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Selection Guides
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Part Numbering System
wPD72001L  Typical microdevice part number
uP NEC monolithic silicon integrated circuit
D Device type (D = digital MOS)
72001 Device identifier (alphanumeric)
L Package type (L = PLCC)

A part number may include an alphanumeric suffix that
identifies special device characteristics; for example,
wPD72001L-11 has an 11-MHz data clock rating.



N EC Single-Chip

f . Microcomputers
NEC Electronics Inc. Selection Guide
4-Bit, Single-Chip CMOS Microcomputers
Device, Clock Supply ROM  RAM
uPD Features (MHz) Voltage (V) (X8) (X4) Vo # Package Pins
7502 LCD controller/driver 04 25t06.0 2K 128 23 Miniflat 64
7503 LCD controller/driver 0.4 25t06.0 4K 224 23 Miniflat 64
7507 General-purpose 04 271060 2K 128 32 DIP 40

SDIP 40

Miniflat 52

7508 General-purpose 04 271060 4K 224 32 DIP 40

SDIP 40

Miniflat 52

75CG08 Piggyback EPROM 04 45t055 2K or 4K 224 32 Ceramic DIP 40

7514 LCD controller/driver 05 271060 4K 256 31 Miniflat 80

7527A FIP controller/driver 06 271060 2K 128 35 DIP 42

SDIP 42

7528A FIP controller/driver 06 271060 4 160 35 DIP 42

SDIP 42

75CG28 Piggyback EPROM; 05 451055 4K 160 35 Ceramic DIP 42
FIP controller/driver

7533 A/D converter 05 271060 4K 160 30 DIP 42

SDIP 42

Miniflat 44

75CG33 Piggyback EPROM; 05 451055 4K 160 30 Ceramic DIP 42

A/D converter

7537A FIP controller/driver 06 271060 2K 128 35 DIP 42

' SDIP 42

7538A FIP controller/driver 06 271060 4K 160 35 DIP 42

_ SDIP 42

75CG38 Piggyback EPROM; 05 451055 4K 160 35 Ceramic DIP 42
FIP controller/driver

7554 Serial 1/0; external clock 07 271060 1K 64 16 SDIP 20

or RC oscillator SOP 20

75P54 Serial 1/0; external clock 07 45t06.0 1K 64 16 SDIP 20

K or RC oscillator OTPROM SOP 20

7564 Serial 1/0; ceramic oscillator 07 271060 1K 64 16 SDIP 20

SOP 20

75P64 Serial 1/0; ceramic oscillator 07 451060 1K 64 16 SDIP 20

: OTPROM SOP 20

7556 Comparator; external 07 271060 1K 64 20 SDIP 24

clock or RC oscillator SopP 24

75P56 Comparator; external 07 451060 1K 64 20 SDIP 24

clock or RC oscillator OTPROM SOP 24

7566 Comparator; ceramic oscillator 0.7 2.71t06.0 1K 64 19 SDIP 24

SOP 24

75P66 Comparator; ceramic oscillator 07 45t06.0 1K 64 19 SDIP 24

. OTPROM SOP 24

75004 General-purpose 419 271060 4K 512 34 SDIP 42

Miniflat 44

# Plastic unless ceramic (or cerdip) is specified.
* Under development; consult Microcontroller Marketing for availability.
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NEC

4-Bit, Single-Chip CMOS Microcomputers (cont)

Device, Clock  Supply ROM  RAM
wPD Features (MHz) Voltage (V) (X8) (Xa) Vo # Package Pins
75006 General-purpose 419 271060 6K 512 34 SDIP 42
Miniflat 44
75008 General-purpose 419 271060 8K - 512 34 SDIP 42
Miniflat 44
75P008 General-purpose 419 45t055 8K 512 34 SDIP 42
OTPROM Miniflat 44
75028 * A/D converter 419 271060 8K 512 40 SDIP 64
Miniflat 64
75P028 * A/D converter 419 451060 8K 512 40 SDIP 64
Miniflat 64
75048 * A/D converter; 0.5K EEPROM 419 271060 8K 512 40 sDIP 64
Miniflat 64
75104 High-end with 8-bit instruction 4.19 2.7t06.0 4096 320 58 SDIP 64
Miniflat 64
75106 High-end with 8-bit instruction 4.19 271060 6016 320 58 sDIP 64
Miniflat 64
75108 High-end with 8-bit instruction 4.19 271060 8064 512 58 SDIP 64
Miniflat 64
75P108 High-end with 8-bit instruction; 4.19 451055 8064 512 58 DIP 64
on-chip OTPROM or UVEPROM Miniflat 64
. Shrink cerdip 64
75112 High-end with 8-bit instruction 419 271060 12,032 512 58 sDIP 64
Miniflat 64
75116 High-end with 8-bit instruction 419 271060 16,128 512 58 SDIP 64
Miniflat 64
75P116 High-end with 8-bit instruction 419 451055 16,128 512 58 DIP 64
OTPROM Miniflat 64
75206 FIP controller/driver 419 271060 6016 369 32 SDIP 64
Miniflat 64
75208 FIP controller/driver 4.19 271060 8064 497 32 SDIP 64
Miniflat 64
750G208 FIP controller/driver; 419 451055 8064 512 32 Ceramic SDIP 64
piggyback EPROM Ceramic flatpack 64
75212A FIP controller/driver 419 271060 12,160 512 32 sDIP 64
Miniflat 64
75216A FIP controller/driver 4.19 271060 16,256 512 32 SDIP 64
Miniflat 64
75CG216A FIP controller/driver; 419 451055 16,256 512 32 Ceramic SDIP 64
piggyback EPROM Ceramic miniflat 64
75P216A * FIP controller/driver 419 451055 16,256 512 32 SDIP 64
OTPROM
75268 * FIP controller/driver 419 271060 8064 512 20 SDIP 64
Flatpack 64
75304 LCD controller/driver 4.19 271060 4K 512 68 Miniflat 80
75306 LCD controller/driver 419 271060 6K 512 68 Miniflat 80
75308 LCD controller/driver 419 271060 8K 512 68 Miniflat 80
75P308 LCD controller/driver; 419 451055 8K 512 68 Miniflat 80
on-chip OTPROM or UVEPROM Ceramic LCC 80
75312 LCD controller/driver 419 271060 12K 512 68 Miniflat 80




NE C Single-Chip

4-Bit, Single-Chip CMOS Microcomputers (cont)

Device, Clock Supply ROM' RAM
wPD Features (MHz) Voltage (V) (X8) (X4) Vo * Package Pins
75316 LCD controller/driver 4.19 271060 16K 512 68 Miniflat 80
75P316A * LCD controller/driver; 419 271060 16K 512 68 Miniflat 80
on-chip OTPROM or UVEPROM Ceramic LCC 80
75328 LCD controller/driver; 4.19 271060 8064 512 24 Miniflat 80
A/D converter
75P328 LCD controller/driver; 419 451055 8064 512 24 Miniflat 80
A/D converter OTPROM
75402 Low-end 4.19 271060 1920 64 22 DIP 28
SDIP 28
Miniflat 44
75P402 Low-end 419 451055 1920 64 22 DIP 28
OTPROM SDIP 28
Miniflat 44
75516 High-end; A/D converter 419 271060 16K 512 68 Miniflat 80
75P516 High-end; A/D converter 4.19 45t055 16K 512 68 Miniflat 80
OTPROM LCC 80
8-Bit, Single-Chip NMOS/CMOS Microcomputers
Device, Clock Supply ROM RAM
wPD Features (MHz) Voltage (V) (X8) (X8) o # Package Pins
7810H NMOS; A/D converter 16 451055 External 256 32 SDIP 64
QuiP 64
7811H NMOS; A/D converter 15 451055 4K 256 44 SDIP 64
Quip 64
78PG11H NMOS; A/D converter 15 45t055 4K 256 44 Ceramic QUIP 64
piggyback EPROM
78C10/78C10A CMOS; A/D converter 15 45t055 External 256 32 Quip 64
SDIP 64
Miniflat 64
PLCC 68
78C11/78C11A CMOS; A/D converter 15 451055 4K 256 44 Quip 64
SDIP 64
Miniflat 64
PLCC 68
78C12A CMOS; A/D converter 15 451055 8K 256 44 Quip 64
SDIP 64
Miniflat 64
PLCC 68
78C14 CMOS; A/D converter 15 451055 16K 256 44 auip 64
SDIP 64
Miniflat 64
PLCC 68
78CP14 CMOS; A/D converter 15 451055 16K 256 44 auip 64
OTPROM SDIP 64
Miniflat 64
PLCC 68
16K 256 44 Ceramic QUIP 64
UVEPROM Shrink cerdip 64
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Single-Chip

NEC

8-Bit, Single-Chip NMOS/CMOS Microcomputers (cont) .

Device, Clock Supply ROM RAM
wPD Features (MHz)- Voltage (V) (X8) (X8) Vo # Package Pins
78213 CMOS; A/D converter; 12 451055 External 512 54 SDIP 64
advanced peripherals auip 64
Miniflat 74
PLCC 68
78214 CMOS; A/D converter; 12 451055 16K 512 54 spiP 64
advanced peripherals Quip 64
Miniflat 74
PLCC 68
78P214 CMOS; A/D converter; 12 451055 16K 512 54 SDIP 64
advanced peripherals OTPROM Quip 64
' Miniflat 74
PLCC 68
16K 512 54 Shrink cerdip 64
i UVEPROM Ceramic QUIP 64
78220 CMOS; analog comparator; 12 451055 External 640 7 PLCC 84
large 1/0 ) Miniflat 94
78224 CMOS; analog comparator; 12 451055 16K 640 71 PLCC 84
large 1/0 k Minifiat 94
78P224 CMOS; analog comparator; 12 45t055 16K 640 7 PLCC 84
large 1/0 OTPROM Miniflat 94
78233 * CMOS; real-time outputs; 12 451055 External 640 54 Miniflat 80
A/D and D/A converters ' , Miniflat 94
PLCC 84
78234 * CMOS; real-time outputs; 12 451055 16K 640 54 Miniflat 80
A/D and D/A converters Miniflat 94
PLCC 84
78P234 * CMOS; real-time outputs; 12 451055 16K ' 640 54 Miniflat 80 .
A/D and D/A converters OTPROM Miniflat 94
PLCC 84
16-Bit, Single-Chip CMOS Microcomputers
Device, Clock Supply ROM RAM
wPD Features (MHz) Voltage (V) (X8) (X8) /o] # Package Pins
78310A Real-time motor control 12 451055 External 256 48 SDIP 64
Quip 64
Miniflat 64
PLCC 68
78312A Real-time motor control 12 451055 8K 256 48 SDIP 64
Quip 64
Miniflat 64
PLCC 68
78P312A Real-time motor control 12 45t055 8K 256 48 Shrink cerdip 64
UVEPROM Ceramic QUIP 64
8K 256 48 sDIP 64
OTPROM auip 64
PLCC 68
78320 High-end; advanced analog 16 451055 External 640 55 Miniflat 64
and digital peripherals PLCC 68
78322 High-end; advanced analog 16 45t055 16K 640 55 Miniflat 64
and digital peripherals 5 PLCC 68




NEC Single-Chip

16-Bit, Single-Chip CMOS Microcomputers (cont)

Device, Clock Supply ROM RAM

wPD Features (MHz) Voltage (V)  (X8) (X8) o * Package Pins

78P322 High-end; advanced analog 16 451055 16K 640 55 PLCC 68
and digital peripherals OTPROM

71P301 Port and memory extender - 451055 16K 1K 16 PLCC 44
used with 7832X Miniflat 64
microcomputer family; Ceramic QUIP 64
UVEPROM or OTPROM

8-Bit, Single-Chip Microcomputers

Device, Clock Supply ROM RAM
uPD Features (MHz) Voitage (V)  (X8) (X8) Vo * Package Pins
8035HL HMOS 6 451055 External 64 27 DIP 40
8039HL HMOS 1 451055 External 128 27 DIP 40
80C39H CMOS 12 25t06.0 External 128 27 DIP 40
Miniflat 44
80C40H CMOS 12 25t06.0 External 256 27 DIP 40
8041AH NMOS; universal PP! 1 45t055 1K 64 18 DIP 40
80C42 CMOS; universal PP1 12 451055 2K 128 18 DIP 40
Miniflat 44
8048H HMOS 6 451055 1K 64 27 DIP 40
8049H HMOS 1 451055 2K 128 27 DIP 40
80C49H CMOosS 12 251060 2K 128 27 DIP 40
49H CMos 12 251060 2K 128 27 Miniflat 44
80C50H CMOs 12 25t06.0 4K 256 27 DIP 40
50H CMOS 12 25t06.0 4K 256 27 Minifiat 44
8741A NMOS; universal PPI; UVEPROM 6 45t055 1K 64 18 Cerdip 40
8748H NMOS; OTPROM or UVEPROM 11 45055 1K 64 27 DIP 40
Cerdip 40
8749H HMOS; OTPROM or UVEPROM 11 451055 2K 128 27 DIP 40
Cerdip 40
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V-Series
Microprocessors and Peripherals
Selection Guide

NEC

NEC Electronics Inc.

CMOS Microprocessors
Device, Data Clock
wPD Features Bits (MHz) * Package Pins
70008A *Z80 microprocessor 8 8 pIp 40
Minifiat 44
PLCC 44
70108 8088 compatible; enhanced 8/16 8or 10 DIP 40
(V20) Ceramic DIP 40
Miniflat 52
PLCC 44
70116 8086 compatible; enhanced 16 8or10 DIP 40
(V30) Ceramic DIP 40
Miniflat 52
PLCC 44
70208 MS-D0S, V20 compatible CPU with peripherals 8/16 8or10 Ceramic PGA 68
(V40) PLCC 68
Miniflat 80
70216 MS-DOS, V30 compatible CPU with peripherals 16/16 8or10 PGA 68
(V50) ) PLCC 68
Miniflat 80
70616 32-bit; high-speed 16/32 16 PGA 68
(V60)
70632 32-bit; high-speed 32/32 20/25 PGA 132
(V70)
70832 32-bit; high-speed 32/32 25 Ceramic PGA 208
(v80)
70136 Hardwired, enhanced V30 16 120r16 PGA 68
(V33) PLCC 68
70236 V33 core-based; high-integration; DMA, serial 1/0, 16 - Ceramic PGA 132
(V53) interrupt controller, etc.
70320 MS-DOS compatible; high-integration; DMA, serial 1/0, 8/16 5o0r8 PLCC 84
(V25) interrupt controller, etc. Miniflat 94
70330 MS-DOS compatible; high-integration; DMA, serial 1/0, 16 8 PLCC 84
(V35) interrupt controller, etc. Miniflat 94
70325 MS-DOS compatible; high-integration; high-speed DMA 8/16 8or10 PLCC 84
(V25+) Miniflat 94
70335 MS-DOS compatible; high-integration; high-speed DMA 16 8or10 PLCC 84
(V35+) Miniflat 94
70327 MS-DOS compatible; high-integration; software protection 8/16 8 PLCC 84
(V25 Software Guard) Miniflat 94
70337 MS-DOS compatible; high-integration; software protection 16 8 PLCC 84
(V35 Software Guard) Miniflat 94
79011 MS-DOS compatible; high-integration; real-time operating system 8/16 8 PLCC 84
(V25 RTOS) Miniflat 94
79021 MS-DOS compatible; high-integration; real-time operating system 16 8 PLCC 84
(V35 RTOS) Miniflat 94
70322 MS-DOS compatible; high-integration; 16K-byte ROM 8/16 8 PLCC 84
(V25 ROM)

# Plastic unless ceramic (or cerdip) is specified.
* For additional information, refer to 1987 Microcomputer Data Book.




V-Series

NEC

CMOS Microprocessors (cont)

Device, Data Clock
uPD Features Bits (MHz) # package Pins
70P322 MS-DOS compatible; high-integration; 16K-byte UVEPROM; 8/16 8 Ceramic LCC 84
V25 or V35 mode
70332 MS-DOS compatible; high-integration; 16K-byte ROM 16 8 PLCC 84
(V35 ROM)
NMOS and HMOS Microprocessors
Device, Data Clock
uPD Features Bits (MHz) # package Pins
8085A *8-bit microprocessor; NMOS or HMOS 8 5 DIP 40
8086 *16-bit microprocessor; HMOS 16 8 Cerdip 40
8088 *8-bit microprocessor; HMOS 8 8 Ceramic DIP 40
CMOS System Support Products
Device, Data Clock
uPD Name Bits (MHz) *# package Pins
71011 Clock Pulse Generator/Driver - 20 DIP 18
SOP 20
71037 Programmable DMA Controller 8 10 DIP 40
Miniflat 40
PLCC 44
71051 Serial Control Unit 8 8/10 DIP 28
Miniflat 44
PLCC 28
71054 Programmable Timer/Controller 8 8/10 DIP 24
Miniflat 44
PLCC 28
71055 Parallel Interface Unit 8 8/10 DIP 40
Miniflat 44
PLCC 44
71059 Interrupt Control Unit 8 8/10 DIP 28
Miniflat 44
PLCC 28
71071 DMA Controller 8/16 8/10 DIP 48
Ceramic DIP 48
Miniflat 52
PLCC 52
71082 Transparent Latch 8 8 DIP 20
SOP 20
71083 Transparent Latch 8 8 DIP 20
SOP 20
71084 Clock Pulse Generator/Driver - 25 DIP 18
SOP 20
71086 Bus Buffer/Driver 8 8 oIP 18
SOP 20
71087 Bus Buffer/Driver 8 8 DIP -20
SOP 20
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N E C V-Series

CMOS System Support Products (cont)

Device, Data Clock
uPD Name Bits (MHz) # Package Pins
71088 System Bus Controller - 8/10 DIP 20
SOP 20
82043 *Input/Output Expander - 5 DIP 24
Skinny DIP 24
NMOS System Support Products
Device, Data Clock 1
uPD Name Bits (MHz) * Package Pins
8155H *256 x 8 RAM; 1/0 ports and timer 8 3ors DIP 40
8156H *256 x 8 RAM; 1/0 ports and timer 8 3or5 DIP 40
8237A *Programmable DMA Controller 8 5 DIP 40
8243 *Input/Output Expander - 5 DIP 24
8251A *Programmable Communications Interface 8 3/5 DIP 28
8253 *Programmable Internal Timer 8 5 DIP 24
8255A *Programmable Peripheral Interface 8 5 DIP 40
8257 *Programmable DMA Controller 8 5 DIP 40
8259A *Programmable Interrupt Controller 8 5 DIP 28
8279 *Programmable Keyboard/Display Interface ‘ - 5 DIP 40

111
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NEC

NEC Electronics Inc.

intelligent
Peripheral Devices (IPD)
Selection Guide

Communications Controllers

Device,
pPD Name Description Data Rate  * Package Pins
7201A Multiprotocol Serial Dual full-duplex serial channels; four DMA channels; 1 Mb/s DIP 40
Communications Controller programmable interrupt vectors; asychronous Ceramic DIP 40
COP and BOP support; NMOS
72001 CMOS, Advanced Multiprotocol Functional superset of 8530; 8086/V30 interface; two 2.2 Mb/s DiP 40
Serial Communications full-duplex serial channels; two digital phase-locked Miniflat 52
Controller loops; two baud-rate generators per channel; loopback PLCC 52
test mode; short frame and mark idle detection
72002 CMOS, Advanced Multiprotocol Low-cost, single-channel version of 72001; software 2.2 Mb/s DIP 40
Serial Communications Controller compatible; direct interface to 8237 DMA. Miniflat 44
PLCC 44
Not included in 1989-1990 IPD Data Book; refer to 72002
data sheet.
72101 CMOS, HDLC Controller Single full-duplex serial channel; on-chip DMA Controller. 4 Mb/s DIP 64
PLCC 68
Not included in 1989-1990 IPD Data Book; refer to 72101
data sheet
Graphics Controllers
Device,
uPD Name Description Drawing Rate * Package Pins
7220A High-Performance General-purpose, high-integration controller; hardwired 500 ns/dot Ceramic DIP 40
Graphics Display support for lines, arc/circles, rectangles, and graphics
Controller characters; 1024x1024 pixel display with four planes
72020 Graphics Display CMOS 7220A with 2M video memory; dual-port RAM control; 500 ns/dot DiP 40
Controller write-masking on any bit; enhanced external synch Miniflat 52
72022 Intelligent Display Display and image processing for text and sprites; three display 500 ns/dot PLCC 68
Processor modes; four-way horizontal split-screen display; CMOS Miniflat 80
72120 Advanced Graphics High-speed graphics operations including paint, area fill, 500 ns/dot PLCC 84
Display Controller slant, arbitrary angle rotate, up to 16x enlargement and Miniflat 94
reduction; dual-port RAM control; CMOS
72123 Advanced Graphics Enhanced 72120; expanded command set; improved painting 400 ns/dot PLCC 84
Display Controller Il performance; laser printer interface controls; CMOS Miniflat 94

Advanced Compression/Expansion Engine

Device,

uPD Name Description * Package Pins

72185 Advanced Compression/ High-speed CCITT Group 3/4 bit-map image compression/expansion (A4 test SpIP 64
Expansion Engine chart, 400 PPI x 400 LP! in under 1 second); 32K-pixel line length; 32-megabyte PLCC 68

image memory; on-chip DMA and refresh timing generator; CMOS

# Plastic unless ceramic (or cerdip) is specified.
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rt

Floppy-Disk Controllers

Device, Transfer
wPD Name Description Rate * package Pins
765A/B Floppy-Disk Controller Industry-standard controller supporting IBM 3740 and IBM 500 kb/s DIP ) 40

System 34 double-density format; enhanced 765B supports
multitasking applications :

71065/66 Floppy-Disk Interface Compatible with 765-family controllers and others; supports 500 kb/s SOoP 28
multiple data rates from 125 to 500 kb/s SDIP 30

72065/65B  CMOS Floppy-Disk 100% 765A/B microcode compatible; compatible with 808x 1 Mb/s DIP 40
Controller microprocessor families PLCC 44

. ' Minifiat 52

72067 Floppy-Disk Controller CMOS; 765A/B microcode compatible; clock generation/ 5§00 kb/s DIP 48
switching circuitry; selectable write precompensation; ) Miniflat 52

digital phase-locked loop PLCC 52

72068 Floppy-Disk Controller All features of the 72067 plus IBM-PC, PC/XT, PC/AT, or 500 kb/s Miniflat 80
PS/2 style registers; 24-ma high-current drivers PLCC 84

72069 Floppy-Disk Controller All features of the 72067/68 with substitution of high- 1 Mb/s PLCC 84
: performance analog phase-locked loop for digital PLL Miniflat 100

Hard-Disk Controllers

Device, Read/Write :
uPD Name Description Clock # Package Pins
7261A/B Hard-Disk Controller Supports eight drives in SMD mode, four drives in ST506 B 23 MHz Ceramic DIP 40
mode; error correction and detection
7262 Enhanced Small-Disk Serial-mode ESDI compatible; controls up to seven drives; 18 MHz Ceramic DIP 40
Interface (ESDI) Controller supports up to 80 heads; hard and soft-sector interfacing K
72061 CMOS Hard-Disk Supports SMD/SMD-E and ST506/412 type drives 24 MHz DIp 40
Controller Miniflat 52
-l PLCC 52
72111 Small Computer System Selectable 8/16 data bus width; 16 high-level commands 16 MHz SDIP 64
Interface (SCSI) Controller for reduced CPU load; single-command automatic o Miniflat 74
~ execution; 4-Mb sync/async; CMOS PLCC 68
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NEC

NEC Electronics Inc.

DSP and
Speech Products
Selection Guide

Digital Signal Processors

Device, Instruction Instruction Data ROM  Data RAM
wPD Description Cycle (ns) ROM (Bits) (Bits) (Bits) # Package Pins
T720A 16-bit, fixed-point DSP; NMOS 244 512x23 510x 13 128x 16 DIP 28
PLCC 44
77C20A 16-bit, fixed-point DSP; CMOS 244 512x23 510x 13 128x 16 DIP 28
PLCC 28
PLCC 44
77P20 16-bit, fixed-point DSP; CMOS 244 512x23 510x 13 128x 16 Cerdip 28
UVEPROM UVEPROM
77025 16-bit, fixed-point DSP; CMOS 122 2048 x 24 1024 x 16 256 x 16 DIP 28
PLCC 44
77P25 16-bit, fixed-point DSP; CMOS 122 2048 x 24 1024 x 16 256 x 16 DIP 28
OTPROM OTPROM PLCC 44
2048 x 24 1024 x 16 256 x 16 Cerdip 28
UVEPROM UVEPROM
77220 24-bit, fixed-point DSP; CMOS 122 2048 x 32 1024 x 24 512x24 Ceramic PGA 68
: PLCC 68
T7230AR 32-hit, floating-point DSP; CMOS 150 2048 x 32 1024 x 32 1024 x 32 Ceramic PGA 68
77230AR-003  32-bit, floating-point DSP; CMOS; 150 nfa nfa n/a Ceramic PGA 68
standard library software
77P230R 32-bit, floating-point DSP; CMOS 150 2048 x 32 1024 x 32 1024 x 32 Ceramic PGA 68
UVEPROM UVEPROM
77810 16-bit fixed-point modem DSP; CMOS 181 2048 x 24 1024x 16 256 x 16 Ceramic PGA 68
PLCC 68
7281 Image pipelined processor; NMOS 5-MHz nfa nfa 512x18 Ceramic DIP 40
clock
9305 Support device for uPD7281 10-MHz nfa nfa nfa Ceramic PGA 132
processors; CMOS clock
Speech Processors
Device, Clock Data ROM
uPD Name Technology (MHz2) (Bits) *# Package Pins
7730 ADPCM Speech Encoder/Decoder NMOS 8 - DIP 28
77C30 ADPCM Speech Encoder/Decoder NMOS 8 - DIP 28
PLCC 44
7755 ADPCM Speech Synthesizer CMOS 0.7 96K [SJg’P ;2
7756 ADPCM Speech Synthesizer CMOS 0.7 256K gg’P ;g
77P56 ADPCM Speech Synthesizer CMOS 0.7 256K DIP 20
OTPROM SoP 24
7751 ADPCM Speech Synthesizer CMOS 0.7 512K gé)PP ;2
7759 ADPCM Speech Synthesizer CMOS 0.7 1024K DIP 40
external Miniflat 52

# Plastic unless ceramic (or cerdip) is specified.

1-15




DSP and Speech N E C




NEC Development Teers

NEC Electronics Inc. Selection Guide

V-Series Development Tools Selection Guide

Part Full Relocatable
Number Full Emulator Mink-IE Min-IE Evaluation EPROM/OTP Assembler C Compliler
(Note 1) Emulator Probe Emulator Probe Boards Device (Note 13) (Note 14)
#PD70136GJ-12 IE-70136-A016 EP-70136L-A  |E-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136
(Note 2) (Note 2)
wPD70136GJ-16 1E-70136-A016 EP-70136L-A  |E-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136
(Note 2) (Note 2)
pPD70136L-16  IE-70136-A016 EP-70136L-A  |E-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136
wPD70136L-12 IE-70136-A016 EP-70136L-A  IE-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136
wPD70136R-12  IE-70136-A016 EP-70136L-A  |IE-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136
(Note 3) (Note 3)
wPD70136R-16  IE-70136-A016 EP-70136L-A  |E-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136
(Note 3) (Note 3)
uPD70208GF-8 |E-70208-A010 (Note 12) EB-V40MINI-IE - EB-70208 - RA70116 CC70116
rPD70208GF-10 IE-70208-A010 (Note 12) EB-VAOMINI-IE - EB-70208 - RA70116 CC70116
pPD70208L-8  |E-70208-A010 |E-70000-2958 EB-V4OMINI-IE = ADAPT68PGA EB-70208 - RA70116 CC70116
68PLCC
(Note 4)
#PD70208L-10  IE-70208-A010 |E-70000-2958 EB-V4AOMINIHE ADAPT68PGA EB-70208 - RA70116 CC70116
68PLCC
(Note 4)
wPD70208R-8  IE-70208-A010 |E-70000-2959 EB-V4OMINIHE (Note 4) EB-70208 - RA70116 CC70116
pPD70208R-10  |E-70208-A010 |E-70000-2959 EB-VAOMINIHE  (Note 4) EB-70208 - RA70116 CC70116
wPD70216GF-8 1E-70216-A010 (Note 12) EB-V50MINI-E - EB70216 - RA70116 CC70116
#PD70216GF-10 |E-70216-A010 (Note 12) EB-V50MINI-IE - EB70216 - RA70116 CC70116
wPD70216L-8 |E-70216-A010 |IE-70000-2958 EB-VSOMINIHE  ADAPT68PGA EB70216 - RA70116 CC70116
68PLCC
(Note 4)
uPD70216L-10  |E-70216-A010 |IE-70000-2958 EB-VSOMINIHE = ADAPT68PGA EB70216 - RA70116 CC70116
68PLCC
(Note 4)
wPD70216R-8  |E-70216-A010 |IE-70000-2959 EB-VSOMINIHE  (Note 4) EB70216 - RA70116 CC70116
wPD70216R-10  IE-70216-A010 |E-70000-2959 EB-VSOMINI-IE  (Note 4) EB70216 - RA70116 CC70116
wPD70320GJ  |E-70320-A008 EP-70320GJ  EB-V25MINIE-P EP-70320GJ DDK-70320 - RA70320 CC70116
(Note 5) (Note 6)
#PD70320GJ-8 |E-70320-A008  EP-70320GJ  EB-V25MINI-E-P EP-70320GJ DDK-70320 - RA70320 CC70116
(Note 5) (Note 6)
#PD70320L |E-70320-A008  EP-70320L EB-V25MINI-E-P (Note 7) DDK-70320 - RA70320 CC70116
pPD70320L-8  |E-70320-A008  EP-70320L EB-V25MINI-E-P (Note 7) DDK-70320 - RA70320 CC70116
pPD70322GJ  |E-70320-A008  EP-70320GJ  EB-V25MINIIE-P EP-70320GJ DDK-70320 - RA70320 CC70116
(Note 5) (Note 6)
pPD70322GJ-8  |E-70320-A008  EP-70320GJ  EB-V25MINIHE-P EP-70320GJ DDK-70320 - RA70320 CC70116
(Note 5) (Note 6)
#PD70322L |IE-70320-A008  EP-70320L EB-V25MINI-IE-P (Note 7) DDK-70320 70P322K RA70320 CC70116
(Note 10)
50173
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V-Series Development Tools Selection Guide (cont)

Part Full Relocatable
Number Full Emulator Mini-IE Mini-lIE Evaluation EPROM/OTP Assembler C Compiler
(Note 1) Emulator Probe Emulator Probe " 'Boards Device (Note 13) (Note 14)
wPD70322L-8 |IE-70320-A008 EP-70320L EB-V25MINI-HEE-P (Note 7) DDK70320 70P322K RA70320 CC70116
(Note 10)
uwPD70325GJ-8 IE-70325-A008  EP-70320GJ  (Note 12) (Note 12) DDK-70325 - RA70320  CC70116
(Note 5)
wPD70325GJ-10 1E-70325-A008 EP-70320GJ  (Note 12) (Note 12) DDK-70325 - RA70320 CC70116
(Note 8) (Note 5)
uPD70325L-8  IE-70325-A008 EP-70320L (Note 12) (Note 12) DDK-70325 - RA70320 CC70116
#PD70325L-10  |E-70325-A008 EP-70320L (Note 12) (Note 12) DDK-70325 - RA70320 CC70116
(Note 8)
wPD70327GJ-8 IE-70320-A008 EP-70320GJ  EB-V25MINI-IE-P EP-70320GJ - - RA70320 CC70116
(Note 9) (Note 5) : (Note 6)
#PD70327L-8 |E-70320-A008 EP-70320L EB-V25MINI-IE-P  (Note 7) - - RA70320 CC70116
(Note 9)
wPD70330GJ-8 |E-70330-A008  EP-70320GJ  EB-V35MINI-IE-P EP-70320GJ  DDK-70330 - RA70320. CC70116
(Note 5) (Note 6)
#PD70330L-8 |E-70330-A008 EP-70320L EB-V35MINI-IE-P (Note 7) DDK-70330 - RA70320 CC70116
#PD70332GJ-8  |E-70330-A008 EP-70320GJ  EB-V35MINIHE-P EP-70320GJ DDK-70330 - RA70320 CC70116
(Note 5) (Note 6)
nPD70332L-8  IE-70330-A008 EP-70320L EB-V35MINI-IE-P  (Note 7) DDK-70330 70P322K RA70320 CC70116
(Note 10)
nPD70335GJ-8 I|E-70335-A008  EP-70320GJ  (Note 12) (Note 12) DDK-70330 - RA70320  CC70116
(Note 5)
uPD70335GJ-10 |E-70335-A008  EP-70320GJ  (Note 12) (Note 12) DDK-70330 - RA70320  CC70116
(Note 8) (Note 5)
#PD70335L-8 IE-70335-A008 EP-70320L (Note 12) (Note 12) DDK-70330 - RA70320 CC70116
wPD70335L-10  IE-70335-A008 EP-70320L (Note 12) (Note 12) DDK-70330 - RA70320 CC70116
{Note 8)
pPD70337GJ-8 IE-70330-A008 EP-70320GJ  EB-V35MINI-IE-P EP-70320GJ - - RA70320 CC70116
(Note 9) (Note 5) (Note 6)
#PD70337L-8 IE-70330-A008 EP-70320L EB-V35MINI-IE-P (Note 7) - - RA70320 CC70116
(Note 9)
wPD79011GJ-8 IE-70320-A008 EP-70320GJ (Note 12) (Note 12) - - RA70320 CC70116
(Note 11) (Note 5)
wPD79011L-8  +IE-70320-RTOS EP-70320L (Note 12) (Note 12) - - RA70320  CC70116
(Note 11)
uPD79021L-8  IE-70330-A008 EP-70320L (Note 12) (Note 12) - - RA70320 CC70116
(Note 11) +IE-70330-RTOS
Notes:
( 1) Packages: ( 3) 68-pin PGA parts are supported by using the EP-70136L-A PLCC
Packa probe or EP-70136L-PC PLCC probe, plus a PLCC socket with a
ackage Description PGA-pinout. A PLCC socket of this type is supplied with the
GF 80-pin plastic miniflat EP-70136L-A.
& it bl ool ( 4) The EB-V40 MINIE and EB-V50 MINHE support PGA packages
L ea_p in or 84-pin plastic Lgc directly; the ADAPT68PGA68PLCC adaptor converts the PGA-
R ss-zin PGA pinp pinout on the MINIHE to a PLCC footprint. This adaptor Is

supplied with the MINHE.

(.2 The EP-70136GL-A and EP-70136L-PC contain both a 68-pin
PLCC probe and an adapter which converts the 68-pin PLCC
probes to a 74-pin miniflat footprint.
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( 5) The EP-70320GJ is an adaptor to the EP-70320L, which converts
84-pin PLCC probes to a 94-pin miniflat footprint. For GJ parts,
both the PLCC probe and the adaptor are needed.

( 6) The EP-70320GJ adaptor can be used to convert the supplied
84-pin PLCC cable of the EB-V25 MINI-IE-P or EB-V35 MINI-IE-P
to a 94-pin miniflat.

( 7) The EB-V25 MINIHE-P and EB-V35 MINI-E-P are supplied with an
84-pin PLCC cable.

( 8) At the current time, the emulators for the wPD70325 and
1PD70335 are specified to 8 MHz. Contact your local NEC Sales
Otfice for the latest information on 10 MHz emulation.

Development for the uPD70327 or nPD70337 can be done using
the appropriate nPD70320 or nPD70330 tools; however, debug-
ging of programs in the Software Guard mode is not supported
at this time.

(10) The xPD70P322K EPROM device can be used for both xPD70322
and pPD70332 emulation. The xPD70P322K EPROM device can
be programmed by using the PA-70P322L. Programming Adapter
and the PG-1500 EPROM Programmer.

(11) For emulation of uPD79011 or xPD79021, the base emulator
(IE-70320 or IE-70330) plus Real-Time Operating System soft-
ware |E-70320-RTOS or |E-70330-RTOS) is required.

(12) This emulation option is not currently supported, but may be
available in the future. Contact your local NEC Sales Office for
further information.

(9

-~

V20 and V30 are registered trademarks of NEC Corporation.
V25, V38, V35, V40 and V50 are trademarks of NEC Corporation.
MS-DOS is a registered trademark of Microsoft Corporation.
VAX, VMS and Ultrix are trademarks of Digital Equipment
Corporation.

UNIX is a trademark of AT&T Bell Laboratories.

(13) The following relocatable assemblers are available:

RA70116-D52 For V20®/V30®/ (vS-DOS®)

RA70116-VVT1 V40™/V50™ (VAX/VMS ™)

RA70116-VXT1 (VAX/UNIX™ 4.2 BSD or Ultrix™)
RA70136-D52 For V33™ (MS-DOS)

RA70136-WT1 (VAX/VMS)

RA70136-VXT1 (VAX/UNIX 4.2 BSD or Ultrix)
RA70320-D52 For V25™ and V35™ (MS-DOS)

RA70320-WWT1 (VAX/VMS)

RA70320-VXT1 (VAX/UNIX 4.2 BSD or Ultrix)
(14) The following C compilers are available:

CG70116-D52 For V20/V30/ (MS-DOS)

CC70116-WWT1  V40/V50 and (VAX/VMS)

CC70116-VXT1  V25/V35 (VAX/UNIX 4.2 BSD or Ultrix)
CC70136-D52 For V33 (MS-DOS)

CC70136-WT1 (VAX/VMS)

CC70136-VXT1 (VAX/UNIX 4.2 BSD or Ultrix)
CC70320-D52 ForV25and V35  (MS-DOS)

CC70320-VVT1 (VAX/VMS)

CC703820-VXT1 (VAX/UNIX 4.2 BSD or Ultrix)
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NEC Electronics Inc. Selection Guide

pPD75XX Series Development Tools Selection Guide

System PG-1500 Absolute

Part Number Add-on Evaluation EPROM/OTP Adapter Assembler
(Note 1) Emulator* Board* Board Device (Note 2) (Note 3)
#PD7501G-12 EVAKIT-7500B EV7514 SE-7514A - - ASM75
wPD7502G-12 EVAKIT-7500B EV7514 SE-7514A - - ASM75
#PD7503G-12 EVAKIT-7500B EV7514 SE-7514A - - ASM75
#PD7506C EVAKIT-7500B - SE-7508 - - ASM75
#PD7506CT EVAKIT-7500B - - - - ASM75
#PD7506G-00 EVAKIT-7500B - - - - ASM75
wPD7507C EVAKIT-7500B - - #PD78CGOSE - ASM75
#PD7507CU EVAKIT-7500B - - - - ASM75
wPD7507G-00 EVAKIT-7500B - - - - ASM75
uPD7507HC EVAKIT-75008 EV7508H - wPD75CGO8HE - ASM75
wPD7507HCU EVAKIT-7500B EV7508H - - - ASM75
pPD7507HG-22 EVAKIT-7500B EV7508H - - - ASM75
wPD7507SC EVAKIT-7500B - SE-7508 - - ASM75
wPD7507SCT EVAKIT-7500B - - - - ASM75
wPD7508C EVAKIT-7500B - - wPD78CGO8E - ASM75
wPD7508CU EVAKIT-7500B - - - - ASM75
#PD7508G-00 EVAKIT-75008 - - - - ASM75
#PD75CGO8E EVAKIT-7500B - - - - ASM75
#PD7508AC EVAKIT-7500B - SE-7508 - - ASM75
#PD7508HC EVAKIT-7500B EV7508H - #PD75CGOSHE - ASM75
rPD7508HCU EVAKIT-7500B EV7508H - - - ASM75
wPD7508HG-22 EVAKIT-7500B EV7508H - - - ASM75
#PD75CGOSHE EVAKIT-7500B EV7508H - - - ASM75
#PD7514G-12 EVAKIT-7500B EV7514 SE-7514A - - ASM75
#PD7516HCW EVAKIT-7500B EV7500FIP - - - ASM75
#PD7516HG-12 EVAKIT-7500B EV7500FIP - - - ASM75
#PD7516HG-36 EVAKIT-7500B EV7500FIP - #PD75CG16HE - ASM75
#PD75CG16HE EVAKIT-7500B EV7500FIP - - - ASM75
rPD7519HCW EVAKIT-75008 EV7500FIP - - - ASM75
rPD7519HG-12 EVAKIT-75008 EV7500FIP - - - ASM75
#PD7519HG-36 EVAKIT-7500B EV7500FIP - #PD75CG19HE - ASM75
wPD75CG1SHE EVAKIT-75008 EV7500FIP - - - ASM75
pPD7527AC EVAKIT-7500B EV7528 - uPD75CG28E - ASM75
#PD7527ACU EVAKIT-7500B EV7528 - - - ASM75
rPD7528AC EVAKIT-75008 EV7528 - u#PD75CG28E - ASM75
rPD7528ACU EVAKIT-7500B EV7528 - - - ASM75

* Required Tools

50174

1-21



uPD75XX Series N E C

wPD75XX Series Development Tools Selection Guide (cont)

System PG-1500 Absolute

Part Number Add-on Evaluation EPROM/OTP Adapter Assembler
(Note 1) Emulator* Board* Board Device (Note 2) . (Note 3)
#PD75CG28E EVAKIT-75008 EV7528 - - - ASM75
wPD7533C EVAKIT-75008 EV7533 - #PD75CG33E - ASM75
#PD7533CU EVAKIT-7500B EV7533 - - - ASM75
wPD7533G-22 EVAKIT-7500B EV7533 - - - ASM75
#PD75CG33E EVAKIT-7500B EV7533 - - - ASM75
#PD7537AC EVAKIT7500B EV7528 - #PD75CG38E - ASM75
#PD7537ACU EVAKIT-75008 EV7528 - - - ASM75
#PD7538AC EVAKIT-7500B EV7528 - wPD75CG38E - ASM75
wPD7538ACU EVAKIT-7500B EV7528 - - - ASM75
#PD75CG38E EVAKIT-7500B EV7528 - - - ASM75
wPD7554CS EVAKIT-7500B EV7554A SE-7554A uPD75P54CS PA-75P54CS ASM75
wPD7554G EVAKIT-7500B EV7554A SE-7554A uPD75P54G PA-75P54CS ASM75
#PD75P54CS EVAKIT-7500B EV7554A - - - ASM75
#PD75P54G EVAKIT-7500B EV7554A - - - ASM75
wPD7556CS EVAKIT-7500B EV7554A SE-7554A wPD75P56CS PA-75P56CS ASM75
uPD7556G EVAKIT-7500B EV7554A SE-7554A uPD75P56G PA-75P56CS ASM75
wPD75P56CS EVAKIT-7500B EV7554A - - - ASM75
wPD75P56G EVAKIT-75008B EV7554A - - - ASM75
wPD7564CS EVAKIT75008 EV7554A SE-7554A uPD75P64CS PA-75P54CS ASM75
#PD7564G EVAKIT-7500B EV7554A SE-7554A uPD75P64G PA-75P54CS ASM75
wPD75P64CS EVAKIT-7500B EV7554A - - - ASM75
wPD75P64G EVAKIT-7500B EV7554A - - - ASM75
#PD7566CS EVAKIT75008 EV7554A SE-7554A wPD75P66CS PA-75P56CS ASM75
#PD7566G EVAKIT-75008 EV7554A SE-7554A #PD75P66G PA-75P56CS ASM75
#PD75P66CS EVAKIT-7500B EV7554A - - - ASM75
wPD75P66G EVAKIT-7500B EV7554A - - - ASM75

* Required tools
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Notes:

(1) Packages:
Package Description
C 28-pin plastic DIP (nPD7506/07S)
40-pin plastic DIP (xPD7507/07H/08/08A/08H)
42-pin plastic DIP (nPD7527A/28A/33/37A/38A)
cs 20-pin plastic shrink DIP (uPD7554/P54/64/P64)
24-pin plastic shrink DIP (wPD7556/P56/66/P66)
28-pin plastic shrink DIP
40-pin plastic shrink DIP (uPD7507/07H/08/08H)
42-pin plastic shrink DIP
(uPD7527A/28A/33/37/37A/38A)
cw 64-pin plastic shrink DIP
E 40-pin ceramic piggy-back DIP (xPD75CG08/08H)
42-pin ceramic piggy-back DIP (uPD75CG 28/33/38)
64-pin ceramic piggy-back QUIP
(uPD75CG16H/19H)
G 20-pin plastic SO (sPD7554/P54/64/P64)
24-pin plastic SO (uPD7556/P56/66/P66)
G-00 62-pin plastic miniflat
G-12 64-pin plastic miniflat (4PD7501/02/03/16H/19H)
80-pin plastic miniflat (xPD7514)
G-22 44-pin plastic miniflat
G-36 64-pin plastic QUIP

By using the specified adapter, the PG-1500 EPROM programmer
can be used to program the OTP device.

(8) The ASM75 Absolute Assembler is provided to run under the
MOS-DOS® operating system. (ASM75-D52).

a9

2

MS-DOS is registered trademark of Microsoft Corporation.
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uPD75XXX Series
Development Tools

Selection Guide

pPD75XXX Series Development Tools Selection Guide

Relocatable  Structured
Part Number Main Board Add-on Emulation Optional Socket EPROM/OTP Assembler Assembler
(Note 7) Emulator* Board* Probe* Adapter (Note 1)  Device (Note 2) (Note 5) (Note 6)
#PD75004CU EVAKIT-75X EV-75008  (Note 3) - wPD75P008CU/DU  RA75X ST75X
#PD75006GB EVAKIT-75X EV-75008  EP-75008GB EV-9200G-44 rPD75P008GB RA75X ST75X
#PD75006CU EVAKIT-75X EV-75008  (Note 3) - #PD75P008CU/DU  RA75X ST75X
#PD75006GB EVAKIT-75X EV-75008  EP-75008GB EV-9200G-44 #PD75P008GB RA75X ST78X
#PD75008CU EVAKIT-75X EV-75008  (Note 3) - rPD75P008CU/DU  RA75X ST75X
#PD75008GB EVAKIT-75X EV-75008 EP-75008GB EV-9200G-44 #PD75P008GB RA75X ST75X
#PD75P008CU EVAKIT-75X EV-75008  (Note 3) - - RA75X ST75X
w«PD75P008DU EVAKIT-75X EV-75008  (Note 3) - - RA75X ST75X
#PD75P008GB EVAKIT-75X EV-75008  EP-75008GB EV-9200G-44 - RA75X ST75X
#PD75028CW EVAKIT-75X EV-75048  (Note 4) (Note 4) #PD75P028CW RA75X ST75X
uPD75028GC EVAKIT-75X EV-75048  (Note 4) (Note 4) rPD75P028GC RA75X ST75X
wPD75P028CW EVAKIT-75X EV-75048  (Note 4) (Note 4) - RA75X ST75X
#PD75P028GC EVAKIT-75X EV-75048  (Note 4) (Note 4) - RA75X ST75X
#PD75048CW EVAKIT-75X EV-75048  (Note 4) (Note 4) - RA75X ST75X
#PD75048GC EVAKIT-75X EV-75048  (Note 4) (Note 4) - RA75X ST75X
wPD75104CW EVAKIT-76X  EV-75108  (Note 3) - wPD75P108CW/DW  RA75X ST75X
wPD75104G EVAKIT-75X EV-75108  EP-75108GF EV-9200G-64 p.PD75P1OBG/GF RA75X ST75X
#PD75P116GF
p#PD75104GF EVAKIT-75X EV-75108  EP-75108GF EV-9200G-64 rPD75P108G/GF RA75X ST75X
) #PD75P116GF
#PD75104AGC EVAKIT-75X EV-75108  EP-75108GF EV-9200G-64 - RA75X ST75X
#PD75106CW EVAKIT-75X EV-75108  (Note 3) - #PD75P108CW/DW  RA75X ST75X
#PD75106G EVAKIT-75X EV-75108  EP-75108GF EV-9200G-64 rPD75P108G/GF RA75X ST75X
rPD75P116GF
#PD75106GF EVAKIT-75X EV-75108  EP-75108GF EV-9200G-64 rPD75P108G/GF RA75X ST75X
wPD75P116GF
wPD75108AG EVAKIT-75X EV-75108  EP-75108GF EV-9200G-64 - RA75X ST75X
#PD75108AGC EVAKIT-75X EV-75108  EP-75108GF EV-9200G-64 - RA75X ST75X
#PD75108CW EVAKIT-75X EV-75108 (Note 3) - pPD75P108CW/DW  RA75X ST75X
#PD75108G EVAKIT-75X EV-75108  EP-75108GF EV-9200G-64 #PD75P108G/GF RA75X ST75X
wPD75P116GF
#PD75108GF EVAKITF75X EV-75108  EP-75108GF EV-9200G-64 #PD75P108G/GF RA75X ST75X
wPD75P116GF
pPD75P108BCW  EVAKIT-75X EV-75108  (Note 3) - - RA75X ST75X
#PD75P108CW EVAKIT-75X EV-75108  (Note 3) - - RA75X ST75X
#PD75P108DW EVAKIT-75X EV-75108 (Note 3) - - RA75X ST75X
»PD75P108G EVAKIT-75X EV-75108  EP-75108GF EV-9200G-64 - RA75X ST75X
wPD75112CW EVAKIT-75X  EV-75108  (Note 3) - wPD75P116CW RA75X ST75X

* Required Tools

50175
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pPD75XXX Series Development Tools Selection Guide (cont)

Part Number Main Board  Add-on Emulation Optional Socket EPROM/OTP :stembler ls\‘srsembler
(Note 7) Emulator* Board* Probe* Adapter (Note 1) * Device (Note 2) - (Note 5) (Note 6) -
uPD75112GF EVAKIF75X ~ EV-75108  EP-75108GF EV-9200G-64 pPD75P116GF RA75X ST75X
#PD75116CW 'EVAKIF78X  EV-75108  (Note 8) - uPD75P116CW  RA75X ST75X
uPD75116GF EVAKIF75X =~ EV-75108 - EP-75108GF EV-9200G-64 uPD75P116GF RA75X ST75X
pPD75P116BGF EVAKIT75X  EV-75108 - EP-75108GF EV-9200G-64 - RA75X ST75X
uPD75P116CW EVAKIT75X  EV-75108 . (Note 8) - - RA75X ST75X
uPD75P116GF EVAKIT75X  EV-75108 - EP-75108GF EV-9200G-64 - RA75X ST78X.
pPD75206CW EVAKIF75X ~ EV-75216A  (Note ) - uPD75P216ACW  RA75X ST75X
#PD75206G EVAKIF75X ~ EV-75216A  EP-75216AGF  EV-9200G-64 - RA75X ST75X
1PD75208CW EVAKIT75X ~ EV-75216A  (Note 8) - uPD75P216ACW  RA75X ST75X
pPD75208G EVAKIF75X ~ EV-75216A  EP-75216AGF  EV-9200G-64 - RA75X ST75X
uPD75CG208AE  EVAKIF75X  EV-75216A  (Note 3) - - RA75X ST75X
pPD75CG208AEA  EVAKIT75X  EV-75216A = EP-75216AGF  EV-9200G-64 . RA75X 8T75X
wPD75212ACW EVAKIT75X ~ EV-75216A  (Note 3) - uPD75P216ACW  RA75X ST75X
#PD75212AGF EVAKIT75X ~ EV-75216A  EP-75216AGF  EV-9200G-64 - RA75X ST75X
wPD75216ACW EVAKIF78X  EV-75216A  (Note 3) . - pPD75P216ACW  RA75X ST75X
wPD75216AGF EVAKIF75X ~ EV-75216A  EP-75216AGF  EV-9200G-64 - RA75X ST75X
#PD75CG216AE EVAKIT75X  EV-75216A  (Note 3) , - - _RA75X ST75X
pPD75CG216AEA  EVAKIT75X  EV-75216A EP-75216AGF  EV-9200G-64 - RA75X ST75X
#PD75P216ACW EVAKIT-75X EV-75216A  (Note 3) - pPD75P216ACW ~ RA75X ST75X
#PD75268CW EVAKIT75X ~ EV-75216A  (Note 3) - pPD75P216ACW  RA75X 8T75X
1PD75268GF EVAKIT75X  EV-75216A  EP-75216AGF  EV-8200G-64 - RA75X ST75X
wPD75304GF EVAKIT75X - EV-75808  (Note 8) EV-9200G-80 pPD75P308GF/K  RA75X ST75X
pPD75306GF EVAKIT76X  EV-75308  (Note 8) EV-9200G-80 pPD75P308GF/K  RA75X ST75X
#PD75308GF EVAKIE75X  EV-75308  (Note 3) EV-9200G-80 wPD75P308GF/K  RA75X ST75X
uPD75P308GF EVAKIF75X  EV-75308  (Note 3) EV-9200G-80 - RA75X ST75X
sPD75P308K EVAKIF75X ~ EV-75308  (Note 8) EV-8200G-80 - RA75X ST75X
pPD75312GF EVAKIF78X  EV-75308 - (Note 3) EV-9200G-80 #PD75P316GF RA75X ST75X
pPD75P316GF EVAKIT76X ~ EV-75308  (Note 8) EV-8200G-80 - °  “RA75X ST75X
uPD75328GC EVAKIF78X ~ EV-75328  (Note 8) - uPD75P328GC  RA75X ST75X
uPD75P328GC EVAKIT75X . EV-75328  (Note 3) - - 'RA75X ST75X
uPD75402C EVAKIT75X  EV-75402 - (Note 3) - uPD75P402C RA75X ST75X
uPD75402CT EVAKIT75X  EV-76402  (Note 3) - pPD75P402CT - - - RA75X §T75X
uPD75402GB EVAKIT75X  EV-75402 . EP-75402GB EV-9200G-44 uPD75P402GB  RA75X ST75X
uPD75P402C EVAKIF75X  EV-75402  (Note 8) - - RA75X " 8T75X
pPD75P402CT EVAKIF75X ~ EV-75402  (Note 9) - - RA75X ST75X
pPD75P402GB  EVAKIT78X  EV-75402 EP-75402GB EV-8200G-44 - RA75X ST75X
#PD75516GF EVAKIT75X  EV-75516  (Note 3) . - pPD75P516GF/K  RA75X ST75X -
wPD75P516GF EVAKIF75X  EV-75516 . (Note 3) - - RA75X ST75X
w#PD75P516K EVAKIT78X  EV-75516  (Note 9) - - ’

* Required Tools
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Notes:
(1) The EV-9200G-XX is an LCC socket with the footprint of the flat (7) Packages:
package. One unitis supplied with the probe. Additional units are Package Description
available as replacement parts in sets of five. c 28-pin plastic DIP
(2) All EPROM/OTP devices can be programmed using the NEC cr 28-pin plastic shrink DIP
PG-1500. Refer to the PG-1500 Programming Socket Adapter cu 42-pin plastic shrink DIP
Selection Guide for the appropriate socket adapter. glVJV 64-pin plastic Sh;nkkDéTP i wind
42-pin ceramic shrin| with window
(8) The emulation probe is shipped with the add-on board. DW 64-pin ceramic shrink DIP with window
(4) Preliminary information. Contact your NEC Sales Representative E 64-pin ceramic piggy-back shrink DIP
for further information and availability. EA 64-pin ceramic piggy-back miniflat
(5) The RA75X relocatable assembler package is provided for the G 64"’1‘" pllast.lc m:n;::at
following operating systems: GB 44-pin plastic minifiat
RA75X-D52 (MOS-DOS®) GC 64 or 80-pin plastic minifiat
RA75X-VWT1 (VAX/VMS™) GF 64 or 80-pin plastic minifiat
K 80-pin plastic miniflat
(6) The ST75X structures assembler preprocessor is provided with

RA75X

MS-DOS is registered trademark of Microsoft Corporation.
VAX and VMS are trademarks of Digital Equipment Corporation.
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NEC

NEC Electronics Inc.

uPD78XX Series
Development Tools
Selection Guide

uPD78XX Series Development Tools Selection Guide**

PG-1500 Relocatable
Part Number Emulation EPROM/OTP Adapter Assembler C Compller
(Note 1) Emulator* Probe* Device (Note 2) (Note 10) (Note 10)
nPD7810HCW IE-7811H-M EV-9001-64 - - RA87 ccser
(Note 3)
pPD7810HG-36 IE-7811H-M (Note 4) - - RA87 ccer
wPD7811HCW |E-7811H-M EV-9001-64 - - RA87 ccs7
(Note 3)
pPD7811HG-36 IE-7811H-M (Note 4) #PD78PG11HE (Note 6) = RA87 [ofe]:74
#PD78PG11HE |E-7811H-M (Note 4) - - RA87 [ofe7:74
pPD78C10CW IE-78C11-M EV-9001-64 - - RA87 CcCs7
(Note 3)
1PD78C10G-36 IE-78C11-M (Note 4) - - RAS7 ccs7
»PD78C10G-1B IE-78C11-M (Note 5) - - RA87 cCcs7
rPD78C10GF-3BE IE-78C11-M (Note 5) - - RA87 ccse7
wPD78C10L IE-78C11-M (Note 5) - - RA87 (o]o1:74
#PD78C10ACW |IE-78C11-M EV-9001-64 - - RA87 ccs7
(Note 8) (Note 3)
#PD78C10AGQ-36 IE-78C11-M (Note 4) - - RA87 ccs7
(Note 8)
#PD78C10AGF-3BE 1E-78C11-M (Note 5) - - RA87 [ofe7:74
(Note 8)
wPD78C10AL IE-78C11-M (Note 5) - - RA87 - ccs7
(Note 8)
#PD78C11CW IE-78C11-M EV-8001-64 #PD78CP14CW/DW PA-78CP14CW RA87 ccs7
(Note 3)
pPD78C11G-36 |IE-78C11-M (Note 4) wPD78CP14GQ-36/R PA-78CP14GQ RA87 cCs7
uPD78CG14E
uPD78C11G-1B |IE-78C11-M (Note 5) uPD78CP14GF-3BE PA-78CP14GF RA87 ccs7
pPD78C11GF-3BE |IE-78C11-M (Note 5) uPD78CP14GF-3BE PA-78CP14GF RA87 ccs7
pPD78C11L |IE-78C11-M (Note 5) uPD78CP14L PA-78CP14L RA87 ccs7
#PD78C11ACW |IE-78C11-M EV-9001-64 #PD78CP14CW/DW PA-78CP14CW RA87 ofer:74
(Note 8) (Note 3) (Note 7)
#PD78C11AGQ-36 IE-78C11-M (Note 4) #PD78CP14GQ-36/R PA-78CP14GQ RA87 [ofes:74
(Note 8) (Note 7)
pPD78C11AGF-3BE |IE-78C11-M (Note 5) #PD78CP14GF-3BE PA-78CP14GF RA87 cce7
(Note 8) (Note 7)
#PD78C11AL IE-78C11-M (Note 5) wPD78CP14L PA-78CP14L RA87 [ofe]:74
‘ (Note 8) (Note 7)
pPD78C12ACW |IE-78C11-M EV-9001-64 wPD78CP14CW/DW PA-78CP14CW RA87 ccs7
(Note 8) (Note 3) (Note 7)
#PD78C12AGQ-36 |IE-78C11-M (Note 4) uPD78CP14GQ-36/R PA-78CP14GQ RA87 [ofef:74
(Note 8) (Note 7) :

* Required Tools

** For all uPD78C1X devices, you may use the DDK-78C10 for

evaluation purposes.

50176
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yPD78XX Series

NEC

pPD78XX Series Development Tools Selection Guide** (cont)

PG-1500 Relocatable
Part Number Emulation EPROM/OTP Adapter Assembler C Compiler
(Note 1) Emulator* Probe* Device (Note 2) (Note 10) (Note 10)
#PD78C12AGF-3BE IE-78C11-M (Note 5) wPD78CP14GF-3BE PA-78CP14GF RA87 ccs7
(Note 8) (Note 7)
pPD78C12AL IE-78C11-M (Note 5) wPD78CP14L PA-78CP14L RA87 ccsr
(Note 8) (Note 7)
#PD78C14CW |IE-78C11-M EV-9001-64 #PD78CP14CW/DW PA-78CP14CW RA87 ccs7
(Note 3)
wPD78C14G-36 IE-78C11-M (Note 4) uPD78CP14GQ-36/R PA-78CP14GQ RA87 ccer
wPD78CG14E
1PD78C14G-1B IE-78C11-M (Note 5) KPD78CP14GF PA-78CP14GF RA87 [ofet:74
pPD78C14GF-3BE IE-78C11-M (Note 5) uPD78CP14GF PA-78CP14GF RA87 ccer
wPD78C14L IE-78C11-M (Note 5) uPD78CP14L PA-78CP14L RA87 - CCsr
uPD78C14AG-AB8 IE-78C11-M (Note 5) - - RA87 ccer
(Note 8)
pPD78CG14E |IE-78C11-M (Note 4) - - RA87 [ofe1:74
(Note 9)
pPD78CP14CW |IE-78C11-M EV-9001-64 - PA-78CP14CW RA87 cCcs7
(Note 3) :
wPD78CP14DW |IE-78C11-M EV-9001-64 - PA-78CP14CW RA87 ccs7
(Note 3) )
#PD78CP14GQ-36 |IE-78C11-M (Note 4) - PA-78CP14GQ RA87 ccer
rPD78CP14GF-3BE IE-78C11-M (Note 5) - PA-78CP14GF RA87 ccs7
uPD78CP14L IE-78C11-M (Note 5) - PA-78CP14L RA87 ccs7
rPD78CP14R IE-78C11-M (Note 4) - PA-78CP14GQ RA87 cCs7
* Required Tools
Notes:

(1) Packages
Package Description

cwW 64-pin plastic shrink DIP
DW 64-pin ceramic shrink DIP with window
E 64-pin ceramic piggyback QUIP

GF-1B 64-pin plastic miniflat (Resin Thickness: 2.05mm)
G-36 64-pin plastic QUIP )

G-AB8 64-pin plastic minifiat (interpin Pitch: 0.8mm)
GF-3BE  64-pin plastic miniflat (Resin Thickness: 2.7mm)
GQ-36 64-pin plastic QUIP

L 68-pin PLCC

R 64-pin ceramic QUIP with window

By using the specified adapter, the PG-1500 EPROM programmer
can be used to program the EPROM/OTP device.

64-pin shrink DIP adapter which plugs into'the EP-7811HGQ
emulation probe supplied with each IE.

The emulation probe for the 64-pin QUIP package (EP-7811HGQ)
Is supplied with the IE.

@
@
@

MS-DOS is a trademark of Microsoft Corporation.

VAX, VMS and Ultrix are trademarks of Digital Equipment
Corporation.

UNIX is a trademark of AT&T Bell Laboratories.

1-30

(5) No emulation brobe available.

(6) The uPD78PG11HE is a piggy-back EPROM device in a ceramic
QUIP package. It accepts 2764 EPROMs.

(7) The wPD78CP14 EPROM/OTP devices do not have pull-up resis-
tors on ports A, B, and C. )

(8) The IE-78C11-M can be used by replacing the nPD78C10G-36
with a uPD78C10AGQ-36. However, it will not be able to emulate
the optional pull-up resistors on ports A, B, and C.

(9) The uPD78CG14E is a piggy-back EPROM device in a ceramic
QUIP package. It accepts 27C256 and 27C256A EPROMS.

(10) The following relocatable assemblers and C Compiiers are
available:

RA87-D52 (MS-DOS®) Relocatable assemblers
RA87-VVT1 (VAX/VMS™) for 78XX series
CCMSD-IsDD-87 ~ (MS-DOS) C Compilers for
CCVMS-OT16-87  (VAX/VMS) 78XX Series
CCUNX-0T16-87 ~ (VAX/UNIX™) i

4.2 BSD or Ultrix™)




N EC 4PD78XXX Series
) Development Tools
NEC Electronics Inc. Selection Guide

pPD78XXX Series Development Tools Selection Guide

PG-1500 Relocatable  Structured
Part Number Emulation EPROM/OTP Adapter Assembler Assembler C Compller
(Note 1) Emulator*  Probe* Device (Note 2) (Notes 11) (Note 12) (Note 13)
#PD78213CW |E-78210-R EP-78210CW - - RA78K2 ST78K2 CC782XX
#PD78213GC-3B8 IE-78210-R  EP-78210GC - - RA78K2 ST78K2 CC782XX
1#PD78213GJ-5BJ IE-78210-R  EP-78210GJ - - RA78K2 ST78K2 CC782XX
(Note 3)
#PD78213GQ-36 |IE-78210-R  EP-78210GQ - - RA78K2 ST78K2 CC782XX
nPD78213L |IE-78210-R EP-78210L - - RA78K2 ST78K2 CC782XX
#PD78214CW IE-78210-R EP-78210CW = uPD78P214CW/DW PA-78P214CW RA78K2 §T78K2 = CC782XX
pPD78214GC-3B8 IE-78210-R EP-78210GC  11PD78P214GC PA-78P214GC  RA78K2 ST78K2 CC782XX
#PD78214GJ-5BJ |IE-78210-R  EP-78210GJ  uPD78P214GJ PA-78P214GJ RA78K2 ST78K2 CC782XX
(Note 3)
nPD78214GQ-36 IE-78210-R EP-78210GQ  uPD78P214GQ PA-78P214GQ  RA78K2 8§T78K2 CC782XX
pPD78214L |IE-78210-R  EP-78210L wPD78P214L PA-78P214L RA78K2 ST78K2 CC782XX
wPD78P214CW IE-78210-R EP-78210CW - PA-78P214CW  RA78K2 S§T78K2 CC782XX
uPD78P214DW - IE-78210-R  EP-78210CW - PA-78P214CW  RA78K2 . ST78K2 CC782XX
nPD78P214GC-3B8 |IE-78210-R  EP-78210GC - PA-78P214GC  RA78K2 8§T78K2 CC782XX
#PD78P214GJ-5BJ |IE-78210-R  EP-78210GJ - PA-78P214GJ  RA78K2. ST78K2 GC782XX
(Note 3)
uPD78P214GQ-36 |IE-78210-R = EP-78210GQ - PA-78P214GQ  RA78K2 ST78K2 CC782XX
uPD78P214L . |IE-78210-R EP-78210L - PA-78P214L RA78K2 ST78K2 CC782XX
#PD78220GJ-5BG IE-78220-R  EP-78220GJ - - RA78K2 ST78K2 CC782XX
(Note 4)
nPD78220L |IE-78220-R  EP-78220L - - RA78K2 ST78K2 CC782XX
rPD78224GJ-5BG IE-78220-R  EP-78220GJ  pPD78P224GJ PA-78P224GJ = RA78K2 ST78K2 CC782XX
(Note 4)
#PD78224L |IE-78220-R .  EP-78220L #PD78P224L PA-78P224L RA78K2 ST78K2 CC782XX
#PD78P224GJ-5BG IE-78220-R  EP-78220GJ - PA-78P224GJ  RA78K2 ST78K2 CC782XX
(Note 4)
#PD78P224L |IE-78220-R  EP-78220L - PA-78P224L RA78K2 ST78K2 CC782XX
#PD78310ACW |IE-78310A-R  (Note 5) uPD78P312ACW/DW  PA-78P312CW  RA78K3 ST78K3 CC78K3
. (Note 7)
#PD78310AGF-3BE IE-78310A-R  EP-78310GF  puPD78P312AGF-3BE  PA-78P312GF ~ RA78K3 ST78K3 CC78K3
(Note 7)
#PD78310AGQ |IE-78310A-R  (Note 6) uPD78P312AGQ/RQ  PA-78P312GQ  RA78K3 ST78K3 CC78K3
(Note 7)
#PD78310AL IE-78310A-R  EP-78310L #PD78P312AL PA-78P312L RA78K3 ST78K3 CC78K3
(Note 7)
pPD78312ACW IE-78310A-R  (Note 5) wPD78P312ACW/DW  PA-78P312CW  RA78K3 ST78K3 CC78K3
(Note 7)
#PD78312AGF-3BE |IE-78310A-R  EP-78310GF ~ pPD78P312AGF-3BE  PA-78P312GF ~ RA78K3 ST78K3 CC78K3
(Note 7)
* Required Tools
50177
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NEC

uPD78XXX Series Development Tools Selection Guide (cont)

PG-1500 Relocatable  Structured
Part Number Emulation EPROM/OTP Adapter Assembler Assembler C Compller
(Note 1) Emulator*  Probe* Device (Note 2) (Note 11) (Note 12) (Note 13)
#PD78312AGQ IE-78310A-R  (Note 6) uPD78P312AGQ/RQ  PA-78P312GQ  RA78K3 ST78K3 CC78K3
(Note 7)
pPD78312AL |IE-78310A-R  EP-78310L uPD78P312AL PA-78P312L RA78K3 ST78K3 CC78K3
(Note 7)
wPD78P312ACW |IE-78310A-R  (Note 5) - PA-78P312CW  RA78K3 ST78K3 CC78K3
(Note 7)
nPD78P312ADW |IE-78310A-R  (Note 5) - PA-78P312CW  RA78K3 ST78K3 CC78K3
(Note 7)
nPD78P312AGF-3BE |IE-78310A-R  EP-78310GF - PA-78P312GF  RA78K3 ST78K3 CC78K3
(Note 7)
pPD78P312AGQ |IE-78310A-R  (Note 6) - PA-78P312GQ  RA78K3 ST78K3 CC78K3
(Note 7)
nPD78P312AL |IE-78310A-R ~ EP-78310L - PA-78P312L RA78K3 ST78K3 CC78K3
(Note 7)
nPD78P312AR |IE-78310A-R  (Note 6) - PA-78P312GQ  RA78K3 ST78K3 CC78K3
(Note 7)
1PD78320GJ-5BJ IE-78320-R  (Note 8) (Note 8) (Note 8) RA78K3 ST78K3 CC78K3
(Note 7)
rPD78320L IE-78320-R  (Note 8) (Note 8) (Note 8) RA78K3 ST78K3 CC78K3
. (Note 7)
nPD78322GJ-5BJ |E-78320-R (Note 8) (Note 8) (Note 8) RA78K3 ST78K3 CC78K3
(Note 7)
rPD78322L IE-78320-R  (Note 8) (Note 8) (Note 8) RA78K3 ST78K3 CC78K3
(Note 7)
#PD71P301GF-3BE - - - PA-71P301GF - - -
rPD71P301GQ-36 - - - PA-71P301GQ - - -
#PD71P301KA - - - PA-71P301KA - - -
(Note 9)
#PD71P301KB - - - PA-71P301KB - - -
(Note 10)
pPD71P301L - - - PA-71P301L - - -
* Required Tools
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uPD78XXX Series

Notes:
( 1) Packages:
Package Description
cw 64-pin plastic shrink DIP
DW 64-pin ceramic shrink DIP with window
GC-3B8  64-pin ceramic plastic miniflat (14mm x 14mm
GF-3BE  64-pin plastic miniflat (Resin Thickness: 2.7mm)
GJ-5BG  94-pin plastic miniflat
GJ-5BJ  74-pin plastic minifiat (20mm x 20mm)
GQ 64-pin plastic QUIP
GQ-36 64-pin plastic QUIP
KA 44-pin ceramic LCC with window
KB 64-pin ceramic LCC with window
L 44-pin PLCC (#PD71P301L)
68-pin PLCC (uPD78213/214/P214L,
wPD78320/322L)
84 pin PLCC (uPD78220L, uPD78224L)
RQ 64-pin ceramic QUIP with window

( 2) By using the specified adapter, the PG-1500 EPROM program-
mer can be used to program the EPROM/OTP device.

( 8) The EP-78210GJ is a 68-pin PLCC to 74-pin miniflat package
adapter for use with the EP-78210L emulation probe.

( 4) The EP-78220GdJ is a 84-pin PLCC to 94-pin miniflat package
adapter for use with the EP-78220L emulation probe.

( 5) The emulation probe for the 64-pin shrink DIP package (EP-
78310CW) is supplied with the IE.

( 6) The emulation probe for the 64-pin QUIP package (EP-78310GQ)
is supplied with the IE.

( 7) There are two C Compilers for the uPD783XX devices: CC78K3
from NEC Electronics and one from Lattice Corporation. A
source code debugger is included with CC78K3 package.

( 8) Please contact your NEC Sales Representative for further infor-
mation.

( 9) Sockets for the uPD71P301KA (44-pin LCC package) are
available from Yamaichi (IC61-0444-030).

(10) Sockets for the nPD71P301KB (64-pin LCC package) are
available from NEC Electronics (EV-9200G-64) in sets of five.

pPD78XXX Series Evaluation Boards Selection
Guide

Part Number Design/Development Boards Evaluation Boards
rPD7821X EB-78210-PC DDK-78K2
#PD7822X EB-78220-PC DDK-78K2
1#PD7831X - DDK-78310A
#PD7832X EB-78320-PC -

Notes:

(1) The following relocatable packages are available:

RA78K2-D52 (MS-DOS®) Relocatable assembler
RA78K2-VVT1 (VAX/VMS™) for 78XX series
RA78K3-D52 (MS-DOS) Relocatable assembler
RA78K3-VVT1 (VAX/VMS) for 78XX series

(2) The ST78K2 structured assembler processor is provided with
RA78K2. The ST78K3 structured assembler preprocessor is pro-
vided with RA78K3 and CC78K3.

(3) The following C Compiler packages are available:

CCMSD-I5DD-782XX (MS-DOS) For uPD783XX series
CC78K3-D52 (MS-DOS)
CC78K3-VVT1 (VAX/VMS)

MOS-DOS is a trademark of Microsoft Corporation.
VAX and VMS are trademarks of Digital Equipment Corporation.
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NEC Development Tools

NEC Electronics Inc. Selection Guide

DSP and Speech Development Tools Selection Guide

Part Number Evaluation Assembler Simulator EPROM/OTP :de;:)ﬁ?
(Note 7) Emulator Board (Note 1) (Note 2) Device (Note 3)
wPD7720AC EVAKIT-7720B - ASM77 SIM77 uPD77P20D (Note 5)
#PD7720AL EVAKIT-7720B (Note 4) - ASM77 SIiM77 - -
#PD77P20D EVAKIT-7720B - ASM77 SiM77 - -
#«PD77C20AC EVAKIT-7720B - ASM77 SIM?77 #PD77P20D (Note 5)
rPD77C20AL EVAKIT-7720B (Note 4) - ASM77 SIM77 - -
wPD77C20ALK EVAKIT7720B (Note 4) - ASM77 SIM77 - -
#PD77220L EVAKIT77220 - RA77230 SM77230 - -
wPD77220R EVAKIT-77220 - RA77230 SM772230 #PD77P220R PA-77P230R
#PD77P220R EVAKIT77220 - RA77230 SM77230 - PA-77P230R
pPD77230AR EVAKIT-77230 DDK-77230 RA77230 SM77230 wPD77P230R PA-77P230R
#PD77P230R EVAKIT-77230 DDK-77230 RA77230 SM77230 - PA-77P230R
wPD77C25C EVAKIT77C25 - RA77C25 — uPD77P25C/D PA-77P25C
wPD77C25L EVAKIT-77C25 (Note 4) - RA77C25 — uPD77P25L -
wPD77P25C EVAKIT-77C25 - RA77C25 - - PA-77P25C
wPD77P25D EVAKIT77C25 - RA77C25 - - PA-77P25C
uPD77P25L EVAKIT77C25 (Note 4) - RA77C25 - - -
pPD7755C NV-300 System EB-7759 - - wPD77P56C PA-77P56C
wPD7755G NV-300 System EB-7759 - —_ wPD77P56G PA-77P56C
(Note 6)
wPD7756C NV-300 System EB-7759 - — uPD77P56C PA-77P56C
wPD7756G NV-300 System EB-7759 - - wPD77P56G PA-77P56C
(Note 6)
pPD77P56C NV-300 System EB-7759 - - - PA-77P56C
pPD77P56G NV-300 System EB-7759 - - - PA-77P56C
(Note 6)
wPD7757C NV-300 System EB-7759 - - = -
wPD7757G NV-300 System EB-7759 - - - -
(Note 6)
#PD7759C NV-300 System EB-7759 - - -— -
#PD7759GC NV-300 System EB-7759 - - - -
nPD77810L IE-77810 - RA77810 - - -
#PD77810R |IE-77810 - RA77810 - - -
50148
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Notes:

(1) The following assemblers are available:
Part Number Description
ASM77-D52 Assembler for 7720 (MS-DOS®)
RA77C25-D52 Assembler for 77C25 (MS-DOS)
RA77C25-VVT1 Assembler for 77C25 (VAX/VMS™)
RA77230-D52 Assembler for 77230 (MS-DOS)
RA77230-WT1 Assembler for 77230 (VAX/VMS)
RA77230-VXT1 Assembler for 77230 (VAX/UNIX ™)

4.2 BSD or Ultrix™)

(2) The following simulators are available:
Part Number Description
SIM77-D52 Simulator for 7720 (MS-DOS)

SM77230-WT1 Simulator for 77230 (VAX/UNIX)
SM77230-VXT1 Simulator for 77230 (VAX/UNIX
4.2 BSD or Ultrix)

By using the specified adapter, the NEC PG-1500 EPROM pro-
grammer can be used to program the EPROM/OTP device.

Please check with your NEC Sales Representative on the avail-
ability of a PLCC emulation probe.

(5) The uPD77P20D can be pmgram}r\ed using the EVAKIT-7720B.

(6) The EB-7759 comes with an emulation probe for only the 18-pin
Dif

3

<

(4

=

(7) Packages:
Package Description
C 18, 28, or 40-pin plastic DIP
D 28-pin ceramic DIP
G 24-pin plastic SOP
GC 52-pin plastic miniflat
L 44-or 68-pin PLCC
LK 28-pin PLCC
R 68-pin ceramic PGA

MS-DOS is a registered trademark of Microsoft Corporation.

VAX, VMS, and Ultrix are trademarks of Digital Equipment
Corporation.

UNIX is a trademark of AT&T Bell Laboratories.
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Socket Adapters and Adapter Modules

Socket Adapter Adapter Module Socket Adapter Adapter Module
Target Chip (Note 1) (Note 2) Target Chip (Note 1) (Note 2)
Standard 27XXX EPROM Devices #PD75XXX Series Devices (cont)
wPD27256 (125 V) - 027A Board uPD75P316GF PA-75P308GF 04A Board
wPD27256 (21 V) - 027A Board nPD75P328GC PA-75P328GC 04A Board
wPD27C256 - 027A Board #PD75P402C (Note 3) 027A Board
pPD27C256A = 027A Board pPD75P402CT PA-75P402CT 027A Board
wPD27C512 - 027A Board pPD75P402GB PA-75P402GB 027A Board
#PD27C1000 - 027A Board rPD75P516GF PA-75P516GF 04A Board
#PD27C1001 - 027A Board rPD75P516K PA-75P516K 04A Board
pPD27C1024 - 027A Board #PD78XX Series Devices
#PD75XX Series Devices rPD78CP14CW PA-78CP14CW 027A Board
pPD75P54CS PA-75P54CS 04A Board pPD78CP14DW PA-78CP14CW 027A Board
wPD75P54G PA-75P54CS 04A Board pPD78CP14GQ PA-78CP14GQ 027A Board
pPD75P56CS PA-75P56CS 04A Board pPD78CP14GF PA-78CP14GF 027A Board
nPD75P56G PA-75P56CS 04A Board pPD78CP14L PA-78CP14L 027A Board
pPD75P64CS PA-75P54CS 04A Board nPD78CP14R PA-78CP14GQ 027A Board
wPD75P64G PA-75P54CS 04A Board #PD78XXX Series Devices
uPD75P66CS PA-75P56CS 04A Board wPD71P301GF PA-71P301GF 027A Board
pPD75P66G PA-75P56CS 04A Board wPD71P301GQ PA-71P301GQ 027A Board
#PD75XXX Series Devices uPD71P301KA PA-71P301KA 027A Board
wPD75P008CU PA-75P008CU 04A Board #PD71P301KB PA-71P301KB 027A Board
wPD75P008DU PA-75P008CU 04A Board rPD71P301L PA-71P301L 027A Board
pPD75P008GB PA-75P008CU 04A Board wPD78P214CW PA-78P214CW 027A Board
pPD75P028CW PA-75P028CW 04A Board nPD78P214GC PA-78P214GC 027A Board
wPD75P028GC PA-75P028GC 04A Board pPD78P214GJ PA-78P214GJ 027A Board
pPD75P108BCW PA-75P108CW 04A Board wPD78P214GQ PA-78P214GQ 027A Board
wPD75P108CW PA-75P108CW 04A Board nPD78P214L PA-78P214L 027A Board
wPD75P108DW PA-75P108CW 04A Board pPD78P224GJ PA-78P224GJ 027A Board
wPD75P108BGF PA-75P116GF 04A Board nPD78P224L PA-78P224L 027A Board
pPD75P108G PA-75P116GF 04A Board wPD78P312ACW PA-78P312CW 027A Board
pPD75P116CW PA-75P108CW 04A Board pPD78P312ADW PA-78P312CW 027A Board
pPD75P116GF PA-75P116GF 04A Board 1PD78P312AGF PA-78P312GF 027A Board
wPD75P216ACW PA-75P216ACW 04A Board nPD78P312AGQ PA-78P312GQ 027A Board
wPD75P308GF PA-75P308GF 04A Board wPD78P312AL PA-78P312L 027A Board
pPD75P308K PA-75P308K 04A Board #PD78P312AR PA-78P312GQ 027A Board

50147
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Socket Adapters and Adapter Modules (cont)

Socket Adapter Adapter Module
Target Chip (Note 1) (Note 2)
V-Series Devices
#PD70P322K PA~70P322L 027A Board
Digital Signal Processors -
pPD77P56C PA-77P56C 04A Board
#PD77P56G PA-77P56C 04A Board
#PD77P25C PA-77P25C 027A Board
uPD77P25D PA-77P25C 027A Board
wPD77P230R PA-77P230R 027A Board

Notes:
(1) All socket adapters must be purchased separately.
(2) The 27A and 04A Adapter Modules are shipped with the PG-1500.

(3)- The- uPD75P402C does not require a programming. socket
adapter. It can be plugged directly into the 027A Board.
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uPD7201A
Multiprotocol, Serial
Communications Controller

Description

The uPD7201A is a dual-channel, multiprotocol, serial
communications 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 itis
software configurable for serial data communications
applications.

The uPD7201A 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 uPD7201A 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 /0.

Features

O Two independent full-duplex serial channels

0O Four independent DMA channels for send/receive
data for both serial inputs/outputs

O Programmable interrupt vectors and interrupt
priorities

O Modem control signals

0O Variable software programmable data rate, up to
1 Mb/s at 5-MHz system clock

O Double-buffered transmitter data and quadruple-
buffered receive data

[ Selectable CRC algorithm

O Selection of interrupt, DMA, or polling mode of
operation

O Asynchronous operation
— Character length: 5, 6, 7, or 8 bits
— Data clock frequency: 1x, 16x, 32x, or 64x

data rate

— Parity: odd, even, or disable
— Break generation and detection
— Interrupt on parity, overrun, or framing errors

NECEL-000181

[0 Monosync, bisync, and external sync operations
— Software selectable sync characters
— Automatic sync insertion
— CRC generation and checking
O HDLC and SDLC operations
— Abort sequence generation and detection
— Automatic zero insertion and detection
— Address field recognition
— CRC generation and checking
— |-field residue handling
O N-channel MOS technology
0O Single +5V power supply; interface to most
microprocessors including 8080, 8085, 8086, and
others.
O Single-phase TTL system clock: up to 5 MHz
[0 Plastic and ceramic dual-in-line packages

Ordering Information

Part Number Package Type
uPD7201AC 40-pin plastic DIP
uPD7201AD 40-pin ceramic DIP

Pin Configuration

40 ] VEC
39[)CTSA
38[JRTSA
37[]TxDA

[ TxCA
35[1RxCA
34[JRxDA
33[JSYNCA

3201 WAITA/DRQRXA
31 DTRA/HAC
30 [1PRO/DRQTXB
12 29 [1PRI/DRQRxB
[JiNT

[ INTAK.

[ DTRB/HAI
[18/A
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Pin Ildentification

Pin Functions
CLK [System Clock]

A TTL-level clock signal is applied to the CLK input.
The system clock frequency must be at least 4.5 times

A low on the RESET input (one complete CLK cycle
minimum) initializes the MPSCC to the following con-
ditions: receivers and transmitters disabled, TxDA and
TxDB set to marking (high), and modem controls
(DTRA, DTRB, RTSA, RTSB) set high.

In addition, all interrupts are disabled and all inter-
rupt and DMA requests are cleared. All control
registers must be rewritten after a reset before
transmission or reception can be restarted.

DCDA, DCDB [Data Carrier Detect]

The DCDA and DCDB inputs go low to indicate the
presence of valid serial data at RxD. The MPSCC may
be programmed so that the receiver is enabled only
when DCD is low, and so that any change in state that
lasts longer than the minium specified pulse width
causes an interrupt and latches the DCD status bit

RxCA, RxCB [Receiver Clock]

The RxCA and RxCB inputs control sampling and
shifting serial data at RxDA and RxDR. The MPSCC
can be programmed so that the clock rate is'1, 16, 32,
or 64 times the data rate. RxD is sampled on the ris-
ing edge of RxC. RxC features a Schmitt-trigger in-

put for relaxed rise and fall time requirements.

TxCA, TxCB [Transmitter Clock]

The TxCA and TxCB inputs control the rate at which
data is shifted out at TxDA and TxDB. The MPSCC can
be programmed so that the clock rate is 1, 16, 32, or
64 times the data rate. Data changes on the falling
edge of TxC. TxC features a Schmitt-trigger input for
relaxed rise and fall time requirements.

TxDA, TxDB [Transmit Data]

No. Symbol Function

1 CLK System clock input

2 RESET Reset input

3 DCDA Data carrier detect input A the data rate.

4 RXCB Receiver clock input B _—

5 DCDB Data carrier detect input B RESET [Resetl

6 CTSB Clear to send input B

7 TXCB Transmitter clock input B

8 TxDB Transmit data output B

9 RxDB Receive data input B

10 RTSB/SYNCB Request to send output B/Synchro-
nization input/output B

1 WAITB/DRQTXA Wait output B/ Transmit DMA request
output A

12-19 ° Ds-Dg Data Bus

20 Vss Ground

21 WR Write strobe input

22 RD Read strobe input

23 cS Chip select input

24 c/D Control/data input

25 B/A Channel select input

26 DTRB/HAI Data terminal output B/Hold

_ acknowledge input to the new state.

27 INTAK Interrupt acknowledge input

28 INT Interrupt request output

29 PRIi/DRQRXB Interrupt priority input/Receive DMA
request output B

30 PRO/DRATXB Interrupt priority output/Transmit
DMA request output B

31 DTRA/HAOD Data terminal output A/Hold
acknowledge output

32 WAITA/DRQRXA Wait output A/Receive DMA request
output A

33 SYNCA Synchronization input/output A

34 RxDA Receive data input A

35 RxCA Receiver clock input A

36 TxCA Transmitter clock input A

37 TxDA Transmit data output A

38 RTSA Request to send output A

39 CTSA Clear to send input A

40 Vee +5V

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,
HDLC), SYNC is an output which is active (low)
whenever a SYNC character match is made. There is
no qualifying logic associated with this 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 (high), it indicates to a DMA controller
that a transmitter or receiver is requesting a DMA data
transfer.

WAITA, WAITB [Wait]

The WAITA and WAITB outputs synchronize the pro-
cessor with the MPSCC 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, C/D, B/A, 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 HAI 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 HAI 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.
CID [Control/Data]

The CID input, with RD, WR, CS, and B/A selects the
data register (C/D=0) or the control and status
registers (C/D =1) for access over the data bus.

B/A [Channel Select]

B/A input low selects channel A and B/A 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 Iow 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

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.

HAI [Hold Acknowledge In]

The HAI input goes low to notify the MPSCC 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 HAI, implements a priority-
resolution daisychain_for multiple DMA devices. HAO
is active (low) when HAI is active and there are no
DMA requests pending in the MPSCC. )

4 DMA Request
Lines

} Serial Data
Control and c".: "f' R
WAITA -] Status Registers s:;::. e\ Seriai Data
WAITE ~———] : ana [ JClcks
R I /\ Gontrol
~ | 4 ] Logi Modem and
BA ————* Controls
Bus
Control
DATA Logic ]
BUS < Internal Data and Control Bus
§ Serial Data
RD B
il Serial
WR ——— | Data [+——— | Serial Dawa
and e [ Clocks
Control
DMA Control Interrupt Control . Logic
Logic Logic Modem and Sync
. o Controls
- — — —
HAI. HAO PRI PRO INT INTAK
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Absolute Maximum Ratings

AC Characteristics (cont)

Ta = 25°C TA = 0°C to + 70°C; Vg = +5V = 10%
Power Supply, Veo -05t + 7.0V Limits
Input Voltage, V, —-05t0+ 7.0V Parameter Symbol  Min Max Unit Test Conditions
Output Voltage, Vg -05t0 + 7.0V Clock rise time tr 0 30 ns
Operating temperature, Topt 0°C to + 70°C Clock fall time 1 0 30 ns
Storage Temperature, Tgtg —65°C to + 150°C Address setup taR 0 ns
to RD
Comment: Exposing the device to stresses above those listed in
Absolute Maximum Ratings could cause permanent damage. The ?rgg]r eﬁ% hold R 0 ns
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
Exp'osure to absolute nlanImt{m .ra'tmg conditions for extended Data output ta 200 ns
periods may affect device reliability. delay from
c i address
apacitance Data output__ trp 200 ns
Ta = 259C; Vg = GND = OV delay from RD
Limits Data float delay tpr 10 100 ns
Parameter Symbol Min Max Unit Test Conditions from RD
Input Capacitance Cin 10 pF fc = IMHz ;&ddr(-:'\:l_sR setup taw 0 ns
rom
Output Capacitance  C 15 F  Unmeasured pins
P p ouT d P Address hold twa 0 ns
1/0 Capacitance Ci/0 20 pF returned to GND. from WR
WR pulse width  tyw 200 ns
DC Characteristics Data setup w130 ns
Ta = 0°Cto + 70°C; Vg = +5V = 10% to WR
Limits Data hold twp 0 ns
Parameter Symbol  Min Max Unit Test Conditions from WR
Input low Vi  -05 408 V fPRO ?%?y tpipo 100 ns
voltage rom
Input high Vi +20 Veo+05 v fRO ‘%AY—K tiaro UL
voltage rom
Output low VoL +045 V I =+20mA f“ﬁp a0 ns
voltage 0
Output high Vou  +2.4 V lon = 2004A fR' hlohlfTW tiapr 20 ns
Voltage rom
Input leakage I 10 pA Vjy=Vggto OV 'N,m]K pulse taa 200 ns
current wi
Output leakage loL +10 A Vour=Vee Data output tiap 200 ns
oV delay from
current TNTAK
Vec supply lcc 230 mA
current Data float delay tor 10 100 ns

AC Characteristics
Ta = 0°Cto + 70°C; Vg = +5V = 10%

from INTAK

Limits
Parameter Symbol  Min Max Unit Test Conditions
Clock cycle toy 200 4000 ns
Clock high tcH 70 2000 ns
width

Clock low width  tg 70 2000 ns

Request hold tca 150 ns

from RD/WR

Eﬂgtup to thic 300 ns

RD/WR

HAl hold from  TcHi 0 ns

RD/WR

HAO delay tHIHO 100 ns

from HAI

Data clock oy 400 ns RxC, TxC
cycle
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AC Characteristics (cont)
Ta = 0°Cto + 70°C; Vg = +5V = 10%

Limits
in Max Unit Test Conditions

Timing Waveforms

AC Waveform Measurement Points

Parameter Symbol  Mi 2.0 2.0
2.4V

Data clock high  tpcy 180 ns RxC, TxC o5y X Test Points X
width ) 0.8 cL =150 pf 0.8
Data clock low tooL 180 ns RxC, TxC
width
Tx data delay treTD 300 ns x1 Mode Read Cycle
from TxC 1000  ns x16, x32, x64 |

Mode /D, BA,CS A )
Rx data setup  tpprg O ns - —w
to RxG —1tRD t~—1DF
Rx Data hold  tpgrp 140 ns 0B |- :*:P-"
from RxC - tap -
INT delay Time il 4-6 toy
from Tx Data INTAK Cycle
INT delay Time tRel 7-11 toy
from RxC —taIA
&S, 00D, Wi 200 ns WA H )
SYNC high - tPHA —>] tIAPI f
pulse width PRIL2] N —
CTS, DCD, tye 200 ns o8 X X X X
SYNC low _ 1 tPIPO [+ ! e
pulse width PRO ___J——— - Dp.
External INT tmF 500 ns a0
from CTS, Note: (1] INTA signal acts as RD signal.
‘DC_D, SYNC [2] PRI and HAI signals act as CS signal.
Recovery time try 300 ns
between A
controls Wriie Cycie
WAIT delay tawt 120 ns 4
time from S |

C/D, B/A, C

Address DL_L_, . WA R—
— WR tww "
SYNC setup to tres 100 ns _%t—j twp
RxC

Note: 1. RESET must be active for a minimum of one complete CLK
cycle.
2. In all modes system clock rate must be 4.5 times data rate.

DMA Cycle
tcqQ C
DRQ /
HAI 1] ) . - {
T HIC-T -—-——’__H!_____

~tHIHO
HAO

Note: [1] PRI and HAI signals act as CS signal.
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Timing Waveforms (cont)
Transmit Data Cycle Receive Data Cycle
tocy chL toon ]
> _______/f"""“4;;::;;:;-}15}555221 RxC \+—tocL—4
e — RORCT=" 2~ e —thcap
TxD RxD X
] _ RCI——]
iNT —.I INT *
Other Timing Clock
tMH 4
TS, DED, SYNG \ i vy
ML
tME tr tr
INT t—tcy

Read/Write Cycle
(Software Block Transfer Mode)

Sync Pulse Generation
(External Sync Mode)

lFlV—*_

TN\
Last Bit of First Bit of
Sync Character Data Character

SYNC
tRcs —=

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 0. Other functions
are accessed indirectly with a register pointer to
minimize the address space that must be dedicated
to the MPSCC.

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.




NEC

Transmitter control

Sync/address character

4 Tx byte count register, high byte

uPD7201A
Table 1. Control Registers Table 2. Status Registers

Control Status

Register Function Register Function
0 Frequently used commands and register pointer 0 Buffer and “externallstatus” status

control 1 Received character error and special condition
1 Interrupt control status
2 Processor/bus interface control 2 Interrupt Vector
3 Receiver control (Channel
B only)

; Mode control 3 Tx byte count register, low byte
6
7

Sync character

Control Register O

by | ® [ o | 0o | B [ ] o | o
CRC Control ] ]
Command Command Register Pointer

Register Pointer [Dg-D2]

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 0. When the register
pointer is set to a value other than zero the next con-
trol or status (C/D=1) access is to the specified
register. The pointer is then reset to 0 by setting the
register pointer.

Commands [D3-Ds]

Commands commonly used during the operation of
the MPSCC are grouped in control register 0. 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 HDLC mode,
this command causes the MPSCC to transmit the
HDLC 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 (Dg of CR1), the
send abort command is automatically issued when
an underrun condition occurs.

2-10

Reset External Status Interrupt [010] : When the ex-
ternal/status change flag is set, the condition of bits
D3-D7 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 [011] : This command has the same
effect on asingle channel asan external resetat 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
channelto be reset must be reinitialized. Afterachannel
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
DMA 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 DMA request is not made until another
character has been loaded and transferred to the
transmitter shift register or when, if operating in
synchronous mode, 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 [111] [Channel A Only] : 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 [Dg-D7]

The following commands control the operation of the
CRC generator/checker logic:

Null [00] : This command has no effect and is used
when issuing other commands or setting the register
pointer.

Reset Receiver CRC Checker [01] : This command
resets the CRC checker to zero when the channel is
in a synchronous mode. It resets to all 1s when in an
HDLC mode.

Reset Transmitter CRC Generator [10] : This command
resets the CRC generator to zero when the channel
is in a synchronous mode. It resets to all 1s when in
an HDLC mode.

Reset Idie/CRC Latch [11] : 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 HDLC mode.

Control Register 1

D; |- Dg Dg Dy ] Dy D, Dy Dy
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
[7] l Dg L Ds | Dy | D3 J Dy 1 Dy l Dy
Low Byte
D; 1 Dg j D5 T Dy I D3 | Dy I D, I Dy
High Byte

External/Status Interrupt Enable [Dg]

When this bit is set to one, the MPSCC issues an inter-

rupt whenever any of the following conditions occur:

— Transition of the DCD, CTS or SYNC input pin

— Entering or leaving synchronous hunt phase,
break detection or termination

— HDLC abort detection or termination

— Idle/CRC latch set (CRC being sent)

— After ending flag is sent in the HDLC mode

Transmitter Interrupt Enable [D4]

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 count mode enable bit is set (Dg of
CR1 = 1). The 7201A will automatically issue a Tx
interrupt or DMA request when the transmitter
becomes enabled (D3 of CR5 = 1).

Condition Affects Vector [D2]

When this bit is set to zero, the fixed vector pro-
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 [D3 - D4]

This field controls how the MPSCC interrupt/DMA
logic handles the character received condition.

Receiver Interrupts/DMA Request Disabled [00] : The
MPSCC does not issue an interrupt or a DMA request
when a character has been received.

Interrupt/DMA on First Received Character Only [01] :
In this mode the MPSCC issues an interrupt only for
the first character received after an enable inter-
rupt/DMA on first character command (CRO0) has been
given. If the channel is in a DMA mode, a DMA 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 Request] on All Received
Characters [10] : 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 Request] on All Received
Characters [11] : 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)

— HDLC end of message (final flag received)

Wait on Receiver/Transmitter [Ds]

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 [Dg]

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 HDLC 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

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 [D;]

Setting this bit to one enables the wait function
selected by D5 of CR1.

Control Register 2 (Channel A)

D; Dg Ds ] Dy ] D3 D, Dy ' Do
Pin 10 Rx
SYNCB/| INT Priority DMA Mode
RTSB | Mask Interrupt Vector Select

DMA Mode Select [Dg - D4]

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 [D2]

This bit selects the relative priorities of the various
interrupt and DMA conditions according to the ap-

nlication requirements, See table 4.

TCICTI

Interrupt Vector Mode [D3 - Ds]

This field determines how the MPSCC responds to an
interrupt acknowledge sequence from the processor.
See table 5. )

Rx INT Mask [De]

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.

Ghannel Pin Function
D, Dy A B 1 2 29 30 3 )
0 0 Non-DMA Non-DMA WAITB DTRB PRI PRO DTRA WAITA
0 1 DMA Non-DMA DRQTXA HAI PRI PRO HAO DRQRXA
1 0 DMA DMA DRATXA HAI DRQRXB DROTXB HAO DRQRXA
1 1 DMA DMA DROTXA DTRB DRQRXB DRQTXB DTRA DRQRXA
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Table 4. DMA/Interrupt Priorities

DMA Priority

D, Ghannel A Channel B Relation Interrupt Priority Relation
0 INT INT SRxA, RxA>TxA>SRxB, RxB>TxB>EXTA>EXTB
1 INT INT SRxA, RxA>SRxB, RxB>TxA>TxB > ExXTA >ExXTB
0 DMA INT RxA>TxA SRxA, RxA>SRxB, RxB>TxB>EXTA >EXTB

1 DMA INT RxA>TXA SRxA, RxA>SRxB, RxB>TxB> EXTA>EXTB

0 DMA DMA RxA >TxA >RxB >TxB SRxA, RxA>SRxB, RxB>TxB>EXTB

1 DMA DMA RxA > RxB >TxA >TxB SRxA, RxA>SRxB, RxB> EXTA, EXTB

Table 5. Interrupt Acknowledge Sequence Response

Status Register 2B and Inter-
rupt Vector Bits Affected
When Condition Affects

Dg Dy Dg Mode Vector is Enabled
0 0 0 Nonvectored D4D3Ds
0 0 1 Nonvectored D4D3Dy
0 1 0 Nonvectored D2D1Dg
0 1 1 lllegal

1 0 0 8085 Master D4D3Dy
1 0 1 8085 Slave D4D3D;
1 1 0 8086 DoD1Dg
1 1 1 8085/8259A Slave D4D3Dy

Pin 10 SYNCB/RTSB Select [D7]

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)

“7|“s|“s]°n1°al“z|“l|“n
Interrupt Vector

Interrupt Vector [Dg - D7]

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

D7 I Dg Dg Dy Dy D, Dy 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

Receiver Enable [Dg]

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 [D1]

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
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 [D2]

In the HDLC 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 [D3]

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 HDLC mode,
there is no 8-bit delay.
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Enter Hunt Phase [D4]

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 HDLC
mode, to ignore the current incoming message. A one
in this bit position at any time after initialization
causes the MPSCC to reeneter the hunt phase.

Auto Enables [Ds]

Setting this bit to one causes the DCD and CTS in-
puts to act as enable inputs to the receiver and
transmitter, respectively.

Number of Received Bits per Character [Dg - D7]

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

D7 | Dg "5—| Dy D3 T Dy Dy Do
Number Parity
of Stop Bits Even/ | Parity
Clock Rate Sync Mode per Sync Mode | Odd | Enable

Parity Enable [Dg]

Setting this bit to one adds an extra data bit contain-
ing parity information to each transmitted character.
Each received character is expected to contain this
extra bit, and the receiver parity checker is enabled.

Table 6. Received Bits per Character
Il1 Ds

Bits per Character

0 0 5
0. 1 7
1 0 6
1 1 8
Table 7. - Stop Bits
D3 D, Mode
0 0 Synchronous modes
0 1 Asynchronous 1 bit time (1 stop bit)
1 0 Asynchronous 1% bit times (1%2 stop bits)
1 1 Asynchronous 2 bit times (2 stop bits)
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Parity EvenIOdd [D1]

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 or Sync Mode [D2 - D3]

This field specifies whether the channel is used in a
synchronous or an asynchronous mode. In an asynch-
ronous mode, this field also specifies the number of
bit times used as the stop bit length by the trans-
mitter. The receiver always checks for one stop bit.
See table 7.

Sync Mode [D4 - Ds]

When the stop bits/sync mode field is programmed
for synchronous modes (Ds, D3 = 00), this field
specifies the particular synchronous format to be
used. This field is ignored in an asynchronous mode.
See table 8.

Clock Rate [Dg - D7]

This field specifies the relationship between the
transmitter and receiver clock inputs (TxC, RxC) and
the actual data rates at TxD and RxD. 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 sampiing (rising) edge of RxC must
be externally synchronized with the data. See table 9.

Table 8. Synchronous Formats

Sync Sync
Mode 1 Mode 2 Mode

D5 Dy

0 0 8-bit internal synchronization character
(monosync)

0 1 16-bit internal synchronization character
(bisync)

1 0 SDLC/HDLC

1 1 External synchronization (SYNC pin becomes an
input) :

Table 9. Clock Rates

Clock Glock

Rate 1 Rate 2 Clock Rate
D; Dg
0 0 Clock Rate = 1x Data Rate
0 1 Clock Rate = 16x Data Rate
1 0 Clock Rate = 32x Data Rate
1 1 Clock Rate = 64x Data Rate
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Control Register 5

D, 5 | o D, D, D, D, g
CRC Trans-
Number of Trans- | Poly- mitter

Transmitted Bits | Send | mitter | nomial CRC
DTR per Character | Break | Enable | Select | RTS | Enable

Transmitter CRC Enable [Do]

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 [D1]

In synchronous and HDLC 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.

CRC Polynomial Select [D2]

This bit selects the polynomial used by the transmitter
and receiver for CRC generation and checking. A one
selects the CRC-16 polynomial (X16 + X5 + X2 + 1).
A zero selects the CRC-CCITT polynomial (X16 + X12
+ X5 + 1). In an HDLC mode CRC-CCITT must be
selected. Either polynomial may be used in other syn-
chronous modes.

Transmitter Enable [D3]

After areset, the transmitted data output (TxD) 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.
TxD then goes high (marking). In an HDLC mode, the
current character is sent, but the following marking

line is zero-inserted. That is, the line goes low for one
bit time out of every five.

Never disable the transmitter during the HDLC 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. TxD then
goes high.

Send Break [D4]

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 [Ds - Dg]

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 MPSCC 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

Transmitted Transmitted
Bits per Bits per

Character 1 Character
Dg D5 Bits per Character
0 0 5 or less (see below)
0 1 7
1 0 6
1 1 8

Table 11. Transmitted Bits per Character for 5

Characters or Less
D; Dg D5 Dy D3 D Dy

Dy Number of Bits per Charater

11 1 1 0 0 0 Dy 1
11 1 0 0 Dy Dy 2
1 1 0 0 Dy Dy Dg 3
1 0 0 0 D3 Dy Dy Dy 4
0 0 O Dy D3 Dy Dy Do 5
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DTR [Data Terminal Ready] [D7]

When this bit is one, the DTR output is low [active].
When this bit is zero, DTR is high.

Control Register 6

W'I“ﬁlﬂslntl"a]“zllh[nn

Sync Byte 1

Sync Byte 1 [Dg - D7]
Sync byte 1 is used in the following modes:

Monosync 8-bit sync character transmitted
during the idle phase

Bisync Least significant (first) 8 bits of the
16-bit transmit and receive sync
character

External Sync Sync character transmitted during the
idle phase

HDLC Secondary address value matched to

secondary address field of the HDLC
frame when the MPSCC is in the ad-
dress search mode

Control Register 7

l"sl“s[hl“al”z'“:l“u
Sync Byte 2

Sync Byte 2 [Dg - D7]

Sync byte 2 is used in the following modes:

Monosync 8-bit sync character matched by the
receiver

Bisync Most significant (second) 8 bits of
the 16-bit transmit and receive sync
characters

HDLC The flag character 01111110 must be

programmed into control register 7
for flag matching by the MPSCC
receiver

Status Register O

D; Dg Ds Dy Dy D, Dy Do

Rec’d

x INT Char
Buffer | Pend- | Avail-
Empty ing able

Break/ | Idle/ Sync
Abort CRC CTS | Status | DCD

Received Character Available [Dg]

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.

- 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 2B is read, the PRI input is active
(low), and the MPSCC requests interrupt service.

Interrupt Pending [D4

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 and 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 [Do]

This bit is set whenever the transmitter buffer is
empty — except during the transmission of CRC. 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 [D3 - D7]

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, regardiess of whether this
interrupt is enabled. This allows transient status
changes on these lines to be saved.

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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DCD [D3] : This bit reflects the inverted state of the
DCD input. When DCD is low the DCD status bit is
high. Any transition on this bit causes an external/
status interrupt request.

Sync Status [D4] : 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, HDLC 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 transition
on this bit causes an external/status interrupt. Note
that entering a sync hunt phase (when programmed)
or a reset causes an external/status interrupt request
which may be cleared immediately with a reset exter-
nall/status interrupt command.

CTS [Ds] : 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 [Dg] [Tx Underrun/EOM] : This bit indicates
the state of the idle/CRC latch used in the syn-
chronous mode. 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 HDLC mode, the MPSCC automatically resets
this latch after the first byte of a frame is written to
the Tx buffer.

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 [D;] : In the asynchronous mode, this bit
indicates the detection of a break sequence (a null
character plus framing error that occurs when the RxD
input is held low, spacing, for more than one
character time). Break/abort is reset when RxD returns
high (marking).

In the HDLC 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-
nall/status interrupt.

Status Register 1

b Dg D5 Dy D3 l D, [ Dy Do
End of | CRC | Over-
SDLC |Framing| run Parity Al
Frame | Error | Error | Error SDLC Residue Code Sent

All Sent [Dql

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.

Residue Code [D1 - D3]

Since the data portion of an HDLC 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 (D7 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
8 Bits per Character

Previous 2nd Previous
D3 D, Dy Character Character
1 0 0 cccccccec cccccobpb
0 1 0 cccccceccce ccccopbpbDD
1 1 0 cccccceccece cccobpbpbDD
0 0 1 cccccccce ccobpDDDD
1 0 1 cccccccee cbDDDDDD
0 1 1 ccccceccccer DDDDDDDD*
1 1 1 ccccccecceo DDDDDDDD
0 0 0 ccccccecoo DDDDDDDD
7 Bits per Character
Previous 2nd Previous
D3 D, D, Character Character
1 0 0 ccccccce cccccobo
0 1 0 ccccccc ccccpbDpbD
1 1 0 ccccccc cccobbDbD
0 0 1 ccccccece ccobpbbDD
1 0 1 ccccccece cbDDDDD
0 1 1 ccccccer ppbDDDDD*
0 0 0 cccccco DDDDDDD
6 Bits per Character
Previous 2nd Previous
Dy D, Dy Character
1 0 0 cccccce ccccceo
0 1 0 cccccce ccccceco
1 1 0 cccccce cccopobb
0 0 1 cccccce CCDDDD
1 0 1 cccccce coDDDD
0 0 0 cccccce DDDDDD
5 Bits per Character
Previous * 2nd Previous
D3 D, Dy Character
1 0 0 cccccer DDDDD*
0 1 0 cccco DDDDD
1 1 0 CcCCDD DDDDD
0 0 1 CCDDD DDDDD
0 0 0 cCDDDD DDDDD
Notes: C = CRC bit
D = Valid data
* = No residue

Special Receive Condition Flags

The status bits described below—parity error (if parity
as a special receive condition is enabled), receiver over-
run error, CRC/framing error, and end of HDLC frame—
all represent special receive conditions.
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When any of these conditions occur and interrupts
are enabled, the MPSCC issues an interrupt request.
In addition, if a condition affect vector mode is en-
abled, the vector generated (and the contents of SR2B
for nonvectored interrupts) is different from that of a
received character available condition. Therefore, it
is not necessary to analyze SR1 with each character
to determine if an error has occurred.

Also, the parity error and receiver overrun error flags
are latched. That is, once one of these errors occurs,
the flag remains set for all subsequent characters
until reset by the error reset command. Therefore read
SR1 only at the end of a message to determine if
either of these errors occurred anywhere in the
message. The other flags are not latched and follow
each character available in the receiver buffer.

Parity Error [D4] : This bit is set and latched when
parity is enabled and the received parity bit does not
match the sense (odd or even) calculated from the
data bits.

Receiver Overrun Error [Ds] : This error occurs and is
latched ‘when the receiver buffer already contains
three characters and a fourth character is completely
received, overwriting the last character in the buffer.

CRC/Framing Error [Dg] : In the asynchronous mode
a framing error is flagged (but not latched) when no
stop bit is detected at the end of a character (RxD is
low one bit time after the center of the last data or
parity bit). When this condition occurs, the MPSCC
waits an additional one-half bit time before sampling
again so that the framing error is not interpreted as
a new start bit.

In the synchronous mode, this bit indicates the result
of the comparison between the current CRC result and
the appropriate check value. It is usually set to one,
since a message rarely indicates a correct CRC result
until correctly completed with the CRC check character.
Note that a CRC error does not result in a special
receive condition interrupt.

End of HDLC Frame [EOF] [D;] : This status bit is used
only in the bit synchronous mode to indicate that the
end of frame flag has been received and that the CRC
error flag and residue code are valid. This flag can be
reset at any time by issuing an error reset command.
The MPSCC also automatically resets this bit when the
first character of the next message is sent.
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Status Register 2B

Table 13. Condition Affects Vector Modifications

B, | o [ s [ by | bg [ o, [ oy | m Interrupt
Pending 8085 Modes Dy D3 D,
Interrupt Vector (SRO, D,
Channel A) 8086 Modes D, Dy Dy Condition
Interrupt Vector [Dg - D7 - Channel B Only] 0 1 1 1 Nointerrupt pending
. . . 1 0 0 0 Channel B transmitter
Reading status register 2B returns the interrupt vector buffer empty
tr_ma't is programmed into c<_)ntro| register 2B. If a con- ] 0 0 1 Channel B external/status
dition affects vector mode is enabled, the value of the Change
vector is modified as shown in table 13. ] 0 1 0 Channel B received
Code 111 can mean either channel A special receive character available
condition or no interrupt pending. Examine the inter- 1 0 1 1 Channel B special receive
rupt pending bit (D4 of status register 0, channel A), condition
to distinguish which it means. In a nonvectored inter- 1 1 0 0 Channel A transmitter
rupt mode, the vector register must be read first for buffer empty
the interrupt pending to be valid. 1 1 0 1 Channel A external/status
change
1 1 1 0 Channel A received
Character available
1 1 1 1 Channel A special receive
condition
Status Register Bit Functions (Sheet 1 of 2)
Control Register 0 Control Register 2 (Channel B)
Lo Joc[o- [o fo. o fo o Lo Jo[o. [o[o]o o o]
T
’ | ] (‘J (]) Register 0 Vo
| 0 0 1 Register 1 Vi
0 1 0 Register 2 Pointer for V2
’ [} 1 1 Register 3 the Selection of V3 p
| 1 0 0 Register 4 a Read/Write va4 Vector
| 1 [} 1 Register 5 Register Vs
1 1 0 Register 6 V6
' 1 1 1 Register 7 v7
R
0 1 0 R::ot Exqrrl's(utus zmerrupts Control Register 2 (Channel A)
? (‘) (1) (E:ha:IZeIIN’:'e::'Nex( Rx Charact
nal
1 0 1  Reset Tx INT/DMA Pending < b l O [Ds I 0. l 0 l L I o ] Do I
1 1 0 Error Reset ] [ ‘
| 1 1 1 End of Interrupt (EOl — Channel A only) | 0 0 Both Channels Interrupt
0 0 Null Code [1) 1 Channel ADMA; Channel B INT
[ 1 Reset Rx CRC Checker 1 0 BothChannels DMA-Internal Priority Mode
1 0 Reset Tx CRC Generator 1 1 BothChannels DMA-External Priority Mode
1 1 Reset Tx Underrun/EOM Latch

Control Register 1

(oo [ o]

o, [o, [o. [0 |

EXT INT Enable

Tx INT Enable

Status Aftects Vector
(Channel B only)

Rx INT and DMA Disable

Rx INT on First Character
INT on All Rx Characters

(Parity Affects Vector)

-0
o-o

OR Interrupt on
Special Receive
it

L—— Receive Interrupt Mask

RTSB Pin 10
1 SYNCB Pin 10

Control Register 3

0 Priority RxA > TxA > RxB > TxB
1 Priority RxA > RxB > TxA > TxB

0 0 8085 Master Mode

0 1 8085 Slave Mode

1 0 8086/88 Mode

1 1 8085/8259A Slave Mode

- Interrupt Vectored/Nonvectored

[oTox Lo Lo [o: o [0 [w]

INT on All Rx Cl
(Parity Does Not Affect
Vector)

— Wait on Receiver/Transmitter

Tx Byte Count Enable

Wait Enable

- Rx Enable
Sync Character Load Inhibit
Address Search Mode (HDLC)
Rx CRC Enable
Enter Hunt Phase
Auto !

0 0 Rx5 Bits/Character
0 1 Rx7 Bits/Character
1 0 Rx6 Bits/Character
1 1 Rx8 Bits/Character
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Status Register Bit Functions (Sheet 2 of 2)

Control Register 4

[oalo o olololw]

Parity Enable

0 Parity = Odd
1Parity = Even
o 0  Sync Modes Enable
0 1 1 Stop Bit/Character
1 0 1% Stop Bits/Character
1 1 2 Stop Bits/Character
0 0  8-bit Sync Character
0 1 16-bit Sync Character
1 0  SDLC Mode (01111110 Flag)
1 1 External Sync Mode
X1 Clock Mode
0 1 X16 Clock Mode
1 (] X32 Clock Mode
1 1 X64 Clock Mode

Control Register 5

[o.To:[o o T o o ]

Tx CRC Enable
RT!

CRC-16/CRC-CCITT
Tx Enable
Send Break

Tx5 Bits (or Less)/Character
Tx7 Bits/Character
Tx6 Bits/Character
Tx8 Bits/Character

wao0o
—“oc-o

DTR

Control Register 6

[l o o olwlo]w]

Sync Bit0
Sync Bit1
Sync Bit2
Sync Bit3
SyncBit4
Sync Bit5
Sync Bit6
SyncBit7

1 Also SDLC

Address Field

Control Register 7

[elefefo]ofo]o]o]

Sync Bit8

Sync Bit9

Sync Bit 10
Sync Bit 11
Sync Bit 12
Sync Bit 13
Sync Bit 14
Sync Bit 15

1

Note:
[1] For SDLC it must be programmed to 01111110 for flag recognition.

Status Register 0

5[5 ]o [ o] o o] o ] o]

Rx Character Available
INT Pending (Channel A Only)

Status Register 1

‘n,loslnslo.lnaln, D,ID,,

AII Sent — Used with External/Status
Interrupt Mode
I-Field
|-Field Bitsin
Bits in Second
Previous  Previous
Byte Byte
1 [} 0 0 3
0 1 0 0 4
1 1 0 0 5 Residue Data for
o o 1 0 6 Eight Rx Bits per
1 0 1 0 7 Character
] 1 1 0 8 Programmed
1 1 1 1 8
0 ] [} 2 8
L— Parity Error
Rx Overrun Error M
CRC/Framing Error
End of Frame (SDLC)
Status Register 2B
[o-[e.Jo-Jofo. o [0 [o. ]
vo[2]
Vi(2]
v2[2]
V3([2] Interrupt
v4[2] Vector
V5
4
v7
Note:
[1] Used with special receive condition mode.
[2] Variable if Status Affects Vector is programmed.
Status Register 3
(Tx Byte Count Register)
[ooToc Lo Lo [ [o: [T o]
\—— Low
Byte
Status Register 4
(Tx Byte Count Register)
[ Lo oo o oo o]
l— Bit8
Bit9
t—————Bit10
Bit 11 High
Bit12 Byte
Bit13
Bit 14
Bit15

Tx Buffer Empty

DCD

Sync/Hunt Used with

CTS ____  External/Status
Tx L EOM pt Mode
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NEC Electronics Inc.

uPD72001

CMOS, Advanced Multiprotocol,
Serial Communications
Controller

Description

The uPD72001 advanced multiprotocol serial controller
(AMPSC) is a high-performance, single-chip, serial
communications controller designed to meet a wide
variety of communications requirements. The AMPSC
contains two independent full-duplex channels which
can be configured to transmit and receive datain either
asynchronous protocol or one of two synchronous
protocols: character-oriented protocol (COP) or bit-
oriented protocol (BOP). The COP and BOP synch-
ronous protocols include cyclic redundancy check
(CRC) generation and checking.

The AMPSC has several interrupt modes, including
vectored and nonvectored. Separate direct memory
access (DMA) requests are available for the transmitter
and receiver on each channel, allowing high speed
operation. The AMPSC is easily interfaced to most
microprocessors with a minimum of logic.

The uPD72001 AMPSC is an upgraded CMOS version
of the uPD7201A MPSCC with the following additions:
four internal baud rate generator (BRG)/timers, two
digital phase-locked loops (DPLL), two crystal oscilla-
tors, and the capability of synchronous data link
control (SDLC) loop operation. The BRG’s can be used
as independent timers, when they are not being used
as baud rate generators. Each timer generates its own
zero count interrupt. These features simplify design
requirements and at the same time enhance the flexible
architecture of the uPD7201A.

Features

[0 Advanced version of the uPD7201A
O Functional superset of industry standard 8530
O CMOS technology
O Multiprotocol
— Asynchronous
— Synchronous
— Character-oriented (BISYNC/MONO-SYNC)
— Bit-oriented (SDLC/HDLC)
O Two independent full-duplex channels
O Versatile host-system interface
— Software polling
— Interrupt
— DMA
O Interface to a majority of microprocessors (V-Series,
8080, 8085, 80X86/88, and others)
0O DC to 2.2-Mb/s data rate
O Modem control signals
O NRZ,NRZI, and FM encoding/decoding, Manchester
decoding

NECEL-000501

O Digital phase-locked loop per channel

[0 Two baud rate generator/timers per channel (receive
and transmit)

0O Crystal oscillator per channel

[0 Loopback test mode

[0 SDLC loop mode

[ Mark idle detection

O Short frame detection

0O Single +5 V power supply

O Standby mode for reduced power consumption

O Two speed versions: 8 MHz and 11 MHz systems
and input data clocks

O Available in DIP, PLCC, and quadflat packages

Ordering Information

Max Clock
Part No. Package Type Speed
uPD72001C 40-pin plastic DIP 8 MHz
uPD72001C-11 40-pin plastic DIP 11 MHz
uPD72001GC-3B6 52-pin plastic miniflat 8 MHz
uPD72001GC-3B6-11 52-pin plastic 11 MHz
uPD72001L 52-pin plastic 8 MHz
leaded chip carrier (PLCC)
uPD72001L-11 52-pin plastic leaded 11 MHz

chip carrier (PLCC)

Pin Configurations

40-Pin Plastic DIP

pcoacf1i- Y aswpcTsa
D72 39 [ RxDA
D[] 3 38 [J XI1A/STRxCA
Ds[] 4 37 [ XI2A/SYNCA
DaC]5 36 [1 TRxCA
D3[]6 35 [J TxDA
D27 34 [JRTSA
pDi[]8 33 |1 DRQRxA
Do} 9 32 [] RESET
GND [] 10 31 cLK
WR[] 11 30 [J Voo
RD[]12 29 [1 DRQTXA
c/o]13 28 [1 DTRA/DRQTxB
B/AL]14 27 [1 DTRB/DRQRxB
PROLC]15 26 [1 RTSB
PRI[] 16 25 [1TxDB
INTAK [J17 24 [1 x12B/SYNCB
iNT[] 18 23 [ XI11B/STRxCB
CTSB ] 19 22 [1RxDB
pcos []20 21[1 TRxCB
83-004274A
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Pin Configurations (cont)

Pin Identification

. . . Symbol Function
52-Pin Plastic Minifiat B/A Channel B or channel A select input from host
s _ computer
58 C/D Control/data input select from host computer
[
2 - E g g CLK System clock input from host computer
< w prem—
o olﬂ gaxaggd ’E IE 0o CTSA Clear-to-send input for channel A
Z2Zilc Qi O>>0l0l02z 2
Onnononoooonon CTSB Clear-to-send input for channel B
BrR%8Lseesevsse 3CoA Dat ier detect inout for ch A
noad1 o 391 ATSE ata carrier detect input for channel
TRxCA [] 2 38 [1TxDB DCDB Data carrier detect input for channel B
x):i?gr:"g: E : :; - z:f:;:_::‘w_; DTRA/DRQTxB Data terminal ready output for channel A or DMA
x P x request output for transmit channel B; determined by
RxDA [} § 35 [1RxDB_ control register CR2A
CTsA(}6 34 ] TRxCB J———
icdz 13HIc DTRB/DRQRxB Data terminal ready output for channel B or DMA -
DCDA [ 8 3211 DCDB request output for receive channel B; determined by
pre sthcTse control register CR2A
Dg O] 10 30 JiNT DRQRxA DMA request output for receive channel A
Ds O] 11 29 [7INTAK -
0. 012 28 BRI DRQTxA DMA request output for transmit channel A
D313 27 [1PRO D7-Dg System data bus
TeRPER2RR QI8 8R w Int t t output to host t
R R SRR RS Ra R SR ReR RS nterrupt request output to host computer
888488 g g|§ |2 'g '<gg INTAK Interrupt acknowledge input from host computer
83-004272A PRI Priority input, interrupt daisy chain control
PRO Priority output, interrupt daisy chain control
; 3 RD Read control input from host computer
52-Pin Plastic Leaded Chip Carrier (PLCC) = -
RESET System reset input from host computer
3 < RTS Request-to-send output for channel A
3 pr——
(2 RTSB Request-to-send output for channel B
1< « « '2 12 15 < N N 8 -
)3 ° Im o2 g|xa RxDA Receive data input for channel A
™ T 0 © N~ = x T Slxr x
oo0o000ld2Z2loexe X X~ . .
 NnOonononnnonoonn RxDB Receive data input for channel B
(rewe o 353885 TRxCA Transmit-receive clock input for channel A
p.]s O 46 FINC :
Nc[]e 45 [IRTSA TRxCB Transmit-receive clock input for channel B
D1J10 44 [] DRQRxA TxDA Transmit data output for channel A
Nc 1 43[1NC -
po 12 42 [ RESET KDB Transmit data output for channnel B
GND []13 41 CLK WR Write control input from host computer
G%E :: ;o H Voo XIHA/STRXCA  External crystal connection for channel A or transmit-
— 9 Voo receive clock source input for channel A
RD [} 16 38 [1DRQTxA :
c/odw 37 |1 DTRA/DRQTXB XI2A/SYNCA  External crystal connection for channel A or
Nc 18 36 FINC synchronization input for channel A
B/A ] 19 35 [1DTRB/DRQRxB XI1B/STRXCB  External crystal connection for channel B or transmit-
NC ] 20 NESRENERSE S S 34[NC receive clock source input for channel B
& & ——
8] ; G G C, E, :, E, mgug; ,:, E, XI2B/SYNCB  External crystal connection for channel B or
|§ |E 5'5 |9, |g I ame 2| synchronization input for channel B
= = o X x|X|2 x|
z2 g [gejgsFle GND System ground
" S
a § Vop +5 V (typical)
i~ b3

83-004273A
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Pin Functions
CPU Interface

B/A [Channel Select]. The input to this pin selects the
channel to be accessed for a write or read operation. A
low input selects channel A; a high input selects
channel B.

C/D [Control/Data Select]. The input to this pin selects
the type of data on the data bus during a write or read
access. A low input selects data; a high input selects a
control or status register.

CLK [System Clock]. This input supplies the clock for
the internal operation of the device. It is separate from
the data clocks. The system clock input must be more
than five times the serial data transfer rate.

iNT [Interrupt]. The interrupt request output signal at
this pin.goes low if an interrupt cause occurs within the
AMPSC. The output is an open-drain transistor and
requires a pull-up resistor.

INTAK [Interrupt Acknowledge]. An active-low input
signal at this pin is used in response to an interrupt
request. In the Vector mode (CR2A bit D7 = 1), it
causes the interrupt vector to be placed on the data
bus. The output vector mode determines the number of
cycles of INTAK toggling that are required for each
interruptacknowledge cycle (see CR2A bits D3-D5). In
the Nonvector mode (D7 = 0), this pin must be pulled
high. If unused, this pin must also be pulled high.

PRI [Priority Input]. The PRI signal controls interrupt
request generation and interrupt vector output. The
pinistheinputforthe interrupt priority daisy chain that
determines how interrupts from multiple devices are
resolved. A high level prevents the AMPSC from
presenting an interrupt vector during the INTAK
sequence. A low level allows the vector to be presented.
If unused, this pin must be tied low.

PRO [Priority Output]. This is an output to the interrupt
priority daisy chain. It controls interrupt requests from
lower-priority devices. It indicates the existence of a
higher-priority interrupt, either within the AMPSC or, if
no internal interrupt exists, the condition of the PRI
input.

RESET [Reset]. Applying a low signal continuously for
two or more clock cycles (tcyk) to this pin resets the
AMPSC (system reset) and places it in Standby mode.
A system reset disables the transmitter, receiver, in-
terrupt, and DMA functions and sets the TxD and
general-purpose output pins to high. It also resets all
bits of the control registers.

RD [Read]. The active-low RD input signal causes
status or receive (Rx) data to be read out of the
AMPSC. The data is presented on pins Dg-D7. The
values are dependent on the state of the B/A and C/D
inputs and the internal state of the device.

WR [Write]. The active-low WR input signal causes
control words or transmit (Tx) data to be written into
the AMPSC. The data written is input on pins D0O-D7
(data bus). The destination of the data is determined by
the state of the B/A and C/D pins and the value of the
internal register pointer.

D7-Dg [Data Bus]. These pins constitute a three-state,
8-bit, bidirectional data bus. The bus is connected to
the host processor’s data bus to transfer control words,
status information, and send/receive data.

Channel Interface

RxDA, RxDB [Receive Data]. Receive data enters the
AMPSC on these pins.

TxDA, TxDB [Transmit Data]. Transmit data exits the
AMPSC on these pins.

DRQTxA, DRQTxB [DMA Transmit Requests]. These
active-high outputs for channels A and B are DMA
requests to the DMA controller. The pin is set to high
when the Tx buffer is emptied. The conditions under
which this occurs depend on the status of control
register CR1 bit D2. (DRQTxB and DTRA are dual
functions of the same pin.)

DRQRxA, DRQRxB [DMA Receive Requests]. These
active-high outputs for channels A-and B are DMA
requests to the DMA controller. The pin is set to high
when the receiver enters the Rx Character Available
state. It is reset when received data is read out of the
channel. (DRQRxB and DTRB are dual functions of the
same pin.)

TRxCA, TRxCB [Transmit/Receive Clock]. If bit D2 of
control register CR15 is zero, these pins are transmit or
receive clock inputs. Also, they are inputs if bits D5 and
D6 or D3 and D4 are set to one and zero, respectively,
overriding the state of bit D2.

If none of the conditions above are true, the pins
function as outputs with the source selectable between
the crystal oscillator, the BRG, the DPLL, and the
transmit clock. Sglection is made with bits DO and D1 of
CR15.

STRxCA, STRxCB [Clock Source]. These pins are the
transmit or receive clock source inputs for channels A
and B, respectively. They can be routed internally to
the transmitter, receiver, BRG’s, or DPLL. An alternative
function as an external crystal connection point (XI) is
selected by control register CR15 bit D7.
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XA, XI2A and XI1B, XI2B [Crystal Connections].
These two pin pairs may be connected to external
crystals that control the internal oscillators for channels
A and B, respectively. (See STRxCA and STRxCB.)

Modem Control

RTSA, RTSB [Request to Send]. These are general-
purpose outputs usable, as an example, for modem
control. Pin status is set by CR5 bit 01 and Auto Enable
bit status (CR3 bit D5).

CTSA, CTSB [Clear to Send]. These are general-
purpose inputs usable, as an example, for modem
control. A status change on CTSA or CTSB affects E/S
bitlatch operation. If E/S INT is enabled (CR1 bit DO set
to 1), an E/S interrupt occurs. If the Auto Enable mode
is selected (CR3 bit D5 set to 1), CTSA and CTSB can
be used with the Tx Enable bit (CR5 bit D3) to control
transmitter operation.

DCDA, DCDB [Data Carrier Detect]. These are general-
purpose inputs usable, as an example, for modem
control. A status change on DCDA or DCDB affects
E/S bit latch operation. If E/S INT is enabled (CR1 bit
DOsetto 1),an E/S interrupt occurs. If the Auto Enable
mode is selected (CR3 bit D5 set to 1), DCDA and
DCDB can be used with the Rx Enable bit (CR3 bit D0)
to control receiver operation.

DTRA, DTRB [Data Terminal Ready]. These are
general-purpose active-low outputs controlled by
control register CR5A bit D7. (DRQTxB and DRQRxB
have dual pin functions with DTRA and DTRB.) -

SYNCA, SYNCB [Sync Input or Output]. In accordance
with the settings of control regsister CR4 bits D7-D2,
and with CR15 bit D7 = 0, the three functions of these
pins are as follows.

(1) Asynchronous mode: general-purpose input that
functions like DCD and CTS.

(2) External sync mode: active-low input indicates to
the AMPSC that synchronization has occurred.

(3) Internal sync mode: active-low output indicates
when synchronization is detected by the AMPSC.
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Crystal Recommendations

The crystals used with the uPD72001 internal crystal
oscillators should be parallel resonant, fundamental
mode, with an AT cut. For frequency stability, two
capacitors can be added from the pins of the crystal to
ground (figure 1). The value of the capacitors can be
calculated by the following formula:

C1xCs
Ci+Co

C_ is the load capacitance of the crystal and Cg is all
stray capacitance in parallel with the crystal. The Cg
value should include the input capacitance (Cipo and
Cin) of the uPD72001 and any wiring or socket
capacitance.

CL= +Cs

Figure 1. Crystal Configuration Circuit

X

=

uPD72001

C1
XI2

83:005111A

Absolute Maximum Ratings

Tp =+25°C ;

Power supply voltage, Vpp —05t0+70V
Input voltage, V; —0.510Vpp+0.5V
Output voltage, Vo —0.5to Vpp+0.5V
Operating temperature, Top —10 to +70°C
Storage temperature, Tgtg —65 to +150°C
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DC Characteristics
Ta =—10to +70°C; Vpp =+ 5V £10%
Limits
Parameter Symbol Min Typ Max Unit Test Conditions
Input low voltage ViL —0.5 +0.8 All pins except CLK
ViLe —0.5 +0.6 CLK pin
Input high voltage Viy +22 Vpp + 0.5 All pins except CLK
ViHe +3.3 Vpp + 0.5 CLK pin
Output low voltage VoL +0.45 lop =2.0mA
Output high voltage Vou 0.7 Vpp loy = —400 A
Output leakage current, high ILoH +10 uA Vout = Vop
Output leakage current, low ILoL -10 uA Vour=0V
Input leakage current, high LK +10 uA Vin="Vpp
Input leakage current, low I -10 A Vn=0V
Vpp supply current Iop 20 40 mA All outputs at high level; toy = 0.125 us
Standby current lopi 1 20 A faxc = frxc = foLk = DC
1 2 mA Standby mode
Capacitance
TA=25°C; Vpp =0V
Limits
Parameter Symbol Min Max Unit Test Conditions
Input capacitance Cin 10 pF fc = 1 MHz; unmeasured pins returned to 0 V.
1/0 capacitance Cio 20 pF
AC Characteristics
Ta=—1010 +70°C; Vpp = +5 V £10%
Limits, 8 MHz Limits, 11 MHz
Parameter Symbol Min Max Min Max Unit Test Conditions
Clock
Clock cycle (Note 1) tovk 125 2000 91 2000 ns
Clock high level width twKH 50 1000 40 1000 ns
Clock low-level width twkL 50 1000 40 1000 ns
Clock rise time tkr 10 10 ns 15t03.0V
Clock fall time ke 10 10 ns 30t015V
Notes:

(1) Inall modes, the system clock frequency must be more than five
times the maximum data rate.
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AC Characteristics (cont)

Limits, 8 MHz Limits, 11 MHz

Parameter Symbol Min Max Min Max Unit Test Conditions
Read Cycle
Address setup time to RDJ tsar 0 0 ns
Address hold time from RD tHRA 0 0 ns
RD pulse width twRL 150 150 ns
Data output delay time tpaD 120 120 ns
from address
Data gutput delay time tDRD 120 120 ns
from RD 4
Data float delay time tFRD 10 85 10 85 ns
fromRD 1
Write Cycle
Address setup time to WR } tsaw 0 0 ns
Address hold tHwa 0 0 ns
time from WR 1
WR pulse width twwL 150 150 ns
Data setup time to WR 1 . tspw 120 120 ns
Data hold time from WR 1 thwo 0 0 ns
Read/Write Cycle
RD/WR recovery time (Note 2) tpv 160 160 ns
Transmit or Receive Cycle
Transmit/receive data cycle tcyp 5 5 toyk
STRxC, TRxC input clock cycle  toye 125 91 ns
STRxC, TRXC input clock pulse

High-level width tweH 50 40 ns

Low-level width twel 50 40 ns
Transmit Cycle
TxD delay time from STRXC §, tpTCTD! 100 100 ns x1 mode
TR}C 4 toTCeTD? 300 300 ns x16, x32, x64 mode
INT delay time from TxD toToiq 4 6 4 6 tcyk  TxINT mode
DRQTx delay time from TxD toToDQ 4 6 4 6 toyk Tx DMA mode

Notes [cont]:
(2) For all operations except Tx/Rx data transfer
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AC Characteristics (cont)
Limits, 8 MHz Limits, 11 MHz

Parameter Symbol Min Max Min Max Unit Test Conditions
Receive Cycle
RxD setup time tSRDRC 0 0 ns
to STRxC 1, TRxC !
RxD hold time tHRCRD 140 140 ns
from STRxC 1, TRxC
INT delay time torclQ 7 1 7 1 tovk Rx IN mode
from RxC 1 (Note 3)
DRQRx delay time tbrRCDQ 7 1 7 1 toyk Rx DMA mode
from RxC t (Note 3)
DMA Request Control
DRQRx | request__ toroa 120 120 ns
delay time from RD |
DRQTx | request delay time tpwpa 120 120 ns
from WR |
Interrupt Control
INTAK low-level width twiaAL 150 150 ns
PRO delay time from PRI topIPO 50 50 ns
PRI setup time to INTAK } tspiA 0 0 ns When vector output
PRI hold time AP 2 2 ns 1s.salected.
from INTAK t
Data output tplaD 120 120 ns
delay time from INTAK |
Data float delay time triAD 10 85 10 85 ns
from INTAK
Modem Control
CTS, DCD, SYNC pulse

High-level width twMH 2 2 toyk

Low-level width twmL 2 2 tovK
INT delay time from tomia 2 2 toyk
CTS, DCD, SYNC
Sync Control
SYNC delay tDTRCSY 0 2 0 2 oYk COP external
STRxC f, TRxC 1 synchronization
Crystal Oscillator
XI1 input cycle time toyx 125 1000 91 1000 ns
Reset
RESET pulse width twRSL 2 2 toyk

Notes [cont]:

(3) STRxC or TRxC, whichever is used for the receive clock
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Timing Waveforms

AC Test Load Circuit

Clock Input Test Points
D.U.T.
33 Test point 3.3
0.6 est points 0.6
CL = 100 pF
830042664 ;I: [includes jig capacitance)
1/0 Waveform Test Points 83-004267A
24 Xa.z z.zX
Test points
0.8 0.3
045
83-004285A
Clock Timing
tovk |
tWKH } twkL
CLK 7‘ \
tKF — tKR —™
83-004288B

Read Cycle

- 4

c/b, B/A
: |
tsar twRL !HnA—v‘
RD
S( A
tFRD
tbRD
4 \
7
D7-Do E_______.
X 7

tpap

83-0042898
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Timing Waveforms (cont)

Write Cycle

c/D, B/A >¥ X
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I tsaw
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D7-Do p
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N
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Read/Write Cycle (for all operations except Tx/Rx data transfer)

X
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Transmit Cycle
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-

TxDA/B

toTolQ

|
~
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DRQTxA/B /(
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Timing Waveforms (cont)

Receive Cycle
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DMA Request Control
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Modem Control

twmL twMH
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Timing Waveforms (cont)
Interrupt Control
PRI
.
twiaL —+ tsPlIA tHIAPI —*|
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D7-Do

—{ tDIAD tFIAD —|

83-0042958

Sync Control

STRxCA/B
TRxCA/B

Last Bit of
SYNC Character

1st Bit of
Data Character

*SYNCA/B
*SYNCA/B input must be set to 0 at the rising edge of RxC after two clock cycles
following the last bit of SYNC character.

83-0042978

Crystal Oscillator Reset

| tcyx |
RESET
xi |+ tWRSL ——*|

83-004298A 83-004299A

Functional Operation

Refer to the uPD72001 AMPSC block diagram (figure 2)
for an overview of the four major functional blocks of
logic listed below.

® System clock control
® [nterface control

® Transmitter

® Receiver

System Clock Control

The system clock control logic receives and manages
the system clock (CLK), which operates the internal
circuitry of the uPD72001. The system clock and
internal circuitry must be operating in order for the
transmitters and receivers of the yPD72001 to function.
In standby mode, the system clock is blocked by the
clock control circuitry and the transmitters and re-
ceivers can not operate. In clocked operation, the
system clock can be used as the source for the data
clock, which is used by the transmitters and receivers.
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The internal registers of the uPD72001 are static in
nature and do not require the system clock to retain
their contents.

Interface Control

The interface control logic contains the signals used to
control the transfer of data and status information
between the host CPU and the AMPSC. This logic
block has four types of interface lines. The read/write
and control lines (RD, WR, C/D, B/A) select what data is
to be transferred and the direction of the transfer. The
reset line (RESET) which is part of this group, resets
the internal state of the uPD72001 when held active.
The interrupt control line (INT) sends a signal to the
host CPU when the AMPSC requires attention. The
interrupt acknowledge line (INTAK) signals the
uPD72001 when the host CPU is ready to service its
request for attention. The interrupt priority lines (PRI,
PRO) are used to form the interrupt priority daisy
chain, which arbitrates the interrupt service priority.

The DMA control lines (DRQRxA, DRQTxA, DRQRxB,
DRQTxB), inform the DMA controller when a data
transfer is ready. The data bus buffer provides tempo-
rary storage of the data (D7-D0) being transferred from
the internal registers of the uPD72001 to the host CPU.

Transmitter

Each channel’s transmitter accepts parallel byte data
and sends it out serially. The data is sent out at a rate
determined by the transmit data clock (TxCLK). The
source of this clock is determined by the clock control
multiplexer. Bytes are loaded into the transmit buffer.
When the transmit shift register is empty, the contents
of the transmit buffer are loaded into the transmit shift
register.

The transmitter is also responsible for the transmit
CRC calculation and sending flags and sync characters.
The transmitter can be made to send breaks and aborts
using commands from the host CPU.

Theinternal loopback feature connects the transmitter
to the receiver and disconnects the receiver from the
RxD pin.

The echo loop feature connects the receiver to the TxD
pin and disconnects the transmitter.

The Baud Rate Generators (BRGs) divide down the
selected clock source to produce data clocks that can
be used for the transmitter and receiver. The clock
multiplexer selects the clock sources for them. By
selecting the correct value for the BRG count, the BRG
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can be used as a timer with a wide dynamic range. The
clock source for the timer can be selected from the
system clock, the data clock, an external source, or a
crystal.

Receiver

The receivers in the AMPSC accept serial data into the
receive shift register, which in turn assembles this
serial data into parallel characters (byte). The
assembled byte is transferred into the receive buffer
(FIFO), which can contain up to three bytes. The
receive status of each byte is transferred along with it
through the receive buffer. In this way, the status
reported by the uPD72001 is always current for the byte
that is about to be removed from the FIFO.

The receive shiftregister also checks for flags and sync
characters in the synchronous modes. Flags are auto-
matically removed from the data stream, while sync
characters have the option of being retained. This is
determined by a CPU command.

The receiver in synchronous modes, calculates the
received CRC and checks it against the CRC that is
received with the data. A difference is reported to the
host processor.

The digital phase-locked loop (DPLL) is used to
separate the data from the clocking information in
the NRZI, FM, and Manchester encoded received bit
streams. It locks in on the received data and provides
an accurate and stable clock for the receiver.

Standby Mode

The uPD72001 enters the standby mode after a hardware
reset or by issuing the standby command (CR13 bit
DO0). In standby mode, the system and data clocks are
blocked internally by the clock multiplexer. This shuts
down the AMPSC and reduces power consumption
greatly. System power requirements can be further
reduced by externally stopping the input clock
transitions.

In standby mode, the uPD72001 retains all register
values, but no internal functions operate and read
operations of the AMPSC will not transfer any data.

To release the standby mode, a write cycle must be
performed to CRO. To resume normal operation without
affecting the internal state of the device, a zero can be
written to CRO. )
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Figure 2. PD72001 AMPSC Block Diagram
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System Configuration Example

In the system configuration example (figure 3), the
uPD72001 is used as a high-speed interface to a
modem. It controls the modem interface and serial data
flow. The AMPSC is used with a direct memory access
controller (DMAC), such as the uPD71071 in order to
speed the data transfer and reduce the host CPU
overhead.The uPD72001 directly interfaces with the
host CPU, without requiring an interrupt controller,
such as the yPD71059. Extra hardware is not required,
since the AMPSC can generate its own interrupt
vectors.

Figure 3. System Configuration Example

The interface between the uPD72001 and the host CPU
is not very complex. It requires only address decoding
logic for /0 operations. A multiplexer can be used to
decode DMA acknowledge signals. However, it is not
necessary with DMA controllers, such as the uPD71071,
which are able to do their own 1/0 addressing.

The AMPSC'’s flexible interface to a variety of host
processors makes connection simple.

70108, 70116 M
CPU emory
—1

{\ N

& Address Bus 7

L Data Bus J

NS ﬁ ﬁ
L Control Bus )
U Mux
D7-Dg
INTAK RD, WR AV4
c/D D15-Do A23-Ao
- 72001 B/A DMAAK
AMPSC 71071
y\ DMAC
DRQ y DMARQ
RxD TxD STRxC
CTS
DCD
RTS
L Modem
83-004304B
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Programming the AMPSC

Software programming the AMPSC utilizes separate
dataand command/status paths. The data path uses an
8-bit register. The command/status path has a set of
8-bit registers structured for efficient and complete
control with a minimum of interaction from the host
processor.

The internal registers (table 1) are divided into control
registers (CRs) and status registers (SRs). Also, unless
otherwise noted in table 1, each channel has its own set
of registers; for example, CR1A and CR1B are the CR1
control registers for channels A and B.

The control and status registers for a given channel are
all accessed through the same 1/O address. The dif-
ferent registers are selected by using the register
pointer in CRO (bits D0-D2). The register pointer is
reset to zero after each register operation. For example,
to write to CR2, a two is initially written to the control
address (C/D pin set high). After this the value to be
written into CR2 is also written to the control address.
To read from SR2, a two is written to the control
address, and then a read cycle at the control address
reads the value in SR2. A zero is not required to be
written before CRO and SRO are accessed.Control
registers (figure 4) set up the device operation mode or
control device operations. The host processor writes
control words into these registers.

Status registers (figure 5) hold device status in-
formation. The host processor can sense the AMPSC
device status by reading these registers.

Frequently used information is retained in control
register CRO and status register SR0. This information
can be sent or received by writing or reading a single
byte. In normal operation, CRO is initially loaded witha
command to reset the AMPSC. Next, CR2 is loaded to
setthe interface mode. This is followed by the remaining
registers, beginning with CR4 to set the protocol type.

Table 1. AMPSC Internal Register Configuration

Control
Registers

CRO

CR1

CR2

Functions differ for CR2A and CR2B

CR3

CR4

CR5

CR6

CR7

CR8, CR9

Registers for each channel are used in
pairs: CR8A/CR9A; CR8B/CRIB

CR10

CR11

CR12

Tx/Rx BRG registers are loaded by
setting bits 0 and 1 of CR12

CR13

CR14

CR15

Status
Registers

SRO

SR1

SR2B

No register SR2A

SR3

SR4A

No register SR4B

SRS, SR6, SR7

No registers

SR8

SR9

SR10

SR11

SR12, SR13

Registers for each channel are used in
pairs: SR12A/SR13A; SR12B/SR13B

SR14, SR15

Registers for each channel are used in
pairs: SR14A/SR15A; SR14B/SR15B
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Figure 4. Control Register Bit Functions
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Figure 4. Control Register Bit Functions (cont)
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Figure 5. Status Register Bit Functions
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Figure 5. Status Register Bit Functions (cont)
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Control Register CRO
CRC Control [D7-D6]

These bits are valid when the COP or BOP mode is
selected. They are not used in the asynchronous mode.

No Operation [00]. This command has no effect.

Initialize Rx CRC Calculator [01]. This command
initializes the receiver (Rx) CRC calculator. The com-
mand should be issued before data reception starts.
However, before this command is issued, the initial
value of the Rx CRC calculator must be set by the value
of CR10 bit D7.

This command is not required in the BOP mode, since
the CRC calculator is automatically initialized upon
receipt of the flag value according to the value of CR10
bit D7.

Initialize Tx CRC Calculator [10]. This command
initializes the transmit (TX) CRC calculator. It should
be issued before data transmission is started. However,
before the command isissued, theinitial value of the Tx
CRC calculator must be set by the value of CR10 bit D7.

In the BOP mode, if CR10 bit D7 is set to one, the Tx
CRC calculator is automatically initialized to one,
when a flag value is loaded into the transmit shift
register within the AMPSC.

Reset Tx Underrun/EOM Bit [11]. This command
resets SR1 bit D6 from one to zero (transmit un-
derrun/end-of-message bit). If data is not loaded into
the transmit buffer before the transmit shift register
begins transmitting its last bit, the AMPSC enters the

Tx Underrun/EOM state. At this point, the AMPSC
checkstoseeifa CRC SYNC/Flag orabortis to be sent,
which depends on the value of SR1 bit D6 and the
operating mode. Therefore, SR1 bit D6 must be reset
before transmission of the last byte starts. At the
occurrence of Tx underrun, the CRC or the SYNC
character/flag is sent when the SR1 bit D6 is a zero or
one, respectively.SR1 bit D6 is set when the CRC or
SYNC/Flag byte is written to the Tx register by the
AMPSC. .

In the BOP mode, bit D6 of SR1 is automatically set to
zero when the first data byte of a frame is written into
the AMPSC.

Command [D5-D3]
These bits control the state of the device.
No Operation [000]. This command has no effect.

High Pointer [001]. This command is used in conjunc-
tion with CRO bits D2-D0 (Register Pointer) to access
status registers 8 through 15. For example, to access
SR11, bits D5-D0 of CRO are set to 001011.

Reset E/S Bit Latches [010]. This Reset External/Status
Bit Latch command is issued when an E/S bit (each bit
of SR1) latch operation has occurred. It opens the E/S
latches and prepares for the latching of a new E/S bit
status change. If E/S interrupt is enabled, an E/S
interrupt will occur and the latches will latch when an
E/S bit's status changes. Not all state transitions will
cause latching and an interrupt to occur. See the des-
cription of SR1 for details. New status will not be
available in SR1 until this command is issued.
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Channel Reset [011]. Thiscommand resetsan AMPSC
channel. It performs a function similar to the RESET
pin. Executing the channel reset command halts
channel operation. After a channel reset, three system
clock periods (tcy) should elapse before any further
commands or data are sent to the channel.

Enable Next Rx Character Interrupt [100]. This com-
mand is valid only when the First Rx INT mode (CR1
bits D4-D3 = 01) is selected. It is issued at the end of a
message to request an additional Rx interrupt for the
first received byte of the next message. The additional
Rx interrupt occurs when the next data byte is received
after the command is-issued. ‘

This command has no effect when the First Rx INT
mask is on (CR1 bit D5 = 1), even if the First Rx INT
mode is selected.

Reset Tx Interrupt/DMA Pending [101]. Thiscommand
is used to clear a pending Tx interrupt request or Tx
DMA request while the Tx buffer is empty (SRO bit
D2 =11). It is typically used to clear a Tx interrupt or
Tx DMA request caused by the Tx buffer empty state
that occurs after the last byte is written into the AMPSC.

Error Reset [110]. This command is used to reset the
pertinent bits (SRO bits D7-D3) if a Special Rx Condi-
tion has occurred. If it occurs when the First Rx INT
mode is selected, any data that is subsequently
received is not transferred to the last stage of the
AMPSC internal Rx buffer, but will remain in the first
and second stages until this command is issued.

End of Interrupt [111]. This command is used so that
the AMPSC can recognize the end of interrupt service
processing. It should be issued when interrupt service
for the AMPSC is completed. Command execution
resets the internal interrupt service latch and re-
enables lower priority interrupt requests. This
command is required when the start of interrupt
service has been indicated by either conducting an
INTAK cycle, or by reading SR2B.

Register Pointer [D2-D0]

These bits specify which AMPSC register number is to
be accessed. The bits are reset to 000 when system
reset is executed or when the AMPSC is accessed after
a Register Pointer value is specified. For registers
numbered 8 and above, the High Pointer command
(D5-D3='001) is used inconjunction with the Register
Pointer to access them.
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Control Register CR1
Short Frame Detect [D7]

Valid only in BOP mode, this bit detects short HDLC
frames (frames that are less than 32 bits long).

Short Frame Detect Disabled [0]. Short frame detec-
tion is disabled.

Short Frame Detect Enabled [1]. Short frame detection
is enabled. If a short frame is received, SRO bit D3
(Short Frame Detect) is set to 1, causing a Special Rx
condition interrupt.

Overrun Error INT [D6]
This bit selects the timing of overrun error detection.

Normal Mode [0]. In this mode, an overrrun error is
indicated when the received data that caused the
overrun error is transferred to the last stage of the
receive buffer. A Special Rx Condition interrupt occurs
at this time.

Special Mode [1]. In this mode, the Rx Overrun Error
bit immediately reflects an overrun error within the
AMPSC. A Special Rx Condition interrupt also occurs
at this time. The received data that caused the overrun
error may not be the byte at the last stage of the
RxFIFO.

Receive Interrupt on First Character Mask [D5]

This bit is enabled only if the First Rx INT mode (CR1
bits D4-D3 = 01) is selected. It is used to mask Rx
interrupts caused by received data. Setting this bitto 1
causes all first receive interrupts to be masked. It does
not mask Special Receive interrupts. It is used in data
transfers when no interrupt service is desired or
required, such as DMA only data transfer.

Receive Interrupt Mode [D4-D3]

These bits set the Rx INT mode. They specify the way
received data is managed.

Disable Mode [00]. This Receive Interrupt Disable
mode is used to accept received data using status
polling, or to disable the receive interrupt request.

First Rx Character Mode [01]. In this mode, which is
typically used with DMA data transfer, an Rx interrupt
occursonly when the first byte is received. This occurs
when Rx is enabled after initialization or after the
Enable Next Received Character interrupt command is
issued. } k
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All Receive-1 Mode [10]. This mode causes a receive
interrupt to be generated for each byte received. In this
mode, a parity error causes a Special Rx Condition
interrupt.

All Receive-2 Mode [11]. This mode is the same as All
Receive-1, except that parity error does not cause a
Special Rx Condition interrupt.

First Transmit Interrupt/DMA Enable [D2]

This bit determines whether-a Tx INT/DMA request is
generated immediately after the transmitter is enabled.
It is valid when INT/DMA is enabled (CR1 bit D1 = 1).

Atransmitinterrupt or DMA requestis issued if bit D2is
1 when the transmitter is enabled, but not if the bit is 0.
Regardless of the state of bit D2, an interrupt or DMA
request is generated when the Tx buffer makes the
full-to-empty transition.

Transmit Interrupt/DMA Enable [D1]

This bitenables the transmit interrupt or DMA request.
Each time a transmit interrupt condition exists and
provided bit D1 is set, an interrupt or DMA request is
generated.

External/Status Interrupt Enable [DO0]

If bit DO is set, a change in state of the external/status
bits causes an interrupt and the state of the bits is
latched. The latches must be reset with the Reset
External/Status Bit Latch command (CRO bits D5-D3),
before subsequent interrupts can occur.

Control Register CR2A
Vectored Interrupt Enable [D7]

This bit enables transmission of the interrupt vector. If
the bit is set, the interrupt vector is placed on the data
bus during the INTAK cycle. If the bit is reset, the vector
is never placed on the bus; It can be read by the host
processor. In this mode, the INT signal is released after
the host processor reads SR2B or clears the interrupt
condition.

Interrupt Status Affects Vector [D6]

This bit determines if the value of an interrupt vector is
modified by the cause of interrupt. If the bit is set, the
vector is modified as specified by bits D5-D3. If the bit
is reset, the vector is not modified and the cause of
interrupt must be determined by reading SR0 and SR1.

Interrupt Vector Mode [D5-D3]

These bits determine the interrupt vector operation.
The bits also select which bits of an interrupt vector are
to be changed when the Status Affects Vector is set by
CR2A bit D6. For details of how the vector is modified,
refer to the description of register SR2B. Table 4 shows
the vector operation determined by bits D5-D3.

Interrupt Priority Select [D2]

This bit selects the priority of interrupt requests within
the AMPSC. The priority does not apply to DMA
transfer.

If bit D2 = 0, the priority from high-to-low is RxA, TxA,
RxB, TxB, E/S A, E/S B.

If bit D2 = 1, the priority from high-to-low is RxA, RxB,
TxA, TxB, E/S A, E/S B.

Interrupt/DMA Mode [D1-D0]

These bits select the data transfer mode for each
channel. The E/S, Rx, and Special Rx Condition
interrupts can be enabled in both modes. The Tx
interrupts are disabled on any channel in DMA mode.
The three modes are as follows:

Bits D1-D0O Mode
00 Both channels interrupt
01 DMA on channel A, interrupt on
channel B

10 DMA on both channels

Control Register CR2B

Bits D7-D0 of CR2B set the initial value of an'i'nterrupt
vector.
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Table 4.

Interrupt Vector Operation Throughout INTAK Sequence

CR2A Data Bus Status (INTAK response of AMPSC)
D5 D4 D3 Mode PRI INTAK Cycle 07 D6 05 D4 D3 D2 D1 /1]
1} 0 0 Al * 1st. 1 1 0 0 1 1 0 1
low 2nd. v7 V6 ') M4 M3 M2 Vi ]
low 3rd. 0 0 0 0 0 0 0 0
* 1st. 1 1 0 0 1 1 0 1
high 2nd. High Impedance
high 3rd. High Impedance
0 0 1 A2 * 1st. High Impedance
0 1 0 A3 low 2nd. \'4 V6 ') M4 M3 M2 Vi Vo
low © 3rd. 0 0 0 0 0 0 0 0
* 1st. High Impedance
high 2nd. High Impedance
high 3rd. High Impedance
0 1 1 B1 o 1st. High Impedance
1 0 0 B2 low 2nd. v7 V6 V5 V4 V3 M2 M1 Mo
* 1st. High Impedance
high 2nd. High Impedance
Notes:

(1) *=Don't care.

(2) When Status Affects Vector (bit 6 of CR2A) is set, the M data bits are modified to indicate the interrupt source.
(3) Modes A3 and B2 ignore the state of PRI. They are slave modes for use with an interrupt controller such as the uPD71059.

Control Register CR3
Receive Character Bit Length [D7-D6]

These bits determine the number of bits per character
in the received data.

Bits D7-D6 Bits/Character
00 5
01 7
10 6
" 8

Auto Enable Mode [D5]

Bit D5 enables and disables the auto enable mode. In
this mode, the CTS and DCD pins control operation of
the transmitter and receiver, respectively. If the input
pin is high, the Tx or Rx is disabled. The RTS pin
outputs the current transmitter status. The pin remains
low during transmission and returns high only after all
characters have been sent. The auto enable mode is
enabled by setting bit D5 to one and disabled by
resetting bit D5 to zero. With bit D5=0, CTS, DCD, and
RTS function as normal inputs and outputs.
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Enter Hunt Phase [D4]

Valid in COP or BOP mode, this bit forces the AMPSC
to enter the Hunt Phase. In the Hunt Phase, the
uPD72001 searches the received data stream for either
a sync or flag before it begins loading data into the Rx
FIFO.

Receive CRC Calculator Enable [D3]

Valid only in COP or BOP mode, bit D3 determines
whether or nota CRC calculation is to be performed on
the received data. The CRC is calculated 8 bit times
after abyte is transferred into the receive FIFO. If bit D3
is reset before this time, the byte will not be included in
the CRC calculation. The bit must be set again after the
next byte is received to resume the CRC calculation.

Address Search Mode Enable [D2]

Valid only in BOP mode, bit D2 determines whether or
not the address field value of a received frame is to be
compared with the value set in CR6. If the bit is set to
one, Address Search is enabled and the AMPSC
checks the first byte of the frame. If the byte matches
CR6 or the global address (FFH), the frame is received.
I1f the byte does not match, the AMPSC enters the Hunt
mode again, and the byte and the rest of the frame are
blocked and not received. If Multicast mode is enabled
(bit D1), only the four most significant bits (D7-D4) of
the address byte are compared.
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Sync Character Load Inhibit/Multicast
Enable [D1]

Valid only in COP or BOP mode, bit D1 has a different
meaning in each mode. In COP mode, setting bit D1 to
one enables the Sync Character Load Inhibit function.
This prevents any byte that matches the value in CR6
from being loaded into the receive FIFO and being
included in the CRC calculation.

In BOP mode, bit D1 enables the Multicast function. In
this mode, which is a modified form of the address
search mode, only the most significant four bits of the
received address are compared with the identical bits
of CR6. Frame acceptance will function in the same
way as in the address search mode.

Receiver Enable [DO]

This bit enables and disables the receiver. Setting bit
DO enables the receiver, resetting it disables the receiver.
Control Register CR4

Clock Rate [D7-D6]

Bits D7 and D6 select the clock rate divisor. They are
ignored in the internal synchronous modes. In the
external synchronous mode, only the x1 and x16
selections are valid.

In asynchronous mode, the following values apply:

Bits D7-D6 Divisor
00 x1
01 x16
10 x32
1 x64

The divisor value is the factor by which the supplied
data clock is greaterthan the data rate for the transmitter
and receiver. The data clock source is selected by the
clock multiplexer. It can be set to any of the BRG,
DPLL, orexternal clock sources. The divisor determines
the number of times that the received data is sampled
per bit time by the receiver. Also, it determines the
composition of the transmitter output.

Protocol Mode [D5-D4]

Bits D5-D4 select the synchronous protocol, which are
used when synchronous mode is selected with bits
D3-D2.

Bits D5-D4 Mode
00 Mono-Sync, character synchronous
01 Bisync, character synchronous
11 External Sync, character synchronous
10 HDLC, bit synchronous

Tx Stop Bits/Sync Mode [D3-D2]

Bits D3-D2 select the number of stop bits sent after
each byte in Asynchronous mode, or they select the
Synchronous mode.

Bits D3-D2 Mode
00 Sync mode
01 Async mode, 1 stop bit
10 Async mode, 1.5 stop bits
11 Async mode, 2 stop bits

Parity Select [D1]

Valid in Asynchronous and COP modes, bit D1 selects
the parity type: 0 = odd and 1 =even. It is used only
when the Parity Enable bit DO of CR4 is set to one.

Parity Enable [DO]

Bit DO enables the parity bit calculation on transmitted
data and parity checking on received data. Setting bit
DO enables parity; resetting bit DO disables parity. If the
length of the received character is 7 bits or less, the
parity bit can be read in the received data byte. If parity
is disabled, no parity bit is transmitted and none is
expected on receipt.

Control Register CR5

DTR Control [D7]

This bit controls the DTR pin status: 0 = high and 1 =
low. The DTR pin function is disabled if channel B is
operating in the DMA mode (CR2A bits D1-D0 = 10)

Transmit Character Bit Length [D6-D5]

These bits specify the bit count per character in
transmitted data. .

Bits D6-D5 Bits/Character
00 5 or fewer
01 7
10 6
" 8

If the bit count per character is 6 or 7, only the low-order
bits of the byte are valid and the most significant bit(s)
are ignored. If the count is 5 bits or lower when writing
into the transmit data register, refer to the data format
that is shown in table 5.
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Table 5. Parallel Data Format for One to Five Bits per
Character

Bits D7 06 1] D4 D3 D2 D1 0o

1 1 1 1 1 0 0 0 DO
2 1 1 1 0 0 0 D1 DO
3 1 1 0 0 0 D2 D1 D0
4 1 0 0 0 D3 D2 D1 DO
5 0 0 0 D4 D3 D2 D1 DO

Dn = Effective data bit

Send Break/Abort [D4]

Bit D4 controls the break or abort transmission
according to the selected operation mode. In asynch-
ronous mode, bit D4 controls sending the break signal
(TxD set to spacing (0) condition). Setting bit D4 to one
begins sending the break signal; resetting it to zero
returns the transmitter to normal operation.

In COP mode with Tx on Loop selected (bits4and 1in
CR10), setting bit D4 causes the transmitter to be
synchronized with the receiver. The bit is reset auto-
matically when synchronization is achieved.

In BOP mode, setting bit D4 to one causes eight 1-bits
(abort sequence) to be sent. After completion of the
message, bit D4 is reset automatically and the trans-
mitter returns to the idle state.

Transmit Enable [D3]

Disable. Setting bit D3 to the zero state disables the
transmitter function. If the transmitter is currently
sending a character, the AMPSC waits until the
character is completed before setting TxD to the
marking (1) state. If bit D3 is reset during transmission
of a CRC character, a SYNC character or flag is sent in
place of the CRC character.

If D3 is reset in the COP or BOP mode, the Tx
Underrun/EOM bit (SR1 bit D6) is set.

Ifthe AMPSC isin the SDLC Loop mode (refer to CR10)
or Echo Loop Test (refer to CR14), the TxD pin is
connected to RxD, and is not set to marking.

Enable. Setting bit D3 to the one state enables the
transmitter to start transmission. If the Auto Enable
mode is selected (CR3 bit D5=1), the signal applied to
the CTS pin controls the transmitter operation.

CRC Polynomial [D2]

This bit selects the polynomial used for CRC calcu-
lation. It is valid only in COP or BOP mode. Only the
CCITT polynomial is used in BOP mode. Bit 7 of CR10
sets the initial value of the CRC calculator.
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D2 = 0 (CRC-CCITT): The generating polynomial
expression is X + X124+ X5 4 1.

D2 = 1 (CRC-16): The generating polynomial ex-
pression is X6 4 X2 4 X2 4 1,

RTS Control [D1]

Bit D1 controls the RTS pin. Setting bit D1 to the zero
state causes RTS to be high, setting it to the one state
causes it to go low. If Auto Enable mode is selected in
Asynchronous mode, RTS operates differently. If the
bit remains at zero from the start of transmission
through to the end, RTS will stay high. Ifitis setto one,
it remains low. If it starts set to one and is then set to
zero while transmitting, RTS will not go high until all
data is transferred out of the Tx shift register.

Transmit CRC Calculator Enable [DO0]

Valid only in the COP or BOP mode, bit DO determines
whether or not transmitted data is included in the CRC
calculation. If bit DO is set when the byte is transferred
into the Tx shift register, the byte is included in the Tx
CRC calculation. Bit DO should be set or reset before
loading a data byte into the AMPSC.

Control Register CR6

Valid only in the COP or BOP mode, this byte (bits
D7-DO0) specifies the SYNC character pattern or address
value.

In Monosync or External Sync mode, D7-DO0 holds the
transmit Sync character. In Bisync mode, the low-order
byte of the Sync pattern is set in D7-DO.

If the sync character is 6 bits (CR10 bit DO = 1), bits
D3-D0 should be set to one.

In mono or external sync bits D1and DO are repeated in
positions D7 and D6.

In BOP mode, this byte is the secondary address.

Control Register CR7

Valid only in the COP or BOP mode, these bits specify
the Sync character or flag.

In Monosync mode, D7-DO holds the receive Sync
character. In BISYNC mode, the high-order byte of the
Sync character is set in D7-DO0. These bits are not used
in External Sync mode.

In BOP mode, the flag pattern (01111110) is set in bits
D7-DO.
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Control Register CR8

Valid only in the BOP mode, CR8 bits D7-D0 hold the
low byte (bits 7-0) of the transmit data length. Register
pair CR8 and CR9 must be set before the Tx Data
Length Counter Enable bit (D1 of CR13) and Tx Enable
bit (D3 of CR5) are set. The transmit data length
register (TxDLR) is used to automate the sending of
HDLC frames. See the description of CR13 for detail
information.

Control Register CR9

Valid only in the BOP mode, CR9 bits D7-D0 hold the
high byte (bits 15-8) of the transmit data length.
Register CR9 is paired with CR8.

Control Register CR10
Initial CRC State [D7]

Valid only in the COP or BOP mode, bit D7 specifies the
initial state of the CRC calculation circuit. Setting this
bit to zero causes the CRC to be initialized to zero when
the Initialize CRC command (CRO bits 7-6) is performed.
Setting this bit to one causes the CRC to be set to all
ones.

Data Format [D6-D5]

These bits specify the serial data formatand enable the
corresponding encoder/decoder.

Bits D6-D5 Format
00 NRZ
01 NRZI
10 FM1
1 FMO

With NRZ format, it is possible to decode Manchester
encoded data by setting the DPLL mode to FM (CR14
bits D7-D5 = 110).

Auto Tx on Sync/Tx on Loop [D4]

Bit D4 is valid only in the COP or BOP mode. In COP
mode, it synchronizes the receiver with the transmitter.
In BOP mode, it controls SDLC loop operation. The bit
is valid only when the Loop Enable state (CR10 bit
D1 =1) is selected.

In COP mode, bit D4 provides the Auto Tx on Sync
function to synchronize receiver and transmitter
operation.

(1) D4 = 0. The Auto Tx on Sync function (CR10 bit
D1 = 1) is disabled. Once synchronization is
established after this bit is set to 1, resetting the bit
to 0 does not affect synchronization.

(2) D4 =1. If bit D1 (Loop Enable) is also set to one,
the transmitter is disabled and the receiver enters
the Hunt Phase. When the SYNC character is
detected, character synchronization is established,
the transmitter is enabled, and data transmission
can begin. The state of character synchronization
can be determined from the state of the Tx Sync/
GA Detect bit (SR10 bit D1).

In BOP mode, bit D4 set to one enables or bit D4 set to
zero disables the Tx on Loop function. It is used for
data transmission during the SDLC loop operation.

(1) D4 =0. Once the AMPSC forms a loop and starts
transmission, bit D4 must be reset to zero. This
allows the CRC and flag to be automatically trans-
mitted ifa Tx Underrun/EOM occurs and allows the
AMPSC to be subsequently placed in Loop mode
with a 1-bit delay. Bit D4 must be reset before the
CRC transmission is completed.

D4 =1. When the Loop Enable bit (CR10 bit D1) is
settoone, SDLC Loop Operation mode is selected,
in which the RxD input is connected to the TxD
output within the AMPSC to form a loop. The GA
(Go Ahead) pattern detection is initiated. If the GA
pattern (11111110 = FEH) is detected, a 1-bit delay
is inserted between RxD and TxD and the GA
pattern detection is continued. At this point, the
transmitter remains disabled. The receiver can be
enabled at this point. Subsequently, if the GA
pattern is detected, the transmitter is enabled. At
this point, the GA pattern is automatically trans-
formed into a flag so that any data in the Tx buffer
may be transmitted following the flag. Once trans-
mission is started, bit D4 must be reset before the
end of the frame.

(2)

Idle Condition [D3]

Valid only in BOP mode, bit D3 determines the type of
information to be transmitted following a closing flag
or completion of the Send Abort. If bit D3 is zero, flags
will be sent; if it is a one, continuous marks (ones) will
be sent.

Transmit Condition on Underrun [D2]

Valid only in the BOP mode, bit D2 determines trans-
mitter action when a Tx Underrun condition occurs. If
bit D2 is reset, Tx Underrun/EOM generates either the
CRC followed by a flag or just a flag depending on the
state of the Tx Underrun bit (SR1 bit D6) and the CRC
enable bit (CR5 bit D0). If the CRC is disabled or the Tx
underrun bit is a one, only flags are sent. Otherwise,
the CRC is sent followed by flags. If bit D2 is set, the
abort message is sent followed by flags.
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Auto Tx/Loop Enable [D1]

Valid only in the COP or BOP mode, bit D1 enables the
two types of loop operations that are set with bit D4.
This bitshould be set before the transmitter or receiver
is enabled.

SYNC Character Length [DO]

Valid only in the COP mode, bit DO determines the
number of bits per SYNC character. Setting bit DO to
zero gives a character length of 8 bits in Mono-sync
and 16 bits in Bisync. With bit DO = 1, the character
lengths are 6 and 12 bits, respectively.

Control Register CR11

Each bit of CR11 controls an E/S interrupt request
generated by the AMPSC. An interrupt is set if the E/S
interrupts are enabled (CR1bit DO=1). For the causes
of interrupts assigned to each, refer to the description
of SR1. Setting each bit to one enables it as a source of
interrupts.

Break/Abort/Go Ahead Interrupt Enable [D7]

In Asynchronous and COP modes, bit D7 enables
interrupts at the beginning and end of each detected
break condition (a null character plus aframingerror).

In BOP mode, when not in SDLC loop, bit D7 enables
interrupts at the beginning and end of each received
abort condition (seven or more consecutive 1-bits). In
SDLC loop mode, bit D7 also enables interrupts for
detecting the GA pattern (11111110 = FEH).

Transmitter Underrun/End of Message Interrupt
Enable [D6]

Valid only in the COP or BOP mode, bit D6 enables
interrupts caused by transmitter underrun and Tx End
of Message detection.

Clear to Send Interrupt Enable [D5]

Bit D5 enables interrupts caused by a change of state
on the CTS pin.

SYNC/Hunt Interrupt Enable [D4]

Bit D4 enables interrupts caused by a change in the
SYNC/Hunt state.

Data Carrier Detect Interrupt Enable [D3]

Bit D3 enables interrupts caused by a change of state
on the DCD pin.
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All Sent Interrupt Enable [D2]

Valid only in the Asynchronous or BOP mode, bit D2
enables interrupts generated by the All-Sent condition.

Idle Detect Interrupt Enable [D1]

Valid only in the BOP mode, bit D1 enables interrupts
caused by a change in the Idle Detection condition.

BRG Interrupt Enable [DO]

Bit DO enables interrupts caused by one of the baud
rate generator/timers (BRG) counting down from one
to zero. Also, each of the BRGs must be enabled in
CR12 bits D3-D2.

Control Register CR12
BRG Select for TRxC [D7]

When BRG is selected as the source of the clock at the
TRxC pin (CR15 bits D1-D0 = 10), and the TRxC pin is
set to output (CR15 bit D2 = 1), bit D7 selects TxBRG
(one state) or RxBRG (zero state).

BRG Select for DPLL [D6]

Bit D6 selects the source (TXxBRG or RxBRG) for the
DPLL. Itis valid when the BRG is selected as the source
for the DPLL circuit (CR14 bits D7-D5 = 100). Setting
bit D6 to one selects TxBRG and setting it to zero
selects RxBRG.

Transmit BRG Interrupt Enable [D3]

Bit D3 enables an E/S interrupt when the TxBRG
counts down from 1to 0. It is valid only when the BRG
IE bit is set (CR11 bit DO =1).

Receive BRG Interrupt Enable [D2]

Bit D2 enables an E/S interrupt when the RxBRG
counts down from 1 to 0. It is valid only when the BRG
IE bit is set (CR11 bit DO =1).

Transmit BRG Register Set [D1]

Bit D1 is used to write the time constant value into the
TxBRG register. When D1 is set to one, the next two

- bytes written to the AMPSC are assumed to be the time

constant value. The lower byte is written in the first
write cycle and the upper byte in the second write
cycle. Bit D1 is automatically reset after the register is
loaded.

The time constant value is calculated by using the
following formula.

Source clock frequency (Hz)
2 x (Data clock rate (BPS))

Time constant =
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The data clock rate is the transmitted or received data
rate multiplied by the clock factor specified in CR4 bits
D7-D6.For example, if the system clock is selected as
the BRG source (CR14 bit D2 = 1) at 8 MHz and the
BRG is the transmitter source (CR15 bits D4-D3 = 10)
with a clock factor of x16 (CR4 bits D7-D6 = 01) and
data rate of 9600 bits per second, the calculation would
be as follows.

8 x 108
2 x (9600 x 16)

The loading sequence in hexadecimal for the TxBRG
would be; 0C, 02, 18, and 00.

If data is being written while the BRG is running, the
value will not be loaded into the BRG until it counts
down to zero.

— 2= 24.04 = 0018 (hex)

Receive BRG Register Set [D0]

Bit DO is used to write the count value into the RxBRG
register. It operates in the same manner as bit D1 for the
TxBRG register.

Control Register CR13
Transmit Data Length Counter Enable [D1]

Bit D1 enables the transmit data length counter
(TxDLC) that is used to determine the end of a trans-
mitted frame and is only valid in BOP mode. When bit
D1 is set to one, the TxDLC (SR8-SR9) is incremented
each time a Tx interrupt or DMA request is generated,
and the value is compared with the value in the transmit
length register (TxLR) (CR8-CR9). If the two values are
equal, Tx interrupts/DMA requests are masked.

The subsequent Tx buffer empty interrupt is masked
and no interrupt or DMA request is made. This results
in a transmitter underrun. The AMPSC then sends the
CRC and aclosing flag. After this the AMPSC issues an
external status interrupt with the All Sent bit set.If the
transmitter underruns and the transmit length values
do not match, then the MPSC sends an abort and sets
the Sending Abort bit (SRObit D1). An E/S interrupt for
the All Sent is generated. The TxLC value (SR8-SR9)
can also be compared with the frame length to
determine if correct transmission occurred. After the
abort is sent, the TxDLC enable bit must be set to one
again in order to generate new Tx interrupts/DMA
requests.

Standby Mode Set [DO]

Setting bit DO to one places the AMPSC in the Standby
mode. This mode consumes very little power but saves
all internal register values. Greater power reduction is
possible by not toggling any of the AMPSC inputs. In

this mode, the system clock (CLK) and the data clocks
are not circulated within the AMPSC.

The AMPSC enters the Standby mode automatically
after RESET. Writing 00H to CRO restores normal
operation. Table 6 lists the status of the pins in standby
mode.

During Standby mode, the WR and RD pins must be
held high and the CTS, DCD, and SYNC pins can not be
toggled. Read cycles that are conducted will not result
in data being driven onto the bus.

Table 6. Pin Status in Standby Mode

Pin Symbol Input/Output Pin Status

WR Input Unchanged

RD Input Unchanged

B/A Input Unchanged

c/D Input Unchanged

D7-Dg Input/Output High impedance

INT Output Retains the current state
INTAK Input Unchanged

PRI Input Unchanged

PRO Output Depends on PRI

DRQTxA Output Retains the current state
DRQRxA Output Retains the current state
DTRA/DRQTXB Output Retains the current state
DTRB/DRQRXB Output Retains the current state
TxDA, TxDB Output Retains the current state
RxDA, RxDB Input Unchanged ‘
TRXCA, TRXCB Input/Output High impedance
STRXCA, XI1A Input Unchanged

STRxCB, XI1B Input Unchanged

XI2A/SYNCA Input/Output High impedance
XI2B/SYNCB Input/Output High impedance

RTSA, RTSB Output Retains the current state
CTSA, CTSB Input Unchanged

DCDA, DCDB Input Unchanged

Control Register CR14

DPLL Command [D7-D5]

These bits control the digital phase-locked loop
(DPLL). After reset, the DPLL is disabled, the STRxC
pin is selected as the source clock, and the NRZ1 mode
is selected. The DPLL commands corresponding to the
eight states of bits D7-D5 are described below.

No Operation [000]. This command causes no opera-
tion.
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Enter Search [001]. This command causes the DPLL
to start the detection of edges in received data. Circuit
operation depends on the data format.

Reset Missing Clock [010]. Valid when FM mode is
selected, this command resets the Missing Clock bits
(SR10 bits D7-D6).

Disable [011]. This command stops DPLL operation
and resets the Missing Clock bits.

Source BRG Select [100]. This command selects one
BRG as the clock source for the DPLL. Selection of
TxBRG or RxBRG is determined by CR12 bit D6 (BRG
Select for DPLL). '

Source Xtal/STRxC Select [101]. This command is
used when the crystal-controlled oscillator or a clock
applied to the STRxC pin is to be the source clock for
the DPLL. Selection between the crystal OSC and the
STRxC input is specified by CR15 bit D7 (Xtal Select).

FM Mode [110]. This command is used when received
data. is to be treated as FM format. Setting the data
format to NRZ (CR10 bits D6-D5 = 00) allows the
uPD72001 to decode Manchester encoded data.

NRZI Mode [111]. This command is used when re-
ceived serial data is to be treated as NRZ| format.

Local Self Test [D4]

When bit D4 is set to one, the -transmitter output is
directly connected to the input of the receiver within
the AMPSC. Signals applied to the RxD pin will be
ignored. In this mode, Autoenable cannot be used to
control the transmitter or receiver.

‘Echo Loop Test [D3]

When bit D3 is set to one, the RxD input pin is
connected to the TxD outputpin inthe AMPSC, so that
the received data is.echoed back to the remote sender
for line testing. The AMPSC transmitter is disabled.

BRG Source Select [D2]

Bit D2 selects the source clock for the BRGs. The
selected source clock is shared by the TxBRG and the
RxBRG. If D2 is set to one, the system clock is used as
the source clock. If D2 is set to zero, the source clock
can either be the crystal oscillator (CR15 bit D7 =1) or
the STRxC input (CR15 bit D7=0).

Receive BRG Enable [D1]

Setting bit D1 to one starts the RxBRG which takes two
clocks to begin operating.-
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Transmit BRG Enable [DO]

Setting bit DO to one starts the TxBRG, Wthh takes two
clocks to begin operating.

Control Register CR15

Crystal Select [D7]

If bit D7 is set to one, the on-chip crystal oscillator is
enabled and a crystal can be connected across pins Xi1
and XI2. If bit D7 is zero, the oscillator is disabled and
the pins become SYNC and STRxC.

Receive Clock Select [D6-D5]
These bits select the source for the receive data clock.
Bits D6-D5

Receive Clock Source

00 Clock applied to STRxC pin

01 Clock applied to TRxC pin (CR15 .
bits D2-DO0 are invalid) '

10 RxBRG output

11 DPLL output

Transmit Clock Select [D4-Ds]
These bits select the source for the transmit data clock

Bits D4-D3 Transmit Clock Source

00 Clock applied to STRxC pin

01 Clock applied to TRxC pin (CR15
bits D2-D0 are invalid.)

10 TxBRG output

1 DPLL output

TRxC Input/Output [D2]'

Bit D2 determines whether the TRxC pin will be an
input or an output. Itis an input if bit D2=0 or if the pin
is specified as an input by bits D6-D5 or D4-D3.

TRxC Source Select [D1-D0]

When the TRxC pin is selected as an output, these bits
determine the output source. Refer to the preceding
descriptions for D6-D5, D4-D3, and D2 to determme
when the TRxC pin is an output.

Bits D1-D0 Output at Pin TRxC
00 ‘ On-chip crystal oscillator
(if enabled)
01 Transmit data clock )
10 TxBRG or RxBRG as selected by
CR12 bit D7~
1 DPLL output
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Status Register SRO
End of Frame [D7]

Valid only in the BOP mode, bit D7 indicates if reception
of a single frame is complete. When this bit is one, a
complete frame has been received and the CRC Error
bit (SRO bit D6) and Residue Code (SR3 bits D2-D0) are
valid. The EOF condition causes a Special Rx Condition
interrupt. The Error Reset command resets this bit.

CRC/Framing Error [D6]

In the asynchronous mode, bit D6 indicates a framing
error. It is set to one if a zero is detected at the stop bit
position. It generates a Special Rx Condition interrupt.
Bit D6 is reset by an Error Reset command or reception
of a normal data byte.

In the COP or BOP mode, bit D6 set to one indicates a
CRC error. Bit D6 set to zero indicates no CRC error.

In the COP mode, bit D6 is valid 20 bit times subsequent
to the last bit of the second CRC byte thatisinput atthe
RxD pin, or 16 bit times after the second CRC byte is
transferred to the Rx buffer.

In the BOP mode, bit D6 is valid when the End-of-
Frame bit (SRO bit D7) is set to one.

A CRC error does not generate a Special Rx Condition
interrupt.

Receive Overrun Error [D5]

AoneinbitD5indicatesan Rx Overrunerror. Thiserror
occurs each time the AMPSC attempts to transfer an
additional byte from the Rx shift register to the Rx FIFO
and the FIFO is already full.

An Rx Overrun error causes a Special Rx Condition
interrupt. The timing of the Rx Overrun Error and the
resulting Special Rx Condition interrupt will differ
depending on the setting of the Overrun Error INT bit
(CR1 bit D6). For more details, refer to the description
of control register CR1.

The Rx Overrun Error bit is reset by the Error Reset
command.

Parity Error [D4]

Valid only in the Asynchronous or COP mode when
parity is enabled (CR4 bit DO = 1). A one in bit D4
indicates thata parity error occurred in a received byte.
The Parity Error bitis reset by the Error Reset command.

In the All Receive INT-1 mode (CR1 bits D4-D3=10), a
parity error causes a Special Rx Condition interrupt.

Short Frame Detect [D3]

Valid only in the BOP mode when Short Frame Detect
Enableis selected (CR1bit D7=1), bit D3is setwhena
short frame is received and is reset by the Error Reset
command. A short frame has less than 32 bits between
two flags.

Detection of a short frame causes a Special Rx
Condition interrupt.

Transmit Buffer Empty [D2]

Aoneinbit D2indicates that the Tx bufferis empty and
can be loaded with the next Tx byte. Bit D2 is zero when
the Tx buffer contains a byte that has not been
transferred to the Tx shift register. Bit D2 is also zero in
the COP or BOP mode during CRC transmission.

Sending Abort [D1]

Valid only in the BOP mode, a one in bit D1 indicates
that the AMPSC is sending an abort sequence.

Bit D1 is reset by the Error Reset command. Status
changes in bit D1 do not cause an interrupt.

Receive Data Available [DO]

Aoneinbit DO indicates the presence of valid received
data in the Rx buffer of the AMPSC.

Status Register SR1

This register consists of external status bits that
indicate the causes of E/S interrupts. If the E/S INT is
enabled (CR1 bit DO = 1) and an interrupt by an
specific E/S bitis enabled, the changes in the pertinent
E/S bit states are latched and cause an E/S interrupt. If
the E/S interrupt is disabled, changes in the E/S bit
status will not be latched.

Break/Abort/Go Ahead Detect [D7]

Bit D7 is valid only in the Asynchronous or BOP mode.
In the Asynchronous mode, a one in bit D7 indicates
that a Break (character in which the start, stop, and
data bits are all zeros) has occurred. Data received
during the Break (all zeros) are not loaded into the Rx
FIFO.

In the BOP mode, bit D7 indicates the reception of an
abort (seven or more consecutive ones). In SDLC Loop
mode, bit D7 indicates reception of the Go Ahead
message (11111110 = FEH).
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Transmit Underrun/End of Message [D6]

Valid only in the COP or BOP mode, a one in bit D6
indicates that all transmit data has been transferred
to the Tx shift register. CRC transmission, when the
transmitter underruns, can be controlled by mani-
pulating this bit.

If CRC transmission is desired when the transmitter
underruns, bit D6 must be reset to zero by the Reset Tx
Underrun/EOM command bit (CRO bits D7-D6 = 11).
Before thiscommand is issued, the transmitter must be
enabled and at least one byte must have been trans-
ferred to the Tx buffer.

In the BOP mode, bit D6 is automatically reset to zero
when the first byte is transferred after transmission is
enabled. A status change from one to zero in this bit
does not cause an E/S interrupt.

Clear To Send [D5]

Bit D5 indicates the inverted state of the CTS pin. Any
change causes an interrupt.

Sync/Hunt [D4]

In the Asynchronous or external sync COP mode, bit
D4 indicates the inverted state of the SYNC pin.

In theinternal sync COP or BOP mode, bit D4 indicates
the AMPSC synchronization state. A zero in bit D4
indicates that synchronization is established. A one
indicates that the AMPSC is in the Hunt Phase or that
the receiver is disabled.

Any change in state generates an interrupt.

Data Carrier Detect [D3]

Bit D3 indicates the inverted state of the DCD pin. Any
change generates an interrupt.

All Sent [D2]

Valid only in the Asynchronous or BOP mode. Bit D2
set to one indicates that all the transmit data within the
AMPSC has left the Tx shift register. The one to zero
state transition of this bit does not generate an interrupt.
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Idle Detect [D1]

Bit D1 setto oneindicates detection of the Idle state (15
or more consecutive 1's) in BOP mode. The one to zero
state transition of this bit does not generate an interrupt.

BRG Zero Count [DO0]

Bit DO set to one indicates that one of the BRG’s has
counted down to zero. Bits D4-D3 of SR3 determine
which BRG counted out. The one to zero state transition
of this bit does not generate an interrupt.

Status Register SR2B

This register indicates the value of the interrupt vector.
It can only be read from the B channel. The value
depends on the state of CR2A bit D6 (Status Affects
Vector bit). If bit D6 is zero, SR2B will always equal
CR2B. If bit D6 is one, the value of SR2B is modified by
the cause of the highest priority interrupt source within
the uPD72001.

The bits of SR2B that are affected depend on the
Output Vector Type setting. Bits V4-V2 are affected for
Type A vectors, and bits V2-V0 for Type B vectors. All
other bits remain unchanged. Table 7 gives the value
returned for the various types of interrupts.

Table 7. Vector Values in SR2B
V4, v2 V3, Vi V2, V0

Channel Condition

B Tx buffer empty
External/status

Rx data available
Special Rx-condition

Tx buffer empty
External/status

Rx data available
Special Rx condition

—_— e OO O

= I = N ]
-, At O OO m
>

When interrupts are available in the non-vectored
mode (CR2A bit D7 = 0), SR2B is read in order to
indicate to the uPD72001 that interrupt service has
started. This clears the interrupt request (INT) and
prevents lower priority interrupts from being generated
until the End of Interrupt command (CRQO) is issued.
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Status Register SR3
TxBRG Zero Count [D4]

Bit D4 is valid when TxBRG is enabled (CR14 bit DO =
1). A one in bit DO indicates that the TxBRG counted
down to zero. This bit in conjunction with the SR1 bit
DO, causes an external/status interrupt and is latched
on a transition from zero to one. The transition from
one to zero does not cause an interrupt.

RxBRG Zero Count [D3]

Bit D3 is valid when RxBRG is enabled (CR14 bit D1 =
1). A one in bit D3 indicates that the RxBRG counted
down to zero. This bit functions in the same manner as
bit D4.

Residue Code [D2-D0]

Valid only in the BOP mode, bits D2-DO0 indicate the
number of valid bits in the last data byte received in a
frame. The meaning of these bits depends on the
number of bits per data byte. The previous character
refers to the last character read before the end of
frame, and so on. See Table 8. Figure 6 is an example of
aresidue code of 000 and a character length of 8 bits. It
indicates that bits zero and one in the last byte are
valid.

Figure 6. Example of Valid Bits in the I-Field (Residue
Code = 000)

MSB LSB

PraIE)}EgI vle]s]ulu]e]n]o]red

. o I

] —/ CRC/
PravnousIC10IC11|c12{c13[c1;[c15 H T'ﬂl-mld
Byte —F

P"’"'B";;I cs lcQ |c1olc1 1|c1 2]01 3]c1 4]0151 CRC-Field

Ha[eale oo lelelw]e]

Third Second

! ' Previous ' Previous ! Previous ! Final !
, : Byte ! Byte ! Byte ! Byte !
()l lo----I7 l lo----l7 1Io:l1lcnc1l CRC 1 —[ CRC 2 IS
7 . v4

Bytes received from the left

49M-000154

Table 8. Residue Codes

Previous Character
D2 D1 DO MSB

8 Bits per Character
C

2nd Previous Character

—_—_, OO - a0
IS — R — Y — ]
oo NeoNeNeNeNeNe)
> N¥oNoNeoNoNeNel

OOOOOOO0
OOOOOOO0
OOOOOOO0
[>NoNoNoNoNoNoNel
ODOOOOOOO
ODCOOOOOO0
COOOOTOO0
COODOTOOO
CSCOoODOTOOO
COTOOOOO
oo OOToOoOO
DoDoDoDoOoOO
OoOUDoDDUTUODOO
oD oDUOUDOOoO

Bits per Character

0 0
0
10
1
0
0

0
1
10

Bits per Character

0 o
0 1
10
0 0
0 1
1.0

Bits per Character

0 0
0 1
10
0 0
10

XX XX X X X X
OOOOOO0
OOOOOOO0
OO0
OO0
OOOOOO0
OOoOOOOO0
o000
XXX X X X X X
oo oo0o
OooOTO0Oo
QUOoOoo
oo oo
coOooDooo
oo oo
Ooggoooo

X 3K X X X X
XX X X X X
OOOOOO
OO0
OO0
OOOOOO
e X¥oNoNoNeoNal
e XoNoNeNe Nl
KX XXX X
XK XXX X X X
oOOoOOO0O0O
OoDoOoO0Oo
OO0 oO
=R —NoNel=i=)]
coooOooToo
oooooo

S mOo0CcOoO||H 2SO0 O || SR rO000O0|N|~trsra0c00O

XXX XX X X
XXX X X X
XXX X X X
ODOOOO
OOOO0
OO0
OO0
OOOOO
XX XX X
X X X X X
X > X X X
OOOOO
oOOoO0Oo
oo o
ooOo0o o
ooOoooo

C = CRC bit

D = Valid data

X = Invalid

*= No residue (boundary of the last received data matches the
boundary between one byte and the CRC).
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Status Register SR4A

Each bit of this register indicates whether or not a
corresponding cause of interrupt exists within the
AMPSC. A bit is set to one when its matching interrupt
is being serviced or if a lower-priority interrupt is
pending during the servicing of a higher-priority in-
terrupt. Otherwise, itis zero. Although this register can
be read only on channel A, its function is shared by
both channels.

Bit ~ Chan Description

D7 A Special Rx condition; INT pending
D6 B Special Rx condition; INT pending
D5 A Rx INT pending

D4 A Tx INT pending

D3 A E/S INT pending

D2 B Rx INT pending

D1 B Tx INT pending

DO B E/S INT pending

Status Register SR8

Valid only in the BOP mode, bits D7-D0 of SR8 are the
low order byte of the Tx Data Length counter. Register
SR8is normally used to determine if frame transmission
completed correctly. If the value of CR8/CR9 does not
equal the value of SR8/SR9 when the transmitter
underruns, the AMPSC automatically transmits an
Abort. Registers SR8 and SR9 are cleared by a reset or
when the TxDLC enable bit (CR13 bit D8) is set to one.

Status Register SR9

Valid only in the BOP mode, bits D7-D0 of SR9 are the
high order byte of the Tx Data Length counter. Registers
SR8 and SR9 are used in conjunction with each other.

Status Register SR10
One Clock Missing [D7]

This bit indicates if a transition has been detected in
thereceived data. Itis valid when the FM data format is
selected and the DPLL is in operation. With FM data
format, a transition (rising or falling) must occur within
one bit time at a bit boundary or center. The DPLL uses
this transition as a reference for clock generation.

If no transitions occur, the DPLL clock generation may
not operate properly. The DPLL detects transitions
every 2 bits.

A onein bit D7 indicates no transition was detected in
thereceived data. This bitis latched, and is reset by the
Reset Missing Clock command (CR14 bits D7-D5 =
010) or the Enter Search command (CR14 bits D7-D5 =
001).
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Two Clocks Missing [D6]

Bit D6 indicates that two consecutive transitions in the
received data were missed.

Sending on Loop [D4]

Bit D4 set to the one state indicates that the AMPSC is
in the SDLC loop connection and is transmitting. It is
valid only in the BOP mode when the SDLC Loop is
selected (CR10 bits D4, D1 =1,1).

Tx Sync/On Loop [D1]

Bit D1 is valid only in the COP or BOP mode. In the
COP mode, aonein bit D1indicates that the transmitter
and receiver are synchronized (SYNC character
detection on the receiver has been completed) after
both the Auto Tx on Sync and the bit D4 Enable bits
(CR10 bits D4,D1) were reset, and transmission is
enabled for the device.

In the BOP mode, a one in bit D1 indicates that a GA
pattern was detected and a 1-bit delay was inserted
between the RxD input and the TxD output. Bit D1
remains a one during the time that the SDLC loop is
formed. When D1 is zero, the TxD and RxD lines are
connected without the delay in loop mode. Bit D1 is
also zero when the AMPSC is not in the loop mode.

Status Register SR11

This register directly indicates the value setin CR11 for
interrupt enables. The host processor can use SR11 to
read the interrupt enable states for the various interrupt
sources within the AMPSC.

Status Register SR12

This register indicates the lower 8 bits (bits 7-0) of the
value set in the Rx BRG.

Status Register SR13

This register indicates the upper 8 bits (bits 15-8) of the
value set in the Rx BRG.

Status Register SR14

This register indicates the lower 8 bits (bits 7-0) of the
value set in the Tx BRG.

Status Register SR15

This register indicates the upper 8 bits (bits 15-8) of the
value set in the Tx BRG.
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NEC Electronics Inc.

uPD7220A
High-Performance
Graphics Display Controller

Description

The puPD7220A 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.

NECEL-000063

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
[0 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
0O Mixed graphics and character mode
— 64K if all characters
— 1 megapixel if all graphics
[0 Graphics capabilities
— Figure drawing of lines, arc/circles, rectangles,
and graphics characters in 500 ns per pixel
— Display 1024-by-1024 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
0O Single +5 V power supply
O DMA capability
— Bytes or word transfers
— 4 clock periods per byte transferred
[0 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

Pin Identification

Part Package Max Frequency
Number Type of Operation
uPD7220AD 40-pin ceramic DIP 6 MHz
uPD7220AD-1 40-pin ceramic DIP 7 MHz
uPD7220AD-2 40-pin ceramic DIP 8 MHz
Pin Configuration
—
2xwerk [ 1 403 Vee
DBIN(] 2 39[1 A,
HSYNC [] 3 38[J A
V/IEXTSYNC [] 4 37 AD,g
BLANK[] 5 36 ] AD,,
ALE[] 6 35[] AD,,
pra(] 7 341 AD,,
DACK[] 8 33[| AD,,
RD[ 9 < 32{] Ap,,
wr Q10 g 317 AD,
AQun 2  a[ao,
DB, []12 3 29[ AD,
pB, ({13 28[7] ADg
DB, []14 27 [J AD,
DB, []15 26[] AD,
b8, 16 25[1 AD,
DB, []17 24[] AD,
DB []18 23[] AD,
DB, 19 22[7 AD,
GND q 20 21 [] LPEN/DH

Character Mode Pin Utilization

Pin
No. Symbol Function
35-37  ADy3-ADys5 Line counter bits 0 to 2 outputs
38 ADqg Line counter bit 3 output
39 AD¢7 Cursor output and line counter bit 4

Mixed Mode Pin Utilization

Pin
No. Symbol : Function
35-37  AD43-ADq5 Address and data bits 13 to 15
38 As Attribute blink and clear line counter
output
39 Aq7 Cursor and bit-map area flag output

3-4

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 RD Read strobe input for microprocessor
interface

10 WR Write stobe input for microprocessor
interface :

1 Ag Address select input for microprocessor
interface

12-19 DBy-DB7 Bidirectional data bus to host micro-
processor

20 GND Ground

21 LPEN/DH Light pen detect input drawing hold
input

22-34 ADg-AD12 Address data lines to display memory

35-37  ADq3-ADys Utilization varies with mode of
operation

38 A Utilization varies with mode of
operation

39 A7 Utilization varies with mode of
operation

40 Vee +5 V £10% power supply

Graphics Mode Pin Utilizatio

Pin :
No. Symbol Function
35-37  ADy3-ADys Address and data bits 13 to 15
38 Ap Address bit 16 output
39 A7 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 ADg-AD47. ALE and external
logic can generate display memory control signals.

Ag [Address Bit 0]

Ag is the address select input for the microprocessor
interface.

A1 [Address Bit 1]

The Aq 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 yPD8257 or uPD8237
DMA controller.

DRQ [DMA Request]

DRQ is the DMA request output handshake line that
directly interfaces to the uPD8257 or uPD8237 DMA
controller.

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.
DBg-DB7 [Data Bus]

DBy-DBy, 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-AD¢7 are address and data lines to display
memory. AD13-AD47 functions vary with the mode of
operation of the ADGC. The uPD7220/7220A Graphics
Display Controller User's Manual describes these
functions and modes of operation.

Vcc [Power Supply]

V¢ is the +5 V power supply input.

GND [Ground]
GND is ground potential.

Block Diagram

DREQO DMA Video Sync \:‘l:;"I"(S:YNC
DACKo Control o BLANK

DB-0to 7 Microprocessor
Interface =] Mr?;‘a:ry o AmLE
A-0 0| with — — Generator [°PB!
RDo—»|  Status Reg. B
Who— DATA READ Reg. u
F [
E ' Zoom & Pan
FIFO R N Controller
Buffer e I
16x9 £
R
2 Drawing
L Controlier
Command
Processor 8
with -— B
Control ROM 1 Display  |-=0A-17
128x 14 e L Memory l »0A-16
Controller
= M v
Refresh Counter | \n 43
7Y - Line Counter
Ram RMW Data Path (D avot012
Light Pen
+5Vo <—| Deglitchand |e—oLPEN
GND I Register
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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 uPD7220 or uPD7220A 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 uPD7220 nor
the uPD7220A Graphics Display Controllers by them-
selvesinfringe 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
uPD8257 or uPD8237 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.
Oncetheline count foradisplay 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 pointand
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 haited when bit 7 of P5 of
the SYNC command is set.

Programmer’s View of HGDC

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 Ag. 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

A0 READ WRITE

Status Register Parameter Into FIFO

oI(IIIIIII

lilJJ l»I L]

FIFO Read

"L |
B I TSRS RN A W W |

Command Into FIFO

| 1 1 1 i 1 1 1 l

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.

Controls the blanking and
unblanking of the display, along
with video resynchronization.
Controls the blanking and
unblanking of the display. Does not
blank the display.

Specifies zoom factors for the
display and graphics characters
writing.

Sets the position of the cursor in
display memory.

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.

2. BLANK1

3. BLANK2

4. ZOOM

5. CURS

6. PRAM

7. PITCH

Drawing Control Commands

1. WDAT Writes data words or bytes into
display memory.

2. MASK Sets the mask register contents.

3. FIGS Specifies the parameters for the
drawing controller.

4. FIGD Draws the figure as specified
above.

5. GCHRD Draws the graphics character into

display memory.
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Data Read Commands :
Reads data words or bytes from

1. RDAT
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 Active/Vertical
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 bitin SYNC or
the RESETx parameter 6.

SR-5: Vertical Sync

Vertical retrace sync occurs while this flag isa 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 bitisa 1.

Status Register (SR)
Lrfefefeeolel]0]

t L Data Ready
FIFO Full
- FIFO Empty

Drawing in Prog:
DMA Execute
Vertical Sync Active

Hori: Blank Active/
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-0: 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-dupiex
technique, in which the single 16-location FIFO is used
for both directions of data movement, one direction at
atime. The FIFO’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 acommand 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.



NEC

vPD7220A

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
initalready. Ifit 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 after the
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.

Read-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 determine which 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
pixelis modified by the Logic unit. For the next pixel in
the figure, the next bitin 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.

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 the 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 addition 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. Any one 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
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, a0 in the
modify data allows the read data bit to be returned to
memory. A 1value 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 nhumber 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 ordecremented 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.

Dir Operations to Address the Next Pixel
000 EAD — P — EAD
001 EAD — P — EAD

dAD (MSB) = 1:EAD — 1 — EAD dAD — LR
010 dAD (MSB) = 1:EAD — 1 — EAD dAD — LR
01 EAD — P — EAD

dAD (MSB) = 1:EAD—1—EAD dAD — LR

100 EAD — P — EAD
101 EAD — P — EAD

dAD (LSB) = 1:EAD — 1 — EAD 'dAD — RR
110 dAD (LSB) = 1:EAD — 1 — EAD dAD — RR
1M 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

3-10

Whole word drawing is useful for filling areas in
memory with a single value. By setting the Mask

‘register to all 1s 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 cycleregardless 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 Cl Slant Char|R¢ U DMA

TVIE

b
w || >

010

o1 "V//%

L

w| G|
S
.

OO IO

101 %
110 W" J
m ///j “'5\'\]

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° 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 Xand Y
components of the word address when moving to the
next word. It does not follow a 45° diagonal path by
pixels.
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Drawing Parameters

In preparation for graphics figure drawing, the HGDC'’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 oc D D2 D1 DM
Initial 0 8 8 -1 -1
Value (1) .

Line Jall - 2]AD| —1Al} 2(1AD | —1aAl]) 2]AD} -
Arc (2) rsing r—1 2(r—1) -1 rsing!
Rectangle 3 A-1 B-1 -1 A—1
Area fill B—1 A A - -
Graphic B—1 A A - -
character

@)

Read & W—1 - - - -
write data

DMAW D-1 c—1 - - -
DMAR D—1 Cc—1 “(c-)2/+ - -
Note:

All numbers are shown in base 10 for convenience. The HGDC
accepts base 2 numbers (2's complement notation) where
appropriate.

(1) Initial values for the various parameters remain as each drawing
process ends. .

(2) Circlesare drawn with 8 arcs, each of which span 45°, so thatsin
¢=1/\/2and sin §=0.

(3) Graphic characters are a special case of bit-map area filling in
which B and A < 8. If A = 8 there is no need to load D and D2.

Symbol Definitions

—1 = All ONES value.

— = No parameter bytes sent to HGDC for this
parameter.

Al = The larger at Ax or Ay.

AD = The smaller at Ax or Ay.

r = Radius of curvature, in pixels.

¢ = Angle from major axis to end of the arc.
¢ <45°.

& = Angle from major axis to start of the arc.

6§ =45°.

= Round up to the next higher integer.

= Round down to the next lower integer.

= Number of pixels in the initially specified

direction.

B = 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
than the number of RMW cycles to be
executed.

DM = Dots masked from drawing during arc

. drawing.
1 = Needed only for word reads.

t
|
A

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. By 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 ther 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.

3-11
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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 8 lines high, fewer bytes
in the parameter RAM will be scanned. If the area is
largerthan 8 by 8, the HGDC will 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-0 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-
metersinto 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 graphicsarea
or a coded-character area, and whether a 16-bit or a
32-bit wide display cycle is to be used for that area.

3-12

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

register to allow the HGDC to draw 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 6f the bit assignments are shown for the various
modes of operation.

Character Mode

RA0 (I SAD1, . ]
Display Partition Area 1

SAD1y, |<— starting address with low &
fields

high i
(word addljess)

) Length of Display Partition 1
3 [WDI' 0 l LEN1,, (line count) with high and
L N low ifi fields

A Wide Display cycle width

of two words per memory cycle
is selected for this display

area if this bitis settoa1.

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

RA-4 SAD2, R,

Display Partition 3
RA-8 SAD3, }<— starting address
and length
9o 0 o ] SAD3,
10 LEN3_ I o 0o o0 0
M woal 0 l LEN3,
Display Partition 4
RA-12 SAD4, l— starting address
" and length
13 o o o l SAD4,
“ LENG, l 0 0 0o o
P
15 WDAI o I LEN4,,
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Graphics and Mixed Graphics and Character

Modes

Command Bytes Summary

GCHR8

RA-8 PTN_ or
( P L n

GCHR7 |:

9 I PTN,  or

RA-10 GCHR6

1 GCHRS

12 GCHR4

13 GCHR3

14 GCHR2

) GCHR1
RA-0 SAD1_

SAD1,, I

minls

e oo [em]

Pattern of 16 bits used for
figure drawing to pattern
dotted, dashed, etc. lines

Graphics character bytes

|___ tobe moved into display
memory with graphics

character drawing

Display Partition Area 1
J—— starting address with low,

middle, and high significance
fields (word address)

Area1 with low and high
i fields (line count)

Length of Display Partition

In mixed mode, a 1 indicates an
image or graphics area,and a 0

3 F/oq ™" l LEN1,
RA-4 SAD2,
TR N
5 SAD2,,
R S
6 LEN2 I o o I SAD2,
P N
7 wnzl ] l LEN2,,
" .

indicates a character area. In

graphics mode this bit must be 0.

‘When 1, the DAD is incremented
every other display cycle.

Display Partition Area 2

|-=— starting address and

length with image
bitasin area 1

Command Bytes Summary

RESET1 l o 0o o o 1 o o0 o 0 ]

RESET2 | 0o 0 o o I o 0 o 1 ]
PR n . n

RESET3 ro [] J1 o o0 1 ]
" PR 2 s "

BLANK1 l o o o 0—[ 1 1 0 l DE‘
" R L L

BLANK2 ro [ ] 0 1 o [ DE ]

L "

SYNC I o o o0 o0 l 1t 1 1 J DE]

VSYNC | [] 1 0 ] 101 1 l M ]

CCHAR I 0 o 0 l 1 0 1 1 I

START {o.iL‘Jol‘ 0 |‘1l
ZOOM Fl X o ‘;OJ; [ ) 1 1 ) 0 ]
CURS l o 1 o o I 1 . o . o 1 |
PRAM ,T 1 1 1—l ) S.A I
PITCH F 1 Jj L()ALO 1 1 1 1
WDAT l o 0o 1 l TVlPE [ OIMOD ]
MASK [ o 1 o 0 Ll o 1 0 ]
o
FIGS [ 0 1 0o 0 l 1 ) 1 [ ] J
FIGD D N 1 1 0 l 1 1 o o J 3
GCHRD FI1 LILOJ‘1 0 .0‘0 I
RDAT t o 1 I TYPE I o l MoD J
CURD [1 1 1.0 l [ [ I
LPRD I 11 ‘;0 L0 | 0 X 0 . [ ) ]
DMAR r1 . L] . 1 | TYPE l 1 l MOD —l
DMAW [0 0o 1 l TYPE l 1 l MoD —I

Video Control Commands
Reset

— Blank the display, enter
RESETX: [} [] [] [} [ o 0 o0 Idle mode, and initialize
" " N " 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:  Resync video timing in slave mode.
RESET2: Blank the display and so not resync.
RESET3: 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 20 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 aliows 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.

Mode of Operation select bits
See below

o [T

vs, I HS

\ \—-—— Horizontal Sync Width — 1

Vertical Sync Width, low bits

t-=— Active Display Words per
line —2 Mustbe even
number with bit 0 = 0

] VS |-<-—- Vertical Sync Width, high bits

NL HFP

\ Front Porch Width — 1
Ps |DH PH HBP = Horizontal Back Porch Width — 1
P fvH VL VEP [e— Vertical Front Porch Width
P7 AL Active Display Lines per
. Video Field, low bits

[ ALy —lc— Active Display Lines per
s Video Fleld, high bits

Vertical Back Porch Width

VL Number of lines in interfaced mode
0 0dd, as in 7220
1 Even

When VH = 0, status operation is as in uPD7220.
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VH - Blank Status Bit Definition
0 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

[ G Display Mode

0 0 Mixed graphics and character
0 1 Graphics mode

1 0 Character mode

1 1 Invalid

| S Video Framing

0 0 Non-interlaced

0 1 Invalid

1 0 Interlaced repeat field for character displays
1 1

Interlaced
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Repeat Field Framing: 2 field sequence with 1/2
line offset between
otherwise identical fields.
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.

Interlaced Framing:

D Dynamic RAM Refresh Cycles Enable
0 No refresh—static RAM
1 Refresh—dynamic RAM

Dynamic RAM refresh is important when high display

zoom factors or DMA are used in such a way that notall

of the rows in the RAMs are regularly accessed during

display raster generation and for otherwise inactive
- display memory.

F Drawing Time Window
0 Drawing during active display time and retrace blanking
1 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).

RESET2| 0 0 [ | 0o 0 o 1]

RESET3 rD 0 o o L1 0 o 1 ]
N N " 2 "

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.

vsvnc:Ln 11 0 11 1]M|

L— 0—Accept External Vertical

Sync — Slave Mode

1—Generate & Output Vertical
Sync — Master Mode

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 t} o o 0 1 1 1 I D;l

The display is enabled by
a1,and blanked by a 0.

P1 [ ] I c | F [ |J D i G l S [+ Mode of Operation select bits

See below
P2 AW [~ Active display words per line 2
L i 1 Must be even number with
bito 0.
P3 Vs, L HS
PR

\ \— Horizontal Sync Width — 1

Vertical Sync Width, low bits

{ Sy }-Verlical Sync Width, high bits

Front Porch Width — 1

P5 |DH PH HBP [~=—Horizontal Back Porch Width — 1
P6 VH VL VFP [~=— Vertical Front Porch Width
s s s
P7 AL {~=— Active Display Lines per Video
Field, low bits

Active Display Lines per Video
Pe r vep l ALy ™ Field, high bits

\iwrliczl 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. Itis
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 atleast one VSYNC
pulse generated to which the slaves can synchronize.

Cursor and Character Characteristics

In graphics mode, LR should be set to 0. 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. Forinterlaced
displays in graphics mode, the parameter BR| = 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.

External SYNC Enable

Lines per character row — 1

4
P Ec]sslol ) ‘LR,

Display Cursor if 1

P2 I BR, | sC l cToP —lc—Cursor Top line number
L " L n L in the row

0 — Blinking Cursor
1 — Steady Cursor

Blink Rate, lower bits

Blink Rate, upper 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.

START: [ ) 1 1 0 1 o 1 1
2 2 ) "
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Display Blanking Control

BLANK?2 does not cause the resyncing of an HGDC in
slave mode. BLANK1 does cause the resyncing of an
HGDC in slave mode.

BLANK1: l (U] 0 0 1 1 0 [ DE J—— The display is enabled
" L by a1, and blanked by
ao.

ELANKZ:[ o o [] o 0 1 0 | DE |

Zoom Factors Specify

Zoom maghnification factors of 1 through 16 are avail-
able using codes 0 through 15, respectively.

ZOOoMm: IV;O 1 0 [ 0 1 1 OJ
R S| " . ‘.
0

.
P1 ‘7 DISP [ GCHR ‘—)4‘ Zoom factor for graphics

2 2 2 writing 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.

CURS: [0 1 0 0 1 [] 0 1 I
" s L .

]‘— Execute Word Address,
low byte

P2 I EAD }4— Execute Word Address,
. i\ 1 " middle byte
P3 l dAD I WG o0 1 EAD I‘———- (Graphics Mode only)
. s
\ L 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 atincrementing
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.

PRAM: [0 1 101 i SA —I

L— Starting Address in

parameter RAM

1—— 1to 16 bytes to be loaded
n into the parameter RAM

| s "
: starting at the RAM address
P l |

. L " L L L

specified by SA

Pitch Specification

This value is used during drawing by the drawing
processor to find the word directly above or below the
currentword, 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.

PITCH: I o 1 o o0 0 1 1 1 —l
L L s L s L L

P [ [4 I—-—- Number of word addresses
L " L I L L L in display memory in the
horizontal direction

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 register while
the other commands use the stored values in the
parameter RAM. Like all of these commands, the
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.

e [0 o [o] = ]

‘— RMW Memory cycle

Logical Operation:

——
o 0 —=—— REPLACE with Pattern
0 1 ~=—— COMPLEMENT
1 0 ~=——RESET to zero
1 1 —=——SETto1

t——— DataTransfer Type:
——
0 0 ~%——————————————— Word, Low then High byte
1 0 ~-——————————— L ow Byte of the Word
1 11— HighByteof the Word
0 1 _Invalid

P1 l WORD, OR BYTE ]—b—- Word Low Data Byte or

L Single Byte Data value
P2 WORDy Word transfer only:
etc. n s High Data Byte

317
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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.

Low significance byte

High significance byte

Valid Figure Type Select Combinations

Figure Drawing Parameters Specify

FIGS: ’ [] 1 0 0 1
T L L "

o]
L n

P1 | SL L RJ A lGC J L T DIR“——Duwing Direction Base
s L

1 Figure Type Select Bits:
Line (Vector)
ics Character
ArciCircle

Slanted ics Cl

4J<7 DC Drawing Parameter
s s o
o [o]o] e |

L L MR

\ ics Drawing flag for use in
Mixed Graphics and Character Mode

o, }——- D Drawing Parameter
| o P
" N
D2, }—— D2 Drawing Parameter

P4

PS

o]

3

L
[
C 4
P7 Lo 0 | D2, J)
i P S G
8 Q D1, l-——m Drawing Parameter
P9 [ [ 1' D1y 1)
. PR S
0
"

o

P'o( l oM, I—-—nu Drawing Parameter

P11 l 0 1 oMy

The parameters take on
e different interpretations for
different figure types.

SL R A GC L Operation

0 0 0 0 0 Character display mode drawing,
individual dot drawing, DMA, WDAT,

and RDAT

Straight line drawing

Graphics character drawing and
area filling with graphics character
pattern

Arc and circle drawing

Rectangle drawing

Slanted graphics character drawing
and slanted area filling

Only these bit combinations assure correct drawing
operation.
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Figure Draw Start

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.

mep: | o 1 1 0 1 1
"
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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.

GCHROD: I [ | 10 1 0 o 0 ]
i L 1 "

Data Read Commands
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.

= [ o [ ]

‘_E_———Dlll Transfer Type:

0~e——————————Word, low then high byte

0 ~—————————————Low byte of the Word only
1 ~#——————————————High byte of the Word only
1 Invalid

© = = o

Cursor Address Read

Ok CURD: t 1 1.0 o 0 o O]

The following bytes are returned by the HGDC through
the FIFO:

Ao |<— Execute Address (EAD),
low byte

MAL Execute Address (EAD),
middie byte

NLoo [} ool:un..

Pe d dAD,

Ps [ dADy

L] dn EAD,

P2/ A15 EAD,,

Execute Address (EAD),
high bits

“4— Dot Address (dAD), low byte

1— Dot Address (dAD), high byte

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

LPRD: I 11 [ o o o O—I

The following bytes are returned by the HGDC through
the FIFO:

A0 '4—— Light Pen Address, low byte

] A5 LAD,, A8

l a7 LAD,

Light Pen Address,
middle byte

[0 0o 0 o o 0] LADy, —I<—LLgMPsnAddms'Mghbytt

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 DMA Write Request

le’ 0 1 I TYPEFTM001 p,um-.l'o 0 1 I TvPE T1Tuoo I
‘ Data Transfer Type: P——RMW Memory Logical Operation:
0 O-e———<""" " Word, Low then High Byte 0—=——REPLACE with Pattern

1 0—e————Low Byte of the Word

0—=—— RESET to Zero

[
0 1 —=——COMPLEMENT
1

1 1 ~=——————————— High Byte of the Word '

1 ~=—— SET to One

0 1 |nvalid e Data ranster Type:

] 0 —«—————————— Word, Low then High Byte
1 0 ~«————————————— Low Byte of the Word
11— Migh'Byte of the Word -
0 1 -e-——————nvalid

AC Characteristics

Ta =010 +70°C; Vo = 5.0 V +10%; GND =0V

- T7220AD Limits. ) 7220AD-1 Limits 7220AD-2 Limits - ’ o

Parameter Symbol Min Max Min Max Min Max Unit ~Test Conditions

Read Cycle (6DC < CPU)

Address setupto  tap 0 ’ 0 ‘ 0 s

ml ) B B

Address hold from ~ tga 0 0 ) 0 ns

RDt .

RD pulse width tRH1 tRo1+20  troy — 1/2tcik  tRp1+20 tpoy —1/2tcik  tmp1+20 tpey — 1/2tcik . NS

Data delay from tRD1 ' 75 65 - . 55 ns .C.=50pF

RD}

Data floating from  tpr 0 75 0 65 0 55 ns

RD1 .

RD pulse cycle tRey 41g1k 4k 4oLk ‘ ns

Write Cycle (80C <— CPU)

Address setup to taw 0 . 0 .0 ns

WRi ,

Address hold from  tya 10 10 10 ns

WRt :

WR pulse width tww 80 twey — toLk 70 twey — toLk 60 twey —tcik s

Data setup to WRT oy 65 R 55 45 ns

Datahold fromWR? typ =~ 0 - 10 10 Lotoms

WR pulse cycle twey 4oLk 41K 4oLk ns
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AC Characteristics (cont)
Ta =010 +70°C; Voc = 5.0 V £10%; GND =0V

7220AD Limits T220AD-1 Limits 7220AD-2 Limits

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions
DMA Read Cycle (GDC ~——> CPU)
DACK setup to tkR 0 0 0 ns
RD!
DACK hold from Dt tpg 0 0 0 ns
RD pulse width tRR2 trpo + 20 trp2 + 20 trp2 + 20 ns
Data delay from RD} tppy 1.5 tgLk + 80 1.5tgk + 70 15tk +60 ns € =50pF
DREQ delay from tREQ 100 85 75 ns  C_=50pF
2xweLkt
DREQ setup to ok 0 0 0 ns
DACK!
DACK high-level tpk toLk toLk toLk ns
width
DACK4puIse cycle te 4oLk (1) 4oLk (1) 4ok (1) ns
DREQ! delay from  txqr) toLk + 100 toLk + 90 tok+80  ns  CL=50pF
DACK!
DACK low-level tk 2oLk 210K 2 toLk
width
DMA Write Cycle (6DC <— CPU)
DACK setup to tkw 0 0 0 ns
Wr!
DACK hold from WR1 tyy 0 0 0 ns
RMW Cycle (GDC < Display Memory)
Address/data tap 20 105 20 90 15 80 ns  C_=50pF
display from
2xWCLK?T
Address/data toFF 20 105 20 90 15 80 ns C =50pF
floating from
2xWCLK?
Input data setupto  tpjg 0 0 0 ns
2xWCLK!
Input data hold from tp4 e tpE tpE ns
2XWCLK}
DBIN delay from tpE 20 80 20 70 15 60 ns  C_=50pF
2xWCLK!
ALE? delay from tRR 20 80 20 70 15 60 ns  C_=50pF
2xweLkt
ALE! delay from tRE 20 65 20 55 15 50 ns  C_=50pF
2xWCLK!
ALE high width tRw 113 to1k 113tk 1/3 toLk ns  C_=50pF
ALE low width tRL 15tk —30 1.5tcLk — 30 1.5tgk — 30 ns

30 30 30

Address setup to tan
ALE}

Note:

(1) For high-byte and low-byte transfers: tg = 5 tg k.
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AC Characteristics (cont)
Ta=0to +70°C; Voc =5.0V £10%; GND =0V

7220AD Limits 7220AD-1 Limits 7220AD-2 Limits

Parameter Symbol Min Max Min Max Min Max Unit  Test Conditions
Display Cycie (GDC <— Display Memory)
Video signal display" typ 90 80 70 ns  C_=50pF
from 2xWCLK?
Input Cycle (GDC <——> Display Memory)
Input signal setup to  tpg 10 10 10 ns
2xWCLK! )
Input signal width  tpy toLK toLk toLk ns
Clock (2xWCLK)
Clock rise time teR 15 15 15 ns
Clock fall time toF 15 15 15 ns
Clock high pulse teH 70 61 52 ns
width
Clock low pulse toL 70 61 52 ns
width
Clock cycle toLk 165 10000 145 10000 125 10000 ns
Capacitance DC Characteristics (cont)
Ta=25°C;Vec=GND =0V Ta =010 +70°C; Vo =5V +10%; GND =0V

Limits Test Limits Test
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ  Max Unit  Conditions
Input capacitance = Cyy 10 pF fg=1MHz Input low leak M ' -10 pA V=0V
10 capacitance - Cjp 20 .~ pF V{(unmeasured) current (except
Output capacitance Coyt 20 oF OV VSYNC, DACK)
Clock input Co 20 pF Input low leak i =500 wA VI=0V
capacitance current (VSYNC,

i DACK)

Absolute Maximum Ratings (Tentative) 'c':j"r‘r’;:t'%gx'g:; ik +10 pA V=V
Ambient temperature under bias 0to +70°C LPEN/DH)
Storage temperature —65 to +150°C Input high leak Iy +500 wA V=Vgg
Voltage on any pin with respect to ground “05to+7y  current (LPEN/DH) -
Power dissipation 15W 23::’:&'0‘” leak oo —10 pA V=0V
Comment: Exposing the device to stresses above those listed in : —
Absolute Maximum Ratings could cause permanent damage. The 23:?:[:th'gh leak lon +0 #h Vo =Veg

device is not meant to be operated under conditions outside the
limits described in the operational sections of this specification. Clock input low Voo 05 0.6 v
Exposure to absolute maximum rating conditions for extended voltage

periods may affect device reliability. Clock inputhigh  Vgq 35 Ve +10 v

DC Characteristics voltage

Ta=01t0+70°C; Voo =5V +10% GND =0V Vog supply current g 270 mA
Limits Test Note:

Parameter Symbol  Min Typ Max  Unit  Conditions (1) For 2xWCLK, V; . =—0.5t0 +0.6 V.

Input low voltage V).~ —0.5 08 VvV (Note 1) (2) For 2xWCLK, Viy = +3.9Vto Vg +1.0V.

Input high voltage Vi 2.2 Ve +05 (Notes 2, 3) (3) For WR, Vjy =25 Vto Vg +0.5V.

v
Output low voltage VoL 0.45 V lgp=22mA
Output high voltage Voy 2.4 V gy =—400 uA
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AC Testing Conditions
Input Waveform for AC Test (Except 2xCCLK)

uPD7220A

Timing Waveforms (cont)
Microprocessor Interface DMA Write Timing

2.2 2.2 HSYNC /
24 \ 7
045 ?‘C Test Points :)_\( 2XWCLK:
0.8 08 thea™| taeq E—
DREQ: 7[
tax a1 toc>
Output Waveform for AC Test FRER: K
2.0 5.0 - t
\ WA
X: Test Points :}( Wh: F=tw F=tyy
rd A3 tww
0.8 0.8 twn (WR T to HSYNC 1) = te«
1 (DACK | to HSYNC 1) = teix
Clock Timing (2xCCLK)
Microprocessor Interface DMA Read Timing
I S NUUR s S
35 35
‘c}.e o.(/; HSYNC /

2XWCLK:
Timing Waveforms

Microprocessor Interface Write Timing

team [ toc >
. DACK: b t
AO: Invalidy Valid Invalid X Valid S f \_-
te
>t 1ty | -
Wh: AWI_- tww—“b o RD: tane
: \K —=tn o [
o ""_‘aoz_’* tor ‘T‘ h
ol = { i L
DBO--7: invalid | X Valid invalid DBO-7: High Imp 1ce \Invahd] Valid 5 ped
| tuc |

Microprocessor Interface Read Timing

A0: Invalid Valid nvalid X
o Tl :-‘am L
RD:
High tao™ ity
DBO~7:——— Valid e imped
tRCV
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Timing Waveforms (cont)

Display Memory Display Cycle Timing Display Memory RMW Timing
l«— E1—sl«— E2 —~}«—E3 E4
2xWCLK:_]
o= o linvalia] ot o [ 'oré‘
ADO-15: { valid }+—{ Yvalid valid F
iOutput Address| Input Data Output Data
> ot »noh-
DBIN:
o [Tt
) A16, A17: ) X
‘ ! _4 A
e tvo > tag =
ALE: /
HSYNC-REF: i X )% j o B |
BLANK w tor. |
VSYNC
Lco 3
CSR
CSR-IMAGE
ATT-BLINK-CLC
Display and RMW Cycles (1x Zoom)
Display RMW Display or RMW
Cycle Cycle Cycle
o1 D2 E1 i E2 E3 i 4 |
2xWCLK: _ﬂ‘\—Q\ \L [N KN 4 R \
\ 2 2
ALE: _ﬂ/ \ / \ / \.
ADO-15; ,‘ Output Address ‘;r { Output Address )————( Input Data H Output Data Output Address )—
A6, 17: :::x
HSYNC: \ \ \
VIEXT SYNG: X X A

3-24



uPD7220A

Timing Waveforms (cont)
Display and RMW Cycles (2x Zoom)

NEC

e . Ya e

'$$24ppPY INdINO ———Ceeqindino )—{__eeaindui_ )———"ssaippy inding )- ssappy Inding

[ wromxz
-‘ 3 93 W s3 ﬁ 3 T €3 >t 3 T 13 °a | sa T va T £a > za _ g —=f
a9hy 29k 319k
MWHY 10 Aejdsig MY Aejdsig pawooz
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Timing Waveforms (cont)

Display and RMW Cycles (3x Zoom)

;J_ f J
]
I !
i
0| )
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¢ | .
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s
_é g
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I | I |
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Timing Waveforms (cont)

Light Pen and External Sync Input Timing Clock Timing (2xWCLK)
tca tee
2xWCLK: ton Veu = 35,
T 2xWCLK:
LPEN, to, He—tou V=08
EX. SYNC:
L‘"Pw‘f

Video Sync Signals Timing

ZXWCLK_/—\_/\_/'\/'\_/'\_____./_\_/_\_/_\J-\_/_\_ VA VAV AVE /_\_
HBLANK: _/ T - TTTTN e

HSYNC: / N
woors X X XTI X XTI LI XTI
LCo-4 X L\

1
VBLANK: | \ o / T T
!
VSYNC: ! / N
1
}‘ 1V (Frame) =|1
Interlaced Video Timing

HBLANK_I'L_ n_n ___Jl IL-__J'\_ﬂ____!—L__JL__J-I_ﬂ____J'L_J_L
VBLANK—l_ 1 —-, T L I 7T

|
|
| | ! |
|
|

[

| [
[
|
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Timing Waveforms (cont)

Video Horizontal Sync Generator Parameters
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[
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Video Field Timing DMA Request Intervals
:J—l — mm '_k DMA Request Interval
| Vertical SYNC Lines i [ ] ,//, mmmm Intervale

1
i Vertical Back Porch Blanked Lines :

Horizontal T

SYNC ——=-

Puise J

il
}
VSYNC Output

i Vertical Front Porch Blanked Lines

Drawing Intervals

Drawing Interval
Additionl Drawing iterval W hen
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Block Diagram of a Graphics Terminal
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pPD72020
CMOS Graphics Display Controller

Description

The uPD72020 is an enhanced graphics display control-
ler resulting from the implementation of CMOS technol-
ogy on the uPD7220A.

In addition to the functions of the uPD7220A, the
rPD72020 incorporates address space expansion, video
RAM control, and write mask functions. It is suitable for
a wide range of applications from simple display termi-
nals to high-resolution graphics display devices.

This data sheet covers only functions additional to those
of the uPD7220A. For further details of the uPD72020,
refer to the uPD72020 User's Manual.

Features

O Enhanced functions compared with the uPD7220A

— Video memory space: 2M bytes maximum
(1M 16-bit words)

— Control of dual-port RAM (video RAM)

— Write-masking of any desired bit

— Enhanced external synchronization function

— CMOS technology

0 uPD7220A-compatible functions

— High-speed graphics drawing: 500 ns/dot
(operating at 8 MHz)

— Selection of drawing timing: flashless/flash mode

— Drawing of straight lines, arcs, quadrilaterals,
graphic characters

— Any kind of line specifiable

— Four different dot-correction modes

— Enlarged drawing/enlarged display

— Panning and scrolling

— Automatic cursor shifting

— Attributes assignable character by character

— Interlaced/noninterlaced scanning

— DRAM refreshing

— Master/slave operation

— Video memory control independent of main
memory

— 16 x 9-bit on-chip input/output FIFO

— DMA control

— Single +5-volt power supply

Applications

Some application functions implemented by use of this
product in conjunction with other products may infringe
on U.S. Patent No. 4,197,590 and Re. 31,200 etc. held by
CADTRAK Corporation of the United States, and the

50061

corresponding patents in various countries. Problems
may arise from such patents even when a different
graphics display controller or discrete circuitry is used,
and thus resolution on the basis of this product alone is
not possible. Therefore, the user is requested to under-
take as his or her own responsibility an investigation of
measures to cope with this situation before designing an
application system.

Ordering Information
Part No.

#PD72020C-8
#PD72020GC-8-3B6

Package
40-pin plastic DIP
52-pin plastic miniflat

Pin Configurations

40-Pin Plastic DIP

2xCCLK ] 1 VDD
DBIN [ 2 A17 (CSR-LC4) [CSR-IMAGE]
HSYNC-REF [] 3 A16 (LC3) [AT.BLINK-CLC]
VSYNC/EX. SYNC [] 4 ADi5 (LC2)
BLANK [ 5 AD14 (LC1)
RAS O & AD13 (LCO)
DRQ/A18 (A13) [A16] [] 7 AD12
DACKiA19 (A14) [M17] [] 8 AD11
RD AD10
WR ADg
A0 AD8
DBo AD7
DB ADg
DB2 AD5
DB3 AD4
DB4 AD3
DBs AD2
DBg AD1
DB7 ADo
GND LPEN/WAIT/DT
() Character mode
[] Character/graphics combined mode
83SL-5704A

3-31



NEC

#PD72020
52-Pin Plastic Miniflat
§8
0355558858830
£292228828482¢
aooooononoonnn
D395 ¢eIQTER
Ne 1 o 391 NC
AD15 (_L_gg) |m B 38 [1 AD3
At (LC3) [AT.BLINK-CLC] []3 37 1 AD2
A7 (CSR-LC4) [CSR-IMAGE] [] 4 36 [1 AD4
Voo 5 35 1 ADo
vop [} 6 34 0 LPENWAIT/DT
c 7 33f] ic
2xCCLK []8 32 [1 GND
DBIN [] 9 31 1 GND
HSYNC-REF [] 10 30 [0 pBy
VSYNC/EX.SYNC [} 11 29 1 pBe
BLANK [ 12 28 [1 pBs
NCc [} 13 27 1 NC
Toer22 g dRIRE
Oooo0oogooooooo
QT ~Ie Q O - o ®T
SRECREREEEEE2
'
<
22
<<
9|8
S8
‘ () Character mode
" 1] Character/graphics combined mode
83SL5705B |
Pin ldentification
Symbol Function Symbol Function :
A0 Address select input for microprocessor  LPEN/WAIT/DT See text and table 2.
interface RAS Row address strobe
ADg-AD12 Address-data lines to display memory RD Read strobe input for microprocessor
AD43/LCO, AD44/LC1, See text and table 3. interface
AD45LC2 VSYNC/EX.SYNC Vertical video sync output or external
Aqg/LC3/ATBLINK-CLC,  See text and table 3. VSYNC input ]
A17/CSR-LC4/CSRMAGE WR Write strobe input for microprocessor
BLANK CRT blanking output interface
DACR/A1g/A14/A17 See toxt and table 1. 2xCCLK Clock input
DBg-DB7 Bidirectional data bus to host GND Ground
microprocessor Vob +5-volt power supply
DBIN Display memory read input flag c Internal conmection
DRQ/A1g/A13/A16 See text and table 1. NG No connection
HSYNC-REF Horizontal video sync output
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PIN FUNCTIONS

Pins on the uPD7220A and the pPD72020 have similar
functions. Differences are described below.

Pins DRQ and DACK

The functions of these pins depend on the setting of the
PN bit by the WMASK command, which validates the
address extension functions See table 1.

Aq3, A1, A1g-A19. When the address extension function
is selected by setting PN of the WMASK command, the
upper 2 bits (of the extended address) are output in the
video memory in each display/draw mode.

After the address extension function has been selected,
the DMA-related functions cannot be used. Use the CHR
and G bits of the SYNC command to set the display/
draw mode (as with the uPD7220A).

DRQ (DMA Request). When the DMAR or DMAW com-
mand is executed, the DMA request signal is output.
This signal is input to the DRQ pin of the DMA controller.

After the DMA-related functions have been selected, the
address extension functions cannot be used.

DACK (DMA Acknowledge). A signal indicating DMA
transfer is input. This signal is output from the DACK pin
of the DMA controller.

Pin LPEN/WAIT/DT

The functions of this pin depend on the setting of the DTE
bit by the WMASK command, which validates the DT
signal generation function. See table 2.

DT (Data Transfer). When the DT signal generation
function is selected by setting DTE of the WMASK
command, the DT signal is output to indicate the display
address supply timings for the pPD41264-type video
RAMs (VRAMSs).

After the DT signal generation function has been se-
lected, the LPEN and WAIT functions cannot be used.

LPEN (Light Pen Strobe). When the light pen detects a
light input, the H-level signal is input.

After the LPEN function has been selected, the DT signal
generation function cannot be used. )

WAIT (Drawing Wait). When a signal that remains at the
H-level for a period of at least four clocks is input in the
drawing stop mode, the uPD72020 will stop drawing
temporarily if it is executing drawing and output a
display address.

After the WAIT function has been selected, the DT signal
generation function cannot be used.

Pins AD13-AD1s, Aqg, and A7

The functions of some other pins depend on the operat-
ing mode: character, graphics, or character/graphics
combined. See table 3.

Table 1. Pin Functions Available Through Address Extension

Pin Symbol PN Bit (WMASK Command) Action Mode 1/0 Pin Function
DRQ/A1g/A13/A16 0 Action similar to xPD7220A Output DRQ
1 Address extension Graphics Output Ag
Character Output A3
Combined Output Ats
DACK/A1g/A14/A17 0 Action similar to uPD7220A Input DACK
1 Address extension Graphics Output Aqg
Character Output Aqg
Combined Output A7
Table 2. Pin Functions Available Through DT Signal Generation
Pin Symbol DTE Bit (WMASK Command) Action 10 Pin Function
LPEN/WAIT/ DT 0 Action similar to uPD7220A Input LPEN/WAIT
1 DT signal generation Output DT
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Table 3. Multifunction Pins AD13-ADys, A and Ag7

Pin Symbol Mode . o Function
AD{3-ADq5 Graphics; combined Vo] Address-data lines 13-15 to display memory
LCo-LC2 Character Output Line counter bits 0-2
As Graphics Output Address bit 16
LC3 Character Output -~ Line counter bit 3
AT.BLINK-CLC Combined Output Attribute blink and clear line counter
A7 Graphics Output Address bit 17
CSR-LC4 Character Output Cursor and line counter bit 4
CSR-IMAGE Combined Output Cursor and bit-map area flag
ADDED BLOCK FUNCTIONS

Refer to the pPD72020 Block Diagram and the System
Configuration Diagram.

Video RAM Control

Additional blocks generate the DT signal, which indi-
cates the display-address supply timings for the video
RAMs. Data within the RAMs can be transferred to the
serial register.

Pin Extension Control

The video memory address is extended 2 bits (with the
address space extended fourfold) in each of the charac-
ter, character/graphics combined, and-graphics modes.

These bits are used for both DACK pin and DRQ pin in
each mode: A4 and Ay3; A17 and Asg; Agg and Aqg.

WMASK Register

This 16-bit register is used to mask the data for multi-
color synchronous drawing with one word in 8/4/2/1-bit
configuration.

IMPROVED FUNCTIONS

The pPD72020 functions have been improved while
maintaining compatibility with the uPD7220A in both
hardware and software. Table 4 compares functions of
the uPD72020 and the uPD7220A.

The pPD72020 is initialized by reset input so that it can
function similarly to the uPD7220A.
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pPD72020 Block Diagram

GDC-
Video Memory

Control
ntro Drawing Address Controller 8 Video Memory Data Controller

EBI—N Ow—r —T-
DIR
I (3) I
RAS Ow—i )
P
©)

D D2 DI EAD
(14) (14) (14) (20)

ADg -AD12 O=w—» -

AD{31C0 O

w
AD14/LC1  Ow—s | (4) I 8
<:____|——""'> Data RAM
ADISAC2 o )
Display Address Controller
Command
ATBUNESY, 0w Dua-Portand ¢ [ sL |, [DAD] Control
Memory Cont (10) (20) ROM
A47/CSR.LCy/ ‘
17, : O
CSR. IMAGE | | z8 I
— (4
LPEN/WAIT/DT O-= Input/Output
FIFO
16x9
Synchronizing Signal G
+5V O - 80 9
LR CFI csT 8 8
9

FC BLINK|
2xCCLK o— (6) ()
BLANK ©

BB E
VSYNC/EX. SYNC o to1® ) ©
HSYNC.REF © cr]_ [ver HEP
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N \ 8

Pin Extensiol
Control

CPU Interface
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A0 O
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System Configuration Diagram; uPD72020 With Video RAM Control Signal DT

Data Bus
Address Bus
] wPD72020
Delay .
BLANK g ——|>
DB7 -DBo
= VSYNC
Ao —— HSYNC Memory Planes
_——m = = ] -——y
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1 1t
i 1!
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_:> 1 1
RA LN, A H |
—_ o) 7-Ao
A5 —={Decod RD Latch v : L
WR L 1l
WR —» EN OF X Lo
10/M — | ot
I Video RAM p vt
| (4 x Pl
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\ N
CA 1 p !
Latch 1 ! :
|
R — ! Paralle! ! 11
BT o—»{EN OF ! SO 5-soo:> Serial _'D—b—,—.——»n
| Conv . I
1 | O+—=G
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Table 4. Comparison of uPD72020 and xPD7220A Functions

uPD72020 uPD7220A
WMASK Command
WMASK command is used to validate the new functions of the WMASK command is not used.
1PD72020.
DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
CMD| O 1 0 1 1 0 1 0
P1 WMKL
P2 WMKH
P3 [ PN | ™™ [DTE]CY1|CYo] 0 [ 0 [ o
WMK Sets the WMASK register value.
PN Sets the address extension function.
™ Changes the initializing timing of the horizontal synchro-
nization counter in the slave mode for external synchroni-
zation, and sets the initializing function of the field
counter.
DTE Sets the function of generating the DT signal.
cYy Set the DT signal output mode and the BLANK signal
mask.
LPEN Command
Light pen address (LAD) is extended 2 bits by setting PN of the Light pen address (LAD) extension function is not available.
WMASK command.
PN 0 Same as pPD7220A

1

EAD is extended 2 bits.

DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO

CMD | 1 1 0 0 0 0 0 0 CMD| 1 1 0 0 0 0 0 0

D1 LADL D1 LADL

D2 LADM D2 LADH

p3 | x | x| x [ x| LADH b3 | x [ x [ x| x [ x[x] raH
CSRW Command ‘
Draw execution address (EAD) is extended 2 bits by setting PN of Draw execution address (EAD) extension function is not available.
the WMASK command.
PN 0 Same as uPD7220A

1

EAD is extended 2 bits.

Character Mode

DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
CMD| O 1 0 0 1 0 0 1
P1 EADL
P2 0 EADH

pB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO)
eMol o [ 1 oo |1 |ofo]1
P1 EADL
P2 oo o] EADH
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Table 4. Comparison of uPD72020 and uPD7220A Functions (cont)

nPD72020 pPD7220A
CSRW Command (cont)

Character/Graphics Combined Mode (Character Display)

DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO) pB7 | DB6 | DBS | DB4 | DB3 [ DB2 | DB1 | DBO
Mol o [ 1 [ o | o[ 1| o] o eMo| o [ 1 oo | 1 [oo]1
P1 EADL P1 EADL

P2 EADM P2 EADH

Pl ofofJofo]o]o] Eann

Character/Graphics Combined Mode (Graphics Display/Drawing)

pB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO pB7 | B6 | DBS | DB4 | DB3 | DB2 [ DB1 | DBO
eMo| o [ 1 oo | 1|0 o] cMo[ o [ 1 oo |1 ]o]o]1
P1 EADL P1 EADL

P2 EADM P2 EADH

P3 dAD o o EADH P3 dAD [we]o[o]o
PalwalofJofofofofolfo

Graphics Mode
pB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
ICMD| © 1 o] 0 1 0 0 1 CMD| 0 1 0 0 1 0 0 1
P1 EADL P1 ' EADL
P2 EADM P2 EADM
P3 dAD EADH P3 dAD [wa| o | EaDH

P4 WG|o|o|o ofofofo

CSRR Command
Draw execution address (EAD) is extended 2 bits by setting PN of Draw execution address (EAD) extension function is not available.
the WMASK command.
PN 0  SameasuPD7220A
1 EAD is extended 2 bits.
DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 DBO DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO|
CMD| 1 1 1 0 0 0 0 0 CMD| 1 1 1 0 0 0 0 0
D1 EADL D1 EADL
D2 EADM D2 EADM
o3| x [ x| x| x] EADH o3 | x [ x [ x| x ] x]x] eaon
D4 dADL D4 dADL
D5 dADH D5 dADH
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Table 4. Comparison of uPD72020 and xPD7220A Functions (cont)

uPD72020

pPD72020 uPD7220A
SCROLL Command
Display start address (SAD) is extended 2 bits by setting PN of the Display start address (SAD) extension function is not available.
WMASK command.
PN 0 Same as uPD7220A
1 SAD is extended 2 bits.

Character Mode
Built-ln RAM Map

T N I I I I T O B
RA - Contents or RAM RA Contents or RAM
0 SADIL 0 SADIL
1] 0] SAD1H 1 ]o]o]o] SAD1H
2 SLiL [o]o]o]o 2 SLIL [o]Jofo]o
3 | *]o] SL1H 3 | *]o] SL1H
4 SAD2L 4 SAD2L
5 | o | SAD2H 5 oo o] SAD2H
6 SLaL [o[o]o]o 6 sLaL [oJoJo]o
7 [ ] o] SL2H 7| ] o] SL2H
8 SAD3L 8 SAD3L
9 [ o] SAD3H 9 lo]o]o] SAD3H
A SLaL [o]o[o]o A SLaL [oJoJo]o
B|*]o] SL3H B | *]o] SL3H
c SADAL c SADAL
D | o] SAD4H plof]ofol] SAD4H
E sLaL [oJofo]o E sLaL [o]Jofo]o
F *|o| SLaH Fl=*]o] SL4H
*DAD+2 *DAD +2
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Table 4. Comparison of uPD72020 and uPD7220A Functions (cont)

1PD72020

sPD7220A

SCROLL Command (cont)

Character/Graphics Combined Mode (Character Display)

Built-In RAM Map

mse| | | [ [ | s mse] | | [ [ | [us
RA Contents of RAM RA Contents of RAM
0 SADIL 0 SADIL
1 SADIM 1 SAD1H
2 SLIL [ o [ o | sapm 2 SLiL [oJoJoTJo
3| * | o] SL1H s | *~]ol SL1H
4 SAD2L 4 SAD2L
5 SAD2M 5 SAD2H
6 sLaL [ o] o] sapzn 6 SLaL [o]o]o]o
7 [« ]o] SL2H 7 | *]o] SL2H
8 SAD3L 8 SADSL
9 SAD3M 9 SAD3H
A sLaL | o | o | sapan A sLaL JoJoJoJo
B[ *[o] SL3H B | *| o] SL3H
c SADAL - c SADA4L
D SADAM - D SAD4H
E SLaL [ o | o [ sapan E SLaL [oJo]oTo
Fl=«Jo] SLaH Fl=]o] SLaH
*DAD+2 *DAD+2

Character/Graphics Combined Mode (Graphics Display/Drawing)
Built-in RAM Map

me| | | | [ [ s wse] | [ [ [ [ [uss
RA Contents of RAM RA Contents of RAM
0 SADIL 0 SADIL
1 SADIM 1 SAD1H
2 SLIL [ o[ o sapwn 2 SLiL [oJofo]o
s~ [m] SL1H 3|« [m] SL1H
4 SAD2L 4 SAD2L
5 SAD2M 5 SAD2H
6 sLaL ] o] o] sapban 6 sLaL [oJofJofo
7+ |m] SL2H 7 [ |m] SL2H
*DAD+2 *DAD+2
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Table 4. Comparison of uPD72020 and xPD7220A Functions (cont)

nPD72020 uPD7220A
Scroll Command (cont)
Graphics Mode
Built-in RAM Map
wo | [ | [ [ T Y I
RA Contents or RAM RA Contents or RAM
0 SADIL 0 SADIL
1 SADIM 1 SADIM
2 sLiL T SAD1H 2 SLIL | o] o saomm
3| *|m| SL1H NEEA SL1H
4 SAD2L 4 SAD2L
5 SAD2M 5 SAD2M
6 sLaL SAD2H 6 SLaL [ o | o[ sapzn
AR SL2H 7 [+ wm] SL2H
*DAD+2 *DAD+2
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COMMANDS

The pPD72020 supports all commands of the uPD7220A.
Although command names are different, opcodes are the
same. The uPD72020 can activate the software created
for use with the uPD7220A.

The improved functions of the uPD72020 can be used by
setting the new WMASK command. Once the RESET
command is input, however, the WMASK command
becomes inactive and the uPD72020 maintains the same
functions as those of the uPD7220A. '

This section describes the WMASK command as well as
the SCROLL, LPEN, CSRW, and CSRR commands,
which are affected by the setting of the WMASK com-
mand.

WMASK Command

This new command (figure 1) controls four new func-
tions. )

® WMASK register setting

® Address extension

e Selection of additional functions in the external slave
mode

o DT signal generation

Figure 1. WMASK Command Format
DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO

CMD 0 1 0 1 1 0 1 0
P1 WMKL
P2 WMKH

P | PN [ ™™ [DrEJcvifovo| o [ o | o

WMK Bit. The pPD72020 is equipped with the conven-
tional MASK register and a 16-bit WMASK register. The
WMK bit is used to set this WMASK register.

The 16-bit WMASK register is used for write mask of the
multicolor, simultaneously-drawn data with one word set

in 8-, 4-, 2- and 1-bit formats. Each bit of the WMASK

register corresponds to each bit of the drawn data.

(1) When a WMASK register bit is set to 0 by the WMK|
the drawn data bit corresponding to the WMASK
register bit set to 0 is not affected by drawing.

(2) When a WMASK register bit is set to 1 by the WMK,
operation is similar to the pPD7220A. Thus, the
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drawn data bit corresponding to the WMASK register
bit set to 1 is affected by drawing.

When the RESET command is input, the uPD72020 is
set to this mode.

PN Bit. PN is used to set the address extension function
for the video memory.

(1) When PN = 0, operation is similar to the uPD7220A.
Thus, the address extension function cannot be
used.

When the RESET command is input, the uPD72020 is
set to this mode.

(2) When PN = 1, the video memory address is extended
2 bits (with the address space expanded fourfold).

The DRQ/A1g/A13/A1 pin and the DACK/A1g/A14/A17
pin output the upper 2 bits of the extended address.
The DMA-related functions cannot be used.

The address to be output depends on the display and
drawing modes. See table 1. The address space is
shown in table 5.

Table 5. Address Space With Extended Address

Character Character/Graphics  Graphics

Mode Combined Mode Mode

Address 15 bits 18 bits 20 bits
space (32K words) (256K words) (1M words)

As the address space is expanded, the following com-
mand bits are also extended.

e LAD bit of LPEN command

e EAD bit of CSRW command

e EAD bit of CSRR command

® SAD bit of SCROLL command

Refer to the description of each command for details.
TM Bit. TM has been added to solve the following two
problems with the uPD7220A.

e Because the vertical and horizontal counters are
initialized at the start of VFP and HFP, respectively,
when the external synchronizing signal is input to the
wPD7220A, horizontal positioning cannot be readily
done for synchronization with the uPD7220A by input-
ting a synchronizing signal from the external device.
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® When the pPD7220A is operated in the interlace mode,
input of the external synchronizing signal causes no
effect on the field counter. Thus, if the synchronizing
signal is unconditionally input from the external de-
vice when the uPD7220A is in the second field, the
second and first fields are reversed in subsequent
frames and the fields do not conform with the external
device.

When the pPD72020 operates in the slave mode for
external synchronization, the setting of the TM bit will
cause the uPD72020 to operate differently from the
uPD7220A in the following operations.

® The timing of initializing the horizontal synchronous
counter is changed.

® The initializing function of the field counter is vali-
dated.

Figure 2. Horizontal Counter Reset Timing

When TM = 0, the function similar to the external
synchronizing function of the pPD7220A is carried out.
When the RESET command is input, the uPD72020 is set
to this mode.

When TM = 1, the following two operations differ from
those of the uPD7220A.

(1) When the RESET command is executed or the
EX.SYNC (external synchronizing signal) is input,
the horizontal counter is reset at the rising edge of
the HS. See figure 2.

(2) When the RESET command is executed in the inter-
lace mode or the EX.SYNC signal is input, the field
counter is unconditionally reset to the first field
mode.

Thus, the VSYNC signal in the second field should be
removed externally so that the synchronizing signal
applied to the EX.SYNC pin serves as the VSYNC
signal in the first field (in the interlace mode).

C/R

HFP

--...O--...-.-

VFP

-

r

@ Reset position when TM = 1
QO Reset position when TM=0

83SL-57068
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DTE, CY1, CY0 Bits. To prevent the display screen from
becoming blurred " during drawing operations, the
wPD7220A normally performed drawing in the flashless
drawing mode. Thus, the drawing period was limited and
it was dlfflcult to improve the drawmg efficiency.

To solve th:s problem video RAMs can be used for the
1PD72020. Through the use of VRAMSs, both drawing and
display can be carried out simultaneously in the flashless
drawing mode with the result that the drawing efficiency
can be improved. DTE, CY1, and CY0 are used to control
the uPD41264-type VRAMs and the BLANK signal.

Table 6. DT Signal Output Modes ‘

DTE CY1r - CYo Function

0 0 [o] GDC mode 0

0 0 | GDC mode 1 (BLANK signal mask 1)

0o 1 0 Inhibited '

0 1 1 Inhibited

1 0 0 DT signal output mode 0 (BLANK sig-
nal mask 1)

1 0 1 Inhibited

1 1 0 DT signal output mode 1 (BLANK sig-
nal mask 1)

1 1 1 DT signal output mode 2 (BLANK sig-
nal mask 1)

1 If the uPD72020 has started drawing operations in the display
mode, the BLANK signal is not set to H.

DTE = 0. Operation is similar to the uPD7220A. The DT
signal functions cannot be used. The LPEN/WAIT/DT pin
performs the LPEN or WAIT functions.
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The following two modes are available by setting CY1 or
CYO0 (table 6). .

(1) GDC mode 0 operatnon is similar to the p,PD7220A
"~ When the RESET command is input, the pPD72020 is
set to this mode..

(2) GDC mode 1 operation is similar to GDC mode 0
except if the uPD72020 starts drawing operations
during the display period, the BLANK signal is not
set to H even in the flash screen mode.

DTE = 1. The DT signal functions are enabled and the
DT signal is output from the LPEN/WAIT/DT pin. The DT
signal is used for display timing when the display mem-
ory consists of dual-port video RAMs. The VRAMs allow
drawing during both drawing and display cycles.

When DTE is set to 1, the xPD72020 internally tracks the
display address and outputs it and the DT signal under
either of two conditions.

(1) At the start of every horizontal scan line (figure 3).

(2) When the lower 8 bits of the dlsplay address (DAD)
internal counter are 0.

The starting display address should be set before setting
DTE to 1. The pPD72020 will temporarily stop a drawing
operation before issuance of the DT signal, as in the case
of the puPD7220A WAIT function.

The DT signal output timing depends on the setting of
the IM and DAD+2 bits of the SCROLL command. CY0
and CY1 determine which of the following three DT
signal output modes is used.
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Mode 0 With DTE = 1. In mode 0, the DT signal is
output as shown in figure 4.

(1) At the start of every horizontal scan line.

(2) When the lower 8 bits of the DAD counter change
from FEH or FFH to 00H.

Additionally, the DT signal active state in mode 0 has the
following qualifications.

(1) DT may become active in succession; for example,
when the DAD counter changes to 00H just after the
start of a horizontal scan line as in figure 4C.

(2) When the lower 8 bits of the DAD counter become
00H in succession, DT becomes active during the
first cycle only. See figure 4D.

(3) DT will not become active during HFP, HS, HBP, VFP,
VS, or VBP periods.

Mode 1 With DTE = 1. In mode 1, the DT signal is ouput
as shown in figure 5A.

(1) Atthe start of every horizontal scan line.

Figure 3. DT Signal Output for Each Horizontal Line

(2) When the lower 8 bits of the DAD counter change
from FEH or FFH to 00H.

Additionally, the DT signal active state in mode 1 has the
following qualifications.

(1) DT may become active in succession.

(2) When the lower 8 bits of the DAD counter change to
00H in succession, DT is active only during the first
cycle.

(3) DT can become active during HFP, HS, HBP, VFP, VS,
or VBP periods.

(4) DT will not become active while the DMA refresh
operation is disabled (D-bit of SYNC command setto
1).

(5) DT becomes active every four cycles.

Mode 2 With DTE = 1. In mode 2, the DT signal output
is the same as described for mode 1 except DT is active
every eight cycles instead of every four cycles. See figure
5B.

HS: HBP. Display Period —
HSYNC \
BLANK
Data Transfer Cycle
DT
. E E1 | E2 | E3 | E4 | DT1|DT2| D1*| D2*| E1 | E2
CGDC Operations | £5 | g3 | g4 | D1+| D2¢| DT1|DT2| D1*| D2¢| E1 | E2
Symbols
DT Display cycle (data transfer cycle). DT signal is active.
D* Dummy display cycle. DT signal is inactive.
E  Drawing cycle. If no data is drawn, display cycle is set.
83SL-57078
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Figure 4. DT Signal Output, Mode 0 (Sheet 1 of 2)

A. BitIM =0 and Bit DAD+2=0
ADis-ADo(H) _xx | XX | F8 | F8 | F8 | F9 | FA | FB

FC | FD | FE | FF | 00 | 01 ) 02 | 03 | 04

VSYNC

HSYNC

HS: HBP

BLANK

Cycle E D*| DT | D* E E E DT | D* E E

B. BitIM =0 and Bit DAD+2 =1
AD15-ADo(H) _ XX | XX | FE | FE | FE | 00 | 02 | 04

06 | 08 | OA | OC | OE | 10 | 12 14 | 16

VSYNC

HSYNC

HS HBP

BLANK

Cycle E D* | DT | DT| D* E E

Symbols

DT Display cycle: (data transfer cycle). D_Tsignal is active.

D* Dummy display cycle. DT signal is inactive.

E Drawing cycle. If no data is drawn, display cycle is set.

83SL-5708B
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Figure 4. DT Signal Output, Mode 0 (Sheet 2 of 2)

rPD72020

C. BitIM =1 and Bit DAD+2 =0
ADi5-ADo(H) XX | XX | FF | FF | FF | FF | 00 | 00 | 01

01 ] 02 | 02 | 03 | 03 | 04 | 04 | 05

VSYNC

HSYNC

HS HBP!

BLANK

=] /Y

Cycle : E D*| DT | D* | DT | D* E E

D. BitIM =1 and Bit DAD+2 =1
ADi5-ADo(H) XX [ XX [F8 | F8 | F8 | F8 | FA | FA | FC

FC |FE | FE {00 | 00 | 02 | 02 | 04

VSYNC

HSYNC

HS: HBP

BLANK

Cycle E DT | D* E E E DT | D* E E

83SL-57098

—
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Figure 5. DT Signal Output, Mode 1 and Mode 2

3]

(4

8 bits has terminated (FEH or FFH changes to 00H).

DT becomes active every four cycles as controlled by
counter that resets at diplay cycle start.

DT becomes active every eight cycles.

A. Mode 1
ADi5-ADO(H) XX [ XX | F5 | F5 | F5 | F6 | F7 | F8 | Fo | FAl FB| FC| FD| FE| FF| 00| 01
VSYNC
HSYNC
HS HBP
BLANK
&)} U} 3] [3] 2 | 3
=\ / /
Cycle DT D*| DT | D* i E DT | D* E DT | D* | D* | DT | DT
B. Mode 2
AD15-ADO(H) “xx [ xx | F5 | F5 | F5 | Fe | F7 | F8 | Fo | FA | FB | FC | FD] FE] FF] 00 | o1
VSYNC
HSYNC
HS HBP
BLANK
4 ] 4 2
[4] [4] [2]
= Ny / / /
Cycle DT | D* | D* | DT | D* E __E E DT | D* | D* | DT | D*
Symbols
DT Display cycle (data transfer cycle). DT signal is active
D* Dummy display cycle. bt signal is inactive.
E  Drawing cycle. If no data is drawn, display cycle is set.
1 DT becomes active at display cycle start.
2] DT becomes active when counting of the DAD lower

83SL-5710B

3-48



NEC

pPD72020

LPEN Command

When the address extension function is set by the
WMASK command (with PN set to 1), the upper 2 bits of
the light pen address (LAD) in the LPEN command are
extended and a maximum of 20 bits can be used.

When PN = 0, the light pen address (LAD) is the same as
with the uPD7220A.

The LPEN command format with the extended LAD is
shown in figure 6.

Figure 6. LPEN Command Format
DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO

ICMD 1 1 [] 0 0 0 [¢] 0
D1 LADL
D2 LADM

D3 x|x[x|x[

CSRW Command

When the address extension function is set by the
WMASK command (with PN set to 1), the upper 2 bits of
the drawing execution address (EAD) in the LPEN com-
mand are extended.

When PN = 0, the drawing execution address (EAD) is
the same as with the uPD7220A.

Address extension causes the WG bits to be positioned
_differently in the character/graphics combined mode
(character display/drawing) or the graphics mode.

The CSRW command formats are included in table 4.

CSRR Command

When the address extension function is set by the
WMASK command (with PN set to 1), the upper 2 bits of
the drawing execution address (EAD) in the LPEN com-
mand are extended and a maximum of 20 bits can be
used.

When PN = 0, the drawing execution address (EAD) is
the same as with the uPD7220A.

The CSRR command format with the extended EAD is
shown in figure 7.

Figure 7. CSRR Command Format

DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO)
cmp [ 1 1 1 0 0 0 o | o
D1 EADL

D2 EADM

b3 | x [ x [ x [ x| EADH

D4 _ dADL

D5 JADH

SCROLL Command

When the address extension function is set by the
WMASK command (with PN set to 1), the upper 2 bits of
the display start address (SAD) in the SCROLL com-
mand are extended. ’

When PN = 0, the display start address (SAD) is the
same as with the uPD7220A.

The SCROLL command format is shown in figure 8. The
built-in RAM map with the extended SAD is included in
table 4.

Figure 8. SCROLL Command Format
pB7 | DB6 | DB5 | DB4 | DB3 [ DB2 | DB1 | DBO
ocMp [ o 1 1 1 RA
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Absolute Maximum Ratings

AC Characteristics

Ta = +25°C Tp = -10to +70°C; Vpp = +5.0 V £10%
Supply voltage, Vpp -05t0 +7.0V Item Symbol Min Max Unit Conditions
Input voltage, V) -05toVpp + 0.3V Clock 2xCCLK
Output voltage, Vg -05toVpp + 0.3V Clock cycle tcy 125 10,000 ns
Operating temperature, Topt -10to +70°C High-level clock tcH 52 ns
Storage temperature, TgTg -65to +150°C width
Exposure to Absolute Maximum Ratings for extended periods may ~ Low-level clock fou 52 ns
affect device reliability; exceeding the ratings could cause perma- width
nent damage. Clock rise time tcr 15 ns
Lo Clock fall time tcr 15 ns
DC Characteristics Road Cvel
Tp = - 1010 +70°C; Vpp = +5.0V =10% ead Cycle
Parameter Symbol  Min Max  Unit Conditions Qd%rgsf setup time tap 0 ns
i -0. X \
Low-level input V) 0.5 0.8 Except 2xCCLK Address hold time _taa o ne
voltage -0.5 0.6 V 2xCCLK from RD 1
High-level input Vi 22 Vg +05 V Except RD pulse width tRR1 tRD1 ns
voltage 2xCCLK, WR +20
35 Vgc +05 V 2xCCLK Data output delay  trpy 55 ns Cp = 50 pF
25 Voo +05 V WR time from RD |
Low-level VoL 045 V lg = 22mA Data floatdelay  tpr 0 5 ns
output voltage time from RD 1
High-level Von 0.7 Vpp V oy =-400pua  RDpulsecyde  tpoy  45toy ns DE=0
output voltage 12 tgy ns DE =1
Low-level input Iy -10 BA V=0V RD recovery tay 2tcy ns  Also valid in
leakage current except time DMA cycle
VSYNC, DACK -
Write Cycle
-500 pA V| =0V; -
VSYNGC, DACK Address setup time  tay 0 ns
v to WR |
High-level input Iy 10 A V| = Vpp; "
leakage current except Address hold time  twa 10 ns
LPEN/WAITDT from WR 7 :
500 WA V) = Vppi WR pulse width tww 60 ns
LPEN/WAITDT Data setup time to  tpw 45 ns
Low-level ILoL -10  pA Vo=0V WR T
output leakage Data hold time two 10 . ns
current from WR 1
High-level ILoH 10 BA Vo = Vpp WR pulse cycle twoy 45tcy ns
output leakage — — .
current WR recovery time  tgy 2tcy ns Also valid in
S DMA cycle
upply current |, 70 mA
o DMA Read Cycle
Capacitance DA_§K setuptime  takgr 0 ns
Tp = +25°C; Vpp = GND = 0V toRD |
Item Symbol Min Max Unit Condition DACK hold fime  thak 0 ns
from RD 1
Input G 15 PF f=1MHz RD pulse width tRR2 trp2 ns
Output c 20 prF 0 Vexceptfor 20
P 0 P tested pin +
Input/output Cio 20 pF Data output taD2 2tcy ns Cp = 50 pF
Clock input Co 20 oF delay time from +60
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AC Characteristics (cont)
Ta = -10to +70°C; Vpp = +5.0V £10%

AC Characteristics (cont)
Ta = -10to +70°C; Vpp = +5.0V +10%

Item Symbol  Min Max Unit Conditions Item Symbol  Min Max Unit Conditions
DMA Read Cycle(cont) Input Cycle
DREQ output delay tcrq 75 ns C_ = 50 pF Input signal setup  tpg 10 ns
time from time to 2xCCLK 1
2CCLK 1 Input signal pulse  tpp toy ns
DREQ setup time  tpoak 0 ns width
to DACK | Note: Performs two-dimensional rectangular area assignment
DREQ | delay time  takpq 15 ns C_ = 50 pF whereby the dc parameter is set to other than 0. When byte-
from DACK |, toy + by-byte transfer is specified, the value is 5.5 ty.
80
DACK pulse oy 451y ns  Ses Note. Voltage Thresholds for Timing Measurements
cycle
Highlevel DACK  taxn toy ns 24 22 22
. inputs
width 045 0.8 0.8
Lowlevel DACK  ta.  25tgy ns '
width
DMA Write Cycle o Xz.z 2.2 X
DACK setup time  tauw 0 ns i 0.8 08
to WR |
DACK hold time twaAK 0 ns
from WR 1 35 35
2xCCLK Input
Read/Modify/Write Cycle 06 0.6
Address/data tca 15 80 ns Cp =50pF 835157200
delay time from
2xCCLK 1
Address/data float  toar 15 80 ns G, = 50 pF
delay time from
2xCCLK T
Data setup time to  tpg 0 ns
2xCCLK |
Data hold time tcor tcel ns
from 2xCCLK |
DBIN delay time ol 15 60 ns Cp = 50 pF
from 2xCCLK |
RAS 1 delay time  tcRsH 15 60 ns Cp = 50 pF
from 2xCCLK
RAS 1 delay time  tcps) 15 50 ns . C_ = 50 pF
from 2xCCLK |
High-level RAS trRsH 1/3 ns
width fcy
Low-level RAS tRsL 1.5 gy ns
width -30
Address setup time tags| 30 ns
to ARSL |
Display Cycle
Output signal tco 70 ns G = 50 pF
delay time from
2xCCLK 1
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Timing Waveforms

Clock 2xCCLK
tCR
2xCCLK
83SL-57138
Read Cycle
A0 X Vaiid X Invalid X
tAR 4
F<tRA
tRCY
le——tRR1
p
RD \
tDF
[—tRD1—>
/ qa 0N
. Valid
DB7 -DBg \ D
tRCY
83SL-5716B
Write Cycle
A0 X Valid X Invalid X
tAw ™ e—twa —
tww twCy
(]
WR /
twp
t DW—J
DB7 -DBg Invalid X Valid X Invalid
!— twey !
83SL-57178
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Timing Waveforms (cont)

Read/Write Recovery
tRV
5 £ X /
*—tRv =RV ]
p
WR \
tRv
83sL-57188
DMA Read Cycle
2xCCLK
tCRQ tCRQ -
DREQ \
K
tAKRQ
tROAK
tAKL tAKH
DACK L / \
tAKR
tRR2
\ s
RD N\ /A
tRAK
tDF
tRD2 |
\
DB7 - DBg { Invalid valid [y
\ £
tAKCY

83SL-5714B
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Timing Waveforms (cont)

DMA Write Cycle

2xCCLK
tcRQ ~+—tCRQ—
DREQ \
K
tAKRQ
tRQAK
tAKL | TAKH
DACK k. \—
WR
—————t AKW tww TWAK—
TAKCY
83SL-5715B
Read/Modify/Write Cycle
E1 E2 E3 E4
acoK \‘ / } \ }!_\_
tARSL tDC
t
tca | CA tCAF
4 Valid N Valid E
ADis5-ADo ’—‘_‘{‘ Output Address Output Data
tci _'l
—_ Valid
DBIN Input Data
tARSL
tCA I ICA
’s
Al -Ate >§ Q
N
tCRSH | tCRSL tRSL {
[
RAS
/ N
tRSH
83SL-5711B
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Timing Waveforms (cont)
Display Cycle
2xCCLK 7
AD15-ADo
tca |
| tARSL
A19 -Atg >< ><
N
tcnsn:l—lﬂ ~—tCRSH
tCRSH — s tRSL
N
RAS ——/
tRSH
—tco |+ tco I‘—

HSYNC-REF

BLANK >< >q:

VSYNC

LCo-LC3

CSR

CSR-IMAGE

ATBLINK-CLC

DT

83SL-57198
Input Cycle

tPC

L PEN
EX.SYNC

b

[e—1tpp

83SL-57128

3-55



pPD72020 N E C

3-56



NEC

NEC Electronics Inc.

pPD72022
Intelligent Display Processor

Description

The uPD72022 Intelligent Display Processor (IDP) per-
forms CRT display control and image display data pro-
cessing for text, static pictures, and sprites.

Features

Three display modes: text, semigraphics, graphics:
Four-way horizontal split-screen display
Smooth-scroll control (vertical, horizontal)

Sprite image display

16-color display

Attribute addition (7 max)

Interlaced display through external synchronization
Up to 256K x 16-bit word video memory addressing
DRAM refresh

Optional dual-port RAM

Bus arbitration control

ooooOooooooaoao

50071

O CRT control signal programmable variables
— Horizontal display time, retrace time (left and
right), sync pulse width
— Vertical display time, retrace time, sync pulse
width
— Rasters/line
— Blinking time
0 Variable display resolution
— Horizontal: 640 dots max (22-MHz max dot rate)
— Vertical: 512 dots max
— Display signal (4 bits/dot) serial output
Horizontal and vertical external synchronization
22 screen-control/drawing commands
CMOS
Single +5-volt power supply

gooa

Ordering Information

Part Number Package
w#PD72022GF-3B9 80-pin plastic miniflat
wPD72022L 68-pin PLCC
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Pin Configurations

68-Pin PLCC

a o-—gg%oozzf X "
358888388k E gRK,
GND [}10 o) 607 VWL
LPEN\:11 591 VWH
T 12 5811 VADg
D ]13 57[1 VAD,
Toqm 561 VAD
INT []15 557 VAD3
DMARQ/VAK/BUSRQ []16 54[7 VAD,
READY [}17 531 VADs
RD []18 527 VADg
WR 19 51[7 VAD;
CS 20 50[1 VADg
DMAAKVRQ/BUSAK []21 4901 vpp
ASTB []22 487 GND
AD; []23 47191 VADg
ADg []24 467 VAD4o
ADs []25 4517 VAD 4
NC 26 447 NC
MR EEREEREEEREER R
oooooooooo0oooooog
8528585588 g85552328
><G<<<<0§88Qggggg
TONTZTBIS S >SS
EER R
- e
£=

83vQ-59108
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80-Pin Plastic Minifiat
o amnl zz 5 %
g9.98838886EE205
oaaoZaoom>>>IT>2002Z2wio
onOononoionAoooon
SRRRRRIRRARKRBBEES —
Cclk 10 641 RAS
GND 2 631 VWL
GND 3 62[1 VWH
LPEN [}4 61[1 VADg
RESET []5 60[1 VAD4
VRD []6 591 VAD,
SRD 47 58[7] VAD3
INT []8 57|71 VAD4
DMARQVAK/BUSRQ []9 5611 NC
READY []10 55{7 VADsg
NC 11 541 NC
RD 12 53[1 VADg
NC [}13 52[1 NC
WR 14 517 VAD7
Cs 15 50[1 VADg
DMAAK/VRQ/BUSAK []16 491 Vpp
ASTB []17 481 GND
NC []18 471 VADg
AD7 []19 467 VADg
ADg 20 4517 VAD44
ADg []21 44[7 NC
Vpp []22 4301 NC
AD4 23 42 VAD‘Z
GNo 24 - ~ 41[1 VAD43
LERRAAIZSIBIBEER ST
oo ooooooooDooooQg
- [al=) -0 Qroo0o w T
§9958888°888255°2
IO NT-5 >>
g2 2E2
L@
s
83vQ-59098
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Pin Identification

Symbol 1/0  Signal Function

Symbol 1/

Signal Function

Host System Interface VRD Out Video Memory Read. Strobe signal to read data
ADg-AD; /O Three-state, bidirectional address/data bus. See from video memory.

table 1. VWH, Out Video Memory Write, High and Low. Strobe
ASTB In  Address Strobe. Read address information from t signals to write data into video memory.

ADg-AD5. CRT Interface i
BUSAK In  Bus Acknowledge. While this signal is active, BLANK Out Blanking display signal.

PD72022 cont t t 3
#PD72022 controls the system bus DTCLK O Dot Clock. During internal DTCLK mode, timing

BUSRQ  Out Bus Request. Request for system bus control.
CLK In  System clock.

Cs In  Chip Select. Enables RD and WR signals.
DMAAK In  DMA Acknowledge. Enables DMA cycle.
DMARQ  Out DMA Request.

INT Out Interrupt request to host processor.
RD In  Control signal for reading data or status flag from
#PD72022,

READY Out Indicates uPD72022 may be accessed for memory
read/write cycle or I/O read/write cycle.

RESET In Initializes pnPD72022.
VAK Out Video Memory Acknowledge. Indicates host

processor has direct control of video memory.

VRQ In  Video Memory Request. Host processor requests
direct control of video memory.

pulses derived by dividing CLK are output.

During external DTCLK mode, the internal
scanning subsystem derives a reference clock
from the DTCLK input.

HSYN /O

Horizontal Sync. Signal output when internal
sync is specified; signal input when external sync
is specififed.

LPEN In

Light Pen Strobe. The DTCLK mode is specified
by the LPEN level when the RESET signal level
rises.

LPEN  DTCLK Mode

High Internal DTCLK output

Low External DTCLK input

PXDo-PXDz Out

Pixel Data 0-3. Display signal (four bits/dot) in
sync with DTCLK.

VSYN /0

Vertical Sync. Signal output when internal sync is
specified; signal input when external sync is
specified.

WR In  Control signal for writing data, commands, or
parameters into uPD72022, Display Data Control
Video Memory Interface DCo, DCy Out Display Cycle. Specifies display processing cycle
when pPD72022 is accessing video memory.
CAS Out Column Address Strobe. DC; DCp Display Oycle
MOD In  Mode change signal. See RA. 0 0 Other than indicated below

RAg-RA; Out RasterAddress 0-1. RAg and RA are also used for
DMp and DMy, respectively. See Display Data
Control in this table.

RA>-RA3  Out Raster Address 2-3. RAg and RAg are also used for

0 1 Static picture display cycle
1 0 Sprite display cycle
1 1 Screen start cycle

See Video Memory Interface, RAp and RA3.

DCp and DC;y, respectively. See Display Data DMy, Out Display Mode. Specifies the static picture display
Control in this table. DM¢ mode.
RA4 Out Raster Address 4. RA, Is also used for MOD input. DM; DM Display Mode
RS 0 X Text mode
Out Row Address Strobe. 1 0 Semigraphics mode
SRCLK  Out Serial Read Clock. Used with optional dual-port 1 1 Graphics mode
RAM. See Video Memory Interface, RAg and RA4.
SRD Out Serlal Read. Active while data is read from serial .
port with optional dual-port RAM. Other Pins
VAD; /O Video Memory Address 0-15 output, DRAM  CND Ground
VAD35 refresh addresss output; data input/output. Vbp +5-volt power supply
VAie Out Video Memory Address 16-17. Also used for RAg, NC No Connection
VA7 RA,
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wPD72022 Block Diagram

Host Processor Control Display Control Unit
Interface Unit Processor Unit
g
Display Address > CAS
ASTB —» j %eéisters i AS
B — VRD
Sprite j
R Control = VWA
Registers .
Video =
w00 -a0r (N —p K= i Moty ecess [ VAL
Internal Sprite Control
K Atibute :> > RAo-RA4
"] o
VADOQ -
READY ~—ip I————] <:> VAD15
STATUS
DMARQVAK/ :> Display Data K= | 55
BUSRQ Processor
DMAAKAVRY) —¢—» l—» SRCLK
BUSAK @
— Bus -
A'g'i:':};?n Line Bt;:f1er RAM l«—— LPEN
PXDo -
RESET ——» Line Buffer RAM ﬂ PXD3
Vpp —— #2 Video Signal ——
—_— Generator HSYN
GND
System/Dot CRT Timing j«— VSYN
DTgt§ > Y Clock p Generator :>
~&——————"1  Generator ~ [— BLANK
83SL-59308
Table 1. Functions of Address/Data Bus ADg-AD;
(1 " 'DMAAK WR RD AD, AD4 ADg Bus Function
1 X X X X b3 Floating (high impedance)
0 1 0 1 0 1 0 pPD72022 command input
1 1 1
0 1 1 nPD72022 parameter input
1 1 0
0 0 X X X Write operation via DMA transfer
0 1 1 0 0 1 0 #PD72022 status output
1 1 1
0 1 1 #PD72022 parameter output
1 1 0
1 0 1 - 0 x x X Read operation via DMA transfer
x = Don't care
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wPD72022 in a Video Display System

oM — uRD72022 IDP
RD »| | —— RD
WR WR
ASTB ASTB 4
I B PXDo- PXD3 :> 16/24-kHz
s :{ﬂ:{e Monitor
Host CPU Latch :> B ™v
uPD70108 DTCLK |—>
BLANK [—>
8
ADg - AD7 — ;
12 TavN
VRSP — L
K 4Dg - AD; HSYN
RAS
CAS
INT me’p? o b »| Conrol
INTAK e — Gate
Controller VWH
VWL
READY ¢ — — | || |—| |—] —
- READY VAK
/\j
RA0-RA4
VAD 0- VAD 15 _TT
—  — — VRa cs
Memory < —
‘ | E—
<Z s :
Character
Y| pecoder Goneraer [G—— e (K
, ROM
uPD23C2000
D
FIF C:l-
16
Bus
<:> Buffer
Note: | um
Although the PD72022 can execute all e ' 18
required video memory control operations, Dl Buffer K > Do -D1s
this system example uses bus arbitration
for enabling direct video memory access t Video
by the host processor. I b ‘ Memory
16 Laich :) 8 nJAo-A7
M
] : X :> A8 -A15
83SL-60568
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Absolute Maximum Ratings
Ta = +25°C

DC Characteristics
Ta = -10to +70°C; Vpp = +5V £10%

Power supply voltage, Vpp -05t0 +7.0V Parameter Symbol Min Max  Unit Conditions
Input voltage, V| -0.5to +7.0V Input low ViL -05 0.8 V Note 1
Output voltage, Vo 05to +70v  Voitage -05 06 V Note2
Operating temperature, Topr -10to +70°C Input high ViH 22 Vpp+05 V Notet
Storage temperature, TsTg Ze5to +150°C  Vottage 35 Vpp+10 V Note2

Output low VoL 0.45 V loL=22mA
Capacitance voltage
Ta = +25°C; Vpp = GND = 0V; f = 1 MHz Output high Von 07 Voo V lop = —400 gA
Parameter Symbol Min Max Unit Conditions voltage
Input C 10 pF  Unmeasured pins Input low TR -10 pA Vi=0V
capacitance returned to O V leakage current
Output Co 20 pF Input high LK 10 sA V} = Vpp
capacitance leakage current
Input/output Cio 20 pF Output low oL -10 pA Vp=0V
capacitance leakage current
Clock input Ce 20 pF Output high lLoH 10 pA V= Voo 3
capacitance leakage current

Power supply Ibp 150 mA

current

Notes:

(1) Except CLK, DTCLK, and RESET

(@) CLK, DTCLK, and RESET
AC Characteristics

Ta = -10to +70°C; Vpp = +5V +10%

Parameter Figure  Symbol Min Max Unit Conditions

Clock

System clock cycle 2 toy 45 50 ns

System clock width, high 2 tkkH 18 ns

System clock width, low 2 tkxL 18 ns

Dot clock cycle 2 toyok 45 4tcy ns  Input, G = 30 pF
67.5 4tcy ns  Output; G = 30 pF

Dot clock width, high 2 tOKDKH 18 ns Input; G = 30 pF
tkKH ns  Output, C_ = 30 pF

Dot clock width, low 2 tokDKL 18 ns

Reset

RESET pulse width trsRSL 81gy + 61cypk ns

LPEN setup time to RESET © tsLPRs 16 toy

LPEN hold time from RESET 1 tHRsSLP 0

CPU Read/Write Cycle

ASTB pulse width 4,5 tsTSTH 45 ns

Address setup time to ASTB { 4,5 tsasT 25 ns

Address hold time from ASTB | 4,5 tHasT 10 ns

CS setup time to RD or WR L 4,5  tgcsaw 0 ns
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AC Characteristics (cont)

Parameter . Figure Symbol Min Max Unit Conditions
CPU Read/Write Cycle (cont)
CS hold time from RD or WR T 4,5  typwes 0 ns
RD pulse width 4,15 tRRL 170 ns
Data delay time from RD { 4,15 toRD 120 ns
Data hold time from RD T 4,15 tHRD 0 ns
Data float time from RD 1 4,15 ttRD 55 ns
WA pulse width 516  tywL 180 ns
Data setup time to WR * 5,16 tspw 100 ns
Data hold time from WR T 5,16 twp 10 ns
READY delay time from RD or WR { 4, 65, tDRWRDY ns
1
READY delay time from VRQ { 9 tovarDY ns
RD recovery time 4 tavm 150 ns
WR recovery time 5 tavw 150 ns
Read access cycle 4 tcyr tarL + 10igy ns
Wirite access cycle 5 toyw twwe +10 gy ns
VRAM Read/Write Cycle
Random read/write cycle 6-8, tcYRAS 270 ns  Note 1; also refresh cycle
118 360 ns  Note 2; also data transfer cycle
RAS width high 6-8, taASRASH 95 ns
11-13
RAS width low 68,  thasmasL 130 ns  Note 1; also refresh cycle
118 210 ns  Note 2; also data transfer cycle
CAS width high 6-7, tcascasH 110 ns
11-13
CAS width low 67,  toascasL 105 ns  Note 1
11-13 185 ns  Note 2; also data transfer cycle
RAS | delay time from CAS 1 161-81.3 tDCASRASL 30 ns
CAS | delay time from RAS L 61-7. tHRASCASL 40 ns
: . 11-13
RAS 1 delay time from TAS | 67,  tpcasRASH 60 ns  Note 1
118 150 ns Note 2; also data transfer cycle
Address setup time to RAS ¢ 68,  tswamas 35 ns
1113
Address hold time from RAS ¢ 68,  tynasvA 10 ns
11-13
Mode setup time to CAS | 67, tsmpcas 10 ns
1113
Mode hold time from CAS 4 67,  tHcasMmD 110 ns  Note 1
11-13 185 ns  Note2
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AC Characteristics (cont)

Parameter Figure Symbol Min Max Unit Conditions

VRAM Read/Write Cycle (cont)

VRD 1 delay time from CAS | 6, tpCASVR 70 ns Note1
1213 150 ns  Note 2

CAS * delay time from VRD 1 6, tovRCAS 0 ns
11-13

VRD pulse width 6, VRVRL 70 ns Notet
1213 150 ns Note2

CAS | delay time from VW © 6 toVWHCAS 70 ns

VW { delay time from RAS © 6 toRASHVW 35 ns

VW ! delay time from TAS t 6 tocasvWL 15 ns

Input data setup time to VRD 1 6 tspvR 40 ns

Input data hold time from VRD 1 6 tHVRD 0 30 ns

VRD 1 delay time from RAS | 6, tDRASVRH 130 ns  Note1
1213 210 ns  Note2

RAS | setup time from VRD 1 6, tSVRRAS 15 ns
12-13

VRD ! hold time from RAS { 6, tHRASVR 25 ns
12-13

VRAM Write Cycle

RAS | delay time from VRD © 7 tOVRRAS 15 ns

VRD ! delay time from RAS | 7 tDRASVAL 130 ns

RAS | delay time from VW 1 7 tovwRAS 35 ns

VW 1 delay time from RAS { 7 toRASLVW -10 ns

CAS | delay time from VW | 7 tovwLCAS 10 ns

VW 1 delay time from TAS ! 7 thcASVWH 155 ns

VW pulse width 7 twwvwiL 165 ns

Data setup time to CAS { 7 tspcas 10 ns

Data hold time from CAS { 7 tHoASD 155 ns

VRAM Refresh Cycle

CAS | delay time from RAS 1 8 tDRASHCAS 20 ns

VRAM Request

VAK setup time to CAS © 9 tsvacAs 20 ns Interleave mode

VAK hold time from CAS | 9 tHoASVA 10 ns

VRQ recovery time 9 tawa 10 toy ns

READY delay time from VRQ ¢ 9 tovaRDY 60 ns

VRQ hold time from READY * 9 tyroOYVQ 0 ns

VAD float delay time from TAS 1 9,10  trcasvaD 30 ns

VAD delay time from CAS 1 9,10  tpcasvaD 50 ns
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AC Characteristics (cont)

Parameter Figure Symbol Min Max Unit Conditions
VRAM Request (cont)

BURSQ ! delay time from BUSAK * 10 tpBABQ 0 ns  Dual-port mode
BUSAK hold time from BUSRQ 1 10 tHBQHBA 10 ns

BUSAK hold time from BUSRQ ¢ 10 tHBQLBA 0 2000 ns

Data Transfer Cycle

VRD 1 delay time from SRCLK 1 11 tpskvR 100 ns

SRCLK hold time from VRD © 11 tHVRSK 100 ns

RAS | delay time from VRD { 1 {DVRRASL 30 ns

VRD hold time from RAS | 1 tHRASLVR 60 ns

VRD hold time from CAS { 11 tHCASVR 10 ns

RAS 1 delay time from VRD | 11 {DVRARASH 100 ns

CAS 1 delay time from VRD 1 11 tDVRCAS 120 ns

VRD hold time from RAS 1 1 tHRASHVR 10 ns

VRAM Serial Read Cycle

SRD width high 12,18  isRsRH 200 ns

SRD width low 12,13 tgRsAL 200 ns

SRCLK { delay time from SRD { 12,13 ftpspsk 15 ns

SRCLK width high 12,13 tskskH 25 ns

SRCLK width low 12,18 tgksKL 25 ns

Serial read cycle 12,13 toysk 920 ns

Data setup time to SRCLK T 12 tspsk 25 ns  Graphics display cycle -
Data hold time from SRCLK T 12 tHsKD 10 ns

Data setup time to VRD © 13 tspvR 40 ns  Text display cycle
Data hold time from VRD 1 13 tHvRD ] 30 ns  Semigraphics display cycle
Display Timing

Output display time from DTCLK T 14 toDkDSP 5 38 . ns Note3; C_ = 50pF
Input setup time to DTCLK T 14 tsiDk 25 ns . Note 4 \
Input hold time from DTCLK t 14 tHpK 5 ns

Input pulse width 14 t 6 toybk ns

DMA Cycle

DMARQ 1 delay time from DMAAK { 15,16 tppapaH 50 ns

DMARQ | delay time from DMAAK 1 15,16 tppapaqL 0 ns

DMAAK hold time to DMARK { 15,16 t4papa 0 ns

DMAAK setup time to RD ¢ 15 tsDAR 0 ns

DMAAK hold time to RD 1 15 tHRDA 20 ns

DMAAK setup time to WR ¢ 16 tSDAW 0 ns

DMAAK hold time to WR T 16 tHWDA 20 ns

3-66



NEC

uwPD72022
AC Characteristics (cont)
Parameter Figure Symbol Min Max Unit Conditions
Interrupt
INT rising time 17 UNTR 30 ns
INT falling time 17 iNTE 30 ns
Notes:
(1) Cycles: Text display; Semigraphics display; Display start
(2) Cycles: Graphics display; Sprite display; Command processing
(3) HSYN, VSYN, BLANK, PXD0-PXD3
(4) HSYN, VSYN, LPEN
Figure 1. Voltage Thresholds for Timing Figure 3. Reset Waveform
Measurements
tRSRSL:
TV 24V o
Output x x RESET \
KO8V 0.4V 4
[+— tSLPRS—* tHRSLP
\ mcnock >§ 22V >< sV LPEN xl ax
n| it
puop sy 06V . 7 49NR-480A

49NR-478A

Figure 2. Clock Waveform

tKKL tKKH —>

o \_

L tcy

DTCLK

49NR-479A
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Figure 4. CPU Read Cycle

tSTSTH
ASTB / \
|«—tSAST: L‘ tHAST >
Hi-Z 4 Hi-Z Hi-Z
ADQ-AD7 = Valid Address _— Valid Data —<
~ —"=4 —

tDRD tHRD

tFRD

20

L——tscsnw-—-] [« tRRL—>|

N

tHRWCS

tCYR

tDRWRDY

49NR-434B

Figure5. CPU Write Cycle

tSTSTH .
ASTB / \
[«—tSAST: L‘ tHAST >
ADo-AD7 j; Valid Address _X x Valid Data { X
tsbw tHWD

2

L— tSCSRW —1

[e— tWWL—>]

tHRWCS

A

tDRWRDY

49NR-435B
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Figure 6. VRAM Read Cycle

tCYRAS
le——————— tRASRASL ——————>]
_— Y \
s N / A
. tRASRASH
[« tDCASRASL—>«—— tDRASCASL DCASRASH tDRASHVW ——>]
tCASCASL
— ¥
CAs / \ 2
[e—————————tCASCASH ———————>| tDCASVWL
t 1
SVARAS IHRASVA  tsMDGAs| [ THCASMD ————|>
VA16 [RAD]/DMo, VA17 [RA1] /DMy Ve £ x
RA2/DCo, RA3 /DCt N Valid Address Mode
l tDVWHCAS —>L—100Asva —
4
VWH, VWL
tDRASVRH tDVRCAS
‘SVTIRAS l« tHRASVR tVRVARL—>
— 7 c
w ) AN
’ tHVRD
tSDVR Fe—>
VADo-VADys __ HIi-Z ) _Hwz £ ) Hi-Z#
. Valid Address — | VaidDa - -gt

49NR-4368
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Figure 7. VRAM Write Cycle
tCYRAS
tRASRASL
_— "
RAS
N ) \
. le———— tRASRASH ———>1
tDCASRASL—>{<——— tDRASCASL DCASRASH
le——— tCASCASL ——>]
— p |
CAS \] /
g i
t tCASCASH
t e— t _
SVARAS tHRASVA  tsMpcas| [ HCASMD
4
VA16 [RAG)/DMo, VA(7 [RA1)/DM1 { ld Ad Mod
RA2/DCo, RA3 /DCt A Valid Address I ode _x
tDRASLVW |<—>] IDCASVWH
[<—tDVWRAS—>| [« tDVWLCAS —>
tVWVWL
-+
VWH, WL j \( /
t’DVRRAS tDRASVRL
W/ \
tspcAS| | tHcAsD
Hi-Z - Hi-Z v
VADG-VAD15 == == Valid Address Valid Data — ——
X S
Hi-Z Hi-Z 4
RA4/MOD — == Valid Address b - — = — — = =
49NR-4378
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Figure 8. VRAM Refresh Cycle

RAS

tDCASRASL—>

N

|¢——————— tRASRASL———>|

tCYRAS

tRASRASH
tDRASHCAS

Ny
S

CAS

tSVARAS

tHRASVA

4

VA16 [RAQ]/DM, VA17 [RA1]/DMt

XA

Valid Address

Mode

X

RA2/DCo, RA3/DCt

VWH, VWL

_/

VRD

_/

VADQ-VAD15 __ Hi-Z _g‘
RA4/MOD

Valid Address

\_
\___

49NR-4388

Figure 9.

VRAM Request; Iinterieave Mode

ars_/_——\—,(

>/

tHCASVA tHEASVA
tSVACAS —>] —» |k tsvacas
VRa \
4* ) |
tRWQ
S \ I
VAK \: JZ \
tDVQRDY tHRDYVQ
N Hi-Z
READY— T2 —_
(dl
tFCASVAD —>| f«— <— tDCASVAD
JLC
Hi-Z v
VAD -_=
~JLC >- {(

49NR-4398
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Figure 10. VRAM Request; Dual-Port Mode

/o S S S

12 Cycles

—_—

BUSRQ \l‘v'
- JE ¥

tDBABQ L tHBQLBA tHBQHBA

Do F -
BUSAK / \
/C N(d

2 el

tDCASVAD —> —>  |«—FCASVAD
Hi-Z ‘ b Hi-Z
VAD = === == = offe e e e m - — S — E_ “ -
A

49NR-4408
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Figure 11. Data Transfer Cycle

tCYRAS
le—————— tRASRASL ———————>

S v \
RAS N\ / N
t tRASRASH
tDCASRASL tDRASCASL DCASRASH
tCASCASL
— p |
CAs \ /
X _
tCASCASH ——————— >
t et
SVARAS tHRASVA tSMDCAS HCASMD
VA16[RA0] /DM, VA17 [RA1]/DM Vi ) Vi
RA2 /DCo, RA /DGy - Valid Address Mode
VWH, VWL
tDVRRASH| |tHRASHVR
tHCASVR—> et
tDVRRASL— r¢——tHRASLVR——>| [«——tDVRCAS

»s

\/

SRD

7
w2\
v

tDSKVR

"4
SRCLK /

VADo-VAD15 __ Hi-Z
RA4/MOD

\

tHVRSK

N

a

{

Valid Address

N

49NR-441B

3-73



#PD72022 N EC

Figure 12. VRAM Serial Read Cycle; Graphics Display

tcYRAS

tRASRASL

- N / N

[«——— tRASRASH ——>{

J+— tDCASRASL—>|<—— IDRASCASL——> !DCASRASH

[«——— tCASCASL —>]

= f \ _

tCASCASH
t : P
SVARAS tHRASVA  tsMDCAS| | TICASMD l
VA16[RA0}/DMp, VA17 [RA1]/DM1 i :
RA2/DCo, RA3 /DCi L Valid Address Mode
L—— tDCASVR —>]
H, VWL /
tDRASVRH tDVRCAS
tsvvlaRAs ~~tHRASVR >} «<— tVRVRL
I - L
VAD / NN
tSRSAL. |<—— tSRSRH —-I
SAD \ / "\
X i
tDSRSK i
tCYSK
tSKSKL->]
SRCLK \ \
tSKSKH->
tSDSK tSDSK
THSKD ~— tHSKD
Ed 4
VADg-VAD15 )gL Valid Data X >§ Valid Data §< X
2 \.
HZz A -
RA4MOD — = -St Valid Address }— - — =

49NR-4428
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Figure 13.

VRAM Serial Read Cycle; Text or Semigraphics Display

tCYRAS
tRASRASL
L —— y \
RAS
N / N\
\ tRASRASH
tDCASRASL tDRASCASL DCASRASH
tCASCASL
CAS \
N
tCASCASH ———————>
t t
SVARAS IHRASVA tsmocas| [ HCASMD——-——]>
VA16 [RAQ]/DMo, VA1 7 [RA1]/DMy 4 ) 3
RA2/DCo, RA3 /DCy s Valid Address Mode |
L—‘DCASVF{—'
VWH, VWL /
tDRASVRH tDVRCAS
tSVRRAS L—thsva-l tVRVRL—>
|
—_ -
/ NN /
tSRSRL ]<— tSRSRH —»1
# O\ / N\
K
tDSRSK I
teYSK
tSKSKL:
N X
SRCLK \ / \
tSKSKH -] [«—tSDVR—> t<—>{tHVRD
Hi-Z p Hi-Z
VAD-VAD15S — — - = -+ - — — Valid Data >— - —
H-Zz Hi-Z e
RA4MOD - — = -<K Valid Address b= =" ~{  vaidDam >—'Z

49NR-443B
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Figure 14. Display Timing

HSYN, VSYN,
BLANK, PXDg-PXD3

DTCLK -_/____\—7

DTCLK

tCYDK:

X

ADp-AD7:

DMAAK \
K

tSDAR

tDRD

tHRD >

Hi-Z
— 2 _§;

Hi-Z
Valid Data

tDRWRDY

HI-Z Hi-Z
READY — — = — —{ — ==
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DMAAK \
K

tSIDK: tHDKI—>
_ Y
HSYN, VSYN, LPEN
)it o
49NR-4448
Figure 15. DMA Read Cycle Figure 16. DMA Write Cycle
DMARQ \ DMARQ \
| W, |
tDDADQL tDDADQL
tDDADQH tHDQDA tDDADQH tHDQDA

.

"

—>] L— tHWDA

tDRWRDY

READY — — O _ —§

tSDAW
twwL—>
WA | il
tsSWD tHwD
ADg-AD7- Hz_ —{r Valid Data }— Hz_

(=

49NR-446A

Figure 17. Interrupt Waveform
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tINTR

tINTF
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INTERNAL STRUCTURE

The uPD72022 IDP consists of three units: host proces-
sor interface unit, control processor unit, and display
control unit. Refer to the uPD72022 Block Diagram.

Host Processor Interface Unit

The host processor interface unit transfers commands,
parameters, and such status information as the
wPD72022 internal processing state, to and from the
host processor.

Control functions include asynchronous bus interface
control, DMA control, and interrupt control.

Control Processor Unit

The control processor unit reads and executes com-
mands and parameters from the host processor via the
host processor interface unit.

Display data processing in video memory, display ad-

dress control, screen control, etc., in the display control
unit are implemented.

Display Control Unit

The display control unit generates and outputs video
memory display addresses, display signals, and CRT
control signals. It generates various timing signals re-
quired in the uPD72022.

COMMANDS

The uPD72022 has 22 commands for implementing ini-
tialization, display control, and sprite control opera-
tions. See table 2.

Table 2. List of Commands

Name Function

Initialization

SYNC Selects display operation mode and specifies
scan timing.

Display Control

DSPOF Generates screen control table base address and
border color; enables display controller; starts
display.

DSPOP Disables display controller and terminates
display.

DSPDEF Defines display screen layoutand display format.

CURDEF Defines cursor display format.

ACTSCR Selects active screen area.

CURS Moves cursor to specified cursor display position.

LPNR Determines light pen position.

Table 2. List of Commands (cont)

Name Function

Video Memory Control

DPLD Specifies video memory operation address or address
offset.

DPRD Determines video memory operation address.

MASK Sets bit mask for data storage in video memory.

RDAT Reads contents of video memory and sends data to
host processor.

WDAT Stores transfer data in video memory.

BLKTOT Reads the video memory contents and transfers the
data via DMA operation.

BLKTIN Stores the data transferred via DMA operation into
the video memory.

EXIT Terminates video memory operation command
processing.

Sprite Control

SPRON Enables the sprite controller and initiates sprite image
display.

SPROF Disables the sprite controller and terminates sprite
image display.

SPRSW Toggles the sprite display on or off for each sprite
operation,

SPRRD Reads the sprite attribute table data.

SPRWR Writes data into the sprite attribute table.

SPROV Determines the sprite controller operation status.
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INITIALIZATION COMMANDS
SYNC Command
Command Code 10H
L oJofJoJ+r]ofJo]ol]o |
Parameters
RM EL [ev|[w | o [opm [ im
RF | EC | ES | RV RS
0 LBL
0 [ LBR
HAD
0 0 RBR
0 0 RBL
0 [ HS
0 0 TBL
[ 0 TBR
VAD (L)
0 |VAD (H) BBR
0 [} BBL
0 Vs

The SYNC command terminates display controller oper-
ation and defines operation mode and horizontal/vertical
scan timing with the following parameters.

e ILM, DPM (Interleave Mode, Dual Port Mode)

The format of the interblock interface between the
host system, IDP, and video memory is specified.
Dual-port mode can only be specified for the VRAM
serial access (VM = 1).

DPM ILM Operation
Standalone mode
Interleave mode
Dual-port mode
Disabled

_L_Aool
-*Q—ﬁol
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EV (Enable Vertical Blank Interrupt)

Parameter EV determines whether the occurrence of a
vertical blanking signal causes an interrupt signal to
be generated on the INT pin.

EV Interrupt
0  \Vertical blank interrupt disabled

1 Vertical blank interrupt enabled
EL (Enable Light Pen Interrupt)

Parameter EL specifies whether the occurrence of a
light-pen signal causes an interrupt signal to be
generated on the INT line.

EL |Interrupt
0  Light pen interrupt disabled
1 Light pen interrupt enabled

VM (VRAM Access Mode)

Parameter VM specifies the video memory access
mode for static picture display data generation.

VM Video Memory
0 Random access mode

1 Serial access mode
RM (Raster Mode)

Parameter RM specifies CRT scanning mode and
display signal generation mode.

RBRM CRT Scanning Mode

00 Noninterlace (640 x 400, 24K CRT)

01 Interlace (640 x 400, 15K CRT)

10  Vertical magnify (640 x 200, 24K CRT)
11 Normal (640 x 200, 15K CRT)

RS (Resolution Select)

Parameter RS specifies the divide ratio for generation
of the display signal dot time. This ratio can be
combined with horizontal and vertical scan timing to
vary display resolution. Table 3 is an example based
on a 20-MHz source clock.




NEC

pPD72022

Table 3. Display Resolution Example (20-MHz Clock)

RS Divide Ratio  Corresponding R HAD Setup Value  VAD Setup Value Recommended CRT

000 Divide by 4 256 x 192 256 (63) 192 Horizontal scan frequency 15.75 kHz
001 Divide by 3 320 x 200 320 (79) 200

010 Divide by 2 512 x 192 512 (127) 192

o1 Divide by 1.5 640 x 200 640 (159) 200

100 Divide by 1 640 x 400 640 (159) 400 24.83 kHz

Others Disabled (dot clock is not output)

e RV (Reverse Screen)

Parameter RV specifies reverse display of the entire
screen. When RV is cleared to 0, normal display is
enabled; when RV is set to 1, text foreground and
background colors in the text display are reversed.

e ES (External Sync)

Parameter ES specifies use of the HSYN and VSYN
pins and external synchronization. When ES is set to
1, horizontal and vertical synchronizing signals are
output on the HSYN and VSYN pins.

When ES is cleared to 0, the pins are placed in a
high-impedance state, and display timing is synchro-
nized with an input reference signal.

o EC (External Clock)

Parameter EC specifies DTCLK pin operation and
determines display timing signals. When ECis setto 1,
a signal generated from the internal divider is output
on the DTCLK pin as dot clock.

When EC is cleared to 0, the DTCLK pin is placed ina
high-impedance state, and display timing is based on
an input clock reference signal.

EC an be set in external dot clock input mode (LPEN
signal is low at reset time).

o RF (Refresh Control)

Parameter RF controls video memory refresh opera-
tions. When RF is cleared to 0, no refresh operation is
performed; when set to 1, refresh operations are
initiated.

e LBL (Left Blanking) See figure 18.
LBR (Left Border)
HAD (Horizontal Active Display)
RBR (Right Border)
RBL (Right Blanking)
HS (Horizontal Sync)

Horizontal scan timing is specified in four-dot time
(TCK) units. Each timing is generated at the time of
(specified value + 1) x TCK.

The horizontal scan parameters have the following
restrictions.

HS = 04H
LBL = 03H
HAD = odd number (bit0 = 1)

e TBL (Top Blanking) See figure 18
TBR (Top Border)
VAD (Vertical Active Display)
BBR (Bottom Border)
BBL (Bottom Blanking)
VS (Vertical Sync)

The number of rasters (vertical scan lines) is specified
to control vertical scan timing. An integer multiple of
2 is set in the valid display time (VAD). The vertical
border time (TBR, BBR) can be omitted if the speci-
fied value is 0.

The vertical scan parameters have the following re-
strictions.

VS = 04H

TBL + TBR = 10H (for non-sprite display)
TBL + TBR = 20H (for sprite display)
VAD = 04H

BBR + BBL = 02H
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Figure 18. Horizontal and Vertical Scan Parameters

RBL
le—LBL—| LBR HAD RBR.
|«— HS —>
Video
signal
Horizontal )
sync signal
TBL
( ) .
Valid display area VAD
, - )
Border area BBR
\. J
{eBL
Video
signal
- 49NR-4898
DISPLAY CONTROL COMMANDS The DSPON command enables the display controller
DSPON Command and generates the display signal.
Command Code 12H In display access after the screen control table base
address is specified in byte units, the address provided
| 0 | o | 0 | 1 | 0 | 0 | 1 J o | by multiplying the setup value by 256 is referenced as the
screen control table start address.
Parameters
o BC (Back Drop Color)
Base address (lower)
P ) (uppen Parameter BC specifies the background color of the
transparent color specification portion of the valid
0 BC display time and the horizontal/vertical border area.
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DSPOF Command
Command Code 13H

LolofofvJofofr ]|

The DSPOF command disables the display controller
and sprite controller and terminates display. The
horizontal/vertical retrace time is output on the display
signal output pin.

DSPDEF Command
Command Code 14H
LofoJofJrfofr]ofo |
Parameters
ATROFF (1)
ATROFF (M)
PITCH | o | H
0 0 MRA
0 0 0 HRA
BR [ o | o [ o

The DSPDEF command defines display screen layout
and display format. The following parameters are speci-
fied.

o ATROFF (Attribute Offset)

The character code and attribute code store address
offset are specified in byte units. If the offset is a
negative value, input the complement.

ATROFF Offset

OH Disabled

H 1 byte

2H 2 bytes
3FFFFH 262,143 bytes
40000H 262,144 bytes
7FFFFH "1 byte

® PITCH (Character Pitch)
The character code pitch is specified.

PITCH Pitch
OH Disabled
1H 1 byte
'7H 7 bytes

e MRA (Maximum Raster Address)

The character vertical display size is specified in
number of rasters. This position is used as the under-
line display position.

MRA No. of Rasters
0to 6H Disabled

7H 8 rasters

1FH 32 rasters

e HRA (Horizontal Raster Address)

The horizontal line display position is specified as a
raster position.

HRA Display Position
OH First raster

1H Second raster
'1FH 52nd raster
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e BR (Blinking Rate)

The blink attribute character display and cursor blink
are specified. Each character specified with the blink
attribute is turned on (bright) in the time of the setup
value x 24 fields and off (dark) in the time of the setup
value x 8 fields.

The cursor blinks in the time of the setup value x 8
fields.

The number of bright and dark fields for attribute and
cursor blink are shown below.

Attribute Cursor
BR Bright Dark Bright Dark
OH 768 256 256 256
iH 24 8 8 8
2H 48 16 16 16
IFH 744 248 248 248
CURDEF Command
Command Code 15H
Lofofo v ol v]ol]:1 |
Parameters
[ CURN | o | ce [ BE |

The CURDEF command defines the cursor display
mode. Parameter CURN specifies cursor sprite, and the
CURS command specifies the cursor position, which
also updates the display position of the sprite specified
in CURN.

e BE (Blinking Enable)

Parameter BE specifies whether cursor blinking is
enabled. To suppress cursor blinking, clear BE to 0.

o CE (Cursor Enable)

Parameter CE specifies whether cursor display is
enabled. To turn off the cursor, clear CE to 0.

Since the sprite function is used for cursor display,
specify sprite display accordingly at the same time.
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ACTSCR Command
Command Code 16H

LolofoftJof ][]0 |

Parameters

| o | scan

[oJoJofofo |

The active screen area where cursor position control
and light pen position control are valid is specified.

SCRN Active Screen Area

0 First split screen
1 Second split screen
2 Third split screen
3 Fourth split screen
CURS Command
Command Code 1EH
[oJofJo [+t [+ ]t ]co |
Parameters
Vertical position (lower)
ol o[ o o] o] (upper)
Horizontal position (lower)
o J o J oo o | o epen

The cursor is moved to the position specified by the
parameters.

Screen position is specified by virtual screen coordi-
nates, first designating a Y (line) position value, then an
X (column) position value. If a specified position ex-
ceeds the lower or right edge of the virtual screen, the
cursor is positioned at the respective edge of the virtual
screen.

The internal variable data pointer (DPTRO) is updated to
the video memory address value corresponding to the
coordinates of the cursor position.
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LPNR Command
Command Code 1AH

LofoJofJ s+ ]+ Jofr+t]o ]

Output Data

Vertical position (lower)

o | o o] o] o] (upper)
Horizontal position (lower)

o |l o] o o] o of (ppe

The light pen detection coordinates are determined and
the light pen detection status is reset to 0.

Virtual screen coordinates are specified by first desig-
nating the Y (line) position and then the X (column)
position.

The internal variable data pointer (DPTRO) is updated to
the video memory address value corresponding to the
light pen detection coordinates.

VIDEO MEMORY OPERATION COMMANDS

DPLD Command
Command Code 8E/8FH

LtJofofJofJ i1 ]nN]

Parameters

In the commands listed in table 4, the address update
mode is specified in the command code MOD field, and
the data pointer value can be updated each time a VRAM
access is made.

If the coordinates on the virtual screen can be obtained
by cursor position specification and light pen input
position detection, the data pointer (DPTRO) is updated
to the corresponding video memory address value.

Table 4. Data Pointer Update

RDAT, BLKTOT,
MOD Data Pointer Update WDAT BLKTIN
00 Data pointer is not changed. Enabled  Disabled
01 ATROFF valueis added; thenthe = Enabled  Enabled
data pointer is updated.
10 PITCH value is added; then the  Enabled  Enabled
data pointer is updated.
1 DPTR1 value is added; then the  Enabled  Enabled

data pointer is updated.

DPRD Command
Command Code 8AH

[+ JofoJolsJofs1]o |

Output Data

VRAM address (lower)
(intermediate)

VRAM address (lower)
(intermediate)
ol o] o] o[ o]

(upper)

The address data entered by using the parameter is
stored in the specified internal variable data pointer
(DPTRO or DPTR1)

N  Data Pointer
0  Store in DPTRO
1  Store in DPTR1

The data pointer value is used for address specification
or update in later VRAM access.

The 19-bit address parameter can be used to access
512K-byte video memory space. If the DPTR1 value is
negative, input the complement.

(upper)

o JoJofofo]

The data pointer (DPTRO) value is determined.

MASK Command
Command Code 89H

[+ JoJofof1fofoft |

Parameters

| Mask data |
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The mask data entered via the parameter is stored in the
internal variable mask register (MVSKR).

The mask register value is used for write data mask
processing in later VRAM access. When the mask bit
value is 0, the VRAM contents are held; when 1, write
data is stored.

In mask processing, the mask register value is deter-
mined before a VRAM write operation is initiated.

The video memory contents at the transfer destination
address are read and ANDed with the inverted mask data
value, and a mask is set. In addition, the write data to be
stored in video memory and the mask data value are
ANDed together, and a mask is set. The results are ORed
together, and then written into video memory.

RDAT Command
Command Code 90/91/92/93H

With the WDAT (Write VRAM Data) command, mask
processing is performed for data input by the host
processor according to the mask register value. Then,
the data is written into video memory at the address
specified by the data pointer (DPTRO0).

After the data is written, the data pointer (DPTRO) con-
tents are updated according to MOD specification (table
4) to the next video memory address.

If the host processor inputs data consecutively, the data
write into video memory and data pointer update are
repeated until another command is entered.

BLKTOT Command

Command Code 99/9A/9BH

R IO O B I I

DMA Transfer Output Data

MOD

[ 1 JoJ o] 1]Jofo] moo | Read data
Output Data
Read data )
- Read data
: The video memory contents are read from the address
Read data specified in the data pointer (DPTR0) and stored in the

The video memory contents are read from the address
specified in the data pointer (DPTRO0), and the data is
transferred to the host processor.

If the host processor receives the memory data, the data
pointer (DPTRO) contents are updated according to MOD
specification (table 4), and the video memory contents at
the next address are read and transferred.

The memory contents are read until another command is
entered.

WDAT Command
Command Code 94/95/96/97H

[ 1t o] o]+ o] 1+ [ mop
Input Data

Write data

Write data
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output data buffer A DMA transfer request signal
(DMARQ) is then generated to prompt the DMA control-
ler to receive the read data. The DMA acknowledge signal
(DMAAK, RD) is used to output the data buffer contents
to the data bus. If the DMA controller receives the data
and the buffer is not empty, the DMA transfer request
generation is continued.

If the buffer is empty, the data pointer (DPTRO) value is
updated according to MOD specification (table 4), and
the video memory contents at the next address are read
and stored in the output data buffer Therefore, the
address of the data read by the DMA controller does not
correspond to the data pointer value.

If the output data buffer is empty, the memory read and
the data pointer update are repeated until the host
processor inputs another command based on the DMA
controller terminal count.
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BLKTIN Command SPRITE CONTROL COMMANDS
Command Code 9D/9E/9FH SPRON Command
[ 1+ ] o] o] [ [ 1] wmoo | Command Code 82H
DMA Transfer Input Data Lt flofofofoJof]t]o |
Parameters
Write data
. SAB (lower)
: 0 l 0 | OJ 0 LO (upper)
_ HSPN ESP |SPMG | SPGR
Write data

DMA transfer request signal (DMARQ) is generated to
prompt the DMA controller to transfer write data. Data
input together with the DMA acknowledge signal
(DMAAK, WR) is written into video memory.

Mask processing is performed for data input by execut-
ing the DMA transfer according to the mask register
value; then the data is written into video memory at the
address specified in the data pointer (DPTRO).

After the data is written, the data pointer (DPTRO0) con-
tents are updated according to MOD specification (table
4) to the next video memory address.

If the DMA controller inputs data consecutively, the data
write into video memory and the update of the data
pointer are repeated until the host processor inputs
another command based on the DMA controller terminal
count.

EXIT Command
Command Code 88H

Lt ]ofofolft]

Command processing during parameter acceptance is
stopped and a command wait state is initiated.

o] o |

Video memory operation command processing durihg
data transfer is stopped and a command wait state is
initiated.

If parameter acceptance is terminated and processing is
started, data or any command other than the video
memory operation commands cannot be terminated by
issuing the EXIT command.

If the display controller has been enabled by the DSPON
command, sprite display is initiated.

The sprite status (SC) in the status data is reset and
interrupt signal generation from the sprite controller is
enabled or disabled according to ESP specification.

The sprite attribute table and sprite pattern area base
address (SAB), sprite magnification (SPMG), and sprite
grouping function (SPGR) are set in the sprite controller.

If the command is input during sprite display, the sprite
controller operation parameter is changed.

e HSPN (Horizontal Sprite Number)

This parameter specifies the maximum number of
sprite images that can be dlsplayed on a single
horizontal line.

e SPMG (Sprite Magnify)

Sprite magnification display is specified. When SPMG
is set to 1, sprite display data is magnified two-fold in
the vertical direction display.

o SPGR (Sprite Grouping)

The grouping function in sprite detection is specified.
When SPGR is set to 1, collision detection between
different groups is enabled.

e ESP (Enable Sprite Interrupt)

INT signal from the sprite controller is specified.
When ESP is set to 1, an INT signal is generated at the
INT pin when sprite collision is detected or the maxi-
mum number of sprite images is exceeded.
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SPROF Command SPWR Command
Command Code 83H Command Code 84H
Lt fJofofofJofJofJe]+ J [ tfoJoJofJofrt1]ol]o ]
Parameters
Sprite controller operation is disabled and sprite display
is terminated. | SPN I ATN J
SPRRD Command Input Data
Command Code 80H Store data 1
[“Tolololo o o o] :
Parameters *
Store data n
| SPN | ATN |
Output Data Data input by using the parameters is stored in the sprite
attribute table.
Road data 1 ATN  Attribute
: 0 YP lower
. 1 YSIZE, SPSW, YP upper
Road dat 2 XP lower
ead datan 3 XSIZE, SPDM, XP upper
4 SPDA lower
The sprite attribute table contents are read from the 5 SPDA upper
address corresponding to the SPN (sprite number) and 6 SCF (color)
ATN (attribute number) parameters, and the data is 7 Not used

transferred to the host processor.

ATN  Attribute

YP lower

YSIZE, SPSW, YP upper
XP lower

XSIZE, SPDM, XP upper
SPDA lower

SPDA upper

SCF (color)

Not used

NOOBLWN-=-O

If the host processor receives the attribute data, the
attribute number is incremented and the next attribute
data is read and transferred. When attribute number.7 is
read, the sprite number is also updated so that the next
sprite vertical position (YP lower) can be read.

The attribute data read and the attribute and sprite
number update are repeated until another command is
input.
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The input data following the second parameter is written
into video memory from the address corresponding to
the first parameter SPN (sprite number) and ATN (at-
tribute number).

Each time one byte of data is stored, the attribute
number is incremented so that the next attribute number
can be specified. When attribute number 7 is stored, the
sprite number is also updated so that the next sprite
vertical position (YP lower) can be specified.

If the host processor inputs data consecutively, the
attribute number is incremented from 0 through 7 for
each sprite number, which advances in increments of 1.

SPRSW Command
Command Code 85H

Lt JofofofoJtfolfe:t |

Parameters

| SPN | o [spsw| o |
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This command specifies the sprite display on or off by
setting the sprite attribute SPSW bit.

The sprite number is specified in the SPN parameter. If
the SPSW parameter is set to 1, sprite display is turned
on; if cleared to 0, sprite display is turned off. Thus,
display on or off for each sprite can be specified as
desired.

SPROV Command
Command Code 81H

L+ lofofoJofJofol: |

Output Parameters

[ o [so] ¢ | ovs |

The sprite controller operation status is determined and
the sprite status bit in the status data (SC) is reset to 0.

The sprite controlled status is defined by parameters
SO, OVS, and C. '

(1) SO indicates whether the maximum number of sprite
images that can be displayed on a single horizontal
line (HSPN specification) has been exceeded.

(2) OVS specifies the first excessive sprite number.
(3) C indicates the detection of sprite collision.

STATUS

The pPD72022 sends the display hardware operation
status and command processing status information to
the host processor via the status output port.

The status data format and the bit contents viewed from
the host are explained below.

7 6 5 4 3 2 1 0
[ w» [ ve|sc|[e | — |Busy|oer| iBF |
Input Buffer Full

IBF (bit 0) indicates that data is stored in the internal
input data buffer during command/parameter input from
the host processor. It is set on the rising edge of the WR
strobe signal when the host processor writes
commands/parameters. It is reset when the input data
buffer contents are read by uPD72022 internal process-
ing.

The host processor should check that the flag is reset
before inputting the next command/parameter. If a
command/parameter is input when the flag is set, the
wPD72022 drives the READY signal low, forcing the host
to wait.

Output Buffer Full

OBF (bit 1) indicates that the pPD72022 has data stored
in the output data buffer. It is set when a write is made to
the output data buffer during internal processing. It is
reset on the rising edge of the RD strobe signal when the
host reads the output data buffer contents through the
parameter output port.

The host processor should check that the flag is set
before reading data from the parameter output port. If
data is read when the flag is set, the uPD72022 drives the
READY signal low, forcing the host to wait. The flag is
reset when a command is input.

Busy

The BUSY flag (bit 2) indicates that the uPD72022 is
performing command processing. It is set under the
same conditions as IBF and reset when the execution of
all commands stored in the internal FIFO buffer has
been completed.

In command processing of SPRRD, SPRWR, BLKTIN,
BLKTOT, WDAT, or RDAT, however, BUSY is reset when
the FIFO buffer is empty after the completion of process-
ing of successive input commands. Therefore, BUSY is
always set when any of these six commands is being
executed.

Error

ER (bit 4) indicates that an error occurred during com-
mand processing. It is set when an abnormal state is
encountered; for example, when parameters required for
command execution are not entered, or the value of an
entered parameter is not proper.

When an error occurs, uPD72022 stops command pro-
cessing. To recover, issue the EXIT command, followed
by the desired command. ER is reset when the EXIT
command is executed.

Specific error causes are as follows.

(1) Parameter is entered when command code is not
entered. .

(2) Command/parameter is entered from any port other
than the command or parameter input port.

(3) Any code other than a command code is entered
from the command port.
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(4) The number of parameters is too large. Up to a given
number of parameters are assumed to be valid and
processed. When excessive parameters are entered,
ER is set and the excessive parameters are not
processed.

(5) The number of parameters is too small. All the
entered parameters are assumed to be valid and
processed.

(a) When a command (except EXIT) is entered fol-
lowing the parameters, ER is set and command
processing starts

(b) When an EXIT command is entered following the
parameters, it is assumed that termination of the
immediately preceding- command entered is
specified. ER is not set and command entry is
awaited.

(c) When otherthan a command or parameter entry
follows the parameters, an error results. ER is set
and command entry is awaited.

(6) LPNR command is made on any area other than the
active screen area specified by the ACTSCR com-
mand.

Sprite Control

The SC flag (bit 5) indicates occurrence of sprite over or
sprite collision state during sprite display operation. It is
updated each time one screen display is terminated
(vertical blank).

(1) Sprite Over. The SC flag is set when the number of
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sprite images existing on a single horizontal line
exceeds the HSPN setup value. The first sprite
number exceeding the setup value can be read by
command (SPROV) specification.

(2) Sprite Collision. The SC flag is set when dot overlap
of two or more sprite images occurs.

Vertical Blank

VB (bit 6) indicates vertical blanking time (BBR, BBL, or
VS time). It can be used for the host processor to
synchronize with display operations.

Light Pen Detect

LP (bit 7) indicates that an address is detected by using
the light pen signal. It is set when the address is detected
and reset when the LPNR command is issued.

CONTROL

After initialization (figure 19), the uPD72022 executes
control according to the sequence shown in figure 20.

In figure 20, a check is made to ensure that IBF (bit 0) of
the pPD72022 status data format is cleared to 0; then the
command/parameter is written.

If the command is a data read or write command, then
data is read or written.

The sequence to check that the IBF bit is cleared to 0 can
be omitted by using the READY signals; however, this
does not apply to read commands (RDAT, BLKTOT,
SPRRD, DPRD, LPNR, SPROV).
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Figure 19. uPD72022 Initialization

input RESET
Signal

IDP Status
=00H

. Yes

Issue SYNC
Command

Issue DSDEF
Command
Issue SPRON
Command

Set Screen
Control Information

Store Display Data

Issue DSPON
Command .

Display operation mode, scan timing, etc., are set.

The display screen layout and display format are specified. As required, the active
screen area is selected by using ACTSCR or the cursor display format is specified
by using the CURDEF command.

The sprite attribute table base address and sprite display format are specified.
Screen control information or sprite attribute information is stored in video memory.

Display data is stored in video memory.

Screen control table base address and border color are set and display is initiated.

49TB-46828
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Figure 20 uPD72022 Basic Control Flow

Start

Write Command/
Parameters

Terminate
Writing Command/
Parameter

¥

| Read Data l ' Write Data '

GO

49TB-481A
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DISPLAY
Static Picture Display

The uPD72022 IDP has three static picture display
modes: text, semigraphics, and graphics.

Text Mode. Video memory data is recognized as char-
acter code and attribute data. Character patterns from
the character generator specified by character code are
displayed. Color or format qualification is specified by
attribute data paired with character code. See figure 21.

Semigraphics Mode. Video memory data is recognized
as pattern code. Pattern data (format and color) in the
pattern data area specified by pattern code is displayed.
Two modes are available according to how pattern data
is stored. See figures 22 and 23.

Graphics Mode. Video memory data is recognized and
displayed as color patterns corresponding directly to the
display screen. See figure 24.

Sprite Image Display

The uPD72022 IDP can control a maximum of 32 sprite
images. Collision between sprite images can be de-
tected.

Any desired color pattern (sprite) is displayed at any
desired position of the screen based on information in
the video memory sprite attribute table. Sprite control
commands can change the sprite size, color, display
address, display position, etc. See figure 25.

Screen Split Display

The pPD72022 IPD can split the display screen into
rectangular windows and display any area extracted
from video memory. Each display area is independently

controlled by the pPD72022. See figure 26.
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Figure 21. Data Flow in Text Mode
Display Screen
Video Memory
nline
nline Character IDP
m column memory
Attribute data Attribute, m column
Character code — —| color specification
A
Character generator
83vQ-59238
Figure 22. Data Flow in Semigraphics Mode 0
Display Screen
Video Memory
Mode specification nline
m ?:glr\l:?nn Pattern code IDP
MOD
I m column
Color specification
Pattern code — —]
Color
specifi-{f A
cation
83vQ-5924B
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Figure 23. Data Flow in Semigraphics Mode 1

Display Screen

Video Memory
Mode specification nline
m r‘\xl’nlr:&n Pattern code L
[+ .
m column
Color specification
Pattern code —
~
—- !
A 16 color
J
83vQ-59258
Figure 24. Data Flow in Graphics Mode
Display Screen
Video Memory -
n rasters
nnn;ads(t:;s Graphics memory IDP m dots I
Color specification
83vQ-5926B
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Figure 25. Data Flow During Sprite Image Display
Display Screen
Video Memory
YP
Sprite attribute data /
IDP XP %
vsize [[ P %
xsize [|___XP SPDM
S Iorl\stggi]f:;ﬁon
SPDA col
Attribute —J
Display position
control
1
%
Q
Sprite pattern data
83vQ-59278
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Figure 26. Example of Screen Split Display

Video Memory
VW 1
VSA1 —] T T
RSA 1
[ VH1
l ABC I i Display Screen
[ER NS } RW1,2,3 |
N I~ I ' &y |
Virtual Screen 1 ] P TRVPT)
RH 1
Vw3 ABC Real Screen 1
VSA3 —» | Je— (RXP2,RYP 2)
RSA 3
- - = VH3
Display 1\ RH2
e e — - —
Virtual Screen 3 J\
Vw2 | Real Screen 2
VSA2 - T j<— (RXP 3, RYP 3)
RSA 2 Display RH3
! _/ Real Screen 3 i
|| oll @l
= = 1
Virtual Screen 2 VH 2
83vQ-59288
Scan Mode Specification To use the interlace mode, a value appropriate for the

The pPD72022 IDP enables specification of four scan
modes by using SYNC command parameter RM before
video signal generation. See figure 27.

Noninterlace Mode.The raster address is incremented
for each horizontal scan. The display data address is
updated every specified number of rasters.

In graphics mode, the display data address is updated
each horizontal scan.

Interlace Mode. Odd and even fields are displayed
alternately. Inthe odd field, the raster address starts at 0;
in the even field, it starts at 1. The raster address is
incremented by two for each horizontal scan.

In graphics mode, the display address is updated so that
display data in the opposite field is skipped.

In interlace mode, the MRA value must be specified so
that the numbeer of rasters is even.
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16-kHz monitor must be set in the raster parameter and
the interlace synchronizing signal must be input from an
external source.

Vertical Magnification Mode. The raster address is
incremented every two horizontal scans. The display
data address is updated every specified humber of ras-
ters.

In graphics mode, the display data address is updated
every two horizontal scans.

Normal Mode. The raster address is incremented each
horizontal scan. The display data address is updated
every specified number of rasters.

In graphics mode, the display data address is updated
each horizontal scan.
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Figure 27. Scan Modes

A. Noninterlace Mode

C. Vertical Magnification Mode

Dot Position [CG Image]
765 4321

076543210

Raster
Address

NOUABWN-~ONOOAWN O

640 x 400 data is displayed on a 24.8-kHz CRT.

Dot Position [CG Image]
76 54321076543210

Raster

Address

NNOOOUAAPLWOWWONN~- 00

640 x 200 data is displayed on a 24.8-kHz CRT.

B. Interlace Mode

D. Normal Mode

Dot Position [CG Image]
7654321076543210

Odd 0
field 1
2
3
4
5
6
Raster 7
Address ¢
1
2
3
4
5
6
7

640 x 400 data is displayed on a 15.8-kHz CRT.

Even
field

Dot Position [CG Image]
76 54321076543210

Raster

Address

NOUNBAWN—-ONOODRWN—-O

640 x 200 data is displayed on a 15.8-kHz CRT.

49NR-475B
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N E C pPD72120

NEC Electronics Inc. Advanced Graphics Display Controller

Description O Video timing signal generation

The pPD72120 Advanced Graphics Display Controller :ilsg;:asyp‘(-:;z(:\[,Jirdc;%ezsrcgs?z;;c;:xzz?oc:)o :::Z
(AGDC) displays characters and graphics on a raster graphics drawing clocks

scan device from commands and parameters received — External synchronization capability

from a host processor or CPU. Features of the AGDC Large-capacity display memory

include high-speed graphics drawing capabilities, video — Display memory bus interface: 24-bit address and
timing signal generation, large capacity display memory 16-bit data bus for addressing up to 16M words
control (including video RAMs), and a versatile CPU 16 bits/word ’
interface. These features allow the AGDC to control — Video RAM (VRAM) control

graphics drawing and display of bit-mapped systems. — Display memory bus arbitration

O Host processor (CPU) interface

— System bus interface: 20-bit address bus, 8- or
16-bit data bus

— Data transfer with external DMA controller: from
system memory to display memory (PUT); from
display memory to system memory (GET)

— High-speed pipeline processing with preprocessor
before drawing processor

— CPU memory or 1/0 mapping of internal registers
and display memory for efficient system interface

8-MHz system clock

CMOS technology

Single +5-volt power supply

Packages: 84-pin PLCC, 94-pin plastic miniflat

Features

O High-speed graphics drawing functions
— Graphics drawing: dot, straight line, rectangle,
circle, arc, sector, segment, ellipse, ellipse arc,
ellipse sector, and ellipse segment
— Maximum drawing speed
500 ns/pixel (8 MHz, pixel mode)
500 ns/dot (8 MHz, plane mode)
— Area filling (high-speed processing in word units):
triangle, trapezoid, circle, ellipse, and rectangle
— Painting: filling of any arbitrary enclosed area (bit
boundary retrieval)

— Data transfers in display memory: multiplane
transfers; data transformation (90°/180°/270°
rotation and reversal); multiwindow transfers;

oooao

Ordering Information

maximum transfer speed of 500 ns/word Part No Package
— Image processing: slant, arbitrary angle rotation, #PD72120L 84-pin PLCC
16/N enlargement, and N/16 shrinkage (N any KPD72120GJ-5BG 94-pin plastic miniflat

integer from 1 to16)
— Position specification by X-Y coordinates
— Logical operations between planes

50068
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Pin Identification

Symbol 1/0 Signal Function Symbol I/0 Signal Function

Clock Pins DA4g-DA;  Out Upper 8 bits of display memory address (the lower

CLK In  Clock supplied to circuits other than the sync ,1;8":) of the 24-bit address are output on DADo:
signal generator and display processor. The 15
drawing processor and preprocessor speed DASTB Out Indicates that a display memory address. is
depend on this clock frequency. present on the falling edge.

SCLK in  Clock supplied to the sync signal generatorand  DUBE, Out Defines the data format for accessing the display.
the display processor. This clock frequency is  DLBE RESET sets both pins low.
determined by the CRT timing requirements: DUBE DLBE Data Access Format
horizontal sync frequency, number of dots per AGDC 0o 0 Word
line, etc. 16-bit CPU 0 0 Word

8/16-bit CPU O 1 High (odd) byte

Systom Bus Control Pins 816-bitCPU1 O  Low (even) byte

ADg-ADys  I/O /O bus to the CPU consisting of multiplexed 8-bit CPU 1 1 High (odd) byte
16-bit address and a bidirectional data bus. DRD Out Controls reading of the display memory by the

Agg-A1g In  Upper four address bits of the 20-bit address. AGDC. Set high by RESET.

ASTB In  Latches the address on A¢g-A1g and ADg-AD45 on DWR Out Controls writing to the display memory by the
the falling edge. AGDC. Set high by RESET.

UBE In  Together with ADg, defines the data access format HLDRQ In  Requests control of the display memory bus by
as shown below. UBE should be tied high when an external device to transfer display data.
connected to an 8-bit GPU. HLDAK Out Indicates that the AGDC memory bus (DADg-
AD, UBE Data Access Format DAD 5 and DA4g-DAgg is in high-impedance state
0 0  Even-address word 0 that an external device can have access to the
0 1 Even-address byte display memory bus. Set high by RESET.

1 0 Odd-address byte - - -
1 1 Odd-address byte Video Timing Signal Related Pins

RD In  Performs a read of data from the AGDC by the VS/EXVS /O Whenthe AGDC operates as the master, VS isthe
host CPU. vertical sync signal output. When the AGDC

- operates as a slave, the EXVS input initializes the

R " :zgtogglsJ a write of data to the AGDC from the Internal vertical sync signal on the rising edge.

: — - HS/EXHS 1/0  When the AGDC operates as the master, HS is the

TSR In Enalbles rebadln':g‘/wrétmg gfpltjhe_rﬁGDc _mternial horizontal sync signal output. When the AGDC
relg ste:;sb yht °d g ost Y AS fglster s operates as a slave, EXHS initializes the internal
selected by the address input on ADg-AD;. horizontal sync signal on the rising edge.

CSDM In  Enables reading/writing of display memory . "
through the AGDC by the host CPU. The display ~ DiSPIay Signal Related Pins
_memory address is generated by the address BLANK Out Used to blank the display.
register AteA1g and ADg-AD45 and by the bank B ™ o et o DT In the DT mode (when using VRAMS)

and specifies the data transfer. In the cycle steal

READY Out Activated by the data access request (RD/WR) for mode (VRAMs not used), indicates the display
the AGDC. During the access, the signal may be cycle.

A ET 131 DY i 5
Io.w RES - will set the READY line high GCSR Out Specifies the display of the graphics cursor

INT Out Signals an interrupt from the AGDC. GWAIT Out Graphics walt signal

DMARQ Out Indicates a request for data transfer (PUT/GET) to
an external DMA controller. DMARQ will be low ~ Other Pins
after RESET. Vop +5-volt power supply

DMAAK In Acknowledgment of DMA requestto the AGDCby  gNp Ground
the DMA controller.

IC Internally connected; leave unconnected

RESET In Initializes operation of the AGDC. The internal
parameter register is not cleared by RESET (it is
initialized by setting data).

Display Memory Control Pins

DADy-DAD¢s I/O 1/O pins for display memory; 16-bit address

multiplexed with data.
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Pin Configurations
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94-Pin Plastic QFP

[ic

[ vpp

] GND
Nic

1 SCLK

[0 GCSR
[ vs/EXVS
[1 HS/EXHS
J BLANK
1 DT/DISP
Nic

[ HLDRQ
[1 HLDAK
[ DWR

(1 DRD

1 DASTB
[1 WAIT

b anp

[1 GND

[ DLBE

[1 DUBE
[1DA23

[ DA22
Dic
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pPD72120 Block Diagram
CLK —>» le SCLK
RESET —>» > Synchrorizi ——3 BLANK
Voo —> Signal Generator  le—» HS/EXHS
GND —> l«—> vs/EXVS
WAIT <€——
DMARQ <«— Display ¢> ——> DUBE
DMAAK ——>] Processor > BiBE
INT [<— HLDRQ
N ! ! > HLDAK
READY €—— CPU Display Memory
CSIR —>] Interface Unit Interface Unit —> DWR
CSDM ——>| Drawi <:> ——> DRD
OM Preprocessor Proces:gr DRD
RD —> ——> DASTB
WR —>|
ASTB —> @ @ — DT/DISP
UBE —> [—> GCSR
ADg-AD15 Sequence ROM Sequence ROM DADo-DAD1s
A16-A19 DA16-DA23
49NR-3918
System Configuration Example
System Bus § S5
Central Display CRT Synchronizing Signal
Processing Memory Address F'PAD721 ?° Y i
Unit Controller
Display ¢ 3
Memory Bus : : :
MAGIC/ Character Display Display Data
ImPP Generator Memory
49NR-392B
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General Application Diagram

System Buses
Address. Data  Control
™~

<‘

Pl DMA
N N, e 1
< D
DMARQ _ DMAAK
0 w
P Timing
WR BLANK Controller
RE ADY’ GCSR ——->| Cursor Control CircuitI * * T
CSIR M ™
> — [ R G B
CSDM s RASI™ e f |—1 |—>
DRD |—> —_—
BWR Timing CAS
\ ’ - VR —>] Controller wEl— <: :> uPD41264
sy DT |—>} — — Display Memory
: ASTB DT/OE[—> ’
LJ UBE DLBE
> A16-A19 DUBE .
! ! DASTB . Character
uPD72120 : RoM
Mux j DA16-DA23
La N
ADo-AD15
Bfr
DAD0-DAD15 < >
HLDRQ
L L ALDAK
b~/ ~/
T Control Data Address
CLK SCLK Display Memory Buses

49NR-3938
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ELECTRICAL SPECIFICATIONS

Capacitance
Absolute Maximum Ratings Ta = +25°C; Vpp = GND = 0V
Ta = +25C Parameter Symbol Min  Max Unit  Condition
Supply voltage, Vpp 05t +70V oyt [ 10 pF t=1MHz;
Input voltage, V, -05t0 +7.0V unmeasured
Output voltage, Vg -0.5t0 +7.0V ﬁ:::“ 2:0 : :;: gn: ‘;e turned
Operating temperature, Topr -10to +70°C  output
Storage temperature, Tstg -65to +150°C  Clock Ce 20 pF
Power dissipation, Pp w et
DC Characteristics
Ta = =10to +70°C; Vpp = +5.0V £10%
Parameter Symbol Min Max Unit Condition
Lowlevel input voltage ViL -05 0.8 A Except CLK or SCLK
-0.5 0.6 \' CLK, SCLK
High-level input voltage ViH 22 Vpp + 0.5 \" Except CLK or SCLK
35 Vpp + 1.0 v CLK, SCLK
Low-level output voltage VoL 0.45 v loL = 22 mA
High-level output voltage VoH 24 \ loy = —400 pA
Low-level input leakage current 'Y -10 pA vi=oVv
High-level input leakage cur ent ILH 10 RrA Vi = Vpp
Low-level output leakage current oL -10 pA Vo=0V
High-level output leakage current ILoH 10 pA Vo = Vpp
Supply current Ipp 200 mA
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AC Characteristics
Ta = =10to +70°C; Vpp = +5.0 V £10%; see figure 1

Parameter Figure Symbol Min Max Unit - Condition
Clock (CLK, SCLK)
Clock period CLK 2 tcyk 125 600 ns
SCLK 2 toysk 125 600 ns tovk =< toysk
High-level clock width CLK 2 twWKH 52 ns
SCLK 2 twskH 52 ns
Low-level clock width CLK 2 twKL 52 ns
SCLK 2 twsKL 52 ns
Clock rise time CLK 2 txr 15 ns
SCLK 2 tskr 15 ns
Clock fall time CLK 2 tkr 15 ns
SCLK 2 tskF 15 ns
Reset, Interrupt
Reset pulse width 3 trsT 5 tovsk
CLK 1 to INT 1 delay time 3 toki 50 ns C_ = 50 pF
RD | to INT| delay time 3 torl 3tcyk + 50 ns STATUS read
HLDRQ, HLIAK
CLK 1 to HLDAK delay time : 4 toKHA 50 ns C_ =50 pF
HLDRQ setup time to CLK 1 4 tskHQ 20 ns
HLDRQ hold time from CLK 1 4 tHkHQ 20 ns
DMA Read/Write Cycle
CLK 1 to DMARQ output delay time 56 tokma 50 ns Cp = 50 pF
DMARQ setup time to DMAAK | 56 tsmamQ 0 ns
DMAAK setup time to RD | 5 tSRMA 0 ns
DMAAK hold time from RD 5 tHRMA 0 ns
DMAAK setup time to WR | 6 tswMA 0 ns
DMAAK hold time from WR 6 tHWMA 0 ns
Display Memory Bus Read Cycle
CLK 1 to address or data output delay time 4,78 toka 30 ns C_ = 50 pF
Input data setup time to CLK 1 7 tskp 20 ns
Input data hold time from CLK 1 7 tikp 0 ns
CLK 1 to DASTB 1 delay time 78 tokDsH 30 ns C_ = 50 pF
CLK | to DASTB | delay time 78 tpKDsL 30 ns
CLK 1 to DRD delay time 7 tpkDR 30 ns
CLK 1 to DWR delay time 8 tokow 30 ns
System Bus Read Cycle
CS setup timeto RD | 9 tsre ] ns
TS hold time from RD t 9 tHRC 0 ns
RD width, high 59 WRH 50 ns
ASTB pulse width 5,6,9,10 twas 30 ns
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AC Characteristics (cont)

Parameter Figure Symbol Min Max Unit Condition
ASTB setup time to RD | 59 tsRAS 0 ns

Address setup time to ASTB | 56,9,10 tsasa 20 ns

Address hold time from ASTB | 59 tHAsA 0 ns

Data setup time to READY 1 59 tsryD [ ns

Data float delay time from RD 1 59 tFRD 0 40 ns

RD | to READY | delay time 59 toRRY 30 ns Cp = 50 pF
RD hold time from READY 1 59 tHRYR 0 ns

CLK 1 to READY 1 delay time 59 toKRY 40 ns C_ = 50 pF
RD 1 to ASTB 1 delay time 59 toras 0 ns

System Bus Write Cycle

TS setup time to WR |, 10 tswe 0 ns

S hold time from WR 1 10 tHwe 0 ns

WR width, low 6,10 twwL 50 ns

WR width, high 6,10 tWwH 50 ns

Data setup time to WR 1 6,10 tswp 50 ns

Data hold time from WR 1 6,10 tHwp 0 ns

WR | to READY | delay time 6,10 towRy 30 ns CL = 50 pF
WR hold time from READY 1 6,10 tHRYW 50 ns

CLK 1 to READY 1 delay time 6,10 toKRY 40 ns CL = 50 pF
ASTB setup time to WR ¢ 6,10 tswas ns

WR 1 to ASTB 1 delay time 6,10 towas 0 ns

Display Cycle

SCLK 1 to DASTB 1 delay time 11,1213 tpsikpasH 30 ns C_ = 50 pF
SCLK | to DASTB | delay time 11,1213 tpskpASL 30 ns

SCLK 1 to DT/DISP delay time 11,1213 tpgkot 30 ns

SCLK 1 to address delay time 11,12,13 toska 30 ns

SCLK 1 to output signal delay time 11,12, tosko 50 ns

(HS, VS, BLANK, or GCSR) 13

SCLK 1 to WAIT delay time 11,12 toskwt 70 ns

WAIT pulse width 1 twwr 4tcysk ~- 70 ns

EXVS setup time to SCLK 1 1 tsskev 20 ns

EXHS setup time to SCLK 1 1 tsSKEH 20 ns

EXVS hold time from SCLK ¢ 1 tHSKEV 20 ns

EXHS hold time from SCLK 1 1 tHSKEH 20 ns
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Figure 1. Voltage Thresholds for Timing Figure 3. Reset and Interrupt Waveforms
Measurements
RESET
Input 24V 22V 22V
Ko SN 045y X o8V 28 Vx tRST
CLK
Input 35V 35V _/ ‘_\_/-—\_/__\_
[CLK, SCLK] 06V 06V oK1

INT _/‘ \L—_

Output 22V 22V
[CL=50pF] 0.8V 0.8V
tDRI—>
49NR-353A
RD
Figure2. Clock Waveforms 49NR-355A
CLK '
! \
tWKH WKL
< tcyk
tkR le—
— [e—tkF
SCLK S
tWSKH| | tWSKL
g < tcysK
tSKR -—
—»| |e—1tSKF
49NR-354A
Figure 4. HLDRQ and HLDAK Waveforms
A
CLK j‘ \ z" \ Z‘ \ /L \ / \ /_\_
tHKHQ tHKHQ
tSKH(B LSKHQ
HLDRQ / 'S
—_—
tDKHA [« I<——> tDKHA
HLDAK \ /
tDKA ‘4—» tDKA
DADg-DAD 15, X High Impedance r
DA16-DA23 !i—
Note: DUBE, DLBE do not go to high impedance
49NR-3568
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Figure 5. DMA Read Cycle

|

“ \/

tDKMQ <—>| DKMQ
J’J’
DMARQ / ’\

<+—>|tSMAMQ <«——{tDKRY
!
DMAAR \
SF
tSRMA tHRMA
RD \
S S~ 11
tDRRY [+— tWRH
READY \-J /
tWAS —» tSRAS —> tDRAS
ASTB S
JF
tsasa | | tHasa tSRYD |+~ t< > tFRD
HRYR

T

n p
_ Valid Address i
ADQ-AD15 ____< e A E.___+_§ Valid Data
tSAsA <———~| L—N!HASA
F

UBE X Valid :K - X

77

49NR-3578
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Figure 6. DMA Write Cycle

“f\_/ L/ _/ \

tDKMQ “""DKMQ
7
S

DMARQ / \

+—>jtSMAMQ +—>{IDKRY
—_—
DMAAK \ " ‘_{I_\_
f
tSWMA |+ twwL tHWMA
WA \ . 7
- tDWRY  tHRYW [<—tWwWH
[L.
=/, r
READY \-f: /
tWAS—»] tSWAS — tDWAS
ASTB \
S
tSASA ¢ > le »{tHASA [e— tswD —| |« tHWD

r

ADG-AD1S Vaid Addross ‘E__;H Valid Data
tSASA <——v| |<—- tHASA

UBE X_ Valid TX J:r X

7

49NR-358B
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Figure 7. Display Memory Bus Read Cycle

ciK _/F_—\ ‘_j‘_——\__] j‘ \

tDKDR {DKDR

5 \ Vi

tDKDSH tDKDSL

DASTB _/l_\

tDKA tDKA ‘_j tskD tHKD
4 R

DADo-DAD15 ——{r Vaid Address  p——  ValidData X
A

tDKA tDKA

DUBE Valid Address
DLBE

‘DKAI‘—' tokak— tDKA
\
DA1g-DAz3 ——(  Valid Address ,E< Invalid

49NR-369B
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Figure 8. Display Memory Bus Write Cycle

CLK _/r_\

_ /J /1 \

tDKDW tDKDW,
J— !
DWR \ /
tDKDSH tDKDSL
DASTB / \
p— K
tDKA tDKD tDKA
P2
DADo-DAD15 <\ Valid Add X Valid Data
tDKA
DUBE j Valid Address
DLBE

tDKA L——'

tDKA

DA16-DA23 {

Valid

Add:

X

Invalid

X

49NR-371B

Figure 9. System Bus Read Cycle

“« /NS

READY

CSIR

CSDM

ASTB

ADo-AD15

UBE
At6-A19

tDKRY

N/

tDRRY

1F /_\_

tSRC l—tHRYR <—>ltHRc

N s
le——tWRH
twAS —] tSRAS {DRAS —
tSRYD ltFRD

Valid Data JE—

{1
X Valid Address X
;rlr

49NR-372B
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Figure 10. System Bus Write Cycle

e

I3
77 4
READY /
tDWRY
CSiR \
CSDM ‘e
ek
tswc re—tHRWY—>] tHwC
twwL
WR
\ fC 72
[e— tWWH

twAs —>| ISWAS tDWAS—>]

ASTB \

N L

el

tSASA [<tHASA tSWD tHWD

A
ADo-AD15 ———— Valid Address f—-{( Valid Data 7}———
tSASA L—tHASA
ﬁE J’J’
Valid Address
A16-A19 15

el

49NR-374B

3111



wPD72120 N EC

Figure 11. Display Cycle

= /N /N __/

tDSKDASH

DASTB /. \_
‘—’ItDSKA tDSKA

DUBE, DLBE )I
Valid Address
DADo-DAD15, DA16-DA23
‘——*Itosm tDSKO
GCSR, VS/EXVS, -
HSEXHS, BLANK
L——» tDSKDT tDSKDT
DT/DISP \

2 NN N

tDSKWT tDSKWT
[
el)

/

tDSKDASL

>

twwr

D1 Cycle D2 Cycle D1 Cycle
SCLK
tSSKEV tSSKEV
1|
tHskev {HSKEY,
s
EXVS / \
[ —— N
D2Cycle D1 Cycle D2 Cycle
sk __/r——\__i/—‘_\_7
tSSKEH tSSKEH
t
tHSKEH HSKEH
’4
EXHS / \
[

49NR-375B
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Figure 12. Display Refresh Cycle (DT Mode)

SCLK M/\/—\j \{\_/—\_/-
tDSKWT tDSKWT
IF
WAIT J
tDSKDASL

tDSKDASH —>|

onero _ /. /\

(DSKA ] fe—
/a
DADo ’ : .
DADIS Valid X Vaiid X Valid

A

tDSKA —»| tDSKA —>|
DUBE,
DLBE P
M 47
tDSKO —>| r— tDSKO—>|
HS

tDSKDT —> r— tDSKDT —>

[C

_ =/
ov/ f
DisP

Figure 13. Display Refresh Cycle (CS Mode)

[<— tDSKDASL t fe— t
) r_ 1D8KO DSKO DSKO
JF
HS / J \
<— tDSKDT tDSKDT
DT/DISP

—>

|<— tDSKDASH
DASTB /_\ /_\
L ”

—> |*—tDSKA
IF

DADo-DAD12 x Valid X X Valid X x
N —f

aslssikiie

49NR-3768

n

49NR-3778B
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FUNCTIONAL DESCRIPTION

Preprocessor

The preprocessor includes a 56-word parameter RAM, an
arithmetic logic unit, and a general-purpose register. It
carries out the following drawing preprocessing by mi-
croprogram control.

e Conversion between coordinate and physical ad-
dresses

Command interpretation

Drawing parameter generation

Calculation of tiling pattern position

Sorting of vertex coordinates for triangular fill com-
mand

Error checking on user-defined parameters
e Data passing with drawing processor
® Drawing processor initiation

Along with the drawing processor, the preprocessor
forms part of a three-stage pipeline to improve through-
put.

Drawing Processor

The drawing processor carries out the drawing opera-
tions on the display memory with the commands and
parameters generated by the preprocessor. The drawing
processor includes various arithmetic units, a general-
purpose register, an arithmetic logic unit, and mask
generating circuitry. In addition, it contains a 32-bit
barrel shifter for high-speed bit-boundary processing
operations and a 90-degree rotation data buffer. These
components are controlled by a horizontal-type micro-
program that can execute five types of instructions
simultaneously in a single step.

Display Processor

An external dot-shifter for parallel-to-serial conversion is
generally necessary to create scan line information for
display on a CRT. The display processor generates dis-
play addresses to supply the image data to the dot
shifter. This processor includes a DRAM refresh control-
ler to generate refresh addresses during the horizontal
sync active period. The display controller also controls
the generation of refresh and display addresses for
dual-port DRAMs (video RAMs), DRAMs, and SRAMs.

3-114

Sync Signal Generator

The sync signal generator produces horizontal and ver-
tical sync signals and blank signals according to the
parameters set by the user. This circuitry also generates
the graphics cursor signal that can be used (with exter-
nal circuitry) to generate a screen cursor.

CPU Interface Unit

The CPU interface unit includes a DMA interface
(DMARQ, DMAAK) and an interrupt (INT) control circuit.
The unit controls timing for system bus communica-
tions.

Display Memory Interface Unit

This interface unit controls the drawing, display, and
refresh address outputs. It also controls the display
memory bus arbitration for direct access to the display
memory by other processors.

REGISTERS

Table 1 lists the registers according to four classifica-
tions: control, display, drawing, and data port. Figure 14
shows the register configurations in numerical order by
register address from 00H to 7FH.

Also in numerical order by address are the register
descriptions in table 2. Figures listed below supplement
the descriptions.

Figure Title
15 Raster Operations; Replace and XOR
16 Raster Operations; AND and OR
17 Status Register Configuration
18 Display Memory Address Generation
19 Control Register Configuration
20 Definition of Clipping Rectangle
21 Display Control Register Configuration
22 Cursor Position Registers
23 Horizontal and Vertical Sync
Timing Diagram
DRAWING OPERATIONS

The DRAW command is written to the COMMAND regis-
ter at address 6EH-6FH. The opcode in register 6FH
determines the type of drawing. Various combinations of
the command are selected by flags in register 6EH.

Table 3 lists the commands in five categories: data read,
graphics drawing, fill, copy, and PUT/GET. Table 4 de-
scribes the commands and shows the register configu-
ration.
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Figures listed below give examples of DRAW commands.  Table 5 summarizes the DRAW commands. Table 6

Figure  Title de§c;|?e§E:*he 20 operation flags that can be set in
24 Graphics Drawing Commands registe :
25 Fill and Paint Commands
26 Copy Commands; Copy, Rotate, Slant
27 Copy Commands; Enlarge/Shrink, Rotate
Table 1. Register Classifications
Classification Application Register Name Address (Hex) Bits
#PD72120 AGDC control registers Status STATUS 3C-3D 9
Control CTRL 3D 8
Higher 8 bits of address in display memory direct BANK 3C 8
access
Display-related registers Display status setting DISPLAY CTRL 70-71 16
Display area setting DISPLAY PITCH 72-73 12
AC 73 3
DAD 74-76 24
wC() 77 8
WC(H) 7D 4
Cursor setting CRS 79 1
CE 79 1
GCSRX 78-79 12
GCSRYS 7A-7B 12
GCSRYE 7C-7D 12
Horizontal sync signal setting HS, HBP 7E-7F 12
HH, HD, HFP
Vertical sync signal setting VS, VBP, 7E-7F 12
L/F, VFP
Drawing-related registers Logical address zero point setting EADORG 00-02 24
dADORG 03 4
Logical address setting PITCHS 58-59 16
PITCHD 5A-5B 16
Plane setting PDISPS 0C-0E 24
PDISPD 10-12 24
PMAX 14-15 16
Interplane logical operation setting MODO 16 4
MOD1 16 4
PLANES 5E-5F 16
Clipping setting XCLMIN 62-63 16
YCLMIN 64-65 16
XCLMAX 66-67 16
YCLMAX 68-69 16
CLIP 6D 2
Enlarge/shrink coefficient setting MAGH 6C 4
MAGV 6C 4
Painting pattern setting PTNP 18-1A 24
PTNCNT 60-61 16
AGDC work area setting STACK 1C-1E 24
STMAX 5C-5D 16
Physical address (word address) EAD1 04-06 24
value setting EAD2 08-0A 24

3-1156



pPD72120

NEC

Table 1. Register Classifications (cont)

Classification Application Register Name Address (Hex) Bits
Drawing related-registers (cont) Physical address (dot address) value setting dAD1 07 4
dAD2 0B 4
Logical address (X coordinate) value setting X 40-41 16
DX* 44-45 16
XS 48-49 16
XE 4C-4D 16
XC 50-51 16
DH 54-55 16
Logical address (Y coordinate) value setting Y 42-43 16
DY 46-47 16
YS 4A-4B 16
YE 4E-4F 16
YC 52-53 16
Dv 56-57 16
Command COMMAND 6E-6F 16
Data port registers Data port during execution of PUT/GET PGPORT 3E-3F 16
Data port during execution of READ DP/READ DX* 44-45 16
CcoL
*The DX register is used as the logical address (X coordinate) value setting register
and at the same time as the data port during the execution of a READ DP or READ COL command.
Figure 14. Register Configurations
[(TIT T T T T TTTITTITITTIITITTITITITITIT] z%ee “W
02H 01H 00H
Plelolol [T 1] %me o
03H
R N T 1 I % i
06H » 05H 04H
[eTofofol T T 1] < ™
07H
A A I -+ "
0AH 09H 08H
[ofofofo T T T T1 &% M
0BH
A I v w
OEH ODH 0CH
OFH is not used
(1 1 I ™

12H 11H 10H
Note: Where 0's are shown in a register, they must be written.

13H is not used
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Figure 14. Register Configurations (cont)
0 N A [ +++4 “”
15H 14H
[ mopt | mooo | ppeiprg h
1en 17H is not used
IllllllIIIIIIIIIIIIIIIIIIZI'Zi. w
19H
1BH is not used
[(TTTTTITTITTITITITITITTITITITITITITT] s w
1EH 1DH 1CH
1FH is not used

Addresses 20H-3BH are used as internal working registers. These addresses are not available to the uset

lofofojofofojof J | J ] [ [ ] ]

3DH 3CH

{ CTRL | BANK |
3DH 3CH
llllllfllLJLl[lLJ

IIIIIIIIIIII

41H 40H

Ll

42H

IFLHJTIIIII

AN EEEEEEEE

I

|I|Il||lll|l

48H

IIIIIIllllll

4BH 4AH

[IFTIIJIJIJIILI

II[LJLJII]JIIHII

STATUS
9 bits

CTRL/BANK
8 bits each

PGPORT
16 bits

X
16 bits

Y
16 bits

DX
16 bits

DY
16 bits

XS
16 bits

YS
16 bits

XE
16 bits

YE
16 bits

R
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Figure 14. Register Configurations (cont)

HEEEEREEE

L] :i:J HEEEN :1: L L1
LI | 5LH HEEEEN 5JH L L 1]
LI | 51H HEEEEN SJH L1 1]
L1 ] siH HEE RN 5JH L L 1]
HEEEEEEEEEEEEEEN
L] ] :z: LTI ] :1: L L1
LL L] slH LT s!ﬁ L L 1]
LT 1 GEH LT LT SJH L1 1]
IJLI;IIILLLRLTTH
LI ] Gl; HEEEEN GJH L1 1]
LL L] elH HEE RN sl; HER
LT ] GlH HEE RN SJH L1 1]

XC RW
16 bits
YC RW
16 bits
DH RW
16 bits
Dv RW
16 bits
PITCHS RW
16 bits
PITCHD RW
16 bits
STMAX RW
16 bits
PLANES RW
16 bits
PTNCNT RW
16 bits
XCLMIN RW
16 bits
YCLMIN RW
16 bits
XCLMAX RW
16 bits
YCLMAX RW
16 bits

Addresses 6AH-6BH are used as internal working registers. They are not available to the user.

MAGH | MAGV |

6CH

L1 1 |

[ | [our]

6DH

MAGH/MAGV RW
4 bits each

CLIP RW
2 bits
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Figure 14. Register Configuration (cont)
[ OPERATION CODE J OPERATION FLAGS J %OZI::AND w
6FH 6EH
IllllH I D -
71 70H
o] ac | DISPLAY PITCH vy
73H 72H 3/12 bits
LT[ NN N I I I - v
‘ 76H 75H 74H
LITTTTITT] ¥ee v
77H
fers[cel o [ o |H GCSRX _ ] CRoREcSRx W
79 7
lofolofo] [TTTTTTTT] &&° v
7BH 7AH
[ wer | [ TTTTTTTT] wales™ v
7DH 7CH
HS w
[ofofofo] I R A 1™
7FH 7EH
HBP w
[ofofo]o] LI T T T T T T I t20m
7FH 7EH
HH w
[ofofofo] N A 4™
7FH 7EH
HD w
[ofofo]o] I O A 1™
7FH 7EH
HFP w
[ofoo]o] I I 1%
7FH 7EH
VS w
[ofofofo] I A ™™
7FH 7EH
vBP w
ofofofo] I I I A I 1*™
7FH 7EH
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Figure 14. Register Configurations {cont)

[ofoTefel TTTTTTTTTTTT] %o "
7FH 7EH

[ofeTelel TTTTTTTTTTT] %o N
7FH 7EH

HS, HBP, HH, HD, HFP, VS, VBP, L/F and VFP are all at address 7EH-7FH and must be written in the order listed.

Table 2. Register Descriptions

Address (Hex) Bits Name Description
00H-02H 24 EADORG Sets the physical address (effective address) in the display memory corresponding to
Execution Address the origin (0,0) on the logical plane (the X-Y coordinate plane).
Origin
03H 4 dADORG Sets the dot position in the physical address (effective address) in the display memory
Dot Address Origin corresponding to the origin (0,0) on the logical plane (the X-Y coordinate plane).
04H-06H 24 EAD1 Sets the drawing start physical address value in the drawing processor when the
Execution Address 1 drawing start position is given by the physical address.
o7H 4 dAD1 Sets the dot position in the display memory when the drawing start position is given
Dot Address 1 by the physical address
08H-0AH 24 EAD2 Sets the drawing start physical address value in the drawing processor when the
Execution Address 2 drawing start position is given by the physical address.
0BH 4 dAD2 Sets the dot position in the display mémory when the drawing start position is given
’ Dot Address 2 by the physical address.
OCH-0EH 24 PDISPS Sets the number of words that occupy one memory plane when the memory Is
Plane Displacement configured with two or more planes. in the case of a COPY command, sets the number
Source of words per source plane. In the case of a PAINT command, sets the number of words
per plane containing the tiling pattern.
10H-12H 24 PDISPD Sets the number of words that occupy one memory plane when the memory is
Plane Displacement configured with two or more planes. In the case of a COPY command, sets the number
Destination of words per destination plane. In the case of a PAINT command, sets the number of
words per painting plane.
14H-15H 16 PMAX Sets the number of planes (up to 16) in the display memory to be drawn, as shown in
Plane Maximum the following table:
PMAX Planes
0000 0000 0000 0001 1
0000 0000 0000 0010  1-2
0000 0000 0000 0100 1-3
0010 0000 0000 0000  1-14
0100 0000 0000 0000  1-15
1000 0000 0000 0000  1-16
16H 4 MODO Defines the type of logical operation to be performed during drawing or copying. When
Drawing Mode 0 the bit in the PLANES register corresponding to the memory plane is 0, the logical
operation defined by MODO is performed. See figures 15 and 16.
16H 4 MOD1 Defines the type of logical operation to be performed during drawing or copying. When
Drawing Mode 1 the bit in the PLANES registers corresponding to the memory plane is 1, the logical
operation defined by MOD1 is performed. See figures 15 and 16.
18H-1AH 24 PTNP Sets the first physical address in the display memory area containing the tiling

Pattern Pointer

(painting or filling) pattern.
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Table 2. Register Descriptions (cont)

Address (Hex) Bits Name Description
1CH-IEH 24 STACK Sets the first physical address in the display memory area to save data such as
Stack Pointer coordinates, etc., during retrieval of the boundary points during the PAINT command
(arbitrary area fill). It may be considered as the working area of the AGDC during
execution of the PAINT command.
3CH-3DH 9 STATUS Contains the internal status of the AGDC. The format is shown in figure 17.
Status
3CH 8 BANK The AGDC interface to the CPU accommodates up to a 20-bit address. The AGDC can
Bank address 16M words (32M bytes) of display memory (24-bit addressing). When the CPU
addresses display memory directly (through the AGDC), the lower 16 or 20 bits
provided by the CPU are combined with the 8 bits from the BANK register to form the
24-bit display memory address. The address combination is shown in figure 18,
3DH 8 CTRL Controls internal AGDC processing. See figure 19.
Control
8EH-3FH 16 PGPORT During a PUT operation, data is written to this register by the host CPU or system DMA
Put/Get Port controller. The AGDC then places the data into display memory. During a GET
operation, the host CPU or DMA controller reads the data from this register that was
retrieved from the display memory by the AGDC.
40H-57H 16 X, Y, DX, DY, XS, YS, Set the coordinate parameters for various drawing operations. The DX register is also
each XE, YE, XC, YC,.DH, used for reading the data during the READ COL command. The DH register is also
bv used for storing half the line pattern when a 32-bit line pattern is used.
58H-59H 16 PITCHS Sets the number of words in the horizontal direction of the source display memory area
Pitch Source to be transferred.
S5AH-5BH 16 PITCHD Sets the number of words in the horizontal direction of the display memory for drawing
Pitch Destination or as the destination of display memory transfer.
S5CH-5DH 16 STMAX Sets the size of the display memory area in words for the STACK (used during the
Stack Maximum arbitrary area fill PAINT command). Each boundary point found during the PAINT
command requires six words of memory in the STACK area.
5EH-5FH 16 PLANES Selects the type of logical operation to be performed on each plane during drawing or
Plane Select copying. Each bit in this register corresponds to a display memory plane.The least
significant bit (bit 0) corresponds to the first plane, the most significant bit (bit 15) to
the 16th plane. A 0 in the bit position for a plane indicates that the logical operation
specified by MODO is to be performed and a 1, the operation specified by MOD1.
60H-61H 16 PTNCNT Sets the line pattern for drawing straight and curved lines. During filling or painting
Pattern Count operations, the function of this register depends on the TL bit as follows.
TL = 1 PTNCNT specifies the length (in words) of the tiling pattern in display memory.
The starting address is contained in the PTNP register.
TL = 0 PTNCNT contains the actual 16-bit pattern to be used as the tiling pattern.
62H-69H 16 XCLMIN, YCLMIN, Defines the rectangular clipping region. An example is shown in figure 20.
each XCLMAX, YCLMAX
X and Y Clipping,
Minimum/Maximum
Values
6CH 4 MAGH Sets the horizontal enlarge/shrink factor.
Horizontal
Magnification
6CH 4 MAGV Sets the vertical enlarge/shrink factor.
Vertical

Magnification
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Table 2. Register Descriptions (cont)

Address (Hex) Bits Name Description
6DH 2 CLIP Sets the clipping mode to select one of the following operations.
Clipping Mode CLP  Function
00 Draws within the clipping rectangle. Must be in this mode for PAINT.
o1 No clipping operation
10 Draws outside the clipping rectangle
1 Prohibited
6EH-6FH 16 COMMAND Commands to be executed by the AGDC are written to this register. The lower byte
(bits 0-7) consists of operation flags and the upper byte (bits 8-15), an operation code.
Processing begins when an operation code is written to the COMMAND register.
70H-71H 16 DISPLAY CTRL Sets the operation of the display processor and sync signal generation. The formatand
Display Control function are shown in figure 21.
72H-73H 12 DISPLAY PITCH Sets the total number of words in the horizontal direction (width) of a plane.
Display Pitch Number of add (words)
0000 0000 0000 4096
0000 0000 0001 1
0000 0000 0010 2
0000 0000 0011 3
.1111 1111 1110 4094
1111 1111 1111 4095
73H 3 AC Defines which address bus signal lines should be used to output the refresh address.
Address Control .
AC Refresh address output pins Conditions for setting DT active
000 DADg-DAD42 DADg-DAD7 = 0
001 Disabled Disabled
010 Disabled Disabled
011 Disabled Disabled
100 DAD1-DAD12 DADf'DADa =0
101 DAD2-DAD 12 DAD2-DADg =0
110 DAD3-DAD42 DAD3-DAD4g =0
M DAD4-DAD 12 DAD4-DAD44 =0
74H-76H 24 DAD Sets the display starting address for the screen
Display Address
77H (Lower 8 12 wC Sets the number of displayed words during a horizontal scan line (while BLANK low or
bits), Word Count inactive)
7DH
bits) (Upper 4 wC Number of displayed words
0000 0000 0000 1
0000 0000 0001 2
1111 1111 1110 4095
1111 1111 1111 4096
78H-79H 12 GCSRX Sets the X (horizontal) coordinate start for the graphics cursor output pin. It is given
Graphics Cursor X as the number of dispaly cycles from the start of each horizontal scan line
Coordinate GCSRX Starting position on each horizontal line
0000 0000 0000 Disabled
0000 0000 0001 1st display cycle
0000 0000 0010 2nd display cycle
1111 1111 1110 4094th display cycle
1111 1111 1111 4095th display cycle
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Table 2. Register Descriptions (cont)

Address (Hex) Bits Name Description
79H 1 CRS Determines whether the horizontal and vertical cursor position registers are ANDed or
Cursor Configure ORed together. See figure 22.
Select
CRS Function
0 AND
1 OR
79H 1 CE Enables the graphics cursor signal to be output on the GCSR pin.
g:;i?; Display CE Function
0 Disabled
1 Enabled
7AH-7BH 12 GCSRYS Determines the starting Y (vertical) coordinate of the graphics cursor, counting
Graphics Cursor Y display lines from the top down.
d
Coordinate Start GCSRYS Vertical starting line
0000 0000 0000 Invalid
0000 0000 0001 1stdisplay line
0000 0000 0010 2nd display line
1111 1111 1110 4094th display line
1111 1111 1111 4095th display line
7CH-7DH 12 GCSRYE Determines the ending Y (vertical) coordinate of the graphics cursor, counting display
Graphics Cursor Y lines from the top down.
oordinate En
Coordinate End GCSRYE Vertical ending line
0000 0000 0000 Invalid
0000 0000 0001 1st display line
0000 0000 0010 2nd display line
1111 1111 1110 4094th display line
1111 1111 1111 4095th display line
7EH-7FH 12 HS (Horizontal Sets the horizontal video sync (timing) parameters. See figure 23.
Sync), HS Horizontal sync high-level period (horizontal retrace)
HBP (Horizontal HBP Horizontal back porch (non-displayed portion on left side of screen)
Back Porch), HH Rising/falling timing for even field synchronization during interlaced display
HH (HBP to HD Horizontal display period (active display time)

Midpoint Between
Consecutive HSs),
HD (Horizontal
Drawing Period),
HFP (Horizontal
Front Porch)

HFP Horizontal front porch (non-displayed portion on right side of screen)

HS, HBP, HH, HD, HFP * SCLK periods

0000 0000 0000 2 clocks
0000 0000 0001 4 clocks
1111 1111 1110 8190 clocks
1111 1111 1114 8192 clocks

*One display cycle is equal to two SCLK periods

Setting requirements
For display control by AGDC: HS, HBP, HH, HD, HBP = 4 SCLK periods
For interlace display: HBP = 6 SCLK periods
For AGDC in slave mode: HS = 10 SCLK periods
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Table 2. Register Descriptions (cont)

Address (Hex) Bits Name

Description

7EH-7FH 12 VS (Vertical Sync),
each  vBp (Vertical Back
Porch),

L/F (Lines per Field),

VFP (Vertical Front
Porch)

Sets the vertical sync (timing) parameters. See figure 23.
VS Vertical sync (retrace) high-level period
VBP Vertical back porch (non-displayed portion on upper part of screen)
L/F Lines per field (number of horizontal scan lines displayed)
VFP Vertical front porch (non-displayed portion on lower part of screen)

VS, VBP, L/F, VFP  *Horizontal scan lines
0000 0000 0000 4096

0000 0000 0001 1
0000 0000 0010 2
1111 1111 1110 4094
1111 1111 1111 4095

* Vertical timing parameters are set as multiples of the horizontal scan line period.
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Figure 15. Raster Operations: Replace and XOR (MOD0/MOD1)

Source [S] Destination [D]
000000000000000000
000000000000000000
0000000000 000000000000000000
00 00 000000000000000000
00 | 11{ 00 000000000000000000
oo | 11] oo
oo |11 ] oo 111111111111111111
00 00 111111111111 111111
0000000000 111111111111111111
1111111111111111114
111111111111111111
MOD = 0000; Replace Dby S MOD =0100; XORD and S
000000000000000000 000000000000000000
b|s|p 00 00 bl stp 00 00
00/ 0000000000 [00 00| 0000000000 |00
0 0 0 oo| o0 0o Joo 0 0 0 oo| oo 00 |00
ool oo |11} 00 |[oo ool oo [11] 00 {oo
0 1 1 — 00 | 11| 00 [—f 0 1 1
11 o0 | 11 ] oo |11 11 11 Joo} 11 11
1 0 0 11] o0 00 |11 1 0 3 11 11 11 |11
11| ooooo00000 |11 11 1111111111 11
11 11 11 11
1 1 1 111111111111111111 1 1 0 111111111111111111
MOD = 0001; Replace D by S MOD =0101; XORDand S
000000000000000000 000000000000000000
D | s 00 00 bl sf|opo 00 00
oof 1111111111 |oo ool 1111111111 |00
0 0 1 oo 11 11 (o0 o o 1 ool 11 11 oo
ool 11 oo} 11 |oo ool 11 Joo | 11 Joo
o 1 0 — 11 oo | 11 | 0 1 [}
11 11 Joo | 11 |11 11 00 J 11| 00 |11
5 0 1 1] 11 11 |11 1 0 0 11| 00 oo |11
11 1111111111 |11 11| 0000000000 (11
) 4 o 11 11 ] ] | 11 11
141141111111111111 11111111111 1111111
MOD =0010; Replace Dby 0 MOD =0110; XORDand 0
000000000000000000 000000000000000000
D | s 00 00 D | s | D 00 00
00| 0000000000 |00 00| 0000000000 |00
0 0 0 00| 0000000000 |0O 0 0 0 00/ 0000000000 {00
00{ 0000000000 |00 00/ 0000000000 |00
0 1 0 — 0000000000 |— 0 1 0
11| 0000000000 {11 11 1111111111 11
1 0 0 11| 0000000000 (11 1 0 1 11 1111111111 {11
11 0000000000 |11 11 1111111111 |11
s 4 o 11 11 ] ] ] 11 11
111111111111111111 111111111111111111
MOD =0011; Replace D by 1 MOD =0111; XORD and 1
000000000000000000 000000000000000000
b|s|po 00 00 b|s|p 00 00
00f 1111111111 [oo0 oo/ 1111111111 Joo
0 0 1 00 1111111111 |00 0 Y 1 ool 1111111111 |oo0
oof 1111111111 [oo0 ol 1111111111 {00
0 1 1 — 1111111111 |— 0 1 1
11 1111111111 |11 11/ 0000000000 |11
1 0 1 14 1111111111 |11 1 0 0 11| 0000000000 {11
11 1111111111 (11 11| 0000000000 |11
s ' ] 11 11 . ) o 11 11
111111411111111111 111111111111111111
49NR-3898
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Figure 16. Raster Operations; AND and OR (MOD 0/MOD1)

Destination [D]

000000000000000000
000000000000000000
000000000000000000
000000000000000000
000000000000000000

Source [S]
0000000000
00 00
oo |11 ] oo
oo f11] o0
o0 |11 ] oo
00 00
0000000000
MOD =1000; AND Dand S
o o 000000000000000000
00 00
ool 0000000000 [00
0 0 00| 0000000000 (00
00 0000000000 (00
0 0 —1 00 00
11| oo [::] oo |11
1 0 11 00 oo |11
11| o0o0ooo0o00000 |11
4 s 11 11
111114111111111111
MOD = 1001; ANDD and S
000000000000000000
b s|pD 00 00
00|/ 0000000000 (00
0 o oo| oooooooo000 |00
00| 0000000000 |00
0 0 00
11 11 Iool 11 |11
1 1 11 11 11 |11
11 1111111111 111
4 0 11 11
111111111111111111
MOD = 1010; ANDD and S
o D 000000000000000000
00 00
00/ 0000000000 |00
0 0 00| o0 00 |oo
00l 00 00 |oo
0 1 —— 00 00 |
11| 0000000000 |11
1 0 11/ 0000000000 |11
11/ 0000000000 |11
1 o 11 11
111111111111111111
MOD =1011; ANDDand S
b b 000000000000000000
00 00
oof 1111111111 |00
0 1 ool 11 11 |00
oof 11 |oo| 11 |00
0 0 00
11 0000000000 |11
1 0 11| 0000000000 |11
111 0000000000 |11
1 o 11 11
111111111111111111

111111111111111111
111111111111111111
111111111111111111
111111111111111111
111111111111111111
MOD =1100; ORD and S
b s D ggoooooooooooooogg
00| 0000000000 {00
0 0 0 oo| oo oo foo
ool oo |11I oo (oo
0 1 1 11
11 1111111141 |11
] 0 1 11 1111111111 |11
1T 1111111111 |11
4 4 4 11 11
111111111111111111
MOD = 1101; ORD and §
b s b 000000000000000000
0 0 1
0 1 0
1 0 1
1 1 1
MOD = 1110
D s D
ool 1111111111 (o0
0 0 1 ool 1111111111 oo
ool 1111111111 |00
0 1 1 11
11 oo | 11| o0 |11
1 0 0 11| o0 -1 00 |11
11| 0000000000 |11
. 4 ] 11 11
111111411111111111
MOD =1111; ORD and §
D s D gooooooooooooooooo
0 0 1
0 1 1
1 0 1
1 1 0

49NR-390B
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Figure 17. Status Register Format

8 7 6 5 4 3 2 1 0
| cup | perov | opors VSB Vs DPERR | PPERR | DPBSY | PPBSY

3DH 3CH
Bit Flag Name Abbreviation Meaning When Bit = 1
0 Preprocessor Busy PPBSY The preprocessor is executing a command.
1 Drawing Processor Busy DPBSY The drawing processor is executing a command.
2 Preprocessor Error PPERR An error was detected during the execution of a command by the preprocessor.
3 Drawing Processor Error DPERR An error was detected during execution of a command by the drawing processor.
4 Vertical Sync Period Vs Indicates vertical sync period.
5 Vertical Blanking Period VsB Indicates vertical blanking period.
6 Odd Field ODDFD Indicates odd field during interlaced operation.
7 Put/Get Ready PGRDY Indicates that data can be transferred during a PUT or GET command.
8 Clipping CLIP Picking or object detected.
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Figure 18. Display Memory Addressing

Display
o Memory
Interface Memory
0——+DA23
DA 22
MSB DA
Ty DA 20
SDM - Bank o
¢ Register
LSB
- DA1g
A1g
E - DA17
A1g
E ) DA1s
A7
- DAD15
Ate ! >
DAD14
Aos DAD13
e DAD12
Aoy DAD11
AD 12
DAD 10
o DADg
v : DADg
ol DAD7
ADg
DADg
A> DADs
AD DAD4
AD: DAD3
AD4
DAD2
AD DAD1
AD DADg
AD4

DLBE
ADg

>£D~—— DUBE
UBE

83SL-5850A
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Figure 19. Register Format

7 6 5 4 3 2 1 0
[ oee [ pee [ ce | o | o [ o | asorr | meser
Bit Flag Name Abbreviation Meaning When Bit = 1
0 Software Reset RESET Initializes uPD72120.
1 Processor Abort ABORT Stops any processing being performed and clears the processor BUSY status.
2 Not used Must be set to 0.
3 Not used
4 Not used
5 Clipping Interrupt Enable CIE Enables the INT signal when picking (drawing in the clipped region).
6 Preprocessor Busy PBIE Enables the INT signal when the preprocessor status changes from BUSY to NOT
Interrupt Enable BUSY.
7 Drawing Processor DBIE Enables the INT signal when the drawing processor status changes from BUSY to
Busy Interrupt Enable NOT BUSY.

Figure 20. Rectangular Clipping Region

Y

———~ YCLMAX

Clipping
Rectangle

——=—+< YCLMIN

XCLMIN ~ XCLMAX |(o,0)

83SL-5847A

Figure 21. Display Control Register
MSB 15 14 13 12 11 1 9 8 7 6 5 4 3 2 1 0 LSB
[om[orr[  oab+ [ N [ Re | sc [Focifrco]mask] ms | sp | LAt [sPsT|svs |

Bit Flag Name Abbreviation  Function

0 Slave Sync SVs When the AGDC is in the slave mode, SVS determines the initialization of the inter-
nal horizontal and vertical counters. SVS is ignored in the master mode.
SVS

"0 Initializes the vertical and horizontal counters at the rising edge of EXVS and
EXHS, respectively.
1 Initializes the vertical and horizontal counters at the rising edge of EXVS.

1 Sync Parameter Setting SPST Enables the writing of the sync timing parameters (HS, HBP, HH, HD, HFP, VS, VBP,
L/F and VFP) to address 7EH-7FH. The writing should take place after SPST is set
to 0, then to 1.
SPST
0 Disables writing of sync parameters
1 Enables writing of sync parameters

2 Display Lines per Frame in  LFl Defines whether there is an even or odd number of lines per frame in interlaced
Interlace Mode mode. LFl is ignored in non-interlacéd mode.
LFl

"0  Even total number of lines for the sum of even and odd fields (one frame).
1 Odd total number of lines for sum of even and odd fields.
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Figure 21. Display Control Register (cont)

Bit Flag Name

Abbreviation

Function

3 Stop Display

SD

Defines the state of the BLANK output signal. SD is set to 1 by a high level on the

RESET pin.

sD

0 BLANK signal active (high) only for the non-display period defined by the
video sync signals.

1 BLANK signal active for display and non-display periods (on continuously),

4 Master/Slave

M/S

Defines whether the AGDC is a master or a slave in terms of video sync signal gen-
eration.
ms
0 Sets the AGDC to slave mode (video sync signals input through EXVS and
EXHS).
1 Sets the AGDC to master mode (generates video sync signals and outputs
them through VS and HS).

5 Mask

MASK

Defines the VS signal output timing in the master mode. In the slave mode, defines
the validity of the EXHS and EXVS sync timing input.

MS MASK

0 0 Accepts EXHS and EXVS sync timing input.

0 1 Ignores EXHS and EXVS sync timing input.

1 0 Only the VS signal of the even field in interlace mode is output.

1 1 The VS signal is output normally.

6 Timing Counter Clear

TCCL

Defines the timing for initializing the internal display cycle counter when the AGDC
is in slave mode. TCCL is ignored when the AGDC is in master mode.

TCCL
0 Does not initialize the display cycle counter on the rising edge of EXVS.
1 Initializes the display cycle counter on the rising edge of EXVS (sets the

counter to the D1 cycle).

7 Field Counter Clear

FCCL

Defines the timing for initializing the internal field counter when using interlaced
display in the slave mode. When the AGDC is in master mode or non-interlaced dis-
play, FCCL is ignored.
FCCL

0  Does not initialize the field counter on the rising edge of EXVS.

1 Initializes the field counter on the rising edge of EXVS, setting the counter to
the even field.

8 Steal Control

sC

Defines the relationship between the CLK and SCLK signals when the AGDC is in
the DT mode (using video RAMs). If the AGDC is in cycle steal mode, SC is ignored.
§C
0 CLKdoes not equal SCLK.

1  CLKand SCLK are the same

9 Refresh Enable

RE

Defines whether the AGDC is to generate DRAM refresh addresses.
RE
0 The AGDC does not generate DRAM refresh addresses
1 The AGDC generates DRAM refresh address while HS is active (high)

10 Interlace

Defines whether interlaced or non-interlaced display mode is to be used.

0 Non-interlaced display
1 Interlaced display
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Figure 21. Display Control Register (cont)

Bit Flag Name

Abbreviation

Function

11, Display Address
12, Proceedings
13

DAD +

Defines how the AGDC's 24-bit display address register is to be incremented during
each display cycle. The register is not incremented while BLANK is active. It is in-
cremented ast each display cycle (two SCLK periods) in the DT (VRAM) mode or
each time a display cycle is started in the CS (cycle steal) mode.

DAD +

000
001
010
011
100
101
110
m

DAD +1
DAD +2
DAD +4
DAD+8
DAD +16
DAD +32
DAD +1/4
DAD +1/2

Increment

DAD - DAD+1 — DAD+2 — DAD+3 — DAD+4. ..

DAD - DAD+2 — DAD+4 — DAD+6 —~ DAD+8. ..

DAD - DAD+4 — DAD+8 — DAD+12 -+ DAD+16 . ..
DAD — DAD+8 - DAD+16 — DAD+24 — DAD+32. ..
DAD — DAD+16 — DAD +32 — DAD+48 — DAD+64 . . .
DAD — DAD +32 — DAD +64 — DAD+96 —» DAD+128.. ..
DAD -+ DAD - DAD — DAD — DAD+1 — DAD+1 —. ..
DAD - DAD — DAD+1 — DAD+1 — DAD+2 — DAD+2. .

14 Data Transfer Timing

DTT

Defines the output timing for the DT (data transfer) signal when using VRAMs. DTT
is ignored in the cycle steal mode.

oIt
DT is generated (active low) when any of the following conditions is true.

(a) Atthe start of the screen display (at the first rising edge of the BLANK sig-

4]

nal in a frame)
(b) Atthe start of each horizontal scan line (at the falling edge of BLANK) 3
(c) When all 8 AC register-defined bits of the 24-bit display address are 0
(when the lower 8 bits are 00H).
DT is generated when any of the following conditions is true.
(a) Atthe start of the screen display (at the first rising édge of the BLANK sig-
nal in a frame)

(b) When all 8 AC register-defined bits of the 24-bit display address are 0.

15 Data Transfer Mode

DTM

Defines the display cycle generation timing. Data transfer mode is normally used
with video RAMs and cycle steal mode with other types of memories.

DT™M
0  Sets the cycle steal (SC) mode. The DT/DISP pin outputs the DISP signal (ac-
tive low). Display and drawing cycles alternate in this mode.
1 Sets the data transfer (DT) mode. The DT/DISP pin outputs the DT signal (ac-
tive low).
Figure 22. Cursor Position Select
CRS =0 CRS =1
1 Display Cycle—>| |<— 1 Display Cycle —>l |<—
R i B -
-«—GCSRYS:
GCSRYE
GCSRX GCSRX
83SL-5848A
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Figure 23. Horizontal and Vertical Timing Parameters

HSYNC

HBLANK

VSYNC
2nd Field

VSYNC
1st Field

VSYNC

VBLANK

1 1H ol
[ |
— HFP |<—
HS | HD -!
—»| HBP |¢———— HH ———l
v |
I
VS | UF | VFPle—
—=| VBP Lq—-

83SL-58498
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Table 3. List of DRAW Commands

Commands Absolute Coordinates Relative Coordinates
Data Read Commands Coordinate value read READ_DP
Color information read READ_COL
Graphics Drawing Dot DOT.D
Commands ADOTM RLDOT_M
Straight line A_LINE_MO R_LINE_MO
A_LINE_M1 R_LINE_M1
A_LINE_M2 R_LINE_M2
A_LINE_DO R_LINE_DO
A_LINE_D1 R_LINE_D1
A_LINE_D2 R_LINE_D2
A_LINE_D3
Rectangle A_REC R_REC
Circle CRL
Arc CARC
Circle sector CSEC
Circle segment (bow) CSEG
Ellipse ELPS
Ellipse arc EARC
Ellipse sector ESEC
Ellipse segment (bow) ESEG
Fill Commands Arbitrary area fill PAINT
Triangle fill A_TRI_FILL
Trapezoid fill A_TRA_FILL
Rectangle fill A_REC_FILL.C
A_REC_FILL A R_REC_FILL
Circle fill CRL_FILL
Ellipse fill ELPS_FILL
Copy Commands Physical address to physical address A_COPY_AA
Coordinate to physical address A_COPY_CA
Physical address to coordinate A_COPY_AC
Coordinate to coordinate A_COPY_CC
Copy function extensions 90°_COPY
SL_COPY
FR_ES_COPY
ES_COPY
PUT/GET Commands System memory to display memory PUT_A
PUT.C
Display memory to system memory GET_A
GET_C
GET function extensions 90°_GET
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Table 4. DRAW Command Descriptions

Commands Name Description
Data Read Commands READ_DP The current drawing pointer coordinates (X#, Y#) are output
Read Drawing Pointer to the X and Y registers to be read by the host CPU.

6FH

6EH

lolofofofo]

-

|oJofofJoJoJoJoJofo]o]

READ_COL
Read Color

6FH

The color information in each memory plane corresponding to
the coordinates (X, Y) pointed to by the X and Y registers is
placed in the DX register to be read by the host CPU. The
least significant bit corresponds to the first plane, the most
significant bit to the 16th plane.

6EH

[t fofofsr]r]

ofofJoJofJofloJofo]o]o]

Graphics Drawing Commands

DOT_D
Dot Direct

6FH

A dot is drawn at the current drawing pointer coordinates (X#,
Y#). The drawing pointer (X#, Y#) remains unchanged. The bit
pointer of the PNTCNT register shifts from the LSB by 1 bit
toward the MSB .

6EH

o

lofofofofn]

o[ ofofr]olren Bex [o] o]

A_DOT_M
Absolute Dot with Move

6FH
r

A dot is drawn at the (X, Y) coordinates pointed to by the X
and Y registers, respectively. The drawing pointer (X#, Y#)
changes to (X, Y). The bit pointer of the PNTCNT register
shifts from the LSB by 1 bit toward the MSB .

6EH

[oJoJoJoft]r]

o ofjofm]olexen Bx | o] 0]

R_.DOT_M
Relative Dot with Move

6FH

A dot is drawn at the (X+DX, Y +DY) defined by the X, DX, Y,
and DY registers, respectively. The drawing pointer (X#, Y#)
changes to (X+DX, Y +DY). The bit pointer of the PNTCNT
register shifts from the LSB by 1 bit toward the MSB .

6EH

l[ofofofr1]o]

o

o[ ofJo]m]oleen Bex [ o] o]

Absolute Line with Move 0, 1, 2

A straight line is drawn from coordinates (X, Y) pointed to by
the X and Y registers to (XE, YE) pointed to by the XE and YE
registers. WEP determines whether the end point (XE, YE) is
drawn. The drawing pointer (X#, Y#) changes to (XE, YE). The
commands differ as follows.

A_LINE_MO

6FH

The X and Y registers change to the values in the XE and YE
registers. The XE, YE, XS, and YS registers do not change
value.

6EH

lofofofrfofr]

o[ o]eo]w [espxen] eerx [Esn|wer|

"D
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Table 4. DRAW Command Descriptions (cont)

Commands Name Description
Graphics Drawing A_LINE_M1 The X, Y, XE, YE, XS, and YS registers do not change value.
Commands (cont)
6FH 6EH
[oJoJo[1+]1]of[o]o]eo]|r[espxeN Brpx [Esnwer]
(PL)
A_LINE_M2 The XS and YS registers change to the values in the X and Y

registers. The X and Y registers change to the values in the
XE and YE registers. The XE and YE registers do not change

value.
6FH 6EH
[oJoJo[ 1]+ 1]oJo]eo[wr[espxeN] srex [esH|[wep|
(]
Absolute Line Direct 0, 1, 2, 3 A straight line is drawn from the current drawing pointer (X#,

Y#) to the coordinates (XE, YE) pointed to by the XE and YE
registers, respectively. The values in the X and Y registers
should be equal to the drawing pointer (X#, Y#) in order to
execute these commands. The drawing of the end point (XE,
YE) is determined by WEP. The commands differ as follows.

A_LINE_DO The drawing pointer (X#, Y#) and X and Y register values
change to XE and YE. The values in the XE, YE, XS, and YS
registers do not change.

6FH 6EH
folo[1]ofofo|o|o]e]wr|es|xeN Brex [EsH|wer|
(PL)
A_LINE_D1 The values in the X, Y, XE, YE, XS, and YS registers do not
change. The drawing pointer (X#, Y#) changes to (XE, YE).
6FH 6EH
f[oJo]1JofJo]1]o]o]eo]|wr]espxen eeex [esn|wer]
(PL)
A_LINE_D2 The values in the XS and YS registers change to those in the X

and Y registers. The X and Y register values change to those
in the XE and YE registers. The XE and YE register values do
not change. The drawing pointer (X#, Y#) changes to (XE,
YE).
6FH 6EH
l[ofo[ 1ol 1o ofo]eo]w[es[pxeN Brx [Esn|wer]
(P
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Table 4. DRAW Command Descriptions (cont)

Commands

Name Description

Graphics Drawing
Commands (cont)

A_LINE_D3 The values in the XS and YS registers are used for the end
point of the line. The drawing pointer changes to (XS, YS). The
values in the X and Y registers change to those in the XS and
YS registers. The XE, YE, XS, and YS register values do not

change.
6FH 6EH
foJoJt+Jo[1]1]o]o]eo|wr|es[xeN Beex [EsH|wer|
(PL)
Relative Line with A straight line is drawn from coordinates (X, Y) pointed to by
Move 0, 1, 2 the X and Y registers to the point (X+DX, Y+ DY) with DX and

DY contained in their respective registers. Drawing of the end
point is determined by the WEP bit.

R_LINE_MO The drawing pointer (X#, Y#) changes to (X+DX, Y +DY). The
X and Y registers change to (X+DX, Y +DY). The DX, DY, XS,
and YS register values do not change.

6FH 6EH
[oJoJt]1JoJo]o]o]eo]|ww]es]|xen eeex [EsH|wer]
(PY
R_LINE_M1 The drawing pointer (X#, Y#) changes to (X+DX, Y+DY). The
X, Y, DX, DY, XS, and YS register values do not change.
6FH 6EH
[oJoJ+ 1o 1]o]o]eo|wr|es|xen Beex [EsH|wer]
(PL)
R_LINE_M2 The drawing pointer (X#, Y#) changes to (X+DX, Y+DY). The

XS, and YS registers change to (X, Y). The X and Y registers
change to (X+DX, Y+DY). The DX and DY register values do

not change.
6FH 6EH
oo+ [ 1] 1]o]o]o]eo|wr]|es|xen seex [EsH|wer|
(PL)
R Line Direct 0, 1, 2 A straight line is drawn from the drawing pointer (X#, Y#) to

the coordinates (X+DX, Y +DY) pointed to by the DX and DY
registers. The drawing of the end point is determined by the
WERP bit. The drawing pointer changes to (X+DX, Y +DY).

R_LINE_DO The X and Y registers change to (X+DX, Y +DY). The DX, DY,
XS, and YS register values do not change.
6FH 6EH
[oJo [+ 1] 1] 1]o]o]en]|wr|es|pxen Brrx |esH|wer|
(PL)
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Table 4. Drawing Command Descriptions (cont)

Commands Name Description
Graphics Drawing R_LINE_D1 The X Y, DX, DY, XS, and YS register values do not change .
Commands (cont)
6FH 6EH
[o]1]ofoJo[o]o]o]eo]|wr][espxeN sepx [Esn|wer|
(PL)
R_LINE_D2 The XS and YS registers change to (X, Y). The X and Y regis-

ters change to (X+DX, Y+DY). The DX and DY register values
do not change.

6FH 6EH
o]t ]ofof[of[1]o]o]eo|wr|es|pxeN Brex [EsH|wer]
(P
A_REC A rectangle with horizontal and vertical sides parallel to the X
Absolute Rectangle and Y axes is drawn with the diagonal vertices at coordinates

(X, Y) and (XS, YS) pointed to by the X, Y, XS, and YS regis-
ters, respectively. The drawing pointer (X#, Y#) changes to (X,
Y).
6FH 6EH
ol 1[ofo[1[ofo]o]olfwr][es]xeN Brex [esH| o |

R_REC A rectangle with horizontal and vertical sides parallel to the X
Relative Rectangle and Y axes is drawn with the diagonal vertices at coordinates
(X, Y) and (X+DX, Y+DY). The drawing pointer (X#, Y#)
changes to (X, Y).
6FH ) 6EH

[o]1]ofJo] 1] 1]ofo]ofw][es]xenN serx [esH] o |

CRL A circle is drawn counterclockwise with the center at (XC, YC)

Circle pointed to by the XC and YC registers and with radius DX de-
fined by the DX register. The drawing pointer (X#, Y#)
changes to (XC, YC+DX). The circle is started from (XC,
YC+DX). DX must be > 0.

6FH 6EH
[o[ 1 Jo[1JoJofoJoJo w]olrenN Brx [o]o]

CARC A circular arc is drawn from coordinates (XS, YS) to (XE, YE)

Circle Arc with the center of the circle at (XC, YC) and radius DX. These
are pointed to by the XS, YS, XE, YE, XC, YC, and DX regis-
ters, respectively. The drawing pointer changes to (XE, YE).
DX must be > 0.

6FH 6EH

o1 o[ 1[o[1]ofofJcr|w[oxeN Bex | o [wer|

CSEC A circular sector is drawn with the center at (XC, YC), DX the
Circle Sector radius, (XS, YS) the starting point, and (XE, YE) the ending
point. The drawing pointer changes to (XS, YS).
‘DX must be > 0.
6FH 6EH

[o]1Jo[ 11 JoJo[oJcr][w[olexeN Berx | 0| 0|
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Table 4. DRAW Command Descriptions (cont)

Commands Name

Description

Graphics Drawing CSEG
Commands (cont) Circle Segment

6FH

A circle segment is drawn with the arc starting at (XS, YS),
ending at (XE, YE), the circle center at (XC, YC), and with ra-
dius DX. A line segment connects the arc starting and ending
point to complete the segment. The drawing pointer (X#, Y#)
changes to (XS, YS). The radius DX must be > 0.

6EH

[o]1Jo] 11 ]o]1Jo]cr]w [ olexen Beex | 0| 0|

ELPS
Ellipse

6FH

An ellipse with major and minor axes parallel to the coordinate
axes Is drawn counterclockwise with the center at (XC, YC), the
Y-direction radius DY, and the ratio of the squares of the X-axis
and Y-axis radii in DH and DV such that DX2/DY2 = DH/DV.
The drawing pointer (X#, Y#) changes to (XC, YC+DY). The
radius DY must be > 0.

6EH

loftfofrfr]r]

o[ oJo[w[olxeN Brex [0 ] 0|

EARC
Ellipse Arc

6FH

An elliptical arc with major and minor axes parallel to the coor-
dinate axes is drawn from (XS, YS) to (XE, YE) with the ellipse
center at (XC, YC), Y-direction radius DY, and the ratio of the
squares of the X- and Y-direction radii DX2/DY2 = DH/DV.

The drawing pointer (X#, Y#) changes to (XE, YE). The radius
DY must be > 0.

6EH

[o]t1[1JoJo]oJo[ofcr[w [ o fpxeN Bex | o [wer|

ESEC
Ellipse Sector

6FH

An elliptical sector with major and minor axes parallel to the
coordinate axes is drawn from (XS, YS) to (XE, YE) with the
ellipse center at (XC, YC), Y-direction radius DY, and the ratio
of the squares of the X- and Y-direction radii DX2/DY2 =
DH/DV. The drawing pointer (X#, Y#) changes to XS, YS).
The radius DY must be > 0.

6EH

[o] 1] 1]Jofo[1]ofo]cr[w]|olpxen Bex | o] 0|

ESEG
Ellipse Segment

6FH

An elliptical segment with major and minor axes parallel to the
coordinate axes is drawn from (XS, YS) to (XE, YE) with the
ellipse center at (XC, YC), Y-direction radius DY, and the ratio
of the squares of the X- and Y-direction radii DX2/DY2 =
DH/DV. The drawing pointer (X#, Y#) changes to (XS, YS).

6EH

[oT 11 JoJo] t+Jo] 1t Jcr] ] oleen Brex [ o] o]
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Table 4. DRAW Command Descriptions (cont)
Commands Name Description

Fill and Paint Commands PAINT A boundary-point search is carried out starting from coordi-
nates (X, Y) and the resulting enclosed area is filled with a
solid or tiling pattern. When PMOD = 0, the boundary colors
are set into the DX register. The area to be painted must be
enclosed within the clipping rectangle and the CLIP register
must be set to 00.

6FH 6EH

[o]t[1]o]1JofloJo]Jm]o]1][ss| omogd o] o |

A_TRI_FILL A triangular region with vertices at (X, Y), (XS, YS), and (XC,
Absolute Triangle Fill YC) is filled with the tiling pattern. Y, YS, and YC must not be
equal to each other.
6FH 6EH

o]t ]t Jo]t[1JoJofm|[o] 1 [ss[w|wr[o] o]

A_TRA_FILL A trapezoidal area with its parallel sides (upper and lower) de-

Absolute Trapezoid Fill fined by line segments connecting (X, Y) to (XS, Y) and (YS,
YE) to (XE, YE), where YS is an X-axis value, is filled with the
tiling pattern.

6FH 6EH

o1 [ 11 ]ofofofJofmn[o|[1[ss[w|wr|]o]o|
R_TRA_FILL A trapezoidal area with its upper parallel side defined by the
Relative Trapezoid Fill line segment connecting (X, Y) to (XS, Y), a height of DV+1

dots above the lower side line segment connecting X+DX and
XS +XC, is filled with the tiing pattern.

6FH 6EH
fof 111 ]of1]ofofmn]o]1]|ss|w|wr| o] o]

A_REC _FILL_C A rectangle with vertical and horizontal sides parallel to the
Absolute Rectangle Fill by coordinate axes is filled with the tiling pattern. The diagonal
Coordinates vertices of the rectangle are (X, Y) and (XS, YS).

6FH 6EH

[1JoJoo 1t [oJo]m]o]1[ss][w[wnlrst| o |

A_REC_FILL A A rectangle with vertical and horizontal sides parallel to the
Absolute Rectangle coordinate axes is filled with the tiling pattern. The rectangle
Fill by Address . is defined by the number of dots in the horizontal direction

DH+ 1, the number of dots in the vertical direction DV +1, the
starting address (physical address) EAD1, and the bit position
in the starting address dAD1.

6FH 6EH
[tlofofofsJ e eJofJofJoJaJefrfr1]r]o]
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Table 4. DRAW Command Descriptions (cont)

Description

Commands Name

Fill and Paint R_REC_FILL

Commands (cont) Relative Rectangle Fill
by Coordinates

A rectangle with vertical and horizontal sides parallel to the
coordinate axes is filled with the tiling pattern. The rectangle
is defined by the starting point (X, Y), the horizontal width DX,
and the vertical height DY. The diagonal vertices are at (X, Y)
and (X+DX, Y +DY).

6FH 6EH
[1 ool 1]oJo[oJofmn]o[1[ss|[w]wr]ras] o |
CRL_FILL A circle with its center at (XC, YC) and a radius of DX is filled
Circle Fill with the tiling pattern. Points on the circumference are filled.
The filling starts from the top of the circle and proceeds
downward.
6FH 6EH
[o[1 o1 JofofJoJofm[o]1]ss[1]1]o]o]
ELPS_FILL An ellipse with its major and minor axes parallel to the coordi-
Ellipse Fill nate axes, center at (XC, YC), Y-direction radius DY, and ratio
of the squares of the X- and Y-direction radii DX2/DY2 =
DH/DV is filled with the tiling pattern. The filling starts from
the the top of the ellipse and proceeds downward.
6FH 6EH
o1 o111 JoJofmJoJ1]ss[1]1]o0]0o]
Copy Commands A_COPY_AA A rectangular area of memory starting from physical location
Absolute Copy Address EAD2 and bit position dAD2, with horizontal size DH+1 dots
to Address and vertical size DV +1 dots, is transferred to the rectangular
area of memory starting from EAD1 and bit position dAD1.
6FH 6EH
[o]t [ 1] 1] 1]o]o]o]ese|rev[ror] o | sp_seL [rast] o |
A_COPY_CA A rectangular area of display memory starting from (XS, YS),
Absolute Copy Coordinate with horizontal size DH+ 1 dots and vertical size DV +1 dots,
to Address is transferred to the rectangular area of memory starting from
physical address EAD1 and bit position dAD1.
6FH 6EH
o[ 1]+ 1] 1] 1]0o] o]eselrev|ror| o [ spseL [rasT| 0 |
A_COPY_AC A rectangular area of display memory starting from physical
Absolute Copy Address address EAD2 and bit position dAD2, with horizontal size
to Coordinate DH+ 1 dots and vertical size DV +1 dots, is transferred to the
rectangular area of memory starting from (X, Y).
6FH 6EH
[ 1]olofofo]o]o]| ol]eselrev|ror| o | spseL [rast| o |
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Table 4. DRAW Command Descriptions (cont)

Commands Name Description
Copy Commands (cont) A_COPY_CC A rectangular area of display memory starting from (XS, YS),
Absolute Copy Coordinate with horizontal size DH+ 1 dots and vertical size DV +1 dots,

to Coordinate

6FH

is transferred to the rectangular area of memory starting
at (X, Y).
6EH

L1 fofofofofr]

o | o Jese|rev|ror| o | spseL [rast| o |

Copy Function Extensions

The function of each COPY command can be extended by
changing the lower 2 bits of the command code. This exten-
sion is defined in the lower byte (6EH) of the command
register.

90°_COPY
90° Rotation Copy

The transferred memory area is rotated 90° counterclockwise.

6EH

|EseE|Rev|ROT| 1 | sDSEL | 0 | o |

SL_COPY The data in a rectangular area of display memory is slanted
Slant Copy by DX in the X-direction to the change in the Y-direction
6EH
|EsE |[Rev|RoT| 0 | sDSEL [ o | 1 |
FR_ES_COPY The rectangular data from the source area is transferred to a
Free Angle Rotation, parallelogram at the destination area in display memory. DY
Enlarge/Shrink Copy and DX determine the angle for the horizontal side, XE and YE
for the vertical side. MAGH and MAGV determine the horizon-
tal and vertical enlargement or shrink factors.
6EH
|EsH|Esv|Fs | 1 | spsEL [ 1 | o |
ES_COPY The rectangular data from the source area is transferred to a
Enlarge/Shrink Copy rectangular area at the destination in display memory and en-

larged or shrunk in the horizontal and/or vertical direction.
MAGH and MAGV determine the horizontal and vertical scale
factors.

6EH

[esH|Rev [RoT[ESV| SDSEL [ 1 | 1 |
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Table 4. DRAW Command Descriptions (cont)

Commands Name Description
PUT/GET Commands PUT_A Transfers data from the PGPORT register to a rectangular area
Put Data to Address of display memory starting from word address EAD1 and bit
Field position dAD1 with horizontal width DH+ 1 dots and vertical
height DV + 1 dots.
6FH 6EH

|1|o|o|1|oi1jojo[o|HEV[ROT|0|SD_SEL|1|1|

PUT_C Transfers data from the PGPORT register to a rectangular area
Put Data to of display memory starting from (X, Y) with horizontal width
Coordinate Field DH+1 dots and vertical height DV+1 dots.

6FH 6EH
[1JoJo]1]1]o]o|[o]o[revfror| o spseL | 1] 1|

GETA Transfers data to the PGPORT register from a rectangular area
Get Data from Address of display memory starting from word address EAD1 and bit
Field position dAD1 with horizontal width DH+ 1 dots and vertical
height DV +1 dots.
6FH 6EH

[1|o|o|1|ol1J1Jolo[o|o|ojSD_SEL|1J0J

GET.C Transfers data to the PGPORT register from a rectangular area
Get Data from of display memory starting from (X, Y) with horizontal width
Coordinate Field DH+1 dots and vertical height DV +1 dots.

6FH 6EH

t1rJoflol 1]+l ol1]ofo]ojofo]soser|1]1]

Get Function Extensions Data in the rectangular area of display memory is rotated
90°_COPY through 90° and transferred to the PGPORT register.
6EH

[ o [rev]ror| 1+ [spseL [ 1 [ o |
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Figure 24. Graphics Drawing Commands
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Figure 25. Fill and Paint Commands

Paint

DX: Boundary Color

Ellipse Fill [ELPS_FILL]

DH:DV=DX2:DY2

Circle Fill [CRL_FILL]

Triangle Fill [A_TRI_FILL]
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49NR-361B
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REV=1, ROT=1 REV=1, ROT=1 O

L

REV=1, ROT=1

Figure 26. Copy Commands; Copy; Rotate, Slant
Source
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F
fe—DH—>Y ESE=1
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49NR-3628
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Figure 27. Copy Commands; Enlarge/Shrink, Rotate

Source

ol
]

le—— DH —>
Enlarge/Shrink Copy [ES_COPY] Arbitrary Angle Rotation Copy [FR_ES_COPY]
REV=0, ROT=0 ESH=0, ESV=1
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REV=0, ROT=1
' ESH=1, ESV=0
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o E(
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DX—"
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49NR-363B
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Table 5. DRAW Command Summary

Command Opcode (Hex) Parameters Command Opcode (Hex) Parameters
READ_DP 04 None ELPS 5C XC, YC, DY, DH, DV
READ_COL 9C Xy B7 Operation Flags BO
IB‘:] T O°°°':“°[F:GF T 2°J6EH [o]w| ofpxen Beex | o [ o |eeH
EARC 60 XC, YC, DY, DH, DV, DX, XS, YS,
DOT_D 08 None XE, YE
Q_—ggﬁ ?g s-; oY B7 Operation Flags BO
87 o”mionm’gs B [cF] [ o [pxen| Beex [ o |wep|eeH
Lol [olpxen ex [o]o [een ESEC 64 XC, YC, DY, DH, DV, DX, XS, Y8,
XE, YE
ALINEMO 14 X, Y, XE, YE ESEG 65
M 18 B7 Operation Flags BO
Mz 10 [cr]w | olpxeN] Bex | o | o |eEn
MIN%? 22 X PAINT 68 XY, (0X)
D2 28 ‘ Y,

D3 2 B7 Operation Flags B0
LNEMO 50 XY DX, DY [Tt o1 [ss]| o pvoo o[ o [eEH
Se @ aRAL @ xwewm

70 , Y, XS, Y8, XE,
R_LINE_DO ac DX, DY R_TRA_FILL 74 X, Y, XS, DX, XC, bv
D1 40 B7 " Operation Flags BO
bz« [Tl o1 [ss[w]wr] o] o ]een
B7 Operation Flags BO VX5
[0 | P [ Es [PxeN] BPPX |ESH|WEP]6EH AREGFILLGC &C % XS, Y8
70 B7 Operation Flags BO
e - VT, [T] o] 1+ [ss[w.]|wn[rast| o |een
RLREC 4C X, Y, DX, DY
87 Operation Flags B0 ARECFILLA 8E EAD1, dAD1, DH, DV
B7 Operation Flags B0
| o | v |Es|exen| Beex [ESH| o |eeH ToTo T [+ ]+ ] 77 o e
CRL 50 XC, YC, DX
B7 Operation Flags BO RREC.AILL %0 X, Y, DX, bY
[0 [ o [xeN eeex | 0| o |een B7 Operation Flags 8o
[TL] o[ 1 [ss|wL|[wn[rasT| o [6EH
CARC 54 XC, YC, DX, X8, YS, XE, YE
B7 Operation Flags BO
[cF| | o |pxen| eePx | o [wep|eEH
CSEC 58 XC, YC, DX, XS, YS, XE, YE
CSEG 5A
B7 Operation Flags BO
[crjwr [ olpxen] Bex | o | o |eEH
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Table 5. DRAW Command Summary (cont)

Command Opcode (Hex) Parameters Command Opcode (Hex) Parameters
CRL_FILL 50 XC, YC, DX A_ES_COPY_AC 80 EAD2, dAD2, X, Y, DH, DV
ELPS_FILL sC XC, YC, DY, DH, DV CCs4 XS, YS, X, Y, DH, DV

B7 Operation Flags B0 B7 Operation Flags

|TL[o|1|ss]1|1|o|o|eEH

B0
|est|rev|rot|esv] spseL | 1| 1 |eEH

A_COPY_AA 78 EAD1, dAD1, EAD2, dAD2, DH,

Dv

CA 7C XS, YS, EAD1, dAD1, DH, DV
-AC 80 EAD2, dAD2, DH, DV, X, Y
CC 84 XS, YS, X, Y, DH, DV

B7 Operation Flags

BO
[Ese[rev]roT] o | sp_sEL [FasT o |eEH

A_90°_COPY_AA 78 EAD1, dAD1, EAD2, dAD2, DH,

ov

_CA7C XS, YS, EAD2, dAD2, DH, DV
_AC 80 EAD2, dAD2, X, Y, DH, DV
_CCs4 XS, Y§, X, Y, DH, DV

B7 Operation Flags BO
|ese[rev|roT] 1 | spseL | o | o |eeH

A_SL_COPY_AA 78 EAD1, dAD1, EAD2, dAD2, DH,

DV, DX
_CATC X8, YS, EAD1, dAD1, DH, DV,
DX
_AC 80 EAD2, dAD2, X, Y, DH, DV, DX
CCs4 XS, YS, X, Y, DH, DV, DX
B7 Operation Flags BO
|Es|Rev|roT| o | spsEL | o | 1 |eeH
AFR_
ES_COPY _AA 78 EAD1, dAD1, EAD2, dAD2, DH,
DV, DX, DY, XE, YE
CA 7C XS, Y8, EAD1, dAD1, DH, DV,
DX, DY, XE, YE
_AC 80 EAD2, dAD2, X, Y, DH, DV, DX,
DY, XE, YE
CC 84 XS, YS, X, Y, DH, DV, DX, DY,
XE, YE
B7 Operation Flags BO
|esH|esv|Fs | 1 [ spseL | 1] o |een
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PUT_A 94 EAD1, dAD1, DH, DV
-C 98 X, Y, DH, DV
B7 Operation Flags BO
[ o[rev[ror| o | spseL [ 1] 1 |eEH

GETA 9 EAD1, dAD1, DH, DV
< 9A X, Y, DH, DV
B7 Operation Flags B0
[o]ofofo] spose |1]o |een

90°_GET_A 96 EAD1, dAD1, DH, DV
_C 9A X, Y, DH, DV

B7 Operation Flags BO
[ ofrev[rot] 1| soseL |1 [ o |eeH
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Table 6. Operation Flag Descriptions

Name

Description

PXEN (Pixel Drawing Enable)
BPPX (Bits per Pixel)

The plane or packed pixel display memory configuration is selected by PXEN and the number of bits in
one pixel is defined by BPPX. The nPD72120 display memory data width is 16 bits. For plane
configuration, PXEN = 0.

BPPX PXEN Bits/Pixel
b d 0 1
00 1 2
01 1 4
10 1 8
1" 1 16
ES (Enlarge/Shrink) Select the enlarge and shrink options.
ESH ((E““'::g,’g:r’i':t Voo™ e ESH ESV Copy Operation  Drawing Operation
0 X X No enlarge/shrink No enlarge/shrink
1 0 X Horizontal shrink Horizontal pattern shrink
1 1 X Horizontal enlarge Horizontal pattern enlarge
1 X 0 Vertical shrink -
1 X 1 Vertical enlarge -

Enlargement/Shrinkage factors.
MAGHMAGV  ESH/ESV = 0 ESH/ESV = 1

0 1/16 16/1

1 2/16 16/2

2 3/16 16/3

3 4/16 16/4

4 5/16 16/5

5 6/16 16/6

6 7/16 16/7

7 8/16 16/8

8 9/16 16/9

9 10/16 16/10

10 11/16 16/11

11 12/16 16/12

12 13/16 16/13

13 14/16 16/14

14 15/16 16/15

15 16/16 16/16
ED (Enlargement Direction) Defines the direction of enlargement for line drawing.

ED Enlargement Direction

0 To the right of the line in the direction of drawing.

1 To the left of the line in the direction of drawing.
IP (initialize Pattern Pointer) Initializes the line pattern pointer to the first bit of the pattern register.

P Function

0 Pointer not initialized

1 Pointer initialized

CF (Clockwise Flag)

Defines the drawing direction for circular and elliptical arcs, sectors, and segments.

CF Function
0 Counterclockwise
1 Clockwise
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Table 6. Operation Flag Descriptions (cont)

TL (Tiling Pattern)
SS (Single Source Pattern)

Description

Defines the use of a tiling pattern in filling.

TL 88 Function

0 0 Not used

0 1 The pattern in the PTNCNT register is used for all planes

1 0 The patterns stored in display memory are used for each plane.

1 1 The same pattern stored in display memory is used for all planes.

To quickly clear all planes to zero, set TL = 0 and SS = 1. When it is necessary to paint with a different
color for each bit, set TL = 1and SS = 0.

PMOD (Paint Mode)

Selects the arbitrary boundary area for the PAINT command.

WL (Write Left)
WR (Write Right)

PMOD Function

0 Boundary colors are defined by the DX register.

1 Boundaries are all the points with colors different than the starting point (X, Y).
Defines whether the boundary points are drawn during a FILL command.

WL  Function WR  Function

0 Points on left boundary are not drawn 0 Points on right boundary are not drawn
1 Points on left boundary are drawn 1 Points on right boundary are drawn

FAST (Fast)

Specifies the normal or fast mode for drawing.

FAST Function
0 Normal speed
1 Fast speed

However, FAST mode cannot be used for all drawing operations.

REC_FILL  The FAST mode cannot be used if clipping or painting with a tiling pattern. It can only
be used for replacing data.
COPY The FAST mode can be used only for ordinary COPY with replace, it cannot be used

with other COPY operation or with multiple sources.

ESE (Exchange Start With End)

Defines the reading order of the source data during COPY.

ESE Reading Order

0 Upper left to lower right (left to right on each row)

1 Lower right to upper left (right to left on each row)
REV (Reverse) Defines the reverse drawing direction during COPY

REV Drawing Direction

0 Left to right, top to bottom

1 Right to left, top to bottom
ROT (Rotation) Defines 180° rotation drawing during COPY.

ROT Function

0 Normal

1 180° rotation drawing

SD_SEL
(Source Destination
Mode Select)

Selects the transfer mode between planes.

SD SEL Transfer Mode Logical Operation By '

00 Multiple sources and single destination MOD1 during read of the sources; MODO
during write to the destination

01 Multiple sources and single destination MODO or MOD1 during read of the
sources; REPLACE during write to the
destination

10 Single source and multiple desinations MODO or MOD1 during write to each of
the destinations.

11 Multiple sources and multiple destinations MODO or MOD1 during write to each of

the destinations.
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Table 6. Operation Flag Descriptions (cont)

Name Description
FS (Fill Shortage) When the coordinate conversion is made during the arbitrary angle rotate copy, some points may not
be drawn. FS specifies whether to draw these points.
FS Function
0 X Points drawn
1 X Points not drawn
o000
00O0®eeoe
00O O®@e ®©000 O
® & &6 ¢ 0 00 © ¢ 0 0 o
000 0o e Xo0O0OO
e e e X0O0OO®OG®ES® OGS
00 OO® e ®©000O0O0
e 06 0000X®0® 000
00 00X e®e® e 0000
e e 00006000060
0O 00O0®e® e
® &6 6 6 0 0 O
o 00 0
PL (Pattern Line Length) Specifies whether a 16-bit or 32-bit pattern is to be used for line drawing.
PL  Pattern Length Pattern
0 16 bits PNTCNT contains the 16-bit pattern.
1 32 bits PNTCNT contains the first 16 bits of the pattern; DH contains the next

16 bits. The pattern cannot be Initialized by setting IP = 0.
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NEC Electronics Inc.

pPD72123
Advanced Graphics
Display Controller Il

Description

The uPD72123 Advanced Graphics Display Controller Il
(AGDC 1) is an enhanced version of the uPD72120
AGDC. It executes bit map graphics processing at high
speed as a peripheral to a host CPU, reducing the host’s
workload and improving processing efficiency.

Features

[m]
]

[m]

ooooooao

Compatible with uPD72120 AGDC

Higher speed drawing

— 10-MHz drawing clock

Large command set

— Line drawing with graphics pen

— Painting arbitrary or defined areas with tiling
patterns

— Enlarge, shrink, and arbitrary-angle rotate copy
commands

— Data transfer between system and display
memory

Flexible system configurations

— Drawing can be performed on display or system
memory space

— Data bus can be used with most microprocessors

— Independent drawing and display clocks

— VRAM control

— Laser printer interface controls

Versatile drawing environment

— Pipelined processing

— Two X-Y coordinate systems can be defined

— Conversion between one-dimensional and two-
dimensional data arrays

— Clipping/picking

Improved painting performance

Bit search command

Vertical blank interrupt

Bit reversal

Drawing wait/retry timing

CMOS technology

Single +5-volt power supply

50081

Ordering Information

Part Number Package

pPD72123R 182-pin ceramic PGA
uPD72123GJ-5BG 94-pin plastic miniflat
uPD72123L 84-pin PLCC

Comparison of ;PD72123 and xPD72120

Item pPD72123 sPD72120
Clock frequency 10 MHz 8 MHz
X-Y coordinate systems Two One
Line pattern 32 bits 16 bits
Raster operations Three Two
(no. of operands)

Tiling pattern (horizontal) 32 bits 16 bits
Trapezoid fill I -
(lower line select)

Paint speed Increased -
Paint stack area Decreased -
Graphics pen ” -

Bit search ' d -
Vertical blank interrupt I -
Laser printer control I -
Drawing busy output signal 4 -
Wait drawing cycle I d -
Retry drawing cycle I d -

Bit reversal v -
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pPD72123 Block Diagram

}¢=—— SCLK
. Synchronizing  p—— BLANK
CLK Signal Generator  leg—= HS/EXHS
RESET ——» l«— VS/EXVS
VDD ———»
GND ——» II
Diplay —_—
Processor <::> — DUBE
— DLBE
DPBSY -w-—]

DMARQ -w—] HLDRQ
DMAAK —»-] < ! - FLDAK
INT — DWR

Drawiny Display Memory  }—— DRD
READY —=—o CFU Preprocessor Prooessgr C—_-> Interface > DASTB
CSIR ——»] Interface
o | Sioee
o . ——» GCSR
s la—— DWAIT
ASTB ——»] L~ WAIT
AD A%BE Sequence ROM Sequence ROM l«—— RETRY
0 -AD15
At6 - A19 <_—_> <:> DAD - DADy5
:> DA16 - DA23
. 83SL-5931B
System Configuration Example
System I y
Bus ¥ ﬁ @ @ ﬁ ]
Central Display System
Processin Memory Address A Buffer
Unit o Controller Memory
uPD72123 Diplay
AGDC I Memory
Image Compression/
Procegsor Expansion Buffer
Display ﬁ ﬁ @ :
Memory | ]
Bus

83SL-59328
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NEC Electronics Inc.

uPD72185
Advanced Compression/
Expansion Engine

Description

The pPD72185 Advanced Compression/Expansion En-
gine (ACEE) is a dedicated high-speed processor that
performs binary image data compression and expansion
using CCITT Group 3 and Group 4 algorithms. The
wPD72185 supports all the coding methods specified in
the CCITT T.4 and T.6 recommendations.

The pPD72185 ACEE operates on 8- or 16-bit-wide data
residing in memory. It can compress image data into
reduced codes and also expand reduced codes into an
image. Compressed codes can be transferred to or from
a separate processor or parallel peripheral through an
1/0 port.

The uPD72185 has a high-performance, four-stage pipe-
lined architecture. It has separate host CPU and image
data buses for maximum data throughput. The on-chip
DMA controller manages all data transfer on the image
bus.

The pPD72185 is designed for high-performance image
compression applications, such as facsimile machines,
PC FAX boards, scanners, printers, image workstations,
electronic document storage systems, and magnetic and
optical disk based electronic filing systems.

Features

O High-speed processing
— Compression/expansion of CCITT standard test
chart (A4 size, 400 PPl x 400 LPI) in under 1
second
Internal four-stage pipelined CPU
0 Handles a variety of encoding/decoding methods:
CCITT standard MH, MR, and MMR
O 32K pixels maximum per line
Supports 32-megabyte image memory
O Image data enlargement/reduction
— Horizontally
x2 enlargement (on decoding)
x1/2 reduction (on encoding)
— Vertically
x2 and x4 enlargement (on decoding)
x1/2 and x1/4 reduction (on encoding)
Bit boundary processing
Automatic error handling on decoding
Multitasking capability
Dual bus system
— Image memory side (24-bit address bus, 8/16-bit
data bus)

u}

oooao

50000

Host CPU side (8/16-bit data bus)
O High integration
— On-chip DMA controller
— On-chip refresh timing generation circuit
o CMOS process
— Single +5-volt power supply
— System clock: 8 MHz maximum

Ordering Information

Part No. Package
wPD72185CW 64-pin plastic shrink DIP (750 mil)
wPD72185L 68-pin PLCC (plastic leaded chip carrier)
Pin Configurations
64-Pin Plastic Shrink DIP
mEserd1  \~/ e&:[110Dys
ic2 63[7110D44
INT[]3 62[110D43
DREQ[] 4 61[110D 42
I0AQ ] 5 607 10D 14
I0A1 s 591 10D 19
10Ap]7 58[110Dg
10A3 ] 8 57[110Dg
DACK [] 9 561 10D7
UBE ] 10 557 10Dg
cs ] 11 54[110Dg
IORD [ 12 53[710D4
IOWR [ 13 52[]10D3
GND [ 14 513 10D,
CcLK [ 15 50[110D4
Ao} 16 491 10Dg
AqOQ17 48] ASTB
Ap[]18 47 Vpp
Az 19 461 AEN
A4 20 45 7 MREQ
As]21 441 MWR
Agl]22 431 MRD
A7023 427 MACK
Ag/Dgl]24 41 1 READY
Ag/Dg]2s 40[J Ap3/D7
Ayo/Dqo]26 391 Apy/Dg
A11/D11C27 38[1 A2 /Ds
A42/Dyp[] 28 371 A/Dy4
A13/D13C 29 35:’A19/Da
A44/Dy4030 35[JA48/D2
Ay5/D450] 31 34[1A47/D4
GND [} 32 33[1A46/Dg
83YL-5473A
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68-Pin PLCC (Plastic Leaded Chip Carrier)

wetoONC-O @ 2 S 3
6888586890 BFEEESS
/oerencoN-8588388 5
I0Dg [} 10 60[1Ap3/Dy
10Dg T} 11 59 [1A5p/Dg
I0D1o 12 58 1A24/Ds
10044 O} 13 571 Ap0/Dg
10D12 4 14 56 [1A49/D3
10D13 O] 15 55[1A18/D2
I0D14 ] 16 541 A47/D4
10D15 O 17 53[0 A15/Dg
NC 18 52 [1NC
RESET ] 19 51 EGND
ic20 50[1A15/D1s
INT O] 21 490 A14/Dq4
DREQ [] 22 48[1A43/Dq3
I0Ag ] 23 47 :A12/D12
IOA4 [} 24 461 A11/Dq4
10Ao ] 25 450 A49/D1g
I0A3 ] 26 441 Ag/Dg
REAB588388588979¢¢Q
Ui agugou
Elglglg'g%éf%&'??&'?fé\i
<
83YL-54748

4-4



NEC

pPD72185

Pin Identification

Pin Identification (cont)

Symbol Function Symbol Function
Host Interface MWR High-level output when uPD72185 is Bus Master
N N N (Memory Write) on the image bus. Becomes low level when
C'g' Active-low input signal enables I/O access to data is written to image mermory.
(Chip Select) 1PD72185 from host bus.
DACK Input signal from external DMA controller. Must 2;:,? high impedance when uPD72185 is Bus
(DMA be inactive (high) when host CPU performs |/O .
Acknowledge) access to yPD72185. READY Low-level input signal extends MRD and MWR
DREQ Output signal to external DMA controller. (Ready) cycle by adding walt states..
(DMA Becomes active low when there is readable Signal must not be altered within setup/hold
Request) data or space that can be written to in the time period.
PD72185.

k Other Pins
INT Output signal to host CPU. -
(interrupt CLK External clock input.
Request) (Clock)
10Ag-I0Ag 4-bit address input selects register or register RESET System reset input. Must be held low for at least
1/O Address) pair when host CPU performs 1/O access to (Reset) seven system clock cycles. After reset,

uPD72185. wPD72185 becomes Bus Slave on the image

bus.
10D¢-I0D15 16-bit, two-way data bus —
(//O Data Bus) IC This pin must always be pulled up.
(Internal
IORD Low-level input signal when host CPU reads Connection)
(//O Read) from pPD72185 by I/O access. - - —
NC No internal connections are made to this pin.

IOWR Low-level input signal when host CPU writes to (No Connec-
(//O Write) #PD72185 by I/O access. tion)
UBE When host CPU writes to nPD72185 by |/O Vpp Positive power supply pin.
(Upper Byte access, byte or word transfer is specified by -
Enable) UBE input signal in combination with I0Ag %ND 9 Both ground pins must be connected.

input. roun

Image Memory Interface

Ag-Ay Lower 8-bit address of image memory bus.
(Address Bus)

Ag-A15/Dg-D1s, Upper 16-bit address of image memory bus mul-
Aqg-A23/Do-D7 tiplexed with the 16-bit data bus.

(Address/Data

Bus)

AEN Output signal becomes active when pPD72185
(Address is Bus Master on the image bus.

Enable)

ASTB High-level output signal used to latch address
(Address output from uPD72185.

Strobe)

MACK Active-high input signal grants pPD72185 use of
(Memory image memory bus in response to MREQ
Acknowledge) signal.

MRD High-level output when uPD72185 is Bus Master

(Memory Read)

on the image bus. Becomes low level when
data is read from image memory.

Set to high impedance when uPD72185 is Bus
Slave.

MREQ
(Memory
Request)

High-level output signal requests use of image
memory bus when pPD72185 is Bus Slave on
the image bus. Becomes active for a DMA
transfer between uPD72185 and image memory.
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pPD72185 Block Diagram

-
RESET ——| ~——— CLK
INT ~——| ~<——— Voo
UBE — -~ GND
ES- —
H IORD ———»
lost TOWR . Host
Bus Jowr Interface <:> %Z?Sé?f;g/ <:> CPU
DREQ = Register
DACK —————
10A0 -0 |:>
10D0 -I0D15 <:>
~
r ASTB ~——
Reference
AEN > Line >| > Encoder
MREQ Counter
MACK ———— MH/MR
Kﬁﬁ)' - Analyzer
MWR = CodeLine | Image |
[B"l‘gge< READY ——=| DMAC Counter Generation
Ag-A15/Dg-D15,
A16 -A23/D0-D7
< Pack <
- -
83SL-56838
Absolute Maximum Ratings DC Characteristics
Ta = +25°C Ta = -40to +85°C; Vpp = +5V =10%
Power supply voltage, Vpp ~05t0 +7.0V Parameter Symbol Min Typ Max Unit Conditions
Input voltage, V; -05toVpp + 03V Input voltage, Viic  -05 +0.8 V CLKpin
Output voltage, Vo -05toVpp + 0.3V el ViL -05 +0.8 V Other pins
Operating temperature, Topt —-40to +85°C Input voltage, Vinc +33 Vpp ~V CLK, RESET
Storage temperature, TsTg —40to +12°c  Nigh-level il pins
ViH +22 Vpp V Other pins
+ 03
Output voltage, VoL +04 V lIgL=25mA
low-level
Output voltage, Vo 0.7 Vpp V lgy = —400 pA

4-6

high-level

Input leakage I +10 pA Vjy =0to Vpp
current

Output leakage I o +*10 pA Voyr = 0to
current Vbp

Supply current  Ipp 50 100 mA While operating
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AC Characteristics
Ta = —40to +85°C; Vpp = 5V =10%

Parameter Figure Symbol Min Max Unit Condition
Clock

CLK cycle 2 toyk 125 1000 ns

CLK low-level width 2 kL 50 ns

CLK high-level width 2 tKKH 50 ns

CLK rise time 2 tkR 10 ns 15—>30V
CLK fall time 2 tkr 30—-15V
Image Memory Interface

MREQ 1 delay time from CLK 1 3 tomaH 100 ns

MREQ | delay time from CLK 1 '3 tomQH 100 ns

MACK 1 setup time to CLK 1 3 tsma 35 ns

MACK | hold time from CLK 1 3 tHmA 20 ns

AEN 1 delay time from CLK 1 3 tbAEH 100 ns

AEN | delay time from CLK 1 3 tbAEL 100 ns

ASTB 1 delay time from CLK | 3 tbsTH 70 ns

ASTB high-level width 3 tsTST tkkH - 15 ns

ASTB | delay time from CLK 1 3 tosTL 100 ns
Address/data/MRD/MWR delay time from CLK | 3 oA 100 ns
Address/data/MRD/MWR float time from CLK | 3 trA 25 70 ns

Address setup time to ASTB | 3 tsasT tkkH — 35 ns

Address hold time from ASTB | 3 tHSTA tkkL — 20 ns

MRD | delay time from Address float 3 tbAR 0 ns

MRD | delay time from CLK | 3 toRL 70 ns

MRD low-level width 3 tRRL2 2tgyk - 50 ns WAIT =0
MRD? delay time from CLK 1 3 toRH 70 ns

Input data setup time to MRD 1 3 tspR 70 ns

Input data hold time from MRD 1 3 tHRD 0 ns

MWR/, delay time from CLK | 3 towL 70 ns

MWR low-level width 3 twwi2 2tcyk - 50 ns WAIT = 0
MWR? delay time from CLK 1 3 towH 70 ns

READY setup time to CLK 1 3 tsry 35 ns

READY hold time from CLK 1 3 tHRY 20 ns

Host Interface

DACKI/CS recovery time 4,5 tapc 200 ns

IORD low-level width 4,7 1RRL 150 ns

Address/CS | setup time to IORD | 4 tSAR 35 ns

Address/CS | hold time from IORD 1 4 tHRA 0 ns

Output data delay time from 1ORD | 4 torD 120 ns

Output data float time from [ORD 1 4 trRD 10 70 ns

TOWR low-level width 5 twwi 100 ns

CS | hold time from IOWR 1 5 twwes 0 ns

47



pPD72185

NEC

AC Characteristics (cont)
Ta = —40 to +85°C; Vpp =5V £10%

Parameter Figure Symbol Min Max Unit Condition
Address/UBE/CS | setup time to [OWR | 5 ts AW 0 ns
Address/UBE hold time from IOWR 1 5 tHwa 0 ns

Input data setup time to [OWR 1 5 tspw 100 ns

Input data hold time from [OWR 1 5 tHwo 0 ns

RESET low-level width 6 trsTL Ttcyk ns

Vpp setup time to RESET 6 tsvbD 1000 ns
IOWR/IORD wait time from RESET 1 6 tsywR 2toyk ns
TOWR/IORD recovery time 7 tavWR 200 ns

DREQ | delay time from IORD | 7 tbRDQ 140 ns

DREQ | delay time from IOWR | 7 towpaQ 140 ns

Figure 1. Voltage Thresholds for Timing Figure 2. Clock Timing

Measurements
tKF —»! ja— kR -
Input / Output le—tyKH
24V X 22V 22 VX: ak
04V 0.8V 08V
KL
CLK Input teyk 1
= . 83YL-5480A
ax Xoay i

83YL-5479A
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Figure 3. DMA Transfer Timing on Image Bus

K i_/ L—/‘_\__/_\_/‘_\_/ l_jl_\_/—
'DMaH r— tpmaL —»
MREQ j
tsmA '-—— —= tHMA I-
MACK ? K
*
'DAEH —» I-— — 'DAEL
AEN f
- je|'DsSTL
tDSTH —
ASTB
X
—> tHRY —> I<— 'HRY
'sTsT
READY \ / \
tsasT
tpA — le—tsRY le—tSRY -+ |eTFA
Hi-Z Hi-
Ao-A7 I g Address ——tZ
-—ﬂ owL 'DWH —»
twwi2 > |e—tFA
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Figure 4. Timing for Read from xPD72185 on Host

Bus
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Figure 7. Read/Write Cycle Timing
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OVERVIEW

The pPD72185 encodes and decodes binary image data
in accordance with the standard system prescribed by
the CCITT (International Telegraph and Telephone Con-
sultative Committee). See table 1.

Table 1. CCITT Standard Systems
System CCITT Recommendation
MW T.4 (G3 Facsimile)

MR T.4 (G3 Facsimile)

MMR T.6 (G4 Facsimile)

The uPD72185 has two bus interfaces with which it
connects to the system.One interface is with the host
CPU and the other is with image memory. Data exchange
with the host CPU is by ordinary 1/O accesses; data
exchange with image memory is by DMA transfers using
the on-chip DMA controller.

In this document, the bus on the host CPU side is called
the host bus, and the the bus on the image memory side
is called the image memory bus.

In addition to encoding/decoding, the pPD72185 can
perform data transfers between the image memory and
the host CPU. Also, it can perform image enlargement
and reduction on expansion and compression and logi-
cal operations (AND, OR, XOR,) while transferring data.
Table 2 and figure 8 show the processing patterns.

Table 2. uPD72185 Processing Patterns

Type Processing Data Flow, Bus-to-Bus

A Encoding Image memory  — Image memory
B Decoding Image memory  — Image memory
(¢} Encoding Image memory  — Host

D Decoding Host - Image memory
E Data transfer  Image memory  — Host

F Data transfer  Host - Image memory
G Data transfer  Image memory - Image memory

4-11
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Figure 8. uPD72185 Processing Patterns
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PROCESSING

Modes

The two processing modes of the uPD72185—block and
line—are selected by commands from the host CPU. In
block mode, which is more commonly used, one com-
mand controls processing of multiple lines. In line mode,
one command is required for each line. Line mode allows
encoding/decoding methods other those prescribed by
the CCITT.

Line Processing

A compressed line consists of a header and code as
shown in figure 9. In the header, commands from the
host CPU specify the number of filler bits (0 to 65,535),
the presence/absence of the EOL code, and the number
of bits in the tag pattern (0 to 8).

The code that follows the header consists of encoded
binary image data. The encoding method can be speci-
fied per line by commands from the host CPU.

At the time of encoding, a line is generated in this order:
filler + EOL code + tag pattern + code. This filler is
appended to the immediately preceding line.

Decoding is performed one line at a time in this order:
code + filler + EOL code + tag pattern. If a page starts
with an EOL code, the uPD72185 detects the EOL code
and the following tag pattern and processes them before
starting line-by-line decoding.

Figure 9. Line Composition (Line Mode)

The uPD72185 processes an image area specified by the
host CPU as a unit. On completion of processing, the
uPD72185 sends back to the host CPU in the form of a
response: memory manage ment information, process-
ing information, counter information, etc.

As an example, consider a case in which image data
encoded by one method is to be recoded by another
method. When the recoded data extends over multiple
image areas, the following two methods can be em-
ployed.

(1) All encoded data in the multiple image areas is
decoded. This image data is then reencoded all at
once.

(2) Encoded data in multiple image areas is decoded in
small blocks. This image data is then recoded a
block at a time, processing only a section of each
image each time..

Depending on the systenydesign, pipelining with method
2 may improve processing efficiency. This method can
be implemented through the host CPU’s management of
responses sent back by the pPD72185.

ENLARGEMENT/REDUCTION

The uPD72185 can reduce an image when encoding and
enlarge image data when decoding. Reduction is per-
formed by a simple thinning-out operation, and enlarge-
ment by repeating the same data. Enlargement/reduction
types are shown in table 3.

Table 3. Enlargement/Reduction Types
oo | 5% | lEED | o - T
|<——~——- Header part ——-»"—cp"a‘:te A 1 (1) , 1 (1)
B3YL-5648A B 1 (1) 2 (12
c 2 (12 2 (12
EXTERNAL INTERFACE D 2 (12 4 (/4
The uPD72185 exchanges data with image memory by WHITE MASK

DMA transfers via the on-chip DMA controller. When the
pPD72185 needs to access image memory, it requests
use of the image memory bus by activating MREQ. Data
is exchanged with a host CPU (including an external
DMA controller) by normal I/O accesses. The host CPU
reads and writes data through the pPD72185 1/O ad-
dresses.

MULTITASKING

Multitasking means using the uPD72185 to process mul-
tiple image areas in parallel by time division.

The uPD72185 can perform white mask processing on
the right edge and left edge of image data. The amount
of white masking is specified separately for each edge in
word units (0 to 255 words)

The pPD72185 automatically white masks data on en-
coding image data. It is not able to perform decoding
and white mask processing at the same time. Hence,
white mask processing is performed once decoding is
completed

413
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BIT BOUNDARY

Some image areas consist of lines not terminated in
either byte or word units but with an odd number of bits.
The pPD72185 handles image areas of this kind with bit
boundary processing.

Lines with an odd number of bits are processed by
specifying void bits up to the byte or word boundary. See
figure 10.

Figure 10. Bit Boundary Processing (Word Units)

Word boundary Word boundary Word boundary

' ' '
| L)

1 Void bits #j¢———————  Part actually -—-—5
f (0to 15) processed
Start address
83YL-5649A

IMAGE MEMORY

Image Area

Image memory means the whole area of memory acces-
sible by the uPD72185. An image area, on the other hand,
is a rectangular area within image memory (figure 11),
the size and location of which is specified by commands
from the host CPU. The unit of processing is an image
area.

The pPD72185 can append and also detect the code
indicating the end of a page using commands from the
host CPU. Page management, however, is performed by
the host CPU.

Figure 11. Image Area Examples

— Origin

Image Memory

Image Area

Image
Area

Image Area

83YL-5650A
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Memory Organization

Under control of the host CPU, image memory can be
either byte-organized (8-bit units) or word-organized
(16-bit units). One uPD72185 address corresponds to one
byte or one word in memory. In both cases the uPD72185
does its internal processing and writes to image memory
in 16-bit units. Thus, when image memory is byte-
organized, two accesses are required, one to an odd-
numbered address and one to an even-numbered ad-
dress.

The 24-line address bus allows access to a large amount
of image memory. Table 4 shows image memory capac-
ity for byte and word organization.

Table 4. Image Memory Capacity

Organization Size *Capacity
Byte 16M bytes 64 A4 sheets
Word 32M bytes 128 A4 sheets

*A4 sheet = 210 mm wide by 297 mm long
Horizontal: 8 dots/mm
Vertical: 4 dots/mm

Data Storage

Image memory can store code and other general data as
well as binary image data. Binary image data is con-
verted to white/black levels shown in table 5 and stored
as follows.

(1) The first bits scanned are packed in sequence start-
ing from the LSB of a byte/word.

(2) The first data byte/word scanned is packed in se-
quence in byte/word units starting from the lower
address side.

Code transferred serially is stored as follows.

(1) The first bits transmitted are packed in sequence
starting from the LSB of a byte/word.

(2) The first data byte/word transmitted is packed in
sequence starting from the lower address side.

Table 5. Binary Image Data Levels
Level Binary Notation

White 0

Black 1

ENCODING/DECODING SYSTEMS

Table 6 lists the encoding/decoding systems the
wPD72185 can handle, including CCITT standard sys-
tems. Figure 12 shows coded data formats for MH, MR,
and MMR systems.
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Table 6. Encoding/Decoding Systems Picture Elements
System Summary Image data that exceeds 2623 picture elements (pixels)
MH One-dimensional encoding/decoding system,  per scan line is processed using the run-length code
G8 facsimile, CCITT standard. table expansion method stipulated in CCITT Recom-
MR Two-dimensional encoding/decoding system, ~ mendation T.6.
G3 facsimile, CCITT standard.
MMR Two-dimensional encoding/decoding system,
G4 facsimile, CCITT standard.
Other Systems other than CCITT standards thatcan

be implemented by selecting line mode

Figure 12. Code Data Formats in MH, MR, and MMR Systems

MH System
Data proceeds in time —»
Code for Code for . Code for " Code for
Dummy | EOL 1 Line EOL 1 Line Filler | EOL 1 Line Filler SS EOL 1 Line RTC | Dummy
L 1

Code for one scan line

MR System
Data proceeds in time —»

Tag Code for

Tag Code for
Bits 1 Line RTC

Dummy | EOL EOL Filler | EOL Bits 1 Line Dummy

Tag Code for Code for
Bits 1 Line EOL S 1 Line

Code for one scan line

MMR System

Data proceeds in time —»-

No Dummy

Code for | Code for | Code for | Code for Code for EOFB Padding
1 Line 1 Line 1 Line 1 Line 1 Line Bits

Code for one scan line

Item MH System MR System MMR System
Start of each scan line EOL EOL No EOL
Filler Insertable Insertable None
RTC Normally EOL x 6 (EOL+1)x6 EOL x2
K-parameter Undefined Present None
Tag bits None Normally 1 bit None
EOL for head of page None None None
22624 run length code Make-up code x n + termination code
Symbols

EOFB End of facsimile block

EOL End of line

RTC Return to control

Dummy  Variable-length string of zeros
83YL-5651B
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K-Parameter

In the MR system, the K-parameter determines the cod-
ing technique and the transmission error recovery pro-
cedures. The value of the K-parameter can be specified
as a number from 1 to 255 or as infinity ().

Whether the code for a particular line uses one-
dimensional encoding or two-dimensional encoding is
indicated by the value of the tag bit inserted after EOL.
See table 7.

Table 7. Relation Between Encoding System and

Tag Bit
Tag Bit
Encoding System Value Method of Representation
One-dimensional 1 EOL + 1 (tag bit)
Two-dimensional 0 EOL + 0 (tag bit)
Filler Bits

When encoding, the uPD72185 can adjust the length of
the coded data by adding filler bits. The two methods of
adding filler bits are as follows.

(1) Specify minimum number of bits transmitted with
the BLO command

(2) Specify number of added filler bits with the LNO
command.

When decoding, the uPD72185 ignores the added filler
bits.
Error Detection

When decoding, the uPD72185 can detect errors in the
code and carry out appropriate processing. Table 8 lists
the types of error detection.

Table 8. Types of Error Detection
Applicable
Encoding
Error Detection Systems
illegal code MH, MR, MMR
Logically inconsistent code MR, MMR
Decoded line longer than specified line length MH, MR, MMR

Decoded line shorter than specified line length

Abnormal page end

Line Number Count

When decoding, the uPD72185 performs three kinds of
line counting.

4-16

(1) The number of normally-decoded lines (normally-
processed line count).

(2) The number of lines in error (error line count).

(8) The maximum number of consecutive lines in which
errors occurred (consecutive error line count).

The start of error line counting and successive error line
counting can be specified in either of two ways as shown
below. The selection and setting of the initial value of
each line count is done by command.

(1) Start count from occurrence of first error.

(2) Start count from normal decoding of one line.

HOST INTERFACE

Exchanges between the uPD72185 and the host CPU (or
an external DMA controller) are performed by I/O ac-
cesses over the host interface. In general, writes from
the host CPU to the uPD72185 are in the form of com-
mands and reads from the uPD72185 are in the form of
responses.

The host bus width is 16 data bits but can be accessed
8 bits at a time by manipulation of the logic level on pins
I0A; and UBE. See table 9.

Table 8. Host Bus Width

104y UBE Bus Width Pins

0 0 16 bits I0Dg-10D5
X 1 8 bits I0Dg-10D7
1 0 8 bits 10Dg10D;5

To get the uPD72185 to start processing, the following
operations are necessary.

(1) Write the command into the command registers.
(2) Write 1 into the CRQ bit of the control register.

When the CRQ bit is set, the uPD72185 begins process-
ing as directed by the command received. Once pro-
cessing has begun, the host CPU cannot write 1 to the
CRQ bit again for the next processing operation until it
confirms that processing has been completed or inter-
rupted.

Basic Timing
Figure 13 is a timing diagram applicable to reads from
the puPD72185 and writes by the host CPU. Figure 14

shows the timing for an external DMA controller in the
word mode and byte mode.
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REGISTERS

Exchanges between the uPD72185 and the host CPU,
including commands and responses, utilize the registers
and the data FIFO area illustrated in figure 15. The
register /O addresses are OH through DH; EH and FH are
not allowed. Note that the 1/O addresses are shared by
corresponding registers in the read and write configura-
tions of figure 15.

Figure 13. Read/Write Timing -

Read From pPD72185
Cs

—\
= _/
X

I0A 0- I0A3

IORD _\_____/_—
e oo T

cs \

= _/
10A 0- IOA3 X
e G S

Figure 14. Read/Write Timing With External DMA

Controller

Word Mode

DREQ

DACK

IORD \—/—

IOWR \_—-—/——
S — Yo =
. S

UBE \

Byte Mode

DREQ /

DACK

w o\

IOWR

s SR SES G &
e G S G S

10AQ

83SL-5677A
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Figure 15. Register Organization
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2H
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Response
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Response
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7H
8H
OH
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BH

Input Low-Order Data

Low-Order Data Output

CH

FIFO High-Order Data

Data
FIFO

DH High--Order Data
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| SFTRST l INTRST l CRQ l
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3 2 1 0

4

| I INTR IOUTRDY| INRDY I
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Control Register

The control register is used in writes from the host CPU.
The functions of bits 0, 1, and 2 are explained below.

Command Request (CRQ). When 1 is written to the
CRQ bit after the host CPU has written a command, the
wPD72185 begins processing according to the com-
mand. The CRQ bit is automatically reset after comple-
tion of processing.

Interrupt Reset (INTRST). When the host CPU writes a
1 to the INTRST bit, the INT pin output and the INTR bit
are reset. After being set, the INTRST bit will be reset
automatically.

Software Reset (SFTRST). Software reset by setting
SFTRST to 1 is functionally identical to hardware reset at
the RESET pin.

4-18

Status Register

The status register is used in reads from the host CPU.
The functions of bits 0, 1, and 2 are explained below.

Input Ready (INRDY). A 1 in the INRDY bit indicates the
input data FIFO is ready to receive data from the host
CPU.

Interrupt Request (INTR). The INTR bit shows the same
logic level as the INT pin. The uPD72185 sets this bit to
notify the host CPU that processing has been completed
or interrupted.

Command Register

The command register is used in writes from the host
CPU. It has two parts: command type and command
parameter.
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Response Register ' setting the output of the INT pin to high and at the same
) time setting the INTR bit in the status register. See figure

The response register is used in reads from the host CPU.

It has two parts: response type and response parameter. 5.
The host CPU, meanwhile, confirms completion or inter-
Input/Output Data FIFO ruption of processing either by sampling the INT signal

level or by software polling the INTR bit.
The uPD72185 exchanges image data, code, etc., with

the host CPU via the data FIFOs. The inputdataFIFOand  pMA Transfer Timing
the output data FIFO are each two bytes wide. The basic bus cycle in a DMA transfer takes three system

clock pulses: S1, S2, and S3. In this bus cycle, the
IMAGE MEMORY INTERFACE wPD72185 reads or writes 1 byte or 1 word. See figure 16.

The imaqe memory interface is betweep the uPD72185 If the access time to an image memory element is long,
and the image memory, which stores image data and  5n4 5 read/write is not possible within the basic bus
code. Accesses to image memory from the uPD72185are  ¢ycle, then the uPD72185 can insert wait states (SW)
performed by DMA operations using the on-chip DMA  petween S2 and S3, extending the read/write pulse
controller. Via the image memory interface, the  width.

#PD72185 directly controls image memory. The two methods of inserting a wait state are:
(1) Using the READY pin.

(2) Programming wait states with a command

When the uPD72185 completes command processing, it
reports completion or interruption to the host CPU by

Figure 16. DMA Transfer Timing

| Bus Cycle | Bus Cycle |

CLK

YT R — -/ \ / \
READY \ /
2\ N\
AQ-A7 e -( x >— -
A8-A15/D8-D15 ====— -(AddressX Data XAddresiX Data >—
Write

S e o) S CT S G D S
(Read)
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Bus Cycle Modes

The uPD72185 has three modes in which it operates on
the image memory bus as a Bus Master. A command
selects the bus cycle mode.

Total Bus Monopolization Mode. The uPD72185 com-
pletely monopolizes the bus. The MREQ and MACK
signals are not used.

Demand Mode. The uPD72185 holds on to the bus by
keeping the MREQ signal high. The length of time held
depends on the data being processed. The uPD72185 will
always surrender the bus on completing the processing
of a line.

Eight Bus Cycle Monopolization Mode. The uPD72185
monopolizes the bus for a maximum of eight bus cycles,
after which it releases the bus by dropping MREQ to low.
It waits at least three clock intervals before raising MREQ
high again .

DMA Break

When the uPD72185 is monopolizing the image memory
bus (MREQ = 1), MACK is normally kept high. If MACK
falls to low while MREQ is high, the uPD72185 immedi-
ately discontinues the DMA transfer. However, because

the MACK signal level is sampled at the rising edge of
S3, there is a maximum delay of 1 bus cycle + 1/2 clock
interval from the fall of MACK until the uPD72185 actu-
ally releases the bus.

In the total bus monopolization mode, DMA break does
not operate.

Refresh

The pPD72185 is able to output refresh timing to image
memory, thus facilitating 'the connection of pseudo-
SRAM. However, the uPD72185 does not output the
refresh address itself. Consequently, when DRAM is used
in image memory, a refresh address generation circuit
must be connected externally or a CAS-before-RAS
cycle must be generated.

The refresh function is enabled with a command and
performed with a read cycle to address 80000H. Pin
Ay3/D; used as the refresh timing output pin decreases
the bus width to 23 bits..

COMMANDS

The pPD72185 has five types of commands: assignment,
operation, statistical, CLB switch, and special. Table 11
describes the command types; table 12 describes the
commands

Table 11. Command Types

Type Function - Command

Assignment Specifies system configuration, storage locations of data pro- MOD, SCDB, SIMB, SPRS, SYS
cessed or to be processed, and processing mode.

Operation Gives directions to nPD72185 for start of encoding/decoding, ABT, BLO, CNT, EOL, LNO, MSK, RTAG, RTC, TRO
data transfer (composition), and similar processing.

Statistical Requests information on processing executed by nPD72185. RCLB. RPRS

CLB switch Specifies use/non-use of compressed line buffer* CLB-ON, CLB-OFF

Special Reads firmware version of the uPD72185. RVER

* The compressed line buffer handles compressed storage of the code for one line according to the coding mode.
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Table 12. List of Commands Table 12. List of Commands (cont)
Name Function Name Function
ABT When a CFE interrupt* is generated, the RPRS Requests statistical information from
(Abort) uPD72185 resumes processing with the ABT (Read process wPD72185 on number of normally-processed

command. However, this is done only for the
line being processed when the interrupt was
generated. When this line is completed, the
wPD72185 interrupts processing again.

If the ABT command is issued when an in-
terrupt has not been generated, the
uPD72185 cancels the continuous processing

mode.
BLO For block mode, specifies minimum number
(Block of bits transferred, word length of a line,
operation) number of void bits at left/right side, word

length of white mask at left/ right side, etc.

Normally, encoding/decoding by the
uPD72185 is performed through this

command.

CLB-ON/OFF User specifies use of compression line buffer

(Compression by CLB-ON or CLB-OFF command. Valid

line buffer only in line mode.

onjoff)

CNT When the CNT command is issued, the

(Continue) uPD72185 processes the next consecutive
image area equal in size to the area previ-
ously processed using the same processing
mode and encoding/decoding system.
By means of the CNT command, the
#PD72185 can resume processing even
when a CFE interrupt has been generated.

EOL During encoding, adds EOL code to coded

(End of line) data; during decoding, detects added EOL
code.
If the detected EOL code is judged to be
part of the RTC code, the uPD72185 starts
RTC search.

FILL During encoding, adds il bits to coded

(Fill data.

LNO For line mode, specifies number of fill bits to

(Line operation) be added, word length of a line, number of
void bits at left/right side, tag bit, etc.

MOD Assigns processing mode, encoding/ decod-

(Mode) ing format (transfer mode in case of a
transfer), K-parameter, RTC, enlargement/
reduction, etc.

MSK For line-to-receive mask processing, speci-

(White mask) fies word length, word length of left/right
side white mask, number of void bits on left/
right, etc. Also performs white mask pro-
cessing on image buffer.

RCLB When the RCLB command is received, the

(Read compres- #PD72185 reads the contents of the com-

sion line buffer) pression line buffer. Provides user with pixel

distribution data for a line.

status)

lines, number of error lines, etc., resulting
from processing.

RTAG During decoding, reads tag pattern attached
(Read tag to start of a line.
attern

P ) In line mode, interpretation of the tag pattern
by the host CPU allows an individual non-
CCITT standard encoding/decoding system
to be implemented.

RTC During encoding, adds RTC code to coded

(Return to data; during decoding, detects added RTC

control) code.

RVER Reads firmware versions built into

(Read version uPD72185

number)

SCDB Specifies start address, size, and start bit

(Set code position of image area (code buffer) that

buffer) stores code.
When the coded data is coming from the
host CPU side, the start address should be
setto 0.

SIMB Specifies start address of reference line in

(Set image image memory, and start address and size

buffer) of image area (image buffer) that stores im-
age data.
When a transfer is performed, specifies
transfer source/destination address and size
of transfer.

SPRS Specifies initialization values for normal pro-

(Set process cessing line count, maximum error line

status) count, etc., and abort if error line count ex-
ceeds maximum.

SYs Assigns specific system parameters such as

(System) image memory organization, bus cycle
mode, word length of a line, etc. Also initial-
izes internal uPD72185 parameter table.

TRO Performs data transfer/composition for im-

(Transfer age buffer specified by IMB command.

operation)

* CFE interrupt is generated if a CEMPT or CFULL response is

returned.
RESPONSES

The pPD72185 has four types of responses: confirma-
tion, error, statistical, and special. Table 13 describes
the response types; table 14 describes the responses.
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Table 13. Response Types Table 14. List of Responses (cont)
Type Function Response Name Function
Confirmation Reports normal com- BCDOK, BDCOK,ECDOK, CFULL Indicates specified code buffer has become
pletion of processing EDCOK, FILLOK, LCDOK, (CDB full) full during encoding.
ted b - LD , MOD
agsted by & com Msﬁgﬁ, PC())K g’éDOK At this point, the sPD72185 enters the CFE
RDCOK. S CE;BOK SII\;I- interrupt state and subsequently accepts
BOK, SOK, SYSOK, TAG- only §YS, SCDB, CNT, ABT, RPRS, and
PAT TRNO’K VERdK RCLB commands. If other commands are
! . issued, a CFEERR response is returned.
E Ret d wh BLABT, CMDERR, - :
fror efr;rggcu‘:vs g:r?:g DBLCEC? LNABT CLBTBL Reports compression line buffer contents in
processing requested ’ (CLBTBL table) response to RCLB command.
y a command. ' ndicates that there is no command corre-
b d CMDERR Ind hat th d
Statistical Returns statistical in- PRSTBL (Command error) sponding to input command code.
formation in response DBLCRQ Indicates receipt of duplicate command re-
toa (Double CRQ quests during processing, and notifies host
command. error) CPU that processing being executed is in-
Special Other than above.  CEMPT, GFULL, CLBTBL validated.
ECDOK Indicates EOL code has been added and
- (EOL code okay) output to code buffer by EOL command.
Tz 14. List of R
able List of Responses Sends back to host CPU: start address and
Name Function start bit position of code buffer following
BCDOK Indicates normal termination of encoding by processed code buffer
(Block code okay) BLO command. EDCOK Indicates detection of EOL code in code
Sends back to host CPU: number of lines gigl)‘ decoqe buffer by EOL command.
processed; start address of image data Y Sends back to host CPU: address and posi-
buffer following processed image data tion of bit following detected EOL code.
buffer; start address and start bit position of - T N
: FILLOK Indicates that the number of fill bits speci-
code buffer following processed code buffer o))" hay) fied by a FILL command have been output.
BDCOK Indicates normal termination of decoding by
(Block decode BLO command. Sends back to host CPU: start address and
okay) bit position of buffer code following fill bits.
Sends back to host CPU: number of lines LCDOK Indicat | torminati " ding b
processed; start address of image data U de ok CNga s normda ermination of encoding by
buffer following processed image data (Line code okay) command.
buffer; start addrgss and start bit position of Sends back to host CPU: number of lines
code buffer following processed code buffer. remaining in image buffer; start address of
BLABT Indicates that during decoding by BLO com- image buffer following processed image
(Block abort) mand, processing was aborted because er- buffer; start address and start bit position of
ror line count exceeded maximum value set code buffer following processed code buffer.
by SPRS command. LDCOK Indicates normal termination of decoding by
Sends back to host CPU: number of lines (Line decode okay) ~ LNO command,
processed; start address of image buffer Sends back to host CPU: number of lines
following processed image buffer; start ad- remaining in image buffer; start address of
dress .and start bit position of code buffer image buffer following processed image
following processed code buffer. buffer; start address and start bit position of
CEMPT Indicates specified code buffer has become . code buffer following processed code buffer
(CDB empty) empty during decoding. LNABT Indicates that during execution of decoding
Atthis point, the uPD72185 enters the CFE (Line abort) by LNO comm§nd, processing was abor'ted
interrupt state and subsequently accepts because error line count exceeded maxi-
only SYS, SCDB, CNT, ABT, RPRS, and mum value set by SPRS command.
RCLB commands. If other commands are Sends back to host CPU: number of lines
issued, a CFEERR response is returned. remaining in image buffer; start address of
CFEERR In the CFE interrupt state, indicates a com- image buffer following processed image
(CDB full/empty mand other than SYS, SCDB, CNT, ABT, buffer; start address and start bit position of
error) RPRS, or RCLB has been issued. code buffer following processed code buffer.
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Table 14. List of Responses (cont)

Name Function
MODOK Indicates normal termination of MOD com-
(MOD okay) mand processing.
MSKOK Indicates normal termination of processing
(Mask okay) by MSK command.
Sends back to host CPU: start address of
next image buffer to be processed.
POK When the nPD72185 is in continuous

(Process okay)

processing mode, and the object of execu-
tion by an ABT command is BLO, LNO,
RTAG, EOL, or RTC, then POK indicates con-
tinuous processing mode has been
discontinued.

Sends back to host CPU: start address and
start bit position of code buffer following
processed code buffer.

PRSTBL
(Process status
table)

Reports contents of statistical information
table before it is initialized by SPRS com-
mand.

Also reports current contents of table in re-
sponse to RPRS command.

RCDOK Indicates RTC code has been added and

(RTC code okay) output to code buffer by RTC command.
Sends back to host CPU: start address and
start bit position of code bufter following
processed code buffer.

RDCOK Indicates detection of RTC code in code

(RTC decode okay)  buffer by RTC command.
Sends back to host CPU: address and posi-
tion of bit following detected RTC code.

SCDBOK Indicates normal termination of SCDB com-

(SCDB okay) mand processing.

SIMBOK Indicates normal termination of SIMB com-

(SIMB okay) mand processing.

SOK Indicates that when a CNT or ABT command

(Set okay) has been issued and the command to be
executed does not exist, the uPD72185 has
terminated processing.

SYSOK Indicates normal termination of SYS com-

(SYS okay) mand processing.

TAGPAT Indicates tag pattern specified by an RTAG

(Tag pattern)

command has been read.

Sends back to host CPU: start address of
code buffer following read tag pattern and
start bit position of that code buffer.

TRNOK Indicates normal termination of data
(Transfer okay) transfer/composition processing by TRO
command.
Sends back to host CPU: next transfer
source/destination address.
VEROK Returns firmware version to the host CPU.
(RVER okay)

SYSTEM CONFIGURATION

Figure 17 is a diagram of low-end and high-end system

configurations.
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Figure 17. System Configurations
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L System Bus

High-End Type

N\ N
Host . Image
(V6O etc.) <:> Graphic <:> Printer
Display
Controller
(LPD72120)
] & Main
Scanner

Image
Processor <:>
(LPD7281)

"\

—

Host Bus

L Image Memory Bus

83SL-56798.
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NEC Electronics Inc.

uPD765A/.PD765B
Single/Double Density
Floppy-Disk Controller

Description

The uPD765A/B is an LSI floppy disk controller (FDC)
chip which contains the circuitry and control functions
for interfacing a processor to 4 floppy disk drives. It is
capable of either IBM 3740 single density format (FM), or
IBM System 34 double density format (MFM) including
double-sided recording. The uPD765A/B provides con-
trol signals which simplify the design of an external
phase-locked loop and write precompensation circuitry.
The FDC simplifies and handles most of the burdens as-
sociated with implementing a floppy disk interface.

Hand-shaking signals are provided in the uPD765A/B
which make DMA operation easy to incorporate with the
aid of an external DMA controller chip, such as the
uPD8257. 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 processor need
only load the command into the FDC and all data
transfers occur under control of the FDC and DMA
controllers.

There are 16 commands which the uPD765A/uPD765B
will execute. Most of these commands require multiple
8-bit bytes to fully specify the operation which the
processor wishes the FDC to perform. The following
commands are available.

Read Data Read Deleted Data
Read ID Write Data

Specify Write ID (Format Write)
Read Diagnostic Write Deleted Data
Scan Equal Seek

Scan High or Equal Recalibrate

Scan Low or Equal
Version

Sense Interrupt Status
Sense Drive Status.

Ordering Information

Device Number Package Type Max Freq. of Operation
uPD765AC2 40-pin plastic DIP 8 MHz
©PD765B 40-pin plastic DIP 8 MHz

NECEL-000324

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
uPD765A/uPD765B offers additional features such as
multi-track and multi-side read and write commands
and single and double density capabilities.

O FM, MFM Control

O Variable recording length: 128, 256, . . . 8192 bytes/
sector

O I1BM-compatible format (single- and double-
sided, single- and double-density)

[0 Multi-sector and multi-track transfer capability
O 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

O Compatible with uPD8080/85, uPD8086/88, V-series
and uPD780 (Z80®) microprocessors

O Single-phase clock: 8 MHz maximum
O +5Vonly

® 780 is a registered trademark of the Zilog Corporation.

Pin Configuration

RESET [} 1 40 3 Vee
RD O 2 39 [ RW/SEEK
WR g 3 38 0 LCT/DIR
csa 37 1 FLTRISTEP
A OS5 36 1 HDLD
DBy O] 6 35 {1 READY
oBi 7 347 WPRT/2SIDE
DB, O} 8 § 33 [ FLT/TRKO
DBs s 9 3Prs
bB, 0 3 3P
pBs [ 11 § 30 7 woaTA
DB 12 5 29Puse
B, ]13 %  2spus
DRQ [ 14 27 3 sibE
DACK O 15 26 1 MFM
Tc O 16 25 1 WE
INDEX O 17 24 [ sYNC
INT [} 18 23 [ RDATA
cLk O 19 22 1 wiNDOW
GND O 20 21 [3 weLk
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Pin Identification
No. Symbol
RESET

Function
Reset input

1
2 RD Read control input
3 WR Write control input
4 cs

Ao

Chip select input

5 Data or status select input
6-13 DBy-DB7 Bidirectional data bus
14 DRQ DMA request output
15 DACK DMA acknowledge input
16 TC Terminal count input
17 INDEX Index input
18 INT Interrupt request output
19 CLK Clock input
20 GND Ground
21 WCLK Write clock input
22 WINDOW Read data window input
23 RDATA Read data input
24 SYNC VCO sync output
25 WE Write enable output
26 MFM MFM output
27 SIDE Head select output
28,29 USg, US4 FDD unit select output
30 WDATA Write data output
31,32 PSp, PS4 Preshift output
33 FLT/ TRKO Fault/ track zero input
34 WPRT/ 2SIDE Write protect / two side
input
35 READY Ready input
36 HDLD Head load output
37 FLTR/ STEP Fault reset / step output
38 LCT/DIR Low current direction
output
39 RW / SEEK Read / write / seek output
40 Vee DC power (+5V)

Pin Functions

RESET (Reset)

The RESET input places the FDC in the idle state. It re-
sets the output lines to the FDD to 0 (low), except PSO0, 1
and WDATA (undefined), INT and DRQ also go low;
DBO0-7 goes to an input state. It does not affect SRT,
HUT, or HLT in the Specify command. If the RDY input is
held high during reset, the FDC will generate an inter-
rupt 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 FDC
to the data bus when low and either CS or DACK is
asserted.

WR (Write Strobe)

The WR input allows the transfer of data to the FDC
from the data bus when low. Disabled when CS is high.

Ao (Data/Status Select)

The Ag input selects the data register (Ag = 1) or status
register (Ag=0) contents to be accessed through the
data bus.

CS (Chip Select)

The FDC is selected when CS is low, enabling RD and
WR.

DBo-DBy7 (Data Bus)

DBo-DBy are a bidirectional 8-bit data bus. Disabled
when CS is high.

DRQ (DMA Request)

The FDC asserts the DRQ output high to request a DMA
transfer.

DACK (DMA Acknowledge)

When the DACK input is low, a DMA cycle is active and
the controller is performing a DMA transfer.

TC (Terminal Count)

When the TC 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.

INDEX (Index)

The INDEX input goes high at the beginning of a disk
track.

INT (Interrupt)

The INT output is FDC'’s interrupt request. In Non-DMA
mode, the signal is output for each byte. In DMA mode,
it is output at the termination of a command operation.

CLK (Clock)

CLK is the input for the FDC’s single-phase, TTL-level
squarewave clock: 8 MHz or 4 MHz. (Requires a pull-up
resistor.)
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WCLK (Write Clock)

The WCLK input sets the data write rate to the FDD. It is
500 kHz for FM, 1MHz for MFM drives, for 8 MHz opera-
tion of the FDC; 250kHz FM or 500 kHz MFM for 4 MHz
FDC operation.

This signal must be input for read and write cycles.
WCLK'’s rising edge must be synchronized with CLK’s
rising edge, except for the uPD765B.

WINDOW (Read Data Window)

The WINDOW input is generated by the phase-locked
loop (PLL). Itis used to sample data from the FDD and in
distinguishing between clock and data bits in the FDC.
RDATA (Read Data)

The RDATA input is the read data from the FDD,
containing clock and data bits. To avoid a deadlock
situation, input RDATA and WINDOW together.

WDATA (Write Data)
WDATA is the serial clock and data output to the FDD.

WE (Write Enable)
The WE output enables write data into the FDD.

SYNC (VCO Sync)

The SYNC output inhibits the VCO in the PLL when low,
enables it when high.

MFM (MFM Mode)

The MFM output shows the VCO’s operation mode. It is
high for MFM, low for FM.

SIDE (Head Select)

Head 1is selected when the SIDE output is 1(high), head
0is selected when SIDE is 0 (low).

USg, US; (Unit Select 0, 1)

The USg and USqoutputs select up to 4 floppy disk drive
units using an external decoder.

PSy, PS; (Preshift 0, 1)

The PSg and PS1outputs are the write precompensation
request signals for MFM mode. They determine early,
late, and normal times for WDATA shifting.

uPD765A1,PD765B
Shift
PSO PS1 (MFM WDATA)
0 0 Normal
0 1 Late
1 0 Early
1 1 —

READY (Ready)

The READY input indicates that the FDD is ready to re-
ceive data.

HDLD (Head Load)

The HDLD output is the command which causes the
read/write head in the FDD to contact the diskette.
FLT/TRKO (Fault/Track 0)

In the read/write mode, the FLT input detects FDD fault
conditions. In the seek mode, TRKO indicates track 0
head position.

WPRT/2SIDE (Write Protect/Two Side)

In the read/write mode, the WPRT input senses write
protected status (at the drive or media.) In the seek
mode, 2SIDE senses two-sided media.

FLTR/STEP (Fault Reset/Step)

In the read/write mode, the FLTR output resets the fault
flip-flop in the FDD. In the seek mode, STEP outputs
step pulses to move the head to another cylinder. A fault
reset pulse is issued at the beginning or each Read or
Write command prior to the HDLD signal.

LCT/DIR (Low Current/Direction)

In the read/write mode, the LCT output indicates that
the R/W head is positioned at cylinder 42 or greater. In
the seek mode, the DIR output determines the direction
the head will move in when it receives a step pulse. If
DIR is 0, seeks are performed in the outward direction;
DIR is 1, seeks are performed in the inward direction.
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.

Vee (+5V)
+5V power supply.
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Block Diagram DC Characteristics
Ta= —10°Cto +70°C,Vgc= +5V£10%
1 __Limts Test
Parameter Symbol Min Typ Max Unit Conditions
Input voltage ~ V/ -0.5 +0.8 V
DB,_, C:Q Data Bus C—_-D c—_-o Registers |g£u voltag L
Inputvoltage ~ Viy 2.0 Vgg+0.5 V
high
[ ek Output voltage VgL 045 V lp=2.0mA
Terminal Serial ——= WR Enable low
Co ——= Preshift 0
N | (O e [ preanin Outputvoltage  Von 2.4 VoV lon=—200A
DRQ l~—— RD Data high
DACK :j R
W ] Reaas T eoem Inputvoltage  Vi(®) —0.5 065 V
B —q Dua () low (CLK +
WR —=q Control le—— Ready WCLK)
PO inout |+— Write Protect/
o ; (] oo [, Twosice :]r!p::t voltage  Vip(®) 2.4 Vo +0.5 V
e Ig
B T Fault/Track 0 (CLK + WCLK)
- <:> Drive ARG Supply current  Igc 150 mA uPD765AC2
- il output [ MFM Mode (Vee) 140 mA uPD765B
v (::D Port | AWiseek
cc L Head Load Input load UK 10 uA Vpn=Vgo
— }— Head Select i
GND [ Cowcamsny current high
e Faui Resat/Step Input load L -10 A V=0V
= current low
Output leakage I g 10 pA Vour=Vee
current high
Absolute Maximum Ratings Output leakage oL 10 A Vour=+0.45V
Ta=25°C current low
Power supply voltage, Voo -0.5t0 +7V
Input voltage, V| -0.5t0 +7V Capacitance
Output voltage, Vo -0.5t0 +7V Ta=25°C, fc =1MHz, Vg =0V
Operating temperature, Topt —10°Cto +70°C Limits Test
Storage temperature, Tsrg —65°C to +150°C Parameter Symbol Min  Typ Max Unit  Conditions
Comment: Exposing the device to stresses above those listed Inputclock  Cin(®) 20 pF (Note 1)
in the Absolute Maximum Ratings could cause permanent capacitance
damage. The device should not be operated under conditions Input Cin 10 pF (Note 1)
outside the limits described in the operational sections of this capacitance
specification. Exposure to absolute maximum rating condi-
tions for extended periods may affect device reliability. g;ggittance Cour ) 20 pF (Note 1)
Note:

5-6
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DIFFERENCES BETWEEN yPD765A AND
uPD765B

The uPD765B is a functionally enhanced version of the
uPDT765A. Differences are explained below.

Overrun Bit [OR]

In uPD765A, when executing a read- or write-type
command (except READ ID and SCAN types), the
result status OR bit is not set if there is an overrun on
the final byte of a sector. An improvement in the
uPD765B allows it to set the OR bit in any situation.

DRQ Reset

When an overrun occurs, the uPD765A needs DACK
input to reset DRQ. If DACK is not available, an
external DMA controller continues to operate even after
the FDC enters the R-Phase (Result Phase), and stored
result status may be transferred accidentally as ordinary
data.

On the other hand, the uPD765B resets DRQ auto-
matically just before the R-Phase entry and independent
of the DACK input. See AC Characteristics for DRQ
reset timing.

Clock Synchronization

The uPD765B does not require synchronization
between the CLK and WCLK inputs.

Version Command

The Version command distinguishes the uPD765B
from other devices. The STO response to the Version
command is:

Part No. STO Value

uPD765A 80H
uPD765B 90H
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AC Characteristics
Ta=—1010 +70°C; Vgc =+5 V £10%

Parameter Symbol Min Typ (1) Max Unit Conditions Parameter Symbol Min Typ (1) Max Unit Conditions
Clock period dcy 120 125 500 ns 8-MHz CLK WCLK cycle time toy 16 ooy MFM =0
) 240 250 500 ns 4-MHz CLK 8 ooy MFM =1
Clock active ) 40 ns WCLK active time  tg 80 250 350 ns Noted
(high, low) (high)
Clock rise PR 20 ns CLK P —WCLK !  towL 0 ¢p ns uPD765AC2
time delay only
Clock fall oF 20 ns WCLK, RDATA and  tg 20 ns
time WINDOW rise time
Ag, CS, DACK taR 0 ns WCLK, RDATA and  t¢ 20 ns
setup time to RD | WINDOW fall time
Aq, CS, DACK _ tga 0 ns Preshift delay time  tcp 20 100 ns
hold time from RD from WCLK
RD width tRR 200 ns WCLKt—WE!  towe 20 100 ns
Data access time  tgp 140 ns C_=100pF delay
fromRD | WDATA delay time  tgp 20 100 ns
DBto floatdelay  tor 10 % s from WCLK
time from RD RDATA active trop 40 ns
Ag, €S, DACK taw 0 ns time (high)
setup time to WR } Window cycle time  twgy 2 ps MFM =0
Ao, CS,DACK _  twa 0 ns 1 us MFM =1
hold time to WR 1 Window hold time _ tapw 15 ns
WR width tww 200 ns from RDATA
Data setup time to  tpw 100 ns Window setup time  twgp 15 ns
WR1 to RDATA
Data hold time from twp 0 ns USp, 1 setup time  tys 12 us  8-MHz CLK
WRt to SEEK ! Notes 4,5
INT delay time from tg, 2¢cy ns Non-DMA SEEK setup time tsp 7 us
ROt + ¢y mode to DIR
+135 — -
Direction setup time tpst 1.0 us
INT delay time from ty 2¢cy ns to step 1
WR 1 Fh USp jholdtime  tgry 50 s
: from step 1
DRQ cycle time tmey 13 us Boy=125 G dtivetime  tsrp 6 7 8 pus Notes45
ns (Note 4) (high)
3325 b=oRa b tam 40 ns Step cycle time tsc 33 Note2Note2 s
DR T —DACK!  tya 200 ns ooy =125 mgt(ﬁs?‘; active  trg 8.0 10  us
delay ns (Note 4) 9 -
DACK width tan 2 oy ns Write data width twop to ns
+15 -5
: USp, 1 hold time tsu 15 us  8-MHz CLK
TC width tre 1 #cy after seek Notes 3,4,
Reset width tRsT 14 ocy 5
DRQ | — INT tw 60 77 ¢cy uPD765B SEEK hold time tps 30 us 8-MHz CLK
response time only from DIR Notes 4, 5
INT — DACK ta 1 ocy DIR hold time tsTD 24 us
ineffective after step
Index pulse width  tpx 4 ocy
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AC Characteristics (cont)

Parameter Symbol Min Typ (1) Max Unit Conditions

RD | delay from DRQ tyr 800 ns 8-MHz CLK
Note 4

WR | delay taw 250 ns

from DRQ

WRtorRD1 tMRW 12 us

response time

from DRQ 1

Notes:

(1) Typical values for T = 25°C and nominal supply voltage.

(2) Under software control. The range is from 1 msto 16 ms at 8-MHz
clock period, and 2 ms to 32 ms at 4-MHz clock period.

(3) When one device is executing a SEEK operation, SENSE DRIVE
STATUS is executed on another device.

(4) Double these values for a 4-MHz clock period.

(5) Thedriveside rating has a variance of —50 ns from the minimum
value.

Timing Waveforms

Processor Read Operation Processor Write Operation
A, CS, DACK )(' A, CS,DACK __ X X

_._.l tan —» |[*—tga — taw — e tya
B t
RD RR — — tww—]

Ml WR i S
tro —»f |e—1tpe l——tnw——— wo
Data —————— Data X
le—tey < tw

INT 1 INT
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Timing Waveforms (Cont)

Data Input Waveform for AC Test (Except CLK, WCLK)

24

045 0.8 0.8

Clock (WCLK, CLK) Input Waveform for AC Test

30 —

24 24
0.65 0.65
3

’ Output Load Capacitance: 1 TTL +100pF

Clock
CLK
DMA Operation
DRQ J;——H-
tam—=y
o tuey 1
BACK T T Ne—tan
‘———*‘an————bl
WR or RD \
— t”w(zﬁ)%i
—| twa(RD)

FDD Write Operation

Write Clock
tCV
Write Enable \
— [e—tce
Preshift 0 or 1 X ] Y X

teo—>1 [ot— twoo
Write Data /\ il
— teo

Preshift 0 Preshift 1
Normal [} 0
Late 0 1
Early 1 0
Invalid 1 1

Seek Operation

US,, :)( Stable

— tus le—tsy
RW/Seek
tso < 'DS"i

Direction j(
tosT—> e sty
Step tsro )
tsw@ S
——tsc
Overrun Operation (4PD765B Only)

tmi R-Phase
DRQ \

_—/._.m

INT Generation
(Command Executed)

DACK Ineffective
Period |

FLT Reset

Fault Reset ﬂ’_}\_
ten

FDD Read Operation

Read Data /N
- taoo  [=twro™| *4'1 thow

Read Data Window b4

fe——twey ——

Note: Either polarity data window is valid.

Terminal Count

TC

— +— trc

83-002828A

Reset

Reset

— [ +—— tRsT

83-002829A




NEC

uPD765A1,PD765B

Timing Waveforms (Cont)

Write Clock

o _/—\_/_\_/_\_/_\_

WCLK / I \
—ow|—

83-002827A

Index

Table 2. Main Status Register

INDEX

A KN

I IDX 1

Internal Registers

The uPD765A/uPD765B 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 FDC, and
may be accessed at any time. The 8-bit data register
(which actually consists of four registers, ST0-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 uPD765A/
uPD765B.

The relationship between the status/data registers and
the signals RD, WR, and Ag is shown in table 1.

Table 1. Status/Data Register Addressing

Ao RD WR Function
0 0 1 Read main status register
0 1 0 lllegal
0 0 0 lllegal
1 0 0 lllegal
1 0 1 Read from data register
1 1 0 Write into data register

The bits in the main status register are defined in
table 2.

Pin
No. Name Function
DBy  DgB FDD number 0 is in the seek mode. If any
(FDD 0 Busy) of the DB bits is set FDC will not accept
read or write command.
DBy DB FDD number 1is in the seek mode. If any of
(FDD 1Busy) the DB bits is set FDC will not accept read
or write command.
DBy  DyB FDD number 2 is in the seek mode. If any
(FDD 2 Busy) of the DpB bits is set FDC will not accept
read or write command.
DB3  D3B FDD number 3 is in the seek mode. If any
(FDD 3 Busy) of the Dy,B bits is set FDC will not accept
read or write command.
DBy CB A Read or Write command is in process.
(FDC Busy) FDC 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.

DBg  DIO
(Data Input/ Output)

Indicates direction of data transfer be-
tween FDC and data register. If DIO=1,
then transfer is from data register to the
processor. If DIO =0, then transfer is from
the processor to data register.

DB;  RQM
(Request for Master)

Indicates data register is ready to send or
receive data to or from the processor. Both
bits DIO and RQM should be used to per-
form the hand-shaking functions of
*‘ready”’ and *direction’’ to the processor.

The DIO and RQM bits in the status register indicate
when data is ready and in which direction data will be
transferred on the data bus. See figure 1.

Figure1. DIO and RQM

Out FDC and Into Processor

Out Processor and Into FDC | |

Ready

|

|
!
WE —+

Data In/Out
(DIO)

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

Table 3. Status Register Identification (cont)

Pin Pin
No. Name Function No. Name Function
Status Register 0 Status Register 1 (cont)
D7,D0g IC D7=0and Dg=0 Dy ND During execution of Read Data, Read De-
(Interrupt Code) Normal termination of command, (NT). (No Data) leted Data, Write Data, Write Deleted Data
Command was completed and properly ex- or Scan command, if the FDC cannot find
ecuted. the sector specified in the IDR(2) Register,
D7=0and Dg=1 this flag is set.
Abnormal termination of command, (AT). During execution of the Read ID command,
Execution of command was started but if the FDC cannot read the ID field without
was not successfully completed. an error, then this flag is set.
D7=1and Dg=0 During execution of the Read Diagnostic
Invalid command issue, (IC). Command command, if the starting sector cannot be
which was issued was never started. found, then this flag is set.
D7=1and Dg=1 Dy NW During execution of Write Data, Write De-
Abnormal termination because during (Not Writable) leted Data or Write ID command, if the FDC
command execution the ready signal from detects a write protect signal from the
FDD changed state. FDD, then this flag is set.
Ds SE When the FDC completes the Seek com- Dy MA This bit is set if the FDC does not detect the
(Seek End) mand, this flag is set to 1 (high). (Missing Address IDAM before 2 index pulses. It is also set if
P : Mark) the FDC cannot find the DAM or DDAM af-
Dy EC Ifafault signal is received from the FDD, or . . )
(Equipment Check) if the track 0 signal fails to occur after 77 terthe L[,’A"," is found, MD bit of ST2 s also
step pulses (Recalibrate Command) then set at this time.
this flag is set. Status Register 2
D3 NR When the FDD is in the not-ready state and Dy Not used. This bit is always 0 (low).
(Not Ready) ?I Read 0{ VI\:nteRcodmma‘;lld‘tls issued, Lh!s Dg CM During execution of the Read Data or Scan
g lsds:s - da 1eaf or ”I e-cpdm:jn;;n' 1S (Control Mark) command, if the FDC encounters a sector
;isuem. oﬂsn e °t a single-sided drive, which contains a deleted data address
en this flag is set. mark, this flag is set. Also set if DAM is
Dy HD This flag is used to indicate the state of the found during Read Deleted Data.
(Head Address) head at interrupt. Dg DD If the FDC detects a CRC error in the data
Dy US4 This flag is used to indicate a drive unit (Data Error in field then this flag is set.
(Unit Select 1) number at interrupt. Data Field)
Do USg This flag is used to indicate a drive unit Dy wc This bit is related to the ND bit, and when
(Unit Select 0) number at interrupt. (Wrong Cylinder) the contents of C(3) on the medium is dif-
Status Register 1 ferent from that stored in the IDR, this flag
is set.
b7 EN . D. SH During execution of the Scan command, if
End of Cylinder’ ond the final sector of a cylinder, this fla 3 . - e N
( y ) E/sset y s lag (Scan Equal Hit) the condition of “‘equal’’ is satisfied, this
- flag is set.
Dy Not . This bit is al .
6 ot used. This bitis atways O (low) — Dy SN During execution of the Scan command, if
Ds  DE When the FDC detects a CRC(1) error in ei- (Scan Not Satisfied) the FDC cannot find a sector on the cylin-
(Data Error) ther the ID field or the data field, this flag is der which meets the condition, then this
set. flag is set.
Dy OR If the FOC is not serviced by the host sys- Dy BC This bit is related to the ND bit, and when
(Overrun) tem during data transfers within a certain (Bad Cylinder) the contents of C on the medium is differ-
time interval, this flag is set. ent from that stored in the IDR and the con-
D3 Not used. This bit is always 0 (low). tents of C is FFH, then this flag is set.
Do MD When data is read from the medium, if the
(Missing Address FDC cannot find a data address mark or

5-12

Mark in Data Field)

deleted data address mark, then this flag
is set.
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Table 3. Status Register Identification (cont)

Command Symbol Description

Pin
No. Name Function
Status Register 3
D7 FT This bit is used to indicate the status of the

(Fault) fault signal from the FDD.

Dg wp This bit is used to indicate the status of the
(Write Protected) write protected signal from the FDD.
Ds RY This bit is used to indicate the status of the

(Ready) ready signal from the FDD.

Dy T0 This bit is used to indicate the status of the
(Track 0) track 0 signal from the FDD.

D3 TS This bit is used to indicate the status of the
(Two-Side) two-side signal from the FDD.

Dy HD This bit is used to indicate the status of the
(Head Address) side select signal to the FDD.

Dy USq This bit is used to indicate the status of the
(Unit Select 1) unit select 1signal to the FDD.

Do USy 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 uPD765A/uPD765B is capable of performing 15 dif-
ferent 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 uPD765A/
uPD765B 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 The FDC performs the operation it

Phase: 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.

Name Function

Ay Ao controls selection of main status register

(Address Line 0) (Ag=0) or data register (Ag=1).

C C stands for the current/selected cylinder

(Cylinder Number) (track) numbers 0 through 76 of the medium.

D D stands for the data pattern which is going to be

(Data) written into a sector during WRITE 1D operation.

D7-Dg 8-bit data bus, where D; stands for a most

(Data Bus) significant bit, and Dy stands for a least
significant bit.

DTL When N is defined as 00, DTL stands for the data

(Data Length) length which users are going to read out or write
into the sector.

EOT EOQT stands for the final sector number on a cylin-

(End of Track) der. During read or write operations, FDC will stop
data transfer after a sector number equal to EOT.

GPL GPL stands for the length of gap 3. During Read /

(Gap Length) 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.

H H stands for the logical head number 0 or 1, as

(Head Address) specified in ID field.

HD HD stands for a the physical head number 0 or 1

(Head) and controls the polarity of pin 27. (H=HD in all
command words.)

HLT HLT stands for the head load time in the FDD (2 to

(Head Load Time) 254 ms in 2ms increments).

HUT HUT stands for the head unload time after a Read

(Head Unload Time) or Write operation has occurred (16 to 240 ms in
16 ms increments).

MF 1t MFis low, FM mode