
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































",PD8251AIAF 

output is raised to indicate a completed character is 
ready for the processor. The processor fetch will 
automatically reset RxRDY. 

Note: 
The IlPD8251A/51AF may provide faulty RxRDY for the first read after 
power·on or for the first read after receive is re·enabled by a command 
instruction (RxE). A dummy read is recommended to clear faulty 
RxRDY. But this is not the case for the first read after hardware or 
software reset after the device operation has once been established. 

The IlPD8251A/51AF cannot transmit until the TxEN (transmitter 
enable) bit has been set by a command instruction and until the CTS 
(clearto send) input is a "zero". TxD is held in the "marking" state after 
reset awaiting new control words. 

USART Programming 

The USART must be loaded with a group of two to four 
control words provided by the processor before data 
reception and transmission can begin. A RESET 
(internal or external) must immediately proceed the 
control words which are used to program the complete 
operational description of the communications 
interface. If an external RESET is not avaHable, three 
successive 00 Hex or two successive 80 Hex command 
instructions (C/O = 1) followed by a software reset 
command instruction (40 Hex) can be used to initialize 
the /JPD8251A/51AF. 

There are two control word formats: 

1. Mode Instruction 
2. Command Instruction 

Mode Instruction 

This control word specifies the general characteristics 
of the interface regarding the synchronous or 
asynchronous mode, baud rate factor, character length, 
parity, and number of stop bits. Once the mode 
instruction has been received, SYNC characters or 
command instructions may be inserted depending on 
the mode instruction content. 

Command Instruction 

This control word will be interpreted as a SYNC 
character definition if immediately preceded by a mode 
instruction which specified a synchronous format. 
After the SYNC character(s) are specified or after an 
asynchronous mode instruction, all subsequent control 
words will be interpreted as an update to the command 
instruction. Command instruction updates may occur 
at any time during the data block. To modify the mode 
instruction, a bit may be set in the command instruction 
which causes an internal reset which allows a new 
mode instruction to be accepted. 

8 ... 50 
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Typical Data Block 

CD=1 Mode Instruction 

CD = 1 Sync Character 1 
} SYNC Mode 

CD=1 Sync Character 2 Only(1) 

CD=1 Command Instruction 

CD =0 Data 

CD=1 Command Instruction 

CD = 0 f Data 

J 
CD =1 Command Instruction 

83·003878A 

Mode Instruction Definition 

The /JPD8251A/51AF can operate in either asynchron
ous or synchronous communication modes. Under
standing how the mode instruction controls the 
functional operation of the USART is easiest when the 
device is considered to be two separate components 
(one asynchronous and the other synchronous) which 
share the same support circuits and package. Although 
the format definition can be changed at will or "on the 
fly;' the two modes will be explained separately for clar
ity. 

Asynchronous Transmission 

When a data character is written into /JPD8251A/51AF, 
the USART automatically adds a start bit (low level or 
"space") and the number of stop bits (high level or 
"mark") specified by the mode instruction. If parity has 
been enabled, an odd or even parity bit is inserted just 
before the stop bit(s), as specified by the mode instruc
tion. Then, depending on CTS and TxEN, the character 
may be transmitted as a serial data stream at the TxD 
output. Data is shifted out by the falling edge of TxC at 
TxC, TxC/16 or TxC/64, as defined by the mode instruc
tion. 

If no data characters have been loaded into the 
/JPD8251A/51AF, or if all available characters have been 
transmitted. the TxD output remains "high" (marking) in 
p;eparation'for sending 'the start bit of the next charac
ter provided by the processor. TxD may be forced to send 
a break (continuously low) by setting the correct bit in 
the command instruction. 
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Mode Instruction Format for Asynchronous Mode 

Do 

I S2 I S1 I EP I PEN I L2 1 L1 I B2 I B1 I 

TxD 

RxD 

L Baud Rate Factor 

0 1 0 1 

0 0 1 1 

SYNC (1 X) (16 X) (64 X) 
Mode 

Character Length 

0 1 0 1 

0 0 1 1 

5 6 7 8 
Bits Bits Bits Bits 

Parity Enable 

1 Enable 0 Disable 

Even Parity Generation/Check 
1 Even 0 Odd 

Number Of Stop Bits 

0 1 0 1 

0 0 1 1 

Invalid 1 1'12 2 
Bit Bits Bits 

DO 01 02 

StofL 
Bits 

Transmitter Output 

Do 01 02 

t t 
Data ~Bits Start I St0r-L 

Bit Bits 

Receiver Input 

Processor Byte (5·8 Bits/Char) 

~ _______ D_at_a~~~~;r_a_ct_e_r ______ ~ 
Assembled Serial Data Output (TxD) 

Start 
Bit Data ~;aracter P~I? ~~O 

~----~--------~~t--------~------~--~ 

Start 
Bit 

Notes: 

Transmission Format 

Serial Data Input (RxD) 

Processor Byte (5·8 Bits/Char) (3) 

Data Ch~r;l:-,ct_e_r ____ ........ 

Receive Format 

(1) Generated by,..PD8251A1AF 
(2) Does not appear on the Data Bus. 
(3) If character length is defined as 5, 6, or 7 bits, the unused bits are set to "zero:' 

J.(PD8251AI AF 

Il 

83·003879C 
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Asynchronous Receive 

The RxD input line is normally held "high" (marking) by 
the transmitting device. A falling edge at RxD signals 
the possible beginning of a start bit and a new charac
ter. The start bit is checked by testing for a "low" at its 
nominal center as specified by the baud rate. If a "low" 
is detected again, it is considered valid, and the bit as
sembling counter starts counting. The bit counter lo
cates the approximate center of the data, parity (if 
specified), and stop bits. The parity error flag (PE) is set, 
if a parity error occurs. Input bits are sampled at the RxD 
pin with the rising edge of RxC. If a high is not detected 
for the stop bit, which normally signals the end of an in
put character, a framing error (FE) will be set. After a 
valid stop bit, the input character is loaded into the para
llel data bus buffer of the IAPD8251A/51AF and the 
RxRDY signal is raised to indicate to the processor that 
a character is ready to be fetched. If the processor has 
failed to fetch the previous character, the new character 
replaces the old and the overrun flag (OE) is set. All the 
error flags can be reset by setting a bit in the command 
instruction. Error flag conditions will not stop subse
quent USART operation. 

Synchronous Transmission 

As in asynchronous transmission, the TxD output re
mains "high" (marking) until the IAPD8251A/51AF re
ceive the first character (usually a SYNC character) from 
the processor. After a command instruction has set 
TxEN and after clear to send (CTS) goes low, the first 
character is serially transmitted. Data is shifted out on 
the falling edge of TxC and the same rate as TxC. 

Once transmission has started, synchronous mode for
mat requires that the serial data stream at TxD continue 
at the TxC rate or SYNC will be lost. If a data character is 
not provided by the processor before the IAPD8251AI 
51AF transmit buffer becomes empty, the SYNC charac
ter(s) loaded directly following the mode instruction will 
be automatically inserted in the TxD data stream. The 
SYNC character(s) are inserted to fill the line and main
tain synchronization until new data characters are avail
able for transmission. If the IAPD8251A/51AF become 
empty, and must send the SYNC character(s), the Tx
EMPTY output is raised to signal the processor that the 
transmitter buffer is empty and SYNC characters are be
gin transmitted. TxEMPTY is automatically reset by the 
next character from the processor. 

8-52 
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Synchronous Receive 
In synchronous receive, character synchronization can 
be either external or internal. If the internal SYNC mode 
has been selected, and the enter hunt (EH) bit has been 
set by a command instruction, the receiver goes into the 
HUNT mode. 

Incoming data on the RxD input is sampled on the rising 
edge of RxC, and the receive buffer is compared with 
the first SYNC character after each bit has been loaded 
until a match is found. If two SYNC characters have 
been programmed, the next received character is also 
compared. When the SYNC character(s) programmed 
have been detected, the IAPD8251A/51AF leave the 
HUNT mode and are in character synchronization. At 
this time, the SYNDET (output) is set high. SYNDET is 
automatically reset by a status read. 

If external SYNC has been specified in the mode in
struction a "one" applied to the SYNDET (input) for at 
least one' RxC cycle will synchronize the USART. 

Parity and overrun errors are treated the same in the syn
chronous as in the asynchronous mode. If not in HUNT, 
parity will continue to be checked even if the receiver is 
not enabled. Framing errors do not apply in the synchro
nous format. 

The processor may command the receiver to enter the 
HUNT mode with a command instruction which sets en
ter hunt (EH) if synchronization is lost. 

Mode Instruction Format for Synchronous Mode 

D7 D6 Ds D4 D3 D2 D1 Do 

IscslES~ EP !E~ L21 L11 0 1 oJ 
It~ 

Character Length 

0 1 

0 0 

5 6 
Bits Bits 

Parity Enable 
'-------+ (1 Enable) 

(0 Disable) 

0 1 

1 1 

7 8 
Bits Bits 

I

': · ~ve~v~~rlty GeneraticnlChec 

o Odd 

'----______ -+;xt~~~~~~~; ~:~~~~t 
o SYNDET Is An Output 

Single Character SYNC 
'---------__ 1 Single SYNC Character 

o Double SYNC Character 
83·003880A 
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Transmitl Receive Format Synchronous Mode 

Note: 

Processor Bytes (5·8 Bits Char) 

Data Ch~~:acters ----I 
Assembled Serial Data Output (T x D) 

Data Cha~cters 
Transmit Format 

Serial Data Input (RxD) 

Data Cha~cters 
Processor Bytes (5-8 Bits Char) (Note 1) 

L-__ D_ata_C~h:~ 
Receive Format 

(1) If character length is defined as 5, 6 or 7 bits, the 
unused bits are set to "zero". 

Command Instruction Format 

83·003881A 

After the functional definition of the ",PD8251A/51AF 
has been specified by the mode instruction and the 
SYNC character(s) have been entered (if in SYNC mode), 
the USART is ready to receive command instructions 
and begin communication. A command instruction is 
used to control the specific operation of the format 
selected by the mode instruction. Enable transmit, 
enable receive, error reset and modem controls are 
controlled by the command instruction. 

After the mode instruction and the SYNC character(s) 
(as needed) are loaded, all subsequent "control writes" 
(CiO = 1) will load or overwrite the command instruction 
register. A reset operation (internal via CMD IR or 
external via the RESET input) will cause the 
",PD8251A/51AF to interpret the next "control write", 
which must immediately follow the reset, asa mode 
instruction. 

JJPD8251A/AF 

Status Read Format 

It is frequently necessary for the processor to examine 
the status of an active interface device to determine if 
errors have occurred or if there are other conditions 
which require a response from the processor. The 
",PD8251A/51AF have features which allow the 
processor to read the device status at any time. A data 
fetch is issued by the processor while holding the C/O 
input "high" to obtain device status information. Many 
of the bits in the status register are copies of external 
pins. This dual status arrangement allows the 
",PD8251A/51AF to be used in both polled and interrupt 
driven environments. Status update can have a 
maximum delay of 28 clock periods in the 
",PD8251A/51AF. 

Parity Error 

When a parity error is detected, the PE flag is set. It is 
cleared by setting the ER bit in a subsequent command 
instruction. PE begin set does not inhibit USART 
operation. 

Overrun Error 

If the processor fails to read a data character before the 
one following is available, the OE flag is set. It is cleared 
by setting the ER bit in a subsequent command 
instruction. Although OE being set does not inhibit 
USART operation, the previously received character is 
overwritten and lost. . 

Framing Error 

If a valid STOP bit is not detected at the end of a 
character, the FE flag is set (ASYUNC mode only). It is 
cleared by setting the ER bit in a subsequent command 
instruction. FE being set does not inhibit USART 
operation. 
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Command and Status Register Formats 

Command Register 

Status Register 

8-54 

o 7 

Transmit Enable 
1 = enable 
o = disable 

Data Terminal 
Ready _ 
"high" will force DTR 
output to zero 

Receive Enable 
1 = enable 
0= disable 

Send Break 
Character 
1 = forces TxD "low" 
o = normal operation 

Error Reset 
1 = reset all error flags 

PE, OE, FE 

Request To Send_ 
"high" will force RTS 
output to zero 

Internal Reset 
'---------------4H "high" returns USART to 

o 6 o 5 o 4 o 3 02 

Mode Instruction Format 

Enter Hunt Mode 
1 = enable search for 
Sync Characters(l) 

01 Do 

I DSR ISYNDETI 
IBD FE r OE I PE I TxE I RxRDY I TxRDY I 

I I I 1" 1 ~(2) 

+ Same Definitions As 110 Pins 

Parity Error 
The PE flag Is set when a parity 
error Is detected. It Is reset by 
the ER bit of the Command 
Instruction. PE does not Inhibit 
operation of the I'PD8251A1AF. 

Overrun Error 
The OE flag is set when the CPU 
does not read a character before 
the next one becomes available. 

~ It is reset by the ER bit of the 
Command Instruction. OE does 
not inhibit operation of the 
I'PD8251AI AF; but, the previously 
overrun character is lost. 

Framing Error (ASYNC only) 
The FE flag is set when a valid 
Stop bit is not detected at the 
end of every character. It is 
reset by the ER bit of the 
Commana instruction. FE due:; 
not inhibit the operation of the 
I'PD8251AI AF. 

Notes: 
(1) NO effect in ASYNC mode. 

(2) TxRDY status bit Is not totally equivalent to the TxRDY output pin, the 
relationship Is as follows: 

TxRDY status bit = DB Buffer Empty 
TxRDY (pin 15) = DB Buffer Empty· CTS • TltEn 

NEe 

83·003882C 
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Asynchronous Serial Interface to CRT Terminal, DC to 9600 Saud 

"PD8251AI AF 

Asynchronous Interface to Telephone Lines 

Address Bus 

Control Bus 

Data Bus 

I 
I 
I 

r----' : Te~i~al 
.------i ~~:; pun 

L ____ --i 1. ~ 
Baud Rate 
Generator 

Data Bus 

Phone Line 
Interface 

JJPD8251A/AF 

83-0038838 

83-0038848 
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Synchronous Interface to Terminal or Peripheral Device 

Synchronous Interface to Telephone Lines 

8-56 

SYNDET 1------+1 

Sync 
Modem 

Address Bus 

Control Bus 

Data Bus 

Synchronous 
Terminal 

or Peripheral 
Device 

Address Bus 

Control Bus 

Data Bus 

Phone Line 
Interface 

t 
Telel?hone 

LIRe 

NEe 
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NEe Electronics Inc. 

Description 

The NEC J.lPD8253 contains three independent, pro
grammable, multi-model 16-bit counter/timers. It is 
designed as a general purpose device, fully compati
ble with the 8080 family. The J.lPD8253 interfaces 
directly to the buses of the processor as an array of 
I/O ports. 

The J.lPD8253 can generate accurate time delays under 
the control of system software. The three independent 
16-bit counters can be clocked at rates from DC to 
5 MHz. The system software controls the loading and 
starting of the counters to provide accurate multiple 
time delays. The counter output flags the processor 
at the completion of the time-out cycles. 

System overhead is greatly improved by relieving the 
software from the maintenance of timing loops. Some 
other common uses for the J.lPD8253 in microproc
essor based systems are: 

• Programmable baud rate generator 
• Event counter 
• Binary rate multiplier 
• Real time clock 
• Digital one-shot 
• Complex motor controller 

Features 

o Three independent 16-bit counters 
o Clock rate: DC to 5 MHz 
o Binary count or BCD 
o Single + 5 V power supply, ± 10% 

Ordering Information 

Part 
Number 

J.lPD8253C-2 

J.lPD8253C-5 

Package Type 

24-pin plastic DIP 

24-pin plastic DIP 

Max Frequency 
olOperatien 

5 MHz 

4 MHz 

Pin Configuration 

07 

06 

05 

04 

03 

02 

01 

Do 

elK 0 

OUT 0 

GATE 0 

GNO 

Pin Identification 
No. Symbol 

1-8 DrDo 

9,15,18 ClK 0,1,2 

10,13,17 OUT 0,1,2 

11,14,16 GATE 0,1,2 

12 GND 

19,20 AO,A1 

21 CS 

22 RD 

23 WR 

24 Vee 

pPD8253 
PROGRAMMABLE 
INTERVAL TIMER 

Vee 
iNA 
AD 
cs 
A1 

Ao 
elK 2 

OUT 2 

GATE 2 

elK 1 

GATE 1 

OUT 1 

83-003610A 

Function 

Three-state data bus 

Counter clock inputs 0-2 

Counter outputs 0-2 

Counter gate inputs 0-2 

Ground 

Counter select 

Chip select 

Read counter 

Write command or data 

+5 V power supply 
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Pin Functions 

07-00 (Data Bus) 

These pins form a three-state, bidirectional data bus 
that interfaces with the 8080AF/8085 microprocessor 
system. 

ClK 0,1,2 (Counter Clock Inputs 0-2) 

ClK 0, ClK 1, and ClK 2 input the clock signal for 
counter 0, counter 1, and counter 2, respectively. 

OUT 0,1,2 (Counter Outputs 0-2) 

OUT 1, OUT 2, and OUT 3 are outputs signals for 
counter 0, counter 1, and counter 2, respectively. 

GATE 0,1,2 (Counter Gate Inputs 0-2) 

The GATE 0, GATE 1, and GATE 2 inputs gate counter 
0, counter 1, and counter 2, respectively. 

GND (Ground) 

Connection to ground. 

Block Diagram 

NEe 
Ao, A1 (Counter Select) 

These inputs are normally connected to the 
processor's address bus. Their function is to select 
which of the three counters will be operated on, and 
to address the control word register for mode 
selection. 

CS (Chip Select) 

A low level input to this pin enables the /JPD8253. 
Reading and writing will not occur unless the device 
is selected. This input has no effect on the actual 
operation of the counters. 

RD (Read Counter) 

A low level input to this pin instructs the /JPD8253 to 
send the selected counter value to the processor. 

WR (Write Command or Data) 
A low level input to this pin instructs the /JPD8253 to 
receive mode information or counter input data from 
the processor. 

Vee 
+5 V power supply. 

r---------------------------------, 
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AO 

HH 

I I 
I I 
I I 
I I 
I I 
I I 
I I 

D7- DO I ~LOCK 0 

I 
DATA 

BUS 
BUFFER 

~---1~..aRo READI 
WRITE 

1-----1r----iA, LOGIC 

CONTROL 
WORD 

REGISTER OUT 2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PROCESSOR PROCESSOR PROCESSOR I'PD8253-5 I 
ADDRESS CONTROL DATA ~-----------------------------------~ BUS BUS BUS 
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Functional Description 

The three-state, bidirectional data bus buffer 
interfaces the J.lPD8253 to the 8080AF/8085A micro
processor system. Data transfer is according to the 
input or output instructions executed by the proc
essor. The data bus buffer has three basic functions: 

• Programming the J.lPD8253 modes 
• Loading the count registers 
• Reading the count values 

The read/write logic controls the overall operation of 
the J.lPD8253 and is governed by inputs received from 
the processor system bus. 

When Ao and A1 are high level, data from the data bus 
buffer is stored in the control word register. This data 
controls the operational mode of. the counters, the 
selection of BCD or binary counting, and the loading 
of the count registers. 

Counters 0,1, and 2 are identical 16-bit down counters 
that are functionally independent, allowing for sepa
rate mode configurations and counting operations. 
Each counter can operate in either binary or BCD. 
Gate, input, and output line configurations are deter
mined by the operational mode data stored in the con
trol word register. System software overhead can be 
reduced by allowing the control word to govern the 
loading of the count data. 

It is possible to read the contents of a counter when 
it is operating, without disturbing its operation. The 
following table shows how the counters are manipu
lated by input signals to the read/write logic. 

CS RD WR Al AD Function 

0 0 0 o Load counter no. 0 

0 0 0 Load counter no. 1 

0 0 Load counter no. 2 

0 0 1 Write mode word 

0 0 0 Read counter no. 0 

0 0 0 Read counter no. 1 

0 0 Read counter no. 2 

0 0 1 1 1 No-operation, 3-state 

X X X X Disable, 3-state 

X X No-operation, 3-state 

J.lPD8253 

Absolute Maximum Ratings 
Operating temperature 

Storage temperature 

Voltage on any pin -0.5 to + 7 volts (1) 

Note: 

(1) With respect to ground. 

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

Capacitance 
T A = 25°C; Vcc = GND = 0 v 

Limits 

Parameter Symbol Min Typ Max Unit 

Input capacitance GIN 10 pF 

Input/Output Gila 20 pF 
capacitance 

DC Characteristics 
TA = OOC to + 70°C; Vee = +5 V ± 10% 

Limits 

Parameter Symbol Min Typ Max 

Input low voltage VIL -0.5 0.8 

Input high voltage VIH (1) 2.0 Vee 
+ 0.5 

Output low voltage VOL 0.45 

Output high voltage VOH 2.4 

Input load current IlL ±10 

Output float IOFL ±10 
leakage current 

Vee supply current lee 140 

Note: 

(1) VIH 2.2 min for IJ.PD8253-2. 

Test 
Conditions 

fc = 1 MHz 

Unmeasured pins 
returned to Vss 

Test 
Unit Conditions 

V 

V 

V IOL = 2.2 mA 

V IOH = -400 IJ.A 

~ o ::S; VIN ::S; Vee 

IJ.A 0.45 ::S; Your 
::S; Vee 

mA 
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AC Characteristics 
TA = O°C to +700 C; Vee = +5 V ±10%; GND = 0 V 

Parameter Symbol 

Read 

Address stable before READ tAR 
Address hold time for READ tRA 

READ pulse width tRR 
Data delay from READ tRO 
READ to data floating tOF 
Recovery time between READS tRV 

Write 

Address stable before WRITE tAW 
Address hold time for WRITE tWA 
WRITE pulse width tww 

Data set up time for WRITE tow 
Data hold time for WRITE two 
Recovery time between WRITES tRV 
Clock and Gate TIming 

Clock period tClK 
High pulse width tPWH 
Low pulse width tPWl 
Gate pulse width high tGW 
Gate set up time to clock t tGS 
Gate hold time after clock t tGH 

Low gate width tGl 
Output delay from Clock ~ too 
Output delay from gate tOOG 

Note: 

(1) AC timing measured at VOH = 2.0 V; VOL = 0.8 V. 

Timing Waveforms 

AC Test Conditions 

2.4--V2.0 20:V--
O.4s---A-""o.,,-s ___ ~O=:8A....-.-

Read Timing 

Limits 
",PD8253-2 

Min Max 

30 

a 
200 

140 

10 85 

200 

o 
o 

160 

130 

o 
200 

200 

80 

80 

120 

70 

50 

120 

250 

250 

Limits 
",PD8253-5 

Min Max 

o 
o 

250 

170 

25 100 

1000 

o 
o 

250 

150 

o 
1000 

250 DC 

160 

90 

150 

100 

50 

100 

300 

300 

Write Timing 

A1. AO,CS=X-_________ ""'"'I '-___ _ 

C=tAR Read and Write Timing 
RD 

8-60 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NEe 

Test 
Conditions 

Cl = 150 pF 

Cl = 150 pF 

Cl = 150 pF 

Cl = 150 pF 
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Timing Waveforms (cont) 

Clock and Gate Timing 

Programming the J.tPD8253 

The programmer can select any of the six operational 
MODES for the counters using system software. In
dividual counter programming is accomplished by 
loading the CONTROL WORD REGISTER with the ap
propriate control word data (AQ, A1 = 11). 

Control Word Format 

RL - Read/Load 

RL1 RLo 

0 0 Counter latching operation 

1 0 Read/Load most significant byte only 

0 1 Read/Load least significant byte only 

1 1 Read/Load least significant byte first, then 
most significant byte 

J.lPD8253 

SC - Select Counter 

SC1 sCo 

0 0 Select counter 0 

0 1 Select counter 1 

1 0 Select counter 2 

1 1 Invalid 

BCD 
Binary counter, 16-bits 

BCD counter, 4-decades 

M·Mode 

M2 M1 Mo 

0 0 0 Mode 0 

0 0 1 Mode 1 

X 1 0 Mode 2 

X 1 1 Mode 3 

1 0 0 Mode 4 

1 0 1 Mode 5 
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Operational Modes 

Each of the three counters can be individually pro
grammed with different operating MODES by ap
propriately formatted control words. The following is 
a summary of the MODE operations. 

Mode 0: Interrupt on Terminal Count 

The initial MODE set operation forces the OUTPUT 
low. When the specified counter is loaded with the 
count value, it will begin counting. The OUTPUT will 

Mode 0: Interrupt on Terminal Count 

eLK 

WRn ---,L.. _____ ...J ! n = 4 

NEe 
remain low until the terminal count sets it high. It will 
remain in the high state until the trailing edge of the 
second WR pulse loads in COUNT data. If data is load
ed during the counting process, the first WR stops the 
count. Counting starts with the new count data trig
gered by the falling clock edge after the second WR. 
If a GATE pulse is asserted while counting, the count 
is terminated for the duration of GATE. The falling 
edge of ClK following the removal of GATE restarts 
counting from the terminated point. 

Output -------------7-------~ 

WRn ~L.. _____ -' ! n = 4 I 
I 

Gate -------------hi I 
I L.... ------' 

I 
Output ---------, 

8-62 
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Mode 1: Programmable One-Shot 

The OUTPUT is set low by the falling edge of CLOCK 
following the trailing edge of GATE. The OUTPUT is 
set high again at the terminal count. The output pulse 
is not affected if new count data is loaded while the 
OUTPUT is low. The new data will be loaded on the 
rising edge of the next trigger pulse. The assertion of 
a trigger pulse while OUTPUT is low, resets and retrig
gers the one-shot. The OUTPUT will remain low for the 
full count value after the rising edge of TRIGGER. 

Mode 1: Programmable One·Shot 

eLK 

n = 4 

Gate (Trigger) ------------' 

Output -------------; 

Gate (Trigger) -------' 

Output --------1 

J.lPD8253 

83-0036128 
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Mode 2: Rate Generator 

The RATE GENERATOR is a variable modulus 
counter. The OUTPUT goes low for one full CLOCK 
period as shown in the following timing diagram. The 
count data sets the time between OUTPUT pulses. If 
the count register is reloaded between output pulses 
the present period will not be affected. The subse
quent period will reflect the new value. The OUTPUT 
will remain high for the duration of the asserted GATE 
input. Normal operation resumes on the falling 
CLOCK edge following the rising edge of GATE. 

Mode 2: Rate Generator 

elK 

WRn ' .... ___ ---' ! n = 3 

NEe 

n = 4 

_ ___________ ......,1 0....:..(3-.) ___ ---,1 0(4) 1 0(4) 

Output U LJr'-"'-----~--LJ 

WRn ' .... _"""--___ ---' ! n = 3 

Gate (Reset) ----------. 

_ ________ ~ ______ ~ ______ ~10 ....:..(3-.) ___ ---,1 0(~3~) ____ _ 

Output U- U-
83-0036136 
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Mode 3: Square Wave Generator 

MODE 3 resembles MODE 2 except the OUTPUT will 
be high for half of the count and low for the other half 
(for even values of data). For odd values of count data 
the OUTPUT. Put will be high one clock cycle longer 
than when it is low (High Period -+ N t 1 clock 
cycles; Low Period -+ N 2' 1 clock periods, where N 
is the decimal value of count data). If the count 
register is reloaded with a new value during counting, 
the new value will be reflected immediately after the 
output transition of the current count. 

The OUTPUT will be held in the high state while GATE 
is asserted. Counting will start from the full count 
data after the GATE has been removed. 

Mode 3: Square' Wave Generator 

elK 

""PD825.3 

,.:.0(4.:.,.) ___ ----.°(4)° ,.:.(4.:.,.) ___ ----.0(4) 0,.;..(4.;,..) _~_-----;0(4) 0(4) 

Output (n -= 4) ~ L..-I _----II L..-I _----II L...-1 __ --', 
,.:.0(5..:.,.) _~_---.;:..-_ .... 0(5) 0{;.:,;5;:...) _--.:.. __ ~_.....;0(5) 0,.;..(5.;...) ____ _ 

Output (n -= 5) ~ 11.-__ ....... 11 L-__ ---JI 

Gate (Reset) --------, 

0(4) ... ________ ~_....,0(4) 0(4) 0(4) 0(4) 

Output (n -= 4) 11-__ ----11 L. ___ ---II;.:.. -=------..; .... 1 ___ ---AI 
83-0036148 
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Mode 4: Software Triggered Strobe 

The OUTPUT goes high when MODE 4 is set, and 
counting begins after the second byte of data has 
been loaded. When the terminal count is reached, the 
OUTPUT will pulse low for one clock period. Changes 
in count data are reflected in the OUTPUT as soon as 
the new data has been loaded into the count registers. 
During the loading of new data, the OUTPUT is held 
high and counting is inhibited. 

The OUTPUT is held high for the duration of GATE. 
The counters are reset and counting begins from the 
full data value after GATE is removed. 

Mode 4: Software Triggered Strobe 

elK 

n = 4 

o 
Output ----------..:..--.....:.---=-------:..---1U 

WRn ----, 

n = 4 

Gate -----------...., 

o 
Output -------------------------...,U 
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Mode 5: Hardware Triggered Strobe 

Loading MODE 5 sets OUTPUT high. Counting begins 
when count data is loaded and GATE goes high. After 
terminal count is reached, the OUTPUT will pulse low 
for one clock period. Subsequent trigger pulses will 
restart the counting sequence with the OUTPUT puls
ing low on terminal count following the last rising 
edge of the trigger input. (Reference the bottom half 
of the timing diagram.) 

Mode 5: Hardware Triggered Strobe 

elK 

WR
n 
----,<------' L n=4 

Gate ------_____ ---1 

o 
Output --------------.:....--~--..,;;..-------,LJ 

WRn----,,_~~ __ ~ L n=4 

Gate _________ --In ... __ ...1 

o 
Output -----------------------------,LJ 

JlPD8253 

83-0036168 
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NEe Electronics Inc. 

Description 

The I-LPD8255A-2 and I-LPD8255A-5 are general purpose 
programmable input/output devices designed for use 
with the 8080A/8085A microprocessors. Twenty-four 
I/O lines may be programmed in two groups of twelve 
(group I and group II) and used in three modes of 
operation. In the basic mode, (Mode 0), each group of 
twelve I/O pins may be programmed in sets of 4 to 
input or output. In the strobed mode, (MODE 1), each 
group may be programmed to have 8 lines of input or 
output. Three of the remaining four pins in each group 
are used for handshaking strobes and interrupt 
control signals. The bidirectional bus mode, (MODE 
2), uses the 8 lines of port A for a bi-directional bus, 
and five lines from port C for bus control signals. 

Features 

o Fully compatible with the 8080A/8085 
microprocessor families 

o All inputs and outputs TTL compatible 
o 24 programmable I/O pins 
o Direct bit set/reset eases control application 

interfaces 
o Eight Darlington drive outputs for printers 

and displays 
o LSI drastically reduces system package count 

Ordering Information 

Part Number Package 'iYpe 

JlPD8255AC-2 40-pin plastic DIP 

JlPD8255AC-5 40-pin plastic DIP 

Malt: System 
Clock Frequency 

5 MHz 

4 MHz 

JJPD8255A 
PROGRAMMABLE 

PERIPHERAL INTERFACE 

Pin Configuration 

83·002806A 

Pin Identification 

No. Symbol Function 

1-4, 37-40 PArPAo Port A (1/0) 

5 RD Read input 

6 CS Chip select input 

7 GND Ground 

8,9 A1,Ao Port address inputs 

10-17 PCrPCo Port C (1/0) 

18-25 PBrPBo Port B (1/0) 

26 Vee +5 V power supply 

27-34 DrDo Bidirectional data bus 

35 RESET Reset input 

36 WR Write input 

8-69 
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Pin Functions 

07"00 (Data Bus Buffer) 

These pins form a three-state, bidirectional data bus 
buffer that is controlled by input and output 
instructions executed by the processor. Control words 
and status information are also transmitted via D7"Do. 

CS (Chip Select) 

A low input to this pin enables the ",PD8255A for 
communication with the 8080A/8085A. 

RO (Read) 

A low input to this pin enables the ",PD8255A for 
communication with the 8080A/8085A. 

WR (Write) 

A low input to this pin enables the data bus buffer to 
receive data or control words from the processor. 

A1, Ao (Port Address) 

These inputs are used in conjunction with CS, RD, and 
WR to control the selection of one of the three ports 
on the control word register. Ao and A1 are usually 
connected to Ao and A1 of the processor address bus. 

Block Diagram 

8-70 

Power _+5V 
Supplies -GNO 

07.0 0 
'\~-_I 

Ro----nI 
WR----01 

Ao----.I 
RESET ----.I 

Readl 
Write 

Control 
Logic 

Cs-------l 

NEe 
RESET (Reset) 

A high level input to this pin clears the control register 
and places ports A, B, and C in input mode. The input 
latches in ports A, B, and C are not cleared. 

PA7"PAO, PB7"PBO, PC7"PCO (Ports A, B, and C) 

These three 8-bit I/O ports can be configured to meet 
a variety of functional requirements through system 
software. The effectiveness and flexibility of the 
",PD8255A are further enhanced by special features 
unique to each of the ports, as follows: 

• Port A has an 8-bit data output latch/buffer, 
data input latch/buffer, and data input latch. 

• Port B has an 8-bit data I/O latch/buffer and an 
8-bit data input buffer. 

• Port C has an 8-bit output latch/buffer and a 
data input buffer (input not latched). 

Port C may be divided into two independent 4-bit 
control and status ports for use with ports A and B. 

Vee 
+5 V power supply. 

GNO (Ground) 

Connection to ground. 

1/0 
PA7·PAO 

1/0 
PC7·PC4 

1/0 
PCa·PCo 

83-0028078 
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Functional Description 

The read/write and control logic manages all internal 
and external transfers of data, control, and status. It 
is through this block that the processor address and 
control buses control the peripheral interfaces. 

Through an OUT instruction in system software from 
the processor, a control word is transmitted to the 
J.lPD8255A. Information such as the mode, bit set, and 
bit reset is used to initialize the functional 
configuration of each I/O port. 

Both group I and group II accept commands from the 
read/write control logic and control words from the 
internal data bus and in turn controls its associated 
I/O ports, as follows: 

• Group I: port A and upper port C (PC7-PC4) 
• Group II: port B and lower port C (PC3-PCO) 

While the control word register can be written to, the 
contents cannot be read back to the processor. 

Absolute Maximum Ratings 
TA = 25°C 

Operating temperature, T OPT 

Storage temperature, T STG 

Voltage on any pin with respect to VSS -0.5 to +7 V 

Comment: Stresses above those listed under Absolute Maximum 
Ratings may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these 
or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. 

JAPD8255A 

DC Characteristics 
TA = a to +70°C; Vce = +5 V ±10%; Vss = 0 V 

limits 

Parameter Symbol Min Max Unit Test Conditions 

Input low voltage VIL -0.5 0.8 V 

Input high voltage VIH Vee V 

Output low voltage VOL 0.45 V (2) 

Output high voltage VOH 2.4 V (3) 

Darlington drive IOH (1) -1 -4 rnA VEXT = 1.5 V 
current REXT = 7500 

Power supply lee 120 rnA Vee = +5 V, 
current output open 

Input leakage ILiH 10 /AA VIN = V = Vee 
current 

Input leakage ILiL -10 /AA VIN = 0.4 V 
current 

Output leakage ILDH ±10 /AA VOUT = Vee: 
current CS = 2.0 V 

Output leakage ILDL -10 /AA VOUT = 0.4 V; 
current CS = 2.0 V 

Note: 

(1) Any set of eight outputs from either port A, B, C can source 4 
rnA into 1.5 V. 

(2) IOL :;:: 2.5 rnA for DB port; 1.7 rnA for peripheral ports. 

(3) IOH = -400~A for DB port; -200 ~A for peripheral ports. 

Capacitance 
TA = 25°C; Vee = OV 

Limits 
Test 

Parameter Symbol Min Max Unit Conditions 

Input capacitance CI 10 pF fc = 1 MHz I] 1/0 capacitance Cia 20 pF Unmeasured pins 
returned to Vss 
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AC Characteristics 
TA = OOC to +700 C; Vee = +5 V ±5%; Vss = 0 V 

8255A-2 8255A-5 
Limits Limits Test 

Parameter Symbol Min Max Min Max Unit Conditions 

Address stable before READ tAR 0 0 ns 

Address stable after READ tRA 0 0 ns 

READ pulse width tRR 200 250 ns 

Data valid from READ tRO 140 170 ns CL = 150 pF 

Data float after READ tOF 100 100 ns CL= 100 pF 
10 10 ns CL = 15 pF 

Time between READS and /WRITES tRV 200 850 ns (Note 2) 

Write 

Address stable before WRITE tAW 0 0 ns 

Address stable after WRITE tWA 20 20 ns 

WRITE pulse width tww 200 250 ns 

Data valid toWRITE (lE.) tow 100 100 ns 

Data valid after WRITE two 0 0 ns 

Other Timing 

WR = 0 to output tWB 350 350 ns CL = 150 pF 

Peripheral data before RD tlR 0 0 ns 

Peripheral data after RD tHR 0 0 ns 

ACK pulse width tAK 300 300 ns 

STB pulse width tST 350 350 ns 

Per. data before lE. of STB tps 0 0 ns 

Per. data after lE. of STB tpH 150 150 ns 

ACK = 0 to output tAO 300 300 ns CL = 150 pF 

ACK = 0 to output float tKO 250 250 ns CL = 50 pF 
20 20 CL = 15 pF 

WR = 1 to OBF = 0 tWOB 300 650 ns 

ACK = 0 to OBF = 1 tAOB 350 350 ns 

STB = 0 to IBF = 1 tSIB 300 300 ns 

RD = 1 to IBF = 0 tRIB 300 300 ns 

RD = 0 to INTR = 0 tRIT 400 400 ns 

STB = 1 to INTR = 1 tSIT 300 300 ns CL = 150 pF 

ACK = 1 to INTR = 1 tAIT 350 350 ns 

WR = 0 to I NTR = 0 tWIT 450 850 ns CL = 150 pF (Note 3) 

Note: 

(1) Period of reset pulse must be at least 50 lAs during or after (3) INTRt may occur as early as WRt 
power on. Subsequent reset pulse can be 500 ns min. 

(2) tRY AC Testing Load Circuit 

I Device I 
VEXT* Under I lee = '"' pF 

Test 

}- *VEXT Is set at various voltages during testing to guarantee 

tRY 
the specification 

83·002809A 
83·002808A 
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Timing Waveforms 

AC Testing Input, Output Waveform 

2.4 

0.45 

Mode 0 

2.0 ___ ___ 2.0 

Test Points 

0.8 ---- -------- 0.8 

Input From 
Peripheral 

I--tIR-

) 
-tAR-------. 

) 

00.07 --------------

, 

00.07 

tRR 

\ I 

) 
---tRO-

Basic Input (READ) 

tww 

~ J 

-tow--

) 

tAW ') 

=> 

/JPD8255A 

I 

-tHR .... 

K 
~tRA-

K 

b-
tOF 

, 
-two .... 

K 
tWA 

C 
I---twB 

~~ ~ 
Peripheral _______________________ ~~----

Basic Output (WRITE) 
83·002810C 
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Timing Waveforms (cont) 

Mode 1 

8-74 

WR----------------~ 

OBF-------------------------+------~--~I 

INTR ----------------------........ 

ACK--------------------------------~----~----~ 

Output to 

Peripheral --------------------------------t-J 1" _______________________________ __ 

STB to 
Peripheral 

IBF __________________ ..J 

tWB 

INTR _______ _._----------------4--' 

AD -------------------------~----~--~ 

I~:~~~~~~ ---i---------_-__ d---+L1-------------------
r----- ti'S I 

83-002812C I 
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Timing Waveforms (cont) 

Mode 2 

OBF ------+--+-"" 

INTR----_ 

ACK from 
Peripheral ----------~--------_+_ 

STB from 
Peripheral -----------"'" I 

IBF-------------J 

Peripheral 
Bus------- '" :c '''}:---t D,"f~. 

-tpH I'PD8255A to Peripheral 

RD------------------~------~ 

Note: 

Read Data from 
I'PD8255A to I'PD8085A 

(1) Any sequence where VIR occurs before ACK and STB occurs before RD Is permissible 
(INTR = IBF • MASK. STB • RD + OBF • MASK. ACK • VIR). 

(2) When the I'PD8255A Is set to Mode 1 or 2, 
OBF Is reset to be high (logic 1). 

J..lPD8255A 

tRIB 

83·002813C 
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Modes 

The ",PD8255A can be operated in modes 0, 1 or 2 
which are selected by appropriate control words and 
are detailed below. 

Mode 0 

Mode 0 provides basic input and output operations 
through each of the ports A, B, and C. Output data 
is latched and input data follows the peripheral. No 
"handshaking" strobes are needed. 

.16 different configurations in mode 0 
• Two 8·bit ports and two 4·bit ports 
• Inputs are not latched 
• Outputs are latched 

Mode 1 

Mode 1 provides for strobed input and output opera· 
tions with data transferred through port A or Band 
handshaking through port C. 

• Two 1/0 groups (I and II) 
• Both groups contain an 8·bit data port and a 4·bit 

control/data port 
• Both 8·bit data ports can be either latched input or 

latched output 

Mode 2 

Mode 2 provides for strobed bidirectional operation 
using PAOPA.7 as the bidirectional latched data bus. 
PC3PC7 is used for interrupts and "handshaking" bus 
flow control similar to mode 1. Note that PBoPB7 and 
PCOPC2 may be defined as mode 0 or 1, input or out· 
put in conjunction with port A in mode 2. 

• An 8-bit latched bidirectional bus port (PAo-PA7) 
and a 5·bit control port (PC3PC7) 

• Both inputs and outputs are latched 
• An additional8·bit input or output port with a 3·bit 

control port. 

8-76 
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Basic Operation 

Input Operation (Read) 

A1 AD RD WR CS 

0 0 0 1 0 PORT A _ DATA BUS 

0 1 0 1 0 PORT B _ DATA BUS 

1 0 0 1 0 PORT C _ DATA BUS 

Output Operation (Write) 

A1 AD RD WR CS 

0 0 1 0 0 DATA BUS - PORT A 

0 1 1 0 0 DATA BUS _ PORT B 

1 0 1 0 0 DATA BUS _ PORT C 

1 1 1 0 0 DATA BUS _ CONTROL 

Disable Function 

A1 AD RD WR CS 

X X X X 1 DATA BUS-
HIGH Z STATE 

X X 1 1 0 DATA BUS _ 

HIGH Z STATE 

Note: 

(1) X means "DO NOT CARE" 
(2) All conditions not listed are illegal and should 

be avoided. 



NEe J.lPD8255A 

Formats 

Mode Definition, Bit/Rest Format 

Control Word Control Word 

1071 06 051 04 1 03 1 02 1 01 1 Dol r 07 1 06 r 051 041 03 1 02 1 01 1 DO I 
LJ 

Group II 

Port C (Lower) 
~ 1 = Input 

0= Output 

Port B - 1 = Input 
o = Output 

Mode Selection 
o = Mode 0 
1 = Mode 1 

X X X 
---.-

Don't 
Group I Care Bit Set/Reset 

~ 1 = Set 

Port C (Upper) o = Reset 

1 = Input 
o = Output 

Bit Select 
Port A 
1 = Input 0 1 2 3 4 5 6 7 
0= Output 

0 1 0 1 0 1 0 1 Bo 

Mode Selection 0 0 1 1 0 0 1 1 B1 
00 = Mode 0 
01 = Mode 1 0 0 0 0 1 1 1 1 B2 
1X = Mode 2 

Mode Set Flag Bit Set/Reset Flag 

Mode Definition 1 = Active Bit/Reset o = Active 

83·0028148 
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Description 

The ",PD8257 is a programmable four-channel direct 
memory access (DMA) controller. It is designed to 
simplify high-speed transfers between peripheral 
devices and memories. Upon a peripheral request, the 
",PD8257 generates a sequential memory address, 
thus allowing the peripheral to read or write data 
directly to or from memory. Peripheral requests are 
prioritized within the ",PD8257 so that the system bus 
may be acquired by the generation of a single HOLD 
command to the 8080A. DMA cycle counts are main
tained for each of the four channels, and a control 
signal notifies the peripheral when the prepro
grammed member of DMA cycles nas occurred. Out
put control signals are also provided which allow 
simplified sectored data transfers and expansion to 
other ",PD8257 devices for systems requiring more 
than four DMA channels. 

Features 

D Four-channel DMA controller 
D Priority DMA request logic 
D Channel inhibit logic 
D Terminal count and modulo 128 outputs 
D Automatic load mode 
D Single TIL clock 
D Single +5 V ± 10% power supply 
D Expandable 
D Available in extended temperature range 

Ordering Information 
Part 
Number 

/APD8257C-2 

Package 1'Ipe 

40-pin plastic DIP 

40-pin plastic DIP 

Max Frequency 
of Operation 

5 MHz 

3 MHz 

J.(PD8257 
PROGRAMMABLE 

DMA CONTROLLER 

Pin Configuration 

IIOR 1 

IIOW 

MEMR 

MEMW 

MARK 

HLOA 

AEN 

HRO 

RESET 

OACK2 14 

OACK3 

OR03 

OR02 

OROI 

OROa 

GNO 

Pin Identification 
No. 

2 

3 

4 

6 

8 

9 

10 

11 

12 

13 

14, 15, 
24, 25 

16-19 

20 

21-23, 26-30 

31 

32-35 

36 

37-40 

Symbol 

IIOR 

IIOW, 

MEMR 

MEMW 

MARK 

READY 

HlDA 

ADDSTB 

AEN 

HRQ 

CS 

ClK 

RESET 

DACK2, DACK3, 
DACK1, DACKo 

DRQ3-DRQo 

GND 

DrD5, 
D4-DO 

Vee 

Ao-A3 

TC 

A4-A7 

A7 

As 

·As 

A4 

TC 

Aa 

A2 

Al 

Aa 

Vee 

Oa 

04 

OACKa 

OACKI 

Os 

06 

07 

83-003619A 

Function 

I/O read, control signal 

liD write, control signal 

Memory read output 

Memory write output 

Modulo 128 mark 

Ready input 

Hold acknowledge input 
(from 8080A) 

Address strobe output 

Address enable output 

Hold request (to 8080A) 

Chip select input 

Clock input 

Reset input 

DMA acknowledge output 

DMA request input 

Ground 

liD data bus 

+5 V power supply 

liD address bus 

Terminal count output 

Output address bus 

8-79 
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Pin Functions 

Do-D7 (1/0 Data Bus) 

During an 1/0 read, the CPU enables these lines as 
inputs, allowing it to read an address register, a word 
count register, or the'status or temporary register. Dur
ing an 1/0 write, these lines are enabled as outputs, 
allowing the CPU to program the iJPD8257-2/-5 control 
registers. During DMA cycles, the eight MSBs of the 
address are output tathe data bus to be strobed to 
an external latchvia ADDSTB. 

A4-A7 (Output Address ,Bus) 

These lines, active only during DMA service, are out
puts that provide the four MSBs of the address. 

Ao-A3 (1/0 Address Bus) 

During DMA active states, these lines are outputs that 
provide the 4 LSBs of the output address bus. During 
DMA idle states, lhese lines are inputs, allowing the 
CPU to load or examine control registers. 

DRQo-DRQ3 (DMA Request Input) 

These are asynchronous chaJmel request inputs used 
by peripherals to request DMA service. In a fixed 
priority scheme, DRQo has the highest priority and 
DRQ3 has the lowest. The polarity of these lines is 
programmable; however, reset initializes them to 
active high. 

HlDA (Hold Acknowledge) 

Indicates that the CPU has relinquished control of the 
system busses. 

H RQ (Hold Request) 

Requests control of the system bus. The iJPD8257-2/-5 
issues this signal in response to software requests 
or ORO inputs from peripherals. 

DACKo·DACK3 (DMA Acknowledge Output) 

These lines indicate an active channel. They are 
sometimes used to select "a peripheral. Only one 
DACK may be active at any time. All DACK lines are 
inactive unless DMA has control of the bus. The 
polarity of these lines is programmable; however, 
reset initializes them to active low. 

TC (Terminal Count) 

When the terminal count occurs, TC goes high, infor
ming the CPU that the data transfer is complete. 

8"'80 

NEe 
RESET 

Clears the command, status, request, and temporary 
registers, the first/last flip flop, and sets the mask 
register. The iJPD8257-2/-5 is in idle state after a reset. 

CS (Chip Select) 

The CPU uses CS to select the iJPD8257-2/-5 as an 1/0 
device during an 1/0 read or write by the CPU. This 
provides CPU communication on the data bus. CS 
may be held low during multiple transfers to or from 
the iJPD8257-21-5 as long as I/OR or I/OW is toggled 
fOllowing each transfer. 

READY 

This signal can extend memory read and write pulses 
for slow memories or 1/0 peripherals. 

ClK (Clock) , 

Controls internal operations and data transfer rate. 

AEN (Address Enable) 

This Signal allows the external latch to output the 
upper address byte by disabling the system bus dur
ing DMA cycles. Use HLDA and AEN to deselect 1/0 
peripherals that may be erroneously accessed during 
DMA transfers. The iJPD8257-2/-5 deselects itself dur
ing DMA transfers. 

ADDSTB (Address Strobe) 

This signal strobes the upper address byte form 00-07 
into an external latch. 

M EM R (Memory Read) 

This signal accesses data from a specified memory 
location during memory-to-peripheral or memory-to
memory transfers. 

MEMW (Memory Write) 

This signal writes data to a specified memory ioca
tion during peripheral-to-memory or memory-to
memory transfers. 

IIOR (1/0 Read) 

In the idle state, this signal is an input control line 
used by the CPU to read control registers. In the ac
tive state, the iJPD8257-2/-5 uses I/OR as an output 
control signal to access data from a peripheral dur
ing a DMA write. 
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I/OW (1/0 Write) 

In the idle state, the CPU uses I/OW as an input con
trol signal to load information to the J.lPD8257-2/-5. In 
the active state, the J.lPD8257-2I-5 uses I/OW as an out
put control signal to load data to a peripheral during 
a DMA read. 

The rising edge of WR must follow each data byte 
transfer in order for the CPU to write to the 
J.lPD8257-2/-5. Holding I/OW low while toggling CS 
does not produce the same effect. 

Block Diagram 

ClK 
RESET 

READI 

Ao 
WRITE 
logic 

Al 

A2 

Aa 

CS 

A4 

As 

A6 

A7 

READY 

HRQ 
HlDA 

MEMR 
MEMW 

AEN 
ADDSTB 

TC Internal 

MARK Bus 

J,lPD8257 

MARK (Modulo 128 Mark) 

This output notifies the selected peripheral that the 
current DMA cycle is the 128th cycle since the 
previous MARK output. MARK always occurs at 128 
(and all multiples of 128) cycles from the end of the 
data block. 

Vee 
Power supply. 

GND 
Ground. 

DACKl 

DRQ2 

DACK2 

DACKa 

83·003620B 
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Absolute Maximum Ratings 
TA = 25°C 

Operating temperature, T OPT 

Storage temperature, T STG 

Power supply voltage, Vee 

Power dissipation 

-0.5 V to +7 V (1) 

1 Watt 

Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these 
or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. 

Note: 

(1) With respect to Ground 

DC Characteristics 
TA = OOC to +70°C; Vee = +5 V ±10% GND = 0 V 

Parameter Symbol 

Input low voltage VIL 

Input high voltage VIH 

Output low voltage VOL 
Output high VOH 
voltage 

HRQ output high VHH 
voltage 

Power supply lee 
current 

Input leakage IlL 

Output leakage IOFL 
during float 

8-82 

Limits 

Min Max 

-0.5 0.8 

2.0 Vee 
+0.5 

0.45 

2.4 Vee 

3.3 Vee 

100 

120 

-10 10 

-10 10 

Unit 

V 

V 

V 

V 

Test 
Conditions 

IOL = 1.6 mA 

IOH = -150 ~ 
for AB, 
DB and AEN 
IOH = -80 IlA for 
others 

V IOH = -80 IlA 

mA 8257-2 

mA 8257-5 

IlA o !5: VIN !5: Vee 

IlA 0.45 !5: VOUT 
!5: Vee 

Capacitance 
T A = 25°C; Vee = GND = 0 V 

Limits 

Parameter Symbol Min Typ 

Input capacitance Cr 

1/0 capacitance CliO 

Max 

10 

20 

NEe 

Test 
Unit Conditions 

pF fc = 1 MHz 

pF Unmeasured pins 
returned to GND 



NEe 
AC Characteristics 
TA = O°C to +700 C; Vee = 5 V ±10%; GND = 0 V 

Parameter Symbol 

Read 

ADR or CS* Setup to RD. tAR 

ADR or CS -+ hold from ROt tRA 

Data Access from RD* tROE 
DB -+ float delay from ROt tROF 

RD width tRW 

Write 

ADR setup to WR. tAW 

ADR hold from WRt tWA 

Data setu p to WR. tow 

Data hold from WRt two 

WR width twws 

Other timing 

Reset pulse width tRS1W 

Power supply t(Vccl setup to reseN tRSTO 

Signal rise & fall times tr• tf 

Reset to first IOWR tRSTS 

Note: 

limits 

",PD8257-2 

Min Max 

0 

0 

0 140 

10 85 

200 

20 

0 

100 

0 

100 

300 

500 

20 

2 

",PD8257-5 

Min Max 

o 170 

20 100 

250 

200 

200 

300 

500 

20 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

J.lS 

tCY 

J..lPD8257 

Test 
Conditions 

CL = 100 pF 

CL = 100 pF 

(1) All timing measurements are made at the following reference voltages unless specified otherwise: input "1" at 2.0 V, "0" at 0.8 V, output 
"1" at 2.0 V, "0" at 0.8 V. 

AC Characteristics 
TA = O°C to +70°C; Vee = +5 V ±10%; GND = 0 V 

",PD8257-2 

Parameter Symbol Min 

Cycle time (period) tCY 0.200 

Clock active (high) te BO 

DROt setup to e. (SI, S4) tas 50 

DRO* hold from HLDAt taH 

HROt or t delay from et (SI. S4) too 
(measured at 2.0 V) 

HROt or tdelay from et (SI. S4) tHS 

HLDAt or tsetup to et (SI. S4) tHS 50 

AENt delay from et (S1) tAEL 

AENt delay from et (SI) tAET 

ADR (A B) (active) delay from AENt (S1) tAEA 20 

ADR (A B) (active) delay from et (S1) tFAAB 

ADR (AB) (float) delay from et (SI) tAFAB 
ADR (AB) (stable) delay from et (S1) tASM 

ADR (AB) (stable) hold from et (S1) tAH tASM-50 

ADR (AB) (valid) hold from RDt (S2. SI) tAHR 60 

Limits 

",PD8257-5 

Max Min 

4 0.320 

BO 

120 

160 

200 100 

100 

150 

150 

20 

200 

150 

200 

tASM-50 

60 

Max Unit 

4 J.ls 

. BtCY ns 

160 ns 

250 ns 

ns 

300 ns 

200 ns 

ns 

250 ns 

150 ns 

250 ns 

ns 

Test 
Conditions 

(4) 

(3) 

(4) 

(2) 

(2) 

(2) 

(2) 

(4) 
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AC Characteristics (cont) 

LImits 

",PD8257-2 ",PD8257-5 18st 
Parameter Symbol Min Max Min Max Unit Conditions 

AOR (AB) (valid) hold from WRt (51, 51) tAHW 100 300 ns (4) 

AOR (DB) (active) delay from Bt (51) tFAOB 150 300 ns (2) 

AOR (DB) (float) delay from Bt (52) tAFOB tsn 140 tsn+ 2O 170 ns (2) 

ADA. (DB) setup to AOR 5TB+ (51-52) tASS 100 100 ns (4) 

AOR (DB) (valid) hold from AOR STB+ 
(52) tAHS 20 50 ns (4) 

AOR STBt delay from Bt (51) tSTL 150 200 ns 

AOR STB+ delay from Bt (S2) tsn 140 140 ns 

AOR 5TB width (S1-52) Tsw tCy-100 tCy-100 ns (4) 

RO+ or WR (ext)+ delay from AOR tASC 20 70 ns (4) 
5TB+ (S2) 

RO+ or WR (ext)+ delay from AOR (DB) tOBC 0 20 ns (4) 
(float) (52) 

OACKt or .j.delay from Bt (S2, 51) and tAK 200 250 ns (5) 
TC/Markt delay from Bt (53) and 
TClMark.I. delay from Bt (54) 

ROt or WR (ext) + delay from Bt (52) and tOCL 150 200 ns (2) (6) 
WRt delay from Bt (53) 

ROt delay from Bt (51, SI) and WRt delay tocr 150 200 ns (2) (7) 
from Bt (S4) 

RO or WR (active) from Bt (S1) tFAC 200 300 ns (2) 

RO or WR (float) from Bt (51) tAFC 150 150 ns (2) 

RO width (52-51 or 51) TRWM 2tCY+ 2tCY+ ns (4) 
tB-50 tB -50 

WR width (53-54) tWWM tCy-50 tCy-50 ns (4) 

WR (ext) width (52-54) tWWME 2tCy-50 2tCy-50 ns (4) 

READY set up time to Bt (53, Sw) tRS 30 30 ns 

READY hold time from Bt (S3, Sw) tRH 30 30 ns 

Note: 

(1) Load = 1 TIL 
(2) Load = 50 pF 
(3) Load =VOH = 3.3 V 
(4) Tracking specification 
(5) 6. tTAK ~ 50 ns 
(6) 6. tDCL ~ 50 ns 
(7) 6. toCT ~ 50 ns 

8-84 



NEe 
Timing Waveforms 

Read Timing 

Chip Select ------...... \ 

~c=====---tA-R----------~ 

Address Bus 

1/0 RD -------------, 

Data Bus -----------------

Write/Reset Timing 

J-LPD8257 

83-0036258 

83-0036218 
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Functional Description 

The I-lPD8257 is a programmable, direct memory Ac
cess (DMA) device. When used with an 8212 I/O port 
device, it provides a complete four-channel DMA con
troller for use in 8080A/8085A based systems. Once 
initialized by an 8080A/8085A CPU, the I-lPD8257 will 
block transfer up to 16,364 bytes of data between 
memory and a peripheral device without any attention 
from the CPU. It will do this on all 4-DMA channels. 
After receiving a DMA transfer request from a 
peripheral, the following sequence of events occurs 
within the I-lPD8257. 

(1) It acquires control of the system bus (placing 
8080A/8085A in hold mode). 

(2) Resolves priority conflicts if multiple DMA re
quests are made. 

(3) A 16-bit memory address word is generated with 
the aid of an 8212 in the following manner: 

(a) The I-lPD8257 outputs the least significant 
eight bits (Ao-A?) which go directly onto the 
address bus. 

(b) The I-lPD8257 outputs the most significant 
eight bits (As-A15) onto the data bus where 
they are latched into an 8212 and then sent 
to the high order bits on the address bus. 

(4) The appropriate memory and I/O read/write con
trol signals are generated allowing the peripheral 
to receive or deposit a data byte directly from or 
to the appropriate memory location. 

J.lPD8257 

Block transfer of data (e.g., a sector of data on a flop
py disk) either to or from a peripheral may be ac
complished as long as the peripheral maintains its 
DMA request (DRQn). The I-lPD8257 retains control of 
the system bus as long as DRQn remains high or un
til the terminal count (TC) is reached. When the ter
minal count occurs, TC goes high, informing the CPU 
that the operation is complete. 

There are three different modes of operation: 

(1) DMA read, which causes data to be transferred 
from memory to a peripheral; 

(2) DMA write, which causes data to be transferred 
from a peripheral to memory; and 

(3) DMA verify, which does not actually involve the 
transfer of data. 

The DMA read and write modes are the normal 
operating conditions for the I-lPD8257. The DMA verify 
mode responds in the same manner as read/write ex
cept no memory or I/O read/write control signals are 
generated, thus preventing the transfer of data. The 
peripheral gains control of the system bus and 
obtains DMA acknowledgements for its requests, 
thus allowing it to access each byte of a data block 
for check purposes or accumulation of a CRC (cycle 
redundancy code) checkword. In some applications 
it is necessary for a block of DMA read or write cycles 
to be followed by a block of DMA verify cycles to allow 
the peripheral to verify its newly acquired data. 
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DMA Operation 

As shown in figure 1, internally the ",PD8257 contains 
six different states (SO, S1, S2, S3, S4 and SW). The 
duration of each state is determined by the input 
clock. In the idle state, (S1), no DMA operation is be
ing executed. A DMA cycle is started upon receipt of 
one or more DMA requests (DRan). Then the ",PD8257 
enters the SO state, during which a hold request (HRa) 
is sent to the 8080Al8085A and the ",PD8257 waits in 
SO until the 8080Al8085A issues a hold acknowledge 
(HLDA) back. During SO, DMA requests are sampled 
and DMA priority is resolved (based upon either the 
fixed or priority scheme). 

After receipt of HLDA, the DMA acknowledge line 
(DACKn) with the highest priority is driven low, selec
ting that particular peripheral for the DMA cycle. The 
DMA request line (DRan) must remain high until 
either a DMA acknowledge (DACKn) or both DACKn 
and TC (terminal count) occur, Indicating the end of 
a block or sector transfer (burst model). 

Figure 1. DMA Operation State Diagram 

8-88 

RESET 

HRQ + HLOA 

Notes: 
(1) HRO Is set II OROn Is active. 
(2) H Ru is resei ii LiRQn ;0 iiut act~.S. 

83·003623A I 

NEe 
The DMA cycle consists of four internal states; S1, 
S2, S3, and S4. If the access time of the memory or 
I/O device is not fast enough to return a ready com
mand to the ",PD8257 after it reaches state S3, then 
a wait state is initiated (SW). One or more than one 
wait state occurs until a ready signal is received, and 
the ",PD8257 is allowed to go into state S4. Either the 
extended write option or the DMA verify mode may 
eliminate any wait state. 

If the ",PD8257 should lose control of the system bus, 
(i.e., HLDA goes low) then the current DMA cycle is 
completed; the device goes into the S1 state, and no 
more DMA cycles occur until the bus is reacquired. 
Ready setup time (tRS), write setup time (tow), read 
data access time (tRO), and HLDA setup time (tas) 
should all be carefully observed during the handshak
ing mode between the ",PD8257 and the 8080Al8085A. 

During DMA write cycles, the I/O Read (110 R) output 
is generated at the beginning of state S2 and the 
memory write (MEMW) output is generated at the 
beginning of S3. During DMA read cycles, the memory 
read (MEMR) output is generated at the beginning of 
state S2 and the 110 write (110 W) goes low at the 
beginning of state S3. No read or write control signals 
are generated during DMA verify cycles. 

System Interface 

Figure 2 is the schematic diagram of a ",PD8257 
system interface with the 8080A CPU, 8212 110 Port, 
8224 Clock Generator, and 8228 System Controller 
and Bus Driver. 
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. Figure 2. Typlcal/JPD8257 System Interface Schematic 
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NEe Electronics Inc. 

Description 

The JJPD8259A is a programmable interrupt controller 
directly compatible with the 8080A/8085A/8086/8088 
microprocessors. It can service eight levels of inter
rupts and contains on-chip logic to expand interrupt 
capabilities up to 64 levels with the addition of other 
JJPD8259A's. The user can choose a selection of priority 
algorithms to tailor the priority processing to meet 
his system requirements. These algorithms can be 
dynamically modified during operation, which expands 
the versatility of the system. The JJPD8259A is 
completely upward compatible with the JJPD8259-5, 
allowing software written for the JJPD8259-5 to run on 
the JJPD8259A/-2. 

Features 

o Eight-level priority controller 
o Programmable base vector address 
o Expandable to 64 levels 
o Programmable interrupt modes (algorithms) 
o Individual request mask capability 
o Single +5 V power supply (no clocks) 
o Full compatibility with 8080A/8085A/8086/8088 

Ordering Information 
Part 
Number 

JlPD8259AC 

JlPD8259AC-2 

Package Type 

28-pin plastic DIP 

28-pin plastic DIP 

pPD8259A 
PROGRAMMABLE 

INTERRUPT CONTROLLER 

Pin Configuration 

83-002777A 

Pin Identification 
No. Symbol Function 

CS Chip select input 

WR Write input 

3 RD Read input 

4-11 DrDo Bidirectional data bus 

12,13,15 CAS o-CAS 2 Cascade lines 

14 GND Ground 

16 SP/EN Slave program input I enable buffer 
output 

17 INT Interrupt output 

18-25 IRo-IR7 Interrupt request inputs 

26 INTA Interrupt acknowledge input 

27 Ao Command select address input 

28 Vee +5 V power supply 

8-91 
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Pin Functions 

Bidirectional Data Bus (D7-DO) 

Three-state data bus used for interfacing to the system 
data bus. This bus carries control words, status infor
mation, and interrupt vector information. 

Interrupt Request Inputs (IRO-IR7) 

These are eight asynchronous inputs that operate in 
two modes. In the edge-triggered mode, the IR input 
must be raised from low to high and held high until it is 
acknowledged. In the level-triggered mode, the IR input 
requires only a high. 

Cascade Lines (CASO-CAS2> 

These lines are used as a bus which controls multiple 
",PD8259As in a master/slave configuration. When an 
",PD8259A is a master, these lines are outputs. When a 
",PD8259A is used as a slave, the lines are inputs. 

Chip Select (CS) 

When CS is low, the CPU can read and write to the 
",PD8259A. The INTA input operates independently of 
CS. 

Command Select Address Input (AO) 

The ",PD8259A uses this input with CS and WR to de
code...,29mmand words written by the CPU. AO is used 
with CS and AD to decode controller status information 
for the CPU to read. Typically, Ao is connected to the Ao 
address lines on the CPU. 
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Interrupt (INn 

When the J,lPD8259A receives a valid interrupt request, 
the INT output goes high to interrupt the CPU. This pin 
should be connected directly to the interrupt pin on the 
CPU. 

Interrupt Acknowledge (lNTA) 

This input line goes active low to indicate that the CPU 
has received an interrupt request from the ",PD8259A. 
INTA enables interrupt vector data onto the data bus. 

Read Input (RD) 

When both RD and CS are low, the ",PD8259A sends its 
status information to the data bus so the CPU can read 
it. 

Write Input (WR) 

The J,lPD8259A can receive command words from the 
CPU when both WR and CS are low. 

Slave Program Input/Enable Buffer Output 
(SP/EN) 

This is a dual function pin. In the buffered mode, the en
able buffer output is used to enable the buffer transceiv
ers. In the non-buffered mode, when the SP input is 
high, the ",PD8259A operates as a master and when the 
SP input is low,the J,lPD8259A operates as a slave. 

Ground (GND) 

Ground 

Power Supply (VCC) 

Power supply input, +5 volts. 
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Block Diagram 

IIOR 

IIOW 

Ao 

cs 

R5 

Ao 

Data 
Bus 

Buffer 

Read 
Write 
Logic 

CS 

Cascade 
Buffer 

Comparator 

Processor Processor Processor Siave-----
Address Control Data Program Cascade Internal 

Bus Bus Bus Enable Lines Bus 
Buffer 

Block Diagram Description 

Interrupt Request Register (IRR) and In-Service 
Register (ISR) 

The interrupt request and in-service registers store the 
incoming interrupt request signals appearing on the 
IRo-IR7 lines. The inputs requesting service are stored 
in the IRR while the interrupts actually being serviced 
are stored in the ISR. Refer to functional block diagram. 

A positive transition on an IRinput sets the correspond
ing bit in the interrupt request register. At the same time, 
the INT output of the IlPD8259A is set high. The IR input 
line must remain high until the first INTA input has been 
received. Multiple non-masked interrupts occurring si
multaneously can be stored in the IRR. The incoming 
INTA sets the appropriate ISR bit, which is determined 
by the programmed interrupt algorithm, and resets the 
corresponding IRR bit. The ISR bit stays active high dur
ing the interrupt service subroutine until it is reset by the 
programmed end of interrupt command (EO I). 

fJPD8259A 

INTA INT 

Control Logic 

IRo 
IR1 
IR2 
IR3 
IR4 
IRs 
IRa 
IR7 

Intenupt Mask Register (MR) 

83-0027786 

Priority Resolver 

The priority resolver decides the priority of the interrupt 
levels in the IRR. When the highest priority interrupt is 
determined, it is loaded into the appropriate bit of the 
ISR by the first INTA pulse. 

Data Bus Buffer 

The three state 8-bit bidirectional data bus buffer inter
faces the IlPD8259A to the systems data bus. It buffers 
the control word and status information being transfer
red between the IlPD8259A and the processor. 

Read/Write Logic 

The read Iwrite logic accepts processor commands and 
stores them in its initialization command word (ICW) 
and operation command word (OCW) registers. This 
logic also controls the transfer of status information to 
the processor. 
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Chip Select (CS) 

The /APD8259A is enabled when this input receives an 
active low signal. When the CS input is high, reading or 
writing of the /APD8259A is inhibited. 

Write(WR) 

This active low signal instructs the /APD8259A to receive 
command data from the processor. 

Read (RO) 

When the RD input receives an active low signal, the 
status of the interrupt request register, in-service regis
ter, interrupt mask register or binary code of the inter
rupt level is placed on the data bus. 

Interrupt (INn 

The interrupt output from the /APD8259A is directly con
nected to the processor's INT input. The voltage levels 
of this output are compatible with the 8080A/8085A/ 
8086/8088. 

Interrupt Mask Register (IMR) 

The interrupt mask register stores the bits which will 
mask the individual interrupt lines. The IMR masks the 
data in the ISR. Lower priority lines are not affected by 
masking a higher priority line. 

Interrupt Acknowledge (INTA) 

INTA pulses cause the /APD8259A to put vectoring infor
mation on the bus. The number of pulses depend upon 
whether the /APD8259A is in the /APD8085A mode or 
8086/8088 mode. 

Command Select Address Input (AO) 

Ao is usually connected to the processor's data bus. To
gether with RD and WR, it signals the loading of data 
into the command register or the reading of status data. 
Table 1 illustrates the basic operations performed. Note 
that it is divided into three functions: input; output, and 
bus disable distinguished by the RD, WR, and CS in
puts. 
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Table 1. /APD8259A Basic Operation 

Ao D4 Da RD WR CS Operation 

Processor Input (Read) 

0 0 IRR, ISR or IR -+ data bus (Note 1) 

0 0 IMR -+ data bus 

Processor Output (Write) 

0 0 0 0 0 Data bus -+ OCW2 

0 0 1 0 0 Data bus -+ OCW3 

0 X 0 Data bus -+ ICW1 

X X Data bus -+ OCW1, ICW2, ICW3, ICW4 
(Note 2) 

Disable Function 

X X X 1 0 Data bus -+ high impedance state 

X X X X X 1 Data bus -+ high impedance state 

Note: 
(1) The contents of OCW3 written prior to the read operation governs the 

selection of IRR, ISR or the interrupt level. 

(2) The sequencer logic on the ~PD8259A aligns these commands in the 
proper order. 

Cascade Buffer I Comparator 

The IDs of all /APD8259As are buffered and compared in 
the cascade buffer/comparator. See figure 4. The 
master /APD8259A sends the 10 of the interrupting slave 
device along the CASo, CAS1 and CAS21ines to all slave 
devices. The cascade buffer/comparator compares its 
preprogrammed 10 to the CASo, CAS1 and CAS2 lines. 
The next two INTA pulses strobe the preprogrammed, 2 
byte call routine address onto the data bus from the 
slave whose 10 matches the code on the CASo, CAS1 
and CAS2lines. 

Slave Program (SP) 

The interrupt capability can be expanded to 64 levels by 
cascading multiple /APD8259As in a master plus slaves 
array. See figure 4. The master controls the slaves 
through the CASo, CAS1 and CAS2lines. The SP input to 
the device selects the CASo, CAS1 and CAS2 lines as 
either outputs (SP = 1) for the master or as inputs 
(SP = 0) for the slaves. If only one /APD8259A is used, the 
SP input must be set to a logic 1, since it is functioning 
as a master. 
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Absolute Maximum Ratings 
TA = 25°C 

Power supply voltage, VCC 

Input voltage, VI 

Output voltage, Va 

Operating temperature, TOPT 

Storage temperature, TSTG 

Power dissipation, Po 

Note: 
(1) With respect to ground. 

-0.5 to +7.0 V(Note 1) 

-1.0VtoVcC +1.0V 

-0.5VtoVcC +0.5V 

- 65 to + 150°C 

lOW 

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

AC Characteristics 

Timing Requirements 
TA=OOCto +70°C, Vee = +5V±10% 

).tPD8259A 

Parameter Symbol Min Max 

AO / CS setup to RD / INTA + tAHRL 0 

AO / CS hold after RD / INTA t tRHAX 

RD pulse width tRLRH 235 

AO / CS setup to WR + tAHWL 0 

AO / CS hold after WR t tWHAX 0 

WR pulse width tWLWH 290 

Data setup to WR t tOVWH 240 

Data hold after WR t tWHOX 

Interrupt request width low tJLJH 100 

Cascade setup to second or third tCVIAL 55 
INTA + (slave only) 

End of RD to next command tRHRL 160 

End of WR to next command tWHRL 190 

End of command to next command tCHCL 500 
(different type) 

End of INTA sequence to next INTA tCHCL 500 
sequence 

Note: 

DC Characteristics 
TA=Oto +70 0 C, Vee = +5V±10% 

Limits 

Parameter Symbol Min Typ 

Input voltage VIL -0.5 
low 

Input voltage VIH 2.0 
high 

Output voltage VOL 
low 

Output voltage VOH 2.4 
high 

Interrupt output VOH-INT 2.4 

High voltage 3.5 

Input leakage III -10 
current (Note 1) 

Output leakage ILO -10 
current 

VCC power Icc 
supply current 

Note: 
(1) For other inputs. 

Limits 

IIPD8259A.2 

Min Max 

0 

160 

0 

0 

190 

160 

0 

100 

40 

160 

190 

500 

500 

(1) This is the low time required to clear the input latch in the edge-triggered mode. 

Max 

0.8 

Vcc+0.5 

0.45 

10 

10 

85 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

J..lPD8259A 

Unit 

V 

V 

V 

V 

V 

V 

~ 

fdA 

mA 

Test 
Conditions 

10L =2.2 mA 

10H= -400fdA 

10H= -400fdA 

10H= -100fdA 

o V..; VI"; VCC 

0.45 V..; Vo";VCC 

Test 
Conditions 

(Note 1) 

(Note 2) 

(Note 2) 

(2) Worst case timing for tCHCL in an actual microprocessor system is typically much greater than 500 ns (8085A = 1/-1s, 8085-2 = 1/-1s, 8086 = 1/-1s, 
8086-2 = 625 ns). 
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AC Characteristics (cont) 

Timing Responses 
TA=OOCto +700 C, Vee = +5V±10% 

Parameter Symbol Min 

Data valid from RD / INTA + tRLDV 

Data float after RDIINTA ! tRHDZ 10 

Interrupt output delay tJHIH 

Cascade valid from first INTA + tlALCV 
(master only) 

Enable active from RD + or INTA t tRLEL 

Enable inactive from RD tor INTA t tRHEH 

Data valid from stable address tAHDV 

Cascade valid to valid data tCVDV 

Note: 
(1) C of data bus = 100 pF 

(2) Max test C = 100 pF 

(3) Min test C = 15 pF 

(4) CINT = 100 pF 

(5) CCASCADE = 100 pF 

Capacitance 
TA=25°C, Vce=GND=OV, fc=1.0MHz 

Limits 

Parameter Symbol Min Typ Max Unit 

Input CI 10 pF 
capacitance 

I/O CliO 20 pF 
capacitance 

Note: 
(1) Unmeasured pins returned to Vss 

Timing Waveforms 

Write Mode 

WR----_ 

Data Bus 

8-96 
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Max 

Test 
Conditions 

(Note 1) 

(Note 1) 

200 

100 

350 

565 

125 

150 

200 

300 

83-002780A 

NEe 

Limits 

IAPD8259A·2 Test 
Min Max Unit Conditions 

120 ns (Notes 1-5) 

10 85 ns (Notes 1-5) 

300 ns (Notes 1-5) 

360 ns (Notes 1-5) 

100 ns (Notes 1-5) 

150 ns (Notes 1-5) 

200 ns (Notes 1-5) 

200 ns (Notes 1-5) 

AC Test Input 

204 ===x 200 . 200X== 
0045 008 ::::::=-Test Polnts~ 008 

83-002779A 

ReadilNTA Mode 

RD/INTA ----6.~:::"~ ~ .. "'" 
EN-----t-_. 

tRLOV~ 
Data Bus ------ --------

tAHOV ------

83-002781A 
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Timing Waveforms (cont) 

INTA Sequence 

IR ~. 1 jJ-""C __ _ 
~ ---------------------.....,. 

INT \ \ 

DB ------------

IR Triggering Timing Requirements 

IR 

INT 

Other Timing 

NOTE: 

Latch(1) 
Armed 

(1) Edge triggered mode only 

Earliest IR 
Can Be Removed 

Latch(1) 
Armed 

""" ... ~ .. "~ IWHRL 

WR 

83.()()2782A 

_____ ...a..-_ 

Latch(1) 
Armed 

J.lPD8259A 

83'()()2783A 

83.()()2784A 
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Functional Description 

The /APD8259A functions are described in following 
paragraphs under these major headings: 

• Interrupt Sequence 
• 8080/8085A Mode 
• 8086/8088 Mode 
• Initialization Command Words 
• Operational Command Words 
• Reading /APD8259A Status 

Interrupt Sequence 

The /APD8259A derives its versatility from pro
grammable interrupt modes and the ability to jump to 
any memory address through programmable CALL 
instructions. 

The sequence used by the /APD8259A to handle an 
interrupt depends upon whether an 8080A/8085A or 
8080/8088 CPU is being used. 

The following sequence demonstrates how the 
/APD8259A interacts with the 8080A/8085A systems. 

(1) An interrupt(s) appearing on IRo-IR7 sets the 
corresponding IR bit(s) high. This in turn sets the 
corresponding IRR bit(s) high. 

(2) Once the IRR bit(s) has been set, the /APD8259A will 
resolve priorities according to the preprogrammed 
interrupt algorithm. It then issues an INT signal to 
the processor. 

(3) When the processor receives an INT, it issues an 
INTA to the /APD8259A. 

(4) The INTA input to the /APD8259A from the processor 
group sets the highest priority ISR bit and resets the 
corresponding IRR bit. The INTA also signals the 
/APD8259A to place an 8-bit CALL instruction opcode 
(11001101) onto its data bus lines. 

(5) The CALL instruction code instructs the processor 
group to issue two more INTA pulses to the 
/APD8259A. 

8-98 
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(6) The two INTA pulses signal the /APD8259A to place 

its preprogrammed interrupt vector address onto 
the data bus. The first INTA releases the low order 8 
bits of the address and the second INTA releases· 
the high order 8 bits. 

(7) The /APD8259As CALL instruction sequence is 
complete. A preprogrammed EOI command is 
issued to the /APD8259A at the end of the interrupt 
service routine. This resets the ISR bit and allows 
the /APD8259A to service the next interrupt. 

The following sequence demonstrates how the 
/APD8259A interacts with the 8086/8088 systems. 

(1), (2), (3) Same as for 8080A/8085A. 

(4) During the first INTA from the processor, the 
/APD8259A does not drive the data bus. The highest 
priority ISR bit is set and the corresponding IRR bit 
is reset. 

(5) The /APD8259A puts vector information onto the data 
bus on the second INTA pulse from the 8086/8088. 

(6) There is no third INTA pulse in this mode. In the AEOI 
mode the ISR bit is reset at the end of the second 
INTA pulse, or it remains set until an EOI command 
is issued. 

8080 18085A Mode 

For these processors, the /APD8259A is controlled by 
three INTA pulses. The first INTA pulse will cause the 
/APD8259A to put the CALL opcode onto the data bus. 
See table 2. The second and third INTA pulses will cause 
the upper and lower address of the interrupt vector to be 
released on the bus. See tables 3 and 4. 

Table 2. Contents of First Interrupt Vector Byte 
D, DO 

o o o 
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Table 3. Contents of Second Interrupt Vector Byte 

IR Interval=4 

07 Os Os 04 03 02 01 DO 

7 A7 A6 A5 1 1 1 a a 
6 A7 As A5 1 1 a a a 
5 A7 A6 A5 1 a 1 a a 
4 A7 A6 A5 1 a a a a 
3 A7 A6 A5 a 1 1 a a 
2 A7 A6 A5 a 1 a a a 
1 A7 A6 A5 a a 1 a a 
a A7 A6 A5 a a a a a 

IR Interval=8 

07 Os Os 04 03 02 01 DO 

7 A7 A6 1 1 1 a a a 
6 A7 A6 1 1 a a a a 
5 A7 A6 1 a 1 a a a 
4 A7 A6 1 a a a a a 
3 A7 A6 a 1 1 a a a 
2 A7 A6 a 1 a a a a 
1 A7 A6 a a 1 a a a 
a A7 A6 a a a a a a 

Table 4. Contents of Third Interrupt Vector Byte 
~ ~ ~ ~ ~ ~ ~ ~ 

I A1S I A14 I A13 I A12 I All I Al0 I Ag I As 

Table 5. Contents of Interrupt Vector Byte, 808618088 
Mode 

IR Interval = 4 

07 Os Os 04 03 02 01 DO 

7 h T6 T5 T4 T3 1 1 1 

6 T7 T6 T5 T4 T3 1 1 a 
5 T7 T6 T5 T4 T3 1 a 1 

4 T7 T6 T5 T4 T3 1 a a 
3 T7 T6 T5 T4 T3 a 1 1 

2 T7 T6 T5 T4 T3 a 1 a 
1 T7 T6 T5 T4 T3 a a 1 

a T7 T6 T5 T4 T3 a a a 

J.LPD8259A 

8086/8088 Mode 

In this mode only two INTA pulses are sent to the 
pPD8259A. After the first INTA pulse, the pPD8259A 
does not output a CALL but internally sets priority reso
lution. If it is a master, it sets the cascade lines. The in
terrupt vector is output to the data bus on the second 
INTA pulse. See table 5. 

Initialization Command Words 

ICW1 and ICW2 

LTIM 

ADI 

SNGL 

IC4 

If LTIM = 1, then the IAPD8259A operates in 
the level interrupt mode. Edge detect logic 
on the interrupt inputs is disabled. 

CALL address interval. If ADI = 1 then the in
terval is four; if ADI = 0 then the interval is 
eight. 

(Single) Indicates that there is only one 
IAPD8259A in the system. If SNGL = 1, no 
ICW3 is issued. 

If this bit is set, ICW4 has to be read. If ICW4 
is not needed, set IC4 to logic O. 

A5-A15 Defines the page starting address of the 
service routines. In an 8085A system, the 
eight request levels generate CALLs to 
eight locations equally spaced in memory. 
These can be programmed to be spaced at 
intervals of four or eight memory locations, 
allowing eight routines to occupy a page of 
32 or 64 bytes, respectively. 

The address form is two bytes long (Ao-A15)· When the -:t 
routine interval is four, Ao-A4 are automatically inserted .:.I 
by the IAPD8259A, while A5-A15 are programmed exter-
nally. When the routine interval is eight, Ao-A5 are auto-
matically inserted by the IAPD8259A, while AS-A15 are 
programmed externally. 

The eight-byte interval maintains compatibility with 
current software, while the four-byte interval is best for a 
compact jump table. 

In an 8086/8088 system, T7-T3 are inserted in the five 
most significant bits of the vectoring byte. The 
IAPD8259A sets the three least significant bits accord
ing to the interrupt level. 

8-99 
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ICW3 

This word is read only when there is more than one 
pPD8259A in the system and cascading will be used. 
SNGL of ICW1 is programmed for logic O. ICW3 will load 
the 8-bit slave register. The functions of this register are, 
in the master mode, when SP = 1 or BUF = 1 and MIS = 1 
in ICW4, a 1 is set for each slave in the system. The mas
ter then releases byte 1 of the call sequence (for 8080AI 
8085A system) and enables the corresponding slave via 
the cascade lines to release vector bytes 2 and 3 (byte 2 
only for 8086/8088). 

In the slave mode, when SP = 0 or aUF = 1 and M /S = 0 
in ICW4, bits 102-100 identify the slave. The slave com
pares its cascade input with these bits and if they are 
equal, vector bytes 2 and 3 of the call sequence (byte 2 
only for 8086/8088) are released by the slave on the data 
bus. 

Figure 1. Initialization Sequence 

06 Os 

As 

8-100 

ICW4 

SNFM 

aUF 

MIS 

NEe 

If SNFM = 1, the special fully nested mode 
is programmed. 

If aUF = 1, the buffered mod~ i~ro
grammed. In the buffered mode, SP/EN be-
comes an enable output and the 
masterlslave determination is by MIS. 

If the buffered mode is selected, M/S=1 
means the ~P08259A is programmed to be 
a master, M/S=O means the ~PD8259A is 
programmed to be a slave. If aUF=O, MIS 
has no function. 

AEOI If AEOI = 1, the automatic end of interrupt 
mode is programmed. 

~PM Microprocessor mode: ~PM = 0 sets the 
~P08259A for 8085A system operation; 
~PM = 1 sets the ~PD8259A for 8086 system 
operation. . 

Figure 1 illustrates the .command word initialization se
quence. 

DO 

LTIM AOI SNGL IC4 ICWl 

SFNM BUF MIS AEOI "PM ICW4 

83-002785A 
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Figure 2 illustrates the initialization command word for-
mat. 

Figure 2. Initialization Command Word Format 

ICWI 

ICW2 

ICW3 
(Master Device) 

ICW3 
(Slave Device) 

ICW4 

AI) 07 06 Os 04 03 02 1>1 Do 

AI) 07 06 Os 04 

I 1 I 0 J 0 1 0 J 0 I 0 I ID2 I 11>1 1 100 J 

I 

03 DO 

I 1 
I 

0 
1

0 
I 

o I SFNMI BUF I MIS I AEOI I "PM I 

1 0 - Buffered ModelSlave 

1= ICW4 Needed 
0= No ICW4 Needed 

1 = Single 
o = Cascade Mode 

Call Address Interval 
1 = Interval of 4 
o = Interval of 8 

1 = Level1l1ggered Mode 
o = Edge 1l1ggered Mode 

A7-As of Interrupt 
Vector Address 

(80/85 Mode Only) 

A1S-A/I of Interrupt 
Vector Address 
(80/85 Mode) 

T7-T3 Oflnterrupt 
Vector Address 

(8086/8088 Mode) 

1 = IR Input Has a Slave 
o = IR Input Does Not Have a 

Slave 

Slave 10(1) 

o 1 2 3 4 5 6 7 

o 1 0 1 o 1 o 1 

0 o 1 1 o 0 1 1 

0 o 0 o 1 1 1 1 

1 = 8088/8088 Mode 
o = 80/85 Mode 

1=AutoEOI 
0= Normal EOI 

EEm -Non Buffered Mode 

1 1 - Buffered ModelMaster 

1 = Special Fully Nested Mode 
o = Not·Speclal Fully Nested 

NOTE: 
Mode 

(1) Slave 10 Is eq ual to the corresponding master Input. 

J.'PD8259A 

83·0027868 
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Operational Command Words 

Once the ",PD8259A has been programmed with initiali
zation command words, it can be programmed for the 
appropriate interrupt algorithm by the operation com
mand words (OCW). See figure 3. Interrupt algorithms in 
the ",PD8259A can be changed at any time during pro
gram operation by issuing another set of operation 
command words. The following sections describe the 
various algorithms available and their associated 
OCWs. 

Interrupt Masks 

The individual interrupt request input lines are maska
ble by setting the corresponding bits in the interrupt 
mask register to a logic 1 through OCW1. The actual 
masking is performed upon the contents of the in
service register. For example, if interrupt request line 3 
is to be masked, then only bit 30f the IMR is set to logic 
1. The IMR in turn acts upon the contents of the ISR to 
mask bit3. 

Once the ",PD8259A has acknowledged an interrrupt, 
the masked interrupt input inhibits lower priority re
quests from being acknowledged. There are two means 
of enabling these lower priority interrupt lines. The first 
is by issuing an end of interrupt (EO I) through operation 
command word 2 (OCW2), thereby resetting the appro
priate ISR bit. The second approach is to select the spe
cial mask mode through OCW3.The special mask mode 
(SMM) and end of interrupt (EOI) are described later. 

Fully Nested Mode 

The fully nested mode is the ",PD8259A's basic operat
ing mode. It will operate in this mode after the initializa
tion sequence without requiring operation command 
words for formatting. The order of priority is determined 
by IRO-IR7. IRO has the highest priority. After the inter
rupt has been acknowledged by the processor and sys
tem controller, only higher priorities will be serviced. 
Upon receiving an INTA, the priority resolver determines 
the priority of the interrupt, sets the corresponding IR 
bit, and outputs the vector address to the data bus. The 
EOI command resets the corresponding ISR bits at the 
end of its service routines. 

Rotating Priority Mode Commands 

The two variations of rotating priorities are the auto ro
tate and specific rotate modes. These two modes are 
typically used to service interrupting devices of equiva
lent priorities. 

Auto Rotate Mode. Programming the auto rotate mode 
through OCW2 assigns priorities 0-7 to the interrupt re
quest inputs. Interrupt line IRo is set to the highest prior
ity and IR7 to the lowest. Once an interrupt has been 
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serviced, it is automatically assigned the lowest prior
ity. That same input must then wait for the devices 
ahead of it to be serviced before it can be acknowledged 
again. The auto rotate mode is selected by program
ming OCW2 in the following way: set rotate priority bit R 
to a logic 1, program EOI to a logic 1 and SECOI to a logic 
O. The EOI and SEOI commands are discussed later. The 
following is an example of the auto rotate mode with de
vices requesting interrupts on line IR2 and IRs. 

(1) Before interrupts are serviced: 

In-service register 

IS7 ISs IS5 IS4 IS3 ISO 

o o o o 0 

Priority status register highest priority 

IR3 

According to the priority status register, IR2 has a higher 
priority than IRs and will be serviced first. 

(2) After interrupts are serviced: 

In-service register 

IS7 ISs IS5 IS3 ISO 

o o o o o o o 

Priority status register highest priority 

IRS 

At the completion of IR2'S service routine, the corres
ponding in-service register bit (IS2) is reset to logic 0 by 
the preprogrammed EOI command. IR2 is then as
signed the lowest priority level in the priority status reg
ister. The ",PD8259A is now ready to service the next 
highest interrupt, which, in this case, happens to be IRs. 

Specific Rotate Mode. The priorities are set by program-
ming the lowest level via OCW2. Then, the ",PD8259A au
tom~tically assigns the highest priority. If, for example, 
IR3 IS set to the lowest priority (bits L2, L1, La form the 
binary code of the bottom priority level), then IR4 will be 
set to the highest priority. The specific rotate mode is 
selected by programming OCW2 in the following man
ner: set rotate priority bit R to a logic 1, program EOI to a 
logic 0, SEOI to a logic 1 and L2, L1, La to the lowest prior
ity lev~1. If EOI is set to a logic 1, the ISR bit defined by L2, 
L1, La IS reset. 
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End of Interrupt (EOI) and Specific End of Interrupt 
(SEOI) 

The end of interrupt (EO I) or specific end of interrupt 
(SEOI) command must be issued to reset the appropri
ate in-service register bit before the completion of a 
service routine. Once the ISR bit has been reset to logic 
0, the IAPD8259A is ready to service the next interrupt. 

Two types of EOI's are available to clear the appropriate 
ISR bit depending on the IAPD8259A's operating mode. 

Non-Specific End of Interrupt (EOI). When operating in 
interrupt modes where the priority order of the interrupt 
inputs is preserved, such as the fully nested mode, the 
particular ISR bit to be reset at the completion of the 
service routine can be determined. A non-specific EOI 
command automatically resets the highest priority ISR 
bit of those set. The highest priority ISR bit must neces
sarily be the interrupt being serviced and must neces
sarily be the service subroutine returned from. 

Specific End of Interrupt (SEOI). When operating in in
terrupt modes where the priority order of the interrupt 
inputs is not preserved, such as the rotating priority 
mode, the last serviced interrupt level may not be 
known. In these modes, a specific end of interrupt must 
be issued to clear the ISR bit at the completion of the 
interrupt service routine. The SEOI is programmed by 
setting the appropriate bits in OCW2 to logic 1's. See fig
ure 3. Both the EOI and SEOI bits of OCW2 must be set 
to a logic 1 with L2, L1, Lo forming the binary code of the 
ISR bit to be reset. 

Special Mask Mode 

Setting up an interrupt mask through the interrupt mask 
register by setting the appropriate bits in OCW1 to a 
logic 1 inhibits lower priority interrupts being 
acknowledged. In applications requiring that the lower 
priorities be enabled while the IMR is set, the special 
mask mode can be used. The SMM is programmed in 
OCW3 by setting the appropriate bits to a logic 1. Once 
the SMM is set, the IAPD8259A remains in this mode 
until it is reset. The special mask mode does not affect 
the higher priority interrupts. 

Poll Mode 

In poll mode, the processor must be instructed to 
disable its interrupt input (INT). Interrupt service is 
initiated through software by a poll command. Poll 
mode is programmed by setting the poll mode bit in 
OCW3 to logic 1 during a WR Pulse. The following RD 
pulse is then considered as an interrupt acknowledge. If 
an interrupt input is present, the RD pulse sets the 
appropriate ISR bit and reads the interrupt priority level. 
Poll mode is a one time operation and must be 
programmed through OCW3 before every read. The 
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word format which is strobed onto the data bus during 
the poll mode follows: 

06 

x x I x x 

where: 
I = 1 if there is an interrupt requesting service 
I = 0 if there are no interrupts 

01 00 

Wo 

W2-WO forms the binary code of the highest priority level of the interrupts 
requesting service. 

Poll mode can be used when an interrupt service routine 
is common to several interrupt inputs. The INTA 
sequence is no longer required; this saves ROM space. 
Poll mode can also be used to expand the number of 
interrupts beyond 64. 

Reading /1PD8259A Status 

The following major registers' status is available to the 
processor by appropriately formatting OCW3 and 
issuing RD command. 

Interrupt Request Register 

The 8-bit interrupt request register stores the interrupt 
levels awaiting acknowledgement. The highest priority 
in-service bit is reset once it has been acknowledged. 
Note that the interrupt mask register has no effect on 
the IRR. Prior to the issuing of the RD command, a WR 
command must be issued with OCW3. Programmable 
logic bits RIS and ERIS of OCW3 determine whether the 
IRR or ISR register is to be read. To read the contents of 
the IRR, ERIS must be a logic 1, and RIS a logic O. 

In-Service Register 

The 8-bit in-service register stores the priorities of the 
interrupt levels being serviced. Assertion of an end of 
interrupt (EOI) updates the ISR to the next priority level. 
A WR command must be issued with OCW3 prior to 
issuing the RD command. both ERIS and RIS should be 
set to logic 1. 

Interrupt Mask Register 

The 8-bit interrupt mask register holds mask data 
modifying interrupt levels. A WR pulse preceding the 
RD is not necessary to read the IMR status. The IMR 
data is available to the data bus when RD is asserted 
with Ao at logic 1. 

A single OCW3 is sufficient to enable succesive status 
reads providing it is of the same register. A status read is 
overridden by the poll mode when bits P and ERIS of 
OCW3 are set to log ic 1. 
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Figure 3. Operation Command Word Format 

OCW1: 

06 05 DO 

1 = f.f.ITsS~~t:::r. Bit In 

o = No Mask Present for 
the Corresponding 
IRRBIt. 

OCW2: I 0 I R I SEOI I EOI I 0 I 0 I L2 I L1 I Lo I Binary Level to be Reset 
or Put Into Lowest Priority 

Ao 07 06 05 

OCW3: I 0 I - I ESMMI SMM I o I 1 I 
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L~00~1~ __ 2~3~_4-+_5-+_6-+_7~ 
1 0 1 0 1 0 1 

'---------+I 0 0 1 1 0 0 1 1 

'-------------+1 0 0 0 0 1 1 1 1 

P 

DO 

Non-Specific End of Interrupt 
1 = Reset the Highest Priority 

BltoflSR 
0= No Action 

Specific End of Interrupt 
1 = L2. L1. La Bits are Used 
0= No Action 

Rotate Priority 
1 = Rotate 
o = Not Rotate 

I "IS I RlS Sl 
! Read In-Service Register 

0 0 No Action 

0 1 No Action 

1 0 ~::r*b ~':9s:n 
1 1 ~::r~~~s:n 

Polling 

1 Read Binary Code of 

~~~~~tL::~:~~~~~~e 
0 No Action 

~ 1 Special Mask Mode 

0 0 No Action 

0 1 No Action 

1 0 Read Special Mask 

1 1 Set Special '4ask 

NEe 
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Table 6. Summary of Operation Command Word 
Programming 

OCW1 x X 

OCW2 0 0 0 R SEOI 

0 0 

0 0 

0 

0 

0 

0 

EOI 

0 

0 

0 

0 

IMR (interrupt mask register) 
WR loads IMR data while RD 
reads status 

No action 

Non-specific end of interrupt 

No action 

Specific end of interrupt L2, L1, 
Lo forms binary representation 
of level to be reset 

No action 

Rotate priority at end of inter
rupt (auto mode) 

Rotate priority, L2, L1, Lo 
specifies bottom priority with
out end of interrupt 

Rotate priority at end of inter
rupt (specific mode). L2, L1, Lo 
specifies bottom priority, and 
it is in-service register bit is 
reset. 

OCW3 

Figure 4. Cascading the J.lPD8259A 

Processor Address Bus (16) 

Processor Control Bus (8) 

Processor Data Bus (8) 

-- --f--
-- --f--
-- --f--

CS Ao CS Ao 

Ao D4 Da 

0 0 1 ESMM 

0 

0 

ERIS 

0 

0 

SMM 

0 

RIS 

0 

J.lPD8259A 

Special mask not affected 

Special mask not affected 

Reset special mask 

Set special mask 

No action 

No action 

Read IR register status 

Read IS register status 

INT 
REQ 

I 

CASj 1+-+----'"+-1--1 CASj ~rMO:~;~A 
CAS2 1+-----' 

SP IR IR IR IR IR IR IR IR 

.LIIIIIIII 
21 20 19 18 17 16 15 14 

NOTE: 

CAS21+-+--........ I---I CAS2 
SP IR IR IR IR IR IR IR IR SP IR IR IR IR IR IR IR IR 

111111111 ,------,v!, 11111111 
131211109876 543210 

(1) Insure that the processor Interrupt input Is disabled during the execution of any control com· 
mand and initialization sequence for all ~PD8259A's. 

83-0027888 
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Instruction Set 

Operation Code 

Mnemonic Operation Description D7 De Ds D4 D3 D2 D1 Do Ao Format 

(Byte 1 Initialization, No ICW4 Required) 

1 ICW1A Single, edge triggered A7 A6 A5 0 0 0 4 

ICW1B Single, level triggered A7 A6 A5 1 1 0 0 4 

3 ICW1C Not single, edge triggered A7 A6 A5 0 0 0 0 4 

4 ICW1D Not single, level triggered A7 A6 A5 1 0 0 4 

ICW1E Single, edge triggered A7 A6 0 0 0 0 8 

6 ICW1 F Single, level triggered A7 A6 0 0 0 

ICW1G Not single, edge triggered A7 A6 0 0 0 0 8 

ICW1H Not single, level triggered A7 A6 0 0 0 0 0 8 

(Byte 1 Initialization, ICW4 Required) 

9 ICW11 Single, edge triggered A7 A6 A5 0 0 4 

10 ICW1J Single, level triggered A7 A6 A5 4 

11 ICW1 K Not single, edge triggered A7 A6 A5 0 0 4 

12 ICW1L Not single, level triggered A7 A6 A5 1 1 0 0 4 

13 ICW1M Single, edge triggered A7 A6 0 0 0 0 8 

14 ICW1 N Single, level triggered A7 A6 0 0 8 

15 ICW10 Not single, edge triggered A7 A6 0 0 0 8 

16 ICW1P Not single, level triggered A7 A6 0 0 8 

(Byte 2 Initialization) 

17 ICW2 Initialize byte 2 A15 A14 A13 A12 A11 A10 Ag As 

(Byte 3 Initialization) 

18 ICW3M Initialize byte 3 (master) S7 S6 S5 S4 S3 S2 S1 So 

19 ICW3S Initialize byte 3 (slave) 0 0 0 0 0 S2 S1 So 

(Byte 4 Initialization) 

20 ICW4A No action, redundant 0 0 0 0 0 0 0 

21 ICW4B Non-buffered, no AEOI, 8086/8088 0 0 0 0 0 0 1 

22 ICW4C Non-buffered, AEOI, 80/85 0 0 0 0 0 0 0 

23 ICW4D Non-buffered, AEOI, 8086/8088 0 0 0 0 0 0 

24 ICW4E No action, redundant 0 0 0 

25 ICW4 F Non-buffered, no AEOI, 8086/8088 0 0 0 0 0 

26 ICW4G Non-buffered AEOI, 80/85 0 0 0 

27 ICW4 H Non-buffered, AEOI, 8086/8088 0 0 0 0 0 

28 ICW41 Buffered, slave, noAEOI, 80/85 0 0 0 0 0 
,.,n ICVV4 J Buffered, slave, no,A.EO!, 8086/8088 0 0 0 0 '-" 
30 ICW4 K Buffered, slave, AEOI, 80/85 0 0 

31 ICW4 L Buffered, slave, AEOI, 8086/8088 0 0 0 

32 ICW4 M Buffered, master, no AEOI, 80/85 0 0 0 

33 ICW4 N Buffered, master, no AEOI, 8086/8088 0 0 
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Instruction Set (cont) 
Operation Code 

Mnemonic Operation Description D7 D6 Ds D4 D3 D2 D1 Do Ao Format 

(Byte 4 Initialization) (cont) 

34 ICW40 Buffered, master, AEO I, 80 1 85 

35 ICW4 P Buffered, master, AEOI, 8086/8088 

36 ICW4 NA Fully nested, non-buffered, no AEOI, 8085A 0 

37 ICW4 NB ICW4 NB-ICW4 NO are identical to ICW4 B-ICW4 0 with the 
addition of fully nested mode 0 a 

38 ICW4 NC ICW4 NB-ICW4 NO are identical to ICW4 B-ICW4 0 with the 
addition of fully nested mode 0 

39 ICW4 NO ICW4 NB-ICW4 NO are identical to ICW4 B-ICW4 0 with the 
addition of fully nested mode a 

40 ICW4 NE Fully nested, non-buffered, no AEOI, 80 1 85 a 0 

41 ICW4 NF ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode 

42 ICW4 NG ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode a 

43 ICW4 Nff ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode 

44 ICW4 NI ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode 0 0 

45 ICW4 NJ ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode a 

46 ICW4 NK ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode 0 0 

47 ICW4 NL ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode a 0 0 

48 ICW4 NM ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode 0 

IJ 49 ICW4 NN ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode a 0 

50 ICW4 NO ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode 0 

51 ICW4 NP ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode a 

52 OCW1 Load mask and read mark registers M7 M6 M5 M4 M3 M2 M1 Ma 

53 OCW2 E Non-specific EOI 0 a 1 a 0 a a a 
54 OCW2 SE Specific EOI, La-L2 code of IS FF to be reset a L2 L1 La 

55 OCW2 RE Rotate on non-specific EOI a a a a 
56 OCW2 RSE Rotate on specific EOI La-L2 code of line a L2 L1 La 

57 OCW2 R Rotate in auto EOI (set) a a a 
58 OCW2 CR Rotate in auto EOI (clear) 

., 
a a a 

59 OCW2 RS Set priority command L2 L1 La 

60 OCW3 P Poll mode a a 1 a a 
61 OCW3 RIS Read IS register a 
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Description 

The I-tPD8279 is a programmable keyboard and display 
input/output device providing the user with the ability 
to display data on alphanumeric segment displays or 
simple indicators. The display RAM can be programm
ed to function as a 16 x 8-bit or dual 16 x 4-bit memory 
and can be loaded or read by the host processor. The 
display can be loaded with right or left entry with an 
auto-increment of the display RAM address. 

The keyboard interface provides a scanned signal to 
a 64 contact key matrix expandable to 128. General 
sensors or strobed keys may also be used. Keystrokes 
are stored in an 8 character FIFO and can be either 
2 key lockout or N key rollover. Keyboard entries 
generate an interrupt to the processor. 

Features 

D Programmable by processor 
D 32 hex or 16 alphanumeric displays 
D 64 expandable to 128 keyboard 
D Simultaneous keyboard and display 
D 8 character keyboard-FIFO 
D 2 key lockout or N key rollover 
D Contact debounce 
D Programmable scan timer 
D Interrupt on key entry 
D Single + 5 V ± 10% power supply 
D Fully compatible with 8080A, 8085A, I-tPD780 

(Z80®) 
® Z80 is a registered trademark of Zilog, Inc. 

Ordering Information 
Part 
Number 

~PD8279C-2 

~PD8279C-5 

Package 
~pe 

40-pin plastic DIP 

40-pin plastic DIP 

Max Frequency 
of Operation 

5 MHz 

3 MHz 

J.lPD8279 
PROGRAMMABLE KEYBOARDI 

DISPLAY INTERFACE 

Pin Configuration 

Rl2 

Rl 3 

ClK 

IRQ 

Rl4 

Rls 

Rle 

Vee 
Rl1 

38 Rlo 

CNTl/STB 

SHIFT 

OUT B1 

OUT 82 

OUTA1 

OUT A2 

cs 

DB4 

DBs 

DBe 

DB7 

Vss \-.-__ ---:. Ao 

83-002663A 

Pin Identification 
No. Symbol Function 

1,2,5,6,7,8,38,39 RlO-Rl? Return lines 

3 ClK Clock input 

4 IRQ Interrupt request 

9 RESET Reset input 

10 RD Read input 

11 WR Write input 

12-19 DBO-DB? Data bus 

20 Vss Ground reference 

21 Ao Buffer address 

22 CS Chip select 

23 BD Blank display output 

24-27 OUT Ao-OUT A3 Display A outputs 

28-31 OUT Bo-OUT B3 Display B outputs 

32-35 Slo-Sl3 Scan lines 

36 Shift Shift input 

37 CNTLlSTB Control/strobe input 

40 Vee +5 V input 
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Pin Functions 

Rlo-Rl7 (Return Lines) 

Return line inputs which are connected to the scan 
lines through the keys or sensor switches. They have 
active internal pullups to keep them high until a 
switch closure pulls one low. They also serve as an 
8-bit input in the strobed input mode. 

ClK (Clock) 

Clock from system used to generate internal timing. 

IRQ (Interrupt Request) 

In a keyboard mode, the interrupt line is high when 
there is data in the FIFO/sensor RAM. The interrupt 
line goes low with each FIFO/sensor RAM read and 
returns high if there is still information in the RAM. 
In the sensor mode, the interrupt line goes high 
whenever a change in a sensor is detected. 

RESET (Reset) 

A high signal on this pin resets the /JPD8279. 

RD (Read Input) 

Input read allows the data buffers to send data to the 
external bus. 

WR (Write Input) 

Input write allows the data buffers to receive data 
from the external bus. 

DBo-DB7 (Data Bus) 

Bidirectional data bus. All data and commands be
tween the processor and the /JPD8279 are transmit
ted on these lines. 

OUT Ao-OUT A3 (Display A Outputs) 

Output port for the 16 x 4 display refresh registers. 
The output data is synchronized to the scan lines 
(SLo-SL3) for multiplexed digit displays. Ports A and 
B may be blanked independently and may also be con
sidered as one 8-bit port. 

OUT Bo-OUT B3 (Display B Outputs) 

Output port for the 16 x 4 display refresh registers. 
The output data is synchronized to the scan lines 
(SLo-SL3) for multiplexed digit displays. Ports A and 
B may be blanked independently and may also be con
sidered as one 8-bit port. 
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Slo-Sl3 (Scan Lines) 

Scan lines which are used to scan the key switch or 
sensor matrix and the display digits. These lines can 
be either encoded (1 of 16) or decoded (1 of 4). 

Ao (Buffer Address) 

A high on this line indicates the signals in or out are 
interpreted as a command or status. A low indicates 
that they are data. 

CS (Chip Select) 

A low on this pin enables the interface functions to 
receive or transmit. 

BD (Blank Display Output) 

This output is used to blank the display during digit 
switching or by a display blanking command. 

SHIFT (Shift) 

The shift input status is stored along with the key 
position on key closure in the scanned keyboard 
modes. It has an active internal pullup to keep it high 
until a switch closure pulls it low. 

CNTl/STB (Control/Strobe Input) 

For keyboard modes this line is used as a control in
put and stored like status on a key closure. The line 
is also the strobe line that enters the data into the 
FIFO in strobed input mode (rising edge). It has an 
active internal pullup to keep it high until a switch 
closure pulls it low. 

Vss (Ground Reference) 

Ground. 

Vee (Power Supply) 
+ 5 V power supply input. 
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Block Diagram 

OBO·OB7 

Functional Description 

The ,.,PD8279 has two basic functions: 1) to control 
displays to output and 2) to control a keyboard for in
put. Its specific purpose is to unburden the host pro
cessor from monitoring keys and refreshing displays. 
The ,.,PD8279 is designed to directly interface with the 
microprocessor bus. The microprocessor must pro
gram the operating mode to the ,.,PD8279 as follows: 

Output Modes 

• 8 or 16 character display 

• Right or left entry display formats 

Input Modes 

• Scanned keyboard with encoded (8 x 8 key key
board) or decoded (4 x 8 key keyboard) scan lines. 

• Scanned sensor matrix with encoded (8 x 8 matrix 
switches) or decoded (4 x 8 matrix switches) scan 
lines. 

• Strobed input with data on return lines during con
trol line strobe being transferred to FIFO. 

Block Diagram 

Following is a description of each section of the 
,.,PD8279. See the block diagram for functional 
reference. 

83-0026648 

1/0 Control and Data Buffers 

Communication to and from the,.,PD8279 is perform
ed by selecting CS, Ao, RD and WR. The type of in
formation written or read by the processor is selected 
by Ao. A logic 0 states that information is data while 
a 1 selects command or status. RD and WR select the 
direction by which the transfer occurs through the 
data buffers. When the chip is deselected (CS = 1) E
the bidirectional data buffers are in a high impedance 
state. This enables the ,.,PD8279 to be tied directly to 
the processor bus. 

Timing Registers and Timing Control 

The timing registers store the display and keyboard 
modes and other conditions programmed by the pro
cessor. The timing control contains the timing counter 
chain. One counter is a divide-by-N scaler, which may 
be programmed to match the processor cycle time. 
The scaler is programmed with a value between 2 and 
31 to divide the external clock input by N to yield the 
internal clock frequency. A value which scales the in
ternal frequency to 100 kHz gives a 5.1 ms scan time 
and 10.3 ms switch debounce. The other counters 
divide down to make key, row matrix, and display 
scans. 
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Scan Counter 

The scan counter can operate in either the encoded 
or decoded mode. In the encoded mode, the counter 
provides a count which must be decoded to provide 
the scan lines. In the decoded mode, the counter pro
vides a 1 out of 4 decoded scan. In the encoded mode, 
the scan lines are active high, and in the decoded 
mode, they are active low. 

Return Buffers, Keyboard Debounce and Control 

The eight return lines are buffered and latched by the 
return buffers. In the keyboard mode these lines are 
scanned to sample for key closures in each row. If the 
debounce circuit senses a closure, about 10 ms are 
timed out and a check is performed again. If the 
switch is still pressed, the address of the switch 
matrix plus the status of shift and control are written 
into the FIFO. In the scanned sensor mode, the con
tents of return lines are sent directly to the sensor 
RAM (FIFO) each key scan. In the strobed mode, the 
transfer takes place on the rising edge of CNTUSTB. 

FIFO/Sensor RAM and Status 

This section is a dual purpose 8 x 8 RAM. In strobe 
or keyboard mode it is a FIFO. Each entry is pushed 
into the FIFO and read in order. Status keeps track 
of the number of entries in the FIFO. Too many reads 
or writes to the FI FO will be treated as an error con
dition. The status logic generates an IRQ whenever 
the FIFO has an entry. In the sensor mode the memory 
is a sensor RAM which detects changes in the status 
of a sensor~ If a change occurs, the IRQ is generated 
~until the change is acknowledged. 

Display Address Registers and Display RAM 

The display address register contains the address of 
the word being read or written by the processor, as 
well as the word being displayed. This address may 
be programmed to autoincrement after each read or 
write.The display RAM may be read by the processor 
any time after the mode and address is set. Data en
try to the display RAM may be set to either right or 
left entry. 

Command .Operation 

The commands programmable to the ~PD8279 via the 
data bus with CS active (0) and Ao high are as follows: 

Keyboard/Display Mode Set 

I 0 I 0 I 0 I D I D I K K K 
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Display Mode: 
o 0 

o 0 Eight 8-bit character display-left entry 

o 1 (1) Sixteen 8-bit character display-left entry 

o Eight 8-bit character display-right entry 

Sixteen 8-bit character display-right entry 

Note: 

(1) Power on default condition. 

Keyboard Mode: 
K K K 

0 0 0 Encoded scan-2 key lockout 

0 0 0 Decoded scan-2 key lockout 

0 0 Encoded scan-N key rollover 

0 1 Decoded scan-N key rollover 

0 Encoded scan-sensor matrix 

0 Decoded scan-sensor matrix 

0 Strobed input, encoded display scan 

1 Strobed input, decoded display scan 

Program Clock 

I 0 I 0 I p p p p p 

Where PPPPP is the prescaler value between 2 and 
31. This prescaler divides the external clock by 
PPPPP to develop its internal frequency. After reset, 
a default value of 31 is generated. 

Read FI FO/Sensor RAM 

~1_o~1 _1~1 _o~1 ~A1~1 _x~1 _A~I _A~_A~IAo=O 

A1 is the autoincrement flag. AAA is the row to be 
read by the processor. The read command is ac
complished with (CS • RD • AO) by the processor. If 
A1 is 1, the row select counter will be incremented 
after each read. Note that autoincrementing has no 
effect on the display. 

Read Display RAM 

I ~ _O~I_1~1_1~I_A~1~I __ x~_A~_A~_A~IAo=O 
Where A1 is the autoincrement flagg and AAAA is the 
character which the processor is about to read. 

Write Display RAM 

I 1 I 0 I 0 I A1 A A A A 

Where AAAA is the character the processor is about 
to write. 
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Display Write Inhibit Blanking 

BL 

B 

Where IWA and IWB are inhibit writing nibble A and 
B respectively, while BLA and BLB are used for blank
ing. When using the display as a dual 4-bit,it is 
necessary to mask one of the 4-bit halves to eliminate 
interaction between the two halves. This in ac
complished with the IW flags. The BL flags allow the 
programmer to blank either half of the display in
dependently. To blank a display formatted as a single 
a-bit, it is necessary to set both BLA and BLB. Default 
after a reset is all zeros. All signals are active high 
(logic 1). 

Clear 

I 1 I 0 Co CD CD CF CA 

Where: 

CD CD CD 

1 0 X All zeros 

0 AB = 20H 

All ones 

0 X X Disable clear display 

This command is used to clear the display RAM, the 
FIFO, or both. The Co options allow the user the abili
ty to clear the display RAM to either all zeros or all 
ones. Clearing the display takes one complete display 
scan. During this time the processor can't write to the 
display RAM. 

If the CF bit is set to logic 1, the FIFO status is 
cleared, the FIFO empty flag is set, and IRQ is cleared. 
The sensor matrix mode RAM pointer will then be set 
to row o. 
CA, the clear all bit, has the combined effect of CF 
and CD; it uses the Co clearing code on the display 
RAM and also clears FIFO status. It also re
synchronizes the internal timing chain. 

End Interrupt/Error Mode Set 

1111111Elxlxlxlx 
In the sensor matrix mode, this instruction clears IRQ 
and allows writing into RAM. In N key rollover, set
ting the E bit to 1 allow for operating in the special 
error mode. See description of FIFO status. 

J,lPD8279 

FIFO Status 

I Du I S/E I 0 I u I FIN I N I N 
Where: 

• DU = Display unavailable because a clear display 
or clear all command is in progress. 

• S/E = Sense error flag due to multiple closure of 
switch matrix. 

• 0 = FIFO overrun since an attempt was made to 
push too many characters into the FIFO. 

• U = FIFO underrun. An indication that the pro
cessor tried to read an empty FIFO. 

• F = FIFO full flag. 
• NNN = The number of characters presently in 

FIFO. 

The FIFO status is read with Ao high and CS, RD ac
tive low. 

If the CD or CA command has not completed its clear
ing, the display is not available. The S/E flags are used 
to show an error in multiple closures has occur
red. The 0 or U, overrun or underrun, flags occur when 
too many characters are written into the FIFO or the 
processor tries to read an empty FIFO. F is an indica
tion that the FIFO is full and NNN is the number of 
characters in the FIFO. 

Data Read 
Data can be read during Ao = 0 and when CS, RD are 
active low. The source of data is determined by the 
read display or read FIFO commands. 

Data Write 
Data is written to the chip when Ao, CS, and WR are 
active low. Data will be written into the display RAM 
with its address selected by the latest read or write 
display command. 

Data Format 

I CNTL I SH I SCAN RET 

In the scanned key mode, the characters in the FIFO 
correspond to the above format where CNTL and SH 
are the most significant bits and the SCAN and 
return lines are the scan and column counters. 

I RL7 I RL6 I RLs I RL4 I RL3 I RL2 I RL1 I RLo 

In the sensor matrix mode, the data corresponds 
directly to the row of the sensor RAM being scanned. 
Shift and control (SH, CNTL) are not used in this 
mode. 
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Command Word Summary 
0 0 0 D D K K K Keyboard display mode set 

0 0 1 P P P P P Load program clock 

0 1 0 A1 X A A A Read FIFO/sensor RAM 

0 1 A1 A A A A Read display RAM 

0 0 A1 A A A A Write display RAM 

0 1 X IW IW BL BL Display write inhibit/blanking 
A B A B 

0 Co CD CD CF CA Clear 

1 E X X X X End interrupt/error mode set 

Du S/E 0 U N N N FIFO status 

Absolute Maximum Ratings 
TA = 25°C 

Power supply voltage, Voo -0.5 V to + 7.0 V(1) 

Power dissipation, Po 1.0 W 

Operating temperature, T OPT 

Storage temperature, TSTG 

Note: 

(1) With respect to Vss. 

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

Capacitance 
Limits Test 

Parameter Symbol Min Typ Max Unit Conditions 

Input capacitance CI 5 10 pF VI = Vee 

Output capaCitance Co 10 20 pF Vo = Vee 
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DC Characteristics 
TA = ooc to + 70°C; Vee = 5 V ±10%; Vss = 0 V 

Limits Test 
Parameter Symbol Min Max Unit Conditions 

Input high voltage VIH1 2.2 V 
for return lines 

Input high voltage VIH2 2.0 V 
for other lines 

Input low voltage VIL1 -0.5 1.4 V 
for return lines 

Input low voltage VIL2 -0.5 0.8 V 
for other lines 

Output high voltage on IRQ +3.5 V IOH = -50!JA. 
interrupt . line pin 

others +2.4 V IOH = -400!JA. 

Output low voltage VOL 0.45 V IOL = 2.2 rnA 

Input current on shift, 11L1 +10 !JA. VI = Vee 
control and return lines -100 !JA. VI = 0 V 

Input leakage current IIL2 ±10 !JA. VI = Vee to 0 V 
for other lines 

Output float leakage IOFL ±10 !JA. Vo = Vee to 0 V 

Power supply current lee 120 rnA 
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AC Characteristics 
TA = O°C to +70°C; Vee = 5 V ±10%; Vss = 0 V 

IlPD8279-5 IlPD8279-2 
Limits Limits Test 

Parameter Symbol Min Max Min Max Un" CondHions 

Read 

Address stable before read tAR 0 0 ns 

Address hold time for read tRA 0 0 ns 

Read pulse width tRR 250 200 ns 

Data delay from read tRO 150 140 ns C~ = 150 pF 

Address to data valid tAD 250 250 ns CL = 150 pF 

Read to data floating tOF 10 100 10 100 ns 

Read cycle time tRCY 1000 200 ns 

Write 

Address stable before write tAW 0 0 ns 

Address hold time for write tWA 0 0 ns 

Write pulse width tww 250 200 ns 

Data set up time for write tow 150 150 ns 

Data hold time for write two 0 0 ns 

Write cycle time twCY 1000 200 ns 

Other 

Clock pulse width t~w 120 70 ns 

Clock period tCY 320 200 ns 
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General Timing 
Keyboard scan time 5.1 ms 

Keyboard debounce time 10.3 ms 

Key scan time 80 jotS 

Display scan time 10.3 ms 

Digit-on time 480/As 

Blanking time 160/As 

Internal clock cycle 

Timing Waveforms 

AC Test Input 

2.4 ==x 2.0 - - 2.0 x= . _ Test Polnts_ 
0.45 0.8 0.8 

83-002665A 

Read 

AO, CS 

tAR-.J----,--------

_---tRR---~ 

Clock Input 

~------------------

(System's 
Address Bus) 

~---- (Read Control) 

J-----tAO.----

Dat8 Bus 
(Output) _____ H_i_9h_ l_m_p_ed_8_nc_e ___ I-________ -4-_________ _ 

Write 

~---------twCY----------~ 

AO, CS (System's 
~ _______ -I-___ Address Bus) 

(Write Control) 

Data Bus 
(Input) ___ D_8t_8 _M_aY_Ch_a_n9_e __ -, I\, ________ .....JI ~ ___ Da_t_8 _M_ay_C_h_a_n9_e ___ _ 
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Description 

The J.LPB8282 and J.LPB8283 are 8-bit latches with three
state output buffers. The J.LPB8282 is non-inverting and 
the J.LPB8283 inverts the input data. These devices are 
ideal for demultiplexing the address/data buses on 
the 8085A/8086 microprocessors. The J.LPB8282/83 are 
fabricated using NEC's Schottky bipolar process. 

Features 

o Support J.LPB8080, 8085A, 8048, 8086 family 
systems 

o Transparent during active strobe 
o Fully parallel 8-bit data register and buffer 
o High output drive capability (32 rnA) for driving 

the system data bus 
o Three-state outputs 

Ordering Information 

Part 
Number 

J.lPB8282C 

J.lPB8283C 

Package Type 

20-pin plastic DIP 

20-pin plastic DIP 

Pin Identification 
No. Symbol 

1-8 Dlo-DI7 

9 OE 

10 GND 

11 STB 

12-19 (J.lPB8282) QQrQQo 
(J.lPB8283) DOrDOo 

20 Vee 

Output Drive 
Capability 

32 rnA 

32 rnA 

Function 

Data in 

Output enable 

Ground 

Strobe 

Data out 

Power supply 

pPB8282/83 
8-BIT LATCHES 

Pin ~onfigurations 

Pin Functions 

OE (Output Enable) 

This active low input control signal enables the con
tents of the data latches onto the data output pins 
(Bo-B7). When OE goes high, the output buffers 
become high impedance. 

STB(Strobe) 

This input control pulse strobes data.at input Ao-A7 
into the data latches. Data is latched at STB's high 
to low transition. When active high, STB admits in
put data. 

010.017 (Oata In) 

When data that satisfies the STB strobe setup time IJ 
requirements is input to these pins, it is latched into : 
the data latches. 

000-007 (J,tPB8282) (Oata Out) 
000.007 (J,tPB8283) 

When OE is active (low), it outputs data to the 
000.007 pins. When OE is inactive high, 000.007 are 
high impedance. Enabling or disabling the output buf· 
fers will not cause negative-going transients to appear 
on the data output bus. 

GNO (Ground) 

This is the ground. 

Vee (Power Supply) 

This is the + 5 V power supply. 
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Block Diagrams 

83-0028188 

FunctionslE).scription DC Characteristics 

The IlPB8282/83 are 8-bit latches with three-state out- TA = O°C to +70°C; Vcc = +5 V ±10% 

put buffers. Data on the inputs is latched into the data Limits 
Test 

latches on a high-to-Iow transition of the STB line. Parameter Symbol Min Max Unit Conditions 
When STB is high, the latches appear transparent. Input clamp Ve -1 V Ie = -5 rnA 
The OE input enables the .Iatched data to be transfer- voltage 
red to the output pins. When OE is high, the outputs Power supply lee 160 mA 
are put in the three-state condition. OE will not cause current 
transients to appear on the data outputs. Forward input IF -0.2 rnA VF = 0.45 V 

current 
Absolute Maximum Ratings Reverse input IR 50 !-IA VR = 5.25 V 
TA = 25°C current 

Operating temperature O°C to + 70°C Output low voltage VOL 0.45 V 10L = 32 mA 

Storage temperature - 65°C to + 150°C Output high VOH 2.4 V 10H = -5 rnA 

All output and supply voltages -0.5to+7V 
voltage 

All input voltages 
Output off current IOFF ±50 !-iA VOFF = 0.45 to 5.25 V 

-1.0 V to 5.5 V 
Input low voltage VIL 0.8 V Vee = 5.0 V (1) 

Comment: Exposing the device to stresses above those listed in Input high voltage VIH 2.0 V Vee = 5.0 V (1) 
Absoiuie Maximum Ratings could causa permanent damage. The 
device is not meant to be operated under conditions outside the Input capacitance CIN 12 pF VBIAS = 2.5 V, 
limits described in the operational sections of this specification. Vee = 5 V. TA = 25°C. 
Exposure to absolute maximum rating conditions for extended F = 1 MHz 
periods may affect device reliability. 

Note: 

(1) Output loading 10L = 32 mA, IOH = -5 mA, CL = 300 pF 
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AC Characteristics 
TA = ooc to + 70°C; Vee = 5 V ± 10% 
IOl = 32 rnA, IOH = -5 rnA, Cl = 300 pF 

LImits 

Parameter Symbol Min Max 

Input to output delay tlVOV 
-Inverting 22 
-Non-inverting 30 

STB to output delay tSHOV 
-Inverting 10 40 
-Non-inverting 10 45 

Output disable time tEHOl 22 

Output enable time tELOV 10 30 

Input to STB setup time tlVSL 0 

Input to STB hold time tSLIX 25 

STB high time tSHSL 15 

Input, output rise time tILlH, tOLOH 20 

Input, output fall time tIHIL. tOHOL 12 

AC Test Points 

0~~=======X1.5 -TestPolnts- 1.5X"" ____ _ 

AC Testing: Inputs are driven at 2.4 V for a logic 1 and 0.45 V for 
a logic 0 timing measurements are made at 1.5 V for both 
8 logic 1 and O. 

Unit 

ns 
ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

83-003665A 

Timing Waveform 

Inputs 

STB 

tSLIX 

J.,tPD8282/83 

Load Circuits 

'1~" r~" 'I:" 
out1 out1 Out 1 

1300 pF J300 pF J300 pF 

3·State to VOL 3·State to VOH Switching 

83-003664A 

Outputs 
r-______ tE_:~:-:-+--=0"":".1~V:"\I __ ~:: ____ ~ 

VOL + 0.1 V ~ 
tSHOV 

"Note: Output may be momentarily invalid following the high going into STB transition. 

83-0036668 
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J.lPB8284A 
CLOCK GENERATOR AND DRIVER 

FOR 8086/8088 MICROPROCESSORS 

Description 

The pPB8284 is a clock generator and driver for the 
8086 and 8088 microprocessors. This bipolar driver 
provides the microprocessor with a reset signal and 
also provides properly synchronized READY timing. A 
TTL clock is also provided for peripheral devices. 

Features 

D Generates system clock for the 8086 and 8088 
o Frequency source can be a crystal or a TIL signal 
o MOS level output for the processor 
D TIL level output for the peripheral devices 
D Power-up reset for the processor 
D READY synchronization 
o +5Vsupply 

Ordering Information 
Part 
Number 

~PB8284AD 

Pin Identification 
No. S,mbol 

1 CSYNC 

2 PClK 

3, 7 AEN1, AEN2 

4,6 RDY1, RDY2 

5 READY 

8 ClK 

9 GND 

10 RESET 

11 RES 

12 OSC 

13 F/C 

14 EFI 

15 ASYNC 

16,17 X1, X2 

18 Vee 

Package Type 

18-Pin cerdip 

Max Frequenc, 
of Operation 

25 MHz+3 

Function 

Clock synchronization 

Peripheral clock 

Address enable 

Bus ready 

Ready 

Processor clock 

Ground 

Reset 

Reset in 

Oscillator output 

Frequency crystal select 

External frequency in 

Asynchronous input 

Crystal in 

Vee 

Pin Configuration 

CYSNC 

PCLK 

RDY1 

READY 

RDY2 

AEN2 

Pin Functions 

Clock Synchronization 

ASYNC 

EFI 

Fie 

OSC 

RES 

RESET 

83·003402A 

An active high signal which allows multiple 8284s to be 
synchronized. When CYSNC is low, the internal 
counters count, and when high, the counters are reset. 
CYSNC should be grounded when the internal oscillator 
is used. 

Peripheral Clock 

A TIL level clock for use with peripheral devices. This 
clock is one-half the frequency of ClK. 

Address Enable 

This active low Signal is used to qualify its respective 
ROY inputs. If there is only one bus to interface to, AEN 
inputs are to be grounded. 

Bus Ready 

This signal is sent to the 8284 from a peripheral device 
on the bus to indicate that data has been received or 
data is available to be read. 

Ready 

The READY signal to the microprocessor is synchro
nized by the ROY inputs to the processor ClK. READY is 
cleared after the guaranteed hold time to the processor 
has been met. 

Processor Clock 

This is the MOS level clock output of 33% duty cycle to 
drive the microprocessor and bipolar support devices 
(8288) connected to the processor. The frequency of 
ClK is one third of the crystal or EFI frequency. 
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Ground 

Ground. 

Reset 

This is used to initialize the processor. Its input is de
rived from an RC connection to a Schmitt trigger input 
for power up operation. 

Reset In 

The Schmitt trigger input is used to determine the tim
ing of RESET out via an RC circuit. 

Oscillator Output 

This TIL level clock is the output of the.oscillator circuit 
running at the crystal frequency. 

Frequency Crystal Select 

F/C is a strapping option used to determine where ClK 
is generated. A high is for the EFI input, and a low is for 
the crystal. 

Block Diagram 

ttfEC 
External Frequency In 

A square wave in at three times the ClK output. A TIL 
level clock to generate ClK. 

Asynchronous Input 

Ready Synchronization Select. ASYNC is an input 
which defines the synchronization mode of the READY 
logic. When ASYNC is low, two stages of R~ADY syn
chronization are provided. When ASYNC is left open or 
HIGH, a single stage of READY synchronization is pro
vided. 

Crystal In 

A crystal is connected to these inputs to generate the 
processor clock. The crystal frequency is three times 
the desired ClK output. 

Vee Supply Voltage 

+5Vsupply. 

REs--------------------~~~----__; RESET 

~--~----_;,~----~--------OSC 

..----_CLK 

FIC 

EFI---===========t 
PCLK 

CSYNC-------+---------e----+----' 

RDY1-------+---1 

AEN1--~-n~ 

AEN2--I~~--+---1 

RDY2 --------' 

READY 

r;==:±:::::::;-----' 

ASYNC ---------' 

Functional Description 

The clock generator can provide the system clock from 
either a crystal or an external TIL source. There is an 
internal divide-by-three counter which receives its input 
from either the crystal or TIL source (EFI pin) 
depending on the state of the FIG input strapping. 
There is also a clear input (C SYNC) which is used for 
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either inhibiting the clock, or synchronizing it with an 
external event (or perhaps another clock generator 
chip). Note that if the TIL input is used, the crystal 
oscillator section can still be used for an independent 
clock source, using the OSC output. 
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For driving the MOS output level, there is a 33% duty 
cycle MOS output (ClK) for the microprocessor, and a 
TTL output (PClK) with a 50% duty cycle for use as a 
peripheral clock signal. This clock is at one-half of the 
processor clock speed. 

Reset timing is provided by a Schmitt trigger input (RES) 
and a flip-flop to synchronize the reset timing to the 
falling edge of ClK. Power-on reset is provided by a 
simple RC circuit on the RES input. 

Absolute Maximum Ratings 
TA = 25°C 

Power supply voltage, Voo 

Input voltage, VI 

Output supply voltage, Vo 

Operating temperature, TOPT 

Storage temperature, T STG 

-0.5Vto +7V 

-1.0Vto +5.5V 

-0.5Vto +7V 

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

DC Characteristics 
TA =O°Cto +70 0 C, vce= +5V±10% 

Parameter Symbol Min 

Input voltage 
low 

Input voltage VIH 
high 

Output voltage VOL 
low 

Output voltage VOH 
high (ClK) 

(Other outputs) 

Forward input IF 
current (ASYNC) 

(Other inputs) 

Reverse input IR 
current 

Input forward Vc 
clamp voltage 

Reset input high 
voltage 

RES input 
hysteresis 

Power supply 
current 

ICC 

4 

2.4 

2.6 

0.25 

Limits 
Test 

Typ Max Unit Conditions 

+0.8 V VCc=5.0V 

V Vcc=5.0V 

+0.45 V 5 mA= IOL 

V -1mA=IOH 

V -1 mA= IOH 

-1.0 V Ic=-5mA 

V VCC=5.0V 

V VCC=5.0V 

140 mA 

JJPB8284A 

There are two READY inputs, each with its own qualifier 
(AEN1, AEN2). The unused AEN signal should be tied 
low. 

The READY logic in the 8284A synchronizes the RDY1 
and RDY2 asynchronous inputs to the processor clock 
to insure proper set up time, and to guarantee proper 
hold time before clearing the ready signal. 

AC Characteristics 
TA = O°C to + 70°C, Vee = 5 V ±10% 

Limits 

Parameter Symbol Min Typ Max Unit 
Test 

Conditions 

Timing Requirements 

External tEHEL 13 
frequency time 
high 

External tELEH 13 
frequency time 
low 

EFI period tELEL (5) 

XTAl frequency 12 

RDY1, RDY2 
set-up to ClK 

tR1VCL 35 

RDY1, RDY2 
hold to ClK 

tCLR1X 

AEN1, AEN2 
set-up to RDY1, 
RDY2 

tA1VR1V 15 

AEN1, AEN2 
hold to ClK 

tCLA1X 0 

CSYNC set-up to tYHEH 20 
EFI 

CSYNC hold to tEHYL 10 
EFI 

CSYNC width tYHYL 2 tELEL 

RES set-up to tl1HCL 65 
ClK 

RES hold to ClK tCLl1H 20 

RDY1, RDY2 tR1VCH 35 
active set-up to 
ClK 

RDY1, RDY2 tR1VCL 35 
inactive set-up 
to ClK 

ASYNC set-up to tAYVCL 
ClK 

ASYNC hold to tCLAYX 
ClK 

Input rise time tlLlH 

Input fall time tlLlL 

50 

o 

ns 90%-90% VIN 

ns 10%-10% VIN 

ns (Note 1) 

25 MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns (Note 2) 

ns (Note 2) 

ns ASYNC = low 

ns 

ns 

ns 

20 ns From 0.8 V to 2.0 V 

12 ns From 2.0 V to 0.8 V 
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AC Characteristics (cont) 
TA=OOC~o +70OC, Vcc=5V±10% 

Umlts 

Parameter S,mbol Min Typ Mu Unit 

TIming Responses 

ClK cycle period tCLCL 125 ns 

ClK time high tCHCL (6) ns 

ClKtime low tCLCH (7) ns 

ClK rise and fall tCH1CH2, 10 ns 
time tCL2CL1 

PClK time high tpHPL (8) ns 

PClKtime low tpLPH (8) ns 

Ready inactive to tRYLCL -8 ns 
ClK 

Ready active to tRYHCH (7) ns 
ClK 

ClKto reset tCLIL 40 ns 
delay 

ClKtoPClK tCLPH 22 ns 
high delay 

ClK to PClK low tCLPL 22 ns 
delay 

OSC to ClK high tOLCH -5 12 ns 
delay 

OSC to ClK low tOLCL 2 22 ns 
delay 

Output rise time tOLOH 20 ns 
(except ClK) 

Output fall time tOHOL 12 ns 
(except ClK) 

Note: 
(1) 6 = EFI rise (5 ns max) + EFI fall (5 ns max). 

T.st 
Conditions 

Figure 1 and figure 
2 

Figure 1 and figure 
2 

1.0Vt03.5V 

Figure 3 and figure 
4, (Note 4) 

Figure 3 and figure 
4, (Note 3) 

From 0.8Vto 2.0V 

From 2.0V to 0.8 V 

(2) Set-up and hold only necessary to guarantee recognition at next 
clock. 

(3) Applies only to T3 and TW states. 

(4) Applies only to T2 states. 

(5) tEHEL +tELEH +0 

(6) (1/3 tCLCU +2.0 

(7) (2/3 tCLCU -15.0 

(8) tCLCL - 20 
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AC Test Circuits 

Figure 1. Clock High and Low Time 

vee 

FIC ClK 

5 pF 

r1 Xl 

D':~z 
X2 

CSYNC 

Figure 2. Clock High and Low Time 

Vee 

CSYNC 

NEe 

Load 
Figure 5 

CL=100pF 

83-003808A 

Load 
Figure 5 

Cl=1OOpF 

83-003809A 
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Figure 3. Ready to CLK 

Figure 4. Ready to CLK Output 

Figure 5. ACLoad 

load 

Test 
Point Vee 

All Diodes 1 N3064 
SOOQ Or Equivalent 

From Output 
Under Test 

i (Includes probe 

f Cl and jig capacitance) 
(3) 

Vee 

AEN1 

5 pF 

ri X1 

24 MHzO 

X2 

RDY2 
F/C 

AEN2 

CSYNC 

-= 

EFI 

FIC 
AEN1 

RDY2 

AEN2 

CSYNC 

-= 

83-003812A 

J.lPB8284A 

ClK 

READY 

OSC 

83-0038108 

ClK 

READY 

83-0038118 

Figure 6. Timing Measurement Points 

Input/Output 

2.4 ==>(1.5 _ Test Points _1.5L 
0.45 

Note: 

Inputs ate 2.4 V and 0.45 V for logic 1 and 0, respectively. 
Timing measurements are made at 1.5 V. 

83-0038109 
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Timing Waveform 

ClK 
Out 

PClK 
Out 

ROY 2 

NEe 

In __ ~~ ____ ~'~-----+----------J~~--~---J~--~--------------------~----------------~------
AEN1,2 

In ____ ~----~)~----~----Jn----------~~------_T--------------------~----------------~------

R~~{_~ ______ ~I~-+ ________________ ~~------~~--~L ____________ -+ ______________ +-__ ___ tEHYL _ 

CSYNC 
In 

8-126 

RES 
In 

RESET 
Out 

tRYHCH 

J.--------', 
-tCLI1H-I-tllHCL-

tCLILt 

83-0038148 
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Description 

The J.(PB8286 and J.(PB8287 are octal bus transceivers 
used for buffering microprocessor bus lines. Being bi
directional, they are ideal for buffering the data bus 
lines on 8- or 16-bit microprocessors. Each B output is 
capable of driving 32 rnA low or 5 rnA high. 

Features 

o Data bus buffer driver for J.(COM-8 (8080, 8085A, 780) 
and J.(COM-16 (8086) families 

o low input load current - 0.2 rnA max 
o High output drive capability for driving system data 

bus 
o Three-state outputs 

Ordering Information 
Part 
Number 

",PB8286C 

Pacuge Type 

20-pin plastic DIP 

20-pin plastic DIP 

Pin Configurations 

110 
Delay,Max 

22ns 

30ns 

pPB8286/87 
8-BIT BUS TRANSCEIVERS 

Pin Identification 
No. Symbol 

1-8 AO-A? 

9 OE 

10 GND 

11 T 

12-19 (",PB8286) ~r~o 
(",PB8287) BrBo 

20 Vee 

Pin Functions 

OE (Output Enable) 

Function 

Local data bus 

Output enable 

Ground 

Transmit 

System data bus 

Power supply 

This active low input control signal enables the output 
drivers selected by T. 

T (Transmit) 

This input controls the direction of data through the. 
transceivers. When high, data is transferred from the 
Ao-A7 inputs to the Bo-B7 outputs. When low, data is 
transferred from the Bo-B7 inputs to the AO-A? outputs. 

Ao-A7 (Local Data Bus) 

AO-A? are bidirectional drivers that, depending on the 
state of the transmit pin, accept data from or transfer 
data to the processor's local bus. 

BO-B7 (System Data Bus) 

BO-B? are bidirectional drivers that, depending on the 
state of the transmit pin, accept data from or transfer 
data to the system bus. 

GND(Ground) 

This is the ground. 

Vee (Power Supply) 

This is the +5 V power supply. 
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Block Diagram 

8286 r-------l 
Ii::'l ! I 
~ I 

I I 
I 

Functional Description 

OE T 

0 0 

0 1 

1 0 

1 1 

MOS microprocessors like the BOBO/BOB5A/BOB6 are 
generally capable of driving a single TTL load. This also 
applies to MOS memory devices. While sufficient for 
minimum type small systems on a single PC board, it is 
usually necessary to buffer the microprocessor and 
memory signals when a system is expanded or signals 
go to other PC boards. 

These octal bus transceivers are designed to do the 
necessary buffering. 

Bidirectional Driver 

Each buffered line of the octal driver consists of two 
separate three-state buffers. The 8 side of the driver is 
designed to drive 32 rnA and interface the system side 

8-12B 
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8287 r-------, 
I I 8-- I 
I I 
I 

RESULT 

A-B 

A ...... B 

} A and Bare 
. high impendace 

of the bus to I/O, memory, etc. The A side is connected 
to the microprocessor. 

Control Gating, OE, T 

The OE (output enable) input is an active low signal 
used to enable the drivers selected by T on to the 
respective bus. 

T is an input control signal used to select the direction 
of data through the transceivers. When T is high, data is 
transferred from the Ao-A7 inputs to the 80-87 outputs, 
and when low, data is transferred from 80-87 to the 
AO-A7 outputs. 
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Absolute Maximum Ratings 
TA = 25°C 

Power supply voltage, Vee 

Input voltage, VI 

Output voltage, Vo 

Operating temperature, T OPT 

Storage temperature, T STG 

-0.5Vto +7V 

-1.0Vto+5.5V 

-0.5Vto +7V 

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

DC Characteristics 
TA=O°Cto +70 0 C, vce= +5V±10% 

Umlts Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input voltage VIL 
low -A side +0.8 V Vee=5.0V, 

(Note 1) 

-B side +0.9 V Vee=5.0V, 
(Note 1) 

Input voltage VIH V Vee+5.OV, 
high (Note 1), F=l MHz 

Output voltage VOL 
low - B outputs +0.45 V IOL =32mA 

-A outputs +0.45 V IOL =16mA 

Output voltage VOH 
high - B outputs 2.4 V IOH=-5mA 

-A outputs 2.4 V IOH=-lmA 

Input clamp Ve -1 V le= -5mA 
voltage 

Input forward IF -0.2 JJA VF=0.45V 
current 

Input reverse IR 50 JAA VR=5.25V 
current 

Power supply Icc 
current 

JAPB8287 130 mA 

JAPB8286 160 mA 

Output off IOFF IF VOFF=0.45V 
current 

Output off IOFF IR VOFF=5.25V 
current 

Note: 
(1) 8 outputs - 10L = 32 mA, IOH = - 5 rnA, c L = 300 pF 

A outputs - IOL = 16 rnA, IOH = - 1 rnA, CL = 100 pF 

~PB8286/87 

AC Characteristics 
TA=OOCto +70°C,Vce=5V±10% 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input to output tlVOV 
delay 

Inverting 22 ns 

Non-inverting 30 ns 

Transmit / receive tEHTV tEHOl ns 
hold time 

Transmit / receive tTVEL 10 ns 
setup 

Output disable tEHOZ 22 ns 
time 

Output enable tELOV 10 30 ns 
time 

I / 0 rise time tlLlH 20 ns 
tOLOH 

I/O fall time tlHIL 12 ns 
tOHOL 

AC Test Conditions 

2.4~1.5 _TestPolnts_ 1.5L 

0.45 

A.C. Testing: Inputs are driven at 2.4 V for a logic "1" and O.45V for a logic 
"0" timing. Measurements are made at 1.5 V for both logic "1" and "0". 

83-002805A 
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rest Load Circuits 

BOutput 1.5 V 

~D. 
OUT 

1
300PF 

A Output 1.5V BOutput 2.14 V 

~-. ~~7. 
OUT OUT 

1
300PF . r300PF 

3-State to VOL 3-State to VOH Switching 

A Output 1.5 V 

~ .. 
OUT 

1
100PF 

A Output 1.5V A Output 2.28 V 

~~. ~m. 
OUT OUT 

1
100PF r 100pF 

3-State to VOL 3-State to VOH SWitching 

Timing Waveform 

INPUTa 

f 
~TIYOY 

OUTI'II'" 

f 
---------+--------------------~ 

- TEHOZ ~ TELOY- €= 
~~2.::~__ ~:~~ 

~---------------+--~ l---TEHTY ---j - TTYEL __________ t......----
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Description 

The J,lPB8288 bus controller is used in medium to large 
J,lPD80861J,lPD8088 systems. This 20-pin bipolar com
ponent provides command and control timing genera
tion, as well as bipolar drive capability and optimal 
system performance. It provides both Multibus® com
mand signals and control outputs for the 
microprocessor system. There is an option to use the 
controller with a multimaster system bus and 
separate I/O bus. 

Features 

o System controller for J,lPD80861J,lPD8088 systems 
o Bipolar drive capability 
o Provides advanced commands 
o Three state output drivers 
o Can be used with an I/O bus 
o Enables interface to one or two multimaster buses 

Ordering Information 

Part 
Number 

JjPB8288D 

Package 
Type 

20-pin cerdip 

® Multibus is a registered trademark of Intel Corp. 

Max Frequency 
of Operation 

10 MHz 

j.tPB8288 
CPU SYSTEM 

BUS CONTROLLER 

Pin Configuration 

lOB 

ClK 

DT/R 

ALE 

AEN 

MRDC 

AMWC 

MWTC 

GND 

Vee 
SO 
52 
MCE/PDEN 

DEN 

CEN 

INTA 

10RC 

AIOWC 

10WC 

83-002678A 

Pin Identification 
No. Symbol Function 

lOB I/O bus mode selector input 

ClK Clock input 

SI Status input 

4 DT/R Data transmit/receive 

ALE Address latch enable output 

6 AEN Address enable input 

MRDC Memory read command output 

8 AMWC AClvanced memory write command output 

9 MWTC Memory write command output 

10 GND Ground 

11 10WC I/O write command output 

12 AIOWC Advanced I/O write command output 

13 10RC I/O read command output 

14 INTA Interrupt acknowledge output 

15 CEN Command enable input 

16 DEN Data enable output 

17 MCE/PDEN Master cascade enable/peripheral data 
enable output 

18 S2 Status input 

19 SO Status input 

20 Vee + 5 V power supply 

IJ 
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Pin Functions 

AEN (Address Enable) 

In the I/O system bus mode, AEN enables tile com
mand outputs of the ,..PB8288 105 ns after it becomes 
active. If AEN is inactive, the· command outputs 
become high impedance outputs. 

AIOWC (Advanced 1/0 Write Command) 

This write command occurs earlier in the machine cy
cle than the 10WC command. 

ALE (Address latch Enable) 

This signal is used for controlling transparent Ootype 
latches (,..PB8282/,..PB8283). It will strobe in the ad
dress on a high to low transition. 

AMWC (Advanced Memory Write Command) 

This is an advanced write command which occurs ear
ly in the machine cycle, with timing the same as the 
read command. 

CEN (Command Enable) 

This signal enables all command and control outputs. 
If CEN is low, these outputs are inactive. 

ClK (Clock) 

The clock signal from the,..PB8284 clock generator 
synchronizes the generation of command and control 
signals. 

DEN (Data Enable) 

This signal enables the data transceivers onto the 
bus. 

DT/R (Data Transmit/Receive) 

This signal is used to control the bus transceivers in 
a system; high for writing to' lib or memory and low 
for reading data. 

INTA (Interrupt Acknowledge) 

INTA is used to signal an interrupting device to put 
the vector information on the data bus. 

lOB (1/0 Bus Mode) 

Sets mode of ,..PB8288; high for the 110 bus mode and 
low for the system bus mode. 
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10RC (1/0 Read Command) 

This signal enables the CPU to read data from an 110 
device. 

10WC (1/0 Write Command) 

This command is for transferring information to 110 
devices. ' 

MCE/PDEN (Master Cascade Enablel 
Peripheral Data Enable) 

Dual function pin system. (MCE) In the bus mode,this 
signal is active during an interrupt sequence to read 
the cascade address from the master interrupt con
troller onto the data bus. (POEN) In the 110 bus mode, 
it enables the transceivers for the 110 bus just as DEN 
enables bus transceivers in the system bus mode. 

MRDC (Memory Read Command) 

This active low signal is for switching the data from 
memory to the data bus. 

MWTC (Memory Write Command) 

This signal is used to transfer the data bus to memory, 
but not as early as AMWC. (See timing waveforms). 

GND (Ground) 

Ground. 

SO, S1, S2 (Status Input Pins) 

The ,..PB8288 decodes these status lines from the 
,..P08086 to generate command and control signals. 
When not in use, these pins are high. 

Vee (Power Supply) 

+ 5 V power supply. 
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Block Diagram 
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Absolute Maximum Ratings AC Characteristics 
TA = 25°e TA = 0 to +70°0; Vee = 5 V ±10% 

Power supply voltage, VDD -0.5 to +7.0 V Timing Requirements 
Input voltage, VI -1.0 to +5.5 V limits 
Output voltage, Va -0.5 to +7.0 V Parameter Symbol Min Max Unit Loading 

Operating temperature, T OPT o to +70°C ClK cycle period tCLCL 100 ns 
Storage temperature, T STG -65 to +150°C ClK low time tCLCH 50 ns 

Comment: Exposing the device to stresses above those listed in ClK high time tCHCL 30 ns 
Absolute Maximum Ratings could cause permanent damage. The Status active setup time tSVCH 35 ns 
device is not meant to be operated under conditions outside the 

Status active hold time tCHSV 10 ns limits described in the operational sections of this specification. 
Exposure to absolute maximum ratings for extended periods may Status inactive setup time tSHCL 35 ns 
affect device reliability. Status inactive hold time tCLSH 10 ns 

DC Characteristics Input rise time tlLlH 20 ns 

TA = 0 to +700 e; Vee = 5 V ±10% Input fall time tlHIL 12 ns 

Limits Test 
Parameter Symbol Min Max Unit Conditions Timing Responses 

Input high voltage VIH 2.0 V Limits 
---

Input low voltage . VIL 0.8 V Parameter Symbol Min Max Unit Loading 

Input clamp voltage Vc -1 V Ic = -5 mA Control active delay tCVNV 45 ns 

Output high voltage VOH 2A V IOH = -5 mA Control inactive delay tCVNX 10 45 ns 
(command) 2A V IOH = -1 mA ALE MCE active delay tCLLHI 20 ns 
(control) (from ClK) tCLMCH MRDC 
Output low voltage VOL 0.5 V IOL = 32 mA ALE MCE active delay tSVLH 20 ns IORC 
(command) 0.5 V IOL = 16 rnA (from status) tSVMCH MWTC IOL = 32 mA 
(control) 

ALE inactive delay tCHLL 4 15 ns IOWC IOH = -5 mA 
Forward input current IF -0.7 rnA VF = OA5 V 

ns INTA Command active delay tCLML 10 35 CL = 300 pF 
Reverse input current IR 50 JAA VR = VCC 

Command inactive delay tCLMH 10 35 ns AMWC 
Output off current IOFF 100 JAA VOFF = OA V 

ns AIOWC to 5.25 V Direction control tCHDTL 50 

Power supply current IcC 230 rnA 
active delay 

Direction control tCHDTH 30 ns 
inactive delay 

Command enable time tAELCH 40 ns 

Command disable time tAEHCZ 40 ns 

Enable delay time tAELCV 115 200 ns IOL = 16 mA 

AEN to DEN tAEVNV 20 ns Other] IOH = -1 mA 

CEN to DEN, PDEN tCEVNV 25 ns CL = 80 pF 

CEN to command tCELRH tCLML ns 

Output rise time tOLOH 20 ns 

Output fall time tOHOL 12 ns 

R.1~4 
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Timing Waveforms 

Timing Measurement Points 

Input/Output 

2.4
J1

.5 4-Testpolnts_1.5L 

0.45 

A.C. Testing: Inputs are Driven at 2.4 V for a Logic "1" and 0.45 V for 
a Logic "0" Timing. Measurements are Made at 1.5 V for Both 
a Logic "1" and "0." 

DEN, PDEN Qualification Timing 

CEN 

AEN 

DEN 

JiPD8288 Address Enable (AEN) Timing 
(Three State Enable/Disable) 

AEN ---..... 

tAELCH 

CO~~~:~ ______ ,-__ -JI 

83-002684A 

63-002681 A 

CEN ____________ J 

~PB8288 

Test Load Circuits 

1.5 V 1.5V 

18011 3311 

Out Out 

r"" 
Three State to High Three State to Low 

Three State Command Output Test Load 

Out 

2.14 V 

52.711 

I-" 
Command Output 

Test Load 

Out 

VOH 

2.28 V 

11411 

r" 
Control Output 

Test Load 
63-oo2663A 

63-0026628 

8-135 



,AP88288 

Timing Waveforms (cont) 

State Timing 

8-136 

ClK 

Address/Data 

MWTC,IOWC----~~--+_--~~--~------~--~\I 

DEN ~~:~-----1----r--1---+---+------~ 

PDEN :~::~----~~--+---r-~--~------~ 

tCVNV 

DEN (Write) ---4----+---1---+---+1 

PDEN (Write) ----_1----r_-i--_+--_+, I 

tCHDTH -+-n.-+--+--+ ..... 
DT/R (Read) 

MCE----------+T--rl 
tCVNX 

tSVMCH 

Note: 
(1) Address/data bus Is shown only for reference purposes. 
(2) leading edge of ALE and MCE Is determined by the falling edge of ClK or status going 

active, whichever occurs last. 
(3) Ail timing measurements are made at 1.5 V unless specified otherwise. 

NEe 

33-0028303 I 
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Functional Description 

The three status lines (80, 81, 82) from the J.LPD8086 
CPU are decoded by command logic within the 
J.LPB8288 to determine which command is to be 
issued. Table 1 below illustrates the decoding and 
command generation of the status lines. 

Table 1. Status Line Decoding 

S2 Sl so I-IPD8086 Siale I-IPB8288 Command 

0 0 0 I nterrupt acknowledge INTA 

0 0 Read liD port 10RC 

0 Write liD port 10WC, 
AIOWC 

0 Halt None 

0 Code access MRDC 

Read memory MRDC 

0 Write memory MWTC, 
AMWC 

Passive None 

There are two ways the command is issued depending 
on the mode of the J.LPB8288. 

The I/O bus mode is enabled if the lOB pin is pulled 
high. In this mode, all I/O command lines are always 
enabled and not dependent upon AEN. When the pro
cessor sends out an I/O command, the J.LPB8288 ac· 
tivates the command lines using PDEN and DT/R to 
control any bus transceivers. 

This mode is advantageous if I/O or peripherals 
dedicated to one microprocessor are in a multi
processor system, allowing the J.LPB8288 to control 
two external buses. No waiting is required when the 
CPU needs to access the I/O bus, as an AEN low 
signal is needed to gain normal memory access. 

If the lOB pin is tied to ground, the J.LPB8288 is in the 
system bus mode. In this mode, command Signals are 
dependent upon the AEN line. Thus the command 
lines are activated 105 ns after the AEN line goes low. 
In this mode, there must be some bus arbitration logic 
to toggle the AEN line when the bus is free for use. 
Here, both memory and I/O are shared by more than 
one processor, over one bus, with both memory and 
I/O commands waiting for bus arbitration. 

Among the command outputs are some advanced 
write commands which are initiated early in the 
machine cycle and can be used to prevent the CPU 
from entering unnecessary wait states. 

J,lPB8288 

The INTA signal acts as an I/O read during an inter
rupt cycle. This is to signal the interrupting device that 
its interrupt is being acknowledged, and to place the 
interrupt vector on the data bus. 

The control outputs of the J.LPB8288 are used to con
trol the bus transceivers in a system. DT/R determines 
the direction of the data transfer, and DEN is used 
to enable the outputs of the transceiver. In the lOB 
mode the MCE/PDEN pin acts as a dedicated data 
enable signal for the I/O bus. 

The MCE signal is used in conjunction with an inter
rupt acknowledge cycle to control the cascade ad
dress when more than one interrupt controller (such 
as a J.LPD8259A) is used. If there is only one interrupt 
controller in a system, MCE is not used because the 
INTA Signal gates the interrupt vector onto the pro
cessor bus. In multiple interrupt controller systems, 
MCE is used to gate the J.LPD8259A's cascade address 
onto the processor's local bus, where ALE strobes it 
into the address latches. This occurs during the first 
INTA cycle. During the second INTA cycle the ad
dressed slave J.LPD8259A gates its interrupt vector on
to the processor bus. 

The ALE Signal occurs during each machine cycle and 
is used to strobe data into the address latches and 
to strobe the status (80, 81, 82) into the J.LPB8288. ALE 
also occurs during a halt state to accomplish this. 

The CEN (Command Enable) is used to control the 
command lines. If pulled high, the J.LPB8288 functions 

inactive. : 
normally, and if grounded, all command lines are II 
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NEe Electronics Inc. 

Description 

The J.tPB8289 bus arbiter is used with the J.tPB8288 bus 
controller to interface 8086 and 8088 microprocessors 
to a multi master system bus. The J.tPB8289 controls 
the /-lPB8288 bus controller and the bus transceivers 
and address latches, preventing them from access
ing the system bus if the processor does not have use 
of the bus. 

An external command sequence will cause the 
associated microprocessor to enter a wait state un
til the bus is ready. The processor remains in the wait 
state until the bus arbiter acquires use of the 
multimaster system bus. Then, the arbiter allows the 
bus controller, data transceivers, and address latches 
to access the system. 

Once use of the bus has been acquired and data has 
been transferred, transfer acknowledge (XACK) is 
returned to the processor to indicate that the ac
cessed slave device is ready. The processor may then 
complete its transfer cycle. 

Features 

o Multimaster system bus protocol 
o 8086 and 8088 processor synchronization with 

multi master bus 
o Simple interface with the 8288 bus controller and 

8283/8282 address latches to a system bus 
o Four operating modes for flexible system 

configuration 
o Simplified interface to Multibus® systems 
o Parallel, serial, and rotating priority resolution 
o Bipolar buffering and drive capability 

Ordering Information 
Part 
Number 

JlPB8289D 

Package 
Type 

20-Pin Cerdip 

Max Frequency 
of Operation 

8 MHz 

Multibus is a registered trademark of Intel Corporation. 

Pin Configuration 

lOB 

SYSB/RESB 

RESB 

BClK 

INIT 

BREQ 

BPRO 

BPRN 

GND 

/JPB8289 
BUS ARBITER 

Vee 

So 
ClK 

lOCK 

CRQlCK 

ANYRQST 

83·002819A 

Functional Configuration 

GND VCC 

Pin Identification 
No. Symbol 

1, 18, 19 SO-S2 

2 lOB 

3 SYSB/RESB 

4 RESB 

5 BClK 

6 INIT 

7 BREQ 

8 BPRO 

9 BPRN 

10 GND 

11 BUSY 

12 CBRQ 

13 AEN 

14 ANYRQST 

15 CRQlCK 

16 lOCK 

17 ClK 

20 Vee 

:~~K} BREQ 
BPRN Multlbus 
I!iJ5RO Interface 

BUSY 
CBFiQ 

SYSB/~l System 
AEN Signals 

Function 

Status inputs 

I/O bus input 

System bus/resident bus inputs 

Resident bus input 

System bus clock input 

Initialize input 

Bus request output 

Bus priority output 

Bus priority input 

Ground 

Bus interface signal I/O 

Common bus request I/O 

Address enable output 

Any request input 

Common request lock input 

lock input 

Clock input 

+ 5 V power supply 
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Pin Functions 

SO·82 (Status Inputs) 

The ",PB8289 decodes these status inputs from the 
8086 or 8088 processor to begin bus requests and 
surrenders. 

lOB (1/0 Bus) 

This input signal tells the J.lPB8289 that there is an I/O 
peripheral bus and a multi master system bus. 

SYSB/RESB (System BuslResident Bus) 

This input determines when bus requests and sur
renders are permitted in SR mode. 

RESB (Resident Bus Input) 

RESB tells the ",PB8289 that there is a multimaster 
and resident bus. When the signal is high, the 
SYSB/RESB pin handles bus arbitration. 

BlCK (System Bus Clock) 

This clock input synchronize all system bus interface 
signals. 

INIT (Initialize) 

This active low-input resets all bus arbiters on the 
multimaster bus. No arbiters have use of the bus 
following INIT. 

BREQ (Bus Request) 

An arbiter uses this output to request use of the 
multi master system bus. 

BPRO (Bus Priority Output) 

In s~rial priority resolving schemes, this output daisy
chams to BPRN of the next lower priority arbiter. 

BPRN (Bus Priority Input) 

This input tells the arbiter it may acquire the bus on 
the next falling edge at BClK. 

BUSY (Bus Interface Signal) 

When the bus is available, this 1/0 signal notifies all 
arbiters on the bus. The highest requesting arbiter 
seizes the bus and pulls BUSY low to keep other ar
biters off the bus. 
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CBRQ (Common Bus Request) 

This signal is an input from a lower priority arbiter re
questing the bus. It is an output from arbiters that sur
render the multimaster bus upon request. 

AEN (Address Enable) 

T~is output tells the 8288 bus controller, 8284 clock 
driver, and the processor's address latches when to 
tri-state their output drivers. 

ANYRQST (Any Request) 

This signal allows the multi master bus to be sur
rendered to a lower priority arbiter. 

CRQlCK (Common Request lock) 

This input prevents the ",PB8289 from surrendering the 
, bus in response to a request on the CBRQ input. 

lOCK (lock) 

This input prevents the arbiter from surrendering the 
multimaster system bus to any other bus arbiter, 
regardless of its priority. 

ClK (Clock) 

This is the clock signal from the 8284 clock generator. 

GND (Ground) 

This is the ground. 

Vee (Power Supply) 

This is the + 5 V power supply. 
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Block Diagram 

{

LOCK 
ClK 

Processor CRQClK 
Control RESB 

ANYRQST 

lOB 

Functional Description 

Bus Master Arbitration 

Higher priority masters generally acquire use of the 
bus when a lower priority master completes its pre
sent transfer cycle. Lower priority masters acquire the 
bus when no higher priority master is accessing the 
system bus. The ANYRQST strapping option allows 
the arbiter to surrender the bus to a lower priority 
master as if it were a higher priority master. The ar
biter maintains the bus as long as no other bus 
masters are requesting the bus and its processor has 
not entered the halt state. The arbiter does not volun
tarily surrender the bus and must be forced off by a 
request from another bus master, unless the arbiter's 
processor has entered the halt state. Additional strap
ping options allow for other sets of conditions. 

Priority Resolving Techniques 

The J.lPB8289 provides several techniques for resolv
ing priority between the many possible bus masters 
of a multimaster system bus. All of these techniques 
assume that one bus master will have priority over all 
others at any given time. You may use parallel, serial, 
or rotating priority resolving. 

~} BREQ. BPRN 
!mID 
BUSY 

CBRQ 

Multibus 
Command 
Signals 

.-----========--- SYSB/~ 
} ~r;~:~ 

Parallel Priority Resolving 

JJPB8289 

This technique (figures 1, 2) uses a bus request line 
(BREQ) for each arbiter on the multimaster system 
bus. Each BREQ line goes to a priority encoder that 
generates the address of the highest priority active 
BREQ line. This binary address is decoded to select the 
bus priority in line (BPRN) that is returned to the Il 
highest priority arbiter. The arbiter that receives : 
priority (BPRN true) allows its bus master onto the 
multimaster system bus as soonas the bus becomes 
available. An arbiter that gets priority over another 
arbiter cannot immediately seize the bus, but must wait 
until the current bus transaction is complete. When the 
transaction is complete, the current occupant of the 
bus surrenders the bus by releasing BUSY. BUSY is an 
active low OR tied line which goes to every arbiter on 
the system bus. When BUSY goes high (inactive), the 
priority arbiter seizes the bus and brings BUSY low to 
keep other arbiters off the bus. Note that all mUlti-
master system bus transactions are synchronized to 
the bus clock (BCLK). 
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Figure 1. Parallel Priority Resolving 

Figure 2. Higher Priority Arbiter Obtaining the Bus from a Lower Priority Arbiter 

Note: 
(1) Higher priority arbiter requests the system bus. 
(2) Attains priority. __ 
(3) Lower priority arbiter releases BUSY. __ 
(4) Higher priority arbiter then acquires the bus and pulls BUSY low. 
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Serial Priority Resolving 

The serial priority resolving technique (figure 3) daisy
chains the bus arbiters together by connecting the 
higher priority arbiter's BPRQ output to the BPRN of 
the next lowest priority arbiter. This eliminates the 
need for the priority encoder-decoder arrangement. 
The number of arbiters that may be daisy-chained 
together is a function of BCLK and the propagation 
delay from arbiter to arbiter. At 10 MHz, only 3 arbiters 
may be daisy-chained. 

Figure 3. Serial Priority Resolving 

~: : BUSY 

Rotating Priority Resolving 

This technique resembles the parallel priority resolv
ing technique except that priority is dynamically 
reassigned. The priority encoder is replaced by a cir
cuit that rotates priority between arbiters to allow 
each arbiter an equal chance to use the system bus. 

Modes of Operation 

The I-lPB8289 has two basic operating modes: I/O 
peripheral bus mode (lOB mode), and resident bus 
mode (RESB mode). The lOB strapping option con· 
figures the I-lPB8289 into lOB mode and the RESB 
strapping option configures it to RESB mode. If both 
options are strapped false, the arbiter interfaces the 
processor to a multi master system bus only. If both 
options are strapped true, the arbiter interfaces the 
processor to a multi master system bus, a resident 
bus, and an I/O bus. Figure 4 shows the pPB8289 in a 
typical CPU system. 

J.lPB8289 

lOB Mode 

lOB mode allows the processor to access both an I/O 
peripheral bus and a multimaster system bus. On an 
I/O peripheral bus, all devices on the bus, including 
memory, are treated as I/O devices and addressed by 
I/O commands. All memory commands are directed 
to the multimaster system bus. In lOB mode, the proc
essor communicates with and controls peripherals 
over the peripheral bus and communicates with 
system memory over the system memory bus. Figure 5 
shows the pPB8289 in this mode. 

RESB Mode 

RESB mode allows the processor to communicate 
over both a resident bus and a multi master system 
bus. A resident bus can issue memory and I/O com
mands, but it is separate from the multimaster system 
bus. The resident bus has one master and is 
dedicated to only that master. The 8086 and 8088 can 
communicate with a resident bus and a multimaster 
system bus. The processor can access the memory 
and peripherals of both buses. Memory mapping 
selects which bus is accessed. The SYSB/RESB in
put on the arbiter instructs the arbiter on which bus 
to access. The signal connected to SYSB/RESB also 
enables and disables commands from one of the bus 
controllers. Figure 6 shows the pPB8289 in this mode. 
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Mode Summary 

Single 
Status LInes Bus Mode 
From BOB6 or lOB Mode RESB (Mode) Only lOB Mode RESB Mode lOB = High 
BOBB or BOB9 Only lOB = High RESB = High lOB = Low RESB = High RESB = Low 

SYSB/RESB = SYSB/RESB = SYSB/RESB = SYSB/RESB = 
$2' Si SO lOB = Low 

0 0 0 x 
I/O commands 0 0 1 x 

0 1 0 x 

Halt 0 x 

Memory commands 0 0 "" 0 1 "" 1 0 "" 
Idle 1 x 

Notes: 

(1) x = Multimaster system bus is allowed to be surrendered. 

(2) "" = Multimaster system bus is requested. 

Multimaster System Bus 
Mode Pin Strapping Requested (1) Surrendered (2) 

Single bus lOB = high When the pro- HLT + TI • HPBROt 
multimaster RESB = low cessor's status 
mode lines go active 

RESB mode lOB = high SYSB/RESB = (SYSB/RESB = low 
only RESB = high High 2 active + TI) CBRO + 

HLT + HPBRO 

lOB mode lOB = low Memory (I/O status + TI) • 
only RESB = low commands CBRO + HLT + 

HPBRO 

lOB mode • lOB = low (Memory (I/O status 
RESB mode RESB = high comman~ comman~+ (TI) 

(SYSB/RESB = (SYSB/RESB = low) 
high) • CBRO + HPBROt 

+ HLT) 

Note: 

(1) Except for HALT and idle status. 

High 

"" "" "" 
x 

"" "" "" 
x 

(2) LOCK prevents surrender of bus to any other arbiter. CRQLCK 
prevents surrender of bus to a lower priority arbiter. 

(3) H L T = processor halt; 82-50 = 011. 

(4) TI = processor idle; 52-50 = 111. 

(5) + means OR. 

(6) • means AND. 

t HPBRQ = higher priority bus request or BPRN = 1. 
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Low High Low 

x x x 
x x x 
x x x 

x x 

x "" x "" x "" 
x x x 

Absolute Maximum Ratings 
TA = 25°C 

Operating temperature 

Storage temperature 

Voltage on any pin 

All input voltages 

Power dissipation 

"" "" 
"" 
x 

"" "" "" 
x 

-0.5 V to + 7 V 

-1.0 V to + 5.5 V 

1.5 W 

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

DC Characteristics 
TA = O°C to + 70°C; Vee = 5 V ±10% 

limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input low voltage VIL 0.8 V 

Input high Voltage VIH 2.0 V 

Input clamp Ve -1.0 V Vee = 4.50 V, 
voltage Ie = -5 mA 

Input forward IF -0.5 mA Vee = 5.50 V, 
current VF = 0.45 V 

Reverse input IR 60 I1A Vee = 5.50 V 
leakage current VR = 5.50 V 

Output low VOL 
voitage __ 
BUSY, CBRO 0.45 V IOL = 20 mA 
AEN 0.45 V IOL = 16 mA 
BPRO, BREO 0.45 V IOL = 10 mA 

Output ~ VOH Open collector 
voltage BUSY, 2.4 
CBRO 

V IOH = 400 I1A 

All other outputs 

Power supply lee 165 mA 
current 
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Capacitance 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input capacitance GIN status 25 pF 

Input capacitance GIN (others) 12 pF 

Note: 

1) BUSY, C'1:::" ~ 'EN I ~:o: 3) B"O, "1': : 
+++ 1250 

pF l100 pF J60 pF 

Figure 4. Typical CPU System Using the pPD8289 Bus Arbiter 
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Figure 5. Typical Medium-Complexity lOB System 
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Figure 6. Typical System. Resident Bus Configuration 

o 
AEN2 AEN11>---------, 

8284A 
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"By adding another 8289 arbiter and connecting Its AEN to the 8288 whose AEN Is presenly grounded, 
the processor could have access to two multi-master buses. 
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Multi-master System 
Bus Control 

Multi-master System 
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Multl-meater System 
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AC Characteristics Timing Response 
T A = OOC to + 70°C; Vee = 5V ± 10% 

Limits Test 
Limits Test Parameter Symbol Min Typ Max Unit Conditions 

Parameter Symbol Min Typ Max Unit Conditions BClK to BREQ tBLBRL 35 ns 
ClK cycle period tCLCL 125 ns delay (1) 

ClK low time tCLCH 65 ns BClK to BPRO tBLPOH 40 ns 

ClK high time tCHCL 35 ns 
(1)(2) 

Status active tSVCH 65 tCLCL -10 
BPRNH to tpNPO 25 ns ns 
BPRO~t 

setup 
delaY(1)(2) 

Status inactive tSHCL 50 tCLCL -10 ns 
setup BClK to BUSY tBLBYL 60 ns 

low 
Status active tHVCH 10 ns 
hold BClK to BUSY tBLBYH 35 ns 

Status inactive tHVCL 10 
float (3) 

ns 
hold ClK to AEN high tCLAEH 65 ns 

BUSYN setup to tBYSBL 20 ns BClK to AEN low tBLAEL 40 ns 

BClK~ BClK to CBRQ tBLCBL 60 ns 

CBRQN setup to tCBSBL 20 ns low 

BClK~ BCLK to CBRQ tRLCRH 35 ns 

BClK cycle time tBLBL 100 ns float (3) 

BClK high time tBHCL 30 0.65 (tBLBL) ns Output rise time tOLOH 20 ns From 0.8 V to 
2.0 V 

lOCK inactive 10 tCLLL1 ns 
hold Output fall time tOHOL 12 ns From 2.0 V to 

0.8 V 
LOCK active tCLLL2 40 ns 
setup Note: 

BPRNH to BClK tpNBL 15 ns (1) Denotes that the spec applies to both transitions of the 
setup time signal. 

SYSB/RESB tCLSR1 0 ns (2) BCLK generates the first BPRO. Subsequent changes of 
setup BPRO are generated through BPRON. 

SYSB/RESB hold tCLSR2 20 ns 
(3) Measured at 0.5 V above GND. 

Initialization tlVIH 3 tBLBL + ns AC Test Condition 
pulse width 3 tCLCL 

Input rise time tlLlH 20 ns From 0.8 V to Input/Output 
2.0 V 

Input fall time tlHIL 12 ns From 2.0 V to ,. ~'-Test pOints---l)C 
0.8 V 

0.45 

AC Testing Inputs are driven at 2.4V for LOGIC 1 and 0.45V for LOGIC O. The clock Is 
driven at 4.3V and 0.25. Timing measurements are made at 1.5V for LOGIC 1 and O. 
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Timing Waveforms 

The signals related to ClK are typical processor 
signals and do not relate to the depicted sequence of 
events of the signals referenced to BClK. The signals 
shown related to the BClK represent a hypothetical 
sequence of events for illustration. Assume three bus 
arbiters of priorities 1, 2, and 3 configured in the serial 
priority resolving scheme. 

Assume arbiter 1 has the bus and is holding BUSY low. 
Arbiter 2 detects its processor wants the bus and pulls 
BREQ #2 low. If BPRN #2 is high (as shown), arbiter 2 
pulls CBRQ low. CBRQ signals to higher-priority 
arbiter 1 that a lower-priority arbiter wants the bus. A 
higher-priority arbiter would be given BPRN when it 
makes the bus request rather than having to wait for 
another arbiter to release the bus through CBRQ. 

Arbiter 1 relinquishes the multimaster system bus 
when it enters a state of not requiring it, by lowering its 
BPRO #1 (tied to BPRN #2) and releasing BUSY. 
Arbiter 2 now sees that it has priority from BPRN #2 
being low and releases CBRQ. As soon as BUSY 
signifies the bus is available (high), arbiter 2 pulls 
BUSY low on the next falling edge of BClK. 

Note that if arbiter 2 didn't want the bus at the time it 
received priority, it would pass priority to the next 
lower priority by lowering its BPRO #2 (TPNPO). Note 
also that even a higher-priority arbiter which is aquiring 
the bus through BPRN will momentarily drop CBRQ 
until it has acquired the bus. 

J.lPB8289 
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EVAKIT·7720B 
Description 

The EVAKIT-7720B is a stand-alone Evakit for NEC's 
pPD7720 digital signal processor. The EVAKIT-7720B 
provides complete hardware emulation and software 
debug capabilites for the J.lPD7720. Real-time and 
single-step emulation capability, coupled with an on
board system monitor create a powerful debug 
environment. 

A serial line from a terminal or host computer system 
controls the EVAKIT-7720B. User programs are down
loaded into the instruction RAM and data RAM through 
a serial line or read from a PROM. An on-board 
programmer for pPD2732 and pPD2732A EPROMs 
provides an easy means for submitting your final code 
for production. You can also use the EVAKIT-7720B to 
program the pPD77P20 EPROM version of the part for 
final system test and evaluation. 

pPD7720 
HARDWARE 

DEVELOPMENT TOOL 

Features 

o Real-time and single-step emulation capability 
o On-board instruction, data/coefficient and internal 

RAM 
D Powerful system monitor 

- Display/modify instruction RAM 
- Display/modify data/coefficient RAM 
- Display/modify internal RAM 
- Display/modify internal registers 
- Load/verify/display PROM device 
- Upload/download/verify instruction and data 

RAM 
- Test Evakit 

o User-specified address breakpoint 
- Break loop counter: up to 256 loops 

D Program trace feature 
- 256 steps 
- Trace display: address, instruction, registers, 

flags 
o Supports two operating modes 

- External terminal control/ed 
- Host computer system control/ed 

o Serial interface: RS-232C, TTL, or 20 mA current 
loop 

D EPROM programming capability (2732, 2732A, 
77P20) 
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IE· 7020S/70216 
Description 

The IE-70208 and IE-70216 are stand-alone in-circuit 
emulators that provide both hardware emulation and 
software debug capabilities for the NEC pPD70208 
(V40TM) andpPD70216 (V50™) respectively. Each system 
consists of a standard I E-70K chassis with interchange
able emulator pods for either the V40 or V50 micro
processor. The IE-70208/70216 provides real-time and 
single-step emulation in both native and 8080 emulation 
mode. User programs can be uploaded and down
loaded from a variety of host systems via a serial link, or 
loaded directly from a CP/M-86® format 8" disk. 

Features 

D Stand-alone in-circuit emulator 
- Interchangeable emulator pods for V40/V50 
- Conversion kit available for IE-70108/70116-S 

D Precise real-time and sing-Ie-step emulation 
D Sophisticated memory mapping in 1 K blocks of: 

- 64K bytes of no wait state internal RAM 
- 127K bytes of one wait state internal RAM 

(expandable to 610K bytes) 
- Up to 1 M byte of user system memory 

D User programmable breakpoints and trace control 
D 1 K trace buffer - mnemonic and cyclic display 
D Full symbolic debug capabilities 

- 128K memory disk for rapid symbol search 
D Symbolic line assembler and disassembler 
D Full on-line help facility 
D Macro command file capability 
D External probes for traCing user system signals 
o 1 M byte 8" floppy disk drive 

V40 and V50 are registered trademarks of NEG Electronics Inc. 

pPD7020S/70216 
HARDWARE 

DEVELOPMENT TOOLS 

Ordering Information 
Part Number Description 

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

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

IE-70208-1008 Optional pod unit for JlPD70208 emulation 

IE-70216-1008 Optional pod unit for JlPD70216 emulation 

IE-70216-1S08 Converts IE-70108/116-S to IE-70208/70216-S008 
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SW7281 
Description 

The SW7281 software package is used to develop 
application software for the NEC pPD7281 image 
pipeline processor (ImPP). SW7281 consists of the 
following three separate programs: an assembler 
(AS7281), a software simulator (SM7281), and an 
object code conversion program (OH7281). The 
pPD7281 software package runs on all NEC develop
ment systems, and many other manufacturers' personal 
computers and minicomputers. 

Features 

o Complete software development system for pPD7281 
o Assembler for generating pPD7281 tokens 
o Software simulator provides 

- Program debugging capabilities 
- System simulation and evaluation 

o Runs on a variety of operating systems 
- CP/M-86® 
- MS-DOS® 
- VAXIVMS® and VAX/UNIX® 

AS7281 Assembler 

AS7281 translates symbolic source programs for the 
pPD7281 into object modules which serve as input to 
either the software simulator or the object code con
version program. Features are as follows. 

o Automatic generation of all required tokens 
o Extensive error reporting 
o Command line controls 
o User-selectable and directable output files 

OH7281 Object Code Converter 

OH7281 converts object modules produced by the 
assembler into hexadecimal format object module files 
for input to a HEX-loader or into ASCII data format 
object module files for use as data within a source 
module. A symbol table file may be produced for use 
with the software simulator. 

SM7281 Software Simulator 

SM7281 accepts object code modules produced by the 
assembler and simulates the user program under 
specified system parameters. The simulator can fully 
simulate an entire image processing subsystem, pro
viding the userthe tools to fully debug his program and 
to evaluate system performance without having to 
actually build the hardware. Features are as follows. 

pPD7281 
SOFTWARE 

DEVELOPMENT TOOLS 

o Supports simulation of three system models 
- One or more cascaded pPD7281s, pPD9305 and 

image memory 
- One or more cascaded pPD7281s and image 

memory 
- One or more cascaded pPD7281s only 

o Continuous/single-step execution 
o Set/display input data timing 
o Display/modify contents of memory, latch, or 

registers 
o Sophisticated breakpoint capabilities 
o Sophisticated trace capabilities 

- Define/display items to be traced 
- Define/display trace start/stop conditions 

o Supports full symbolic debug 
- Define/delete/modify symbols 
- Display symbols 

o On-line assembler and disassembler 
o Macro command file capability 
o Save/load simulator setup to/from disk 
o Save console input commands and execution results 

on disk 
o Display L T, PU, 1M operating ratios for program 

evaluation 

Ordering Information 
Part Number Description 

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

SW7281-M52 CP / M-86, 5-1/4" double-density floppy diskette 

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

SW7281-VVT1 VAX/VMS, 9-track 1600 BPI magnetic tape 

SW7281-VXT1 VAX/UNIX, 9-track 1600 BPI magnetic tape 

Note: 

CP/M-B6 is a registered trademark of Digital Research Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 

VAX and VMS are registered trademarks of Digital Equipment 
Corporation. 

UNIX is a trademark of AT&T. 
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ASM77 
Description 

The pPD7720 absolute assembler (ASM??) converts 
symbolic source code for the NEC pPD7720 signal 
processing interface (SPI) into executable absolute 
address object code. Two separate assemblers are 
provided: one assembles the source program for the 
instruction ROM; the other assembles the source 
program for the data ROM. An object code file is 
produced in ASCII hexadecimal format and may be 
downloaded to a PROM programmer or hardware 
debugger. 

The NEC ASM?? is available for use on all NEC 
development systems and many other manufacturers' 
microcomputer development systems, personal com
puters, minicomputers, and mainframes. 

Features 

o Absolute address object code output 
o Free format statements 
o Separate assemblers for instruction and data ROMs 
o User-selectable and directable output files 
o Runs under a variety of operating systems 

- CP/M-80® 
- CP/M-86® 
- MS-DOS® 
- ISIS-II 

o Fortran IV ANSI X3.9-1966 source program available 

CP/M-80 and CP/M-86 are registered trademarks of Digital Research 
Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 

Ordering Information 
Part Number 

ASM77-C81 

ASM77-D52 

ASM77-181 

ASM77-182 

ASM77-M52 

ASM77-M81 

ASM77-F9T1 

Description 

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

MS-DOS, 5-1 14" double-density floppy diskette 

ISIS-II, 8" single-density floppy diskette 

ISIS-II, 8" double-density floppy diskette 

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

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

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

SIM77 
Description 

pPD7720 
SOFTWARE 

DEVELOPMENT TOOLS 

The pPD??20 simulator (SIM??) is a software tool for 
analyzing program code and I/O timing for the NEC 
pPD7720 signal processing interface (SPI). SIM?? 
simulates the operation of the SPI using your instruc
tion and data ROM codes in conjunction with specially 
prepared serial input, parallel input, and simulation 
timing files. The system console of the host system 
controls simulation. SI M77 can create serial and parallel 
output files, display the latest trace steps, and send all 
console input/output to a disk file or system printer. 

SIM?? runs on all NEC microcomputer development 
systems and many other manufacturers' microcom
puter development systems and personal computers. 

Features 

o Continuous/single-step execution 
o Display/modify instruction ROM, data ROM, RAM, 

stack, registers or flags 
o User-controllable parallel data transfer direction 
o User generated interrupt capability 
o Sophisticated breakpoint capabilities 

- Up to eight breakpoints with loop counter 
o Trace capability with start/stop conditions 
o Instruction ROM disassembler 
o Output all console inputs and outputs to disk 
o Runs under a variety of operating systems 

- CP/M-80® 
- CP/M-86® 
- MS-DOS® 
- ISIS-II 

Note: 

CP/M-80 and CP/M-86 are registered trademarks of 
Digital Research Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 

Ordering Information 
Part Number Description 

SIM77-C81 CP/M-80, 8" single-density floppy diskette 

SIM77-D52 MS-DOS, 5-1 14" double-density floppy diskette 

SIM77-181 ISIS-II, 8" single-density floppy diskette 

SIM77-182 ISIS-II, 8" double-density floppy diskette 

SIM77-M52 CP/M-86, 5-1/4" double-density floppy diskette 

SIM77-M81 CP/M-86, 8" single-density floppy diskette 
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RA70116 
Description 

The RA70116 relocatable assembler package converts 
symbolic source code for the V20™IV30TM (pPD701081 
pPD70116) microprocessors as well as the V40IVSO 
(pPD70208IpPD70216) microprocessors into execut
able absolute address object code. The V20IV30 
relocatable assembler package consists of four sep
arate programs: a relocatable assembler (RA70116), a 
linker (LK70116), a hexadecimal format object code 
converter (OC70116), and a librarian (LB70116). 

RA70116 translates a symbolic source module into a 
relocatable object module. LK70116 combines relocat
able object modules and absolute load modules and 
converts them into an absolute load module. OC70116 
converts an absolute load orobject moduleto an ASCII 
hexadecimal format object file. LB70116 creates and 
maintains files containing relocatable object modules. 
When the library file is included as input to LK70116, 
the linker only extracts those modules required to 
resolve external references, relocates, and links them 
into the relocatable object module. 

RA70116 runs on all NEC microcomputer development 
systems and many other manufacturers' micro
computer development systems, personal computers, 
and minicomputers. 

Features 

o Absolute address object code output 
o User-selectable and directable output files 
o Extensive error reporting 
D Powerful librarian 
D Runs under a variety of operating systems 

- CP/M-86® 
- MS-DOS® 
- ISIS/UDI 
- VAXIVMS® and VAX/UNIX® 

Note: 

CP/M-86 is a registered trademark of Digital Research Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 

VAX and VMS are registered trademarks of Digital Equipment 
Corporation. 

UNIX is a trademark of AT&T. 

V20 and V30 are registered trademarks of NEC Electronics Inc. 

pPD70108/116/208/216 
SOFTWARE 

RELOCATABLE ASSEMBLER 
DEVELOPMENT TOOLS 

Ordering Information 
Part Number Description 

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

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

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

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

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

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

RA70116-VXT1 VAX/UNIX, 9-track 1600 BPI magnetic tape 
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CC70116 
Description 

The CC70116 C Compiler Package converts standard 
C source code into relocatable object modules for the 
V20/V30 (pPD70108170116) microprocessors as well as 
the V40IVSO (pPD70208/70216) microprocessors. These 
modules are compatible with the ones produced by the 
RA70116 Relocatable Assembler package and may be 
linked with other modules using LK70116, the linker 
provided with the RA70116 package. 

The CC70116 C Compiler Package is available for use 
on all NEC development systems and many other 
manufacturers' microcomputer development systems, 
personal computers, and minicomputers. 

Features 

D Standard Kernighan and Ritchie C 
- Defined in UNIX™ System III 

D NEC enhancements 
- Small and medium memory model support 
- Enumeration data type support 
- Assignment of all members by a structure name 
- Ability to use identical names in identifiers of 

different types in different structures 
- Addition of a void type to declare functions with 

no return value 
- Addition of char as a data type for which unsigned 

can be specified 
- Ability to initialize structures with bit fields 

D CC70116 library contains 76 of the UNIX System III 
library functions 

D User-selectable object code optimizer 
D Runs under a variety of operating systems 

- CPIM-86™ 
- MS-DOS™ 
- ISIS/UDI 
- VAXIVMS™ and VAXIUNIX™ 

Note: 

UNIX is a trademark of AT&T. 

CP/M-S6 is a trademark of Digital Research Corporation. 

MS-DOS is a trademark of Microsoft Corporation. 

VAX and VMS are trademarks of Digital Equipment Corporation. 

pPD7010S/116/20S/216 
SOFTWARE 

CCOMPILER 
DEVELOPMENT TOOLS 

Ordering Information 
Part Number Description 

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

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

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

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

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

CC70116-VVT1 VAX/VMS, 9-track 1600 BPI magnetic tape 

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

The Evakit communication program (EVA) allows a 
variety of microcomputer development systems and 
personal computers to control NEC's Evakits and in
circuit emulators directly from the console of the host 
system. Once a particular emulator is selected from the 
EVA program's menu, EVA recognizes all legal com
mands for that emulator. In addition to the emulator 
standard commands, the EVA program provides com
mands to upload, download, and display disk files and 
directories, to save debug session on disk, to display 
command help files, and to exit from the program to the 
operating system. 

You can download to the emulator object code program 
files produced by a cross assembler on the host system 
and upload patched copies of the program from the 
emulatorto the disk for use in later debugging sessions. 
The disk display commands allow you to examine 
directories and files on the screen without having to 
exit the EVA program. This is extremely useful for 
checking a file before it is downloaded to the emulator 
or erased during an upload. The help command dis
plays a complete list of all legal commands for the 
chosen emulator with their proper syntax. There is a 
command to exit from the EVA program and to return to 
the operating system. The emulator is not affected, and 
emulation can be continued by invoking the EVA 
program again. 

EVAKIT 
COMMUNICATION 

PROGRAM 

The EVA program is supplied in executable format and 
is included with each NEC assembler. Executable 
versions are available for the following host systems: 

Intel MDS-220/330 under ISIS-II 
NEC APC under CP/M-86® 
IBM PC or PC/XT® under CP/M-86 or PC-DOS® 
IBM PC/AT® under PC-DOS 

Source code is available and may be modified to 
support other CP/M-80®, CP/M-86, MS-DOS®, and 
ISIS-II based systems. 

The EVA program supports all current Evakits and in
circuit emulators and is periodically updated as new 
emulators are introduced. 

CP/M-80 and CP/M-86 are registered trademarks of Digital Research 
Corporation. 

PC/XT, PC-DOS, and PC/AT are registered trademarks of 
International Business Machines Corporation. 

MS-DOS is a trademark of Microsoft Corporation. 
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MD·086 SERIES 
MICROCOMPUTER 

DEVELOPMENT SYSTEMS 

MD·086 FLOPPY AND HARD DISK DRIVE SYSTEM 

Description 

The MO-086 series microcomputer development 
systems are a series of disk based, multi-user, mUlti
tasking systems supporting the development of 
products using NEG's microcomputers and micro
processors. Available in either a floppy disk-based or 
floppy/hard disk-based configuration, the MO-086 may 
be coupled with NEG's stand-alone evaluation kits 
(Evakits) or in-circuit emulators (IEs) to provide a 
complete integrated software and hardware develop
ment system. 

Based on NEG'sjlP0808616-bit microprocessor, run
ning Oigital Research's MP/M-86® operating system, 
the MO-086 gives you access to all NEG's assemblers, 

simulators, high level language compilers, and all other 
GP/M-86® application software. 

The MO-086FO-10 (floppy disk-based) consists of two 
units: the system chassis (housing all the electronics) 
and the system console (an ANSI standard X3.64 
terminal.) The MO-086HO-10 (floppy/hard disk based) 
consists of three units: the system chassis, the hard 
disk chassis and the system console, and an ANSI 
standard terminal. Additional terminals may be added 
to the system as required, thereby lowering the system 
cost per user. 

MP/M-86 and CP/M-86 are registered trademarks of Digital Research 
Corporation. 
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Features 

D MP/M-86 multi-user/multi-tasking operating system 
- Supports up to three users 
- Supports multi-tasking at each user terminal 

D 512K bytes of system memory 
- Optional expansion to 1 M byte total 

D Two 1 M byte 8" double-sided floppy disk drives 
D Optional 35M byte hard disk 
D 64K byte memory disk 
D Two parallel printer ports 
D IEEE-796 bus-based with 5 vacant slots for future 

expansion 
D Separate ANSI standard X3.64 system console 

Orderi ng Information 
Part Number Description 

MO-086FO-10 MO-086 series, floppy disk-based system 

MO-086HO-10 MO-086 series, floppy / hard disk-based system 

MO-0860K Hard disk upgrade for MO-086FD-10 

MO-910TM Character display terminal 

Hardware Description 

System Chassis 

The system chassis of the MO-086 series houses a 
multiprocessor system, two 8" doubled-sided floppy 
disk drives, an IEEE-796 cardcage, power supply, and 
fans. Utilizing the industry standard IEEE-796 bus as 
its internal system bus, NEC's MO-086 series with 
several vacant slots, can easily be expanded to meet 
tommorrow's technological advances. 

The multiprocessor architecture of the MO-086 series 
permits the master CPU to offload the time consuming 
tasks of data storage/retrieval and system I/O proces
sing to its intelligent peripheral boards, significantly 
increasing the multi-user/ multi-tasking capabilities of 
the operating system. This multiprocessor system is 
composed of a pP08086 master CPU board, a 512K
byte memory board, apP0780-based intelligent floppy 
disk controller (FOC) board, a pP08088-based intel
ligent system controller board (SCB), and an optional 
pP0780-based intelligent hard 'disk controller (HOC) 
board. 

System Boards 

The master CPU board is the heart of the system. 
Utilizing apP08086 microprocessor running at 5 MHz, 
it controls the operation of the multi-user/multi-pro-
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gramming operating system. The CPU board also 
contains the bootstrap loader PROM and the system 
work RAM, interrupt controller, and timer. 

A single 512K-byte memory board provides the system 
memory and is accessed by either the master CPU 
board, the floppy disk controller board, or the optional 
hard disk controller board. System memory can be 
expanded to 1 M byte by adding additional IEEE-796 
bus memory boards. 

The FOC board is an intelligent floppy disk controller 
board using NEC's pP0765A floppy disk controller 
chip to control up to four 8" double-sided floppy disk 
drives in either single or double-density format. Con
taining an NEC pP0780-1 microprocessor with 8K of 
PROM, 64K of RAM, and a OMA controller, the FOC 
board controls the transfer of data between the system 
memory and the floppy disk. 

The HOC board is an intelligent hard disk controller 
board using NEC'spP07261 A hard disk controller chip 
to control up to two SMO interface hard disk drives. 
Containing an NEC pP0780-1 microprocessor with 
8K PROM, 18K of RAM, and a OMA controller, the HOC 
board controls the transfer of data between the system 
memory and the hard disk. 

The SCB is an intelligent I/O controller board using an 
NEC pP08088 microprocessor with up to 16K bytes of 
PROM and 64K bytes of RAM to control the system 
console, the serial communication channels, the printer 
ports, and the paper tape interfaces. 

The master CPU writes commands into the dual
ported memories on the FOC, HOC, and SCB boards. 
Each board executes its command with no further 
intervention by the master CPU. This increases the 
system performance of the MO-086 series. 

The two 8" doubled-sided floppy disk drives provide 
approximately 2M bytes of data storage capacity. 
Single-sided diskettes are recorded in single-density 
to provide compatibility with other CP/M-86 and 
MP/M-86 systems. Double-sided diskettes are recorded 
in double-density providing a maximum storage cap
acity of 972K bytes per diskette. 

Hard Disk Chassis 

The optional hard disk chassis houses one 8" SMO 
interface hard disk drive capable of storing 32M bytes 
of formatted data, the power supply, and fans. A ready 
indicator, along with a write protect switch/indicator, 
and a fault switch/indicator are also provided. 
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System Console 

The MD-910TM, an ANSI standard X3.64 CRT terminal, 
is provided as the system console for the MD-086 
series microcomputer development systems. To take 
advantage of the multi-user features of the MD-086 
series, additional ANSI standard terminals may be 
purchased separately from NEC Electronics Inc. or 
other manufacturers. 

Software Description 

The MD-086 series incorporates Digital Research's 
MP/M-86 operating system providing you a compact 
multi-user, multitasking operating system. Each user 
has complete access to all of the MP/M-86 facilities and 
may execute multiple programs simultaneously. 

The powerful MP/M-86 file system manages all files 
and file directories, dynamically allocating, and re
leasing disk space as required. Designed for the mUlti
user environment, it enhances file integrity by permit
ting files to be opened in one of three modes: locked, 
unlocked, and read only modes. In locked mode, only 
one user may open a specific file at a given time, while 
in unlocked mode multiple users/programs may open 
the same file. Read only mode, permits a file to be 
opened by more than one process but it cannot be 
changed. 

Optional password protection is available at both the 
file and disk level, providing protection for a particular 
user's files. MP/M-86's extended directories allow files 
to be dated and time stamped. Each file may have up to 
two date and time stamps: one reflects the date and 
time of the last update and the other the date of the last 
access or file creation. 

All files generated on CP/M® 8" diskette systems may 
be read under MP/M-86, allowing you to easily transport 
existing software routines to the MD-086 series. Hard
ware-independent CP/M-86 application programs can 
be run, giving you access to a wide variety of third party 
software. 

A 64K-byte memory disk residing in system memory is 
available for high speed file processing, significantly 
improving the overall performance of the MD-086 
series microcomputer development systems. 

The MD-086 series contains a PROM-resident monitor 
program which may be used for pPD8086 program 
development/debugging. This monitor program is 
entered automatically if there is no MP/M-86 system 
disk in drive A when the reset switch is pressed. Some 
of the main features of the MD-086 monitor are: 

D Display, fi 1/, substitute, compare, transmit, or test the 
contents of memory. 

MD-086 SERIES 

D Display and modify user registers. 
D Read and write to the floppy disks and paper tape. 
D Set breakpoints and execute user's program. 
D Single-step and trace executing user's program. 
Note: 

CP/M is a registered trademark of Digital Research Corporation. 

MD-086 Series Utilities 

The following utility programs are supplied with the 
M 0-086 series: 

ABORT Stops the specified process 
ASM86 Absolute assembler for pPD8086/8088 
ATTACH Attaches program to its console 
BACKUP Makes a complete backup copy of a 

disk 
CLEAR Clears the system console screen 
CONSOLE Displays console number 
DDT86 Dynamic debugging tool for 

pP 08086/8088 
DIR Displays disk directory of filenames 
DSKRESET Resets drives 
ED Line-oriented editor 
ERA Erases a file 
ERAQ Erases a file only after confirmation 
FORMAT Formats floppy disks 
GENCMD Converts H86 file to CMD file 
GENSYS Generates MP/M-86 operating system 
HDBACKUP Makes backup of hard disk logical 

drive 
HDDUMP Displays and changes contents of 

hard disk 
HDFORMAT Initializes hard disk logical drives 
MPMSTAT Displays MP/M-86 internal status 
PHFORMAT Physically formats hard disk 
PIP Copies files 
PRINTER Displays and sets the printer number 
REN Renames fi les 
SDIR Displays disk directory with options 
SET Sets disk and file protection levels, 

file attributes, and file time stamping 
SHOW Displays disk status and protection 

levels 
SPOOL Spools files to the list device 
STAT Displays, set files, and disk status 
STOPSPLR Stops the spooler 
SUBMIT Executes batch processing 
SYSCPY Copies system loader and MPM.SYS 
TOO Displays and sets time of day 
TYPE Displays ASCII file contents at 

console 
USER Displays and sets user number 
YEAR Sets the year 
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Five of these utilities have been incorporated into the 
operating system as resident system processes (RSPs) 
and reside in system memory. They can be executed 
without disk accesses, increasing the performance of 
the system. The RSPs in the MO-086 series include: 
ABORT, OSKRESET, MPMSTAT, PRINTER, and USER. 

MD-086 Series Development Environment 

The MD-086 series microcomputer development 
systems have been designed to provide a integrated 
software and hardware development environment for 
all NEC proprietary microcomputers, microprocessors, 
and digital signal and image processing components. 
For software development, a complete family of 
absolute and relocatable assemblers, high level lang
uage compilers, and digital signal and image processor 
simulators are available for the MO-086 Series. For 
software and hardware debug, NEC in-circuit emulators 
and Evakits can be controlled directly from the MO-086 
series consoles. 

Evakit communication programs are available for con
trolling all stand-alone Evakits via a serial link directly 
from any console of the development system. These 
programs provide program upload and download cap
ability plus a full line assembler and disassembler. 

Up to three in-circuit emulators can be plugged directly 
in the IEEE-796 backplane of the MO-086 series and 
controlled by the appropriate IE control program. In 
this bus-coupled configuration, your program debugg
ing capabilities are greatly enhanced with the addition 
of symbolic debug, macro command file capability, and 
improved file upload/download times. 

With the MO-086 series microcomputer development 
systems, you will always have access to development 
tools for NEC's newest components at the earliest 
possible time. 

Documentation 

The following documentation is supplied with the 
system. Additional copies may be obtained from NEC 
Electronics Inc. 

• MO-086FO-10 Installation Manual 
• MD-086FD-10 MP/M-86 !mplementation Manual 
• MO-910TM Terminal User Manual 
• MP/M-86 Multi-Process Monitor User's Guide* 
• MP/M-86 Operating System Guide* 
• MP/M-86 Multi-Process Monitor Programmer's 

Guide* 

* Additional copies may be obtained from Digital Research. 
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Equipment 

The following equipment is supplied with the system: 

MO-086FO-10 

• 1 System chassis 
• 2 RS-232C serial cables 
• 1 Centronics printer cable 
• 1 Line cord and ground adapter 
• 1 Spare fuse 
• 2 On-off keys 
• 2 Male OB-25 solder type connectors/shells 
• 1 Set of disk drive labels 
• 2 8" floppy diskettes 

- MP/M-86 system disk 
- MP/M-86 gensys disk 

• 1 MO-910TM system console 
- 1 RS-232C cable 
- 1 TTL level cable 
- 1 Line cord and ground adapter 

• 1 Set of documentation 

M 0-086H 0-10 

• 1 MO-086FO-10 system 
• 1 MO-0860K 

MO-0860K hard disk upgrade 

• 1 Hard disk chassis 
• 1 HOC board 
• 1 Set of interconnecting cables 
• 1 Line cord and ground adapter 

Specifications 

Processors 

Main 
Slave 

pP08086C, 5 MHz, CPU Board 
pP0780C~1, 4 MHz, FOC Board 
pP08088C-2, 6.5536 MHz, SCB Board 
pP0780C-1, 4 MHz, HOC Board 

System Memory 

512K-bytes of dynamic RAM (1 M byte total- optional) 

Operating system area 64K bytes 
Memory Disk 64K bytes 
User's Area 384K byte 

(896K bytes optional) 

External Memory 

Two double-sided 8" floppy disk drives 
- 2M-byte maximum capacity 

Optional SMO Interface 8" hard disk drive 
- 32M-byte formatted capacity 
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Bus Structure 

I EEE-796 Bus 
- 5 spare slots in MO-086FO-10 
- 4 spare slots in MO-086HO-10 

Serial Interfaces 

System console 
Serial interfaces 

RS-232C/TTL 
RS-232C 
RS-232C/TTL 

Parallel Interfaces 

Centronics printer interface 2 channel 

Operating System 

1 channel 
1 channel 
4 channel 

MP/M-86, version 2.0 with NEC proprietary enhance
ments. 

Physical Characteristics 

System Chassis 

Width 16.75 in (425 mm) 

Height 11.77 in (299 mm) 

Depth 24.21 in (615 mm) 

Weight 59.40 Ib (27 kg) 

MD·086 SERIES 

Environmental Specifications 

Temperature: -20 to +40°C, non-operating 
+10 to +40°C, operating 

Humidity: 10 to 90% relative humidity, 
non-operati ng 
30 to 80% relative humidity, operating 
(without condensation) 

Electrical Characteristics 

FCC: Class A 

AC Requirements: 

System chassis: 90-132 V, 50/60 Hz ±2%, SA 
System console: 90-132 V, 50/60 Hz ±2%, 2A 

System Console 

CRT Keyboard 

14.25 in (362 mm) 18.5 in (470 mm) 

14.29 in (363 mm) 1.50 in (38 mm) 

13.46 in (342 mm) 7.44 in (189 mm) 

19.95 Ib (9 kg) 4.41 Ib (2 kg) 
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Description 

The MD-910TM character display terminal is an ANSI 
standard CRT terminal used as the system console of 
the M D-086 series microcomputer development system. 
The MD-910TM can also be used as an additional 
console for this system, or as an external terminal for 
any stand-alone Evakit or in-circuit emulator. 

Features 

o Multiple emulation modes 
- ANSI standard X3.64 (VT100 compatible) 
- VT52 (Digital Equipment Corporation) 

o Amber 12" nonglare screen 
o Tilt/swivel display 
o Detached low-profile keyboard conforming to DIN 

standard 
- ASCII keys, numeric keypad, four function keys 

o Total software set-up feature 
o Smooth, jump, or partial scrolling 
o 80/132 columns by 24-line display 
o Standard, double width, or double height/width 

characters 
o Blinking block, blinking underline, or invisible cursor 
o Display attributes 

- Normal, bold, blinking, reverse, underscore, 
overline, and vertical line 

O'Display status LEDs on keyboard 
o Software selectable serial interface 

- RS-232C, TTL, 20 mA current loop 
- 7- or 8-bit character with odd, even, or no parity 
- Full or half-duplex operation 
- Transfer rate: 50 to 19200 BPS 

o Power-on, self-diagnostic function and data analyzer 
mode 

o Centronics printer port 

Equipment 

The following equipment is supplied with the 
MD-910TM terminal: 

• 1 Display terminal 
• 1 Keyboard with attached cable 
• 1 RS-232C serial interface cable 
• 1 TTL serial interface cable 
• 1 AC power cord and ground adapter 
• 1 Spare fuse 
• 1 MD-910TM user's manual 

MD·910TM CHARACTER 
DISPLAY TERMINAL 

DEVELOPMENT TOOL 

Physical Characteristics 
Dimension Display Keyboard 

Width 14.25 in (362 mm) 18.05 in (470 mm) 

Height 14.49 in (363 mm) 1.50 in (38 mm) 

Depth 13.46 in (342 mm) 7.44 in (189 mm) 

Weight 19.95 Ib (9 Kg) 4.41 Ib (2 Kg) 

Environmental Specifications 

Temperature: 0 to 40°C 
Relative Humidity: 30 to 80% , non-condensing 

Electrical Characteristics 

FCC: Class A 
Power: 90-132 V AC, 50/60 Hz ±2%, 2A 

Ordering Information 
Part Number Description 

MD-910TM Character display terminal 
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Description 

The PG1000 is NEG's PROM Programmer for use with 
the MD-086 Series Development Systems and certain 
NEG Emulators. With the use of interchangeable per
sonality modules, the user can tailor the PG1000 to 
support various NEG single-chip microcomputers. The 
user controls the PG1000 via the serial interface from 
either a host computer or an external terminal, or 
directly from the on-board keypad in stand-alone 
mode. 

Features 

o Interchangeable personality modules 
o 16K of data RAM 
o Address/data display and mode specification LEDs 
o Flexible membrane keypad 
o Three modes of operation 

- Host computer controlled 
- External terminal controlled 
- Stand-alone operation 

o Serial interface: RS-232G, TTL, or 20-mA current 
loop 

o Parallel interface: TTL (two-wire handshake) 

PG1000PROM 
PROGRAMMER 

PG1000 Personality Modules 

PG1003 

The PG1003 is a plug-in personality module for the 
PG1000 PROM Programmer. This module is required 
to program thepPD78P09R, the EPROM version forthe 
pPD7808 and pPD7809 8-bit, single-chip microcom
puters. The PG1003 supports two programming modes: 
high-speed writing mode and normal writing mode. 

PG1005 

The PG1005 is a plug-in personality module for the 
PG1000 PROM Programmer. This module is required 
to program thepPD75P108, the EPROM version forthe 
pPD75104, pPD75106, and pPD75108 4-bit, single-chip 
microcomputers. I nterchangeable socket adapters are 
provided with the PG1005 to allow programming both 
shrink dip and flat packages. 
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Package/Device Cross Reference 

Package 

16-Pin Plastic DIP (300 mil) 

18-Pin Plastic DIP (300 mil) 

18-Pin Cerdip (300 mil) 

20-Pin Plastic DIP (300 mil) 

20-Pin Cerdip (300 mil) 

Device 

pPB8216C 
pPB8226C 

pPD7755C 
pPD7756C 
pPD71011C 
pPD71084C 

pPB8284AD 

pPB8282C 
pPB8283C 
pPB8286C 
pPB8287C 
pPD71082C 

pPD71083C 
pPD71086C 
pPD71087C 
pPD71088C 

pPB8288D 
pPB8289D 

20-Pin Plastic SO pPD71011G 
(Small Outline) (300 mil) pPD71082G 

pPD71083G 
pPD71084G 
pPD71086G 

pPD71087G 
pPD71088G 

24-Pin Plastic DIP (600 mil) pPD71054C 
pPD8243C 
pPD8243HC 
pPD82C43C 
pPD8253C-2 
pPD8253C-5 

24-Pin Plastic Skinny DIP (400 mil) pPD82C43CX 

28-Pin Plastic DIP (600 mil) pPD7720AC 
pPD7730C 
pPD8251AC 
pPD8251AFC 
pPD8259AC 

pPD8259AC-2 
pPD9306AC 
pPD71051C 
pPD71059C 

28-Pin Ceramic DIP (600 mil) pPD7220AD 

28-Pin Cerdip (600 mil) 

28-Pin Plastic SO 
(Small Outline) (375 mil) 

pPD7720AD 
pPD77C20D 

pPD77P20D 

pPD71065G 

PACKAGING INFORMATION 

Package 
28-Pin Plastic Leaded Chip Carrier 
(PLCC) 

30-Pin Plastic Shrink DIP (400 mil) 

40-Pin Plastic DIP (600 mil) 

Device 

pPD71051 L 
pPD71054L 
pPD71059L 

pPD71066CT 

pPD765AC 
pPD765AC-2 
pPD780C 
pPD780C-1 
pPD780C-2 

pPD7201AC 
pPD7210C 
pPD7265C 
pPD7265AC-2 
pPD7759C 

pPD8085AC-2 
pPD8085AHC 
pPD8085AHC-2 
pPD8155C 
pPD8155C-2 

pPD8155HC 
pPD8155HC-2 
pPD8156C 
pPD8156C-2 
pPD8156HC 

pPD8156HC-2 
pPD8237 AC-5 
pPD8255AC-2 
pPD8255AC-5 
pPD8257C-2 

pPD8257C-5 
pPD8279C-2 
pPD8279C-5 
pPB9201C 
pPD70008C 

pPD70008AC-4 1 
pPD70008AC-6 
pPD70108C-5 
pPD70108C-8 
pPD70116C-5 

pPD70116C-8 
pPD71055C 
pPD72001C 
pPD72065C 
pPD72066C 
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Package/Device Cross Reference 

Package Device Package Device 

40-Pin Ceramic DIP (600 mil) J.lPD7201AD 44-Pin Plastic Leaded Chip Carrier J.lPD70108L-8 
J.lPD7220AD (PLCC) (cont) J.lPD70116L-5 
J.lPD7220AD-1 J.lPD70116L-8 
J.lPD7220AD-2 J.lPD71055L 
J.lPD7260D J.lPD72001L 

J.lPD7261AD J.lPD72065L 
J.lPD72618D-18 J.lPD72066L 
J.lPD7262D 48-Pin Plastic DIP (600 mil) J.lPD71071C 
J.lPD7281 D J.lPD72105C 
J.lPD8086D 

J.lPD8088D 
48-Pin Ceramic DIP (600 mil) J.lPD71071D 

J.lPD8088D-2 52-Pin Plastic Miniflat J.lPD70108G-5 

J.lPD70108D-5 J.lPD70108G-8 

J.lPD70108D-8 J.lPD70116G-5 

J.lPD70108D-10 J.lPD70116G-8 

J.lPD70116D-5 
J.lPD71071G 
J.lPD72065G 

J.lPD70116D-8 J.lPD72066G 
J.lPD70116D-10 
J.lPD72191D 52-Pin Plastic Leaded Chip Carrier J.lPD71 071 L 

40-Pin Cerdip (600 mil) J.lPD8086D 
(PLCC) J.lPD72105L 

J.lPD8086D-2 68-Pin Plastic Leaded Chip Carrier J.lPD70208L 

44-Pin Plastic Miniflat J.lPD70008AG-4 
(PLCC) J.lPD70216L 

J.lPD70008AG-6 68-Pin Ceramic PGA J.lPD70208R 

J.lPD71051G J.lPD70216R 

J.lPD71054G J.lPD70616R 

J.lPD71055G J.lPD77230R 

J.lPD71059G 80-Pin Plastic Miniflat J.lPD70208G 

44-Pin Plastic Leaded Chip Carrier J.lPD77C20L J.lPD70216G 

(PLCC) J.lPD70008AL-6 
J.lPD70108L-5 

132-Pin Ceramic PGA J.lPD9305R 
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16-Pln Plastic DIP (300 mil) 

16 

IIem Millimeters Inches 

A 20.32 max 0.8 max 

B 1.27 max .05 max 

C 2.54 [TP] .10 [TP] 

0 .5±.10 .02 
+.004 
-.005 

17.78 .70 

1.2 min .047 min 

G 3.5 ±.3 .138 ± .012 

H .51 min .02 min 
A 

.. 1 

4.31 max .17 max N 

5.08 max .2 max 

K 7.62 [TP] .3 [TP] 

6.4 .252 

M .25 +.10 .01 +.004 
-.05 -.003 

N 1.0 min .039 min 

Notes: 1. Each lead centerline Is located 
wlthln.25mm [.01 Inch] of Its true 
position [TP] at maximum mate· 
rial condition. 

2. IIem "K" to center of leads when 
formed parallel. -li-

M 

83·0014898 

18-Pln Plastic DIP (300 mil) 

18 10 

Ilem Millimeters Inches 

A 22.86 max .9 max 

B 1.27 max .05 max 

C 2.54 [TP] .10 [TP] 

0 .5±.10 .02 +.004 
-.005 

20.32 .8 

1.2 min .047 min 

G 3.5±.3 .138 ± .012 

H .51 min .02 min 
A 

, .1 
4.31 max .17 max 

5.08 max .2 max 

K 7.62 [TP] .3 [TP] 

6.4 .252 

M .25 + .10 .01 + .004 
-.05 - .003 

N 1.0min .039 min 

Notes: 1. Each lead centerline is located 
within .25 mm [.01 inch] of its true 
position [TP] al maximum mate· 
rial condition. 

2. Item "K" to center of leads when 
formed paraliel. \...----

0·15' 

83-0014908 
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18-Pin Cerdlp (300 mil) 

18 10 

Item Millimeters Inches 

A 22.86 max .900 max 

B 1.27 max .050 max 

C 2.54 [TP] .100 [TP] 

0 .46± .05 .018 ± .002 

20.32 .800 

F 1.42 min .055 min 

G 3.5± .3 .138±.012 

H .51 min .020 min 
, .1 

3.95 .156 

5.08 max .200 max 

K 7.62 [TP] .300 [TP] 

6.60 .260 

M .25 ± .05 .010 ~:~~~ 
N .89 min .035.mln 

Notes: 

[1] Each lead centerline Is located within .25 
mm [.010 Inch] of Its true position [TP] at 
maximum material condition. 

[2] Item uK" to center of leads when formed 
parallel. 

83-0036298 

20-Pln Plastic DIP (300 mil) 

20 11 

Item Millimeters Inches 

A 25.40 max 1.000 max 

B 1.27 max .050 max 

C 2.54 [TP] .100 [TP] 

0 .50±.10 .020 ~:~~: 
22.86 .900 

1.1 min .043 min 

G 3.5 ± .30 .138 ± .012 

H .51 min .020 min 

I 4.31 max .170 max 

5.08 max .200 max 

K 7.62 [TP] .300 [TP] 

6.4 .252 

M .25 ~:~~ .010 ~:~~: 
N .9mln .035 min 

Note: 

[1] Each lead centerline is located within .25 
mm [.010 Inch] of its true position [TP] at 
maximum material condition. 

[2]lIem uK" to center of leads when formed 
parallel. 

83-0014918 
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20-Pin Cerdip (300 mil) 

Item Millimeters Inches 20 11 

A 25.40 max 1.000 max 

B 1.27 max .050 max 

C 2.54 [TPJ .100 [TPJ 

D .46 ±.06 .018 ±.002 

22.86 .900 

1.42 min .055 min 

G 3.5±.3 .138 ±.012 

H .51 min .020 min 

3.95 .156 

5.08 max .200 max 

K 7.62 [TPJ .300 [TPJ 

7.32 .288 

M .25 ±.05 .010 ~:~~~ 
N .89 min .035 min 

Note: 

[1 J Each lead centerline is located within 
.25 mm [.01 inchJ of its true 
position [TPJ at maximum material 
condition. 

[2J Item "K" to center of leads when 
formed parallel. 

83·0038498 

20-Pin Plastic SO (Small Out/ine) (300 mil) 

Item Millimeters Inches 
20 11 

A 13.00 max .512 max 

B .78 max .031 max 

C 1.27 [TPJ .050 [TPJ 

D .40 ~:~~ .016 ~:~~: 
.1±.1 .004 ±.004 

1.8 max .071 max 

G 1.50 .059 o 
H 8.2±.3 .323 ±.012 

6.0 .236 

1.1 .043 

K .15 ~:~~ .006 ~:~~~ 

.6±.2 .024 ~:~~: 
M .12 .005 

Note: 

[1] Each lead centerline is located within 
.12 mm [.005 inchJ of its true 
position [TPJ at maximum material 
condition. 

I.' " .1 

A ~ 
Jer----i -~-i -I -~ W ~~=1==>\J=+, 
DeB 

83·0038508 
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24-Pln Plastic DIP (600 mil) 

Item MIllimeters Inches 

A 33.02 max 1.3 max 

B 2.54 max .10 max 

C 2.54 [TP] .10 [TP] 

0 .5±.10 .02 +.004 
-.005 

27.94 1.1 

F 1.2 min .047 min 

G 3.6±.3 .138 ± .012 

H .51 min .02 min 

4.31 max .17 max 

5.72 max .226 max 

K 15.24 [TP] .60 [TP] 

13.2 .52 

M .25 +.10 .01 +.004 
-.05 - .003 

Notes: 1. Each lead centerline Is located 
within .25 mm [.01 Inch] of Its true 
position [TP] at maximum mate-
rial condlllon. 

2. Item uK" to center of leads when 
formed parallel. 

24-Pln Plastic SkInny DIP (400 mil) 

10-8 

Item Millimeters Inches 

A 35.56 max 1.400 max 

B 3.81 max .150 max 

C 2.54 [TP] .100 [TP] 

0 .50 ~:~5 .020 ~:~~: 
27.94 1.100 

F 1.1 min .043 min 

G 3.6±.3 .142 ±.012 

H .51 min .020 min 

4.31 max .170 max 

5.72 max .226 max 

K 10.16 [TP] .400 [TP] 

8.6 .339 

M .25~:~~ .010 ~:~~: 
Nole: 

[1] Each lead centerline Is located within 
.12 mm [.005 Inch] of Its true 
position [TP] at maximum material 
condiiiun. 

[2] Item "K" to center of leads when formed 
parallel. 

24 

24 

NEe 
13 

A 
" .1 

83-0014926 

13 

A " .1 

83-0038876 



NEe 
28-Pin Plastic DIP (600 mil) 

Item Millimelers Inches 

A 38.1 max 1.5 max 

B 2.54 max .10 max 
.. ------

C 2.54 [TP] .10 [TP] 
-_ ..... _---_ .. _0_-

D .5 ± .10 .02 
+ .004 
- .005 

----._-----
33.02 1.3 

._---------
1.2min .047 min 

---_ .... _------
G 3.6 ±.3 .142 ± .012 

H .51 min .02 min 
--_._------.---

4.31 max .17 max 

5.72 max .226 max 

K 15.24 [TP] .60 [TP] 

13.2 .52 

M .25 +.10 
.01 

+ .004 
- .05 - .003 

Notes: 1. Each lead centerline Is located 
wllhln.25mm [.01 inch] of Its true 
position [TP] at maximum mate
rial condition. 

2. Item uK" to center of leads when 
formed parallel. 

28-Pln CeramiC DIP (600 mil) 

Item Millimeters Inches 

A 38.10 max 1.500 max 

B 2.54 max .100 max 

C 2.54 [TP] .100 [TP] 

D .46 ±.05 .018 ±.002 

33.02 1.3 

.92 min .036 min 

G 3.5 ±.3 .138 ±.012 

H 1.0 min .039 min 

4.57 max .180 max 

15.24 [TP] .600 [TP] 

K 14.93 .588 

.25 ±.05 .010 ~:~~~ 
Note: 

[1] Each lead centerline Is located within 
.25 mm [.01 inch] of its true 
position [TP] at maximum material 
condition. 

[2] Item uK" to center of leads when 
formed parallel. 

PACKAGING INFORMATION 

28 15 

A 

141 
" 

ItHJ 

H G 

...-
C B M 

83-0014078 

I' 
K 

"I I 

: 
I 

I 

II! ~~ ~~ ~ 
D 0-15 0 

83-0038468 

10-9 



PACKAGING INFORMATION NEe 
28-Pln Cerdlp (600 mil) 

28 15 

Item Millimeters Inches 

A 38.10 max 1.500 max 

B 2.54 max .100 max 

C 2.54 [TP] .100 [TP] 

D .50±.10 .020 ~:~~: 
E 33.02 1.300 

F 1.2 min .047 min 

G 3.5±.3 .138 ±.012 

H .51 min .020 min 

3.80 .150 A 
" .1 

5.08 max .200 max 

K 15.24 [TP] .600 [TP] 

13.21 .520 

M .25 ±.05 .010 ~:~~~ 
Note: 

[1] Each lead centerline Is located within 
.25 mm [.01 Inch] of Its true 
position [TP] at maximum material 
condition. 

[2] Item "K" to center of leads when formed 
parallel. 

83-003927B 

28-Pln Plastic SO (Small Outline) (375 mil) 

28 15 
Item MIllimeters Inches 

A 18.07 max .712 max 

B .78 max .031 max 

C 1.27 [TP] .050 [TP] 

D .40~:~~ .016 ~:~~: 
.1±.1 _004±_004 

2.9 max .115 max 

G 2_50 _098 

H 10.3±.3 .406~:~~ 
7_2 .283 

1.6 .063 

K .15~:~~ .006 ~:~~: 

.8±.2 _031 ~:~~: 
Note: 
[1] Each lead centerline Is located within 

.12 mm [.005 Inch] of Its true 
position [TP] at maximum material 
\:oiidlt~~i':. c 

83-003845B I 
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NEe 
28-Pln Plastic Leaded Chip Carrier (PLCC) 

Item Millimeters Inches 

A 12.45 ±.2 .490 ±.008 

B 11.50 .453 

C 11.50 .453 

0 12.45 ±.2 .490 ±.008 

1.94 ± .15 .076 ~:~~~ 
.6 .024 

G 4.4±.2 .173 ~:~~: 

H 2.8±.2 .110 ~:~~: 
0.7 min .028 min 

3.6 .142 

K 1.27 [TPJ .050 [TPJ 
Note 1 

.7 .028 

M .40±.10 .016 ~:~~: 

N 10.42 ±.20 .410 ~:~~: 
0 .15 .006 

Note 2 

1.0 .040 

Q R .8 R .031 

.20 ~:~~ .008 ~:~~~ 
Note: 

[1 J Each lead centerline is located within 
.12 mm [.005 inchJ of Its true 
position [TPJ at maximum material 
condition. 

[2J Flat within .15 mm [.006 inchJ total. 

30-Pln Plastic Shrink DIP (400 mil) 

Item Millimeters Inches 
30 

A 28.46 max 1.121 max 

B 1.78 max .070 max 

C 1.778 [TPJ .070 [TPJ 

0 .50±.10 .020 ~:~~: 
24.89 .980 

.85 min .033 min 

G 3.2±.3 .126 ±.012 

H .51 min .020 min 

4.31 max .170 max 

5.08 max .200 max 

K 10.16 [TPJ .400 [TPJ 

8.6 .339 

M .25 +.10 
.010 ~:~~~ -.05 

Note: 

[1 J Each lead centerline is located within 
.17 mm [.007 inchJ of its true 
position [TPJ at maximum material 
condition. 

[2J Item "K" to center of leads when 
formed parallel. 

PACKAGING INFORMATION 

A 

26 

28 
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16 
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PACKAGING INFORMATION 

40-Pin Plastic DIP (600 mil) 

Item Millimeters Inches 

A 53.34 max 2.100 max 

B 2.54 max .100 max 

C 2.54 [TP] .100 [TP] 

0 .50 ± .10 .020 ~:~~: 
48.26 1.900 

1.2 min .047 min 

G 3.6± .3 .142 ± .012 

H .51 min .020 min 

4.31 max .170 max 

5.72 max .226 max 

K 15.24 [TP] .600 [TP] 

13.2 .520 

M .25 ~:~~ .010 ~:~~~ 
Notes: 

[1] Each lead centerline Is located within .25 
mm [.010 Inch] of Its true position [TP] at 
maximum material condition. 

[2] Item "K" to center of leads when formed 
parallel. 

40-Pin Ceramic DIP (600 mil) 

Item Millimeters Inches 

A 53.34 max 2.100 max 
------------

B 2.54 max .100 max 

C 2.54 [TP] .100 [TP] 

o .46 ±.05 .018 ±.002 

48.26 1.900 
---

.92 min .036 min 

G 3.5 ±.03 .0138 ±.012 
------------

H 1.0 min .039 min 
--~----------

I 2.64 .104 

J 4.57 max .180 max 
--~-----------

K 15.24 [TP] .600 [TP] 

14.93 .588 

M .25 ±.05 .010 ~:~~; 

Note: 

[1] Each lead centerline is located within 
.25 mm [.001 inch] of its true position [TP] 
at maximum material condition. 

[2] Item uK" to center of leads when formed 
parallel. 

10-12 
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NEe 
40-Pin Cerdip (600 mil) 

Item Millimelers Inches 

A 53.34 max 2.100 max 

B 2.54 max .100 max 

C 2.54 [TP] .100 [TP] 

0 .50±.10 .020 ~:~~: 
----------------------~ 

E 48.26 1.900 

G 

H 

1.2 min .047 min 

3.5±.3 0.138 ±.012 

.51 min .020 min 

3.80 .150 

5.08 max .200 max 

K 15.24 [TP] .600 [TP] 
~--------------.------

13.21 .520 

M .25 ±.05 .010 ~:~~~ 
Nole: 

[1] Each lead cenlerline is localed wilhin 
.25 mm [.01 inch] of ils Irue 
posllion [TP] al maximum malerial 
condilion. 

[2] Item uK" 10 cenler of leads when formed 
parallel. 

44-Pin Plastic Miniflat 

Item Millimelers Inches 

A 13.6±.4 .535 ~:~~~ 
10±.2 .394 ~:~~: 

c 10±.2 .394 ~:~~: 
o 13.6±.4 .535 ~:~~~ 

8.0 .315 

F 1.0 .039 ----------------------
G 1.0 .039 

H .35 ~:~g .014 ~:~g~ 
.8 [TPJ .031 [TP] 
NOle1 

1.8±.2 .071 ~:~~: 
K 1.0±.2 .039 ~:~~: 

.15~:~~ .006 ~:~~: 
M .15 .006 

Nole2 

N 1.45±.1 .057 ~:~~~ 
o 0.0±.1 0.000 ±.004 

1.65 max .065 max 

Nole: 

[1J Each lead cenlerline is localed wllhin 
.15 mm [.006 inchJ of its Irue 
posilion [TPJ al maximum malerial 
condition. 

[2] Flal wilhin .15 mm [.006 inchJ lolal. 

PACKAGING INFORMATION 
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PACKAGING INFORMATION 

44-Pln Plastic Leaded Chip Carrier (PLCC) 

lIem Millimeters Inches 

A 17.5 +.2 .689 ±.008 

B 16.58 .653 

C 16.58 .653 

0 17.5 ±.2 .689 ±.008 

1.94±.15 .076 ~:~~~ 
.6 .024 

G 4.4±.2 .173 ~:~~: 
H 2.8± .2 .110~:~~: 

.7 min .028 min 

3.6 .142 

K 1.27 [TP] .050 [TP] 
Note 1 

.7 .028 

M .40± .10 .016 ~:~~: 

N 15.50 ± .20 .610 ~:~~: 
0 .15 .006 

Note 2 

P 1.0 .040 

Q R .8 R .031 

R .20 ~:~~ .008 ~:~~~ 
Note: 

[1] Each lead centerline is located within 
.12 mm [.005 Inch] 01 Its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 Inch] total. 

48-Pln Plastic DIP (600 mil) 

lIem Millimeters Inches 

A 63.50 max 2.5 max 

B 2.54 max .10 max 

C 2.54 [TP] .10 [TP] 

0 .51.. .10 .02 
+ .004 
- .005 

E 58.42 2.3 

1.1 min .043 min 

G 3.6± .3 .142 ± .012 

H .51 min .02 min 

4.31 max .17 max 

5.72 max .226 max 

K 15.24 [TP] .60 [TP] 

13.8 .543 

M .25 
+.10 

.01 
+.004 

- .05 - .003 

Notes: 
1. Each lead centerline is located within .25 

mm [.01 inch] 01 its true position [TP] at 
maximum material condition. 

2. lIem "K" to center 01 leads when lormed 
parallel. 
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NEe PACKAGING INFORMATION 

48-Pin Ceramic DIP (600 mil) 

Item MIllimeters Inches 

A 63.50 max 2.500 max ~ ~ 

B 2.54 max .100 max 

C 2.54 [TP] .100 [TP] 

0 .46 ±.05 .018 ±.002 

58.42 2.300 

.92 min .036 min 

G 3.5 ±.3 .138 ±.012 

H 1.0 min .039 min 

~:::::::]G[::::::::;.I 
A 

2.74 .108 
Note 1 

4.57 max .180 max 

K 15.24 [TP] .600 [TP] 

14.93 .588 

M .25 ±.05 .010 =:~~~ 
Note 2 

Note: 

[1] Each lead centerline Is located within 
.25 mm [.01 inch] of its true 
position [TP] at maximum material 
condition. 

[2] Item "K" to center of leads when 
formed parallel. 

52-Pin Plastic Mlniflat 

Item Millimeters 

A 21.0±.4 

B 14±.2 

c 1.0 [TP] 
Note 1 

o .40±.10 

1.0 

3.5±.2 

G 2.2±.2 

H .15=:~~ 
.15 
Note 2 

2.6 =:~~ 
K .1±.1 

Note: 

Inches 

.827 ±.016 

.551 =:~~: 

.039 [TP] 

.016 =:~~: 

.039 

.138 =:~~: 

.087 =:~~: 

.006 =:~~: 

.006 

.102 =:~~: 

.004 ±.004 

[1] Each lead centerline Is located within 
.20 mm [.008 inch] of Its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 Inch] total. 

I r j l gt ~ I -t. 
E 

83-0038538 

A 

B A 

o c 

L~~ Kt -------:=-=-==U f H 
G 83-0009328 
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PACKAGING INFORMATION NEe 
52-Pin Plastic Leaded Chip Carrier (PLCC) 

Item Millimeters Inches 

A 20.1 ±.2 .791 ~:~~: A 

B 19.12 .753 

C 19.12 .753 46 34 

0 20.1 ±.2 .791 ~:~~: 
47 33 

1.94 ±.15 .076 ~:~~~ 
.6 .024 

G 4.4±.2 .173 ~:~~: 
52 

H 2.8±.2 .110 ~:~~: + c 0 

.7 min .028 min 

3.6 .142 

1.27 [TP] .050 [TP] 
Note 1 

.7 .028 21 

M .40 ±.10 .016 ~:~~: 
20 

N 18.04 ±.20 .710 ~:~~: 
0 .15 .006 

Note 2 
-----~--~-.. -----

P 1.0 .040 
--~-----~----~~--

Q R .8 R .031 
------~-.----------

.20 ~:~~ .008 ~:~~~ 
Note: 

Q 
[1] Each lead centerline is'located within 

.12 mm [.005 inch] 01 its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 inch] total. N 
83-0037918 
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NEe 
68-Pln Plastic Leaded Chip Carrier (PLCC) 

Item Millimeters Inches 

A 25.2 ±.2 .992 ±.008 -----_. 
24.20 .953 

c 24.20 .953 

0 25.2 ±.2 .992 ±.008 

1.94 ±.15 .076 =:gg~ 
.6 .024 

G 4.4±.2 .173 =:g~: 

H 2.8±.2 .110 =:gg: 
.7min .028 min 

3.6 .142 

K 1.27 [TP] .050 [TP] 
Note 1 

.7 .028 

M .40±.10 .016 =:~~: 
N 23.12 ±.20 .910 =:gg: 
0 .15 .006 

Note 2 

P 1.0 .040 

Q R .8 R .031 

R .20 =:~~ .008 =:gg: 
Note: 

[1] Each lead centerline Is located within 
.12 mm [.005 Inch] of lis true 
posilion [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 inch]tolal. 

68-Pln Ceramic PGA 

Item Millimeters Inches 

A 27.9 =:: 1.10 =:g~~ 
B 2.8±.3 .110±.012 

C 1.25 .049 

0 5.08 max .200 max 

2.54 [TP] .100 [TP] 

¢1.2±.2 .047 ±.008 

G ¢ .46±.05 .018 ±.002 

H .5mln .020 min 

Note: 

[1] Each lead centerline is located within 
.25 mm [.010 inch] of Its true 
position [TP] at maximum material 
condition. 

0 

PACKAGING INFORMATION 
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PACKAGING INFORMATION 

80-Pln Plastic Mlnlflat 

Item MIllimeters 

Note: 

A 24.7±.4 

B 

c 

D 

G 

H 

K 

M 

N 

o 

20±.3 

14±.2 

18.7±.4 

12 

1.0 

.8 

.35±.1 

.8 [TP] 
Note 1 

2.35 ±.3 

1.2±.2 

.15 
Note 2 

2.05 ~:~ 
.1±.1 

Inches 

.551 ~:~~: 

.736 ±.016 

.472 

.039 

.031 

.031 [TP] 

.006 

.081 ~:~~: 

.004 ±.004 

[1] Each lead centerline Is located within 
.15 mm [.006 Inch] 01 Its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 Inch] total. 

132-Pln Ceramic PGA 
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Item Millimeters Inches 

A 35.56 1.400 
------

B 22.70 .894 
---------

C 33.02 1.300 

D 

E 

G 

H 

--------
4.5 max 

2.54 

t/> .40 

2.8 

2.28 

3.8 

.177 max 

.100 

.016 

.110 

.090 

.150 
I· 
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