and SH 
are the most significant bits and the SCAN and 
return lines are the scan and column counters. 

I RL7 I RL6 I RLs I RL4 I RL3 I RL2 I RL1 I RLo 

In the sensor matrix mode, the data corresponds 
directly to the row of the sensor RAM being scanned. 
Shift and control (SH, CNTL) are not used in this 
mode. 
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Command Word Summary 
0 0 0 D D K K K Keyboard display mode set 

0 0 1 P P P P P Load program clock 

0 1 0 A1 X A A A Read FIFO/sensor RAM 

0 1 A1 A A A A Read display RAM 

0 0 A1 A A A A Write display RAM 

0 1 X IW IW BL BL Display write inhibit/blanking 
A B A B 

0 Co CD CD CF CA Clear 

1 E X X X X End interrupt/error mode set 

Du S/E 0 U N N N FIFO status 

Absolute Maximum Ratings 
TA = 25°C 

Power supply voltage, Voo -0.5 V to + 7.0 V(1) 

Power dissipation, Po 1.0 W 

Operating temperature, T OPT 

Storage temperature, TSTG 

Note: 

(1) With respect to Vss. 

Comment: Exposing the device to stresses above those listed in 
the absolute maximum ratings could cause permanent damage. 
The device is not meant to be operated under conditions outside 
the limits described in the operational sections of this specifica
tion. Exposure to absolute maximum ratings for extended periods 
may affect device reliability. 

Capacitance 
Limits Test 

Parameter Symbol Min Typ Max Unit Conditions 

Input capacitance CI 5 10 pF VI = Vee 

Output capaCitance Co 10 20 pF Vo = Vee 
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DC Characteristics 
TA = ooc to + 70°C; Vee = 5 V ±10%; Vss = 0 V 

Limits Test 
Parameter Symbol Min Max Unit Conditions 

Input high voltage VIH1 2.2 V 
for return lines 

Input high voltage VIH2 2.0 V 
for other lines 

Input low voltage VIL1 -0.5 1.4 V 
for return lines 

Input low voltage VIL2 -0.5 0.8 V 
for other lines 

Output high voltage on IRQ +3.5 V IOH = -50!JA. 
interrupt . line pin 

others +2.4 V IOH = -400!JA. 

Output low voltage VOL 0.45 V IOL = 2.2 rnA 

Input current on shift, 11L1 +10 !JA. VI = Vee 
control and return lines -100 !JA. VI = 0 V 

Input leakage current IIL2 ±10 !JA. VI = Vee to 0 V 
for other lines 

Output float leakage IOFL ±10 !JA. Vo = Vee to 0 V 

Power supply current lee 120 rnA 
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AC Characteristics 
TA = O°C to +70°C; Vee = 5 V ±10%; Vss = 0 V 

IlPD8279-5 IlPD8279-2 
Limits Limits Test 

Parameter Symbol Min Max Min Max Un" CondHions 

Read 

Address stable before read tAR 0 0 ns 

Address hold time for read tRA 0 0 ns 

Read pulse width tRR 250 200 ns 

Data delay from read tRO 150 140 ns C~ = 150 pF 

Address to data valid tAD 250 250 ns CL = 150 pF 

Read to data floating tOF 10 100 10 100 ns 

Read cycle time tRCY 1000 200 ns 

Write 

Address stable before write tAW 0 0 ns 

Address hold time for write tWA 0 0 ns 

Write pulse width tww 250 200 ns 

Data set up time for write tow 150 150 ns 

Data hold time for write two 0 0 ns 

Write cycle time twCY 1000 200 ns 

Other 

Clock pulse width t~w 120 70 ns 

Clock period tCY 320 200 ns 
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General Timing 
Keyboard scan time 5.1 ms 

Keyboard debounce time 10.3 ms 

Key scan time 80 jotS 

Display scan time 10.3 ms 

Digit-on time 480/As 

Blanking time 160/As 

Internal clock cycle 

Timing Waveforms 

AC Test Input 

2.4 ==x 2.0 - - 2.0 x= . _ Test Polnts_ 
0.45 0.8 0.8 

83-002665A 

Read 

AO, CS 

tAR-.J----,--------

_---tRR---~ 

Clock Input 

~------------------

(System's 
Address Bus) 

~---- (Read Control) 

J-----tAO.----

Dat8 Bus 
(Output) _____ H_i_9h_ l_m_p_ed_8_nc_e ___ I-________ -4-_________ _ 

Write 

~---------twCY----------~ 

AO, CS (System's 
~ _______ -I-___ Address Bus) 

(Write Control) 

Data Bus 
(Input) ___ D_8t_8 _M_aY_Ch_a_n9_e __ -, I\, ________ .....JI ~ ___ Da_t_8 _M_ay_C_h_a_n9_e ___ _ 
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Description 

The J.LPB8282 and J.LPB8283 are 8-bit latches with three
state output buffers. The J.LPB8282 is non-inverting and 
the J.LPB8283 inverts the input data. These devices are 
ideal for demultiplexing the address/data buses on 
the 8085A/8086 microprocessors. The J.LPB8282/83 are 
fabricated using NEC's Schottky bipolar process. 

Features 

o Support J.LPB8080, 8085A, 8048, 8086 family 
systems 

o Transparent during active strobe 
o Fully parallel 8-bit data register and buffer 
o High output drive capability (32 rnA) for driving 

the system data bus 
o Three-state outputs 

Ordering Information 

Part 
Number 

J.lPB8282C 

J.lPB8283C 

Package Type 

20-pin plastic DIP 

20-pin plastic DIP 

Pin Identification 
No. Symbol 

1-8 Dlo-DI7 

9 OE 

10 GND 

11 STB 

12-19 (J.lPB8282) QQrQQo 
(J.lPB8283) DOrDOo 

20 Vee 

Output Drive 
Capability 

32 rnA 

32 rnA 

Function 

Data in 

Output enable 

Ground 

Strobe 

Data out 

Power supply 

pPB8282/83 
8-BIT LATCHES 

Pin ~onfigurations 

Pin Functions 

OE (Output Enable) 

This active low input control signal enables the con
tents of the data latches onto the data output pins 
(Bo-B7). When OE goes high, the output buffers 
become high impedance. 

STB(Strobe) 

This input control pulse strobes data.at input Ao-A7 
into the data latches. Data is latched at STB's high 
to low transition. When active high, STB admits in
put data. 

010.017 (Oata In) 

When data that satisfies the STB strobe setup time IJ 
requirements is input to these pins, it is latched into : 
the data latches. 

000-007 (J,tPB8282) (Oata Out) 
000.007 (J,tPB8283) 

When OE is active (low), it outputs data to the 
000.007 pins. When OE is inactive high, 000.007 are 
high impedance. Enabling or disabling the output buf· 
fers will not cause negative-going transients to appear 
on the data output bus. 

GNO (Ground) 

This is the ground. 

Vee (Power Supply) 

This is the + 5 V power supply. 
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Block Diagrams 

83-0028188 

FunctionslE).scription DC Characteristics 

The IlPB8282/83 are 8-bit latches with three-state out- TA = O°C to +70°C; Vcc = +5 V ±10% 

put buffers. Data on the inputs is latched into the data Limits 
Test 

latches on a high-to-Iow transition of the STB line. Parameter Symbol Min Max Unit Conditions 
When STB is high, the latches appear transparent. Input clamp Ve -1 V Ie = -5 rnA 
The OE input enables the .Iatched data to be transfer- voltage 
red to the output pins. When OE is high, the outputs Power supply lee 160 mA 
are put in the three-state condition. OE will not cause current 
transients to appear on the data outputs. Forward input IF -0.2 rnA VF = 0.45 V 

current 
Absolute Maximum Ratings Reverse input IR 50 !-IA VR = 5.25 V 
TA = 25°C current 

Operating temperature O°C to + 70°C Output low voltage VOL 0.45 V 10L = 32 mA 

Storage temperature - 65°C to + 150°C Output high VOH 2.4 V 10H = -5 rnA 

All output and supply voltages -0.5to+7V 
voltage 

All input voltages 
Output off current IOFF ±50 !-iA VOFF = 0.45 to 5.25 V 

-1.0 V to 5.5 V 
Input low voltage VIL 0.8 V Vee = 5.0 V (1) 

Comment: Exposing the device to stresses above those listed in Input high voltage VIH 2.0 V Vee = 5.0 V (1) 
Absoiuie Maximum Ratings could causa permanent damage. The 
device is not meant to be operated under conditions outside the Input capacitance CIN 12 pF VBIAS = 2.5 V, 
limits described in the operational sections of this specification. Vee = 5 V. TA = 25°C. 
Exposure to absolute maximum rating conditions for extended F = 1 MHz 
periods may affect device reliability. 

Note: 

(1) Output loading 10L = 32 mA, IOH = -5 mA, CL = 300 pF 
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AC Characteristics 
TA = ooc to + 70°C; Vee = 5 V ± 10% 
IOl = 32 rnA, IOH = -5 rnA, Cl = 300 pF 

LImits 

Parameter Symbol Min Max 

Input to output delay tlVOV 
-Inverting 22 
-Non-inverting 30 

STB to output delay tSHOV 
-Inverting 10 40 
-Non-inverting 10 45 

Output disable time tEHOl 22 

Output enable time tELOV 10 30 

Input to STB setup time tlVSL 0 

Input to STB hold time tSLIX 25 

STB high time tSHSL 15 

Input, output rise time tILlH, tOLOH 20 

Input, output fall time tIHIL. tOHOL 12 

AC Test Points 

0~~=======X1.5 -TestPolnts- 1.5X"" ____ _ 

AC Testing: Inputs are driven at 2.4 V for a logic 1 and 0.45 V for 
a logic 0 timing measurements are made at 1.5 V for both 
8 logic 1 and O. 

Unit 

ns 
ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

83-003665A 

Timing Waveform 

Inputs 

STB 

tSLIX 

J.,tPD8282/83 

Load Circuits 

'1~" r~" 'I:" 
out1 out1 Out 1 

1300 pF J300 pF J300 pF 

3·State to VOL 3·State to VOH Switching 

83-003664A 

Outputs 
r-______ tE_:~:-:-+--=0"":".1~V:"\I __ ~:: ____ ~ 

VOL + 0.1 V ~ 
tSHOV 

"Note: Output may be momentarily invalid following the high going into STB transition. 

83-0036668 
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J.lPB8284A 
CLOCK GENERATOR AND DRIVER 

FOR 8086/8088 MICROPROCESSORS 

Description 

The pPB8284 is a clock generator and driver for the 
8086 and 8088 microprocessors. This bipolar driver 
provides the microprocessor with a reset signal and 
also provides properly synchronized READY timing. A 
TTL clock is also provided for peripheral devices. 

Features 

D Generates system clock for the 8086 and 8088 
o Frequency source can be a crystal or a TIL signal 
o MOS level output for the processor 
D TIL level output for the peripheral devices 
D Power-up reset for the processor 
D READY synchronization 
o +5Vsupply 

Ordering Information 
Part 
Number 

~PB8284AD 

Pin Identification 
No. S,mbol 

1 CSYNC 

2 PClK 

3, 7 AEN1, AEN2 

4,6 RDY1, RDY2 

5 READY 

8 ClK 

9 GND 

10 RESET 

11 RES 

12 OSC 

13 F/C 

14 EFI 

15 ASYNC 

16,17 X1, X2 

18 Vee 

Package Type 

18-Pin cerdip 

Max Frequenc, 
of Operation 

25 MHz+3 

Function 

Clock synchronization 

Peripheral clock 

Address enable 

Bus ready 

Ready 

Processor clock 

Ground 

Reset 

Reset in 

Oscillator output 

Frequency crystal select 

External frequency in 

Asynchronous input 

Crystal in 

Vee 

Pin Configuration 

CYSNC 

PCLK 

RDY1 

READY 

RDY2 

AEN2 

Pin Functions 

Clock Synchronization 

ASYNC 

EFI 

Fie 

OSC 

RES 

RESET 

83·003402A 

An active high signal which allows multiple 8284s to be 
synchronized. When CYSNC is low, the internal 
counters count, and when high, the counters are reset. 
CYSNC should be grounded when the internal oscillator 
is used. 

Peripheral Clock 

A TIL level clock for use with peripheral devices. This 
clock is one-half the frequency of ClK. 

Address Enable 

This active low Signal is used to qualify its respective 
ROY inputs. If there is only one bus to interface to, AEN 
inputs are to be grounded. 

Bus Ready 

This signal is sent to the 8284 from a peripheral device 
on the bus to indicate that data has been received or 
data is available to be read. 

Ready 

The READY signal to the microprocessor is synchro
nized by the ROY inputs to the processor ClK. READY is 
cleared after the guaranteed hold time to the processor 
has been met. 

Processor Clock 

This is the MOS level clock output of 33% duty cycle to 
drive the microprocessor and bipolar support devices 
(8288) connected to the processor. The frequency of 
ClK is one third of the crystal or EFI frequency. 
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Ground 

Ground. 

Reset 

This is used to initialize the processor. Its input is de
rived from an RC connection to a Schmitt trigger input 
for power up operation. 

Reset In 

The Schmitt trigger input is used to determine the tim
ing of RESET out via an RC circuit. 

Oscillator Output 

This TIL level clock is the output of the.oscillator circuit 
running at the crystal frequency. 

Frequency Crystal Select 

F/C is a strapping option used to determine where ClK 
is generated. A high is for the EFI input, and a low is for 
the crystal. 

Block Diagram 

ttfEC 
External Frequency In 

A square wave in at three times the ClK output. A TIL 
level clock to generate ClK. 

Asynchronous Input 

Ready Synchronization Select. ASYNC is an input 
which defines the synchronization mode of the READY 
logic. When ASYNC is low, two stages of R~ADY syn
chronization are provided. When ASYNC is left open or 
HIGH, a single stage of READY synchronization is pro
vided. 

Crystal In 

A crystal is connected to these inputs to generate the 
processor clock. The crystal frequency is three times 
the desired ClK output. 

Vee Supply Voltage 

+5Vsupply. 

REs--------------------~~~----__; RESET 

~--~----_;,~----~--------OSC 

..----_CLK 

FIC 

EFI---===========t 
PCLK 

CSYNC-------+---------e----+----' 

RDY1-------+---1 

AEN1--~-n~ 

AEN2--I~~--+---1 

RDY2 --------' 

READY 

r;==:±:::::::;-----' 

ASYNC ---------' 

Functional Description 

The clock generator can provide the system clock from 
either a crystal or an external TIL source. There is an 
internal divide-by-three counter which receives its input 
from either the crystal or TIL source (EFI pin) 
depending on the state of the FIG input strapping. 
There is also a clear input (C SYNC) which is used for 
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either inhibiting the clock, or synchronizing it with an 
external event (or perhaps another clock generator 
chip). Note that if the TIL input is used, the crystal 
oscillator section can still be used for an independent 
clock source, using the OSC output. 
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For driving the MOS output level, there is a 33% duty 
cycle MOS output (ClK) for the microprocessor, and a 
TTL output (PClK) with a 50% duty cycle for use as a 
peripheral clock signal. This clock is at one-half of the 
processor clock speed. 

Reset timing is provided by a Schmitt trigger input (RES) 
and a flip-flop to synchronize the reset timing to the 
falling edge of ClK. Power-on reset is provided by a 
simple RC circuit on the RES input. 

Absolute Maximum Ratings 
TA = 25°C 

Power supply voltage, Voo 

Input voltage, VI 

Output supply voltage, Vo 

Operating temperature, TOPT 

Storage temperature, T STG 

-0.5Vto +7V 

-1.0Vto +5.5V 

-0.5Vto +7V 

Comment: Exposing the device to stresses above those listed in Abso
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

DC Characteristics 
TA =O°Cto +70 0 C, vce= +5V±10% 

Parameter Symbol Min 

Input voltage 
low 

Input voltage VIH 
high 

Output voltage VOL 
low 

Output voltage VOH 
high (ClK) 

(Other outputs) 

Forward input IF 
current (ASYNC) 

(Other inputs) 

Reverse input IR 
current 

Input forward Vc 
clamp voltage 

Reset input high 
voltage 

RES input 
hysteresis 

Power supply 
current 

ICC 

4 

2.4 

2.6 

0.25 

Limits 
Test 

Typ Max Unit Conditions 

+0.8 V VCc=5.0V 

V Vcc=5.0V 

+0.45 V 5 mA= IOL 

V -1mA=IOH 

V -1 mA= IOH 

-1.0 V Ic=-5mA 

V VCC=5.0V 

V VCC=5.0V 

140 mA 

JJPB8284A 

There are two READY inputs, each with its own qualifier 
(AEN1, AEN2). The unused AEN signal should be tied 
low. 

The READY logic in the 8284A synchronizes the RDY1 
and RDY2 asynchronous inputs to the processor clock 
to insure proper set up time, and to guarantee proper 
hold time before clearing the ready signal. 

AC Characteristics 
TA = O°C to + 70°C, Vee = 5 V ±10% 

Limits 

Parameter Symbol Min Typ Max Unit 
Test 

Conditions 

Timing Requirements 

External tEHEL 13 
frequency time 
high 

External tELEH 13 
frequency time 
low 

EFI period tELEL (5) 

XTAl frequency 12 

RDY1, RDY2 
set-up to ClK 

tR1VCL 35 

RDY1, RDY2 
hold to ClK 

tCLR1X 

AEN1, AEN2 
set-up to RDY1, 
RDY2 

tA1VR1V 15 

AEN1, AEN2 
hold to ClK 

tCLA1X 0 

CSYNC set-up to tYHEH 20 
EFI 

CSYNC hold to tEHYL 10 
EFI 

CSYNC width tYHYL 2 tELEL 

RES set-up to tl1HCL 65 
ClK 

RES hold to ClK tCLl1H 20 

RDY1, RDY2 tR1VCH 35 
active set-up to 
ClK 

RDY1, RDY2 tR1VCL 35 
inactive set-up 
to ClK 

ASYNC set-up to tAYVCL 
ClK 

ASYNC hold to tCLAYX 
ClK 

Input rise time tlLlH 

Input fall time tlLlL 

50 

o 

ns 90%-90% VIN 

ns 10%-10% VIN 

ns (Note 1) 

25 MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns (Note 2) 

ns (Note 2) 

ns ASYNC = low 

ns 

ns 

ns 

20 ns From 0.8 V to 2.0 V 

12 ns From 2.0 V to 0.8 V 
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AC Characteristics (cont) 
TA=OOC~o +70OC, Vcc=5V±10% 

Umlts 

Parameter S,mbol Min Typ Mu Unit 

TIming Responses 

ClK cycle period tCLCL 125 ns 

ClK time high tCHCL (6) ns 

ClKtime low tCLCH (7) ns 

ClK rise and fall tCH1CH2, 10 ns 
time tCL2CL1 

PClK time high tpHPL (8) ns 

PClKtime low tpLPH (8) ns 

Ready inactive to tRYLCL -8 ns 
ClK 

Ready active to tRYHCH (7) ns 
ClK 

ClKto reset tCLIL 40 ns 
delay 

ClKtoPClK tCLPH 22 ns 
high delay 

ClK to PClK low tCLPL 22 ns 
delay 

OSC to ClK high tOLCH -5 12 ns 
delay 

OSC to ClK low tOLCL 2 22 ns 
delay 

Output rise time tOLOH 20 ns 
(except ClK) 

Output fall time tOHOL 12 ns 
(except ClK) 

Note: 
(1) 6 = EFI rise (5 ns max) + EFI fall (5 ns max). 

T.st 
Conditions 

Figure 1 and figure 
2 

Figure 1 and figure 
2 

1.0Vt03.5V 

Figure 3 and figure 
4, (Note 4) 

Figure 3 and figure 
4, (Note 3) 

From 0.8Vto 2.0V 

From 2.0V to 0.8 V 

(2) Set-up and hold only necessary to guarantee recognition at next 
clock. 

(3) Applies only to T3 and TW states. 

(4) Applies only to T2 states. 

(5) tEHEL +tELEH +0 

(6) (1/3 tCLCU +2.0 

(7) (2/3 tCLCU -15.0 

(8) tCLCL - 20 
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AC Test Circuits 

Figure 1. Clock High and Low Time 

vee 

FIC ClK 

5 pF 

r1 Xl 

D':~z 
X2 

CSYNC 

Figure 2. Clock High and Low Time 

Vee 

CSYNC 

NEe 

Load 
Figure 5 

CL=100pF 

83-003808A 

Load 
Figure 5 

Cl=1OOpF 

83-003809A 
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Figure 3. Ready to CLK 

Figure 4. Ready to CLK Output 

Figure 5. ACLoad 

load 

Test 
Point Vee 

All Diodes 1 N3064 
SOOQ Or Equivalent 

From Output 
Under Test 

i (Includes probe 

f Cl and jig capacitance) 
(3) 

Vee 

AEN1 

5 pF 

ri X1 

24 MHzO 

X2 

RDY2 
F/C 

AEN2 

CSYNC 

-= 

EFI 

FIC 
AEN1 

RDY2 

AEN2 

CSYNC 

-= 

83-003812A 

J.lPB8284A 

ClK 

READY 

OSC 

83-0038108 

ClK 

READY 

83-0038118 

Figure 6. Timing Measurement Points 

Input/Output 

2.4 ==>(1.5 _ Test Points _1.5L 
0.45 

Note: 

Inputs ate 2.4 V and 0.45 V for logic 1 and 0, respectively. 
Timing measurements are made at 1.5 V. 

83-0038109 
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Timing Waveform 

ClK 
Out 

PClK 
Out 

ROY 2 

NEe 

In __ ~~ ____ ~'~-----+----------J~~--~---J~--~--------------------~----------------~------
AEN1,2 

In ____ ~----~)~----~----Jn----------~~------_T--------------------~----------------~------

R~~{_~ ______ ~I~-+ ________________ ~~------~~--~L ____________ -+ ______________ +-__ ___ tEHYL _ 

CSYNC 
In 

8-126 

RES 
In 

RESET 
Out 

tRYHCH 

J.--------', 
-tCLI1H-I-tllHCL-

tCLILt 

83-0038148 
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Description 

The J.(PB8286 and J.(PB8287 are octal bus transceivers 
used for buffering microprocessor bus lines. Being bi
directional, they are ideal for buffering the data bus 
lines on 8- or 16-bit microprocessors. Each B output is 
capable of driving 32 rnA low or 5 rnA high. 

Features 

o Data bus buffer driver for J.(COM-8 (8080, 8085A, 780) 
and J.(COM-16 (8086) families 

o low input load current - 0.2 rnA max 
o High output drive capability for driving system data 

bus 
o Three-state outputs 

Ordering Information 
Part 
Number 

",PB8286C 

Pacuge Type 

20-pin plastic DIP 

20-pin plastic DIP 

Pin Configurations 

110 
Delay,Max 

22ns 

30ns 

pPB8286/87 
8-BIT BUS TRANSCEIVERS 

Pin Identification 
No. Symbol 

1-8 AO-A? 

9 OE 

10 GND 

11 T 

12-19 (",PB8286) ~r~o 
(",PB8287) BrBo 

20 Vee 

Pin Functions 

OE (Output Enable) 

Function 

Local data bus 

Output enable 

Ground 

Transmit 

System data bus 

Power supply 

This active low input control signal enables the output 
drivers selected by T. 

T (Transmit) 

This input controls the direction of data through the. 
transceivers. When high, data is transferred from the 
Ao-A7 inputs to the Bo-B7 outputs. When low, data is 
transferred from the Bo-B7 inputs to the AO-A? outputs. 

Ao-A7 (Local Data Bus) 

AO-A? are bidirectional drivers that, depending on the 
state of the transmit pin, accept data from or transfer 
data to the processor's local bus. 

BO-B7 (System Data Bus) 

BO-B? are bidirectional drivers that, depending on the 
state of the transmit pin, accept data from or transfer 
data to the system bus. 

GND(Ground) 

This is the ground. 

Vee (Power Supply) 

This is the +5 V power supply. 

R-1?7 
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Block Diagram 

8286 r-------l 
Ii::'l ! I 
~ I 

I I 
I 

Functional Description 

OE T 

0 0 

0 1 

1 0 

1 1 

MOS microprocessors like the BOBO/BOB5A/BOB6 are 
generally capable of driving a single TTL load. This also 
applies to MOS memory devices. While sufficient for 
minimum type small systems on a single PC board, it is 
usually necessary to buffer the microprocessor and 
memory signals when a system is expanded or signals 
go to other PC boards. 

These octal bus transceivers are designed to do the 
necessary buffering. 

Bidirectional Driver 

Each buffered line of the octal driver consists of two 
separate three-state buffers. The 8 side of the driver is 
designed to drive 32 rnA and interface the system side 

8-12B 

NEe 

8287 r-------, 
I I 8-- I 
I I 
I 

RESULT 

A-B 

A ...... B 

} A and Bare 
. high impendace 

of the bus to I/O, memory, etc. The A side is connected 
to the microprocessor. 

Control Gating, OE, T 

The OE (output enable) input is an active low signal 
used to enable the drivers selected by T on to the 
respective bus. 

T is an input control signal used to select the direction 
of data through the transceivers. When T is high, data is 
transferred from the Ao-A7 inputs to the 80-87 outputs, 
and when low, data is transferred from 80-87 to the 
AO-A7 outputs. 
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Absolute Maximum Ratings 
TA = 25°C 

Power supply voltage, Vee 

Input voltage, VI 

Output voltage, Vo 

Operating temperature, T OPT 

Storage temperature, T STG 

-0.5Vto +7V 

-1.0Vto+5.5V 

-0.5Vto +7V 

Comment: Exposing the device to stresses above those listed in Abso
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits .de
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

DC Characteristics 
TA=O°Cto +70 0 C, vce= +5V±10% 

Umlts Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input voltage VIL 
low -A side +0.8 V Vee=5.0V, 

(Note 1) 

-B side +0.9 V Vee=5.0V, 
(Note 1) 

Input voltage VIH V Vee+5.OV, 
high (Note 1), F=l MHz 

Output voltage VOL 
low - B outputs +0.45 V IOL =32mA 

-A outputs +0.45 V IOL =16mA 

Output voltage VOH 
high - B outputs 2.4 V IOH=-5mA 

-A outputs 2.4 V IOH=-lmA 

Input clamp Ve -1 V le= -5mA 
voltage 

Input forward IF -0.2 JJA VF=0.45V 
current 

Input reverse IR 50 JAA VR=5.25V 
current 

Power supply Icc 
current 

JAPB8287 130 mA 

JAPB8286 160 mA 

Output off IOFF IF VOFF=0.45V 
current 

Output off IOFF IR VOFF=5.25V 
current 

Note: 
(1) 8 outputs - 10L = 32 mA, IOH = - 5 rnA, c L = 300 pF 

A outputs - IOL = 16 rnA, IOH = - 1 rnA, CL = 100 pF 

~PB8286/87 

AC Characteristics 
TA=OOCto +70°C,Vce=5V±10% 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input to output tlVOV 
delay 

Inverting 22 ns 

Non-inverting 30 ns 

Transmit / receive tEHTV tEHOl ns 
hold time 

Transmit / receive tTVEL 10 ns 
setup 

Output disable tEHOZ 22 ns 
time 

Output enable tELOV 10 30 ns 
time 

I / 0 rise time tlLlH 20 ns 
tOLOH 

I/O fall time tlHIL 12 ns 
tOHOL 

AC Test Conditions 

2.4~1.5 _TestPolnts_ 1.5L 

0.45 

A.C. Testing: Inputs are driven at 2.4 V for a logic "1" and O.45V for a logic 
"0" timing. Measurements are made at 1.5 V for both logic "1" and "0". 

83-002805A 
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rest Load Circuits 

BOutput 1.5 V 

~D. 
OUT 

1
300PF 

A Output 1.5V BOutput 2.14 V 

~-. ~~7. 
OUT OUT 

1
300PF . r300PF 

3-State to VOL 3-State to VOH Switching 

A Output 1.5 V 

~ .. 
OUT 

1
100PF 

A Output 1.5V A Output 2.28 V 

~~. ~m. 
OUT OUT 

1
100PF r 100pF 

3-State to VOL 3-State to VOH SWitching 

Timing Waveform 

INPUTa 

f 
~TIYOY 

OUTI'II'" 

f 
---------+--------------------~ 

- TEHOZ ~ TELOY- €= 
~~2.::~__ ~:~~ 

~---------------+--~ l---TEHTY ---j - TTYEL __________ t......----

8-130 
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Description 

The J,lPB8288 bus controller is used in medium to large 
J,lPD80861J,lPD8088 systems. This 20-pin bipolar com
ponent provides command and control timing genera
tion, as well as bipolar drive capability and optimal 
system performance. It provides both Multibus® com
mand signals and control outputs for the 
microprocessor system. There is an option to use the 
controller with a multimaster system bus and 
separate I/O bus. 

Features 

o System controller for J,lPD80861J,lPD8088 systems 
o Bipolar drive capability 
o Provides advanced commands 
o Three state output drivers 
o Can be used with an I/O bus 
o Enables interface to one or two multimaster buses 

Ordering Information 

Part 
Number 

JjPB8288D 

Package 
Type 

20-pin cerdip 

® Multibus is a registered trademark of Intel Corp. 

Max Frequency 
of Operation 

10 MHz 

j.tPB8288 
CPU SYSTEM 

BUS CONTROLLER 

Pin Configuration 

lOB 

ClK 

DT/R 

ALE 

AEN 

MRDC 

AMWC 

MWTC 

GND 

Vee 
SO 
52 
MCE/PDEN 

DEN 

CEN 

INTA 

10RC 

AIOWC 

10WC 

83-002678A 

Pin Identification 
No. Symbol Function 

lOB I/O bus mode selector input 

ClK Clock input 

SI Status input 

4 DT/R Data transmit/receive 

ALE Address latch enable output 

6 AEN Address enable input 

MRDC Memory read command output 

8 AMWC AClvanced memory write command output 

9 MWTC Memory write command output 

10 GND Ground 

11 10WC I/O write command output 

12 AIOWC Advanced I/O write command output 

13 10RC I/O read command output 

14 INTA Interrupt acknowledge output 

15 CEN Command enable input 

16 DEN Data enable output 

17 MCE/PDEN Master cascade enable/peripheral data 
enable output 

18 S2 Status input 

19 SO Status input 

20 Vee + 5 V power supply 

IJ 
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Pin Functions 

AEN (Address Enable) 

In the I/O system bus mode, AEN enables tile com
mand outputs of the ,..PB8288 105 ns after it becomes 
active. If AEN is inactive, the· command outputs 
become high impedance outputs. 

AIOWC (Advanced 1/0 Write Command) 

This write command occurs earlier in the machine cy
cle than the 10WC command. 

ALE (Address latch Enable) 

This signal is used for controlling transparent Ootype 
latches (,..PB8282/,..PB8283). It will strobe in the ad
dress on a high to low transition. 

AMWC (Advanced Memory Write Command) 

This is an advanced write command which occurs ear
ly in the machine cycle, with timing the same as the 
read command. 

CEN (Command Enable) 

This signal enables all command and control outputs. 
If CEN is low, these outputs are inactive. 

ClK (Clock) 

The clock signal from the,..PB8284 clock generator 
synchronizes the generation of command and control 
signals. 

DEN (Data Enable) 

This signal enables the data transceivers onto the 
bus. 

DT/R (Data Transmit/Receive) 

This signal is used to control the bus transceivers in 
a system; high for writing to' lib or memory and low 
for reading data. 

INTA (Interrupt Acknowledge) 

INTA is used to signal an interrupting device to put 
the vector information on the data bus. 

lOB (1/0 Bus Mode) 

Sets mode of ,..PB8288; high for the 110 bus mode and 
low for the system bus mode. 
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10RC (1/0 Read Command) 

This signal enables the CPU to read data from an 110 
device. 

10WC (1/0 Write Command) 

This command is for transferring information to 110 
devices. ' 

MCE/PDEN (Master Cascade Enablel 
Peripheral Data Enable) 

Dual function pin system. (MCE) In the bus mode,this 
signal is active during an interrupt sequence to read 
the cascade address from the master interrupt con
troller onto the data bus. (POEN) In the 110 bus mode, 
it enables the transceivers for the 110 bus just as DEN 
enables bus transceivers in the system bus mode. 

MRDC (Memory Read Command) 

This active low signal is for switching the data from 
memory to the data bus. 

MWTC (Memory Write Command) 

This signal is used to transfer the data bus to memory, 
but not as early as AMWC. (See timing waveforms). 

GND (Ground) 

Ground. 

SO, S1, S2 (Status Input Pins) 

The ,..PB8288 decodes these status lines from the 
,..P08086 to generate command and control signals. 
When not in use, these pins are high. 

Vee (Power Supply) 

+ 5 V power supply. 
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Block Diagram 

{

SO 
8086 S

Status ~ 

( 

ClK 

Control AEN 
Input CEN 

lOB 

8 

"PB8284 5 

ClK 

READY 

10 RESET 

1 

Status 
Decoder Command 

Signal 
Generator 

r 
Control 

Control Signal 
logic Generator 

1 1 
+5V GND 

I---r--
I--- r--
I---r--
I---r--
I--- r--
I---r--

MRDC 
MWTC 

AMWC MultibusN 
10RC Command 
10WC Signals 

AIOWC 

INTA 

DTiR I Address latch, Data 
DEN Transceiver, and 
MCElP"D"EN Interrupt Control 
ALE Signals 

Connecting the Bus Controller to the CPU 

19 SO 26 19 

22 S, 27 3 
21 "PD80861 52 28 18 

16 8088 
CPU 4 

5 

. MN/MX 

13 

·IClK 

-
So 

51 
S2 
DEN 

DTiR 

"PB8288 ~ Command 
Bus 

ALE 

To STB of "PB828218283 latch 
ranscelver 

Transceiver 

To T of "PB8286/8287 T 
To OE of PB8286/8287 

J.tPB8288 

83-0026798 
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Absolute Maximum Ratings AC Characteristics 
TA = 25°e TA = 0 to +70°0; Vee = 5 V ±10% 

Power supply voltage, VDD -0.5 to +7.0 V Timing Requirements 
Input voltage, VI -1.0 to +5.5 V limits 
Output voltage, Va -0.5 to +7.0 V Parameter Symbol Min Max Unit Loading 

Operating temperature, T OPT o to +70°C ClK cycle period tCLCL 100 ns 
Storage temperature, T STG -65 to +150°C ClK low time tCLCH 50 ns 

Comment: Exposing the device to stresses above those listed in ClK high time tCHCL 30 ns 
Absolute Maximum Ratings could cause permanent damage. The Status active setup time tSVCH 35 ns 
device is not meant to be operated under conditions outside the 

Status active hold time tCHSV 10 ns limits described in the operational sections of this specification. 
Exposure to absolute maximum ratings for extended periods may Status inactive setup time tSHCL 35 ns 
affect device reliability. Status inactive hold time tCLSH 10 ns 

DC Characteristics Input rise time tlLlH 20 ns 

TA = 0 to +700 e; Vee = 5 V ±10% Input fall time tlHIL 12 ns 

Limits Test 
Parameter Symbol Min Max Unit Conditions Timing Responses 

Input high voltage VIH 2.0 V Limits 
---

Input low voltage . VIL 0.8 V Parameter Symbol Min Max Unit Loading 

Input clamp voltage Vc -1 V Ic = -5 mA Control active delay tCVNV 45 ns 

Output high voltage VOH 2A V IOH = -5 mA Control inactive delay tCVNX 10 45 ns 
(command) 2A V IOH = -1 mA ALE MCE active delay tCLLHI 20 ns 
(control) (from ClK) tCLMCH MRDC 
Output low voltage VOL 0.5 V IOL = 32 mA ALE MCE active delay tSVLH 20 ns IORC 
(command) 0.5 V IOL = 16 rnA (from status) tSVMCH MWTC IOL = 32 mA 
(control) 

ALE inactive delay tCHLL 4 15 ns IOWC IOH = -5 mA 
Forward input current IF -0.7 rnA VF = OA5 V 

ns INTA Command active delay tCLML 10 35 CL = 300 pF 
Reverse input current IR 50 JAA VR = VCC 

Command inactive delay tCLMH 10 35 ns AMWC 
Output off current IOFF 100 JAA VOFF = OA V 

ns AIOWC to 5.25 V Direction control tCHDTL 50 

Power supply current IcC 230 rnA 
active delay 

Direction control tCHDTH 30 ns 
inactive delay 

Command enable time tAELCH 40 ns 

Command disable time tAEHCZ 40 ns 

Enable delay time tAELCV 115 200 ns IOL = 16 mA 

AEN to DEN tAEVNV 20 ns Other] IOH = -1 mA 

CEN to DEN, PDEN tCEVNV 25 ns CL = 80 pF 

CEN to command tCELRH tCLML ns 

Output rise time tOLOH 20 ns 

Output fall time tOHOL 12 ns 

R.1~4 
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Timing Waveforms 

Timing Measurement Points 

Input/Output 

2.4
J1

.5 4-Testpolnts_1.5L 

0.45 

A.C. Testing: Inputs are Driven at 2.4 V for a Logic "1" and 0.45 V for 
a Logic "0" Timing. Measurements are Made at 1.5 V for Both 
a Logic "1" and "0." 

DEN, PDEN Qualification Timing 

CEN 

AEN 

DEN 

JiPD8288 Address Enable (AEN) Timing 
(Three State Enable/Disable) 

AEN ---..... 

tAELCH 

CO~~~:~ ______ ,-__ -JI 

83-002684A 

63-002681 A 

CEN ____________ J 

~PB8288 

Test Load Circuits 

1.5 V 1.5V 

18011 3311 

Out Out 

r"" 
Three State to High Three State to Low 

Three State Command Output Test Load 

Out 

2.14 V 

52.711 

I-" 
Command Output 

Test Load 

Out 

VOH 

2.28 V 

11411 

r" 
Control Output 

Test Load 
63-oo2663A 

63-0026628 
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Timing Waveforms (cont) 

State Timing 

8-136 

ClK 

Address/Data 

MWTC,IOWC----~~--+_--~~--~------~--~\I 

DEN ~~:~-----1----r--1---+---+------~ 

PDEN :~::~----~~--+---r-~--~------~ 

tCVNV 

DEN (Write) ---4----+---1---+---+1 

PDEN (Write) ----_1----r_-i--_+--_+, I 

tCHDTH -+-n.-+--+--+ ..... 
DT/R (Read) 

MCE----------+T--rl 
tCVNX 

tSVMCH 

Note: 
(1) Address/data bus Is shown only for reference purposes. 
(2) leading edge of ALE and MCE Is determined by the falling edge of ClK or status going 

active, whichever occurs last. 
(3) Ail timing measurements are made at 1.5 V unless specified otherwise. 

NEe 

33-0028303 I 
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Functional Description 

The three status lines (80, 81, 82) from the J.LPD8086 
CPU are decoded by command logic within the 
J.LPB8288 to determine which command is to be 
issued. Table 1 below illustrates the decoding and 
command generation of the status lines. 

Table 1. Status Line Decoding 

S2 Sl so I-IPD8086 Siale I-IPB8288 Command 

0 0 0 I nterrupt acknowledge INTA 

0 0 Read liD port 10RC 

0 Write liD port 10WC, 
AIOWC 

0 Halt None 

0 Code access MRDC 

Read memory MRDC 

0 Write memory MWTC, 
AMWC 

Passive None 

There are two ways the command is issued depending 
on the mode of the J.LPB8288. 

The I/O bus mode is enabled if the lOB pin is pulled 
high. In this mode, all I/O command lines are always 
enabled and not dependent upon AEN. When the pro
cessor sends out an I/O command, the J.LPB8288 ac· 
tivates the command lines using PDEN and DT/R to 
control any bus transceivers. 

This mode is advantageous if I/O or peripherals 
dedicated to one microprocessor are in a multi
processor system, allowing the J.LPB8288 to control 
two external buses. No waiting is required when the 
CPU needs to access the I/O bus, as an AEN low 
signal is needed to gain normal memory access. 

If the lOB pin is tied to ground, the J.LPB8288 is in the 
system bus mode. In this mode, command Signals are 
dependent upon the AEN line. Thus the command 
lines are activated 105 ns after the AEN line goes low. 
In this mode, there must be some bus arbitration logic 
to toggle the AEN line when the bus is free for use. 
Here, both memory and I/O are shared by more than 
one processor, over one bus, with both memory and 
I/O commands waiting for bus arbitration. 

Among the command outputs are some advanced 
write commands which are initiated early in the 
machine cycle and can be used to prevent the CPU 
from entering unnecessary wait states. 

J,lPB8288 

The INTA signal acts as an I/O read during an inter
rupt cycle. This is to signal the interrupting device that 
its interrupt is being acknowledged, and to place the 
interrupt vector on the data bus. 

The control outputs of the J.LPB8288 are used to con
trol the bus transceivers in a system. DT/R determines 
the direction of the data transfer, and DEN is used 
to enable the outputs of the transceiver. In the lOB 
mode the MCE/PDEN pin acts as a dedicated data 
enable signal for the I/O bus. 

The MCE signal is used in conjunction with an inter
rupt acknowledge cycle to control the cascade ad
dress when more than one interrupt controller (such 
as a J.LPD8259A) is used. If there is only one interrupt 
controller in a system, MCE is not used because the 
INTA Signal gates the interrupt vector onto the pro
cessor bus. In multiple interrupt controller systems, 
MCE is used to gate the J.LPD8259A's cascade address 
onto the processor's local bus, where ALE strobes it 
into the address latches. This occurs during the first 
INTA cycle. During the second INTA cycle the ad
dressed slave J.LPD8259A gates its interrupt vector on
to the processor bus. 

The ALE Signal occurs during each machine cycle and 
is used to strobe data into the address latches and 
to strobe the status (80, 81, 82) into the J.LPB8288. ALE 
also occurs during a halt state to accomplish this. 

The CEN (Command Enable) is used to control the 
command lines. If pulled high, the J.LPB8288 functions 

inactive. : 
normally, and if grounded, all command lines are II 
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Description 

The J.tPB8289 bus arbiter is used with the J.tPB8288 bus 
controller to interface 8086 and 8088 microprocessors 
to a multi master system bus. The J.tPB8289 controls 
the /-lPB8288 bus controller and the bus transceivers 
and address latches, preventing them from access
ing the system bus if the processor does not have use 
of the bus. 

An external command sequence will cause the 
associated microprocessor to enter a wait state un
til the bus is ready. The processor remains in the wait 
state until the bus arbiter acquires use of the 
multimaster system bus. Then, the arbiter allows the 
bus controller, data transceivers, and address latches 
to access the system. 

Once use of the bus has been acquired and data has 
been transferred, transfer acknowledge (XACK) is 
returned to the processor to indicate that the ac
cessed slave device is ready. The processor may then 
complete its transfer cycle. 

Features 

o Multimaster system bus protocol 
o 8086 and 8088 processor synchronization with 

multi master bus 
o Simple interface with the 8288 bus controller and 

8283/8282 address latches to a system bus 
o Four operating modes for flexible system 

configuration 
o Simplified interface to Multibus® systems 
o Parallel, serial, and rotating priority resolution 
o Bipolar buffering and drive capability 

Ordering Information 
Part 
Number 

JlPB8289D 

Package 
Type 

20-Pin Cerdip 

Max Frequency 
of Operation 

8 MHz 

Multibus is a registered trademark of Intel Corporation. 

Pin Configuration 

lOB 

SYSB/RESB 

RESB 

BClK 

INIT 

BREQ 

BPRO 

BPRN 

GND 

/JPB8289 
BUS ARBITER 

Vee 

So 
ClK 

lOCK 

CRQlCK 

ANYRQST 

83·002819A 

Functional Configuration 

GND VCC 

Pin Identification 
No. Symbol 

1, 18, 19 SO-S2 

2 lOB 

3 SYSB/RESB 

4 RESB 

5 BClK 

6 INIT 

7 BREQ 

8 BPRO 

9 BPRN 

10 GND 

11 BUSY 

12 CBRQ 

13 AEN 

14 ANYRQST 

15 CRQlCK 

16 lOCK 

17 ClK 

20 Vee 

:~~K} BREQ 
BPRN Multlbus 
I!iJ5RO Interface 

BUSY 
CBFiQ 

SYSB/~l System 
AEN Signals 

Function 

Status inputs 

I/O bus input 

System bus/resident bus inputs 

Resident bus input 

System bus clock input 

Initialize input 

Bus request output 

Bus priority output 

Bus priority input 

Ground 

Bus interface signal I/O 

Common bus request I/O 

Address enable output 

Any request input 

Common request lock input 

lock input 

Clock input 

+ 5 V power supply 
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Pin Functions 

SO·82 (Status Inputs) 

The ",PB8289 decodes these status inputs from the 
8086 or 8088 processor to begin bus requests and 
surrenders. 

lOB (1/0 Bus) 

This input signal tells the J.lPB8289 that there is an I/O 
peripheral bus and a multi master system bus. 

SYSB/RESB (System BuslResident Bus) 

This input determines when bus requests and sur
renders are permitted in SR mode. 

RESB (Resident Bus Input) 

RESB tells the ",PB8289 that there is a multimaster 
and resident bus. When the signal is high, the 
SYSB/RESB pin handles bus arbitration. 

BlCK (System Bus Clock) 

This clock input synchronize all system bus interface 
signals. 

INIT (Initialize) 

This active low-input resets all bus arbiters on the 
multimaster bus. No arbiters have use of the bus 
following INIT. 

BREQ (Bus Request) 

An arbiter uses this output to request use of the 
multi master system bus. 

BPRO (Bus Priority Output) 

In s~rial priority resolving schemes, this output daisy
chams to BPRN of the next lower priority arbiter. 

BPRN (Bus Priority Input) 

This input tells the arbiter it may acquire the bus on 
the next falling edge at BClK. 

BUSY (Bus Interface Signal) 

When the bus is available, this 1/0 signal notifies all 
arbiters on the bus. The highest requesting arbiter 
seizes the bus and pulls BUSY low to keep other ar
biters off the bus. 
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CBRQ (Common Bus Request) 

This signal is an input from a lower priority arbiter re
questing the bus. It is an output from arbiters that sur
render the multimaster bus upon request. 

AEN (Address Enable) 

T~is output tells the 8288 bus controller, 8284 clock 
driver, and the processor's address latches when to 
tri-state their output drivers. 

ANYRQST (Any Request) 

This signal allows the multi master bus to be sur
rendered to a lower priority arbiter. 

CRQlCK (Common Request lock) 

This input prevents the ",PB8289 from surrendering the 
, bus in response to a request on the CBRQ input. 

lOCK (lock) 

This input prevents the arbiter from surrendering the 
multimaster system bus to any other bus arbiter, 
regardless of its priority. 

ClK (Clock) 

This is the clock signal from the 8284 clock generator. 

GND (Ground) 

This is the ground. 

Vee (Power Supply) 

This is the + 5 V power supply. 
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Block Diagram 

{

LOCK 
ClK 

Processor CRQClK 
Control RESB 

ANYRQST 

lOB 

Functional Description 

Bus Master Arbitration 

Higher priority masters generally acquire use of the 
bus when a lower priority master completes its pre
sent transfer cycle. Lower priority masters acquire the 
bus when no higher priority master is accessing the 
system bus. The ANYRQST strapping option allows 
the arbiter to surrender the bus to a lower priority 
master as if it were a higher priority master. The ar
biter maintains the bus as long as no other bus 
masters are requesting the bus and its processor has 
not entered the halt state. The arbiter does not volun
tarily surrender the bus and must be forced off by a 
request from another bus master, unless the arbiter's 
processor has entered the halt state. Additional strap
ping options allow for other sets of conditions. 

Priority Resolving Techniques 

The J.lPB8289 provides several techniques for resolv
ing priority between the many possible bus masters 
of a multimaster system bus. All of these techniques 
assume that one bus master will have priority over all 
others at any given time. You may use parallel, serial, 
or rotating priority resolving. 

~} BREQ. BPRN 
!mID 
BUSY 

CBRQ 

Multibus 
Command 
Signals 

.-----========--- SYSB/~ 
} ~r;~:~ 

Parallel Priority Resolving 

JJPB8289 

This technique (figures 1, 2) uses a bus request line 
(BREQ) for each arbiter on the multimaster system 
bus. Each BREQ line goes to a priority encoder that 
generates the address of the highest priority active 
BREQ line. This binary address is decoded to select the 
bus priority in line (BPRN) that is returned to the Il 
highest priority arbiter. The arbiter that receives : 
priority (BPRN true) allows its bus master onto the 
multimaster system bus as soonas the bus becomes 
available. An arbiter that gets priority over another 
arbiter cannot immediately seize the bus, but must wait 
until the current bus transaction is complete. When the 
transaction is complete, the current occupant of the 
bus surrenders the bus by releasing BUSY. BUSY is an 
active low OR tied line which goes to every arbiter on 
the system bus. When BUSY goes high (inactive), the 
priority arbiter seizes the bus and brings BUSY low to 
keep other arbiters off the bus. Note that all mUlti-
master system bus transactions are synchronized to 
the bus clock (BCLK). 
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Figure 1. Parallel Priority Resolving 

Figure 2. Higher Priority Arbiter Obtaining the Bus from a Lower Priority Arbiter 

Note: 
(1) Higher priority arbiter requests the system bus. 
(2) Attains priority. __ 
(3) Lower priority arbiter releases BUSY. __ 
(4) Higher priority arbiter then acquires the bus and pulls BUSY low. 
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Serial Priority Resolving 

The serial priority resolving technique (figure 3) daisy
chains the bus arbiters together by connecting the 
higher priority arbiter's BPRQ output to the BPRN of 
the next lowest priority arbiter. This eliminates the 
need for the priority encoder-decoder arrangement. 
The number of arbiters that may be daisy-chained 
together is a function of BCLK and the propagation 
delay from arbiter to arbiter. At 10 MHz, only 3 arbiters 
may be daisy-chained. 

Figure 3. Serial Priority Resolving 

~: : BUSY 

Rotating Priority Resolving 

This technique resembles the parallel priority resolv
ing technique except that priority is dynamically 
reassigned. The priority encoder is replaced by a cir
cuit that rotates priority between arbiters to allow 
each arbiter an equal chance to use the system bus. 

Modes of Operation 

The I-lPB8289 has two basic operating modes: I/O 
peripheral bus mode (lOB mode), and resident bus 
mode (RESB mode). The lOB strapping option con· 
figures the I-lPB8289 into lOB mode and the RESB 
strapping option configures it to RESB mode. If both 
options are strapped false, the arbiter interfaces the 
processor to a multi master system bus only. If both 
options are strapped true, the arbiter interfaces the 
processor to a multi master system bus, a resident 
bus, and an I/O bus. Figure 4 shows the pPB8289 in a 
typical CPU system. 

J.lPB8289 

lOB Mode 

lOB mode allows the processor to access both an I/O 
peripheral bus and a multimaster system bus. On an 
I/O peripheral bus, all devices on the bus, including 
memory, are treated as I/O devices and addressed by 
I/O commands. All memory commands are directed 
to the multimaster system bus. In lOB mode, the proc
essor communicates with and controls peripherals 
over the peripheral bus and communicates with 
system memory over the system memory bus. Figure 5 
shows the pPB8289 in this mode. 

RESB Mode 

RESB mode allows the processor to communicate 
over both a resident bus and a multi master system 
bus. A resident bus can issue memory and I/O com
mands, but it is separate from the multimaster system 
bus. The resident bus has one master and is 
dedicated to only that master. The 8086 and 8088 can 
communicate with a resident bus and a multimaster 
system bus. The processor can access the memory 
and peripherals of both buses. Memory mapping 
selects which bus is accessed. The SYSB/RESB in
put on the arbiter instructs the arbiter on which bus 
to access. The signal connected to SYSB/RESB also 
enables and disables commands from one of the bus 
controllers. Figure 6 shows the pPB8289 in this mode. 
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Mode Summary 

Single 
Status LInes Bus Mode 
From BOB6 or lOB Mode RESB (Mode) Only lOB Mode RESB Mode lOB = High 
BOBB or BOB9 Only lOB = High RESB = High lOB = Low RESB = High RESB = Low 

SYSB/RESB = SYSB/RESB = SYSB/RESB = SYSB/RESB = 
$2' Si SO lOB = Low 

0 0 0 x 
I/O commands 0 0 1 x 

0 1 0 x 

Halt 0 x 

Memory commands 0 0 "" 0 1 "" 1 0 "" 
Idle 1 x 

Notes: 

(1) x = Multimaster system bus is allowed to be surrendered. 

(2) "" = Multimaster system bus is requested. 

Multimaster System Bus 
Mode Pin Strapping Requested (1) Surrendered (2) 

Single bus lOB = high When the pro- HLT + TI • HPBROt 
multimaster RESB = low cessor's status 
mode lines go active 

RESB mode lOB = high SYSB/RESB = (SYSB/RESB = low 
only RESB = high High 2 active + TI) CBRO + 

HLT + HPBRO 

lOB mode lOB = low Memory (I/O status + TI) • 
only RESB = low commands CBRO + HLT + 

HPBRO 

lOB mode • lOB = low (Memory (I/O status 
RESB mode RESB = high comman~ comman~+ (TI) 

(SYSB/RESB = (SYSB/RESB = low) 
high) • CBRO + HPBROt 

+ HLT) 

Note: 

(1) Except for HALT and idle status. 

High 

"" "" "" 
x 

"" "" "" 
x 

(2) LOCK prevents surrender of bus to any other arbiter. CRQLCK 
prevents surrender of bus to a lower priority arbiter. 

(3) H L T = processor halt; 82-50 = 011. 

(4) TI = processor idle; 52-50 = 111. 

(5) + means OR. 

(6) • means AND. 

t HPBRQ = higher priority bus request or BPRN = 1. 
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Low High Low 

x x x 
x x x 
x x x 

x x 

x "" x "" x "" 
x x x 

Absolute Maximum Ratings 
TA = 25°C 

Operating temperature 

Storage temperature 

Voltage on any pin 

All input voltages 

Power dissipation 

"" "" 
"" 
x 

"" "" "" 
x 

-0.5 V to + 7 V 

-1.0 V to + 5.5 V 

1.5 W 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

DC Characteristics 
TA = O°C to + 70°C; Vee = 5 V ±10% 

limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input low voltage VIL 0.8 V 

Input high Voltage VIH 2.0 V 

Input clamp Ve -1.0 V Vee = 4.50 V, 
voltage Ie = -5 mA 

Input forward IF -0.5 mA Vee = 5.50 V, 
current VF = 0.45 V 

Reverse input IR 60 I1A Vee = 5.50 V 
leakage current VR = 5.50 V 

Output low VOL 
voitage __ 
BUSY, CBRO 0.45 V IOL = 20 mA 
AEN 0.45 V IOL = 16 mA 
BPRO, BREO 0.45 V IOL = 10 mA 

Output ~ VOH Open collector 
voltage BUSY, 2.4 
CBRO 

V IOH = 400 I1A 

All other outputs 

Power supply lee 165 mA 
current 
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Capacitance 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input capacitance GIN status 25 pF 

Input capacitance GIN (others) 12 pF 

Note: 

1) BUSY, C'1:::" ~ 'EN I ~:o: 3) B"O, "1': : 
+++ 1250 

pF l100 pF J60 pF 

Figure 4. Typical CPU System Using the pPD8289 Bus Arbiter 
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Figure 5. Typical Medium-Complexity lOB System 
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Figure 6. Typical System. Resident Bus Configuration 
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AC Characteristics Timing Response 
T A = OOC to + 70°C; Vee = 5V ± 10% 

Limits Test 
Limits Test Parameter Symbol Min Typ Max Unit Conditions 

Parameter Symbol Min Typ Max Unit Conditions BClK to BREQ tBLBRL 35 ns 
ClK cycle period tCLCL 125 ns delay (1) 

ClK low time tCLCH 65 ns BClK to BPRO tBLPOH 40 ns 

ClK high time tCHCL 35 ns 
(1)(2) 

Status active tSVCH 65 tCLCL -10 
BPRNH to tpNPO 25 ns ns 
BPRO~t 

setup 
delaY(1)(2) 

Status inactive tSHCL 50 tCLCL -10 ns 
setup BClK to BUSY tBLBYL 60 ns 

low 
Status active tHVCH 10 ns 
hold BClK to BUSY tBLBYH 35 ns 

Status inactive tHVCL 10 
float (3) 

ns 
hold ClK to AEN high tCLAEH 65 ns 

BUSYN setup to tBYSBL 20 ns BClK to AEN low tBLAEL 40 ns 

BClK~ BClK to CBRQ tBLCBL 60 ns 

CBRQN setup to tCBSBL 20 ns low 

BClK~ BCLK to CBRQ tRLCRH 35 ns 

BClK cycle time tBLBL 100 ns float (3) 

BClK high time tBHCL 30 0.65 (tBLBL) ns Output rise time tOLOH 20 ns From 0.8 V to 
2.0 V 

lOCK inactive 10 tCLLL1 ns 
hold Output fall time tOHOL 12 ns From 2.0 V to 

0.8 V 
LOCK active tCLLL2 40 ns 
setup Note: 

BPRNH to BClK tpNBL 15 ns (1) Denotes that the spec applies to both transitions of the 
setup time signal. 

SYSB/RESB tCLSR1 0 ns (2) BCLK generates the first BPRO. Subsequent changes of 
setup BPRO are generated through BPRON. 

SYSB/RESB hold tCLSR2 20 ns 
(3) Measured at 0.5 V above GND. 

Initialization tlVIH 3 tBLBL + ns AC Test Condition 
pulse width 3 tCLCL 

Input rise time tlLlH 20 ns From 0.8 V to Input/Output 
2.0 V 

Input fall time tlHIL 12 ns From 2.0 V to ,. ~'-Test pOints---l)C 
0.8 V 

0.45 

AC Testing Inputs are driven at 2.4V for LOGIC 1 and 0.45V for LOGIC O. The clock Is 
driven at 4.3V and 0.25. Timing measurements are made at 1.5V for LOGIC 1 and O. 
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Timing Waveforms 

The signals related to ClK are typical processor 
signals and do not relate to the depicted sequence of 
events of the signals referenced to BClK. The signals 
shown related to the BClK represent a hypothetical 
sequence of events for illustration. Assume three bus 
arbiters of priorities 1, 2, and 3 configured in the serial 
priority resolving scheme. 

Assume arbiter 1 has the bus and is holding BUSY low. 
Arbiter 2 detects its processor wants the bus and pulls 
BREQ #2 low. If BPRN #2 is high (as shown), arbiter 2 
pulls CBRQ low. CBRQ signals to higher-priority 
arbiter 1 that a lower-priority arbiter wants the bus. A 
higher-priority arbiter would be given BPRN when it 
makes the bus request rather than having to wait for 
another arbiter to release the bus through CBRQ. 

Arbiter 1 relinquishes the multimaster system bus 
when it enters a state of not requiring it, by lowering its 
BPRO #1 (tied to BPRN #2) and releasing BUSY. 
Arbiter 2 now sees that it has priority from BPRN #2 
being low and releases CBRQ. As soon as BUSY 
signifies the bus is available (high), arbiter 2 pulls 
BUSY low on the next falling edge of BClK. 

Note that if arbiter 2 didn't want the bus at the time it 
received priority, it would pass priority to the next 
lower priority by lowering its BPRO #2 (TPNPO). Note 
also that even a higher-priority arbiter which is aquiring 
the bus through BPRN will momentarily drop CBRQ 
until it has acquired the bus. 

J.lPB8289 
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Timing Waveforms 
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Section 9 - Development Tools 
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EVAKIT·7720B 
Description 

The EVAKIT-7720B is a stand-alone Evakit for NEC's 
pPD7720 digital signal processor. The EVAKIT-7720B 
provides complete hardware emulation and software 
debug capabilites for the J.lPD7720. Real-time and 
single-step emulation capability, coupled with an on
board system monitor create a powerful debug 
environment. 

A serial line from a terminal or host computer system 
controls the EVAKIT-7720B. User programs are down
loaded into the instruction RAM and data RAM through 
a serial line or read from a PROM. An on-board 
programmer for pPD2732 and pPD2732A EPROMs 
provides an easy means for submitting your final code 
for production. You can also use the EVAKIT-7720B to 
program the pPD77P20 EPROM version of the part for 
final system test and evaluation. 

pPD7720 
HARDWARE 

DEVELOPMENT TOOL 

Features 

o Real-time and single-step emulation capability 
o On-board instruction, data/coefficient and internal 

RAM 
D Powerful system monitor 

- Display/modify instruction RAM 
- Display/modify data/coefficient RAM 
- Display/modify internal RAM 
- Display/modify internal registers 
- Load/verify/display PROM device 
- Upload/download/verify instruction and data 

RAM 
- Test Evakit 

o User-specified address breakpoint 
- Break loop counter: up to 256 loops 

D Program trace feature 
- 256 steps 
- Trace display: address, instruction, registers, 

flags 
o Supports two operating modes 

- External terminal control/ed 
- Host computer system control/ed 

o Serial interface: RS-232C, TTL, or 20 mA current 
loop 

D EPROM programming capability (2732, 2732A, 
77P20) 
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IE· 7020S/70216 
Description 

The IE-70208 and IE-70216 are stand-alone in-circuit 
emulators that provide both hardware emulation and 
software debug capabilities for the NEC pPD70208 
(V40TM) andpPD70216 (V50™) respectively. Each system 
consists of a standard I E-70K chassis with interchange
able emulator pods for either the V40 or V50 micro
processor. The IE-70208/70216 provides real-time and 
single-step emulation in both native and 8080 emulation 
mode. User programs can be uploaded and down
loaded from a variety of host systems via a serial link, or 
loaded directly from a CP/M-86® format 8" disk. 

Features 

D Stand-alone in-circuit emulator 
- Interchangeable emulator pods for V40/V50 
- Conversion kit available for IE-70108/70116-S 

D Precise real-time and sing-Ie-step emulation 
D Sophisticated memory mapping in 1 K blocks of: 

- 64K bytes of no wait state internal RAM 
- 127K bytes of one wait state internal RAM 

(expandable to 610K bytes) 
- Up to 1 M byte of user system memory 

D User programmable breakpoints and trace control 
D 1 K trace buffer - mnemonic and cyclic display 
D Full symbolic debug capabilities 

- 128K memory disk for rapid symbol search 
D Symbolic line assembler and disassembler 
D Full on-line help facility 
D Macro command file capability 
D External probes for traCing user system signals 
o 1 M byte 8" floppy disk drive 

V40 and V50 are registered trademarks of NEG Electronics Inc. 

pPD7020S/70216 
HARDWARE 

DEVELOPMENT TOOLS 

Ordering Information 
Part Number Description 

IE-70208-S008 In-circuit emulator for JlPD70208 (with V40 pod) 

I E-70216-S008 In-circuit emulator for JlPD70216 (with VSO pod) 

IE-70208-1008 Optional pod unit for JlPD70208 emulation 

IE-70216-1008 Optional pod unit for JlPD70216 emulation 

IE-70216-1S08 Converts IE-70108/116-S to IE-70208/70216-S008 
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SW7281 
Description 

The SW7281 software package is used to develop 
application software for the NEC pPD7281 image 
pipeline processor (ImPP). SW7281 consists of the 
following three separate programs: an assembler 
(AS7281), a software simulator (SM7281), and an 
object code conversion program (OH7281). The 
pPD7281 software package runs on all NEC develop
ment systems, and many other manufacturers' personal 
computers and minicomputers. 

Features 

o Complete software development system for pPD7281 
o Assembler for generating pPD7281 tokens 
o Software simulator provides 

- Program debugging capabilities 
- System simulation and evaluation 

o Runs on a variety of operating systems 
- CP/M-86® 
- MS-DOS® 
- VAXIVMS® and VAX/UNIX® 

AS7281 Assembler 

AS7281 translates symbolic source programs for the 
pPD7281 into object modules which serve as input to 
either the software simulator or the object code con
version program. Features are as follows. 

o Automatic generation of all required tokens 
o Extensive error reporting 
o Command line controls 
o User-selectable and directable output files 

OH7281 Object Code Converter 

OH7281 converts object modules produced by the 
assembler into hexadecimal format object module files 
for input to a HEX-loader or into ASCII data format 
object module files for use as data within a source 
module. A symbol table file may be produced for use 
with the software simulator. 

SM7281 Software Simulator 

SM7281 accepts object code modules produced by the 
assembler and simulates the user program under 
specified system parameters. The simulator can fully 
simulate an entire image processing subsystem, pro
viding the userthe tools to fully debug his program and 
to evaluate system performance without having to 
actually build the hardware. Features are as follows. 

pPD7281 
SOFTWARE 

DEVELOPMENT TOOLS 

o Supports simulation of three system models 
- One or more cascaded pPD7281s, pPD9305 and 

image memory 
- One or more cascaded pPD7281s and image 

memory 
- One or more cascaded pPD7281s only 

o Continuous/single-step execution 
o Set/display input data timing 
o Display/modify contents of memory, latch, or 

registers 
o Sophisticated breakpoint capabilities 
o Sophisticated trace capabilities 

- Define/display items to be traced 
- Define/display trace start/stop conditions 

o Supports full symbolic debug 
- Define/delete/modify symbols 
- Display symbols 

o On-line assembler and disassembler 
o Macro command file capability 
o Save/load simulator setup to/from disk 
o Save console input commands and execution results 

on disk 
o Display L T, PU, 1M operating ratios for program 

evaluation 

Ordering Information 
Part Number Description 

SW7281-D52 MS-DOS, 5-1/4" double-density floppy diskette 

SW7281-M52 CP / M-86, 5-1/4" double-density floppy diskette 

SW7281-M81 CP/M-86, 8" single-density floppy diskette 

SW7281-VVT1 VAX/VMS, 9-track 1600 BPI magnetic tape 

SW7281-VXT1 VAX/UNIX, 9-track 1600 BPI magnetic tape 

Note: 

CP/M-B6 is a registered trademark of Digital Research Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 

VAX and VMS are registered trademarks of Digital Equipment 
Corporation. 

UNIX is a trademark of AT&T. 
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ASM77 
Description 

The pPD7720 absolute assembler (ASM??) converts 
symbolic source code for the NEC pPD7720 signal 
processing interface (SPI) into executable absolute 
address object code. Two separate assemblers are 
provided: one assembles the source program for the 
instruction ROM; the other assembles the source 
program for the data ROM. An object code file is 
produced in ASCII hexadecimal format and may be 
downloaded to a PROM programmer or hardware 
debugger. 

The NEC ASM?? is available for use on all NEC 
development systems and many other manufacturers' 
microcomputer development systems, personal com
puters, minicomputers, and mainframes. 

Features 

o Absolute address object code output 
o Free format statements 
o Separate assemblers for instruction and data ROMs 
o User-selectable and directable output files 
o Runs under a variety of operating systems 

- CP/M-80® 
- CP/M-86® 
- MS-DOS® 
- ISIS-II 

o Fortran IV ANSI X3.9-1966 source program available 

CP/M-80 and CP/M-86 are registered trademarks of Digital Research 
Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 

Ordering Information 
Part Number 

ASM77-C81 

ASM77-D52 

ASM77-181 

ASM77-182 

ASM77-M52 

ASM77-M81 

ASM77-F9T1 

Description 

CP/M-BO, 8" single-density floppy diskette 

MS-DOS, 5-1 14" double-density floppy diskette 

ISIS-II, 8" single-density floppy diskette 

ISIS-II, 8" double-density floppy diskette 

CP/M-86, 5-1/4" double-density floppy diskette 

CP/M-86, 8" single-density floppy diskette 

Fortran IV ANSI X3.9-1966 source program 
9-track 1600 BPI magnetic tape 

SIM77 
Description 

pPD7720 
SOFTWARE 

DEVELOPMENT TOOLS 

The pPD??20 simulator (SIM??) is a software tool for 
analyzing program code and I/O timing for the NEC 
pPD7720 signal processing interface (SPI). SIM?? 
simulates the operation of the SPI using your instruc
tion and data ROM codes in conjunction with specially 
prepared serial input, parallel input, and simulation 
timing files. The system console of the host system 
controls simulation. SI M77 can create serial and parallel 
output files, display the latest trace steps, and send all 
console input/output to a disk file or system printer. 

SIM?? runs on all NEC microcomputer development 
systems and many other manufacturers' microcom
puter development systems and personal computers. 

Features 

o Continuous/single-step execution 
o Display/modify instruction ROM, data ROM, RAM, 

stack, registers or flags 
o User-controllable parallel data transfer direction 
o User generated interrupt capability 
o Sophisticated breakpoint capabilities 

- Up to eight breakpoints with loop counter 
o Trace capability with start/stop conditions 
o Instruction ROM disassembler 
o Output all console inputs and outputs to disk 
o Runs under a variety of operating systems 

- CP/M-80® 
- CP/M-86® 
- MS-DOS® 
- ISIS-II 

Note: 

CP/M-80 and CP/M-86 are registered trademarks of 
Digital Research Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 

Ordering Information 
Part Number Description 

SIM77-C81 CP/M-80, 8" single-density floppy diskette 

SIM77-D52 MS-DOS, 5-1 14" double-density floppy diskette 

SIM77-181 ISIS-II, 8" single-density floppy diskette 

SIM77-182 ISIS-II, 8" double-density floppy diskette 

SIM77-M52 CP/M-86, 5-1/4" double-density floppy diskette 

SIM77-M81 CP/M-86, 8" single-density floppy diskette 
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RA70116 
Description 

The RA70116 relocatable assembler package converts 
symbolic source code for the V20™IV30TM (pPD701081 
pPD70116) microprocessors as well as the V40IVSO 
(pPD70208IpPD70216) microprocessors into execut
able absolute address object code. The V20IV30 
relocatable assembler package consists of four sep
arate programs: a relocatable assembler (RA70116), a 
linker (LK70116), a hexadecimal format object code 
converter (OC70116), and a librarian (LB70116). 

RA70116 translates a symbolic source module into a 
relocatable object module. LK70116 combines relocat
able object modules and absolute load modules and 
converts them into an absolute load module. OC70116 
converts an absolute load orobject moduleto an ASCII 
hexadecimal format object file. LB70116 creates and 
maintains files containing relocatable object modules. 
When the library file is included as input to LK70116, 
the linker only extracts those modules required to 
resolve external references, relocates, and links them 
into the relocatable object module. 

RA70116 runs on all NEC microcomputer development 
systems and many other manufacturers' micro
computer development systems, personal computers, 
and minicomputers. 

Features 

o Absolute address object code output 
o User-selectable and directable output files 
o Extensive error reporting 
D Powerful librarian 
D Runs under a variety of operating systems 

- CP/M-86® 
- MS-DOS® 
- ISIS/UDI 
- VAXIVMS® and VAX/UNIX® 

Note: 

CP/M-86 is a registered trademark of Digital Research Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 

VAX and VMS are registered trademarks of Digital Equipment 
Corporation. 

UNIX is a trademark of AT&T. 

V20 and V30 are registered trademarks of NEC Electronics Inc. 

pPD70108/116/208/216 
SOFTWARE 

RELOCATABLE ASSEMBLER 
DEVELOPMENT TOOLS 

Ordering Information 
Part Number Description 

RA70116-D52 MS-DOS, 5-1/4" double-density floppy diskette 

RA70116-181 ISIS-II, 8" single-density floppy diskette 

RA70116-182 ISIS-II, 8" double-density floppy diskette 

RA70116-M52 CP 1 M-86, 5-1/4" double-density floppy diskette 

RA70116-M81 CP/M-86, 8" single-density floppy diskette 

RA70116-VVT1 VAXIVMS, 9-track 1600 BPI magnetic tape 

RA70116-VXT1 VAX/UNIX, 9-track 1600 BPI magnetic tape 
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CC70116 
Description 

The CC70116 C Compiler Package converts standard 
C source code into relocatable object modules for the 
V20/V30 (pPD70108170116) microprocessors as well as 
the V40IVSO (pPD70208/70216) microprocessors. These 
modules are compatible with the ones produced by the 
RA70116 Relocatable Assembler package and may be 
linked with other modules using LK70116, the linker 
provided with the RA70116 package. 

The CC70116 C Compiler Package is available for use 
on all NEC development systems and many other 
manufacturers' microcomputer development systems, 
personal computers, and minicomputers. 

Features 

D Standard Kernighan and Ritchie C 
- Defined in UNIX™ System III 

D NEC enhancements 
- Small and medium memory model support 
- Enumeration data type support 
- Assignment of all members by a structure name 
- Ability to use identical names in identifiers of 

different types in different structures 
- Addition of a void type to declare functions with 

no return value 
- Addition of char as a data type for which unsigned 

can be specified 
- Ability to initialize structures with bit fields 

D CC70116 library contains 76 of the UNIX System III 
library functions 

D User-selectable object code optimizer 
D Runs under a variety of operating systems 

- CPIM-86™ 
- MS-DOS™ 
- ISIS/UDI 
- VAXIVMS™ and VAXIUNIX™ 

Note: 

UNIX is a trademark of AT&T. 

CP/M-S6 is a trademark of Digital Research Corporation. 

MS-DOS is a trademark of Microsoft Corporation. 

VAX and VMS are trademarks of Digital Equipment Corporation. 

pPD7010S/116/20S/216 
SOFTWARE 

CCOMPILER 
DEVELOPMENT TOOLS 

Ordering Information 
Part Number Description 

CC70116-D52 MS-DOS, 5" double-density floppy diskette 

CC70116-181 ISIS-II, 8" single-density floppy diskette 

CC70116-182 ISIS-II, 8" double-density floppy diskette 

CC70116-M52 CP/M-86, 5" double-density floppy diskette 

CC70116-M81 CP/M-86, 8" single-density floppy diskette 

CC70116-VVT1 VAX/VMS, 9-track 1600 BPI magnetic tape 

CC70116-VXT1 VAX/UNIX, 9-track 1600 BPI magnetic tape 
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Description 

The Evakit communication program (EVA) allows a 
variety of microcomputer development systems and 
personal computers to control NEC's Evakits and in
circuit emulators directly from the console of the host 
system. Once a particular emulator is selected from the 
EVA program's menu, EVA recognizes all legal com
mands for that emulator. In addition to the emulator 
standard commands, the EVA program provides com
mands to upload, download, and display disk files and 
directories, to save debug session on disk, to display 
command help files, and to exit from the program to the 
operating system. 

You can download to the emulator object code program 
files produced by a cross assembler on the host system 
and upload patched copies of the program from the 
emulatorto the disk for use in later debugging sessions. 
The disk display commands allow you to examine 
directories and files on the screen without having to 
exit the EVA program. This is extremely useful for 
checking a file before it is downloaded to the emulator 
or erased during an upload. The help command dis
plays a complete list of all legal commands for the 
chosen emulator with their proper syntax. There is a 
command to exit from the EVA program and to return to 
the operating system. The emulator is not affected, and 
emulation can be continued by invoking the EVA 
program again. 

EVAKIT 
COMMUNICATION 

PROGRAM 

The EVA program is supplied in executable format and 
is included with each NEC assembler. Executable 
versions are available for the following host systems: 

Intel MDS-220/330 under ISIS-II 
NEC APC under CP/M-86® 
IBM PC or PC/XT® under CP/M-86 or PC-DOS® 
IBM PC/AT® under PC-DOS 

Source code is available and may be modified to 
support other CP/M-80®, CP/M-86, MS-DOS®, and 
ISIS-II based systems. 

The EVA program supports all current Evakits and in
circuit emulators and is periodically updated as new 
emulators are introduced. 

CP/M-80 and CP/M-86 are registered trademarks of Digital Research 
Corporation. 

PC/XT, PC-DOS, and PC/AT are registered trademarks of 
International Business Machines Corporation. 

MS-DOS is a trademark of Microsoft Corporation. 
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MD·086 SERIES 
MICROCOMPUTER 

DEVELOPMENT SYSTEMS 

MD·086 FLOPPY AND HARD DISK DRIVE SYSTEM 

Description 

The MO-086 series microcomputer development 
systems are a series of disk based, multi-user, mUlti
tasking systems supporting the development of 
products using NEG's microcomputers and micro
processors. Available in either a floppy disk-based or 
floppy/hard disk-based configuration, the MO-086 may 
be coupled with NEG's stand-alone evaluation kits 
(Evakits) or in-circuit emulators (IEs) to provide a 
complete integrated software and hardware develop
ment system. 

Based on NEG'sjlP0808616-bit microprocessor, run
ning Oigital Research's MP/M-86® operating system, 
the MO-086 gives you access to all NEG's assemblers, 

simulators, high level language compilers, and all other 
GP/M-86® application software. 

The MO-086FO-10 (floppy disk-based) consists of two 
units: the system chassis (housing all the electronics) 
and the system console (an ANSI standard X3.64 
terminal.) The MO-086HO-10 (floppy/hard disk based) 
consists of three units: the system chassis, the hard 
disk chassis and the system console, and an ANSI 
standard terminal. Additional terminals may be added 
to the system as required, thereby lowering the system 
cost per user. 

MP/M-86 and CP/M-86 are registered trademarks of Digital Research 
Corporation. 
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Features 

D MP/M-86 multi-user/multi-tasking operating system 
- Supports up to three users 
- Supports multi-tasking at each user terminal 

D 512K bytes of system memory 
- Optional expansion to 1 M byte total 

D Two 1 M byte 8" double-sided floppy disk drives 
D Optional 35M byte hard disk 
D 64K byte memory disk 
D Two parallel printer ports 
D IEEE-796 bus-based with 5 vacant slots for future 

expansion 
D Separate ANSI standard X3.64 system console 

Orderi ng Information 
Part Number Description 

MO-086FO-10 MO-086 series, floppy disk-based system 

MO-086HO-10 MO-086 series, floppy / hard disk-based system 

MO-0860K Hard disk upgrade for MO-086FD-10 

MO-910TM Character display terminal 

Hardware Description 

System Chassis 

The system chassis of the MO-086 series houses a 
multiprocessor system, two 8" doubled-sided floppy 
disk drives, an IEEE-796 cardcage, power supply, and 
fans. Utilizing the industry standard IEEE-796 bus as 
its internal system bus, NEC's MO-086 series with 
several vacant slots, can easily be expanded to meet 
tommorrow's technological advances. 

The multiprocessor architecture of the MO-086 series 
permits the master CPU to offload the time consuming 
tasks of data storage/retrieval and system I/O proces
sing to its intelligent peripheral boards, significantly 
increasing the multi-user/ multi-tasking capabilities of 
the operating system. This multiprocessor system is 
composed of a pP08086 master CPU board, a 512K
byte memory board, apP0780-based intelligent floppy 
disk controller (FOC) board, a pP08088-based intel
ligent system controller board (SCB), and an optional 
pP0780-based intelligent hard 'disk controller (HOC) 
board. 

System Boards 

The master CPU board is the heart of the system. 
Utilizing apP08086 microprocessor running at 5 MHz, 
it controls the operation of the multi-user/multi-pro-
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gramming operating system. The CPU board also 
contains the bootstrap loader PROM and the system 
work RAM, interrupt controller, and timer. 

A single 512K-byte memory board provides the system 
memory and is accessed by either the master CPU 
board, the floppy disk controller board, or the optional 
hard disk controller board. System memory can be 
expanded to 1 M byte by adding additional IEEE-796 
bus memory boards. 

The FOC board is an intelligent floppy disk controller 
board using NEC's pP0765A floppy disk controller 
chip to control up to four 8" double-sided floppy disk 
drives in either single or double-density format. Con
taining an NEC pP0780-1 microprocessor with 8K of 
PROM, 64K of RAM, and a OMA controller, the FOC 
board controls the transfer of data between the system 
memory and the floppy disk. 

The HOC board is an intelligent hard disk controller 
board using NEC'spP07261 A hard disk controller chip 
to control up to two SMO interface hard disk drives. 
Containing an NEC pP0780-1 microprocessor with 
8K PROM, 18K of RAM, and a OMA controller, the HOC 
board controls the transfer of data between the system 
memory and the hard disk. 

The SCB is an intelligent I/O controller board using an 
NEC pP08088 microprocessor with up to 16K bytes of 
PROM and 64K bytes of RAM to control the system 
console, the serial communication channels, the printer 
ports, and the paper tape interfaces. 

The master CPU writes commands into the dual
ported memories on the FOC, HOC, and SCB boards. 
Each board executes its command with no further 
intervention by the master CPU. This increases the 
system performance of the MO-086 series. 

The two 8" doubled-sided floppy disk drives provide 
approximately 2M bytes of data storage capacity. 
Single-sided diskettes are recorded in single-density 
to provide compatibility with other CP/M-86 and 
MP/M-86 systems. Double-sided diskettes are recorded 
in double-density providing a maximum storage cap
acity of 972K bytes per diskette. 

Hard Disk Chassis 

The optional hard disk chassis houses one 8" SMO 
interface hard disk drive capable of storing 32M bytes 
of formatted data, the power supply, and fans. A ready 
indicator, along with a write protect switch/indicator, 
and a fault switch/indicator are also provided. 
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System Console 

The MD-910TM, an ANSI standard X3.64 CRT terminal, 
is provided as the system console for the MD-086 
series microcomputer development systems. To take 
advantage of the multi-user features of the MD-086 
series, additional ANSI standard terminals may be 
purchased separately from NEC Electronics Inc. or 
other manufacturers. 

Software Description 

The MD-086 series incorporates Digital Research's 
MP/M-86 operating system providing you a compact 
multi-user, multitasking operating system. Each user 
has complete access to all of the MP/M-86 facilities and 
may execute multiple programs simultaneously. 

The powerful MP/M-86 file system manages all files 
and file directories, dynamically allocating, and re
leasing disk space as required. Designed for the mUlti
user environment, it enhances file integrity by permit
ting files to be opened in one of three modes: locked, 
unlocked, and read only modes. In locked mode, only 
one user may open a specific file at a given time, while 
in unlocked mode multiple users/programs may open 
the same file. Read only mode, permits a file to be 
opened by more than one process but it cannot be 
changed. 

Optional password protection is available at both the 
file and disk level, providing protection for a particular 
user's files. MP/M-86's extended directories allow files 
to be dated and time stamped. Each file may have up to 
two date and time stamps: one reflects the date and 
time of the last update and the other the date of the last 
access or file creation. 

All files generated on CP/M® 8" diskette systems may 
be read under MP/M-86, allowing you to easily transport 
existing software routines to the MD-086 series. Hard
ware-independent CP/M-86 application programs can 
be run, giving you access to a wide variety of third party 
software. 

A 64K-byte memory disk residing in system memory is 
available for high speed file processing, significantly 
improving the overall performance of the MD-086 
series microcomputer development systems. 

The MD-086 series contains a PROM-resident monitor 
program which may be used for pPD8086 program 
development/debugging. This monitor program is 
entered automatically if there is no MP/M-86 system 
disk in drive A when the reset switch is pressed. Some 
of the main features of the MD-086 monitor are: 

D Display, fi 1/, substitute, compare, transmit, or test the 
contents of memory. 

MD-086 SERIES 

D Display and modify user registers. 
D Read and write to the floppy disks and paper tape. 
D Set breakpoints and execute user's program. 
D Single-step and trace executing user's program. 
Note: 

CP/M is a registered trademark of Digital Research Corporation. 

MD-086 Series Utilities 

The following utility programs are supplied with the 
M 0-086 series: 

ABORT Stops the specified process 
ASM86 Absolute assembler for pPD8086/8088 
ATTACH Attaches program to its console 
BACKUP Makes a complete backup copy of a 

disk 
CLEAR Clears the system console screen 
CONSOLE Displays console number 
DDT86 Dynamic debugging tool for 

pP 08086/8088 
DIR Displays disk directory of filenames 
DSKRESET Resets drives 
ED Line-oriented editor 
ERA Erases a file 
ERAQ Erases a file only after confirmation 
FORMAT Formats floppy disks 
GENCMD Converts H86 file to CMD file 
GENSYS Generates MP/M-86 operating system 
HDBACKUP Makes backup of hard disk logical 

drive 
HDDUMP Displays and changes contents of 

hard disk 
HDFORMAT Initializes hard disk logical drives 
MPMSTAT Displays MP/M-86 internal status 
PHFORMAT Physically formats hard disk 
PIP Copies files 
PRINTER Displays and sets the printer number 
REN Renames fi les 
SDIR Displays disk directory with options 
SET Sets disk and file protection levels, 

file attributes, and file time stamping 
SHOW Displays disk status and protection 

levels 
SPOOL Spools files to the list device 
STAT Displays, set files, and disk status 
STOPSPLR Stops the spooler 
SUBMIT Executes batch processing 
SYSCPY Copies system loader and MPM.SYS 
TOO Displays and sets time of day 
TYPE Displays ASCII file contents at 

console 
USER Displays and sets user number 
YEAR Sets the year 
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Five of these utilities have been incorporated into the 
operating system as resident system processes (RSPs) 
and reside in system memory. They can be executed 
without disk accesses, increasing the performance of 
the system. The RSPs in the MO-086 series include: 
ABORT, OSKRESET, MPMSTAT, PRINTER, and USER. 

MD-086 Series Development Environment 

The MD-086 series microcomputer development 
systems have been designed to provide a integrated 
software and hardware development environment for 
all NEC proprietary microcomputers, microprocessors, 
and digital signal and image processing components. 
For software development, a complete family of 
absolute and relocatable assemblers, high level lang
uage compilers, and digital signal and image processor 
simulators are available for the MO-086 Series. For 
software and hardware debug, NEC in-circuit emulators 
and Evakits can be controlled directly from the MO-086 
series consoles. 

Evakit communication programs are available for con
trolling all stand-alone Evakits via a serial link directly 
from any console of the development system. These 
programs provide program upload and download cap
ability plus a full line assembler and disassembler. 

Up to three in-circuit emulators can be plugged directly 
in the IEEE-796 backplane of the MO-086 series and 
controlled by the appropriate IE control program. In 
this bus-coupled configuration, your program debugg
ing capabilities are greatly enhanced with the addition 
of symbolic debug, macro command file capability, and 
improved file upload/download times. 

With the MO-086 series microcomputer development 
systems, you will always have access to development 
tools for NEC's newest components at the earliest 
possible time. 

Documentation 

The following documentation is supplied with the 
system. Additional copies may be obtained from NEC 
Electronics Inc. 

• MO-086FO-10 Installation Manual 
• MD-086FD-10 MP/M-86 !mplementation Manual 
• MO-910TM Terminal User Manual 
• MP/M-86 Multi-Process Monitor User's Guide* 
• MP/M-86 Operating System Guide* 
• MP/M-86 Multi-Process Monitor Programmer's 

Guide* 

* Additional copies may be obtained from Digital Research. 
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Equipment 

The following equipment is supplied with the system: 

MO-086FO-10 

• 1 System chassis 
• 2 RS-232C serial cables 
• 1 Centronics printer cable 
• 1 Line cord and ground adapter 
• 1 Spare fuse 
• 2 On-off keys 
• 2 Male OB-25 solder type connectors/shells 
• 1 Set of disk drive labels 
• 2 8" floppy diskettes 

- MP/M-86 system disk 
- MP/M-86 gensys disk 

• 1 MO-910TM system console 
- 1 RS-232C cable 
- 1 TTL level cable 
- 1 Line cord and ground adapter 

• 1 Set of documentation 

M 0-086H 0-10 

• 1 MO-086FO-10 system 
• 1 MO-0860K 

MO-0860K hard disk upgrade 

• 1 Hard disk chassis 
• 1 HOC board 
• 1 Set of interconnecting cables 
• 1 Line cord and ground adapter 

Specifications 

Processors 

Main 
Slave 

pP08086C, 5 MHz, CPU Board 
pP0780C~1, 4 MHz, FOC Board 
pP08088C-2, 6.5536 MHz, SCB Board 
pP0780C-1, 4 MHz, HOC Board 

System Memory 

512K-bytes of dynamic RAM (1 M byte total- optional) 

Operating system area 64K bytes 
Memory Disk 64K bytes 
User's Area 384K byte 

(896K bytes optional) 

External Memory 

Two double-sided 8" floppy disk drives 
- 2M-byte maximum capacity 

Optional SMO Interface 8" hard disk drive 
- 32M-byte formatted capacity 



NEe 
Bus Structure 

I EEE-796 Bus 
- 5 spare slots in MO-086FO-10 
- 4 spare slots in MO-086HO-10 

Serial Interfaces 

System console 
Serial interfaces 

RS-232C/TTL 
RS-232C 
RS-232C/TTL 

Parallel Interfaces 

Centronics printer interface 2 channel 

Operating System 

1 channel 
1 channel 
4 channel 

MP/M-86, version 2.0 with NEC proprietary enhance
ments. 

Physical Characteristics 

System Chassis 

Width 16.75 in (425 mm) 

Height 11.77 in (299 mm) 

Depth 24.21 in (615 mm) 

Weight 59.40 Ib (27 kg) 

MD·086 SERIES 

Environmental Specifications 

Temperature: -20 to +40°C, non-operating 
+10 to +40°C, operating 

Humidity: 10 to 90% relative humidity, 
non-operati ng 
30 to 80% relative humidity, operating 
(without condensation) 

Electrical Characteristics 

FCC: Class A 

AC Requirements: 

System chassis: 90-132 V, 50/60 Hz ±2%, SA 
System console: 90-132 V, 50/60 Hz ±2%, 2A 

System Console 

CRT Keyboard 

14.25 in (362 mm) 18.5 in (470 mm) 

14.29 in (363 mm) 1.50 in (38 mm) 

13.46 in (342 mm) 7.44 in (189 mm) 

19.95 Ib (9 kg) 4.41 Ib (2 kg) 
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NEe Electronics Inc. 

Description 

The MD-910TM character display terminal is an ANSI 
standard CRT terminal used as the system console of 
the M D-086 series microcomputer development system. 
The MD-910TM can also be used as an additional 
console for this system, or as an external terminal for 
any stand-alone Evakit or in-circuit emulator. 

Features 

o Multiple emulation modes 
- ANSI standard X3.64 (VT100 compatible) 
- VT52 (Digital Equipment Corporation) 

o Amber 12" nonglare screen 
o Tilt/swivel display 
o Detached low-profile keyboard conforming to DIN 

standard 
- ASCII keys, numeric keypad, four function keys 

o Total software set-up feature 
o Smooth, jump, or partial scrolling 
o 80/132 columns by 24-line display 
o Standard, double width, or double height/width 

characters 
o Blinking block, blinking underline, or invisible cursor 
o Display attributes 

- Normal, bold, blinking, reverse, underscore, 
overline, and vertical line 

O'Display status LEDs on keyboard 
o Software selectable serial interface 

- RS-232C, TTL, 20 mA current loop 
- 7- or 8-bit character with odd, even, or no parity 
- Full or half-duplex operation 
- Transfer rate: 50 to 19200 BPS 

o Power-on, self-diagnostic function and data analyzer 
mode 

o Centronics printer port 

Equipment 

The following equipment is supplied with the 
MD-910TM terminal: 

• 1 Display terminal 
• 1 Keyboard with attached cable 
• 1 RS-232C serial interface cable 
• 1 TTL serial interface cable 
• 1 AC power cord and ground adapter 
• 1 Spare fuse 
• 1 MD-910TM user's manual 

MD·910TM CHARACTER 
DISPLAY TERMINAL 

DEVELOPMENT TOOL 

Physical Characteristics 
Dimension Display Keyboard 

Width 14.25 in (362 mm) 18.05 in (470 mm) 

Height 14.49 in (363 mm) 1.50 in (38 mm) 

Depth 13.46 in (342 mm) 7.44 in (189 mm) 

Weight 19.95 Ib (9 Kg) 4.41 Ib (2 Kg) 

Environmental Specifications 

Temperature: 0 to 40°C 
Relative Humidity: 30 to 80% , non-condensing 

Electrical Characteristics 

FCC: Class A 
Power: 90-132 V AC, 50/60 Hz ±2%, 2A 

Ordering Information 
Part Number Description 

MD-910TM Character display terminal 
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NEe Electronics Inc. ~ 

Description 

The PG1000 is NEG's PROM Programmer for use with 
the MD-086 Series Development Systems and certain 
NEG Emulators. With the use of interchangeable per
sonality modules, the user can tailor the PG1000 to 
support various NEG single-chip microcomputers. The 
user controls the PG1000 via the serial interface from 
either a host computer or an external terminal, or 
directly from the on-board keypad in stand-alone 
mode. 

Features 

o Interchangeable personality modules 
o 16K of data RAM 
o Address/data display and mode specification LEDs 
o Flexible membrane keypad 
o Three modes of operation 

- Host computer controlled 
- External terminal controlled 
- Stand-alone operation 

o Serial interface: RS-232G, TTL, or 20-mA current 
loop 

o Parallel interface: TTL (two-wire handshake) 

PG1000PROM 
PROGRAMMER 

PG1000 Personality Modules 

PG1003 

The PG1003 is a plug-in personality module for the 
PG1000 PROM Programmer. This module is required 
to program thepPD78P09R, the EPROM version forthe 
pPD7808 and pPD7809 8-bit, single-chip microcom
puters. The PG1003 supports two programming modes: 
high-speed writing mode and normal writing mode. 

PG1005 

The PG1005 is a plug-in personality module for the 
PG1000 PROM Programmer. This module is required 
to program thepPD75P108, the EPROM version forthe 
pPD75104, pPD75106, and pPD75108 4-bit, single-chip 
microcomputers. I nterchangeable socket adapters are 
provided with the PG1005 to allow programming both 
shrink dip and flat packages. 
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Package/Device Cross Reference 

Package 

16-Pin Plastic DIP (300 mil) 

18-Pin Plastic DIP (300 mil) 

18-Pin Cerdip (300 mil) 

20-Pin Plastic DIP (300 mil) 

20-Pin Cerdip (300 mil) 

Device 

pPB8216C 
pPB8226C 

pPD7755C 
pPD7756C 
pPD71011C 
pPD71084C 

pPB8284AD 

pPB8282C 
pPB8283C 
pPB8286C 
pPB8287C 
pPD71082C 

pPD71083C 
pPD71086C 
pPD71087C 
pPD71088C 

pPB8288D 
pPB8289D 

20-Pin Plastic SO pPD71011G 
(Small Outline) (300 mil) pPD71082G 

pPD71083G 
pPD71084G 
pPD71086G 

pPD71087G 
pPD71088G 

24-Pin Plastic DIP (600 mil) pPD71054C 
pPD8243C 
pPD8243HC 
pPD82C43C 
pPD8253C-2 
pPD8253C-5 

24-Pin Plastic Skinny DIP (400 mil) pPD82C43CX 

28-Pin Plastic DIP (600 mil) pPD7720AC 
pPD7730C 
pPD8251AC 
pPD8251AFC 
pPD8259AC 

pPD8259AC-2 
pPD9306AC 
pPD71051C 
pPD71059C 

28-Pin Ceramic DIP (600 mil) pPD7220AD 

28-Pin Cerdip (600 mil) 

28-Pin Plastic SO 
(Small Outline) (375 mil) 

pPD7720AD 
pPD77C20D 

pPD77P20D 

pPD71065G 

PACKAGING INFORMATION 

Package 
28-Pin Plastic Leaded Chip Carrier 
(PLCC) 

30-Pin Plastic Shrink DIP (400 mil) 

40-Pin Plastic DIP (600 mil) 

Device 

pPD71051 L 
pPD71054L 
pPD71059L 

pPD71066CT 

pPD765AC 
pPD765AC-2 
pPD780C 
pPD780C-1 
pPD780C-2 

pPD7201AC 
pPD7210C 
pPD7265C 
pPD7265AC-2 
pPD7759C 

pPD8085AC-2 
pPD8085AHC 
pPD8085AHC-2 
pPD8155C 
pPD8155C-2 

pPD8155HC 
pPD8155HC-2 
pPD8156C 
pPD8156C-2 
pPD8156HC 

pPD8156HC-2 
pPD8237 AC-5 
pPD8255AC-2 
pPD8255AC-5 
pPD8257C-2 

pPD8257C-5 
pPD8279C-2 
pPD8279C-5 
pPB9201C 
pPD70008C 

pPD70008AC-4 1 
pPD70008AC-6 
pPD70108C-5 
pPD70108C-8 
pPD70116C-5 

pPD70116C-8 
pPD71055C 
pPD72001C 
pPD72065C 
pPD72066C 
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Package/Device Cross Reference 

Package Device Package Device 

40-Pin Ceramic DIP (600 mil) J.lPD7201AD 44-Pin Plastic Leaded Chip Carrier J.lPD70108L-8 
J.lPD7220AD (PLCC) (cont) J.lPD70116L-5 
J.lPD7220AD-1 J.lPD70116L-8 
J.lPD7220AD-2 J.lPD71055L 
J.lPD7260D J.lPD72001L 

J.lPD7261AD J.lPD72065L 
J.lPD72618D-18 J.lPD72066L 
J.lPD7262D 48-Pin Plastic DIP (600 mil) J.lPD71071C 
J.lPD7281 D J.lPD72105C 
J.lPD8086D 

J.lPD8088D 
48-Pin Ceramic DIP (600 mil) J.lPD71071D 

J.lPD8088D-2 52-Pin Plastic Miniflat J.lPD70108G-5 

J.lPD70108D-5 J.lPD70108G-8 

J.lPD70108D-8 J.lPD70116G-5 

J.lPD70108D-10 J.lPD70116G-8 

J.lPD70116D-5 
J.lPD71071G 
J.lPD72065G 

J.lPD70116D-8 J.lPD72066G 
J.lPD70116D-10 
J.lPD72191D 52-Pin Plastic Leaded Chip Carrier J.lPD71 071 L 

40-Pin Cerdip (600 mil) J.lPD8086D 
(PLCC) J.lPD72105L 

J.lPD8086D-2 68-Pin Plastic Leaded Chip Carrier J.lPD70208L 

44-Pin Plastic Miniflat J.lPD70008AG-4 
(PLCC) J.lPD70216L 

J.lPD70008AG-6 68-Pin Ceramic PGA J.lPD70208R 

J.lPD71051G J.lPD70216R 

J.lPD71054G J.lPD70616R 

J.lPD71055G J.lPD77230R 

J.lPD71059G 80-Pin Plastic Miniflat J.lPD70208G 

44-Pin Plastic Leaded Chip Carrier J.lPD77C20L J.lPD70216G 

(PLCC) J.lPD70008AL-6 
J.lPD70108L-5 

132-Pin Ceramic PGA J.lPD9305R 
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16-Pln Plastic DIP (300 mil) 

16 

IIem Millimeters Inches 

A 20.32 max 0.8 max 

B 1.27 max .05 max 

C 2.54 [TP] .10 [TP] 

0 .5±.10 .02 
+.004 
-.005 

17.78 .70 

1.2 min .047 min 

G 3.5 ±.3 .138 ± .012 

H .51 min .02 min 
A 

.. 1 

4.31 max .17 max N 

5.08 max .2 max 

K 7.62 [TP] .3 [TP] 

6.4 .252 

M .25 +.10 .01 +.004 
-.05 -.003 

N 1.0 min .039 min 

Notes: 1. Each lead centerline Is located 
wlthln.25mm [.01 Inch] of Its true 
position [TP] at maximum mate· 
rial condition. 

2. IIem "K" to center of leads when 
formed parallel. -li-

M 

83·0014898 

18-Pln Plastic DIP (300 mil) 

18 10 

Ilem Millimeters Inches 

A 22.86 max .9 max 

B 1.27 max .05 max 

C 2.54 [TP] .10 [TP] 

0 .5±.10 .02 +.004 
-.005 

20.32 .8 

1.2 min .047 min 

G 3.5±.3 .138 ± .012 

H .51 min .02 min 
A 

, .1 
4.31 max .17 max 

5.08 max .2 max 

K 7.62 [TP] .3 [TP] 

6.4 .252 

M .25 + .10 .01 + .004 
-.05 - .003 

N 1.0min .039 min 

Notes: 1. Each lead centerline is located 
within .25 mm [.01 inch] of its true 
position [TP] al maximum mate· 
rial condition. 

2. Item "K" to center of leads when 
formed paraliel. \...----

0·15' 

83-0014908 
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18-Pin Cerdlp (300 mil) 

18 10 

Item Millimeters Inches 

A 22.86 max .900 max 

B 1.27 max .050 max 

C 2.54 [TP] .100 [TP] 

0 .46± .05 .018 ± .002 

20.32 .800 

F 1.42 min .055 min 

G 3.5± .3 .138±.012 

H .51 min .020 min 
, .1 

3.95 .156 

5.08 max .200 max 

K 7.62 [TP] .300 [TP] 

6.60 .260 

M .25 ± .05 .010 ~:~~~ 
N .89 min .035.mln 

Notes: 

[1] Each lead centerline Is located within .25 
mm [.010 Inch] of Its true position [TP] at 
maximum material condition. 

[2] Item uK" to center of leads when formed 
parallel. 

83-0036298 

20-Pln Plastic DIP (300 mil) 

20 11 

Item Millimeters Inches 

A 25.40 max 1.000 max 

B 1.27 max .050 max 

C 2.54 [TP] .100 [TP] 

0 .50±.10 .020 ~:~~: 
22.86 .900 

1.1 min .043 min 

G 3.5 ± .30 .138 ± .012 

H .51 min .020 min 

I 4.31 max .170 max 

5.08 max .200 max 

K 7.62 [TP] .300 [TP] 

6.4 .252 

M .25 ~:~~ .010 ~:~~: 
N .9mln .035 min 

Note: 

[1] Each lead centerline is located within .25 
mm [.010 Inch] of its true position [TP] at 
maximum material condition. 

[2]lIem uK" to center of leads when formed 
parallel. 

83-0014918 
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20-Pin Cerdip (300 mil) 

Item Millimeters Inches 20 11 

A 25.40 max 1.000 max 

B 1.27 max .050 max 

C 2.54 [TPJ .100 [TPJ 

D .46 ±.06 .018 ±.002 

22.86 .900 

1.42 min .055 min 

G 3.5±.3 .138 ±.012 

H .51 min .020 min 

3.95 .156 

5.08 max .200 max 

K 7.62 [TPJ .300 [TPJ 

7.32 .288 

M .25 ±.05 .010 ~:~~~ 
N .89 min .035 min 

Note: 

[1 J Each lead centerline is located within 
.25 mm [.01 inchJ of its true 
position [TPJ at maximum material 
condition. 

[2J Item "K" to center of leads when 
formed parallel. 

83·0038498 

20-Pin Plastic SO (Small Out/ine) (300 mil) 

Item Millimeters Inches 
20 11 

A 13.00 max .512 max 

B .78 max .031 max 

C 1.27 [TPJ .050 [TPJ 

D .40 ~:~~ .016 ~:~~: 
.1±.1 .004 ±.004 

1.8 max .071 max 

G 1.50 .059 o 
H 8.2±.3 .323 ±.012 

6.0 .236 

1.1 .043 

K .15 ~:~~ .006 ~:~~~ 

.6±.2 .024 ~:~~: 
M .12 .005 

Note: 

[1] Each lead centerline is located within 
.12 mm [.005 inchJ of its true 
position [TPJ at maximum material 
condition. 

I.' " .1 

A ~ 
Jer----i -~-i -I -~ W ~~=1==>\J=+, 
DeB 

83·0038508 
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24-Pln Plastic DIP (600 mil) 

Item MIllimeters Inches 

A 33.02 max 1.3 max 

B 2.54 max .10 max 

C 2.54 [TP] .10 [TP] 

0 .5±.10 .02 +.004 
-.005 

27.94 1.1 

F 1.2 min .047 min 

G 3.6±.3 .138 ± .012 

H .51 min .02 min 

4.31 max .17 max 

5.72 max .226 max 

K 15.24 [TP] .60 [TP] 

13.2 .52 

M .25 +.10 .01 +.004 
-.05 - .003 

Notes: 1. Each lead centerline Is located 
within .25 mm [.01 Inch] of Its true 
position [TP] at maximum mate-
rial condlllon. 

2. Item uK" to center of leads when 
formed parallel. 

24-Pln Plastic SkInny DIP (400 mil) 

10-8 

Item Millimeters Inches 

A 35.56 max 1.400 max 

B 3.81 max .150 max 

C 2.54 [TP] .100 [TP] 

0 .50 ~:~5 .020 ~:~~: 
27.94 1.100 

F 1.1 min .043 min 

G 3.6±.3 .142 ±.012 

H .51 min .020 min 

4.31 max .170 max 

5.72 max .226 max 

K 10.16 [TP] .400 [TP] 

8.6 .339 

M .25~:~~ .010 ~:~~: 
Nole: 

[1] Each lead centerline Is located within 
.12 mm [.005 Inch] of Its true 
position [TP] at maximum material 
condiiiun. 

[2] Item "K" to center of leads when formed 
parallel. 

24 

24 

NEe 
13 

A 
" .1 

83-0014926 

13 

A " .1 
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28-Pin Plastic DIP (600 mil) 

Item Millimelers Inches 

A 38.1 max 1.5 max 

B 2.54 max .10 max 
.. ------

C 2.54 [TP] .10 [TP] 
-_ ..... _---_ .. _0_-

D .5 ± .10 .02 
+ .004 
- .005 

----._-----
33.02 1.3 

._---------
1.2min .047 min 

---_ .... _------
G 3.6 ±.3 .142 ± .012 

H .51 min .02 min 
--_._------.---

4.31 max .17 max 

5.72 max .226 max 

K 15.24 [TP] .60 [TP] 

13.2 .52 

M .25 +.10 
.01 

+ .004 
- .05 - .003 

Notes: 1. Each lead centerline Is located 
wllhln.25mm [.01 inch] of Its true 
position [TP] at maximum mate
rial condition. 

2. Item uK" to center of leads when 
formed parallel. 

28-Pln CeramiC DIP (600 mil) 

Item Millimeters Inches 

A 38.10 max 1.500 max 

B 2.54 max .100 max 

C 2.54 [TP] .100 [TP] 

D .46 ±.05 .018 ±.002 

33.02 1.3 

.92 min .036 min 

G 3.5 ±.3 .138 ±.012 

H 1.0 min .039 min 

4.57 max .180 max 

15.24 [TP] .600 [TP] 

K 14.93 .588 

.25 ±.05 .010 ~:~~~ 
Note: 

[1] Each lead centerline Is located within 
.25 mm [.01 inch] of its true 
position [TP] at maximum material 
condition. 

[2] Item uK" to center of leads when 
formed parallel. 

PACKAGING INFORMATION 

28 15 

A 

141 
" 

ItHJ 

H G 

...-
C B M 

83-0014078 

I' 
K 

"I I 

: 
I 

I 

II! ~~ ~~ ~ 
D 0-15 0 

83-0038468 
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28-Pln Cerdlp (600 mil) 

28 15 

Item Millimeters Inches 

A 38.10 max 1.500 max 

B 2.54 max .100 max 

C 2.54 [TP] .100 [TP] 

D .50±.10 .020 ~:~~: 
E 33.02 1.300 

F 1.2 min .047 min 

G 3.5±.3 .138 ±.012 

H .51 min .020 min 

3.80 .150 A 
" .1 

5.08 max .200 max 

K 15.24 [TP] .600 [TP] 

13.21 .520 

M .25 ±.05 .010 ~:~~~ 
Note: 

[1] Each lead centerline Is located within 
.25 mm [.01 Inch] of Its true 
position [TP] at maximum material 
condition. 

[2] Item "K" to center of leads when formed 
parallel. 

83-003927B 

28-Pln Plastic SO (Small Outline) (375 mil) 

28 15 
Item MIllimeters Inches 

A 18.07 max .712 max 

B .78 max .031 max 

C 1.27 [TP] .050 [TP] 

D .40~:~~ .016 ~:~~: 
.1±.1 _004±_004 

2.9 max .115 max 

G 2_50 _098 

H 10.3±.3 .406~:~~ 
7_2 .283 

1.6 .063 

K .15~:~~ .006 ~:~~: 

.8±.2 _031 ~:~~: 
Note: 
[1] Each lead centerline Is located within 

.12 mm [.005 Inch] of Its true 
position [TP] at maximum material 
\:oiidlt~~i':. c 

83-003845B I 
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28-Pln Plastic Leaded Chip Carrier (PLCC) 

Item Millimeters Inches 

A 12.45 ±.2 .490 ±.008 

B 11.50 .453 

C 11.50 .453 

0 12.45 ±.2 .490 ±.008 

1.94 ± .15 .076 ~:~~~ 
.6 .024 

G 4.4±.2 .173 ~:~~: 

H 2.8±.2 .110 ~:~~: 
0.7 min .028 min 

3.6 .142 

K 1.27 [TPJ .050 [TPJ 
Note 1 

.7 .028 

M .40±.10 .016 ~:~~: 

N 10.42 ±.20 .410 ~:~~: 
0 .15 .006 

Note 2 

1.0 .040 

Q R .8 R .031 

.20 ~:~~ .008 ~:~~~ 
Note: 

[1 J Each lead centerline is located within 
.12 mm [.005 inchJ of Its true 
position [TPJ at maximum material 
condition. 

[2J Flat within .15 mm [.006 inchJ total. 

30-Pln Plastic Shrink DIP (400 mil) 

Item Millimeters Inches 
30 

A 28.46 max 1.121 max 

B 1.78 max .070 max 

C 1.778 [TPJ .070 [TPJ 

0 .50±.10 .020 ~:~~: 
24.89 .980 

.85 min .033 min 

G 3.2±.3 .126 ±.012 

H .51 min .020 min 

4.31 max .170 max 

5.08 max .200 max 

K 10.16 [TPJ .400 [TPJ 

8.6 .339 

M .25 +.10 
.010 ~:~~~ -.05 

Note: 

[1 J Each lead centerline is located within 
.17 mm [.007 inchJ of its true 
position [TPJ at maximum material 
condition. 

[2J Item "K" to center of leads when 
formed parallel. 

PACKAGING INFORMATION 

A 

26 

28 

83-0037898 

16 

83-0038488 
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40-Pin Plastic DIP (600 mil) 

Item Millimeters Inches 

A 53.34 max 2.100 max 

B 2.54 max .100 max 

C 2.54 [TP] .100 [TP] 

0 .50 ± .10 .020 ~:~~: 
48.26 1.900 

1.2 min .047 min 

G 3.6± .3 .142 ± .012 

H .51 min .020 min 

4.31 max .170 max 

5.72 max .226 max 

K 15.24 [TP] .600 [TP] 

13.2 .520 

M .25 ~:~~ .010 ~:~~~ 
Notes: 

[1] Each lead centerline Is located within .25 
mm [.010 Inch] of Its true position [TP] at 
maximum material condition. 

[2] Item "K" to center of leads when formed 
parallel. 

40-Pin Ceramic DIP (600 mil) 

Item Millimeters Inches 

A 53.34 max 2.100 max 
------------

B 2.54 max .100 max 

C 2.54 [TP] .100 [TP] 

o .46 ±.05 .018 ±.002 

48.26 1.900 
---

.92 min .036 min 

G 3.5 ±.03 .0138 ±.012 
------------

H 1.0 min .039 min 
--~----------

I 2.64 .104 

J 4.57 max .180 max 
--~-----------

K 15.24 [TP] .600 [TP] 

14.93 .588 

M .25 ±.05 .010 ~:~~; 

Note: 

[1] Each lead centerline is located within 
.25 mm [.001 inch] of its true position [TP] 
at maximum material condition. 

[2] Item uK" to center of leads when formed 
parallel. 
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NEe 
40-Pin Cerdip (600 mil) 

Item Millimelers Inches 

A 53.34 max 2.100 max 

B 2.54 max .100 max 

C 2.54 [TP] .100 [TP] 

0 .50±.10 .020 ~:~~: 
----------------------~ 

E 48.26 1.900 

G 

H 

1.2 min .047 min 

3.5±.3 0.138 ±.012 

.51 min .020 min 

3.80 .150 

5.08 max .200 max 

K 15.24 [TP] .600 [TP] 
~--------------.------

13.21 .520 

M .25 ±.05 .010 ~:~~~ 
Nole: 

[1] Each lead cenlerline is localed wilhin 
.25 mm [.01 inch] of ils Irue 
posllion [TP] al maximum malerial 
condilion. 

[2] Item uK" 10 cenler of leads when formed 
parallel. 

44-Pin Plastic Miniflat 

Item Millimelers Inches 

A 13.6±.4 .535 ~:~~~ 
10±.2 .394 ~:~~: 

c 10±.2 .394 ~:~~: 
o 13.6±.4 .535 ~:~~~ 

8.0 .315 

F 1.0 .039 ----------------------
G 1.0 .039 

H .35 ~:~g .014 ~:~g~ 
.8 [TPJ .031 [TP] 
NOle1 

1.8±.2 .071 ~:~~: 
K 1.0±.2 .039 ~:~~: 

.15~:~~ .006 ~:~~: 
M .15 .006 

Nole2 

N 1.45±.1 .057 ~:~~~ 
o 0.0±.1 0.000 ±.004 

1.65 max .065 max 

Nole: 

[1J Each lead cenlerline is localed wllhin 
.15 mm [.006 inchJ of its Irue 
posilion [TPJ al maximum malerial 
condition. 

[2] Flal wilhin .15 mm [.006 inchJ lolal. 

PACKAGING INFORMATION 
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PACKAGING INFORMATION 

44-Pln Plastic Leaded Chip Carrier (PLCC) 

lIem Millimeters Inches 

A 17.5 +.2 .689 ±.008 

B 16.58 .653 

C 16.58 .653 

0 17.5 ±.2 .689 ±.008 

1.94±.15 .076 ~:~~~ 
.6 .024 

G 4.4±.2 .173 ~:~~: 
H 2.8± .2 .110~:~~: 

.7 min .028 min 

3.6 .142 

K 1.27 [TP] .050 [TP] 
Note 1 

.7 .028 

M .40± .10 .016 ~:~~: 

N 15.50 ± .20 .610 ~:~~: 
0 .15 .006 

Note 2 

P 1.0 .040 

Q R .8 R .031 

R .20 ~:~~ .008 ~:~~~ 
Note: 

[1] Each lead centerline is located within 
.12 mm [.005 Inch] 01 Its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 Inch] total. 

48-Pln Plastic DIP (600 mil) 

lIem Millimeters Inches 

A 63.50 max 2.5 max 

B 2.54 max .10 max 

C 2.54 [TP] .10 [TP] 

0 .51.. .10 .02 
+ .004 
- .005 

E 58.42 2.3 

1.1 min .043 min 

G 3.6± .3 .142 ± .012 

H .51 min .02 min 

4.31 max .17 max 

5.72 max .226 max 

K 15.24 [TP] .60 [TP] 

13.8 .543 

M .25 
+.10 

.01 
+.004 

- .05 - .003 

Notes: 
1. Each lead centerline is located within .25 

mm [.01 inch] 01 its true position [TP] at 
maximum material condition. 

2. lIem "K" to center 01 leads when lormed 
parallel. 
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NEe PACKAGING INFORMATION 

48-Pin Ceramic DIP (600 mil) 

Item MIllimeters Inches 

A 63.50 max 2.500 max ~ ~ 

B 2.54 max .100 max 

C 2.54 [TP] .100 [TP] 

0 .46 ±.05 .018 ±.002 

58.42 2.300 

.92 min .036 min 

G 3.5 ±.3 .138 ±.012 

H 1.0 min .039 min 

~:::::::]G[::::::::;.I 
A 

2.74 .108 
Note 1 

4.57 max .180 max 

K 15.24 [TP] .600 [TP] 

14.93 .588 

M .25 ±.05 .010 =:~~~ 
Note 2 

Note: 

[1] Each lead centerline Is located within 
.25 mm [.01 inch] of its true 
position [TP] at maximum material 
condition. 

[2] Item "K" to center of leads when 
formed parallel. 

52-Pin Plastic Mlniflat 

Item Millimeters 

A 21.0±.4 

B 14±.2 

c 1.0 [TP] 
Note 1 

o .40±.10 

1.0 

3.5±.2 

G 2.2±.2 

H .15=:~~ 
.15 
Note 2 

2.6 =:~~ 
K .1±.1 

Note: 

Inches 

.827 ±.016 

.551 =:~~: 

.039 [TP] 

.016 =:~~: 

.039 

.138 =:~~: 

.087 =:~~: 

.006 =:~~: 

.006 

.102 =:~~: 

.004 ±.004 

[1] Each lead centerline Is located within 
.20 mm [.008 inch] of Its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 Inch] total. 

I r j l gt ~ I -t. 
E 

83-0038538 

A 

B A 

o c 

L~~ Kt -------:=-=-==U f H 
G 83-0009328 
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PACKAGING INFORMATION NEe 
52-Pin Plastic Leaded Chip Carrier (PLCC) 

Item Millimeters Inches 

A 20.1 ±.2 .791 ~:~~: A 

B 19.12 .753 

C 19.12 .753 46 34 

0 20.1 ±.2 .791 ~:~~: 
47 33 

1.94 ±.15 .076 ~:~~~ 
.6 .024 

G 4.4±.2 .173 ~:~~: 
52 

H 2.8±.2 .110 ~:~~: + c 0 

.7 min .028 min 

3.6 .142 

1.27 [TP] .050 [TP] 
Note 1 

.7 .028 21 

M .40 ±.10 .016 ~:~~: 
20 

N 18.04 ±.20 .710 ~:~~: 
0 .15 .006 

Note 2 
-----~--~-.. -----

P 1.0 .040 
--~-----~----~~--

Q R .8 R .031 
------~-.----------

.20 ~:~~ .008 ~:~~~ 
Note: 

Q 
[1] Each lead centerline is'located within 

.12 mm [.005 inch] 01 its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 inch] total. N 
83-0037918 
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NEe 
68-Pln Plastic Leaded Chip Carrier (PLCC) 

Item Millimeters Inches 

A 25.2 ±.2 .992 ±.008 -----_. 
24.20 .953 

c 24.20 .953 

0 25.2 ±.2 .992 ±.008 

1.94 ±.15 .076 =:gg~ 
.6 .024 

G 4.4±.2 .173 =:g~: 

H 2.8±.2 .110 =:gg: 
.7min .028 min 

3.6 .142 

K 1.27 [TP] .050 [TP] 
Note 1 

.7 .028 

M .40±.10 .016 =:~~: 
N 23.12 ±.20 .910 =:gg: 
0 .15 .006 

Note 2 

P 1.0 .040 

Q R .8 R .031 

R .20 =:~~ .008 =:gg: 
Note: 

[1] Each lead centerline Is located within 
.12 mm [.005 Inch] of lis true 
posilion [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 inch]tolal. 

68-Pln Ceramic PGA 

Item Millimeters Inches 

A 27.9 =:: 1.10 =:g~~ 
B 2.8±.3 .110±.012 

C 1.25 .049 

0 5.08 max .200 max 

2.54 [TP] .100 [TP] 

¢1.2±.2 .047 ±.008 

G ¢ .46±.05 .018 ±.002 

H .5mln .020 min 

Note: 

[1] Each lead centerline is located within 
.25 mm [.010 inch] of Its true 
position [TP] at maximum material 
condition. 

0 
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PACKAGING INFORMATION 

80-Pln Plastic Mlnlflat 

Item MIllimeters 

Note: 

A 24.7±.4 

B 

c 

D 

G 

H 

K 

M 

N 

o 

20±.3 

14±.2 

18.7±.4 

12 

1.0 

.8 

.35±.1 

.8 [TP] 
Note 1 

2.35 ±.3 

1.2±.2 

.15 
Note 2 

2.05 ~:~ 
.1±.1 

Inches 

.551 ~:~~: 

.736 ±.016 

.472 

.039 

.031 

.031 [TP] 

.006 

.081 ~:~~: 

.004 ±.004 

[1] Each lead centerline Is located within 
.15 mm [.006 Inch] 01 Its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 Inch] total. 

132-Pln Ceramic PGA 

10-18 

Item Millimeters Inches 

A 35.56 1.400 
------

B 22.70 .894 
---------

C 33.02 1.300 

D 

E 

G 

H 

--------
4.5 max 

2.54 

t/> .40 

2.8 

2.28 

3.8 

.177 max 

.100 

.016 

.110 

.090 

.150 
I· 
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