






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































fJPD8237 A·5 

The highest priority channel is selected on each active­
going HLDA edge. Once service to a channel begins, it 
cannot be interrupted by a request from a higher prior­
ity channel. A higher priority channel gets control only 
when the lower priority channel releases HRQ. The 
CPU gets bus control when control passes from chan­
nel to channel, ensuring that a rising HLDA edge can 
be generated to select the new highest priority request. 

Transfer Timing 
You can cut transfer timing, if the system allows, by 
compressing the transfer time to two clock periods. 
Since state 3 (S3) extends the access time for the read 
pulse, you can eliminate S3, making the width of the 
read pulse equal to the write pulse. A transfer is then 
made up of S2 to change the address and S4 to per­
form the read or write. When �t�h�e�~�a�d�d�r�e�s�s� lines Aa-A15 
need to be updated, S1 states occur. 
Generating Addresses 
The eight MSBs of the address are multiplexed on the 
data lines. These bits are output to an external latch 
during S1, after which they can be placed on the 
address bus. The falling edge of ADDSTB loads the bits 
from the data lines to the latch. AEN places the bits on 
the address bus. The eight LSBs of the address are 
directly output on lines AO-A7. Connect AO-A7 to the 
address bus. 

Sequential addresses are generated during Block and 
Demand Transfer mode operations because they include 
several transfers. Often, data in the external address 
latch does not change; it changes only when a carry or 
borrow from A7 to Aa occurs in the sequence of 
addresses. S1 states are executed only when Aa-A15 
need to be updated. In the course of lengthy transfers, 
S1 states may be executed only once every 256 
transfers. 
Registers 
The following chart summarizes the registers of the 
J.lPDa237A-5. 

Register 

Current Address registers (4) 
Current Word Count registers (4) 
Initial Address registers (4) 
Initial Word Count registers (4) 
Command register 
Mode registers (4) 
Request register 
Mask register 
Status register 
Temporary register 
Temporary Address register 
Temporary Word Count register 

Current Address Register 

Bits 

16 
16 
16 
16 
a 
6 
4 
4 
a 
a 

16 
16 

There is a Current Address register for each channel. 
This register holds the address used for DMA transfers; 
the address is incremented or decremented after each 
transfer and the intermediate values are stored here 
during the transfer. The CPU writes or reads this regis­
ter in a-bit bytes. An Autoinitialize restores this register 
to its initial value. 
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Current Word Count Register 
There is a Current Word Count register for each chan­
nel. Program this register with the value of the number 
of words to be transferred, minus one. The word count 
is decremented after each transfer and intermediate 
values are stored in this register during the transfer. A 
TC is generated when the word count is zero. The CPU 
writes or reads this register in a-bit bytes during Pro­
gram Phase. An Autoinitialize restores this register to 
its initial value. After an internally generated EOP, the 
contents of this register will be FFFFH. 
Initial Address and Initial Word Count Registers 
There is an Initial Address register and an Initial Word 
Count register for each channel. The initial values of 
the associated Current registers are stored in these reg­
isters. The values in these registers are used to restore 
the Current registers at Autoinitialize. During DMA pro­
gramming, the CPU writes the Initial registers and the 
corresponding Current registers at the same time, in 
a-bit bytes. Intermediate values in the Current registers 
are overwritten if you write to the Initial regil?ters while 
the Current registers contain intermediate values. The 
CPU cannot read the Initial registers. 

8lgnal. Internal 
Flip. 

Channel Operation Ci IIOR IIOW A3 A2 Ai AO Flop DO·D7 

Initial & Current 0 0 0 0 AO·A7 
Address Write 0 0 0 0 A8·A15 

Current 0 0 0 0 AO·A7 
Address Read 0 0 0 0 AO·A15 

Initial & Current 0 0 0 1 WO,W7 
Word Count Write 0 0 0 0 1 WO,W 15 

Current 0 0 0 1 WO,W7 
Word Count Read 0 0 0 0 1 WO,W15 

Initial & Current 0 1 AO·A7 
Address Write 0 1 AO·A15 

Current 0 0 1 AO·A7 
Address Read 0 0 1 AO·A15 

Initial & Current 0 0 1 WO,W7 
Word Count Write 0 0 0 1 WO,W 15 

Current 0 1 WO,W7 
Word Count Read 0 0 1 WO,W 15 

Initial & Current 0 1 0 0 Ao·A7 
Address Write 0 1 0 0 AO·A15 

Current 0 1 0 0 AO·A7 
Address Read 0 1 0 0 AO·A15 

Initial & Current 0 1 0 1 WO,W7 
Word Count Wrlta 0 0 1 0 1 WO,W15 

Current 0 1 0 1 WO,W7 
Word Count Read 0 0 1 0 1 WO,W15 

Initial & Current 0 1 AO·A7 
Address Write 0 1 AO·A15 

Current 0 1 AO·A7 
Address Read 0 1 AO·A15 

Initial & Current 0 1 WO,W7 
Word Count Write 0 0 1 WO,W15 

Current WO,W7 
Word Count Read 0 WO,W15 

Word Count and Addre •• Regl.ter Command Code. 



Command Register· 
The CPU programs this ·register during Program Phase, 
The register can be cleared with Reset. 

o Memory-to-memory disable 
1 Memory-to-memory enable 

o Channel 0 address hold disable 
1 Channel 0 address hold enable 
XlfbltO=O 

o Controller enable 
1 Controller disable 

o Normal Timing 
1 Compressed Timing 
X If bit 0 =1 

o Fixed Priority 
1 Rotating Priority 

o Late write 
1 Extended write 
X If bit 3 = 1 

L.-------...,.-t[ 0 ORO active high 
1 ORO active low 

[ 
0 DACK active low 

'------------1 1 DACK active high 

Mode Register 
There is a Mode register associated with each channel. 
When the CPU writes to this register during the Pro­
gram Phase, bits 0 and 1 determine on which channel 
Mode r~gister the operation is performed. 

Request Register 

~. 
00 Channel 0 
01 Channel 1 
10 Channel 2 
11 Channel 3 

00 Verify transfer 
01 Write transfer 
10 Read transfer 
11 Illegal 

. ·XX If bits 6 and 7 = 11 

o Disable autoinitialize 
1 Enable autoinitialize 

o Address Increment 
1 Address decrement 

00 Demand mode 
01 Single mode 
10 Block mode 
11 Cascade mode 

This register allows the J.lP08237 A-S to respond to OMA 
requests from software as well as hardware. There is a 
bit pattern for each channel in the Request register. 
These bits can be prioritized by the Priority Resolving 
circuitry and are not maskable. Each bit is set or reset 
under software control or cleared when TC or an external 
EOP is generated. A Reset clears the entire register. 
The correct data word is loaded by software to set or 
reset a bit. 
Software requests receive service only when the chan~ 
nel is in Block mode. The software request for channel 
o should be set at the beginning of a memory-to-memory 
transfer. 

7654321 

Mask Register 

/JPD8237 A·5 

O·Reset request bit 
1 Set request bit 

There is a mask bit for each channel which can disable 
an incoming ORO. If the channel is not set for Autoini­
tialize, each mask bit is set when its channel produces 
an EOP. Each bit can be set or cleared under software 
control. Reset clears the register. This disallows OMA 
requests until they are permitted by a Clear Mask 
Register instruction. 

o Clear malk bit 
1 Set mask bit 

- You may also write all four bits of the Mask register 
with a single command. 
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Status Register 

o Clear Channel 0 mask bit 
1 Set Channel 0 malk bit 

o Clear Channel 1 malk bit 
1 Set Channel 1 maak bit 

o Clear Channel 2 mask bit 
1 Set ·Channel 2 mask bit 

o Clear Channel 3 mask bit 
1 Set Channel 3 mask bit 

The Status register indicates which channels have 
made OMA requests and which channels have reached 
TC. Each time a channel reaches TC, including after 
AutOinitialization, bits 0-3 are set. Status Read and 
Reset clear these bits. Bits 4-7 are set when a channel 
is requesting service. The CPU can read the Status 1:1 
register. U 

Temporary Register 

1 Channel 0 TC 
1 Channel 1 TC 
1 Channel 2 TC 
1 Channel 3 TC 

1 Channel 0 DMA request 
1 Channel 1 DMA request 
1 Channel 2 DMA request 
1 Channel 3 DMA request 

The Temporary register holds data during memory-to­
memory transfers. The CPU can read the last word 
moved when the transfer is complete. This register 
always contains the last byte transferred in a memory­
to-memory transfer unless cleared by a Reset. 
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Software Commands 
There are two software commands that can be exe­
cuted in the Program Phase. These commands are inde­
pendent of data on the data bus. 
Clear First/Last Flip-Flop 
You may issue this command before reading or writing 
any word count or address information. It allows the 
CPU to access registers, addressing upper and lower 
bytes correctly, by initializing the flip-flop to an iden­
tifiable state. 
Master Clear 
This command produces the same effect as Reset. It· 
clears the Command, Status, Request, Temporary, and 
Internal First/last Flip-Flop registers, sets the Mask reg­
ister, and causes the JAP08237A-S to enter Idle state. 
The following chart illustrates address codes for the 
software commands. 

A3 A2 A1 AO ./OW ./OR C)per .. lon 

0 1 Read Status register 
1 0 Write to Command register 
1 0 Write to Request register 
1 0 Write a Mask register bit 
1 0 Write to Mode register 
1 0 Clear byte pointer f"p-flop 
0 1 Read Temporary register 
1 0 Master Clear 
1 0 Write a" Mask register bits 

A" other bit combinations are "'egal. 

Application Example 
The following diagram shows an application using the 
/AP08237 A-S with an 8088. The /AP08237 A-S sends a 
hold request to the CPU whenever there is a valid OMA 
request from a peripheral device. The JAP08237 A-S 
takes control of the Address, Oata, and Control buses 
when the CPU replies with an HlOA signal. The 
address for the first transfer appears in two bytes: the 
eight lSBs are output on AO-A7 and the eight MSBs 
are output on the data bus pins. The contents of the 

8088 
CPU 

Handshake with Device 
Requesting Service 

Address Bus 

Data Bus 

data bus pins are latched to the 8282 to make up the 
16 bits of the address bus. Once the address is latched, 
the data bus transfers data to or from a ~emory loca­
tion or I/O device, using the control bus Signals gener­
ated by the /AP08237 A-S. 

AC Characteristics Supplementary Information 
All AC timing measurement points are 2.0V for hig~ and 
0.8V for low, for both inputs and outputs. The loading 
on the outputs is one TTL gate plus 100 pF of capac­
itance for the data bus pins, and one TTL gate plus 
SO pF for all other outputs. 
Recovery time between successive read and write 
inputs must be at least 400 ns. I/O or memory write 
pulse widths will be TCy-100 ns for normal OMA 
transfers and 2 TCy-100 ns for extended cycles. I/O 
or memory reads will be 2 TCY - SO ns for normal reads 
and TCY- SO ns for compressed cycles. T001 and 
T002 are measured on two different levels. T001 at 
2.0V, T002 at 3.3V with a 3.3 kQ pull-up resistor. 
OREO and OACK are both active high and low. OREO 
must be held in the active state (user defined) until 
OACK is returned from the /AP08237A-5. The AC wave­
forms assume these are programmed to the active high 
state. 

Absolute Maximum Ratings * 
Tentative 
Ambient Temperature under Bias O°C to + 70°C 
Storage Temperature - 65 °C to 150°C 
Voltage on any Pin with respect to Ground - 0.5V to + 7V 
Power Dissipation 1.5 Watt 

"COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be oper­
ated 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; VCC = +5V:t 5% 

LImits 

Parameter Symbol Min Typ<!) Max Unit Test Conditions 

2.4 V IOH = -200,..A 
Output High 

VOH IOH = -100f./A 
Voltege 3.3 V (HRQOnly) 

IOl = 2.0 mA 

Output low (Data Bus) 
VOL 0.45 V 

Voltage IOl = 3.2 mA 
(Other Outputs) 

Input High 
VIH 2.0 VCC + 0.5 V 

Voltage 

Input low 
Vil -0.5 0.8 V 

Voltege 

Input load 
III ±10 f.lA OV" VIN" VCC Current 

Output leakage 
IlO ±10 f.lA 0.45"VOUT"VCC Current 

VCC Supply 85 130 mA Ta= +25°C 
Currenl ICC 

75 150 mA Ta = DoC 

Note: 
(!) Typical values measured at T a = 25°C, nominal processing 

parameters, and nominal VCC. 
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Capacitance 
LImits 

Test 

Peremeter Symbol MIn Tvp <!) Mex Unit Conditions 

Output Capacitance Co pF fc = 1.0 MHz. 

Input Capacitance CI 15 pF InputB = OV 

1/0 Capacitance CIO 10 18 pF 

Note: 
(1) Typical values measured at T a = 25°C. nominal processing 

parameters. and nominal VCC. 

AC Testing Input/Output Waveform 

2.4--==X 2.0- _2'0r-___ Test Polnts_ 
0.45-- 0.8 0.8 

Inputs are driven at 2.4V for logic 1 and 0.45V for 
logic O. These timing measurements are made at 2.0V 
for logic 1 and 0.8V for logic O. A transition time of 
20 ns or less is assumed for input timing parameters. 
Unless noted, output loading is 1 TTL gate plus 50 pF 
capacitance. 

AC Characteristics 
Ta = ooe to +7ooe; vee = 5V ± 5% 

LImits 

Perameter Symbol MIn Tvp "'ex Unit 

AEN High from ClK low (Sl) Delay tAEl 200 ns 
Time 

AEN low from CL.K High (Sl) Delay tAET 130 na 
Time 

ADR Active to Float Delay from ClK tAFAB 90 O!l 
High 

READ or WRITE "Ioat from ClK High tAFC 120 

DB Actlva to Float Delay from ClK tAFDB 170 na 
High 

ADR from READ High Hold Time tAHR tCy-l00 n8 

DB from ADDSTB low Hold Time tAHS 30 ns 

ADR from WRITE High Hold Time tAHW tCy-50 ns 

DACK Valid from ClK low Delay 170 ns 
Time 

EOP High from ClK High Delay Time tAK 170 na 

EOP low to ClK High Delay Time 100 ns 

ADR Stable from ClK High tASM 170 ns 

Data Bus to ADDSTB low Setup tASS 100 nk 
Time 

Clock High Time tCH 80 na 
(Transitions < 10 ns) 

Clock low Time (Transitions < 10 ns) tCl 68 

ClK Cycla Time tCY 200 ns 

ClK High to REA.D or WRITE low tDCl 190 ns 
DelayeD 

READ High from ClK High (S4) tDCTR 190 ns 
Delay Time CD 

WRITE High from elK High (S4) tDCTW 130 ns 

Delay Time CD 

HRO Valid from ClK High Delay tOOl 120 ns 

Time@} tD02 120 ns 

EOP low from ClK low Setup Time tEPS 40 

EOP Pulse Width tEPW 220 !IS 

ADR Float to Active Delay from tFAAB 170 iii 
ClK High 

READ or Wiffi'E Active from tFAC 150 ns 
ClK High 
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.':JmHs 

Peremeter Svmbol ""n Typ "'ex Unit 

Data Bus Float to Active Delay from tFADB 200 n. 
ClK High 

HlDA Valid to ClK High Setup Time tHS 75 n. 

Input Data from MEMR High Hold tlDH rw 
Time 

Input Data to MEMR High Setup Time tlDS 170 n. 

Output Data from MEMW High Hold tODH 10 na 
Time 

Output Data Valid to MEMW High tODV 130 n. 

ORO to ClK low (SI' S4) Setup Time tos na 

ClK to READY low Hold Time tRH 20 

READY to ClK low Setup Time tRS 75 

ADDSTB High from ClK High Delay tSTl 130 na 
Time 

ADDSTB low from ClK High Delay tSTT 90 na 
Time 

Notes: 
(!) Net IIOW or MEMW pulse width for normal write is"!cy'=' 1 00 ns 

and 2tCy-100 ns for extended write. Net l70R or MEMR pulse 
width for normal read is 2tCY - 50 ns and tCY - 50 ns for com­
pressed read. 

@ TDQ1 is measured at 2.0V. tDQ2 is measured at 3.3V. An exter­
nal pullup resistor of 3.3kQ connected from HRQ to VCC is 
assumed for tDQ2. 

AC Characteristics Peripheral Mode 
Ta = ooe to +7o o e; vee = +5V ± 5% 

Peremeter Symbol 

ADR Valid or CS low to READ low tAR 

ADR Valid toWRITE High Setup Time tAw 

CS low to WRITE High Satup Time tcw 

Data Valid to WRITE High Setup Time tow 

ADR or CS Hold from READ High tRA 

Data Accass from READ low G) tRDE 

Data Bus Float Delay from READ High tRDF 

Power Supply High to RESET low Setup Time tRSTD 

RESET to Firat I/OW tRSTS 

RESET Pulse Width tRSTW 

READ Width tRW 

ADA from WRITE H.lg~ Hold Time tWA 

CS High from WAITE High Hold Time twc 

Data from WAITE High Hold Time twp 

Write Width twws 

Note: 

LImit. 

MIn Typ Max Unit 

50 na 

160 

160 ns 

160 ns 

500 

2tCY 

300 

200 

20 

20 

30 

160 

140 na 

70 na 

ns 

n8 

ns rei a 
(1) Data bus output 10adinQoiS 1 TIL gate plus 100 pF capacitance. 
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nmlng Wav.fonn. 

Slave Mode Write 

lew 

- IIW~ 
IWWS I 

\~ y" I 
I 

- r--IWA 
lAW 

)( Input Vilid 
\V 
Ir-... 

- I--IWD 
lOW 

). Inpul Vilid l( 

S'ave Mode Read 
eJ---,", 

/ 

Ao-A3 ~ Addrell MUll Be Vilid K 

iiOR 

_'.°

1 IRW 
--=;lIR~ -

Jt~DP ~ IRDE 

t ~ Do-D7 Dill Oul Valid 

Not .. 
<!) You must time successive read or write operations by the CPU to allow at least 400 ns recovery time for the ,..PD8237A·5 between read and 

write pulses. 

614 



Timing Waveforms (Cont.) 

UMA Transfer 

",PD8237A-5 

~-r~r----------
- -tHS 

.. ,,~~ ~t-,\,,~ 
lArrl----r--t-++--+--1~-=~~ 

I ////1 I HlDA 

AEN 

~ I - I-tSTT I I --------

ADDSTB ______ --II~---_l_-1~ t--""\ 1- -tEPS 

11~-~t~~s--1iIt--r--+~+-------trADB '--- - tAHS I I 'AK -I f-

Do-D7--_ 

IAFAB 
I ~'A15 J~,it-i==:r±----1H-+-----

.1 I t~t~ I f-- 'ATSM J 
I-tFAABT'1 I l -l-Ao.A7-,-----~If_ _____ ..L--1/r-I---t---+-+L-----JtAr[w~-l tAH~ J I 

t.\ Addre~. Valid 1 tJ 'v 1'--- jI\l Addr ... vlJ - rv-I\.r--------
~ I-'A~R-l I -t"- -t 'AHR 

tFAC~ .-I~I--t-tt+-+I-+----1.u\ I 
r-- I----l'Del 'DCTR f-- I--i tDCl )jl-I-------

ReRE'AtADi-------III-------.:.I-j~ 'DCTR I- - I-tAFC rr-~~ ~ r~-r---U r---·---------

DACK 

1 TDCl I--- tOCTW 

WRITE ______ -lIIf-------~Jirl.---~.-1\ >----\ - _tDCTW ~ "-' __ ~/'<-_~ ,~r-I----
'" .J ~ 

(ForE,tended ~'lte) -4, ~r'AK _________ _ 

- ~I 
-----llf _______ ~~~~--.--......... --I-IEPW-

~ \\ \ \ \\W~ ill IV/I /11 1// I 

--
'nlern.'~ 

E'tern.'~ 
-

s •• Note 2, AC Characteristics. Dp.4A Mode 
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/JPD8237A-S 
Timing Waveforms (Coni.) 
Memory·to-Memory Transfer 

so 

ADDSTB 

AO-A7------+--{ 

00-07 ------11---( 

EOP 

r- IAHS 

Addre •• Valid 

S14 S21 S22 S23 S24 S1 

IAFAB'_ 

OUT 

IEPW 

EXT EOP 

. Ii 
\\\\\\\S\\\\\\\~ZZZZZZZ 

Ready 

elK 

READY \\\\\\\\\\\1 
IRS 
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Timing Waveforms (Cont.) 

Compressed Transfer 

ClK ---_ ..... 

AO-A7 

READY 

Reset 

~PD8237A·5 

V_C_C _____ -J;1~-----------------tRSTD----------------~ 
/I 

1------tRSTW--------i 

RESET )t-______________ -J 

tRSTS=i 

-----------------------------------------------------------1ltl----~ 
I/ORorliOW 

Package IOutllne 
",PD8237 AC-5 

~ . . ,rinJ - ----- -r-~Fr] H.l1Vltlt1 : : : jt ~'I=------= ~G •• -.. _ 

61-7 

-------

Plastic 
Item MHllmet.,. Inche. 

A 51.5 Max 2.028 Max 

B 1.82 0.084 II 
_____ ~c~ __________ ~2~.M~±~0~.~1 __________ ~0~.1~0~±~0.~00=4~----- • 

D 0.5 ± 0.1 0.019 ± 0.004 

E 48.28 1.9 

F 1.2 Min 0.047 Min 

G 2.M Min 0.10 Min 

H 0.5 Min 0.019 Min 

5.22 Max 0.208 Max 

5.72 Max 0.225 Max 

K 15.24 0.600 

13.2 0.520 

M 

8237 A·5DS·1·82· TRIUM·CAT 
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NEe "PD8243 
NEe Electronics U.S.A. Inc. 
Microcomputer Division 

INPUT/OUTPUT EXPAN,DER FOR 
JLPD8048 FAMILY 

OEseR IPTION The J,lPD8243 input/output! expander is directly compatible with the J,lPD804,8 family 
of single-chip microcomputers. Usirtg NMOS technology the J,lPD8243 provides high 
drive capabilities while requiring only a single +5V supply voltage. 

The J,lPD8243 interfaces to the J,lPD8048 family through a 4·bit I/O port and offers 
four 4-bit bi-directional static I/O ports. The ease of expansion allows for multiple 
J,lPD8243's to be added using the bus port. 

The bi-directional 1/0 ports of the J,lPD8243 act as an extension of the I/O capabilities 
of the J,lPD8048 microcomPlJter family. They are accessible with their own AN L, MOV, 
and OR L instructions. 

FEATURES • Four 4-Bit I/O Ports 
• Fully Compatible with J,lPD8048 Microcomputer Family 
• High Output Drive 
• NMOS Technology 
• Single +5V Supply 
• Direct Extension of Resident J,lPD8048 I/O Ports 
• Logical AND and OR Directly to Ports 
• Compatible with Industry Standard 8243 
• Available in a 24-Pin Plastic Package 

P50 vee 
P40 P51 

P41 P52 

P42 PS3 

P43 P60 

cs P61 

PROG P62 

P23 P63 

P22 

P21 

P20 P71 

P70 

Rev/1 
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General Operation 

The I/O capabilities of the J-LPD8048 family can be enhanced in four 4-bit I/O port 
increments using one or more J-LPD8243's. These additional I/O lines are addressed as 
ports 4-7. The following lists the operations wh ich can be performed on ports 4-7. 

• Logical AND Accumulator to Port. 
• Logical OR Accumulator to Port. 
• Transfer Port to Accumulator. 
• Transfer Accumulator to Port. 

Port 2 (P20-P23) forms t!:'te 4-bit bus through which the J-LPD8243 communicates with 
the host processor. The PROG output from thepP()8048 family provides the neces­
sary timing to the J-LPD8243. There are two 4-bit nibbles il')volved in each data transfer. 
The 'first nibble contains the op-code and port address followed by the secondnibble 
containing the 4-bit data. Multiple J-LPD8243's can be used for additional I/O. The 
output lines from the J-LPD8048 family can be used to form the chip selects for the 
additional J-LPD8243's. ' 

Power On Initialization 

Applying power to the J-LPD8243 sets ports 4-7 to the tri-state mode and port 2 to the 
input mode. The state of the PROG pin at power on may be either high or low. The 
PROG pin must make a high-to-Iow transition in order to exit from the power on 
mode. The power on sequence is initiated any time VCC drops below lV. The table 
below shows how the 4-bit nibbles on Port 2 correspond to the J-LPD8243 operations. 

Port Address Op-Code 

P21 P20 Address Code P23 P22 Instruction Code 

0 0 Port 4 0 0 Read 

0 1 Port 5 0 1 Write 

1 0 Port 6 1 0 ORLD 

1 1 Port 7 1 1 ANLD 

For example an 0010 appearing on P20-P23, respectively, would 
result in a Write to Port 4. 

Read Mode 

There is one Read mode in the J-LPD8243. A falling edge on the PROG pin latches the 
op-code and port address from input Port 2. The port address and Read operation are 
then decoded causing the appropriate outputs to be tri-stated and the input buffers 
switched on. The rising edge of PROG terminates the Read operation. The Port 
(4,5,6, or 7) that was selected by the Port address (P21-P20) is returned to the tri-state 
mode, and Port 2 is switched to the input'mode. 

Generally, in the read mode, a port will be an input and in the 'write mode it wiil be an 
output. If during program operation, the J-LPD8243's modes are changed, the first read 
pulse immediately following a write should be ignored. The subsequent read signals a~e 
valid. Reading a port will then force that port to a high impedance state. 

Write Modes 

There are three write modes in the J-LPD8243. The MOVD Pp,A instruction from the 
J-LPD8048 family writes the new data directly to the specified port (4,5,6, or 7). The 
old data previously latched at that port is lost. The OR LD Pp,A instruction performs 
a logical OR between the new data and the data currently latched at the selected 
port. The result is then latched at that port. The final write mode uses the AN LD 
Pp,A instruction. It performs a logical AND between the new data and the data cur­
rently latched at the specified port. The result is latched at that port. 

The data remains latched at the selected port following the logical manipulation until 
new data is written to that port. 
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BLOCK DIAGRAM 

PIN IDENTIFICATION PIN 
NO. SYMBOL FUNCTION 

2-5 P40-P43 The four 4-bit static bi-directional I/O ports. They 
1,21-23 P50-P53 are programmable into the following modes: 
17-20 P60-P63 input mode (during a Read operation); low 
13·16 P70- P73 impedance latched output mode (after a Write 

operation); and the tri-state mode (following a 
Read operation). Data appearing on I/O lines 
P20-P23 can be written directly. Tl)at data can 
also be logically ANDed or ORed with the previous 
data on those lines. 

6 ~ Chip Select input (active-low). When the J-LPD8343 
is deselected (Cs = 1), output or internal 
status changes are inhibited. 

7 PROG Clock input pin. The control and address informa-
tion are present on port lines P20-P23 when PROG 
makes a high-to-Iow transition. Data is present on 
port lines P20-P23 when PROG makes a low-to-high 
transition. 

8-11 P20-P23 P20-P23 form a 4-bit bi-directional port. Refer to 
PROG function for contents of P20-P23 at the 
rising and falling edges of PROG. Data from a 
selected port is present on P20-P23 prior to the 
rising edge of PROG if during a Read operation. 

12 GND The J-LPD8041 /8741 ground potential. 

24 VCC +5 volt supply. 
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",PD8243 
Operating Temperature 
Storage Temperature .... 
Voltage on Any Pin 
Power Dissipation ............. . 

Note: CD With respe.ct to grOlmd. 

Ta = 25°C 

... O°C to +70°C 
-65°C to +150°C 

-0.5 to +7 VoltsCD 
.... " .... 1 W 

*COMMENT: Stress aDOve 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. 

Ta = O°C to +70°C; VCC = +5V ±10% 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input Low Voltage VIL -0.5 0.8 V 

Input High Voltage VIH ~.O VCC + 0.5 V 

Output Low VoLtage (Ports 4· 7) VOLl 0.45 V IOL = 5 mAW 

Output Low Voltage (Port 7) VOl2 V IOL=20mA 

Output Low Voltage (Port 2) VOLJ 0.45 V IOL = 0.6 mA 

Output High Voltage (Ports 4·7) VOHI 2.4 V IOH = 240 IlA 

Output High Voltage (Port 2) VOH2 2.4 V IOH = 100 IlA 

Sum of All IOl From 16 Output. IOL 100 mA 5 mA Each Pin 

Input Leakage Current (Ports 4·7) IILI -10 20 IlA VIN = VCC to OV 

Input Leakage Current (Port 2, IIL2 -10 10 IlA VIN = VCC to OV 
CS, PROG) 

V CC Supply. Current ICC 10 20 mA 

Note: CD Refer to graph of additional sink current drive. 

Ta = O°C to T70°C; VCC = +5V ±10% 
LIMITS TEST 

PARAMETER SYMBOL MIN TYP MAX UNITS CONDITIONS 

Code Valid Before PROG tA 100 80 pF Load 

Code Valid After PROG tB 60 20 pF Load 

Data Valid Before PROG tc 200 80 pF Loed 

Data Valid After PROG to 20 20 pF Loed 

Port 2 Floating After PROG tH 150 20 pF Load 

PROG Negative Pulse Width tK 700 

Ports 4·7 Valid After PROG tpo 700 100 pF Loed 

Ports 4·7 Valid BeforelAfter PROG tLP1 100 

Port 2 Valid After PROG tACC 650 80 pF Load 

CS Valid BeforelAfter PROG tcs 50 

PROG 

PORT 2 

I------'ACC-'-----t 

PORT 2 

PORTS4-7 __________ ~----------~~~--~----~------~----------~ 

PORTS 4-7 
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CURRENT SINKING 
CAPABI L1TY CD 

PACKAGE OUTLINES 
J.LPD8243C 

",PD8243 

125 

3 5 6 /0 ,'1 1'2 1'3 ,14 1'5 ,'6· 
MAXIMUM SINK CURRENT AT ANY PIN (VOL = 0.4VI 

MAXIMUM IOL WORST CASE PIN IN rnA. 

Note; <D This curve plots the guaranteed worst case current ~inking capability of any 110 port line versus th8 total sink current of all pillS. 

The I'PD8243 is capable of sinking 5 rnA (for VOL = O.4V) through each of the 16 1/0 lines simultaneously. The current sinking 
curve shows how the individual 1/0 line drive increases if all the 110 lines are not fully loaded. 

:==~_A-==='ITf ~~~ 
;~ ~------~--
: G -I--~ 

----.:..---l.! , 0-15° \---

(PLASTIC) 

ITEM MILLIMETERS INCHES 

33 MAX 1.3 MAX 

2.53 0.1 

2.54 0.1 

0.5,0.1 0.02,0.004 

27.94 1.1 

1.5 0.059 

2.54 MIN 0.1 MIN 

0.5 MIN 0.02 MIN 

5.22 MAX 0.205 MAX 

5.72 MAX 0.225 MAX 

15.24 0.6 

13.2 0.52 

M 0.25 
+0.10 

-0.05 
0.01 

+0.004 

-0.0019 

8243 DS-R EV 1-1-82-CA T 
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NEe IlPD82C43 

NEe Electronics U.S.A. Inc. 
Microcomputer Division 

CMOS INPUT/OUTPUT EXPANDER FOR 
IlPD8048/80C48 FAM I L Y 

DEseR IPTION The p.PD82C43 inputloutput expander is directly compatible with the p.PD8048/80C48 
family of single-chip microcomputers. Using NMOS technology the p.PD82C43 pro­
vides high drive capabilities while requiringonly a single +5V supply voltage. 

The p.PD82C43 interfaces to the p.PD8048/80C48 family through a 4-bit 110 port and 
offers four 4-bit bi-directional static 110 ports. The ease of expansion allows for multi­
ple p.PD8243s to be added using the bus port. 

The bi-directional 110 ports of ,the p.PD82C43 act as an extension of the 110 capabili­
ties of the p.PD8048/80C48 microcomputer family. They are accessible with their own 
ANL, MOV, and ORL instructions. 

FEATURES • Four 4-Bit I/O Ports 
• Fully Compatible with p.PD8048/80C48 Microcomputer Family 
• High Output Drive 
• NMOS Technology 
• Single +5V Su'pplY 
• Direct Extension of Resident p.PD8048/80C48 I/O Ports 
• Logical AND and OR Directly to Ports 
• Compatible with Industry Standard 8243 
• Available in a 24-Pin Plastic Package 

Pso 1 24 Vee 
P40 2 23 PS1 

P41 3 22 PS2 

P42 4 21 PS3 

P43 5 20 Pao 

cs a p.PD 19 Pal 
82C43 

PROG 7 18 Pa2 

P23 8 17 Pa3 

P22 9 16 P73 

P2l 15 Pn 
P20' 14 P71 

GND 13 P70 

Rev/l 
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IlPD82C43 

General Operation 

The I/O capabilities of the J,lPD8048/80C48 family can be enhanced in four 4-bit I/O 
port increments using one or more J,lPD82C43s. These additional I/O lines are addressed 
as ports 4-7. The following lists the operations which can be performed on ports 4-7. 

• logical AND AccLimulator to Port. 
• logical OR Accumulator to Port. 
• Transfer Port to Accumulator. 
• Transfer Accumulator to Port. 

Port 2 (P20-P23) forms the 4·bit bus through which the J,lPD82C43 communicates 
with the host processor. The PROG output from the J,lPD8048/80C48 family provides 
the necessary timing to the J,lPD82C43. There are two 4-bit nibbles involved in each 
data transfer. The first nibble contains the op-code and port address followed by the 
second nibble containing the 4-bit data. Multiple J,lPD82C43s can be used for addi­
tional I/O. The output lines from the J,lPD8048/80C48 family can be used to form the 
chip selects for the additionalJ,lPD82C43s. 

Power On Initialization 

Applying power to the J,lPD82C43 sets ports 4-7 to the tri-state mode and port 2 to the 
input mode. The state of the PROG pin at power on may be either high or low. The 
PROG pin must make a high-to-Iow transition in order to exit from the power on 
mode. The power on sequence is initiated any time VCC drops below 1V. The table 
below shows how the 4-bit nibbles on Port 2 correspond to the J,lPD82C43 operations. 

Port Address Op-Code 

P21 P20 Address Code P23 P22 I nstruction Code 

0 0 Port 4 0 0 Read 

0 1 Port 5 0 1 Write 

1 0 Port 6 1 0 ORlD 

1 1 Port 7 1 1 ANlD 

For example an 0010 appearing on P20-P23, respectively, would 
result in a Write to Port 4. 

Read Mode 

There is one Read mode in the J,lPD82C43. A falling edge on the PROG pin latches the 
op-code and port address from input port 2. The port address and Read operation are 
then decoded causing the apptopriate outputs to be tri-stated and the input buffers 
switched on. The rising edge of PROG terminates the Read operation. The port 
(4,5,6, or 7) that was selected by the port address (P21-P20) is returned to the tri-state 
mode, and port 2 is switched to the input mode. 

Generally, in the read mode, a port will be an input and in the 'write mode it wiil be an 

output. If during program operation, the J,lPD82C43's modes are changed, the first read 
pulse immediately following a write should be ignored. The subsequent read signals are 
valid. Reading a port will then force that port to a high impe(iance state. 

Write Modes 

There are three write modes in the J,lPD82C43. The MOVD Pp,A instruction from the 
J,lPD8048/80C48 family writes the new data directly to the specified port (4, 5, 6, or 7), 

The old data previously latched at that port is lost. The OR lD Pp,A instruction per­
forms a logical OR between the new data and the data currently latched at the 
selected port. The result is then latched at that port. The final write mode uses the 
AN lD Pp,A instruction. It performs a logical AND between the new data and the 
data currently latched at the specified port. The result is latched at that port. 

The data remains latched at the selected port following the logical manipulation until 
new data is written to that port. 
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IlPD82C43 
BLOCK DIAGRAM 

PIN IDENTIFICATION PIN 
NO. SYMBOL FUNCTION 

2-S P40-P43 The four 4-bit static bi-directional I/O ports. They 
1,21-23 PSO-PS3 are programmable into the following modes: 
17-20 P60-P63 input mode (during 'a Read operation); low 
13-16 P70- P73 impedance latched output mode (after a Write 

operation); and the tri-state mode (following a 
Read operation). Data appearing on I/O lines 
P20-P23can be written directly. That data can 
also be logically ANDed or ORed with the previous 
data on those lines. 

6 CS Chip Select input (active-low). When the J,t PD82C43 
is deselected (CS = 1), output or internal status 
changes are inhibited. 

7 PROG ,Clock input pin. The control and address informa-
tion are present on port lines P20-P23 when PROG 
makes a high-to-Iow transition. Data is present on 
port lines P2o-P23 when PROG makes a low-to-high 
transition. 

8-11 P20-P23 P20-P23 form a 4-bit bi-directional port. Refer to 
PROG function for contents of P20-P23 at the 
rising and falling edges of PROG. Data from a 
selected port is present on P2o-P23 prior to the 
rising edge of PROG if during a Read operation. 

12 GND The J,tPD8041 /8741 ground potential. 

24 VCC +S volt.supply. 
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fiPD82C43 
Operating Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-40°C to +8SoC 
Storage Temperature. . . . . . . . . . . . . . . . . . . . . . . -65°C to +150°C 
Voltage on Any Pin .............................. -0.5 to +7 Volts<D 
Power Dissipation ........................................ " 1 W 

Note: <D With respect to ground. 

*Ta" 25°C 

COMMENT: Stress soove 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. 

To -40QC to +8SoC: Vee'" +5V ± 10% 

LIMITS 

PARAME,TER SYMBOL MIN TYP 

Input Low Voltuge VIL 0.3 
Input High Volt>1ge VIH Vee - 2.0 
Output Low Voltage VOLl 
(Ports 4·7) 

Output Low Voltage (Port 7) VOL2 
Output Low Voltage (Pori 2) VOL3 
OLltput High Voltage VOHl Vee··0.5 
IPort,4·71 
Output High Voltage {Port 21 VOH2 Vee - 0.5 
Sum of AII10l From 16 IOL 
Outputs 

Input Leakage Current IILl 
(Ports 4·7) 

Input Leakage Current IIL2 -1 
(Port 2, Cs, PROGI 

V CC Supply Current leel 

Power Down SUlOPly Current lee2 

Note. CD Refer 10 graph of additional Sink current drive. 

T - 40"'C to + 8Soc. Vee - +5V + 10~ a' -

LIMITS 

PARAMETER SYMBOL MIN TYP MAX 

Code Valid Before PROG tA 100 

Code Valid After PROG tB 60 

Data Valid Before PROG tc 200 

Data Valid After PROG to 20 

Port 2 Floating After PROG tH 0 150 

PROG Negative Pulse Width tK 900 

PortS 4·7 Velid After PROG tpo 700 

PortS 4·7 Valid Before/After PROG tLPl 100 

Port 2 Valid Aher PROG tACC 160 

~ Valid Before/Aher PROG tcs 50 

PROG 

PORT 2 

...... ----'ACC------t 

PORT 2 

MAX 

0.8 

Vee 

0.45 

0.45 

80 

+1 

+1 

300 

10 

TEST 
UNIT CONDITIONS 

IOL SmA l'J 

IOV20 mA 

rnA 5 rnA Each Pin 

TEST 
UNIT CONDITIONS 

ns BO pF Load 

n, 20 pF Load 

n, BO pF Load 

ns 20 pF Load 

ns 20 pF Load 

n, 

ns 100 pF Load 

nB 

n. BO pF Load 

ns 

PORTS 4·7 -----r------..;.:;::-.:.:;::,;;;;:;.;;;;;.:.;.;;;.;.;.;;;;;:.;;..------r-----~ 

PORTS~·7 
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CURRENT SINKING 
CAPABI LlTY CD 

PACKAGE' OUTLI NE 
J,tPD82C43 

flPD82C43 

3 4 5 6 7 9 10 11 12 13 14 15 16 
MAXIMUM SINK CURRENT AT ANY PIN 1VOl· 0.4VI 

MAXIMUM IOl WORST CASE PIN IN mAo 

Note: (]) This curve plots the guaranteed worst case current sinking capability of any 1/0 port line versus the total sink current of all pins. 

The /JP082C43 is capable of sinking 5 mA (for VOL =: O,4VI through each of the 161/0 lines simultaneously. The current sinking 
curve shows how the individual 110 line drive increases if all the If a lines are not fully loa~ed. 

:===A __ --;I rr~~ 
:~ ~------~--
: G +~ 

---'------oo-il t 0-15° \--

PLASTIC 

ITEM MILLIMETERS INCHES 

A 33 MAX 1.3 MAX 

2.&3 0.1 

2.54 0.1 

o 0.5! 0.1 0.02! 0.004 

27.94 1.1 

1.5 0.059 

G 2.54 MIN 0.1 MIN 

0.5 MIN 0.02 MIN 

5.22 MAX 0.205 MAX 

5.72 MAX 0.225 MAX 

15.24 0.6 

13.2 0.52 

M 0.25 +0.10 
-0.05 

+0.004 
0.01 -0.0019 

82C43DS-REV1-1-82-CAT 
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NEe 
NEe Electronics U.S.A. Inc. 

",PD8251 
",PD8251A 

Microcomputer Division 

PROGRAMMABLE COMMUNICATION INTERFACES 

DESCRIPTION The pPD8251 and pPD8251A Universal Synchronous/Asynchronous Receiver/ 
Transmitters (USARTs) are designed for microcomputer systems data communications. 
The USART is used as a peripheral and is programmed by the 8080A or other 
processor to communicate in commonly used serial data transmission techniques includ­
ing IBM Bi-Sync. The USART receives serial data streams and converts them into 
parallel data characters for the processor. While receiving serial data, the USART will 
also accept data characters from the processor in parallel format, convert them to serial 
format and transmit. The USART will signal the processor when it has completely 
received or transmitted a character and requires service. Complete USART status 
including data format errors and control signals such as TxE and SYNDET, is available 
to the processor at any time. 

FEATURES • Asynchronous or Synchronous Operation 
Asynchronous: . 

Five 8-Bit Characters 
Clock Rate - 1, 16 or 64 x Baud Rate 
Break Character Generation 
Select 1, 1-1/2, or 2 Stop Bits 
False Start Bit Detector 
Automatic Break Detect and Handling (pPD8251A) 

Synchronous: 
Five 8-Bit Characters 
Internal or External Character Synchronization 
Automatic Sync Insertion 

. Single or Double Sync Characters 
• Baud Rate (lX Mode) - DC to 56K Baud (pPD8251) 

- DC to 64K Baud (pPD8251A) 
• Full Duplex, Double Buffered Transmitter and Receiver 
• Parity, Overrun and Framing Flags 
• Fully Compatible with 8080A/8085/pPD780 (Z80™) 
• All Inputs and Outputs are TTL Compatible 
• Single +5 Volt Supply, ± 10% (8251A) ± 5% (8251) 
• Separate Device Receive and Transmit TTL Clocks 
• 28 Pin Plastic DIP Package 
• N-Channel MOS Technology 

PIN CONFIGURATION 02 

03 

RxD 

GNO 

°4 
05 

06 

°7 
hl 
WR 
~ 

c/15 

AD 
RxROY 

TM: Z80 is a registered trademark of 2ilog, Inc. 

0, 

00 

VCC 

J!fXC 
0'fR 
ffi 
OSR 

RESET 

ClK 

TxO 

TxE 

m-
SYNOET ("P082511 
SYNOET/BD ("PD8251A) 
TkROY 

Rev/5 
631 

07-00 
C/fj 

1m 
WR 
CS 
CLK 
AESET 
T.C 
TxO 
AxC 
AxO 
A.AOY 
TxAOY 
@i 
OTA 
SYNOET 
SYNOET180 
ATS 
CTS 
TxE 

VCC 
GNO 

PIN NAMES 
Oet. BUI 18 bits) 

Control or Dlt. il to bt Written or R,k1 

Reed D,g Command 

Write Oat. 01' Control Command 

ChipEnabl. 
Cloc~ Pul .. (TTLI 
A_. 
Transmitter Clock (TTL) 

Transmitter O.t. 

Receiver Clock (TTL) 

Receiver Data 

Receiver R • .,V (h. charKter for 8080) 

Tr~smitter R • .,V (ready for chlr. from 808(n 

Oat. Set Re8dy 

Data Terminal Reedy 

Sync Oetect 

Sync Deteetl8reak Detect 

".ques. '0 Sond Dot. 

Ct. ... to Send Dig 

Transmitter Empty 

+5 Vol. Supplv 
Ground 

m 



",PD8251 18251 A 

The IlPD8251 and IlPD8251A Universal Synchronous/Asynchronous Receiver/ 
Transmitters are designed specifically for 8080 microcomputer systems but work with 
most 8-bit processors. Operation of the IlPD8251 and IlPD8251A, like other I/O devices 
in the 8080 family, are programmed by system software for maximum flexibility. 

In the receive mode, the IlPD8251 or IlPD8251A converts incoming serial format data 
into parallel data a'nd makes certain format checks. In the transmit mode, it formats 
parallel data into serial form. The device also supplies or removes characte'rs or bits that 
are unique to the communication format in use. By performing conversion and format­
ting services automatically, the USART appears to the processor as a simple or "trans­
parent" input or output of byte-oriented parallel data. 

The pPD8251A is an advanced design of the industry standard 8251 USART. It 
operates with a wide range of microprocessors, including the 8080, 8085, and 
pPD780 (Z80™). The additional features and enhancements of the pPD8251 A over 
the pPD8251 are listed below. 

1. The data paths are double-buffered with separate I/O registers for control, status, 
Data In and Data Out. This feature simplifies control programming and min­
imizes processor overhead. 

2. The Receiver detects and handles "break" automatically in asynchroJlous 
operations, which relieves the processor of this task. 

3. The Receiver is prevented from starting when in "break" state by a refined Rx 
initialization. This also prevents a disconnected USART from causing unwanted 
interrupts. 

4. When a transmission is concluded the TxD line will always return to the marking 
state unless SBRK is programmed. 

5. The Tx Disable command is prevented from halting transmission by the Tx 
Enable Logic enhancement, until all data previously written has been trans­
mitted. The same logic also prevents the transmitter from turning off in the mid­
dle of a word. 

6. Internal Sync Detect is disabled when External Sync Detect is programmed. An 
External Sync Detect Status is provided through a flip-flop which clears itself 
upon a status read. 

7. The possibility of a false sync detect is minimized by: 

ensuring that if a double sync character is programmed, the characters be 
contiguously detected. 

clearing the Rx register to all Logic 1s (VOH) whenever the Enter Hunt com­
mand is issued in Sync mode. 

8. The RD and WR do not affect the internal operation of the device as long as the 
pPD8251A is not selected. 

9. The pPD8251A Status can be read at any time, however, the status update will 
be inhibited during status read. 

10. The IlPD8251 A has enhanced AC and DC characteristics and is free from 
extraneous glitches, providinn higher speed and improved operating margins. 

11. Baud rate from DC to 64K. 

c/o RD WR CS 
0 0 1 0 IlPD8251/IlPD8251A ~ Data Bus 
0 1 0 0 Data Bus ~ pPD8251/pPD8251A 
1 0 1 0 Status ~ Data Bus 
1 1 0 0 Data Bus ~ Control 
X X X 1 

Data Bus ~ 3-St2te 
X 1 1 0 

'TM: Z80 is a registered trademark of Zilog, Inc. 
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BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATlNGS* 

Operating Temperature .... . 
Storage Temperature ... . 
All Output Voltages ...... . 
All Input Voltages ..... . 
Supply Voltages . 

Ta = 25°e 

,.,PD8251 18251 A 

TxD 

TxADY 

TxE 

SYNDET ("PDB251I 
SYNDET/BD ("PDB251 AI 

.......... -ooe to +70°C 
-65°e to +150o e 
-0.5 to +7 Volts 
-0.5 to +7 Volts 
-0.5 to +7 Volts 

*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 . 

DC CHARACTERISTICS Ta = o°c to 70°C; VCC = 5.0V ± 10% for 8251A and ± 5% for 8251; GND = OV. 

LIMITS 

PD8251 uPD8251A 

PARAMETER SYMBOL MIN TYP MAX MIN MAX UNIT TEST CONDITIONS 

Input Low Voltage V,L -0.5 O.S 0.5 O.S V 

Input High Voltage V,H 2.0 VCC 2.2 VCC V 

Output Low Voltage VOL 0.45 0.45 
IJ PDS251 : 'OL·l.7mA 

V 
IJPDS251A: 'OL· 2.2 mA 

Output High Voltage VOH 2.4 
IJPDS251 : 'OH· -lOG lolA 

2.4 V 
IJPDS251A: 'OH· -400 lolA 

-50 -10 VOUT·0.45V 
Data Bus Leakage IDL lolA 

10 10 VOUT = VCC 

Input Load Current ',L 10 10 lolA At 5.5V 

Power S.upply Current SO 
IJPDS251A: All Outputs· 

ICC 45 100 mA 
Logic 1 

CAPACITANCE Ta = 25°C; VCC = GND· OV 

LIMITS TEST 
PARAMETER SYMBOL MIN TV' MAX UNIT CONDITIONS 

Input Capacitance C'N 10 pF le·l MHz 

1/0 Capacitance C,IO 20 pF Unmeasured 
pins returned 
toGNO 
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"PD8251 18251 A 
T •• O°C to 70°C; VCC' 5.0V ± 10% for 8251A; GND' OV; VCC· 5.0V t 5% for 8251 

I LIMITS J 
I jlPD8251 I jlPD8215A I TEST 

PARAMETER SYMBOL I MIN I MAX MIN I MAX I UNIT CONDITIONS 

READ 

Address S'able before READ. {~, ml 'AR 50 50 

Address Hold T,me for READ, (CS, COl 'RA 50 

ReAlS' Pulse Width 'RR 430 250 

Data Delay from READ 'RO 350 250 "P08251· CL - 100 pF 
"P08251A· CL' 150 pF 

Fi"EA15 10 Data Floating 'OF 200 100 ns 
"P08251 

CL -100pF 
25 10 CL=15pF 

WRITE 

Address Stable before WRITE 'AW 20 50 

Address Hold Time for WRITE 'WA 20 50 

wl'i"ln Pulse W,d,h 'WW 400 250 
Data Set-Up Time for WRITE 'OW 200 150 
Data Hold Time for'WJ!fTT'E" 'WO 40 30 
Recovery Time Between WRITES CV 'RV 6 'CY 

OTHER TIMING 

Clock Period Q) 'CY 0.420 1.35 0.32 1.35 
Clock Pulse Width High '¢W 220 0.7,CY 140 tCy·90 ns 
Clock Pulse Width Low '<J>W gO 

Clock Rise and Fall Time 'R,'F 50 20 

TxO Delay from Falling Edge of TxC 'OTx 
Rx Data Set-Up Time to Sampling Pulse tSRx lIS "P08251: CL • 100 pF 
Rx Data Hold Time to Sampling Pulse tHRx jlS 

Transmitter Input Clock Frequency fTx 
1 X Baud Rate DC 56 64 kH 
16X Baud R.,e DC 520 310 kHz 
64X Baud Rate DC 520 615 kHz 

I ransln.tter Input Clock PUlse Wldtn 'TPW 
1X Baud Rate 12 12 'cv 
16X and 64X Baud Rate 

'CY 
Transmitter Input Clock Pulse Delay 'TPO 

lX Baud Rate 15 15 'cv 
16X and 64X Baud Rate 3 J 'Cy 

Receiver Input Clock Frequency fRx 
IX Baud Ra,e DC 56 64 kHz 
16X Baud Ra,e DC 520 310 kHz 
64X Baud Rate DC; 5:lu 615 kHz 

Receiver Input Clock Pulse Width 'RPW 
lX Baud Rate 12 12 'cv 
16X and 64X Baud Rate 1 1 'CV 

Receiver Input Clock Pulse Delay 'RPO 
lX Baud Rate 15 15 'cv 16X and 64X Baud Rate J 3 'CY 

TxADY Delay from Center of Data Bit 'Tx 16 'Cy "P08251 C\ - 50 pF 
AxADY Delay from Center of Data Bit 'RX 20 24 ·CY 
Internal SYNDET Delay from Center 'IS 2S 24 'CY of Data Bit 

EXternal SYNDET Set-Up Time before 'ES 
Fall,ng Edge of RxC 

16 16 tCY 

TxEMPTY Delay from Center of Data Bit 'TxE 16 20 'Cy "P08251: C ' 50 pF 
Control Delay .!!.2m '3..l.!.iDg Edge of 
WRITE {TxE, OTR, RTSI 

'wc 16 'CY 

Control '0 READ Se'·Up T,me (OSR, CTSI 'CR 16 20 
'CY 

Notes· <D AC timings measured at VOH .. 2.0, VOL· 0.8, and With load CirCUit of Figure ,_ 

@ This recovery time is for Inltlaliz8tlon only, when MODE, SYNC1, SYNC2, COMMAND and first DATA BYTES are 
written into the USAAT. Subsequent wrIting of both COMMAND and DATA are only allovved when TxADY .. 1. 

@ The TxC and RxC frequencies have the follOWing limitations with respect to ClK_ 
For 1 X Baud Rate, fTx or fRx .; 1I{30,CY) 
For 16X and 64X Baud Ra,e, fTX or fRx " 11{4.S 'CY) 

@ Reset Pulse Width = 6 tCY minimum." 

® T TXROYCCR -2T CY + T $ + TR + 200ns 

@ TRXADYCLA -2TCY + T¢ + TR + 170ns 

2V 

Figure 1. 

510n (82!)1) 

420n (8251A) 

24K (8251) 
6K (8251A) 

>­« 
..J 
LIJ 
o 
~ 
::::l 
a. 
~ 
::::l o 
<3 

+20r---~----~-----r----' 

+10~---4~---+-----b~--1 

O~---+----~---;----, 

-10~--~~---+-----+----' 

-20~-L~ ____ ~ ____ ~ __ ~ 

-100 -50 o +50 

6 CAPACITANCE (pF) 

Typical t::. Output 

+100 

Delay Versus t::. Capacitance (pF) 

TEST LOAD CIRCUIT 634 

AC CHARACTERISTICS 



TIMING WAVEFORMS 

",PD8251 18251 A 

CLOCK 

SYSTEM CLOCK INPUT 

TPW . tTPD,.---..j 

:11XMODEI ~. ~.I .._ 

TxC 116x MODEl 

- !--tDTX '. tDTX I--
Tx DATA ===>r ~I:-----------x::::: 

Rx DATA 

RxC fix MODEl 

~116MODEI 

tNT SAMPLING 
PULSE 

TRANSMITTER CLOCK AND DATA 

RECEIVER CLOCK AND DATA 

WRITE DATA CYCLE (PROCESSOR -+ USART) 

READ DATA CYCLE (PROCESSOR + USART) 
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0) 
5TR.RTS--------------------------------~~---------­

------------------------~~~--------WR _________________ .~r_--tw-c-~----------
~ 

DATA IN (O.B.) ----------~tl==ljf-----------

c/O _______ • ...J 

cs-------__. 

WRITE CONTROL OR OUTPUT PORT CYCLE 
(PROCESSOR -+ USART) 

o 
i5SR. C'i'S ----..... ,..--------------------------__ 

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

DATAOUT ___________________ -1~t=:::::::::tj---------
(O.B.) 

C/t5 _____________ . __ J 

~ ---------_1 
READ CONTROL OR INPUT PORT CYCLE 

(PROCESSOR -+- USART) 

NOTES: <2) TwC Includu the , .. pon .. timing 0'. control bytt. 

o T CR Includfll the effect of CTI on ,he T.ENBl circuitry 

Tx EMPTY ----_ 

Tx READY 
(STATUS BIT! 

. Tx READY 
(PIN) 

cio 

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

Wr SBRK 
~--~---~--~ 

Tx DATA -------~ ,.,..,..,.".,rvv-AlLlnmru' D(Xlmrrt~-------:\L:XD[i,, __ L 
DATA CHAR 1 DATACHAR2 DATACHAR3 

EXAMPLE FORMAT' 7 BIT CHARACTER WITH PARITY AND 2 STOP BITS. 

TRANSMITTER CONTROL AND FLAG TIMING 
(ASYNC MODE) 
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TIMING WAVEFORMS 
(CaNT.) 

IlPD8251 18251 A 

BREAKDETECT~(~-P-D8~2~5-1A~I------______ --------------------------~ 
OVERRUN ERROR 

(STATUS BITI--------------_--::t----:t":::'R-X ":::'R~DY-:---...;.--4 

r--n~----¥ Rx ROY ---------------~ 

C/5;!~;=========~~==4=====jJ~~===;~~~~ 
WTl Wr RXEn,--1 -----------t-t------+-------t-~ F"------""I-\ 

~---------------~r_--_t------~ r-~------_t--~----

Rx DATA ---------"'\ 

'DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 

EXAMPLE FORMAT = 7 81T CHARACTER WITH PARITY AND 2 STOP BITS, 

rn 

RECEIVER CONTROL AND FLAG TIMING 
(ASYNC MODE) 

h EMPTY "---1-_ 
T'---------f 

T'READV---+----+, 
ISTATUS BIT! 

Tx READY 
IPINI' 

~~~====~~'~'P~A~Rto~~AxR~~pXA~Ral~PA~Rpj~PA~Rxn~PArR~T~ ~S~PA~C:,N~G~I~5a~~ID~~ETC 
DATA DATA SYNC SYNC DATA DATA LSTATE 

CHAR 1 CHAR 2 CHAR I CHAR 2 CHAR 3 CHAR 4WKING "MARK'iiiiG DATA SYNC 

SYNDET 

STATE STATE CHAR 5 CHAR 

EXAMPLE FORMAT· 5 BIT CHARACTER WITH PARITY AND 2 SYNC CHARACTERS 

TRANSMITTER CONTROL AND FLAG TIMING 
(SYNC MODE) 

SYNDE T IS.BI ----------------4' 
OVERRUN 

ERROR IS,BI --------------1f------+-t-----.I 

R, RDY IPINI _____________ +-__ "-1 

CD 
Wr EH' 

R,E~n'---------~-~t~f-4+r---~__. ~I-~~ 

AD --+----------r-~-+'\ I r"'\II;r---h.1 

EXIT HUNT MODE I SET SYNDET ISTATUS BIT! 
SET SYNDET (STATUS BIT! 

RECEIVER CONTROL AND FLAG TIMING 
(SYNC MODE) 

Notes: (j) Internal sync; 2'sync characters, 5 bits, with parity. 
C2> External sync, 5 bits, with parity. 
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PIN PIN IDENTIFICATION 

NO. SYMBOL NAME 
FUNCTION 

1,2, D7 -DO Data Bus Buffer An 8-bit, 3-state bi-directional buffer used to 
27,28 interface the USART to the processor data 
5-8 bus. Data is transmitted or received by the 

buffer in response to input/output or Read/ 
Write instructions from the processor. The 
Data Bus Buffer also transfers Control words, 
Command words, and Status. 

26 VCC V CC Supply Voltage +5 volt supply 

4 GND Ground Ground 

This logic block accepts inputs from the pro-
cessor Control Bus and generates control signals 
for overall USART operation. The Mode 

Read/Write Control logic Instruction and Command Instruction registers 
that store the control formats for device func-
tional definition are located in the Read/ 
Write Control logic. 

21 RESET Reset A "one" on this input forces the USART into the 
"Idle" mode where it will remain until reinitial-
ized with a new set of control words. Minimum 
RESET pulse width is 6 tCY. 

20 ClK Clock Pulse The ClK input provides for internal device tim-
ing and is usually connected to the Phase 2 (TTL) 
output of the IJPB8224 Clock Generator. 
External inputs and outputs are not referenced 
to ClK, but the ClK freq\,Jency must be at 
least 30 times the Receiver or Transmitter 
docks in the synchronous mode and 4.5 
times for the asynchronous mode. --

10 WR Write Data A "zero" on this input instructs the USART 
to accept the data or control word which 
the processor is writing out on the 
data bus. 

13 RD Read Data A "zero" on this input instructs the USART 
to place the data or status information 
onto the Data Bus for the processor to 
read. --12 C/D Control/Data ~ Con!.!:2J/Data input, in conjunction with the 
WR and RD inputs, informs the USART to 
accept or provide either a data character, 
control word or status information via the 
Data Bus. 0 = Data; 1 = Control. 

11 CS Chip Select A "zero" on this input enables the USART to 
read from or write to the processor. 

The IJPD8251 and IJPD8251 A have a set of 
Modem Control control inputs and outputs which may be used to 

simplify the interface to a Modem. 

22 DSR Data Set Ready The Data Set Ready input can be tested by the 
processor via Status information. The 5SR input 
is normally used to test Modem Data Set Ready 
condition. 

24 DTR Data Terminal Ready The Data Terminal Ready output can be con-
trolled via the Command word. The DTR output 
is normally used to drive Modem Data Terminal 
Ready or Rate Select lines. 

23 RTS Request to Send The Request to Send output can be controlled 
via the Command word. The RTS output is 
normally used to drive the Modem Request to 
Send line. 

17 CTS Clear to Send A "zero" on the Clear to Send input enables the 
USART to transmit serial data if the TxEN bit in 
the Command Instruction register is enabled 
(onel. 
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TRANSMIT BUFFER 

PIN IDENTIFICATION 
(CONT.) 

/lPD8251 AN D /lPD8251 A 
INTERFACE TO 8080 

STANDARD SYSTEM BUS 

",PD8251 /8251 A 

The Transmit Buffer receives parallel data from the Data Bus Buffer via the internal 
data bus, converts parallel to serial data, inserts,the necessary characters or bits needed 
for the programmed communication format and outputs composite serial data on the 
TxD pin. 

• PIN 

NO. SYMBOL NAME 
FUNCTION 

The Transmit Control logic accepts and outputs 
Transmit Control logic all external and internal signals necessary for 

serial data transmission. 
15 TxRDY Transmitter Ready Transmitter Read'y' signals the processor that the 

transmitter is ready to accept a data character, 
TxRDY can be used as an interrupt or may be 
tested through the Status information for polled 
operation. Loading a character from the processor 
automatically resets TxRDY, on the leading edge, 

18 TxE Transmitter Empty The Transmitter Empty output signals the 
processor that the USART has no further char· 
acters to transmit. TxE is automatically reset 
upon receiving a data character from the pro· 
cessor. In half·duplex, TxE can be used to signal 
end of a transmission and request the processor 
to "turn the line around," The TxEn bit in the 
command instruction does not effect TxE, 

In the Synchronous mode, a "one" on this out· 
put indicates that a Sync character or charac· 
ters are about to be automatically transmitted 
as "filiers" because the next data character has 
not been loaded. 

9 TxC Transmitter Clock The Transmitter Clock controls the serial charac 
tertransm iss ion rate. In the Asynchronous 
mode, the TxC frequency is a multiple of the 
actual Baud Rate. Two bits of the Mode Instruc· 
tion select the multiple to be 1 x, 16x, or 64x 
the Baud Rate. In the Synchronous mode. the 
TxC frequency is automatically selected to 
equal the actual !:laud Rate. 

Note that for both Synchronous and Asynchro· 
nous modes, serial data is shifted out of the 
USART by the falling edge of TxC. 

19 TxD Transmitter Data The Transmit Control Logic outputs the 
composite serial data stream on this pin. 

) ADDRESS BUS \ 
AO 

~ CONTROL BUS \ 
-- -- ,)2 
I/O R ilOW RESET (TTL) 

~ DATA BUS \ 
A 

8 

( V () -( 
- - -

C/D CS D7 - DO RD WR RESET ClK 

pPD8251/8251A 
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The Receive Buffer accepts serial data input at the RxD pin and converts the data 
from serial to parallel format. Bits or characters required for the specific communica­
tion technique in use are checked and then an eight-bit "assembled" character is 
readied for the processor. For communication techniques which require less than 
eight bits, the IlPD8251 and IlPD8251 A set the extra bits to "zero." 

PIN 

NO. SYMBOL NAME 
FUNCTION 

Receiver Control Logic 
This block manages all activities related to 
incoming data. 

14 RxRDY Receiver Ready The Receiver Ready output indicates that the 
Receiver Buffer is ready with an "assembled" 
character for input to the processor. For Polled 
operation, the processor can check RxRDY 
using a Status Read or RxRDY can be con-
nected to the processor interrupt structure. 
Note that reading the character to the pro-
cessor automatically resets RxRDY. 

25 RxC Receiver Clock The Receiver Clock determines the rate at which 
the incoming charac~ received. In the Asyn-
chronous mode, the RxC frequency may be 1.16 
or 64 times the actual Baud Rate but in the Syn-
chronous mode the RXC frequency must equal 
the Baud Rate. Two bits in the mode instruction 
select Asynchronous at 1 x, 16x or 64x or Syn-
chronous operation at 1 x the Baud Rate. 

Unlike TxC, data is sampled by the IJPD8251 and 
IJPD8251 A on the rising edge of RxC. <D 

3 RxD Receiver Data A composite serial data stream is received by 
the Receiver Control Logic on this pin. 

16 SYNDET Sync Detect The SYNC Detect pin is only used in the 
(J.LPD8251) Synchronous mode. The J.LPD8251 may be pro-

grammed through the Mode Instruction to 
operate in either the internal or external Sync 
mode and SYNDET then functions as an output 
or input respectively. In the internal Sync mode, 
the SYNDET output will go to a "one" when 
the J.LPD8251 has located the SYNC character 
in the Receive mode. If double SYNC 
character (bi-sync) operation has been pro-
grammed, SYNDET will goto "one" in the 
middle of the last bit of the second SYNC 
character. SYNDET is automatically reset to 
"zero" upon a Status Read or RESET. In the 
external SYNC mode, a "zero" to "one" transi-
tion on the SYNDET input will cause the 
J.LPD8251 to start assembling data character 
on the next falling edge of ~. The length of 
the SYNDET input should be at least one RxC 
period, but may be removed once the 
J.LPD8251 is iii SYNC. 

16 SYNDET/BD Sync Detectl The SYNDET/BD pin is used in both Synchro-
(J.LPD8251A) Break Detect nous and Asynchronous modes. When in SYNC 

Note: <D 

Examples: 

mode the features for the SYNDET pin 
described above apply. When in Asynchro-
nous mode, the Break Detect output will go 
high which all zero word of the programmed 
length is received. This word consists of: start 
bit, data bit, parity bit and one stop bit. Reset 
only occurs when Rx data returns to a logic 
one state or upon chip reset. The state of 
Break Detect can be read as a status bit. 

Since the J.LPD8251 and IJPD8251A will frequently be handling both the reception and 
transmission for a given link, the Receive and Transmit Baud Rates will be same. RxC 
and TxC then require the same frequency and may be tied together and connected to 

a single clock source or Baud Rate Generator. 
If the Baud Rate equals 110 (Async): If the Baud Rate equals 300: 

RxC or TxC equals 110Hz (1 x) 
RxC or TxC equals 1.76 KHz (16x) 
~ or "i'XC equals 7.04 KHz (64x) 

RxC or TxC equals 300 Hz (1 x) A or S 
RxC or TxC equals 4800 Hz (16x) A only 
RxC or TxC equals 19.2 KHz (64x) A only 
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OPERATIONAL 
OESCR IPTION 

IlPD8251 18251 A 

A set of control words must be sent to the J.LPD8251 and J.LPD8251 A to define the 
desired mode and communications format. The control words will specify the BAUD 
rate factor (lx, 16x, 64x), character length (5'to 8), number of STOP bits (1,1-1/2, 
2) Asynchronous or Synchronous mode, SYNDET (IN or OUT), parity, etc. 

After receiving the control words, the J.LPD8251 and J.LPD8251A are ready to commu-' 
nicate. TxR DY is raised to signal the processor. that the USART is ready to receive a 
character for transmission. When the processor writes a character to the USART, 
TxRDY is automatically reset. 

Concurrently, the J.LPD8251 and pPD8251A may receive serial data; and after 
receiving an entire character, the RxRDY output is raised to indicate a completed 
character is ready for the processor. The processor fetch will automatically reset 
RxRDY. 

Note: The pPD8251 and pPD8251A 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 cClse for the first read after hardware or software reset 
after the device operation has once been established. 

The pPD8251 and pPD8251A Cannot transmit until the TxEN (Transmitter 
Enable) bit has been set by a Command Instruction and until the CTS (Clear 
to Send) input isa "zero". TxD is held in the "marking" state after Reset 
awaiting new c~:>ntrol words. 

USART PROG RAMMING 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 cOrTlmunications interface. If an ~xternal 
RESET is not available, three successive 00 Hex or two successive 80 Hex CO,mmand 
instructions (C/i) =1) followed by a, software reset commC\nd instruction (40 Hex) 
can be used to initialize th~ pPD8251 and pPD8251A. 

There are two control word formats: 

1. Mode Instruction 
2. Command Instruction 

MOD E I NST R UCTI ON 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 I nstruction 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 charac,ter definition if immediately 
preceded by a Mode Instructio,n, which specified a Synchronous format. After the 
SYNC character(s) ,are specified or after an Asynchronous Mode Instruction, all sub­
sequent contro.! 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. 
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ctiS - MODE INSTRUCTION 

c/o - SYNC CHARACTER 1 

ctiS SYNC CHARACTER 2 

citS COMMAND INSTRUCTION 

cliS - 0 DATA ... 

C/O ~ 1 COMMAND INSTRUCTION 

c/iS c 0 f 
r-----------------, 

DATA 

C /is ~ 1 COMMAND INSTRUCTION 

} 

SYNC MODE 

ONLY CD 

NOTE CD The second SYNC character is skipped if MODE instruction has pro­
grammed the /JPD8251 and /JPD8251A to single character Internal 
SYNC Mode. Both SYNC characters are skipped if MODE 
instruction has programmed the /JPD8251 and /JPD8251 A to ASYNC 
mode. 

The J.lPD8251 and J.lPD8251A can operate in either Asynchronous or Synchronous 
communication modes. Understanding 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 clarity. 

When a data character is wri tten into the J.lPD8251 and I1PD8251 A, the USA RT 
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 jus~~ore the STOP bit(s), as specified by the 
Mode Instruction. Then, depending on CTS and TxEN,the character may be trans­
mitted as a serial data stream at the TxD output. Data is shifted out by the falling 
edge of TxCat -'--;ZC, TxC/16 or TxC/64, as defined by the Mode Instruction. 

If no data characters have been loaded into the J.lPD8251 and J.lPD8251A, or if all 
available characters have been transmitted, the TxD output remains "high" (marking) 
in preparation for sending the START bit of the next character provided by the 
processor. TxD may be forced to send a BREAK (continuously low) by setting the cor­
rect bit in the Command Instruction. 

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 
character. The START bit is checked by testing for a "low" at its nominal center 
as specified by the B,LWD RATE. If a "low" is detected again, it is considered valid, 
and the bit assembling CDunter starts counting. The bit counter locates the approxi­

mate center of the data, parity (if specified), and STOP bits. The parity error flag (PEl 
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 uit, which normally signals the end 
of an input character, a framing error (FE) will be set. After a valid STOP bit, the input 
character is loaded into the parallel Data Bus Buffer of the J.lPD8251 and J.lPD8251A 
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 charac­
ter 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 sub­
sequent USART operation. 
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TYPICAL DATA BLOCK 

MODE INSTRUCTION 
DEFINITION 

ASYNCHRONOUS 
TRANSM ISSION 

ASYf\JCH RONOUS 
RECEIVE 



I s21 sll EP IpENI L21'LI 1 B21 Bll: 

'~L BAUD RATE FACTOR 

0 1 0 1 

'0 0 1 1 

. SYNC 
(1.X) (16X) (64X) MODE 

CI;!ARACTER 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/CHE CK 
1 .EVEf\! 0 ODD 

NUMBER OF STQ~ BITS 

0 1 0 1 

.. 0 0 1 1 

INVALID 
1 11, 2 

81T BITS BITS , .. 

TxD MARKING ST,&;t 
BITS L 

RxD 

TRANSMITTER OUTPUT 
DO 01 02 

t t ~ -
,--_S_TB_~_~ ... T,...' _. L.I __ D_A_~~; Br'_T_S_ . .....,J'--___ ...J 

RECEIVER INPUT 

PROCESSOR BYTE (5-8 BITS/CHAR) 

DATA C~~RACTEn. 
ASSEMBLED SERIAL DATA OUTPYT (TxD) 

'--S_T_:_I~_T~ ____ D_A_TA~~HARACTER 
TRANSMISSI'ON FORMAT 

SERIAL DATA ',NPUT (RxD) 

STOn 
BITS L 

STOn. 
BITW 

'--____ ~ _________ ~ ~------~------~---~_{i~ 
PROCESSOR BYTE (5-8 BITS/CHAR) Q) 

DATA CH;;ACTER 

RECEIVE FORMAT 

Notes:~, Generated bv !,PD8251 /8251 A 
2 Does not appear on the Data Bus. 
3 II character fength is defined as 5, 6, or 7 bits, the 

. unused bi ts, are set to "zero," 
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As in Asynchronous transmission, the TxD output remains "high" (marking) 
until the J,lPD8251 and J,lPD8251 A receive the first character (usually a SYNC 
character) from the processor. After a Command Instruction has set TxEN and 
after tlear to Send (eTs') 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 format 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 IJPD8251 and J,lPD8251A Transmit 
8uffer becomes empty, the SYNC character(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 maintain synchronization until new data 
characters are available for transmission. If the J,lPD8251 and J,lPD8251 A become 
empty, and must send the SYNC character(s). the TxEMPTY output is raised to signal 
the processor that the Transmitter Buf'fer is empty and SYNC characters are being 
transmitted. TxEMPTY is automatically reset by the next character from the processor. 

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 J,lPD8251 and fJPD8251A leave the HUNT mode and are in char­
acter synchronization. At this time, the SYNDET (output) ~ set high. SYNDET is 
automatically reset by a STATUS READ. 

If external SYNC has been specified in the Mode Instruction, 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 Synchronous 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 Synchronous 
format. 

The processor may command the receiver to enter the HUNT mo~e with a Command 
Instruction which sets Enter HUNT (EH) if synchronization is lost. 

07 06 05 04 03 02 0, Do 

l scs}sDl EP lPENl L? I L, I 0 I 0 I 

I I 

l . 

. 

CI;lARACTER LENGTH 

0 1 0 1 

0 0 1 1 

5 6 7 8 
BITS BITS BITS BITS 

PARITY ENABLE 
11 ENABLEI 
10 DISABLE I 

EVEN PARITY GENERATION/CHE 
1 EVEN 
o 000 

EXTERNAL SYNC DETECT 
1 SYNOET IS AN INPUT 
0 SYNOET IS AN OUTPUT 

SINGLE CHARACTER SYNC 
SINGLE SYNC CHARACTER 
DOUBLE SYNC CHARACTER 
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SYNCHRONOUS 
TRANSMISSION 

SYNCHRONOUS 
RECEIVE 

MODE INSTRUCTION 
FORMAT 
SYNCHRONOUS MODE 



TRANSMIT/RECEIVE 
FORMAT 

SYNCH RONOUS MODE 

COMMAND INSTRUCTION 
FORMAT 

PROCESSOR BYTES 15-8 BITS'CHARI 

OAT A C:\RACTERS 

ASSEl\lAL ED SERIAL DATA OUTPUT IT,D} 

IlPD8251 18251 A 

SYNC 
CHAR 1 

SYNC 
CHAR :, OATACH~R;~A_C_TE_R_S ______ ~ 
TRANSMIT FORMAT 

SERIAL DATA INPUT (R.DI 

DA T A CHAR: ... A_C_T_E R_S ___ ...J 

PROCESSOR BYTES 15-8 BITS CHAR! CD 

UA'AC:~ 
RECEIVE FORMAT 

Note CD If charactel len<Jth IS defIned as 5, 6 Or 7 b,ts, 1111' ullu,,,d 

bIts arc set to "lero," 

After the functional definition of the J.lPD8251 and J.lPD8251A has been specified by 
the Mode Instruction and the SYNC character(s) have been entered (if in SYNC model. 
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" (C/O = 1) wi II load or overwrite the Command Instruction 
register. A Reset operation (internal via CMD IR or external via the RESET input) 
will cause the J.lPD8251 and J.lPD8251A to interpret the next "control write", which 
must immediately follow the reset, as a Mode Instruction. 

STATUS READ FORMAT It is frequently necessary for the processor to examine the status of an active 
interface device to deter'T'ine if errors have occurred or if there are other conditions 
which require a response from the processor. The J.lPD8251 and J.lPD8251 A 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/D 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 J.lPD8251 and J.lPD8251 A to be used in both Polled 
and interrupt driven environments. Status update can have a maximum delay of 16 
clock periods in the J.lPD8251 and 28 clock periods in the J.lPD8251 A. 

PA R I TV ERR 0 R 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 being 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 E R 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 <D If a valid STOP bit is not detected at the end of a character, the FE flag is !oet. It 
is cleared by setting the ER bit in a subsequent Command Instruction. FE being set 
does not inhibit USART operation. 

Note: CD ASYNC mode on!y. 
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fiPD8251 18251 A 

COMMAND INSTRUCTION 
FORMAT 

STATUS READ FORMAT 

I DSR I SYNOET I 
IBD 

FE I OE I PE 

I 1 

'---

TRANSMIT ENABLE 
I = enable 
a = disable 

DATA TERMINAL 
READY 
"high" will lorce i5i'R 
output to zero 

RECEIVE ENABLE 
I = enable 
a ".disable 

SEND BREAK 
CHARACTER 
I = force. TxO "low" 
o • normal operation 

ERROR RESET 
1 • reset all error flags 

PE, OE, FE 

REQUEST TO SE!:!.Q 
"high" will force RTS 
output to zero 

INTERNAL RESET 
"high" relurns USART to 
Mode Instruction Format 

ENTER HUNT MQDE 
I " enable search for Sync 
Charac ters CD 

0, DO 

I TxE I RxROY I TxROY I 
1 T C 

SAME DEF INITIONS AS I/O PINS 

PARITY ERROR 
The PE lIag is set when a parity 
error is detected. It is re.I' bv 
the ER bit of the Command 
Instruction. PE does not inhibit 
operation of the "POB25 I and 
"PD82S1A. 

OVERRUN ERROR 
The OE lIag is set when the CPU 
does nol rtfed a character before 
the nexi one becomes available. 
" is re.et by the ER bit of the 
Command Instruction. OE does 
not Inhibit oPerat.on of the "P082S1 
and "PD8251A; but, the pre· 
vioullV overrun character is lost. 

FRAMING ERROR (AlYnc onlyl 
The FE lIag is Ht when. valid 
Stop bit il not detected at the 
Ind of every charecter. It is reset 
b1 the ER bit of the Command 
Inltruction. FE does not inhibit 
the operation of the "P082S1 and 
"P082S1A. 

Not .. : CD No effect .n ASYNC mode. 

<l) TxRDY stetus bit il not totally eQuivalent to the TxROY output p.n, the relatioalhip 

is .1 follows: 

646 TxROY statuI bit· DB Butter Empty 

T.ROY (pin 151 • DB Buffer Empty. m. TxEn 



APPLICATION OF THE j.LPD8251 
AND I;!PD8251 A 

IlPD8251 18251 A 

ASYNCHRONOUS SERIAL INTERFACE TO CRT TERMINAL. 
DC to 9600 BAUD 

PHONE 
LINE 

INTER 
FACE 

t 
TELEPHONE 

LINE 

ASYNCHRONOUS INTERFACE TO TELEPHONE LINES 

SYNCHRONOUS 
TERMINAL 

OR PERIPHERAL 
OEVICE 

SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE 

SYNC 
MOOEM 

PHONE 
LINE 

INTER· 
FACE 

TELEPHONE 
LINE 

SYNCHRONOUS INTERFACE TO TELEPHONE LINES 
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IlPD8251 18251 A 

----K------j 
~------------- A . --1 I ~L----11 . 
L.- . -' : :. . . .. . rw;.-~ 

H..-;--' . I' .r. I 'I ' I • t : i :: " M , ~ • ,~ l-: __ ~i ___ --i~D --l G ... ;-,7a 
Plastic 

ITEM MILLIMETERS INCHES 

A 38.0 MAX. 1.496 MAX. 

B 2.49 0.098 

C 2.54 0.10 

0 0.5! 0.1 0.02 ! 0.004 

E 33.02 1.3 

F 1.5 0.059 

G 2.54 MIN. 0.10MIN. 

H 0:5 MIN'. 0.02 MIN. 

I 5.22 MAX. 0.205 MAX. 

J 5.72 MAX. 0.225 MAX. 

K 15.24 0.6 

L 13.2 0.52 

M 0.25 + ~:~~ .. 0.004 
0.01 0.002 

-----A 

Ceramic 

PACKAGE QUTLlN,ES 
JlPD8251 C 
JlPD8251AC 

JlPD8251D 
JlPD8251AD 

ITEM MILLIMETERS INCHES 
A 36.2 MAX. 1.43 MAX. 
B 1.59 MAX. 0.06 MAX. 
C 2.54 ± 0.1 0.1 ± 0.004 
0 0.46 ± 0.01 0.02 ± 0.004 
E 33.02 ± 0.1 1.3 ± 0.004 
F 1.02 MIN. 0.04 MIN. 
G 3.2 MIN. 0.13MIN. 
H 1.0MIN. 0.04 MIN. 
I 3.5 MAX. 0.14 MAX. 
J 4.5 MAX. 0.18 MAX. 
K 15.24 TYP. 0.6 TYP. 
L 14.93 TYP. 0.59 TYP. 
M 0.25 ± 0.05 0.01 ± 0.002 

8251/8251 ADS-R EV5-1-82-CAT 
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NEe IiPD8253-5 

NEe Electronics U.S.A. Inc. 
Microcomputer Division 

PROGRAMMABLE I'NTERVAL TIMER 

OESCR I PTION The NEC IlPD8253-5 contains three independent, programmable, multi-modal l6-bit 
counter/timers. It is designed as a general purpose device, fully compatible with the 
8080 family. The IlPD8253-5 interfaces directly to the busses of the processor as an 
array of I/O ports .. 

The IlPD8253-5 can generate accurate time delays under the control of system software. 
The three independert l6-bit counters can be clocked at rates from DC to 4 MHz. 
The system software'controls t~El'oading and starting of the counters to provide 
accurate mUltiple time delays. The oounter output flags the processor at the comple­
tion 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 IlPD8253-5 in microprocessor based 
systems are: 

• Programmable Baud Rate Generator 

• Event Counter 

• Binary Rate Multiplier 

• Real Time Clock 

• Digital One-Shot 

• Complex Motor Controller 

• NEC Now Supplies IlPD8253-5 to all IlPD8253. Requirements 

FEATURES • Three Independent l6-Bit Counters 

• Clock Rate: DC to 4 MHz 

• Count Binary or BCD' 

• Single +5 Volt Supply, ±10% . 

• 24 Dual-In-Line Plastic Package 

PIN CONFIGURATION 
07 24 VCC 

06 2 23 WR PIN NAMES 

05 3 22 RO 07-0 0 Data Bus (8-Bitl 

04 4 21 CS CLK N Counter Clock Inputs 

03 5 20 A1 

02 6 IlPD 19 AO 

GATE N Counter Gate Inputs 

OUT N Counter Outputs 

RO Read Counter 

01 7 8263-6 18 CLK 2 WR Write Command or Data 

DO 8 17 OUT2 CS Chip Select 

CLK 0 9 16 GATE 2 AO.A1 Counter Select 

OUTO 10 15 CLK 1 
VCC +5 Volts 

GNO Ground 
GATE 0 11 14 GATE 1 

GNO 12 13 OUT1 

REw/5 
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flPD8253-5 
Data Bus Buffer 
The 3-state, 8-bit, bi-directional Data Bus Buffer interfaces the J..LPD8253-5 to the 
8080AF/8085A microprocessor system. It will transmit or receive data in accordance 
with the INput or OUTput instructions executed,by the processor. There are three 
basic functions of the Data Bus Buffer. 

1. Program the modes of the J..LPD8253-5. 
2. Load the count registers. 
3. Read the count values. 

Read/Write Logic 
The Read/Write Logic controls the overall operation of the J..LPD8253-5 and is governed 
by inputs received from the processor system bus. 

Control Word Register 
Two bits from the address bus of the processor, AO and A1, select the Control Word 
Register when both are at a logic "1" (active-high logic). When selected, the Control 
Word Register stores data from the Data Bus Buffer in a register. This data is then 
used to control: 

1. The operational MOD E of the counters. 
2. The selection of BCD or Binary counting. 
3. The loading of the count registers. 

RD (Read) 
This active-low signal instructs the J..LPD8253-5 to transmit the selected counter value 
to the processor. 

WR (Write) 

This active-low signal instructs the J..LPD8253-5 to receive MODE information or 
counter input data from the processor. 

A1, AO 
The A1 and AO inputs are normally connected to the address bus of the processor. 
They control the one-of-three counter selection and address the control word register 
to select one of the six operationa I MOD ES. 

CS (Chip Select) 
The J..LPD8253-5 is enabled when an active-low signal is applied to this input. Reading 
or writing from this device is inhibited when the chip is disabled. The counter opera­
tion, however, is not affected. 

Counters #0, #1, #2 
The three identical, 16-bit down counters are functionally independent allowing for 
separate MODE configuration and counting operation. They function as Binary or 
BCD counters with their gate, input and output line configuration determined by the 
operational MODE data stored in the Control Word Register. The system software 
overhead time can be reduced by allowing the control word to govern the loading of 
the count data. 

The programmer, with READ operations, has access to each counter's contents. The 
J..LPD8253-5 contains the commands and logicto read each counter's contents wl1ile 
still counting without disturbing its operation. 

The following is a table showing how the counters are manipulated by the input signals 
to the ReadlWrite Logic. 

cs RD WR A1 AO FUNCTION 

0 1 0 0 0 Load Counter No. 0 
0 1 0 0 1 Load Counter No. 1 
0 1 0 1 0 Load Counter No.2 
0 1 0 1 1 Write Mode Word 
0 0 1 0 0 Read Counter No. 0 
0 0 1 0 1 Read Counter No.1 
0 0 1 1 0 Read Counter No.2 
0 0 1 1 1 No-Operation, 3-State 
1 X X X X Disable, 3-State 
0 1 1 X X No-Operation, 3-State 
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BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

IlPD8253-5 

r---------------------------------, I I 
I I 
I I 
I I 
I I 
I I 
I I 

07.0 0 I JLOCK 0 
I 

1---_t_--IOo(IWR 

I----t---'Al 

I----+--'AO 

PROCESSOR PROCESSOR PROCESSOR 

OUT 2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ADDRESS CONTROL DATA 
,uPD8263·5 I 

-----------------------------------~ BUS BUS BUS 

Operating Temperature . . . . . . . . . . . . . . . . . . . . . 0° C to +70° C 
Storage Temperature ............................... -65°C to +150°C 
Voltage on Any Pin ............................... -0.5 to +7 Volts(0 

Note: CD With respect to ground. 

Ta - 25°C 

*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. 

DC CHARACTERISTICS Ta =OOCto+70oC;VCC=+5V:t 10% 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input low Voltage Vil -0.5 0.8 V 

Input High Voltage VIH 2.0 VCC+O·5 V 

Output low Voltage VOL 0.45 V IOl - 2.2 mA 
Output High Voltage VOH 2.4 V 'OH· -400J.lA 
Input load Current III :t10 J.lA VIN = VcctoO V 
Output Float leakage Current IOFl ±10 J.lA VOUT = VcctoO V 

VCC Supply Current ICC 140 mA 

CAPACITANCE Ta = 25°C; VCC = GND = OV 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Input Capacitance C,N 10 pF fc = 1 MHz 
Input/Output Capacitance CI/O 20 pF Unmeasured pins returned 

to VSS. 
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flPD8253-5 
T.-0·CtO+70·C;VCC .+6V:t 10%;GND-OV AC CHARACTERISTICsCD 

LIMITS 

PARAMETER SYMBOL ~PD8253·5 UNIT 
TEST 

CONDITIONS 
MIN pYP IMAX 

READ 

Address Stable Before READ tAR 0 ns 

Address Hold Time for mAl') tRA 0 ns 

REAI5 Pulse Width tRR 260 ns 

Data Delay from 1!ItAD tRO 170 ns Cl=l60pF 

~A15 to Data Floating tOF 25 100 ns Cl= 160 pF 

WRITE 

Address Stable Before WRITE tAW 0 ns 

Address Hold Time for ~ tWA 0 ns 

WRITE Pulse Width tww 260 nS 

Data Set Up Time for"WRlTE" tow 150 ns 

. Data Hold Time for~ two 0 ns 

Recovery Time Between VVRii"ES tRV 1 ~s 

CLOCK AND GATE TIMING 

Clock Period tClK 250 DC ns 

H;'gh Pulse Width tpWH 160 ns 

low Pulse Width tpWl 90 ns 

Gate Pulse Width High tGW 150 ns 

Gate Set Up Time to Clock 1 tGS 100 ns 

Gate Hold Time After Clock! tGH 50 ns 

low Gate Width tGl 100 ns 

Output Delay from Clock I too 300 ns Cl = 150 pF 

Output Delay from Gate tOOG 300 ns Cl = 150 pF 

Note: CD AC Timing Measured at VOH - 2.2V; VOL = o.av. 

TIMING WAVEFORMS 

READ TIMING 

cs 
---J·l-------------~f~-------

DATA BUS 
-----------',~~--+_---f'~---

WRITE TIMING 

CLOCK AND GATE TIMING 
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PROGRAMMING 
TH E JLPD8253·5 

IlPD8253-5 

The programmer can select any of the six operational MODES for the counters using 
system software. I ndividual counter programming is accomplished by loading the 

CONTRO L WOR DREG ISTER with ,the appropriate control word data (AO. A 1 = 11). 

CONTROL WORD FORMAT 

SC - Select Counter 

SC1 SCO 

0 0 Select Counter 0 

0 1 Select Counter 1 

1 0 Select Counter 2 

1 1 Invalid 

R L - 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 

BCD 

Binary Counter, 16·Bit5 

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 

653 



:,.PD8253-5 

Each of the three counters can be individually programmed with different operating OPERATIONAL MODES CD 
MODES by appropriately formatted Control Words. The following is a summary of the 
MOD E operations. 

Mode O:lnt~rrupt 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 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 loaded during ~he counting 
process, the first WR stops the count~ Counting startsw.ith the new Count data triggered 
by the fall ing clock edge after the second WR. If a GATE pulse is asserted while count­
ing, the count is terminated for the duration of GATE. The falling edge of CLK follow­
ing the removal of GATE restarts counting from the terminated point. 

"'Jl.J"1...f1JLJl..fU1.Jl,.1'L.. 
",,"~i : 

~----.~!~. 

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 retriggers the One-Shot. The OUTPUT will remain 
low for the full coun, va~ue after the rising edge of TRIGGER. 

CCKJLIl....fU~ .. "~ 
, ____ .-1 

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

QATI~.'QQf.'-.r-'L-J 

Mode 2: Rate Generator 
The RATE GENERATOR is a variable modulus counter. The OUTPUT goes low for 
one full CLOCK period as shown in 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 subsequent period will reflect the new 
value. The OUTPUT will ~emain high for the duration of the asserted GATE input. 
Normal operation resumes on the falling CLOCK edge following the rising edge of 
GATE. 

..,~----------

.ATf'.""~ 

=---'---~ 

Note: CD All internal counter events occur at the falling edge of the associated clock in all modes of 
operation. 
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OPERATIONAL MODES CD 
(Cont.) 

"PD8253-5 
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 OUT­
PUT will be high one clock ~cle longer than when it is low (High Period -+ ~ 
clock cycles; Low Period -+ ~ 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. 

"'~ 
ou,,",,,-.~ 

Q~1I2~11~0Jl1..........!. 
OUTPUTCn-SI----1 L--..J L--..J 

GATII.CRe'IiTI~ 

---l!'''' ~" , "I!L-L-II" 2 'IlL 
OUTPUT In· 41 L--J L----1 L----1 

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 dat~, 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 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 wi:1 pulse low for one 
clock period. Subsequent trigger pulses will restart the counting sequence with the 
OUTPUT pulsing low on terminal count following the last rising ecge of the trigger 
input (Reference bottom half of timing diagram). 

C"~ 
"",L...:..!...J 

~ ______ ~'~3_'~~~r ____ __ 

"",L-=...J 
GA"_~ 

..... , L...r--
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NEe IlPD8255A-5 

NEe Electronics U.S.A. Inc. 
Microcomputer Division 

PROGRAMMABLE PERIPHERAL INTERFACES 

o ESC R I PT ION The t,tPD8255A-5 is a general purpose programmable INPUT/OUTPUT device 
designed for use with the 8080A/8085A microprocessors. Twenty-four (24) 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 be 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 Bi-directional Busmode, (MODE 2), uses the 8 lines of Port A for 
a bi-directional bus, and five lines from Port C for bus control signals. The t,tPD8255A-5 
is packaged in 40-pin plastic dual-in-line packages. 

F EATU R ES • Fully Compatible with the 8080A/8085 Microprocessor Families 

PIN CONFIGURATION 

• All Inputs and Outputs TTL Compatible 

• 24 Programmable I/O Pins 

• Direct Bit SET/RESET Eases Control Application Interfaces 

• 8 - 4 mA Darlington Drive Outputs for Printers and Displays· 

• LSI Drastically Reduces System Package Count 

• Standard 40-Pin Dual-In-Line Plastic and Ceramic Packages 

PA3 
PA2 
PA1 
PAo 
RO 
cs 

GNO 
A1 
AO 

PC7 
PC6 
pCs 

PC4 
pco 
PC1 
PC2 
PC3 
PBo 
PB1 
PB2 

t,tPD 
8255A-5 

Rev/3 
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PA4 
PAS 
PA6 
PA7 
WR 
RESET 
00 

01 

02 
03 

04 
Os 
06 
07 

Vcc 
PB7 
PB6 
PBS 
PB4 
PB3 

PIN NAMES 

07,00 Data Bus (Bi,Directional) 

RESET Reset Input 

CS Chip Select 
RD Read Input 

WR Write Input 

AO. Al Port Address 

PA]"PAO Port A (Bit) 

PB7,PBO Port B (Bitl 

PC7'PCO Port C (Bit) 

VCC +5 Volts 

GND o Volts 



IlPD8255A-5 
General 

The J,lPD8255A-5 Programmable Peripheral Interface (PPI) is designed for use in 
8080A/8085A microprocessor systems. Peripheral equipment can be effectively 
and efficiently interfaced to the 8080A/8085A data and control busses with the 
J,lPD8255A-5. The J,lPD8255A-5 is functionally configured to be programmed by 
system software to avoid external logic for peripheral interfaces. 

Data Bus Buffer 

The 3-state, bidirectional, 8-bit Data Bus Buffer (DO-D7) of the J,lPD8255A-5 can 
be directly interfaced to the processor's system Data Bus (DO-D7). The Data Bus 
Buffer is controlled by execution of I N and OUT instructions by the processor. 
Control Words and Status information are also transmitted via the Data Bus Buffer. 

Read/Write and Control Logic 

This block manages a.ll of the internal and external transfers of Data, Control and 
Status. Through this block, the processor Address and Control busses can c.ontrol the 
peripheral interfaces. 

Chip Select, CS, pin 6 
A Logic Low, VI L, on this input enables the J,lPD8255A-5 for communication 
with the 8080A/8085A. 

Read, RD, pin 5 

A Logic Low, VI L, on this input enables the J,lPD8255A-5 to send Data or Status to 
the processor via the Data Bus Buffer. 

Write, WR, pin 36 

A Logic Low, V I L on th is input enables the Data Bus Buffer to receive Data or Con­
trol Words from the processor. 

Port Select 0, AO, pin 9 
Port Select 1, A1, pin 8 

These two inputs are used in conjunction with CS, RD, and WR to control the selec­
tion of one of three ports on the Control Word Register. AO and A1 are usually 
connected to AO and A1 of the processor Address Bus. 

Reset, pin 35 

A Logic High, VIH, on this input clears the Control Register and sets ports A, B, and 
C to the input mode. The input latches in ports A, B, and C are not cleared. 

Group I and Group II Controls 

Through an OUT instruction in System Software from the processor, a control word 
is transmitted to the J,lPD8255A-5. Information such as "MODE," "Bit SET," and 
"Bit RESET" is used to initialize the functional configuration of each I/O port. 

Each qroup (I and II) accepts "commands" from the Re~d/Write Control Logic and 
"control words" from the internal data bus and in turn controls its associated I/O 
ports. 

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 into, the contents cannot be read back 
to the processor. 

Ports A, B, and C 
The three 8-bit I/O ports (A, B, and C) in the /lPD8255A-5 can all be configured to 
meet a wide variety of functional requirements through system software. The effec­
tiveness and flexibility of the /lPD8255A-5 are further enhanced by special features 
unique to each of the ports. 

Port A = An 8-bit data output latch/buffer and data input latch. 
Port B = An 8-bit data input/output latch/buffer and an 8-bit data input buffer. 
Port C = 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. 
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BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

CAPACITANCE 

,..PD8255A-5 

BI-DIRECTIONAL DATA BUS 

0.-00 'B:~~~R ~~=====~)i 

A, 

CI ____ ..3 

10 
PA. PA" 

o°C to +70°C Operating Temperature 
,Storage Temperature .... -65°C to +150°C 
All Output Voltages' CD . 
All Input Voltages CD . 
Supply Voltages CD .... 

Note: CD With respect to VSS 

Ta= 25°C 

-0.5 to +7 Volts 
-0.5 to +7 Volts 
-0.5 to +7 Volts 

*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 condjtions 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. 

T. - O·C to +70'C; vcc = +5V ± 10%; VSS· OV 

LIMITS 

/oAPD8255A·5 TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input Low Voltage VIL ~0.5 0.8 V 

In!'ut High Voltage VIH VCC V 

Output Low Voltage VOL 0.45 V (2) 
Output High Voltage VOH 2.4 V l3) 
Darlington Drive Current IOH(l -1 -4 mA VOH 0 1.5V. REXT 750l! 

Power Supply Current ICC 120 rnA Vee - '5V. Output Open 

Input leakage Current ILiH 10 /oAA VIN 0 Vee 

Input Leakage Current ILIL -10 /oAA VIN 0.4V 

Output Leakage Current ILOH '10 /J.A VOUT - Vee: es = 2,OV 

Output Leakage Current ILOL -10 /oAA VOUT = OAV. CS 0 2.0V 

Notes: G) Any set of eight (8) outputs from either Port A. B, or C can source 4 mA into 1.5V. 

Q) IOL = 2.5 mA for DB Port; 1.7 mA for Peripheral Ports. 

@ 10H - -400 /JA for dB Port; -200 /JS for Peripheral Ports. 

Ta = 25°C; VCC = VSS = OV 

LIMITS 
PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Input Capacitance CIN 10 pF fc = 1 MHz 

110 Capacitance ClIO 20 pF Unmeasured pins 
returned to VSS 
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,..PD8255A-5 

AC CHARACTERISTICS 

LIMITS TEST 
PARAMETER SYMBOL MIN MAX UNIT CONDITIONS 

Address Stable Before RIi:AD tAR 0 ns 

Address Stable After READ tRA 0 ns 

READ Pulse Width tRR 250 ns 

Data Valid From READ tRD 170 ns 8255: CL - 100 pF 
8255A-5: CL - 150 pF 

Data Float After READ tDF 100 ns CL - 100 pF 
10 ns CL - 15 pF 

Time Between READS 
and/WRITES tRV 850 ns @ 

WRITE 

Address Stable Before WR ITE tAW 0 ns 

Address Stable After WRITE tWA 20 ns 

WRITE Pulse Width tww 250 ns 

Data Valid to WRITE (T.E.) tDW 100 ns 

Data Valid After WRITE tWD 0 ns 

OTHER TIMING 

WR = 0 To Output tWB 350 ns 8255: CL" 50 pF 
8255A-5: CL =150 pF 

Peripheral Data Before RD tlR 0 ns 

Peripheral Data After RD tHR 0 ns 

ACK Pulse Width tAK 300 ns 

STB Pulse Width tST 350 ns 

Per. Data Before T.E. Of STB tps 0 ns 

Per. Data After T.E. OfSTB tpH 150 ns 

ACK" 0 To Output tAD 300 ns 8255: CL .. 50 pF 
8255A-5: CL" 150 pF, 

ACK = 0 To Output Float tKD 250 ns 8255 {CL = 50 pF 
20 CL"'15pF 

WR = 1 To OBF .. 0 tWOB 650 ns 

ACK = 0 To OBF = 1 tAOB 350 ns 

STB = 0 To IBF = 1 tSIB 300 ns 
8255: CL" 50 pF 

RD=1ToIBF=0 tRIB 300 ns 

RD = 0 To INTR = 0 tRIT 400 ns 

STB = 1 To INTR" 1 tSIT 300 ns 8255A-5: CL .. 150 pF 

ACK = 1 To INTR = 1 tAIT 350 ns 

WR = 0 To I NTR = 0 tWIT 850 ns 

Note: CD Period of Reset pulse must be at least 50 JJ.s during or after power on. Subsequent Reset 
pulse can be 500 ns min. 

®-E""y .. ~ t==-
~R Y-'RV_~ 
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TIMING WAVEFORMS 
MODEO 

MODE 1 

IlPD8255A-5 

IW .... -------...a 
INPUT FROM PERIPHERAL 

CS.Al.AO ________ ,~------~--------_+----~~------... 
DO 

BASIC INPUT (READ) 

OUTPUT TO PERIPHERAL >tjpo---
BASIC OUTPUT (WRITE) 

WR --------'"\. 

6BF --------1---1-""""11 

INTR ------__ 

ACR------------~-~-~I 

OUTPUT TO PERIPHERAL 

STB FROM PERIPHERAL 

IBF -------'1 
tSIT t-~----,J 

INTR __________ ~~ 

R5-------------~-4-~1 

INPUT FROM 
PERIPHERAL 
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IiPD8255A-5 

INTR 

ACK FROM PERIPHERAL 

STB FROM PERIPHERAL 

IBF --------~ 

PERIPHERAL 
BUS 

R5----------~----------~~~---~ 
DATA FROM DATA FROM 

PERIPHERAL TO ~PD8255A-5 ~PDB255A-5 TO PERIPHERAL 

tRIB 

READ DATA FROM 
~PD8255A-5 TO ~PD8080A 

Note: CD Any sequence where WR occurs before ACK and STB occurs before R5 is permissible. 
(lNTR = IBF· MASK· STB· AD + OBF· MASK· ACt<. WR) 

@ When the ~PD8255A-5 is set to Mode 1 or 2, OBF is reset to be high (logic 1). 

The I'PD8255A-5 can be operated in modes (0, 1 or 2) which are selected by appropriate 
control words and are detailed below. 

• MODE 0 provides for 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 "hand­
shaking" strobes are needed. 

16 different configurations in MODE 0 

Two S-bit ports and two 4-bit ports 

I nputs are not latched 

Outputs are latched 

MODE 1 provides for Strobed Input and Output operations with data transferred 
through Port A or B and handshaking through Port C. 

Two I/O Groups (I and II) 

Both groups contain an S-bit data port and a 4-bit control/data port 

Both S-bit data ports can be either Latched Input or Latched Output 

MODE 2 provides for Strobed bidirectional operation using PAO-7 as the bidirec­
tional latched data bus. PC3-7 is used for interrupts and "handshaking" bus flow 

controls similar to Mode 1. Note that PB(). 7 and PCO-2 may be defined as Mode 0 
or 1. input or output in conjunction with Port A in Mode 2_ 

An S-bit latched bidirectional bus port (PAO-7) and a 5-bit control port (PC3-7) 

Both inputs and outputs are latched 

An additional B-bit input or output port with a 3-bit control port 
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MODES 

MODEQ 

MODEl 
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BASIC OPERATION 

FORMATS 

INPUT OPERATION (READ) 

Al I A!Ll RD I WRI cs I 
o I 0 I o I 1 I 0 I PORT A_DATA BUS 

o I 1 I o I 1 I o I PORfB_DATABUS 

1 I 0 I o I 1 ~ 0 I PORT C __ DATA BUS 

OUTPUT OPERATION (WRITE) 

Al AO RD WR I CS 
0 0 1 o I 0 DATA BUS ___ PORT A 

0 1 1 o ~ 0 DATA BUS __ PORT B 

1 0 1 0 0 DATA BUS __ PORT C 

1 1 1 o I 0 DATA BUS __ CONTROL 

DISABLE FUNCTION 

Al AO RD WR CS I 

X X X X 1 
I DATA BUS ___ 

HIGH Z STATE 

X X 1 1 0 
! DATA BUS ___ 

I HIGH Z STATE 

NOTES: G) X means "DO NOT CARE." 

0) All conditions not listed are illegal and should 

be avoided. 

IlPD8255A-5 

10, I D. 0, 10,1 0, I 0, I 0, 100 I 1 0, I 0.1 0,\ 0,\ 0, I 0, I 0, I 00 I 
L,J 

MODE DEFINITION 

663 

~ 

/ OAOUPU \ 

PORTCllOWEAl 
I -INPUT 
o ~ OUTPUT 

PORTS 
1 -INPUT 
a-OUTPUT 

MODE SELECTION 
O'Mooeo 
I-MODE I 

1 -INPUT 
O· OUTPUT 

l' INPUT 
O-OUTPUT 

MODE SELECTION 
oo-,.,OOEO 
01 -MODE 1 
1)( -MODE2 

~oeSETFLAG 
1 -ACTIVE 

~~ 
OON"r 

~ 
BITSETIAESET. I CARE 1 SET 
O-RESET 

I ." .. ,," II 012 J" S 61 

0' 0 1 0 1 0 1 80 

0101' 1'1 0101' I' Is" 
000011' 1 82 

J BIT SET/RESET FLAG 

J BIT/RESET I a-A.CTlVE 



IiPD8255A-5 

I I H:==K==:iI PACKAGE OUTLINE 

. , ,A ,;nT, J..----.: L1~ f.lPOB255AC/O-5 

HJ.~=:fo IIp U UIU lr Qc~_U U_ U_ U_J--J,..Jer U U U . F/ G M 00 _160 \4-

Plastic 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

B 1.62 0.064 

C 2.54±0.1 0.10 ± 0.004 

0 0.5 ± 0.1 0.019 ± .0.004 
E 48.26 1.9 
F 1.2 MIN 0.047 MIN 

G 2.54 MIN 0.10MIN 

H .0.5 MIN 0 • .019 MIN 
I 5.22 MAX .0.206 MAX 

J 5.72 MAX .0.225 MAX 

K 15.24 .0.6.00 

L 13.2 .0.52.0 

M 0.25 + 0.1 .0.010 + 0.004 
0 . .05 .0 . .002 

G 

t---------E-------....-l 

Ceramic 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.03 MAX 
B 1.62 MAX 0.06 MAX 
C 2.54±0.1 0.1 ± 0.004 
0 0.5 ± 0.1 0.02 ± 0.004 
E 48.26 ± 0.1 1.9 ± 0.004 
F 1.02 MIN 0.04 MIN 
G 3.2 MIN 0.13MIN 
H 1.0MIN 0.04 MIN 
I 3.5 MAX 0.14 MAX 
J 4.5 MAX 0.18 MAX 
K 15.24 TYP 0.6TYP 
L 14.93 TYP 0.59 TYP 
M 0.25 ± 0.05 0.01 ± 0.0019 

825'5DS-R EV3-1-B2-CAT 
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~EC IlPD8257-5 

NEe Electronics U.S.A. Inc .. 
Microcomputer Division 

PROGRAMMABLE DMA CONTROLLER 

DESCR IPTION The J.LPD8257-5 is a programmable four-channel Direct Memory Access (DMA) con­
troller. It is designed to simplify high speed transfers between peripheral devices and 
memories. Upon a peripheral request, the J.LPD8257-5 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 J.LPD8257-5 so that the system bus may 
be acquired by the generation of a single HOLD command to the 8080A. DMA cycle 
counts are maintained for each of the four channels, and a control signal notifies the 
peripheral when the preprogrammed member of DMA cycles has occurred. Output con­
trol signals are also provided which allow simplified sectored data transfers and expan­
sion to other J.LPD8257-5 devices for systems requiring more than four DMA channels. 

FEATU RES • NEC Now Supplies J.LPD8257-5 to J.LPD8257 Requirements 

PIN CONFIGURATION 

• Four Channel DMA Controller 
• Priority DMA Request Logic 

.• Channel Inhibit Logic 
• Terminal Count and Modulo 128 Outputs 
• Automatic Load Mcide 
• Single TTL Clock 
• Single +5V Supply ±10% 
• Expandable 
• 40· Pin Plastic Dual-In-Line Package 

MEMR 
MEMW 
MARK 

READY 
HlOA 

AOOSTB 
AEN 
HRO 

cs 
ClK 

RESET 
.OACK2 
OACK3 
OR03 
OR02 
OR01 
OROo 

GNO 

J.LPD 
8257-5 

Rev/4 
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A7 
A6 
AS 
A4 
TC 
A3 
A2 
A, 
AO 
VCC 
Do 
0, 
O2 
0 3 
~ 
OACKo 
OACK, 
Os 
06 
07 

D7-DO 

ArAo 
I/OR 

IIOW 
MEMR 

MEMW 

ClK 

RESET 

READY 

HRQ 

HlDA 

AEN 

ADSTB 

TC 

MARK 

DRQa-DR_Clo 

DACK3-DACKO 

CS 

VCC 
GND 

PIN NAMES 

Data Bus 

Address Bus 

I/O Read 

1/0 Write 

Memorv~ 
Memorv Write 

Clock Input 

Reset Input 

Readv 

Hold Request (to BOBOA) 

Hold Acknowledge (from BOBOA) 

Address Enable 

Address Strobe 

Terminal Count 

Modulo 128 Mark 

DMA Request Input 

DMA Acknowledge Out 

Chip Select 

+5 Volts 

Ground 



IlPD8257-5 

Operating Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. oOe to +70oe 
Storage Temperature ............................... -65°e to +150o e 
Voltage on Any Pin ............................. -0.5 to +7 Volts (j) 
Power Dissipation 

Note: (j) With Respect to Ground 

Ta = 25°e 

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. 

Ta = oOe to +70
o
e; Vee'" +5V ±10% GND'" OV: 

PARAMETER SYMBOL 

Input Low Voltage V IL 

Input High Voltage V IH 

Output Low Voltage VOL 

Output High Voltage' VOH 

HRQ Output High Voltage VHH 

Vee Current Drain ICC 

Input Leakage IlL 

Output Leakage During Float IOFL 

Note: CD Vec > VOUT > GND + 0.45V 

Ta = 25°C; VCC = GND = OV 

MIN. 

-0.5 

2.0 

2.4 

3.3 

LIMITS 
UNIT 

TYP. MAX. 

O.S Volts 

Vee + 0.5 Volts 

0.45 Volts 

Vee Volts 

Vee Volts 

120 mA 

10 JJA 

10 JJA 

LIMITS 
PARAMETER SYMBOL UNIT 

MIN. TYP. MAX. 

I nput Capacitance CIN 10 pF 

I/O Capacitance CI/O 20 pF 

666 

TEST CONDITIONS 

IO'L = 1.7 mA 

IOH '" ~ 150p.A for AB, 

DB andAEN 

IOH - -so p.A for others 

IOH "'-SOp.A 

V IN = Vee 

vOUiD 

TEST CONDITIONS 

fc = 1 MHz 

Unmeasured pins 
returned to GND 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

CAPACITANCE 



AC CHARACTE R ISTICS BUS PARAMETERS 

PERIPHERAL (SLAVE) MODE Ta -0·Ct070·C;VCC=5V±10%;GND=OV CD 

PARAMETER 

LIMITS I 
SYMBOL I jjPD8257·5 1 UNIT 

MIN TYP MAX 

READ 

Adr or CS) Setup to Rd) TAR 

Adr or CSI Hold from Rd! TRA 

D8t8 Access from Ad! TRnE 170 

DB-Float Delay from Rdl TROF 100 
20 

Rd Width TRW 250 

WRITE 

Adr Setup to ViTr'l TAW 20 

Adr Hold from Wrt TWA 

Data Setup to Wr 1 Tnw 200 

Oat. Hold from Wr t Twn 

WrWidth TWWS 200 

OTHER TIMING 

Reset Pulse Width TRSTW 300 

Power Supply! (VCC) Setup to Reset) TRSTD 500 

Signal Rise Time 20 

Signal Fall Time 20 

Reset to First IOWR TRSTS tCY 

",PD8257-5 

TEST 
CONDITIONS 

CL = 100 pF 
CL = 15 pF 

Note: <D All timing measurements are made at the following reference voltages unless specified otherwise: Input "1" 
at 2.0V, "0" at o.av, Output "1" at 2.0V. "0" at o.av. 

TIMING WAVEFORMS READ TIMING 
PERIPHERAL (SLAVE) MODE 

CHIP SELECT 

ADDRESS BUS 

DATA BUS 

WRITE TIMING 

CHIP SELECT 

ADDRESS BUS 

DATA BUS 

RESET TIMING 

RESET 

VCC 
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T a = O·C to 70·C; VCC • +5V • 10%; GND - OV 

PARAMETER SYMBOL 

Cycle Time (Period) TCY 

Clock Active (High) Til 

DROt Setup to 0 ~ (51, 54) T05 

DRO~ Hold from HLDAt Tm .. 

HRQt or ~Delay fromot (51,54) TOO 
(measured at 2.0V) 

HROt or ~ Delay from 0 t (51,54) TOOl 
(measured at 3.3V) 

HLDAt or ~5etup to II~ (51,54) THS 

AENt Delay fromO~ (51) TAEL 

AEN! Delay fromOt (51) TAET 

Adr (AB) (Active) Delay from AENt (51) TAEA 

Adr (AB) (Active) Delay from 0 t (51) TFAAB 

Adr (AB) (Floatl Delay from lit (51) TAFAB 

Adr (AB) (Stable) Delay from lit (51) TA5M 

Adr (AB) (Stable) Hold from lit (51) TAH 

Adr (AB) (Valid) Hold from Rdt (51,51) TAHR 

Adr (AB) (Valid) Hold from Wrt (51,51) TAHW 

Adr (oB) (Active) Delay from II t (51) TFADB 

Adr (DB) (Float) Delay from 0 t (52) TAFDB 

Adr (DB) Setup to Adr 5tb~ (51-52) TASS 

Adr (DB) (Valid) Hold from Adr 5tb~ (52) TAH5 

Adr 5tbt Delay from II t 151) T5TL 

Adr 5tb! Delay from lit (52) T5TT 

Adr 5tb Width (51-52) T5W 

Rd~ or Wr (Exth Delay from Adr TA5C 
5tb~ (52) 

Rd~ or Wr (Exth Delay from Adr lOB) TDBC 
(Float) (52) 

DACKt or ~Delay fromO~ (52,51) and TAK 
TC/Mark t Delay from lit (53) an" 
TC/Mark ~ Delay from lit (54) 

Rd~ or Wr I Ext) ~ Delay from lit (52) and TDCL 
w;:~ Delay from lit (53) 

Rdt Delay from II ~ (51, 51) and TDCT 
iNrt Delay from II t (54) 

Rd or Wr IActive) from 0 t (51) TFAC 

Rd or Wr (Float) from II t (51) TAFC 

Rd Width 152-51 or 51) TRWM 

Wr Width 153-54) TWWM 

Wr (Ext) Width (52-54) TWWME 

READY Set Up Time to ot (53, 5w) TRS 

READY Hold Time from lI·t (53; 5w) TRH 

NotH: G) Load - 1 TTL 

® Load - 1 TTL + 50 pF 

@ Load - 1 TTL + (AL - 3.3KI. VOH - 3.3V 

@ Tracking Specification 

® <!.TAK <60 ns 

® <!.TOGL <50 ns 

(j) <!.TOCT <50 n. 
® Date for comparison only 

LIMITS 

/lPD8257-5 

MIN MAX 

0.250 4 

80 .8TCY 

30 

0 

160 

250 

100 

250 

200 

20 

250 

150 

250 

TA5M-5O 

60 

300 

2£!Q 

T5TT+20 170 

100 

50 

200 

140 

TCy-l00 

70 

20 

250 

200 

200 

250 

150 

2TCY+ 
TR-50 

TCy-50 

2TCy-50 

30 

20 

UNIT 

jlS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

nl 

ns 

ns 

ns 

ns 

nl 

TEST 
CONDITIONS 

@ 
(!) 

@ 

(!) 
(!) 
@ 
@ 

® 
® 
@ 
@ 
@ 
(f) 
@ 
@ 
@) 
(!) 
(!) 
@ 
@) 

@ 

(!)® 

®® 

®(?) 

® 
(2) 

@ 

~ 
~ 
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CD 
CD 
CO 

TIMING WAVEFORMS 
DMA (MASTER) MODE 

~CONSECUTIVE CYCLES AND BURST MODE SE~UENCE '" I~CONTROl OVERRIDE S~OUENCE 

SI SI I SO 1~~1~~3 I S4~~_}.\J\_f-\.:~~I~ 
~~i -4 T8~ TOS._~ .,. 

CLOCK 

Tas 

NOT READY SE~UENCE ~ 

~~~ 
-~ lOS - --_. 

OROo-3 r " l( ---------
-I 1--100 TOO_ r-

'"IRO 
I-- TOH lI--~ " f "' 

IHS ~ .. '---_./&. -=--I I-- THS -I I-- IHS 

T 'II. T -""\ 

~----
HLOA 

TAEL_ I- -0 TAET 

T

AEL

_ 

I-
AEN 7: ). _.~f ..z. 

AOOO-7 TFAAB ... II- .... i--ASM -0 TAFAB~ ~TAEA 
(LOWER AORI ____ ---.... ~~ .. t------'"""" ~---
OATAo.7 TFAOB-O ... "I-T

AFOB TAH ... 

~;~~-----(UPPER AORI ____ ~ >-~-- -I--~ ------4)-~It--------- -------<::::::>-- ----- ----------~ 
TSTL_ .... 

[-TSTT ... I"'- TASS .. ~~ . ~ ~ AOOSTB_ --------
I ... l-I- TAK ''''[h"1 I--TASC ... OACKO·3 
~ f \ / \. -----

____ TFAc-olf-- I'" ~TOCT !--TRWM--! 
I -Ir--TOBC -I I---T AHR 

IEMROIl/O RO ___ ~ .2 7L .. --.. ~).- 7 1-------- \ f ----
T~CL_ r:. ... ,.-TOCT . 

-0 TAFC '"-1 I---- TAHW TOCl 
EMWA/iioWR ___ .... ~ 17 ~-~ ----~~- \..:H-. -------- ~ 

f ---
TRS~ ~ TRH I--TWWME 

" 
TWWM TRS--oo\ I--- 1--I--TRS --- r 1( f \ i~ f \ X READY ___ ---

M 

CLOCK 

OROo_3 

HRO 

HLDA 

AEN 

ADDo-7 
ILOWERADRI 

DATAo_7 
(UPPER ADRI 

ADRSTB 

DACKo_3 

MEMRD/iiORD 

MeMWR/l7OWR 

TAK -

.. ______ ~~~~~~::~:=~T:AK~ ____ ~l:::~ ________ ~~--------~r===\c:::~----------------------~/-------------\~-------TC/MARK ~ ;----:\ ts -TC/MARK __ _ 

READY 

a 

1: 
'tI 
C 
01) 
N 
CIt 
-:-a 
CIt 



flPD8257-5 

The J1PD8257-5 is a programmable, Direct Memory Address (DMA) device. When used 
with an 8212 I/O port device, it provides a complete four-channel DMA controller 
for use in 8080A/8085A based systems. Once initialized by an 8080A/8085A CPU, 
the J1PD8257 -5 will block transfer up to 16,364 bytes of data between memory and a 
peripheral device without any attention from the CPU, and 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 JlPD8257 -5. 

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

• Resolves priority conflicts if multiple DMA requests are made. 

• A l6-bit memory address word is generated with the aid of an 8212 in the follow-
ing manner: 

The J1PD8257-5 outputs the least significant eight bits (AO-A7) which go directly 
onto the address bus. 

The J1PD8257-5 outputs the most significant eight bits (A8-A15) onto the data 
bus where they are latched into an 8212 and then sent to the high order bits on 
the address bus. 

• The appropriate memory and I/O read/write control signals are generated allowing 
the peripheral to receive or deposit a data byte directly from or to the appropriate 
memory location. 

Block transfer of data (e.g., a sector of data on a floppy disk) either to or from a 
peripheral may be accomplished as long as the peripheral maintains its DMA Request 
(DROn). The J1PD8257-5 retains control of the system bus as long as DROn remains 
high or until the Terminal Count (TC) is reached. When the Terminal Count occurs, 
TC goes high, informing the CPU that the operation is complete. 

There are three different modes of operation: 

• DMA read, which causes data to be transferred from memory to a peripheral; 

• DMA write, which causes data to be transferred from a peripheral to.memory; and 

• DMA verify, which does not actually involve the transfer of data. 

The DMA read and write modes are the normal operating conditions for the J1PD8257-5. 
The DMA verify mode responds in the same manner as read/write except 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 (Cylic 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. 

670 
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IlPD8257-5 

DMA OPE RATION Internally the J.LPD8257-5 contains six different states (SO, Sl, S2, S3, S4 and SW). The 
duration of each state is determined by the input clock. In the idle state, (Sl), no DMA 
operation is being executed. A DMA cycle is started upon receipt of one or more DMA 
Requests (DROn), then the J.LPD8257-5 enters the SO state. During state SO a Hold 
Request (H RO) is sent to the 8080A/8085A and the J.LPD8257-5 waits in SO until the 
8080A/8085A issues a Hold Acknowledge (HLDA) back. During SO, DMA Requests 

DMA OPERATION 
STATE DIAGRAM 

are sampled and DMA priority is resolved (based upon either the fixed or priority 
scheme). After receipt of HLDA, the DMA Acknowledge line (DA'C'Kn) with the high­
est priority is driven low, selecting that particular peripheral for the DMA cycie. -The 
DMA Request line (DROn) 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). 

The DMA cycle consists of four internal states; Sl, S2, S3 and S4. If the access time 
of the memory or I/O device is not fast enough to return a Ready command to the 
J.LPD8257·5 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 J.LPD8257-5 is 
allowed to go into state S4. Either the extended write option or the DMA Verify mode 
may eliminate any Wait state. 

If the J.LPD8257·5 should lose control of the system bus O.e., HLDA goes low) then the 
current DMA cycle is completed, the device goes into the Sl state, and no more 
DMA cycles occur until the bus is reacquired. Ready setup time (tRS), write setup 
time (tOW), read data access time (tRD) and HLDA setup time (tOS) should all be 

carefully observed during the handshaking mode between the J.LPD8257·5 and the 
8080A/8085A. 

During DMA write cycles, the I/O Read (I/O 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 I/O Write (I/O W) goes low at the beginning of state S3. 
No Read or Write control signals are generated during DMA verify cycles. 

RESET 

Notes: <D HRO is set if OROn is active. 
@ HRO is reset if OROn is not active. 
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OSC 

RDYIN 

REsiN 

",PD8257-5 

8080A 

INT~ HOLD 

r.,D!'m~ 
HlDA 
D81N 

WR 

14 T,5 

-E-
5 19 

----2. I-4 23, 
SYNC 
REA9Y. 

--2.c ~~ RESI!T " 

8224 <1>1 <1>2 

-~:~-j 11 

}Q 

ffiTB 7 

.p2(TTLl 

6 

25 
26 
27 
29 

13( 
31 
32 
33 
34 
35 
1 
40 
37 
38 
39 
36 

13 
21 
17 

1, 18 

~3 4 

~ 13 
16 ~ 

~ 11 
9 ~ 5 

~ 18 
~ 20 

:6 8 8228 7 

MEMR 24 
26 MEMW 

IIOR 26 

IIOW 27 

INTA 23 

ii'O'mii 

22 

CHIP SELECT 
READY 

DISABLE 1/0 
ADDRESS BUS 
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~ 
~ .. ~ .. f-4 

26 
23 
22 
21 

3 
4 
1 
2 

13 
12 
11 
II 

~ 
~ 

L..--.l 
~ 

18 
20 
22 

Vce -1!.c: 
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ITEM 

A 

8 
C 

0 

E 

F 

G 

H 

1 
J 

K 

L 

M 

IlPD8257-5 

Plastic 

MILLIMETERS INCHES 

51.5MAX 2.028 MAX 

1.62 0.064 

2.54 ± 0.1 0.10± 0.004 

0.5±0.1 0.019 ± 0.004 
48.26 1.9 

.1.2 MIN 0.047 MIN 

2.54 MIN 0.10MIN 

0.5 MIN 0.019 MIN 

5.22 MAX 0.206 MAX 

5.72 MAX 0.225 MAX 
15.24 0.600 
13.2 0.620 

+ 0.1 + 0.004 
0.25 _ 0.05 0.010 _ 0.002 

8257 -5DSR EV 4-1-82-CAT 
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NEe IlPD8259A 

NEe Electronics U.S.A. Inc. 
Microcomputer Division 

PROGRAMMABLE INTERRUPT CONTROLLER 

o ESC R I PT ION The N EC tLPD825.9A.is a programmable interrupt controllerdirectly compatible with 
the 8080A/8085A/8086/8088 microprocessors. tt can service eight levels of interrupts 
and contains on-chip logic to expand interrupt capabilities up to 64 levels with the 
addition of other tLPD8259As. The user is offered a selection of priority algorithms to 
tailor the priority processing to meet his system requirements."These can be dynami­
cally modified during operation, expanding the versatility of the system. 
The tLPD8259A is c~mpletelY upwa~d compatible witt! the j.(PD8259-5, so software 
written for the tLPD8259-5 will run on the tLPD8259A. 

F EATU R ES • Eight Level Priority Controller 
• Programmable Base Vector Address 
• Expandable to 64 Levels .' 
• Programmable Interrupt Modes (Algorithms) 
• Individual Request Mask Capability 
• Single +5V Supply (No Clocks) 
• Full Compatibility with 8080A/8085A/8086/8088 
• Available in 28-Pin Plastic and Ceramic Packages 

PIN CONFIGURATION cs vcc 
WR AO 

AD iNTA PIN NAMES 

07 IR7 07- 0 0 Data Bus (Bi-Directional) 

Os IR6 RD Read Input 

05 IRS ~ Write Input 

04 IR4 
AO Command Select Address 

CAS2- CASO Cascade Lines 

Ca. I.R3 
02 IR2 

SP/EN 
Slave Program I nput I 
Enable Buffer 

01 IR1 

DO IRO 

INT Interrupt Output 

iNTA Interrupt Acknowledge Input 

IRO-IR7 Interrupt Request Inputs 
CASO INT ~ Chip Select 
CAS1 SP/EN, 

GNQ CAS 2 

Rev/1 
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PROCESSOR PROCESSOR PROCESSOR 
ADDRESS CONTROL DATA 

BUS BUS BUS 
SLAVE _____ 

PROGRAM CASCADE 
ENABLE LINES 
BUFFER 

INTERNAL 
BUS 

Operating Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O°C to +70°C 
Storage Temperature ............................... -65°C to +150oC 
Voltage on Any Pin . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 to +7 Volts <D 
Power Dissipation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1W 
Note: <D With respect to ground. 

Ta = 25°C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the. device. This Is a strass 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 
relia,bility. 
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FUNCTIONAL 
DESCRIPTION 

fjPD8259A 

INTERRUPT REQUEST REGISTER ORR) AND IN·SERVICE REGISTER USR) 

The interrupt request register and in-service register store the in-coming interrupt 
request signals appearing on the IRO-7 lines (refer to functional block diagram). The 
inputs requesting service are stored in the I R R while the interrupts actually being 
serviced are stored in the ISR. 

A positive transition on an I R input sets the corresponding bit in the Interrupt Request 
Register, and at the same time the INT output of the IlPDB259 is set high. The IR input 
line must remain high until the first I NT A input has been received. Multiple, non­
masked interrupts occurring simultaneously can be stored in the IRR. The incoming 
INTA sets the appropriate ISR bit (determined by the programmed interrupt algorithm) 
and resets the corresponding I R R bit. The ISR bit stays high-active during the interrupt 
service subroutine until it is reset by the programmed End-of-Interrupt (EOI) command. 

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 
In-Service register by the first INTA pulse. 

DATA BUS BUFFER 

The 3-state, B-bit, bi-directional data bus buffer interfaces the IlPDB259 to the 
processor's system bus. It buffers the Control Word and Status Data transfers between 
the IlPDB259 and the processor bus. 

READ/WRITE LOGIC 

The read/write logic accepts processor data and stores it in its Initialization Command 
Word (ICW) and Operation Command Word (OCW) registers. It also controls the 
transfer of the Status Data to the processor's data bus. 

CHIP SELECT (CS) 

The IlPDB259 is enabled when an active-low signal is received at this input. Reading 
or writing of the IlPDB259 is inhibited when it is not selected. 

WRITE (WR) 

This active-low signal instructs the IlPDB259 to receive Command Data from the 
processor. 

READ (RD) 

When an active-low signal is received on the AD input, the status of the Interrupt 
Request Register, In-Service Register, Interrupt Mask Register or binary code of the 
Interrupt Level is placed on the data bus. 

INTERRUPT (lNT) 

The interrupt output from the IlPDB259 is directly connected to the processor's INT 
input. The voltage levels of this output are compatible with the BOBOA/BOB5A/ 
BOB6/80BB. 

INTERRUPT MASK REGISTER (lMR) 

The interrupt mask register stores the bits for the individual interrupt bits to be masked. 
The IMR masks the data in the ISR. Lower priority lines are not affected by masking a 
higher priority line. 
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INTERRUPT ACKNOWLEDGE (lNTA) 

INT A pulses cause the ~PD8259A to put vectoring inform~tion on the bus. The num­
ber of pulses depends upon whether the ~PD8259A is in ~PD8085A mode or 8086/ 
8088 mode. 

AO 

AO is usually connected to the processor's address bus. Together with WR and RD 
signals it directs the loading of data into the command register or the reading of 
status data. The following table 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 inputs. 

~PD8259A BASIC OPERATION 

AO 04 03 RD WR CS PROCESSOR INPUT OPERATION (READ) 

0 0 1 0 IRR, ISR or IR -l> Data Bus <D 
1 0 1 0 IMR -l> Data Bus 

PROCESSOR OUTPUT OPERATION (WRITE) 

0 0 0 1 0 0 Data Bus -l> OCW2 
0 0 1 1 0 0 Data Bus -l> OCW3 
0 1 X 1 0 0 Data Bus -l> ICWl 
1 X X 1 0 0 Data Bus -l> OCW 1, ICW2, ICW3 ~ 

DISABLE FUNCTION 

X X X 1 1 0 Data Bus -l> 3-State 
X X X X X 1 Data Bus -l> 3-State 

Notes: <D The contents of OCW2 written prior to the READ operation governs the 
selection of the IRR, ISR or Interrupt Level. 

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

CASCADE BUFFER/COMPARATOR. (For Use in Multiple ~PD8259 Array.) 

The IDs of all ~PD8259As are buffered and compared in the cascade buffer/com­
parator. The master ~PD8259A sends the ID of the interrupting slave device along 
the CASO, 1, 2 lines to all slave devices. The cascade buffer/comparator compares its 
preprogrammed 10 to the CASO, 1, 2 lines. The next two iN'TA pulses strobe the pre­
programmed, 2 byte CALL routine address onto the data bus from the slave whose 10 
matches the code on the CASO, 1, 2 lines. 

SLAVE fROGRAM (SP). (For Use in Multiple #-,PD8259A Array.) 

The interrupt capability can be expanded to 64 levels by cascading multiple ~PD8259As 
in a master-plus-slaves array. The master controls the slaves throug, the CASO, 1, 2 
lines. The SP input to the device selects the CASO-2lines as either outputs (SP=l) for 
the master or as inputs (SP=O) for the slaves. For one device only the SP must be set 
to a logic "1" since it is functioning as a master~. 
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IiPD8259A 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input Low Voltage VIL -0.5 0.8 V 

Input High Voltage VIH 2.0 VCC + 0.5V V 

Output Low Voltage VOL 0.45 V IOL=2.2mA. 

Output High Voltage VOH 2.4 V IOH = -400,uA 

Interrupt Output- VOH-INT 2.4 V IOH = -400J,lA 

High Voltage 3.5 V IOH =-100IlA 

Input Leakage Current IlL OR
O

_
7

) -300 ,uA VIN = OV 

for IRO_7 10 ,uA VIN = VCC 

Input Leakage Current IlL 10 ,uA VIN = VCC to OV 
for other Inputs 

Output Leakage Current ILOL - 10 ,uA VOUT = 0.45 V 

Output Leakage Current ILOH 10 ,uA VOUT = VCC 

VCC Supply Current ICC 85 mA 

CAPACITANCE Ta = 25°C; VCC = GND = OV 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input Capacitance CIN 10 pF fc = 1 MHz 

I/O Capacitance CliO 20 pF Unmeasured Pins 
Returned to VSS 

AC CHARACTE R ISTI CS Ta - O'c to 70'C; VCC - 5V ± 10% (,uPD8259A) 

!,PD8269A 
TEST 

PARAMETER SYMBOL MIN MAX UNIT CONDITIONS 

AO/CS Setup to AD/INTA~ tAHAL 0 ns 

AO/CS Hold after AD/lNTAt tAHAX 0 ns 

AD Pulse Width tALAH 235 ns 

AO/CS Setup to WA~ tAHWL 0 ns 

AO/CS Hold after WAt twHAX 0 ns 

WA Pulse Width twLWH 290 ns 

Data Setup to WAt tDVWH 240 ns 

Data Hold after WA t tWHDX 0 ns 

Interrupt Aequest Width (Low) tJLJH 100 no CD 
Cascade Setup to Second or Third 

tCVIAL iNTA. (Slave Only) 
55 ns 

End of R!5 to Next Command tAHAL 160 no 

End of WA to Next Command tWHAL 190 ns 

Note: CD This Is the low time required 10 clear the input latch in the edge triggered mode. 

!,PD8259A 
TEST 

PARAMETER SYMBOL MIN MAX UNIT CONDITIONS 

Data Valid from AD/INTA~ tALDV 200 ns C of Data BUI = 100 pF 

C of Data Bus 
Data Float after Ro/iNTA t tAHDZ 100 ns Max Test C = 100 pF 

Min Test C - 15 pF 

Interrupt Output Delay tJHIH 350 ns 

Cascade Valid from First INTA. 
tlALCV (Master Only) 

665 ns CINT -lOOpF 

Enable Active from AD~ or INTA~ tALEL 125 ns CCASCADE - 100 pF 

Enable Inactive from ADt or INTAt tAHEH 150 ns 

Data Valid from Stable Address tAHDV 200 n. 

Cascade Valid to Valid Data tCVDV 300 ns 

679 
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INP.uT WAVEFORMS FOR AC TESTS 

~4=X. )L ~O . 2~ 

>TEST POINTS < 
na ns 

0.45 

WRITE MODE 

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

~------------~ I,--~~--------------~--,I ~--------
ADDRESS BUS 

AO ____________ J ~ __ ~~--------------~~ ~--____ _ 

DATA BUS 

READ/iN'i'A MODE 

RD/iN'i'A-----------_ 1-----tRLRH----I ., _____________ __ 

EN--------------+_~ 
tRI.EL 

tRHAX 

~----------~ ~~-----------------+-~ ~-----------
ADDRESS BUS 

AO--------__ -J ~~------------------+_~ ~ __________ __ 
tRLD=iV 

tAHDV 

DATA BUS- - - - - - - - - - - - - - - - - - - """-_______ ____' 

OTHER TIMING 
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TIMING WAVEFORMS 
(CONT.) 

DETAI LED OPERATIONAL 
DESCRIPTION 

,..PD8259A 

iiii'fA SEQUENCE 

'"Jd), r-_~"_'"C_"'--'-____ \~_1 -----"'o. ..... ® 

INT, - \. 

mTA --------,. 

DB - - - - ~ - - - - - - --

tCVDV --

CO·2----------------~---'+--~~--~-----------~ 
-tIALCV-

The sequence used by the IlPD8259A to handle an interrupt depends upon whether 
an 8080A/8085A or 8086/8088 CPU is being used. 

The following sequence applies to 808OA/8085A systems: 

The IlPD8259A derives its versatility from programmable interrupt modes and the 
ability to jump to any memory address through programmable CALL instructions. The 
following sequence demonstrates how the IlPD8259A interacts with the processor. 

1. An interrupt or interrupts appearing on I RO-7 sets the corresponding I R bites) 
high. This in turn sets the corresponding IRR bites) high. 

2. Once the I R R bites) has been set, the IlPD8259A will resolve the priorities 
according to the preprogrammed interrupt algorithm. It then issues an INT signal 
to the processor. 

3. The processor group issues an iNfA to the IlPD8259A when it receives the INT. 

4, The iNTA input to the IlPD8:z59A from the processor group sets the highest 
priority ISR bit and resets the corresponding IRR bit. The i'N'TA also signals the 
IlPD8259A to issue an 8-bitCALL instruction op-code (11001101) onto its Data 
bus lines. 

5. The CALL instruction code instructs the processor group to issue two more 
i'N'TA pulses to the IlPD8259A. 

6~ The two i'N'TA pulses:signal the IlPD8259A to place its preprogrammed interrupt 
vector address onto the Data bus. The first iN'TA releases the low-order 8-bits 
of the address and the second iNfA releases the high-order 8-bits. 

7. The IlPD8259A's CALL instruction sequence is complete. A preprogrammed 9 
EOI (End-of-Interrupt) command is issued to the IlPD8259A at the end of an 
interrupt service routine to reset the ISR bit and allow the IlPD8259A to service 
the next i,nterrupt. ' 

For 8086/8088 systems the first three steps are the same as described above, then the 
following sequence occurs: 

4. During the first i"N'TA from the processor, the IlPD8259A does not drive the 
data bus. The highest priority ISR bit is set and the corresponding I R R bit is 
reset. 

5. The IlPD8259A puts vector 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 INT A pulse, or it remains set until an EOI com­
mand is issued. 
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IlPD8259A 

8080A/8085A MOOE 

For these processors, the JlPD8259A is controlled by three INTA pulses. The first 
INTA pulse will cause the JlPD8259A to put the CALL op-code onto the data bus. The 
second and third INTA pulses will cause the upper and lower address of the interrupt 
vector to be released on the bus. 

07 DI OS D4 03 02 01 DO 

CALL CODE 1<-_1 ____________ ---'1 I 
1ft 1"'-1.4 

07 DI 05 D4 03 02 01 DO 

T A7 A& A5 1 1 1 0 0 

6 A7 A& A5 1 1 0 0 0 

5 A7 A& A5 1 0 1 0 0 

• A7 A6 A5 1 0 0 0 0 

:3 A7 A6 A5 0 1 1 0 0 

2 A7 A& A5 0 1 0 0 0 

1 A7 A8 A5 0 0 1 0 0 

0 A7 A8 AS. 0 0 0 0 0 

1111 In'.",.I.e 

07 DI 05 04 03 02 01 DO 

7 A7. A6 1 1 1 0 0 0 

6 A7 A6 1 1 0 0 0 0 

5 A7 A6 1 0 1 0 0 0 

4 A7 A6 1 0 0 0 0 0 

3 A7 A6 0 1 1 0 0 0 

2 A7 A6 0 1 0 0 0 0 

1 A7 A6 0 0 1 0 0 0 

0 A7 A6 0 0 0 0 0 0 

07 DI 05 D4 03 02 01 DO 

A15 A14 A13 A12 All Al0 A9 A8 

In this mode only two INTA pulses are sent to the JlPD8259A. After the first INTA 
pulse, the JlPD8259A does not output a CALL but internally sets priority resolution. 
If it is a master, it sets the cascade lines. The interrupt vector is output to the data bus 
on the second INTA pulse. 

07 06 05 D4 03. 02 01 DO 

IR7 T7 T6 T5 T4 T3 1 1 1 

IR6 T7 T6 T5 T4 T3 1 1 0 

IR5 T7 T6 T5 T4 T3 1 0 1 

IR4 T7 T6 T5 T4 T3 1 0 0 

IR3 T7 T6 T5 T4 T3 0 1 1 
IR2 T7 T6 T5 T4 T3 0 1 0 

IR1 T7 T6 T5 T4 T3 0 0 1 

IRO T7 T6 T5 T4 T3 0 0 0 
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INITIALIZATION ICW1 AND ICW2 

COMMAND WORDS A5-A15. Page starting address of service routines. In an 8085A system, the 8 request 
levels generate CALLs to 8 locations equally spaced in memory. These can be pro­
grammed to be spaced at intervals of 4 or 8 memory locations, thus the 8 routines 
occupy a page of 32 or 64 bytes, respectively. 

The address format is 2 bytes long (AO-A15). When the routine interval is 4, AO-A4 are 
automatically inserted by the IlPD8259A, while A5-A15 are programmed externally. 
When the routine interval is 8, AO-A5 are automatically inserted by the IlPD8259A, 
while A6-A15 are programmed externally. 

The 8-byte interval maintains compatibility with current software, while the 4:-byte 
interval is best for a compact jump table. 

In an MCS-86 system, T7-T3 are inserted in the five most significant bits of the vector­
ing byte and the IlPD8259A sets the three least significant bits according to the inter­
rupt level. Al0-A5 are ignored and ADI (Address Interval) has no effect. 

L TIM: If L TIM = 1, then the IlPD8259A operates in the level interrupt mode. 
Edge detect logic on the interrupt inputs is disabled. 

ADI: CALL address interval. ADI = 1 then interval = 4; ADI = 0 then 
interval = 8. 

SNGL: Single. Means that this is the only IlPD8259A in the system. If SNGL = 

1 no ICW3 is issued. 

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

ICW3 

This word is read only when there is more than one IlPD8259A in the system and cas­
cading is used, in which case SNGL = O. It will load the 8-bit slave register. The func­
tions of this register are: 

a. In the master mode (either when SP = 1, or in buffered mode when MIS = 1 in 
ICW4) a "1" is set for each slave in the system. The master then releases 
byte 1 of the call sequence (for 8085A system) and enables the correspond­
ing slave to release bytes 2 and 3 (for 8086/8088 only byte 2) through the 
cascade lines. 

b. In the slave mode (either when SP = 0, or if BUF = 1 and MIS = 0 in ICW4) 
bits 2-0 identify the slave. The slave compares its cascade input with these bits 
and if they are equal, bytes 2 and 3 of the CALL sequence (or just byte 2 for 
8086/8088) are released by it on the Data Bus. 

ICW4 

SFNM: If SFNM = 1 the special fully nested mode is programmed. 

BUF: If BUF = 1 the buffered mode is programmed. In buffered mode SP/EN 
becomes an enable output and the masterlslave determination is by 
MIS. 

MIS: If buffered mode is selected: MIS = 1 means the IlPD8259A'is pro­
grammed to be a master, MIS = 0 means the IlPD8259A is programmed 
to be a slave. If BUF = 0, MIS has no function. 

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

IlPM: Microprocessor mode: IlPM = 0 sets the IlPD8259A for 8085A system 
operation, IlPM = 1 sets the IlPD8259A for 8086 system operation. 
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OJ DI DI 1M DI 

"., 
AI5/17 Al0 

If • 521102 
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DI DO 

INCIL IC4 ICWI 

Ai AI ICWI 

81/101 SOliDO ICW • 

AlOI ...... 1CW4 
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SEQUENCE 



OPPERATIONAL COMMAND 
WORDS (oew's) @ 

liPD8259A 

Once the JlPD8259A has been programmed with Initialization Command Words, 
it can be programmed for the appropriate interrupt algorithm by the Operation 

Command Words. Interrupt algorithms in the JlPD8259A can be changed at any time 
during program operation by issuing another set of Operation Command Words. The 
following sections describe the various algorithms available and their associated OCW's. 

INTERRUPT MASKS 

The individual Interrupt Request input lines are maskable 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 (e.g., if Interrupt Request 
line 3 is to be masked, then o~ly bit 3 of the IMR is set to logic "1." The IMR in turn 
acts upon the contents of the ISR to mask b~t 3). Once the JlPD8259A has acknowledged 

: an interrupt, Le." the JlPD8259A has sent an INT signal to the processor and the system 
controller has sent it an TNTA signal, the Interrupt input, although it is masked, 
inhibits lower priority requests from being acknowledged. There are two means of 
enabling these lower priority interrupt lines. The first is by issuing an End-of-Interrupt 
(EOI) through Operation Command Word 2 (OCW2), thereby resetting the appro-
priate ISR bit. The second approach is 'to select the Special Mask Mode through OCW3. 
The Special Mask Mode (SMM) and End-of-Interrupt (EOI) will be described in more 
detail further on. 

FULLY NESTED MODE 

The fully nested mode is the JlPD8259A's basic operating mode. It will operate in this 
mode after the initialization sequence, without requiring Operation Command Words 
for formatting. Priorities are set IRO through IR7, with IRO the highest priority. After 
the interrupt has been acknowledged by the processor and system controller, only 
higher priorities will be serviced. Upon receiving an INTA, the priority resolver 
determines the priority of the interrupt, sets the corresponding I R 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. 

Notes: G) Reference Figure 2 
® Reference Figure 3 
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ROTATING PRIORITY MODE COMM~NDS 

The two variations of Rotating Priorities are the Auto Rotate and Specific Rotate 
modes. These two modes are typically used to service interrupting devices of equivalent 
priorities. 

1. Auto Rotate Mode 

Programming the Auto Rotate Mode throuQh OCW2 assign's priorities 0-7 to the 
interrupt request input lines. Interrupt line IRO'is set to the highest priority and 
I R7 to the lowest. Once an interrupt has been serviced it is automatically 
assigned the lowest priority. 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 programming OCW2 in the foilowing way (refer to Figu~e 3): 
set Rotate Priority bit "R" to a logic "1"; program EOI to a logic "1" and SEOI 
to a logic "0." The EOI and SEOI commands are discussed further· on. The 
following is an example of the Auto Rotate Mode with devices requesting 
interrupts on lines t~2 and IRS. 

Before Interrupts are Serviced: 

In-Service Register 

Priority Status 
Register 

I 
IS7 

0 

IS6 

I 0 

ISS IS4 

I 0 I 
IS3 IS2 ISl ISO 

0 I I 0 I 0" 

----- Highest 
Priority 

Aceordingto the Priority Status Register, I R2 has a higher priority th~1n I R5 and 
will be serviced first. 

After Servicing: 

157 156 155 IS4 IS3 IS2 ISl ISO 

In-Service Register I 0 0 0 0 0 I 0 I 0 

~ 

Priority Status 
Register IIR211R11 1RO IIR711R611R511R411R3 I 

Highest 
Priority 

At the completion of I Rts service routine the corresponding In-Service Register 
bit, IS2 is reset to "0" by the preprogrammed EOI command. I R2 is then assigned 

the lowest priority level in the Priority Status Register. The J.LPD8259A is now 
ready to service the next highest interrupt, which in this case, is IRS' 

2. Specific Rotate Mode 

The priorities are set by programming the lowest level through OCW2. The 
J.LPD8259A then automatically assigns the highest priority. If, for example, IR3 is 
set to the lowest priority (bits L2, L 1, LO form -the binary code of the bottom 
priority leve!), then IR4 will be set to the highest priority. The Specific Rotate 
Mode is selected by programming OCW2 in the following manner: set Rotate 
Priority bit "R" to a logic "1," program EOI to a logic "0," SEOI to a logic "1" 
and L2, Ll, LO to the lowest priority level. If EOI is set to a logic "1," the ISR 
bit defined by L2, Ll, LO is reset. 
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IlPD8259A 

END·Of·INTERRUPT (EO!) AND SPECifiC END·Of-INTERRUPT (SEOI) 

The End-of-Interrupt or Specific End-of-Interrupt command must be issued to reset the 
appropriate In-Service Register bit before the completion of a service routine. Once the 
ISR bit has been reset to logic "0," the JlPD8259A is ready' to service the next interrupt. 

Two types of EOls are available to clear the appropriate ISR bit depending on the 
JlPD8259A's operating mode: 

1. Non-Specific End-of-Interrupt (EOI) 

When operating in interrupt modes where the priority order of the interrupt inputs 
is preserved (e.g., fully nested mode). the particular ISR bit to be reset at the com­
pletion of the service routine can be determined. A non-specific EOI command 
automatically resets the highest priority ISR bit of those set.1The highest 
priority ISR bit must necessarily be the interrupt being serviced and must neces­
sarilY be the service subroutine returned from. 

2. Specific End-of-Interrupt (SEOI) 

When operating in interrupt modes where the priority order of the interrupt 
inputs is not preserved (e.g., 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 OCW3 (figure 2) 
to logic "l"s. Both the EOI and SEOI bits of OCW3 must be set to a logic "1" 
with L2, L 1, 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 (refer to Interrupt 
Mask Register section) by setting the appropriate bits in OCWl to a logic "1" 
inhibits lower priority interrupts from 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 JlPD8259A remains in this mode until it is reset. The Special 
Mask Mode does not affect the higher priority interrupts. 

POLLED 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 (P = 1), during a WR pulse. The 
following RO pulse is then considered as an interrupt acknowledge. If an interrupt 
input is present, that R D 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 word strobed onto the Data bus during Poll Mode is of 
the form: 

07 06 05 04 03 02 01 DO 

I I I X I X I ~ I X I W2 I Wl I Wo I 
where: 1- 1 if there is an interrupt requesting service 

= 0 if there are no interrupts 

W2-0 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 inter­
rupt inputs. The INTA sequence is no longer required, thus saving in ROM space. 
Poll Mode can also be used to expand the number of interrupts beyond 64. 
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",PD8259A 

ICW' 

ICWJ 

.... DJ D • 0, 

ICW:l IM .... UII DEVICEI 

ICWJ III. ... VI OEVICII 

.... DJ 0. a. D. ~ L7 0, 0, 

, ICIIM HEEDED 
o 0 NO ICIM .. UDlD 

I. SINGlE 
o • CASCADE MODE 

CALL ... DOIIED I .. UIIYAL 
'oINTlIIV ... " 0'" 
0 0 INUIIV ... L 0" 

, • LEVEL TRIGGERED MODE 
o • EDGE TRIGGERED MODE 

~~~~OF =:"" 
(MCSIOIU MODE) 

~~61~=:':T 
(1OIe1eoel MODE) 

, • III INPUT "AS'" SL ... VE 
o • III INPUT DOn NOT HAVE 

... SL ... VE 

l' I 01 01 01 01 °1~1~1~1 
5,,"'VllOl" 

o , , :I .. " • J 
o , o , 0 , 0 , 

o 0 , , 0 0 , , 
o 0 o 0 , , , , 

,. lOIe,eDllMODE 
o • MCa-eo,. MODI 

,. AUTO EOI 
o 0 NDllIII ..... EO. 

EEmIl . IlION IUFfEIIEO MODI 
- IUfFEIIEO MODIISL ... VI 

, I - IUFfIIlIO MODI ....... UII 

NOtE 1: SLAVE 10 IS EQUAL TO THE CORRESPONDING MASTER IR INPUT. 
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READING ~PD8259 STATUS 

OPESATION COMMAND 
WORD FORMAT 

"PD8259A 
The following major registers' status is available to the processor by appropriately 
formatting OCW3and issuing AD command. 

INTERRUPT REQUEST REGISTER (8-BITS) 

The 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.) A WR command must be issued 
with OCW3 prior to issuing theRD command. The bits which determine whether the 
IRR and ISR are being read from are RIS and ERIS. To read contents of the IRR, ERIS 
must be logic "1~' and R IS a logic "0." 

IN-SERVICE REGISTER (8-BITS) 

The 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 a logic "1." 

INTERRUPT MASK REGISTER (8-BITS) 

The Interrupt Mask Register holds mask data modifying interrupt levels. To read the 
IMR status a WR pulse preceding the RD is not necessary. The IMR data is available to 
the data bus when RD is asserted with AO at a logic "1." 

A single OCW3 is sufficient to enable successive status reads providing it is of the same 
register. A status read is over-ridden by the Poll Mode whEln bits P and ERIS of OCW3 
are set to a logic "1." 

OCW1: 

Ao 07 De 05 04 03 02 01 DO BINARY LEVEL TO BE RESET 

OCW2: I 0 I R I 5EOIleOI I 0 I 0 I L2 I Ll I Lo I OR PUT INTO LOWEST PRIORITY 

I' I L-
o 1 2 3 4 & 6 7 

o 1 o 1 o 1 0 1 

o 0 1 1 0 o 1 1 

o 0 o 0 1 1 1 1 

J NON-speCIFIC END OF INTERRUPT J 
1 • Reset thl H~hHt Priority 

I O.~:~~:: 
I SPECIFICENO OF INTERRUPTI I 1· L2. Ll. Lo Bill or. u.d 

O· No AClion 

I ROTATE PRIORITY 

t ~: ~:~~:tlt. 

OCW3: I 0 I - I ESMM I SMM I 0 I 1 I P I ERIS I RIS~ 
r I RNd In·SelVico R ....... 

0 0 No Acllon 
0 1 No Acllon 
1 0 RNd.!.!! Roe. on 

N ... ROPuI. 
1 1 RNd IS Rill-on 

_.""'Pul. 

Polling 
1 RNd81na'V~o' I 

Highet. L_ R_lItlng 
I ..... rup. on NIX. 11'5 PuIM 

0 No ..... 1on I 
t. ' .... I .. _k_ 

I 0 10 I No ..... 1on I 
0 1 NoAc.1on 1 

11 01 RNd .... IoIM.k 1 
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Inlt.' , 
2 
3 
4 

5 
8 
7 

8 

9 

'0 

" '2 
'3 
'4 

'5 

'8 

17 

'8 
'9 
20 

2' 
22 
23 

24 

25 

26 
27 

28 

29 

30 

3' 
32 

33 
34 

35 

38 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

5' 
52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

Mnemontc 

ICW' A 

ICW' B 

ICW' C 

ICW' 0 
ICW' E 

ICW' F 
ICW' G 

ICW' H 

ICW' 

ICW' 

ICW' K 
ICW, L 

ICW' M 
ICW' N 
lew, 0 
lew., p 

ICW2 

leW3 M 

leW3 5 

leW4 A 

leW4 B 
ICW4 e 

leW4 0 
leW4 E 

leW4 F 

leW4 G 

leW4 H 

leW4 

leW4 

leW4 K 

leW4 

leW4 M 

leW4 N 

leW4 0 

ICW4 P 

leW4 NA 

leW4 NB 

ICW4 NC 

ICW4 NO 

ICW4 NE 

ICW4 NF 

ICW4 NG 

leW4 NH 

ICW4 NI 

ICW4 NJ 

ICW4 NK 

ICW4 NL 

ICW4 NM 

ICW4 NN 

ICW4 NO 

ICW4 NP 

OCW' 
OCW2 E 

OCW2 SE 

OCW2 AE 

OCW2 ASE 

OCW2 A 

OCW2 CA 

OCW2 AS 

OCWl P 

OCWl AI5 

INSTRUCTION SET SUMMARY 

SUMMARY OF 8259A INSTRUCTION SET 

o A7 A8 A5 o , , 0 

o A7 A8 A5 , 0 

o A7 A8 A5 o o 0 
o A7 A8 A5 1 1 o 0 
o A7 A8 0 o 0 , 0 

o A7 A8 0 , 0 , 0 

o A7 A8 0 o 0 
o 

o 0 
o A7 A8 0 o 0 

o A7 A8 A5 o , o A7 A8 A5 , 
o 
o , , 

o A7 A8 A5 o , 
o A7 A8 A5 , , 
o A7 A8 0 o 0 
o A7 A8 0 , 0 

o A7 A8 0 o 0 
o 

o 
o o A7 A8 0 

1 

a 
o 
a 
a 
a 
a 

A,5 A'4 A'il A,2 A" A'O A9 A8 

57 56 55 54 53 52 5' so 
o 0 0 0 0 52 5' so 
00000 0 0 0 
00000001 
o 0 0 0 000 
000000' , 
0000000 
o 0 0 0 0 
o 0 0 0 0 
00000 , 
o 0 0 0 
o 0 0 0 
000 
000 0 
000 0 
o 0 0 0 
000 0 

o 0 
o 0 1 

o 0 
o 1 1 

o 0 
o 1 

o 
000 
000 
000 
000 
000 
000 
o 0 
000 
000 
o 0 0 

000 
000 
000 
o 0 0 

o 1 1 

o 0 0 . Q 

o 0 0 1 
000 
o 0 
o 0 
o 1 

o a 
o 1 1 1 

a a a 
a 0 1 

a 1 0 

a 1 1 

o 0 
o a 0 1 

o a 0 1 0 

o a 0' 1 

M7 M6 M5 M4 M3 M2 Ml MO 

o 0 0 0 000 
a 1 0 

o 1 a 
1 1 0 

1 0 0 0 

a a 0 0 
1 

o 
a 

o 0 
o 0 
o 0 

o L2 Ll LO 

o a 0 

o L2 Ll La 

o 0 0 0 
o 0 0 0 
\) L2 Ll LO 

1 0 0 

o 
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} 

} 

Operation Descrtptlon 

Format = 4, single, edge triggered 

Format = 4, single, level triggered 

Byte' Initialization Format = 4, not single, edge triggered 

Format = 4, not single, level triggered 

No leW4 Requlrpd Format = 8, single, edge triggered 

Format = 8, single, level triggered 

Format - 8, not lingle, edga triggered 

Format = 8, not lingle, level triggered 

Format. 4, lingle, edge triggered 

Format = 4, lingle, level triggered 
Byte' Initialization Format- 4, not lingle, edge triggered 

Format. 4, not alngle, level triggered 
ICW4 Required Format. 8, lingle, edge triggered 

Byte 2 Initialization 

Format. 8, lingle, level triggered 

Format. 8, not alngle, edge triggered 

Format.8, not alngle, level triggered 

Byte 3 Initialization - ma.ter 

Byte 3 Initialization - Ilave 

No action, redundant 

Non-butfered mode, no AEOI, 8086/8088 

N6n-bliffered mode, AEOI, 80/85 

Non-buffered mode, AEOI, 8086/8088 

No action, redundant 

Non-buffered mode, no AEOI, 8086/8088 

Non-buffered mode, AEOI, 80/85 

Non-buffered mode, AEOI, 8086/8088 

Buffered mode, slave. no AEOI, 80/85 

Buffered mode, slave, no AEOI. 8086/8088 

Buffered mode, slave, AEOI, 80/85 

Buffered mode, slave, AEOI, 8086/8088 

Buffered mode, master, no AEOI, 80/85 

Buffered mode, master, no AEOI, 8086/8088 

Buffered mode, master, AEOI, 80/85 

Buffered mode, master AEOI, 8086, 8088 

Fully nested mode, 8085A, non-buffered, no AEOI 

ICW4 NB through ICW4 NO are identical to 
ICW4 B through ICW4 0 with the addition of 
Fully Nested Mode 

Fully Nested "Mode, 80/85, non-buffered, no AEOI 

ICW4 NF through ICW4 NP are identical to 
ICW4 F through ICW4 P with the addition 01 
Fully Nested Mode 

Load mask register, read mark register 

Non-specific EOI 

Specific EOI, LO-L2 code of IS FF to be reset 

Rotate on Non-Specific EOI 

Rotate on Specific EOI LO-L2 code of line 

Rotate in Auto EOI (set) 

Rotate in Auto EOI (clear) 

Set Priority Command 

Poll mode 

Read IS register 



SUMMARY OF OPERATION 
COMMAND WORD 

PROGRAMMING 

LOWER MEMORY 
INTERRUPT VECTOR 

ADDRESS 

IlPD8259A 

AO 04 03 

OCW1 1 X X M7-M0 IMR Unterrupt Mask Register) WR loads IMR detl Wlill 
AD reeds status 

OCW2 0 0 0 R SEOI EOI 

0 0 0 No Action 

0 0 1 Non-Specific End-of-Interrupt 

0 1 0 No Action 

0 1 1 Specific-End-of-Interrupt L2. L,. LO forms binary rapr.llntetlon 
of level to be relit. 

1 0 0 No Action 

1 0 1 Rotate Priority at End-of-Interrupt (Auto Model 

1 1 0 Rotate Priority. L2 •. L,. La specifi .. bottom prloritv without 
End-of-Interrupt 

1 1 1 Rotate Priority at End-of-Interrupt (Specific Mode). L2. L,. LO 
specifies bottom priority. and In In-Service Register bit is rlilt. 

OCW3 0 0 1 ESMM SMM 

0 0 

0 1 
Special Mask not affected 

1 0 Raset Special Mask 

1 1 Set Special Mask 

ERIS RIS 

0 0 
No Action 

0 1 

1 0 Read IR Register StatUI 

1 1 Reed IS Register Status 

INTERVAL -4 INTERVAL-S 

07 De Os 04 03 02 0, DO 07 De Os 04 03 02 0, DO 

IR7 A7 Ae AS 1 1 1 0 0 A7 As 1 1 1 0 0 0 

IRa A7 As AS 1 1 0 0 0 A7 As 1 1 0 0 0 0 

IRS A7 As AS 1 0 1 0 0 A7 As ·1 0 1 0 0 0 

IR4 A7 As AS 1 0 0 0 0 A7 As 1 0 0 0 0 0 

IR3 A7 As AS 0 1 1 0 0 A7 As 0 1 1 0 0 0 

iR2 A7 As AS 0 1 0 0 0 A7 Aa 0 1 0 0 0 0 

IR1 A7 As AS 0 0 1 0 0 A7 As 0 0 1 0 0 0 

IRO A7 As AS 0 0 0 0 0 A7 As 0 0 0 0 0 0 

FIGURE 4 

Note: Insure that the processor's Interrupt input is disabled during the execution of any control command and 
Initialization sequence for all ",PD8259A's. 

l I'fIOCESSOR,II,DO''lEsseulntl ~ 

t PROCIISSOACONTROLIUS 

~ .Ia 

) P'ROCESIORDAT .... UIIII l . 
- -- -- -- - ---- -- -- -- - - --- - - r-- -- -- - - f-- -

~U r. jJl Ci A, 'NT ca .. 'NT a .. 'NT 

c ... so~ CAS. 
""D8269A 

CAS' f--- ""D82I111A 
CA" CAS' 

,.PD8261A 
IIl. ... vS21 ISLAVIi"1I (MAITIAI 

CA" I-- CAS 2 0." 
.. IR IA 11'111'111'1 IA If! 11'1 .. 11'1 11'1 11'1 lAIR 1Ft 11'111'1 j; 1111 IR ,,. .. 11'1 1ft , ... 
Illlfflif Itlffttff lJJ ffflt1 
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Plastic 
ITEM MILLIMETERS 

38.0 MAX. 

2.49 

2.54 

o ~~ 0.1 

33.02 

1.5 

2.54 MIN. 

0.5 MIN. 

5.22 MAX. 

6.72 MAX. 

15.24 

13.2 

M 0.25~~:: 

Ceramic 
ITEM MILLIMETERS 

A 36.2 MAX. 
1.59 MAX. 
2.54 t 0.1 

o 0.46' 0,01 
33.02 ± 0.1 

1.02 MIN. 
G 3.2MIN. 

1.0MIN. 
3.5 MAX. 
4.5 MAX. 

15.24 TYP. 

14.93 TYP. 
M 0.25 ± 0.06 

692 

INCHES 

1.496 MAX. 

0.098 

0.10 

0.02' 0.004 

1.3 

0.059 

O.IOMIN. 

0.02 MIN. 

0.205 MAX. 

0.225' MAX. 

0.8 

0.52 

0.01 ~~::: 

INCHES 
1.43 MAX. 

0.06 MAX. 
0.1 , 0.004 

0.02 t 0.004 

1.3' 0.004 
0.04 MIN. 
0.13MIN. 
0.04 MIN. 
0.14 MAX. 
0.18 MAX. 
0.6 TYP. 
0.59 TYP. 
0,01.0.002 

PACKAGE OUTLI NE 
J.lPD8259AC 

J.lPD8259AD 

8259A DS-R EV1-1-82-CA T 



NEe IlPD8279-5 
NEe Electronics U.S.A. Inc. 
Microcomputer Division 

PROGRAMMABLE KEYBOARD/DISPLAY 
INTERFACE 

OESCR IPTION The J.LPD8279-5 is a programmable keyboard and display Input/Output device. It 
provides the user with the ability to display data on alphanumeric segment displays 
or simple indicators. Thedisplay RAM can be programmed as 16 x 8 or a dual 
16 x 4 and 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 expand­
able 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 • Programmable by Processor 

• 32 HEX or 16 Alphanumeric Displays 

• 64 Expandable to 128 Keyboard' 

• Simultaneous Keyboard and Display 

• 8 Character Keyboard - FIFO 

• 2 Key Lockout or N Key Rollover 

• Contact Debounce 

• Programmable Scan Timer 

• Interrupt on Key Entry 

• Single +5 Volt Supply, ±10% 

• Fully Compatible with 8080A, B085A, J.LPD780 (Z80™) 

• Available in 40 Pin Plastic Package 

PIN CONFIGURATION 
RL2 
RL3 
CLK 
'IRQ 

RL4 

RLS 
RL6 
RL7 

RESET 

TM: Z80 is a registered trademark of Zilog, Inc. 

J.LPD 
8279-5 

Rev/1 
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VCC 
RL, 
RLO 
CNTL/STB 
SHIFT 

SL3 
SL2 
SL, 
SLO 

OUT BO 
OUTB, 
OUT B2 
OUTB3 

OUT'AO 
OUTA, 
OUTA2 
OUTA3 
BD 
Cs 
AO 

DBO-7 

CLK 

RESET 

B 
RD 

Wi!! 
AO 
IRQ 

SLO·3 

RLO_7 

SHIFT 

CNTL/STB 

OUT AO.3 

OUT BO.3 

1m 

PIN NAMES 

Data Bus (Bi-directional) 

Clock Input 

Reset Input 

Chip Select 

Read Input 

Write Input 

Buffer Address 

Interrupt Request Output 

Scan Lines 

Return Line. 

Shift Input 

Control/Strobe Input 

DllPlav (AI Output. 

DilPllIV (BI Outputs 

Bland DllPlev Output 



IlPD8279-5 
The /-LPD8279-5 has two basic functions: 1) to control displays to output and 2) to 
control a keyboard for input. Its specific purpose is to unburden the host processor 
from monitoring keys and refreshing displays. The /-LPD8279-5 is designed to directly 
interface the microprocessor bus. The microprocessor must program the operating 
mode to the /-LPD8279-5, these modes are as follows: 

Output Modes 

• 8 or 16 Character Display 
• Right or Left Entry 

Input Modes 

• Scanned Keyboard with Encoded 8 x 8 x 4 Key Format or Decoded 4 x 8 x8 
Scan Lines. 

• Scanned Sensor Matrix with Encoded 8 x 8 or Decoded 4 x 8 Scan Lines. 

• Strobed Input. 

CLK RESET DBO·7 

OUT AO.3 OUT BO.3 

Operating Temperature ..................... . 
Storage Temperature ..... . 
All Output Voltages .............. . 
All Input Voltages ........... . 
Supply Voltages .......... . 
Power Dissipation ...... . 

Note: CD With respect to vss 

SLO·3 

IRQ 

KEYBOARD 
DEBOUNCE 

AND 
CONTROL 

.......... O°C to +70°C 
. -65°C to +150

o
C 

-0.5 to +7 VoltsCD 
-0.5 to +7 VoltsCD 
-0.5 to + 7 VoltsCD 

. .....•.... 1W 

*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 . 
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RATINGS* 



IiPD8279-5 

PIN IDENTIF ICATION PIN 
DESCRIPTION 

NO. SYMBOL NAME 

1,2,5, RLO-7 Return Lines Return line inputs which are connected to the scan 
6,7,8, lines through the keys or sensor switches. They 
38,39 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. 

3 elK Clock Clock from system used to generate internal timing. 
4 IRQ Interrupt . Interrupt Request. In a keyboard mode, the inter-

Request rupt 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 a sensor mode, 
the interrupt line goes high whenever a change in a 
sensor is detected. 

9 Reset Reset Input . A high signal on this pin resets the J-IPD8279-5. 

10 RD Read Input Input/Output read and write. These signals enable 
__ o __ 1--' 

the data· buffers to either send data to the external 11 WR Write Input 
bus or receive it from the external bus. 

----- r------' 
0 ______ -

12·19 DBO·7 Data Bus Bi-Directional data bus. All data and commands 
between the processor and the J-IPD8279-5 are 
transmitte.d on these lines. 

-------
20 VSS Ground Power Supply Ground 

Reference 

21 AO Buffer Address 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. 

22 CS Chip Select Chip Select. A low on this pin enables the inter-
face functions to receive or transmit. 

--- --
23 BD Blank Display Blank Display. This output is used to blank the 

Output display during digit switching or by a display 
blanking command. -_._--

24-27 OUTA0-3 Display A These two ports are the outputs for the 16 x 4 
Outputs display refresh registers. The data from these out-

28-31 OUT BO-3 Display B 
" 

puts is synchronized to the scan lines (SlO-Sl3) 

Outputs for multiplexed digit displays. The two 4-bit ports 
may be bl an ked independently. These two ports 
may also be considered_ as one 8-bit por!. 

32-35 SlO-3 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 
(10f4). 

36 Shift Shift Input 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. 

37 CNTL/STB Control/ For keyboard modes this line is used as a control 
Strobe Input input 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. --------

40 VCC +5V Input Power Supply Input 
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LIMITS TEST 
PARAMETER SYMBOL UNIT 

MIN TVP MAX CONDITIONS 

Input Low Voltage for VILl -0.5 1.4 V 

Return Lines 

Input Low Voltage (Others) VIL2 -0.5 0.8 V 

Input High Vbltage for VIHl 2.2 V 

Return Lines 

Input High Voltage (Others) VIH2 2.0 V 

Output Low Voltage VOL 0.45 V IOL; 2.2 mA 

IRQ +3.5 V IOH = -50/1A 
Output High Voltage on 

Pin 
I----

V 
Inten lIpt Lille +2.4 IOH = -400/1A 

OTHERS +2.4 V IOH = -400/1A 

Input Currenfon Shift, IILl +10 J..I.A VIN ; VCC 
Control and Return Lines -100 J..I.A VIN; OV 
~-

Input Leakage Current I'L2 ±10 J..I.A VIN ; VCC to OV 
(Othelsl 

Output Float Leakage IOFL +10 J..I.A VOUT = Vce to OV 

Powel Supply Current ICC 120 mA 

LIMITS TEST 
PARAMETER SYMBOL UNIT 

CONDITIONS MIN TYP MAX 

Input Capacitance CIN 5 10 pF 

Output Capacitance COUT 10 20 pF 

Ta = O°C to +70°C; Vec = +5V ± 10%; VSS = OV 

PARAMETER 

Address Stable Before J1EAU' 
Address Hold Time for i1E'Ai'5 
READ Pulse Width 

Data Delay from FfEAi) 
Address to Data Valid 

J1EAU' to Data Floating 

Read Cycle Time 

Address Stable Before WR ITE 

Address Hold Time for WR ITE 

WR ITE Pulse Width 

Data Set Up Time for ~ 

Data HoldTime for WRITE 
Write Cycle Time 

Clock Pulse Width 

Clock Period 

Keyboard Scan Time: 
Keyboard Debounce Time: 
Key Scan Time: 
Display Scan Time: 

LIMITS 
SYMBOL UNIT 

MIN TYP MAX 

READ 

tAR 0 ns 

tRA 0 ns 

tRR 250 ns 

tRD 150 ns 

tAD 250 ns 

tDF lO 100 ns 

tRCY 1 J,lS 

WRITE 

tAW 0 ns 

tWA 0 ns 

tww 250 ns 

tDW 150 ns 

two 0 ns 

1jis 

OTHER 

t</>W 120 ns 

tCY 320 ns 

GENERAL TIMING 

Digit-on Time: 
Blanking Time: 

5.1 ms 
10.3 ms 
80lls 
10.3 ms 

Internal Clock Cycle: 

696 

VIN = VCC 

VOUT = VCC 

TEST 
CONDITIONS 

CL = 150 pF 

CL = 150 pF 

480lls 
160lls 

10lls 

DC CHARACTERISTICS 

CAPACITANCE 

AC CHARACTER ISTICS 



IlPD8279-5 
TIMING WAVEFORMS INPUT FOR AC TESTS 

2.4 

0.45 

READ 

,-_,.P----------~-".~-------- (SYSTEM'S 
AO, CS ADDRESS BUSI 

(READ CONTROLI 

~---

DATA BUS 

(OUTPUTI --~~~~~~~_4-~~-~~-+_-----------

WRITE 

-_J.---J:======~~~~=====:::~-- (SYSTEM'S 
AO, CS ADDRESS BUSI 

DATABUS----------~~~------·,.---------
(lNPUTI DATA MAY CHANGE 

CLOCK INPUT 
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",PD8279-5 
The following is a description of each section of the J.lPD8279-5. See the block 
diagram for functional reference. 

I/O Control and Data Buffers 

Communication to and from the J.lPD8279-5 is performed by selecting CS, AO, RD and 
WR. The type of information 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. R D and WR 
select the direction by which the transfer occurs through the Data Buffers. When the 
chip is deselected (CS = 1) the bi-directional Data Buffers are in a high impedance state 
thus enabling the J.lPD8279-5 to·be tied directly to the processor data bus. 

Timing Registers and Timing Control 

The Timing Registers store the display and keyboard modes and other conditions pro­
grammed by the processor. 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 must take a value between 2 and 31 in binary. A value which 
scales the internal 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. 

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 provides 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 sampling 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 F I Fa. In the scanned sensor mode, the contents of 
return lines are sent directly to the sensor RAM (F I F 0) each key scan. I n the strobed 
mode, the transfer takes place on the rising edge of CNTLISTB. 

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 F I Fa will be treated 
as an error condition. 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 pro­
grammed to auto-increment after each read or write. The display RAM may be read 
by the processor any time after the mode and address is set. Data entry to the display 
RAM may be set to either right or left entry. 
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",PD8279-5 

COMMAND OPE RATION The commands programmable to the pPD8279-S'via the data bus with CS active (0) 
and AO high are as follows: 

Keyboard/Display Mode Set 

1010]01DIDIKIKIKI 

MSB lSB 

Display Mode: 

DO 

o 0 8-8-bit character display - left entry 

o 1 G) 16-8 bit character display - left entry 

o 8-8 bit character display - Right e,tltry 

16-8 bit character display - Right entry 

Note: CD Power on default condition 

Keyboard Mode: 

KKK 

0 0 0 Encoded Scan - 2 Key lockout 

0 0 Decoded Scan - 2 Key lockout 

0 0 Encoded Scan - N Key Rollover 

0 1 1 Decoded Scan - N Key Rollover 

0 0 Encoded Scan-Sensor Matrix 

0 Decoded Scan-Sensor Matrix 

0 Strobed Input, Encoded Display Scan 

Strobed Input, Decoded Display Scan 

Program Clock 

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

Read FIFO/Sensor RAM 

1 0 11 1 0 I All X I A I A I A I AO = 0 

Al is the auto-increment flag. AAA is the row to be read by the processor. The read 
command is accomplished with (Cs. RD· Ac» by the processor. If Al is 1, the row 
select counter will be incremented after each read. Note that auto-incrementing has 
no effect on the display. 

Read Display RAM 

Where Al is the auto-increment flag and AAAA is the character which the processor 
is about to read. 

Write Display RAM 

where AA.AA is the character the processor is about to write. 

Display Write Inhibit Blanking 

1
1

1
0

1
1

1 Xl ~1~wl~ll~l I 

Where IWA and IWB are I nhibit Writing· nibble A and B respectively, and B lA, BlB 

are blanking. 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 is accomplished with 
the IW flags. The Bl flags allow the programmer to blank either half of the display 
independently. To blank a display formatted as a single B-bit, it is necessary to set 

both BlA and BlB. Default after a reset is all zeros. All signals are active high (1). 
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Clear 

o I CD I CD I CD I CF CA 

CD CD CD 

o 

o 
1 
1 
X 

X 

o 

X 

All zeros 
AB = 2016 
All ones 
Disable clear display 

This command is used to clear the display RAM, the FIFO, or both. The CD options 
allow the user the ability to clear the display RAM to either all zeros or all ones. 

CF clears the FIFO. 
CA clears all. 

Clearing the display takes one complete display scan. During this time the processor 
can't write to the display RAM. 

CF will set the FIFO empty flag and reset I RO. The sensor matrix mode RAM pointer 
will then be set to row O. 

CA is equivalent to CF and CD. The display is cleared using the display clear code 
specified and resets the internal timing logic to synchronize it. 

End Interrupt/Error Mode Set 

1111111ElxlxlxlxI 
In the sensor matrix mode, this instruction clears IRO and allows writing into RAM. 

In N key rollover, setting the E bit to 1 allows for operating in the special Error mode. 
See Description of FIFO status. 

Where: DU 

FIFO Status 

I DU I S/E I 0 I U I FIN INN 

Display Unavailable because a clear display or clear all command is in 
progress. 

S/E Sensor Error flag due to multiple closure of switch matrix. 

o FIFO Overrun since an attempt was made to push too many 
characters. into the FIFO. 

U = FIFO Underrun. An indication that the processor tried to read an 
empty FIFO. 

F FIFO Full Flag. 

NNN The Number of characters presently in the FIFO. 

The FIFO Status is Read with AO high and CS, RD active low. 

The Display not available is an indication that the CD or CA command has not 
completed its clearing. The S/E flags are used to show an error in multiple closures has 
occurred. 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 FI FO. F is an indication 
that the FIFO is full and NNN inhe 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 the 
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. 
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COMMAND OPERATION 
(CONT.) 

PACKAGE OUTLIN E 
J,LPD8279-5C 

"PD8279-5 
Data Format 

:SCAN: 

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 R L 7 I R L6 I R LS I R L4 I R L3 I R L2 I R L 1 I R LO I 
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. 

Control Address Summary 

~ DATA 

MSB LSB 

0 0 0 D D K K K Keyboard Display Mode Set 

0 0 I P P P P P Load Program Clock 

0 0 I 0 A1 X A A A Read FIFO/Sensor RAM 

0 0 I A1 A A A A Read Display RAM 

0 I 0 A1 A A A A Write Display RAM 

0 I I X I IW IW BL BL Display Write Inhibit/Blanking 
A B A B 

I I 0 I CD I CD I CD CF CA I Clear 

~I E X I X X X End Interrupt/Error Mode Set 

IDU I S/E I 0 U I F I N N N I FIFO Status 

I . A I F K91 
l~J1i:~-i H~~G M ~-15. ~ 

(Plastic) 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.02BMAX 

B 1.62 0.064 

C 2.54:! 0.1 0.10 ± 0.004 

0 0.5 ± 0.1 0.019 ± 0.004 
E 4B.26 1.9 
F 1.2 MIN 0.047 MIN 

G 2.54 MIN 0.10 MIN 

H 0.5MIN 0.019 MIN 

I 5.22 MAX 0.20'6 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.600 

L 13.2 0.520 

M 0.25 + 0.1 
0.05 

+ 0.004 
0.010 0.002 

8279-5DS-R EV 1-1 ~82-CAT 
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NEe 
NEe Electronics U.S.A. Inc. 

JlPB8282 
JlPB8283 

Microcomputer Division 

OCTAL LATCH 

DESCRIPTION The j,LPB8282/8283 are 8-bit latches with tri-state output buffers. The 8282 is non­
inverting and the 8283 inverts the input data. "These devices are ideal for demuxing 
the address/data buses on the 8085A/8086 microprocessors. 
The 8282/8283 are fabricated using NEC's Schottky bipolar process. 

FEATURES • Supports 8080, 8085A, 8048; 8086 Family Systems 

FUNCTIONAL 
DESCRIPTION 

• Tnmsparent During Active Strobe 
• FLilly Parallel 8-Bit Data Register and Buffer 
• High Output Drive Capability (32 mAl for Driving the System Data Bus 
• Tri.State Outputs 
• 20-Pin Package 

010 ; vee 010 vee 
01 1 000 01 1 000 

01 2 001 01 2 0°1 

013 0°2 013 0°2 

014 003 014 003 

01 5 004 015 004 

016 ; 0°5 016 005 

017 ; 006 017 006 

OE 007 OE 007 

GNO STB GNO STB 

PIN NAMES 

010-017 OATAIN 

0°00 °7 OATA OUT 

DE OUTPUT ENABLE 

STB STROBE 

The pPB8282/8283 are 8-bit latches with tri-state output buffers. Data on the inputs 
is latched into the data latches on a high to low transition of the STB line. When STB 
is high, the latches appear transparent. The OE input enables the latcheddata to be 
transferred to the output pins. When OE is high, the outputs are put in the tri-state 
condition. OE will not cause transients to appear on the data outputs. 

Rev/1 
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J£PB8282/8283 

Operating Temperature ................................. O°C to 70°C 
Storage Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to +150°C 
All Output and Supply Voltages ..... . ... -0.5V to +7V 
All Input Voltages .................................. -1.0V to 5.5V 
Ta = 25°C 

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

Conditions: VCC = 5V ± 10% T a = OoC to 70°C 

PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS 

Input Clamp Voltage Vc -1 V IC =-5 mA 

Power Supply Current ICC 160 mA 

Forward Input Current IF -0.2 mA VF -O.45V 

Reverse Input Current IR 50 JJA VR - 5.25V 

Output Low Voltage VOL 0.45 V IOL - 32 mA 

Output High Voltage VOH 2.4 V IOH --5 mA 

Output Off Current IOFF ±50 JJA VOFF -0,45to 6.25V 

Input Low Voltage VIL O.S V VCC=5.0VG) 

Input High Voltage VIH 2.0 V VCC-5.0VQ) 

Input Capacitance CIN 12 pF VBIAS=2.5V, VCC=5V 

Ta=25°C. F=l MHz 

Note:(j) Output Loading IOL - 32 mA, IOH - -5 mA, CL = 300 pF 
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AC CHARACTE'RISTICS 

TIMING WAVEFORMS 

AC TESTING INPUT, 
OUTPUT WAVEFORM 

"PB8282/8283 

Conditions: VCC = 5V ± 10%, Ta = O°C to 70°C 

Loading: Outputs - IOL = 32 mA, IOH = -5 mA CL = 300 pF 

PARAMETER SYMBOL MI.N MAX UNITS 

Input to Output Delay TIVOV 5 
-Inverting 22 ns 
-Non-Inverting 5 30 ns 

STB to Output Delay TSHOV 
-Inverting 10 40 ns 
-Non-Inverting 10 45 ns 

Output Disable Time TEHOZ 5 22 ns 

Output Enable Time TELOV 10 30 ns 

Input to STB Setup Time TIVSL 0 ns 

Input to STB Hold Time TSLIX 25 ns 

STB High Time TSHSL 15 ns 

Input; Output Rise Time TILIH T OLOH 20 ns 

Input, Output Fall Time TIHIL, TOHOL 12 nw 

INPUTS 

TSLIX 

STB 

TEHOZ 
TELOV -&= 

1.6V 
------ l.4V 

OUTPUTS 

Note: Output may be momentarily invalid following the lJ.igh going into STB transition. 

1.5V 1.5V 

OUT~'00n 
OUT 

300 pF 

330 

3-STATE TO VOL 

r 300 pF 

3-STATE TO VOH 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 

A LOGIC "0" TIMING. MEASUREMENTS ARE MADE AT 1.5V FOR BOTH 

A lOGIC "1" AND "0." 
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IlPB8282/8283 

Plastic 

ITEM MILLIMETERS INCHES 

A 26.7 MAX. 1.05 MAX. 
B 1.05 0.041 
C 2.54 0.1 
0 0.5 ± 0.1 0.02' 0.004 
E 22.86 0.9 
F 1.4 0.055 
F' 1.1 0.043 
G 2.54 MIN. 0.1 MIN. 
H 0.5MIN. 0.02 MIN. 
I 3.55 0.14 
J 5.08 MAX. 0.2 MAX. 
K 7.62 0.3 
L 6.4 0.25 
M 0.25+0.10 0.01 + 0.004 

- 0.05 -0.002 
R 1.0R O.04R 

eerdip 

ITEM MILLIMETERS INCHES 

A 26.7 MAX. 1.05 MAX. 
B 0.7 0.028 
C 2.54 0.1 
o 0.46 ± 0.1 0.018 ± 0.004 
E 22.86 0.9 
F 1.4 0.055 
P B9 BroS 
G 2.54 MIN. 0.1 MIN. 
H 0.5 MIN. 0.02 MIN. 
I 4.32 MAX. 0.17 MAX. 
J 5.08 MAX. 0.2 MAX. 
K 7.62 0.3 
L 6.8 0.27 
M 0.25 + 0.10 0.01 + 0.004 

- 0.05 -0.002 
R 0.8R 0.03R 
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IlPB8282D 
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NEe IlPB8284 

NEe Electronics U.S.A. Inc. 
Microcomputer Division 

CLOCK GENERATOR AND DRIVER FOR 
8086/8088 MICROPROCESSORS 

D ESC R I PT I ON The j.tPB8284 is a clock generator and driver for the 8086 and 8088 microprocessors 

This bipolar driver provides the microprocessor with areset signal and also provides 
properly synchronized READY timing. A TTL clock is also provided for peripheral 
devices. 

FEATURES • ,Generate System Clock for the 8086 and 8088 

PIN CONFIGURATION 

• Frequency Source can be a Crystal or a TTL Signal 
• MOS [evel Output for the Processor 
'. TTL Level Output for Peripheral Devices 
• Power·Up Re~et for the ProceSsor 
• READY Synchronization 

'. +5V Supply 
• 18 Pin Package 

CYSNC 

PClK 

AEi\i1 

RDYl 

READY 

RQY2 

A"EN"2 
ClK 

GND 

VCC 

Xl 

X2 

TNK 

EFI 

Fie 

OSC 

REs 
RESET 

Xl. X2 

TANK 

FIC 

EFI 

CSYNC 

RDY1} 
RDY2 

~} AEN2 

RES 

RESET 

OSC 

ClK 

PClK 

READY 

PIN NAMES 

Crystal Connections 

For Overtone Crystal 

Clock Source Select 

External Clock Input 

Clock Synchronization Input 

Ready Signal from 

Multibus TM * Systems 

Address Enable Qualifiers 

for the two ROY Signals 

Reset Input 

Synchronized Reset Output 

Oscillator Output 

MOS Clock for the Processor 

TTL Clock for Peripherals 

Synchronized Ready Output 

*TM· Multibus is a tra'demark of Intel Corporation. 

Rev/1 
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PIN IDENTIFICATION PIN IDENTIFICATION 

NO. SYMBOL NAME FUNCTION 

1 CSYNC Clock Synchronization 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. 

2 PCLK Peripheral Clock A TTL level clock for use with per-
ipheral devices. This clock is one-
half the frequency of ClK. 

3, 7 AEN1, AEN2 Address Enable This active low signal is used to 
qualify its respective RDY inputs. 
If there is only one bus to interface 
to, AEN inputs are to be grounded. 

4,6 RDY1, RDY2 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. 

5 READY Ready The READY signal to the micro-
processor is synchronized by the 
RDY inputs to the processor elK. 
READY is cleared after the guaran-
teed hold time to the processor has 
been met. 

8 ClK 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 elK is 
one third of the crystal or EFI 
frequency. 

10 RESET Reset This is used to initialize the proces-
sor. Its input is derived from an RC 
connection to a Schmitt trigger 
input for power up operation. 

11 RES Reset In This Schmitt trigger input is used to 
determine the timing of RESET out 
via an RC circuit. 

12 ose Oscillator Output This TTL level clock is the output 
of the oscillator circuit running at 
the crystal frequency. 

13 FIe Frequency Crystal Select FIe 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. 

14 EFI External Frequency In A square wave in at three times the 
elK output. A TTL level clock to 
generate elK. 

16,17 Xl, X2 Crystal In A crystal is connected to these 
inputs to generate the processor 
clock_ The crystal chosen is three 
times the desired elK output. 

15 TNK Tank This is used for overtone type 
crystals. (See diagram below.) 

18 vce vce +5V 
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BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTE R ISTICS 

IlPB8284 

~------------------------------~ RESET 

~---~~------__4 ~-------~-----------OSC 

.----------.-CLK 

F/C--__ -4 """!~-----------Jlfi. 

EFI-------------------L~ 

PCLK 

CSYNC------------------------------~~----_+----~ 

RDY1---------------~=====r~ CK 

Arni------:=----I ~-----ID Q I------~_ READY 

A"'E"N'2 
RDY2 ______________ ~ 

Operating Temperature ................................. oOe to 70
0e 

Storage Temperature ................................ - 65° e to +150° e 
All Output and Supply Voltages ........................... -0.5V to +7V 
All Input Voltages ................................... -1.0V to +5.5V 

*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. 

Conditions: Ta = DoC to 70°C; VCC = 5V ± 10% 

TEST 
PARAMETER SYMBOL MIN MAX UNIT CONDITIONS 

Forwar,d Input Current IF -0.5 mA VF = 0.45V 

Reverse Input Current IR 50 J.1A VR = 5.25V 

Input Forward Clamp Voltage Vc -1.0 V IC=-5mA 

Power Supply Current ICC 140 rnA 

Input low Voltage VIL 0.8 V VCC = 5.0V 

Input High Voltage V!H 2.0 V VCC = 5.0V 

Reset Input High Voltage VIHR 2.6 V VCC= 5.0V 

Output low Voltage VOL 0.45 V 5 rnA =IOl 

Output High Voltage ClK VOH 4 V -1 rnA} 
Other Outputs 2.4 V -1rnA IOH 

RES Input Hysteresis VIHR,VllR 0.25 V VCC = 5.0V 
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The clock generator can provide the system clock from either a crystal or an external FUNCTIONAL DESCRIPTION 
TTL source. There is an internal divide by three counter which receives its input from 
either the crystal or TTL source (EFI Pin) depending on the state of the Fie input 
strapping. There is also a clear input (C SYNC) which is used for either inhibiting the 
clock, or synchronizing it with an external event (or perhaps another clock generator 
chip). Note that if the TTL input is used, the crystal oscillator section can still be used 
for an independent clock source, using the OSC output. 

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 (R ES) 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. 

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 8284 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. 

TANK INSERT 
X1 ~--- osc CIRCUIT DIAGRAM 

CJ 

~ 
3 TO 10pF 

VCC 

~ 

r 

1 

X2 

8284 

~ 
TANK 

........ --- ClK 

........ --- PClK 

t----RESET 

r-------·--- ---, 
I l I 
I 1 I USED WITH OVERTONE I f = 2" J lCT CRYSTALS ONLY 

CBP I. CT I.I 
I ~ ~ I L _____________ J 
The tank input to the oscillator allows the use of overtone mode crystals. 
The tank circuit shunts the crystal's fundamental and high ovartone fre­
quencies and allows the third harmonic to oscillate. The external LC net­
work is connected to the TANK input and is AC coupled to ground. 
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AC CHARACTE R ISTICS Conditions: Ta = O·C to 70·C; VCC = 5V ± 10% 

TIMING REQUIREMENTS 

PARAMETER SYMBOL 

External Frequency High Time TEHEL 

External Frequency Low Time TELEH 

EFI Period TElEl 

XTAl Frequency 

RDY1, RDY2 Set-Up to ClK TR1VCl 

RDY1, RDY2 Hold to ClK TClR1X 

AEN1, AEN2 Set-Up to RDY1, RDY2 TA1VR1V 

AEN1, AEN2 Hold to ClK TClA1X 

CSYNC Set-Up to EFI TYHEH 

CSYNC Hold to EFI TEHYl 

CSYNCWidth TYHYL 

RES Set-Up to CLK TI1HCL 

RES Hold to CLK TCLl1H 

TIMING RESPONSES 

"PB8284 

TEST 
MIN MAX UNITS CONDITIONS 

13 ns 90%-90% VIN 

13 ns 10%-10% VIN 

TEHEl + TElEH + 6 ns <D 
12 25 MHz 

35 ns 

0 ns 

15 ns 

0 ns 

20 ns 

20 ns 

2 TELEL ns 

65 ns @ 
20 ns @ 

TEST 
PARAMETER SYMBOL MIN MAX UNITS CONDITIONS 

TIMING WAVEFORMS* 

CLK Cycle Period TCLCl 125 

ClK High Time TCHCl (1/3 TClCLl +2.0 

ClK low Time TClCH (2/3 TCLCLl-15.0 

ClK Rise and Fall Time 
TCH1CH2 

10 
TCl2Cl1 

PClK High Time TPHPl TClCl -20 

PClK low Time TPlPH TClCl -20 

Ready Inactive to ClK @) TRYlCl -8 

Ready Active to ClK @ TRYHCH (2/3 TClCLl -15.0 

ClK To Reset Delay TCLIl _. 40 

ClK to PClK High Delay TClPH 22 

ClK to PClK low Delay TClPl 22 

OSC to ClK High Delay TOlCH -5 12 

OSC to ClK low Delay TOlCl 2 22 

Notes: I 0 = EFI rise (5 ns max) + EFI fall (5 ns max). 
Set up and hold only necessary to guarante~ recognition at next clock. 

3 Applies only to T3 and TW states. 
4 Applies only to T2 states. 

im/a,--/-_ 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

"ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED . 
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Figure 1 and Figure 2 

Figure 1 and Figure 2 

1.0V to 3.5V 

Figure 3 and Figure 4 

Figure 3 and Figure 4 



IlPB8284 

v e 

Fit! 

..,ijPF X, 
24MHlc::::J 

Vee 

FIGURE 1 FIGURE 2 

CLOCK HIGH AND LOW TI ME 

FIGURE 3 
READYTO CLK 

TEST 
POINT 

VCC 

CLOCK HIGH AND LOW TIME 

lOAD 

FIGURE 4 
READY TO CLK 

All DIODES 1 N3064 
OR EaUIVAlENT 

OUTPUT 

NOTES: (DCl - 100 pF 

®Cl - 30 pF 

@Cl INCLUDES PROBE AND JIG CAPACITANCe 

INPUT OUTPUT 

A.C. TESTING- INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC ", .. ANO O.46V FOR 

A lOGIC "0" TIMING. MEASUREMENTS ARE MADE AT 1.SV FOR BOTH 

A LOGIC ''1'' AND "0.' 
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PACKAGE OUTLINES 
/lPB8284C 

MPB8284D 

",PB8284 

Plastic 

ITEM MI LLIMEl ERS INCHES 

A 23.2 MAX 0.91 MAX 

-+--- 1.44 0.055 
1---. 2.54 0.1 

D 0.45 .'!!.:..DL._ .. __ 
E 20.32 0.8 
F 1.2 0.06 
G 2.5MIN. 0.1 MIN 
H 0.5 MIN. 0.02 MIN 
T 4.6 MAX. 0.18 MAX 

5.1 MAX. 0.2 MAX 
K 7.62 0.3 
L 6.7 0.26 
M 0.25 0.01 

I· A 1 rF:~~ 
~rT~. 1 .L J :: \ HTI~ JL~Y M I 

B:J r:= --; C f-- E --b~- F. I 0 . 15
U --l 

Cerdip 

ID ITEM MILLIMETERS INCHES 

A 23.2 MAX. 0.91 MAX 
B 1.44 0.055 

C 2.54 0.1 
D 0.45 0.02 

20.32 0.8 
F 1.2 0.06 
G 2.5 MIN. 0.1 MIN 
H 0.5 MIN. 0.02 MIN 
I 4.6 MAX. 0.18 MAX 

5.1 MAX 0.2MAX 
K 7.6;? 0.3 
L 6.7 0.;?6 
M 0.;?5 0.01 

8284DS-REV1-1-82-CAT 
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NEe ",PB8284A 

NEe Electronics U.S.A. Inc. 
Microcomputer Division 

CLOCK GENERATOR AND DRIVER FOR 
8086/8088 MICROPROCESSORS 

DESCR IPTION The J.L,PB8284A is a clock generator and driver for the 8066 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 pr~vided for peripheral 
devices. 

FEATURES • Generate System Clock for the 8086 and 8088 

PIN CONFIGURATION 

• Frequency Source can be 'a Crystal or a TTL Signal 
• MOS Level Output for the Processor 
• TTL Level Output for Peripheral Devices 
• Power-Up Reset for the Processor 
• READY Synchronization 
• +5V Supply 
• 18 Pin Package 

PIN NAMES 

X,.X2 Crystal Connections 

TANK For Overtone Crystal 
CYSNC Vcc F/C Clock Source Select 

PClK X, EFI External Clock Input 

AEN1 X2 CSYNC Clock Synchronization Input 

ROY1 AsYNc RDY1} Ready Signal from 

RDY2 Multibus™* Systems 
READY EFI 

RDY2 Fie ~} Address Enable Qualifiers 

AEN2 for the two ROY Signals 

AEN2 OSC RES Reset Input 

ClK RES RESET Synchronized Reset Output 

GND RESET OSC Oscillator Output 

ClK MOS Clock for the Processor 

PClK TTL Clock for Peripherals 

READY Synchronized Ready Output 

*TM - Multibus is a trademark of Intel Corporation. 

Revl1 
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IAPB8284A 
PIN IDENTIFICATION PIN IDENTIFICATION 

NO. SYMBOL NAME FUNCTION 

1 CSYNC Clock Synchronization 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. 

2 PClK Peripheral Clock A TTL level clock for use with per' 
ipheral devices. This clock is one-
half the frequency of ClK. 

3, 7 AEN1, AEN2 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. 

4,6 RDY1,RDY2 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. 

5 READY Ready The READY signal to the micro-
processor is synchronized by the 
ROY inputs to the processor ClK. 
READY is cleared after the guaran-
teed hold time to the processor has 
been met. 

8 ClK Processor Clock This is the MaS 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. 

10 RESET Reset This is used to initialize the proces-
sor. Its input is derived from an RC 
connection to a Schmitt trigger 
input for power up operation. 

11 RES Reset In This Schmitt trigger input is used to 
determine the timing of RESET out 
via an RC circuit. 

12 OSC Oscillator Output This TTL level clock is the output 
of the oscillator circuit running at 
the crystal frequency. 

13 F/C 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. 

14 EFI External Frequency In A square wave in at three times the 
ClK output. A TTL level clock to 
generate ClK. 

16,17 Xl, X2 Crystal In A crystal is connected to these 
inputs to generate the processor 
clock. The crystal chosen is three 
times the desired ClK output. 

15 ASYNC Asynchronous Input Ready Synchronization Select. 
ASYNC is an input which defines 
the synchronization mode of the 
READY logic. When ASYNC is low, 
2 stages of READY synchronization 
are provided. When ASYNC is left 
open or HIGH, a single stage of 
READY synchronization is providEl.d. 

18 VCC VCC +5V 
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BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

,.PB8284A 

~---------------------------d "":>----------10 a RESET 

t----------- ClK 

EFI---========C)l.-
PClK 

CSYNC--------------~----------------+_----+_--~ 

ROY1--------------~--~~ 

Am'l-----=-----4 
AErii2 
RDY2----~~-----Ilr--~~ 

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

!-----_REAOY 

Operating Temperature ................................. O°C to 70°C 
Storage Temperature ................................ - 65° C to +150° C 
All Output and Supply Voltages ........................... -0.5V to +7V 
All Input Voltages ................................... -1.0V to +5.5V 

*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 oparational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

Conditions: Ta = O°C to 70°C; VCC = 5V ± 10% 

TEST 
PARAMETER SYMBOL MIN MAX UNIT CONDITIONS 

Forward Input Current IF -0.5 mA VF = 0.45V 

Reverse Input Current IR 50 pA VR = 5.25V 

Input Forward Clamp Voltage Vc -1.0 V IC =-5 mA 

Power Supply Current ICC 140 mA 

Input Low Voltage V,L 0.8 V VCC = 5.0V 

Input High Voltage V,H 2.0 V VCC = 5.0V 

Reset Input High Voltage V,HR 2.6 V VCC = 5.0V 

Output Low Voltage VOL 0.45 V 5 mA =IOl 

Output High Voltage ClK VOH 4 V -1 mA} 
Other Outputs 2.4 V -lmA IOH 

RES Input Hysteresis VIHR-VILR 0.25 V VCC = 5.0V 
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"PB8284A 

The clock generator can provide the system clock from either a crystal or an external FUNCTIONAL DESCRIPTION 
TTL source. There is an internal divide by three counter which receives its input from 
either the crystal or TTl'source (EFI Pin) deperiding on the state of the Fie input 
strapping. There is also a clear input (C SYNC) which is used for either inhibiting the 
clock, or synchronizing it with an external event (or perhaps another clock generator 
chip). Note that if the TTL input is used, th~ crystal oscillator section can still be used 
for an independent clock source, using the OSC output. 

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 (m) 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. 

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. 

Conditions: Ta Z O°C to 70°C; VCC a 5V ± 10% 

'TIMING REQUIREMENTS 

TEST 
PARAMETER SYMBOL MIN MAX UNITS CONDITIONS 

External Frequency High Time TEHEL 13 ns 90%-90% VIN 

External Frequency Low Time TELEH 13 ns 10%-10% VIN 

EFI Period TELEL TEHEL+TELEH+6 ns (1) 

XTAl Frequency 12 25 MHz 

ROY1, ROY2 Set-Up to ClK TR1VCl 35 ns 

ROY1, ROY2 Hold to ClK TCLR1X 0 ns 

AEN1, AEN2 Set-Up to ROY1, ROY2 TA1VR1V 15 ns 

AEN1, AEN2 Hold to ClK TClA1X 0 ns 

CSYNC Set-Up to EF I TYH,EH 20 ns 

CSYNC Hold to EFI TEHYl 20 ns 

CSYNC Width TYHYl 2 TElEl ns 

RES Set-Up to ClK TI1HCl 65 ns (2) 

RE_S Hold to ClK TCLl1H 20 ns _(!2 
ROY1, ROY2 Active Set-Up to ClK tR1VCH 35 ns ASYNC = lOW 

ROY1, ROY2 Inactive Set-Up to ClK tR1VCl 35 ns 

ASYNC Set-Up to ClK tAYVCl 50 ns 

ASYNC Hold to ClK tClAYX 0 ns 

Input Rise Time lJllH 20 ns From O,BV to 2.0V 

I nput Fall Time tlLll 12 ns From 2.0V to O.BV 
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IlPB8284A 

AC CHARACTERISTICS TIMING RESPONSES 

(CONT.) 

TIMING WAVEFORM* 

PARAMETER SYMBOL MIN MAX 

C lK Cycle Period TClCl 125 

ClK High Time TCHCl (1/3 TClCll +2.0 

ClK low Time TClCH (2/3 TClCll-15.0 

ClK Rise and Fall Time 
TCH1CH2 

10 
TCl2Cl1 

PClK High Time TPHPl TClCl -20 

PClK low Time TPlPH TClCl -20 

Ready I nactive to ClK (4J TRYlCl -8 

Ready Active to ClK (3) TRYHCH (2/3 TClCll-15.0 

ClK To Reset Delay TCLIl 40 

ClK to PClK High Delay TClPH 22 

ClK to PClK low Delay TClPl 22 

OSC to ClK High Delay TOlCH -5 12 

OSC to ClK low Delay TOlCL 2 22 

Output Rise Time (except ClKl tOlOH 20 

Output Fall Time (except ClKl .tOHOl 12 

Notes: 16 = EFI rise (5 ns max) + EFl fall (5 ns maxI. 
Set up and hold only necessary to guarantee recognition at next clock. 
Applies only to T3 and TW states. 

4 Applies only to T2 states. 

TEST 
UNITS CONDITIONS 

ns 

ns Figure 3 and Figure4 

ns Figure 3 and Figure 4 

ns 1.0V to 3.5V 

ns 

n. 

ns Figure 5 and Figure 6 

ns Figure 5 and Figure 6 

n. 

ns 

ns 

ns 

ns 

ns From 0.8V to 2.0V 

n. From 2.0V to 0.8V 

~I----~-- .~--~--''---~~~'~--~--------------~----------_r-----

READVO!_-I-__ .. I-I--+ _____ --4Ir----+--...,\.. ____ ~-----_r--

"All TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 
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v C 

FIr: 

~PF X, 

24MHlc:::J 

FIGURE 1 FIGURE.2 

CLOCK HIGH AND lOW TIME CLOCK HIGH AND lOW TIME 

FIGURE 3 
READY TO ClK 

TEST 
POINT 

VCC 

. LOAD 

FIGURE 4 
READY TO ClK 

ALL DIODES 1 N3064 
OR EaUIVALENT 

OUTPUT 

NOTES: <DC\. - 100 pF 

@CL- 30 pF 

@CL INCLUDES PROBE AND JIG CAPACITANCE 

A.C. TESTING INPUTS ARE DRIVEN AT 2,4V FOR A LOGIC "1" AND O.4SV FDA 

A LOGIC "0" TIMING. MEASUREMENTS ARE MADE AT 1.SV FOR BOTH 

A LOGIC "1" AND "0," 
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PACKAGE OUTLINES 
~PB8284AC 

~PB8284AD 

I_ A ~ 1 

H -.l I I I I~ ~
n 

.lJk :O! ED_JF~1 

ITEM 

A 
8 

D 
E 
F 

G 
H 
I 

L 

M 

ITEM 

A 
8 
C 
D 
E 
F 

G 
H 
I 
J 
K 
L 
M 
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flPB8284A 

Plastic 

MILLIME1ERS INCHES 

23.2 MAX. 0.91 MAX 
1.44 0.055 
2.54 0.1 
0.45 0.02 
20.32 0.8 
1.2 0.06 
2.5 MIN 0.1 MIN 
0.5 MIN 0.02 MIN 
4.6 MAX 0.18 MAX 
5.1 MAX 0.2 MAX 
7.62 0.3 
6.7 0.26 
0.25 0.01 

Cerdip 

MILLIMETERS INCHES 

23.2 MAX 0.91 MAX 
1.44 0.055 
2.54 0.1 
0.45 0.02 
20.32 0.8 
1.2 0.06 
2.5 MIN 0.1 MIN 
0.5 MIN 0.02 MIN 
4.6 MAX 0.18 MAX. 
5.1 MAX 0.2 MAX 
7.62 0.3 
6.7 0.26 
0.25 0.01 

8284ADS-R EV1-12-81-CAT 
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NEe 
NEe Electronics U.S.A. Inc. 

IlPB8286 
IlPB8287 

Microcomputer Division 

8-BIT BUS TRANSCEIVER 

DESCRIPTION The 8286 and 8287 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 l6-bit microprocessors. Each B output is capable of driving 32 mA low or 
5 mA high. 

F EATU R ES • Data Bus Buffer Driver for pCOM-8 (8080, 8085A, 780) and pCOM-16 (8086) 
families 

• Low Input Load Current - 0.2 mA max 
• High Output Drive Capability for Driving System Data Bus 
• Tri-State Outputs 
• 20 Pin Package with Fully Parallel 8-Bit Transceivers 

PIN CONFIGURATIONS 

AO Vee AO 

A1 BO A1 

A2 B1 A2 B1 
A3 B2 A3 B2 
A4 B3 A4 B3 
AS iB4 As B4 
A6 Bs A6 B5 
A7 B6 A7 B6 
OE B7 OE B7 

GND T GND T 

PIN NAMES 

AO-A7 Local Bus Data 

BO-B7 System Bus Data 

OE Output Enable 

T Transmit 

Rev/l 
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IiPB8286/8287 

8286 r-------, 
I I 

I 
J 

8287 r-------.., 
I I 

8-- I 
I I· 
I 

OE T RESULT 

0 0 B-+A 

0 1 A ..... B 

1 0 } A and B 

1 1 HIGH 
IMPEDANCE 

Operating Temperature ................................. O°C to 70°C 
Storage Temperature ................................ - 65°C to +150°C 
All Output and Supply Voltages ........................... -O.5V to +7V 
All I nput Voltages ................................... -1.0V to +5.5V 

*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. 
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ABSOLUTE MAXIMUM 
RATINGS* 



DC CHARACTER ISTICS Ta = o°c to 70°C, VCC = 5V ± 10% 

PARAMETER SYMBOL MIN MAX UNITS 

Input Clamp Voltage Vc -1 V 

1- 8287 I~~ 130 mA 
Power Supply Current 1_ 8286 

ICC 160 mA 

Forward Input Current IF -0.2 mA 

Reverse Input Current IR 50 J.lA 

Output Low Voltage 
- B Outputs 

VOL 
0.45 V 

- A Outputs 0.45 V 

Output High Voltage 
- B Outputs 

VOH 
2.4 V 

- A Outputs 2.4 V 

Output Off Current IOFF IF 
Output Off Current IOFF IR 

Input Low Voltage 
1- A Side VIL 0.8 V 

1- B Side VIL f---o:g V 

Input High Voltage VIH 2.0 V 

I - A Side 16 
Iinput Capacitance elN pF 

Note: CD B Outputs - IOL = 32 mA, IOH = -5 mA, eL = 300 pF 

A Outputs - IOL = 16 mA, IOH = -1 mA, CL = 100 pF 

AC CHARACTERISTICS Ta = O°C to 70°C, VCC = 5V ± 10% 

SYMBOL PARAMETER MIN 

TIVOV Input to Output Delay 
Inverting 5 
Non-Inverting 5 

TEHTV Transmit/Receive Hold Time TEHOZ 

TTVEL Transmit/Receive Setup 10 

TEHOZ Output Disable Time 5 

TELOV Output Enable Time 10 

TILlH, 
Input Output Rise Time 

TOLOH 

TIHIL, 
Input Output Fall Time 

TOHOL 

Notes: See waveforms and test load circuit. 

",PB8286/8287 

TEST CONDITIONS 

IC =-5 mA 

VF = 0.45V 

VR = 5.25V 

IOL = 32 mA 
IOL = 16 mA 

IOH = -5 mA 
IOH =-1 mA 

VOFF = 0.45V 
VOFF = 5.25V 

VCC = 5.0V CD 
VCC = 5.0V CD 
Vec = 5.0V CD 
F = 1 MHz 

VBIAS = 2.5V, Vec = 5V 
Ta = 25°e F = 1 MHz 

MAX UNITS 

22 ns 
30 ns 

ns 

ns 

22 ns 

30 ns 

20 ns 

12 ns 

B Outputs - IOL = 32 mA, IOH = -5 mA, CL = 300 pF 
A Outputs - IOL = 16 mA, IOH = -1 mA, CL = 100 pF 

AC TESTING INPUT, 
OUTPUT WAVEFORM 

INPUT/OUTPUT 

2.4---........ ,..---------_ 

0.45 ___ --'*'"-""'O'N'"~'"~ 
A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 

A L.OGIC "0" TIMING. MEASUREMENTS ARE MADE AT 1.5V FOR BOTH 

A LOGIC "1" AND "0." 
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JlPB8286/8287 

WAVEFORMS 
INPUl1I 

f __________ ~---------------------J 

OUTI'UTS 

TTYIL 

'.5V 1.1\1 2.'4V 

~~ ~- ~R" 
OUT OUT OUT 

r*pF r'OOpF r*pF 
.STATE to VOL .STATE TO VOL SWITCHINO 

B OUTPUT A OUTPUT B OUTPUT 

uv '.5V 2.2IV 

-~- ~- -~"~ OUT 

r*pF l'OOpF I,ooPF 
MTATETOVOH .STATE TO VOH SWITCHINO 

B OUTPUT A OUTPUT A OUTPUT 

MOS microprocessors like the 8080/8085A/8086 are generally capable of driving a 
single TTL load. This also applies to MOS memory devices. While sufficient for min­
imum 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. 

Bi-Directional Driver 

Each buffered line of the octal driver consists of two separate tri-state buffers. The 8 
side of the driver is designed to drive 32 mA and interface the system side 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 trans­
ceivers. When T is high, data is transferred from the AO-A7 inputs to the 80-87 out­
puts, and when low, data is transferred from 80-87 to the AO-A7 outputs_ 
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IlPB8286/8287 

Plastic 

ITEM MILLIMETERS INCHES 

A 26.7 MAX. 1.05 MAX. 

B 1.05 0.041 

C 2.54 0.1 

0 0.5,0.1 0.02' 0.004 

E 22.86 0.9 
F 1.4 0.055 
F' 1.1 0.043 

G 2.54 MIN 0.1 MIN 

H 0.5 MIN. 0.02 MIN. 
I 3.55 0.14 

pPB8286D 
pPB8287D I~---- A -I 

R~::::::::JL 
J 5.08 MAX. 0.2 MAX. 

K 7.62 0.3 
L 6.4 0.25 
M 0.25.0.10 0.01 + 0.004 

- 0.05 -0.002 
1.0R 0.04R 

1 10 

Cerdip 

ITEM MILLIMETERS INCHES 

A 26.7 MAX. 1.05 MAX. 
B 0.7 0.028 
C 2.54 0.1 
0 0.46, 0.1 0.018 , 0.004 
E 22.86 0.9 
F 1.4 0.055 
F' 0.9 0.035 
G 2.54 MIN. 0.1 MIN. 
H 0.5 MIN. 0.02 MIN. 
I 4.32 MAX. 0.17 MAX. 
J 5.08 MAX. 0.2 MAX. 
K 7.62 0.3 
L 6.8 0.27 
M 0.25.0.10 0.01 + 0.004 

- 0.05 -0.002 
0.8R O.OJR 

8286/8287-DS-REV1-12-81-CAT 
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NEe ,..PB8288 

NEe Electronics U.S.A. Inc. ~rn~[~WJ~~illrnW 
Microcomputer Division 

fL!PO:8086/8088 CPU SYSTEM BUS CONTROLLER 

OESCR IPTION The tLPB8288 bus controller is for use in medium to large tLPD8086/8088 systems. This 
20-pin bipolar component provides command and control timing generation, plus 
bipolar drive capability and optimal system performance. It provides both 
Multibus™ command signals and control outputs for the microprocessor system. 
There is an option to use the controller with a multi-master system bus and separate 
I/O bus. ' 

FEATURES • System Controller for j.tPD8086/8088 Systems 
• Bipolar Drive Capability 
• Provides Advanced Commands 
• Tri-State Output Drivers 
• Can be used with an I/O Bus 
• Enables Interface to One or Two Multi-Master Buses 
• 20-Pin Package 

PIN NAMES 
PIN CONFIGURATION 

lOB VCC 
SO-52 Status Input Pins 

ClK So 
51 52 

ClK Clock 

ALE Address latch Enable 

DEN Data Enabla 
DT/R MCE/PDEN DT/J!I Data Transmit/Receive 
ALE DEN AEl\J Address Enable 

AEN CEN CEN Command Enable 

MRDC iNTA lOB I/O Bus Mode 

AMWC iOFiC AIOWC Advanced I/O Write 

M'W'TC AIOWC 10WC I/O Write Command 

GND iOWc im!iC I/O Read Command 

~ Advanced Mamory Write 

~ Memory Write Command 

~ Memory Read Command 

mTA Interrupt Acknowledge 

MCE/'!S5EN Master Cascllda/Peripheral 
D.ata Enable 

TM - Multibus is a trademark of Intel Corp. 
Rev/1 
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PIN FUNCTION 
PIN IDENTIFICATION 

NO. SYMBOL NAME 

1 lOB I/O Bus Mode Sets mode of /JPB8288, high for the I/O 
bus mode and low for the system 
bus mode. 

2 ClK Clock The clock signal from the /JPB8284 
clock generator synchronizes the 
generation of command and control 
signals. 

3,19,18 SO,s,,~ Status Input Pins The /JPB8288 decodes these status 
lines from the /J PB8OS6 to generate 
command and control signals.When 
not in use,these pins are high. 

4 DT/R Data Transmit/Receive This signal is used to control the 
bus transceivers in a system. A high 
for writing to I/O or memory and 
a low for reading data. 

5 ALE Address latch Enable This signal is used for controlling 
transparent D type latches (J..LPB8282/ 
8283). It will 'strobe in the address 
on a high to low transition. 

6 AEN Address Enable In the I/O system bus mode, AEN 
enables the command outputs of 
the /JPB8288 .1 05 ns after it becomes 
active. If AEN is inactive, the 
command outputs are tri·stated. 

7 MADC Memory Read This active low signal is for switch· 
Command ing the data from memory to the 

data bus. 

8 AMWC Advanced Memory This is an advanced write command 
Write Command which occurs early in the machine 

cycle, with timing the same as the 
read command. 

9 MWTC Memory Write This is the memory write command 
Command to transfer data bus to memory, but 

not as early as ~. (See timing 
waveforms.) 

11 10WC I/O Write Command This command is for transferring 
information to I/O devices. 

12 AIOWC Advanced I/O Write This write command occurs earlier 
Command in the machine cvcle than 'i'OWc. 

13 10RC I/O Read Command This signal enables the CPU to 
read data from an I/O device. 

14 INTA Interrupt Acknowledge This is to signal an interupt· 
ing device to put the vector 
information on the data bus 

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

16 DEN Data Enable This signal enables the data trans· 
ceivers onto the bus. 

17 MCE/ Master Cascade Enable Dual function pin system. 
PDEN Peripheral Data Enable MC/E - In the bus mode, this 

signal is active during an inter-
rupt sequence to read the cascade 
address from the master interrupt 
controller onto the data bus. 
-rnm - In the I/O bus mode, 
it enables the transceivers for the 
I/O bus just as DEN enables bus 
transceivers in the system bus 
mode. 
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BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

{

SO 
B086 -

STATUS ~ 
S2 

( CLK 

CONTROL ,Am 
INPUT) CEN 

~ loa 

"PBB2B4 

STATUS 
DECODER 

CONTROL 
LOGIC 

+6V 

COM· 
MAND 

SIGNAL 
GENERA· 

TOR 

CONTROL 
SIGNAL 

GENERA· 
TOR 

GND 

"PB8288 

AMWc MULTIausTM I--+--=} iORC COMMAND 1--+--'iOWC SIGNALS 

AiOWC 
iNi'A 

DT/R J ADDRESS LATCH. DATA 
DEN TRANSCEIVER. AND 
MCE/P6EN INTERRUPT CONTROL 
ALE SIGNALS 

CONNECTING THE BUS CONTROLLER TO THE CPU 

MN/MX 

33 

CLK 

COMMAND 
BUS 

~--- TO STB OF "PB82B2/B2B3 LATCH 
~-___ TO T OF "PB82B6/B2B7 TRANSCEIVER 

"'"-_____ TO OE OF "PB82B6/B2B7 TRANSCEIVER 

OPERATING TEMPERATURE .......................•... OOC to 70°C 
Storage Temperature ............................... -65°C tp +150°C 
All Output and Supply VoltagesG{ ......................... -O.5V to +7V 
All I nput Voltages ~ ................................. -1.0V to +5.5V 
Note:(DWith Respect to Ground. 

*COMMENT: Stress above those listad 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 see<tions of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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IlPB8288 
The three status lines (SO, S1, 82) from the J,LPD8086 CPU are decoded by the command 
logic to determine which command is to be issued. The following chart shows the 
decoding: 

/JPD8086 State /JPB8288 Command 

0 0 0 I nterrupt Acknowledge INTA 

0 0 Read I/O Port 10RC 

0 0 Write I/O Port iOWC,AIOWC 

0 1 Halt None 

0 0 Code Access ~ 

0 Read Memory ~ 

0 Write Memory MW'fC, 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 com· 
mand lines are always enabled and not dependent upon AEN. When the processor 
sends out an I/O command, the J,LPB8288 activates the command lines using fi'DEN 
and DT /R to control any bus transceivers. 

This mode is advantageous if I/O or peripherals dedicated to one microprocessor 
are in a multiprocessor system, allowing the J,LPB8288 to control two external buses. 
No waiting is required when the CPU needs access to 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, 
commanu signals are dependent upon the A'EN 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. 

The I NT A signal acts as an I/O read during an interrupt cycle. This is to signal the 
interrupting device that its interrupt is ~eing acknowledged, and to place the interrupt 
vector on the data bus. 

The control outputs ot"the J,LPB8288 are used to control 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/P'DE'N pin acts as a dedicated 
data enable signal for the I/O bus. 

The MCE signal is used in conjunction with an interrupt acknowledge cycle to control 
the cascade address 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 as the 
I NT A signal gates the interrupt vector onto the processor bus. I n mUltiple interfupt 
cQntrolier systems, MCE is used to gate the J,LPD8259A's cascade add reS's onto the 
processors local bus, where ALE strobes it into the address latches. This occurs during 
the first Il\J'TA cycle. During the second I NT A cycle the addressed slave J,LPD8259A gates 
its interrupt vector onto 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 (SO, S'i, S2) into the J,LPB8288. ALE also 
occurs during a halt state to accomplish this. 

The CEN (Command Enable) is usee to control the command lines. If pulled high the 
J,LPB8288 functions normally and if grounded all command lines are inactive. 
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DC CHARACTERISTICS VCC=5V± 10%,Ta =o"Ct070°C 

PARAMETER SYMBOL 

Input Clamp Voltage Vc 

Power Supply Current ICC 

Forward Input Current IF 

Reverse Input Current IR 

Output Low Voltage - Command Outputs 
VOL Control Outputs 

Output High Voltage - Command Outputs 
VOH Control Outputs 

Input Low Voltage 

Input High Voltage 

Output Off Current 

AC CHARACTE R ISTICS VCC = 5V ± 10%, Ta = o"C to 70°C 

TIMING REQUIREMENTS 

PARAMETER 

ClK Cycle Period 

ClK Low Time 

CLK High Time 

Status Active Setup Time 

Status Active Hold Time 

Status Inactive Setup Time 

Status Inactive Hold Time 

Input Rise Time 

Input Fall Time 

TIMING RESPONSES 

PARAMETER 

Control Active Delay 

Control Inactive Delay 

ALE MCE Active Delay (from CLK) 

ALE MCE Active Delay (from Status) 

ALE Inactive Delay 

Command Active Delay 

Command Inactive Delay 

Direction Control Active Delay 

Direction Control Inactive Delay 

Command Enable Time 

Command Disable Time 

Enable Delay Time 

AEN to DEN 

CEN to DEN, PDEN 

CEN to Command 

Output Rise Time 

Output Fall Time 
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VIL 

VIH 

10FF 

SYMBOL 

TCLCL 

TCLCH 

TCHCl 

TSVCH 

TCHSV 

TSHCL 

TCLSH 

TlllH 

TIHIL 

SYMBOL 

TCVNV 

TCVNX 

TCLLH, TCLMCH 

TSVLH, TSVMCH 

TCHLL 

TCLML 

TCLMH 

TCHDTL 

TCHDTH 

TAELCH 

TAEHCZ 

TAELCV 

TAEVNV 

TCEVNV 

TCELRH 

TOLOH 

TOHOL 

MIN 

2.4 
2.4 

2.0 

MIN 

100 

50 

30 

35 

10 

35 

10 

MIN 

5 

10 

4 

10 

10 

105 

",PB8288 

MAX UNIT TEST CONOITIONS 

-1 V IC=-5mA 

230 mA 

-0.7 mA V F = 0.45V 

50 /J.A VR = Vce 

0.5 V 10L = 32 mA 
0.5 V IOL=16mA 

V IOH=-5mA 
V 10H =-1 mA 

0.8 V 

V 

100 /J.A VOFF = 0.4 to 5.25V 

MAX UNIT lOAOING 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

20 ns 

12 ns 

MAX UNIT LOADING 

45 ns 

45 ns 

20 ns 

20 ns 

~} 
15 ns 

i"i5'RC 
35 ns 

~ IOL=32mA 
35 ns 

iOWC IOH = -5 mA 
50 ns 

30 ns 
i'iifTA' CL = 300 pF 

AMWc 
40 ns 

ArnVre 
40 ns 

275 ns J 
IOL= 16mA 

25 
Other IOH --1 mA 

ns 

l 20 ns 
CL = 80pF 

TCLML ns 

20 ns 
12 ns 



IiPB8288 
STATE_ T4 ___ --

CLK 

ADDRESS/DATA WRITE 
DATA VALID 

ALE 
----r--f'-i' 

DEN (WRITE) 

Pl5m (WRITE) 

DT/R(READ) 

MCE 

TSVMCH 

NOTES: 

CD ADDRESS/DATA BUS IS SHOWN ONLY FOR REFERENCE PURPOSES. 

® LEADING EDGE OF ALE AND MCE IS DETERMINED BY THE FALLING 
EDGE OF CLK OR STATUS GOING ACTIVE, WHICHEVER OCCURS LAST. 

® ALL TIMING MEASUREMENTS ARE MADE AT 1.6V UNLESS SPECIFIED 
OTHERWISE. 

CEN ~ 

TCVNX 

TCHDTH 

AEN r~1--

DEN __________________________ r __ ~ __ T~--------------------
POiN ~ 
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TIMING WAVEFORMS 

DEN, PDEN QUALIFICATION 
TIMING 



J.,tPB8288 ADDRESS ENABLE 
(AEN) TIMING 

(3-STATE ENABLE/DISABLE) 

TEST LOAD CI RCUITS 

AC TESTING INPUT, 
OUTPUT WAVEFORM 

AEN 

OUTPUT 
COMMAND 

IiPB8288 

CEN ______________________ ~~ 

1.5V 1.5V 

I ,Bon l33n 
OUT~ OUT---i 

1300 pF 1
300 

pF 

3-STATE TO HIGH 3-STATE TO LOW 

3-STATE COMMAND OUTPUT 
TEST LOAD 

2.14V 2.2SV 

,
l52.7O I" .. , 

OUT---i OUT---i 
I 300 pF I so pF 

- ~ 

COMMAND OUTPUT 
TEST LOAD 

INPUT/OUTPUT 

CONTROL OUTPUT 
TEST LOAD 

2.4---"""*'_'~"'H"'N"_'_' v-
0.45 ____ -'_ - ~ 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 

A LOGIC "0" TIMING. MEASUREMENTS ARE MADE AT 1.5V FOR BOTH 

A LOGIC "1" AND "0." 
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",PB8289 
BUS ARBITER 

.... '\~"t; 
~~~ Functional Configuration Description 

The ",PB8289 Bus Arbiter is used with the ",PD8288 Bus 
Controller to interface 8086 and 8088 microprocessors 
to a multi master system bus. The ",PD8289 controls the 
",PD8288 bus controller and the bus transceivers and 
address latches, preventing them from accessing the 
system bus if the processor does not have use of the 
bus. 
An external command sequence will cause the associ­
ated microprocessor to enter a wait state until 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 accessed 
slave device is ready. The processor may then complete 
its transfer cycle. 

Features 
D Multimaster system bus protocol 
D 8086 and 8088 processor synchronization with multi­

master bus 
D Simple interface with the 8288 bus controller and 

8283/8282 address latches to a system bus 
D Four operating modes for flexible system configuration 
D Simplified interface to Multibus™ systems 
D Parallel, Serial, and Rotating priority resolution 
D Bipolar buffering and drive capability 

Pin Configuration 

S2 Vcc 
iOB !11 

SYS8/REml So 
RESB ClK 

BCLR: ~ 

iNi'f CFiQI£K 

~ ~ 

SJ51m AEN 

mm CBIm 

GND 8Ufi' 

TM: Multibus is a registered trademark of Intel Corporation. 

737 

GND 

Processor { 
Status 

ClK· 

St;~;1~~ cmrrn< 
Options - RESB 

I'PB 
8289 

{
~ 

- ANYRQST 
ImI 

Pin Identification 

Pin 
Nqmber Pin Neme Direction 

18.19,1 SO, Sl. S2 IN 

17 ClK IN 

18 lOCK IN 

15 CRQlCK IN 

RESB IN 

14 ANYRQST IN 

lOB IN 

13 AEN OUT 

SYSB/RESB IN 

12 CBRQ IN/OUT 

INIT IN 

BClK IN 

BREQ OUT 

BPRN 

VCC 

im'f} 
~ 
aJiEQ 
BJiFiN Multlbus 
SJ51m Interlace 

BUSY 
cmm 

SYSB/IfESBJ System 
~ Signals 

Pin Functions 

Status Inputs from the 8088 or 8088 
proceBBOr. The ""B8289 decodes them 
to begin bus requests and surrenders. 

Clock 81gnal from the 8284 clock 
generator. 

Common Request lock. Prevents the 
""B8289 from surrendering the bus In 
'rasponse to reque.t on the CBRQ 
Input. 

Relldant Bus Input. Thll signal tells 
the ""B8289 that there Is a multi master 
and relldent bus. When this algnal la 
high, the SYSB/RESB pin handlel bUI 
arbitration. 

This signal allows the multlmaster bUI 
to be surrendered to a lower priority 
arbiter. 

110 Bus. Thll Ilgnal tells the "PB8289 
that there Is an 110 peripheral bUI and 
a multlmaster .y.tem bus. 

Address Enable. Thl. output tell. the 
8288 bus controller. 8284 clock driver, 
and the proceuor's addre .. Iitches 
when to trl-state their output drivers. 

SYltem BuBlRelldent Bus. Thle slgnsl 
determines when bu. request. and sur­
renders Ire permitted In SR mode. 

Common Bus Request. Thll I. an Input 
from a lower priority arbiter requesting 
the bus. II I. sn output from arbiters 

~':ns~::~~~ ths mulllmsster bus 

Inltlsllze. This Is an sctlve low Input 
that re .. ts all bus arbiters on the multl­
mester bu •. No arbiters have u .. of the 
bu. following INIT. 

System Bu. Clock. Thl. clock .yn­
chronlze. ell .y.tem bu. Interface 
.Ign.' •• 

Bu. RequBBt. Thl. output I. used by an 
arbiter to request u .. of the multlmaster 
Iyatam bUI. 

BUI Priority In. This signal telll the 
arbiter It mlY acquire the bUI on the 
next failing edge of &a:K. 



J,tPB8289 

Block Diagram 

{ 

S2 
8088/8088 !1 

Status 
§ii 

{
~ 

ClK 

Processor ~ 
Control RESB 

ANYRQST 

Rm 

Pin Functions (Cont.) 
Pin 

Humber Pin H.me Direction Pin Functions 

Il1Sft3 OUT Bua Priority Out. In aerial priority resolv-
Ing schemel. thl' output dalay-chalna 
to iiPRii of the next lower priority 
.rblter. 

11 BUSY IN/OUT Buay notlfla. all .rblter. on the bu. 
when th. bu. I •• v.llable. Tha hlgha,t 
requeltlng arbiter .. Izea the bus and 
pull. BUSY low to keep other arbiters 
off the bu •. 

20 VCC IN +5V 

10 GND IN Ground 

Bus Master Arbitration 
Higher priority masters generally acquire use of the bus 
when a lower priority master completes its present 
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 arbiter 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 voluntarily 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 strapping options allow for other 
sets of conditions. 

Priority Resolving Techniques 

The /JPB8289 provides several techniques for resolving 
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. 

local 
Bus 

Interface 

Muilibus 
Command 
Signals 

r----~====~- SYSB/nga 
} ~r:~:~ 
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Parallel Priority Resolving 
This technique 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 BRE line. This binary 
address is decoded to select the Bus Priority In line 
(BPRN) that is returned to the highest priority active 
arbiter. The arbiter that receives priority (SPRN true) 
allows its bus master onto the multimaster system bus 
as soon as the bus becomes available. An arbiter that 
gets priority over another arbiter cannot immediately 
seize the bus, but must wait until the current bus trans­
action 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 bu~. Note that all multimaster system bus transac­
tions are synchronized to the bus clock (BelK). 

Parallel Priority Resolving 

. . cmm aIJ§V 

74148 74138 
PRIORITY 3-TO-8 
ENCODER DECODER 



Higher Pr'lorlty Arbiter Obtaining the Bus from 
a Lower Priority Arbiter· 

Not •• : 

",PB8289 

I 
Higher priority arbiter requests the system bus. 
Attains priority. 

3 Lower priority arbiter releases BUSY. __ 
iii Higher priority arbiter then acquires the bus and pulls BUSY low. 

Serial Priority Resolving 
The serial priority resolving technique daisy-chains the 
bus arbiters together by connecting the higher priority 
arbiter's BPRO 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. 

~: 

IRotatlng Priority Resolving 
This technique resembles the parallel priority resolving 
1technique except that priority is dynamically reassigned. 
The priority encoder is replaced by a circuit that rotates 
priority between arbiters to allow each arbiter an equal 
chance to use the system bus. 
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Modes of Operation 
The ",PB8289 has two basic operating modes: 110 
Peripheral Bus mode (fO'Er mode), and Resident Bus 
mode (RESB mode). The 'i'C5B strapping option con­
figures the ",PB8289 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 multimaster 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 110 bus. 

101 Mode 
JOB" mode allows the processor to access both an I/O 
peripheral bus and a multimaster system bus.· On an 
110 peripheral bus, all devices on the bus, including 
memory, are treated as I/O devices and addressed by 
110 commands. All memory commands are directed to 
the multimaster system bus. In Km" mode, the proces­
sor communicates with and controls peripherals over 
the peripheral bus and communicates with system 
memory over the system memory bus. 

RESB Mode 
RESB mode allows the processor to communicate over 
both a resident bus and a multimaster system bus. A 
resident bus can issue memory and I/O commands, 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 proc­
essor can access the memory and peripherals of both 
buses. Memor~ mapping selects which bus is accessed. 
The SYSB/RE . B input 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. 



",PB8289 
Mode Summary 

Bt .. u. LIn •• 
FromlONor 
ION or 80S. 

loa Mode 
Onl, 

_REBa (Mode) Onl, 
loa .. High R .... High 

loa Mode R ... Mode 
loa = Low RIBa • High 

Sing .. 
au. Mod. 

loa .. HIgh 
R.Ba" Low 

BV..," ..... 
loa. Low High 

I/O Command. 

Halt 

MamolY Commanda 

IeIle 

Notea: 

o 
o 
o 
o 

® X = Multimaster System Bus is allowed to be surrendered. 
~ ".. ZI Multimaster System Bus is requested. 

Multlmaster System Bus 

Pin 
Reque.ted <D Surrendered ~ Mode Strapping 

Single Bus lOB = High When the proc·· HL T + TI • HPBRQt 
Multlmaster RESB = Low essor's status 
Mode lines go active 

RESB Mode lOB = High SYSB/RESB = (SYSBIRESB = 
Only RESB = High High 2 Active Low + TI) CBRQ + 

HLT + HPBRQ 

lOB Mode lOB = Low Memory (1/0 Status + TI) • 
Only RESB = Low Commands CBRQ + HLT + 

HPBRQ 

lOB Mode. lOB = Low (Memory ((1/0 Status 
RESB Mode RESB = High Command) • Commands) + (TI) 

(SYSB/RESB :1 (SYSB/RESB = 
High) Low). CBRQ + 

HPBRQt + HL!l 

Note.: 
<D Except for HALT and Idle status. 
~ LOCK prevents surrender of bus to any other arbiter. CRQLCK 

prevents surrender of bus to a lower priority arbiter. 
@ HL T = processor halt; 82-80 = 011. 
@ TI - processor idle; 82-50 = 111. 
@ + means OR. 

@ • means AND. 
t HPBRQ = higher priority bus request or SPRN = 1. 

Absolute Maximum Ratings * 

Operating Temperature OOC to 70°C 
Storage Temperature - 65°C to + 150°C 
Voltage on Any Pin - O.5V to + 7V 
All Input Voltages -1.0V to + 5.5V 
Power Dissipation 1.5W 

·COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo­
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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BVBa'RIBa. BVBBlAlH .. 
Low High 

DC Characteristics 

BV..,R.Ba" 
Low 

'T. = ooe to + 70oe; vee = SV ::I: 10% 

Input Low Voltage 

Input High Voltage 

Input Clamp Voltage 

Input Forward Current 

Reverse Input Leakage 
Current 

o~~~ltage 

AEN 
liI5J!IO, iiREQ 

All Other Outputs 

Power Supply Current 

Capacitance 

• ,mbol MIn 

VIL 

VIH 2.0 

Vc 

2.4 

ICC 

Um,rl 

TVp Ma • 

0.8 

-1.0 

Unit T •• t Condhlon. 

V 

V 

V VCC = 4.50V, 
IC = -5 mA 

-0.5 mA VCC = 5.50V, 
VF = 0.45V 

80 ~A VCC = 5.50V 
VR = 5.50V 

0.45 V 10L = 20 mA 
0.45 VIOL = 18 mA 
0.45 VIOL = 10 mA 

Open Collector 

V 10H ,. 4oo,.A 

185 mA 

Paramet.r .,mbol MIn TVp Ma. Unit Te.t Condition. 

Input Capacitance Cln Statull 25 pF 

Input Capacitance Cln (Others) 12 pF 

')ID!V, CO" i . 2.3V 

92.512 

. I 250pF 

~ "RO, BREQ i '.3' • 
17012 

1
80PF 

2)+EN 2.3V 

11012 

1
100PF 



Typlca~ C~U System Using 
the lAPB8289 Bus 
Arbiter 

READY 8284A RDY1 r---------------------J 
Clock 
Driver 

ClK Aml 

READY ClKr---------~~t_-----4------------~ 

8086 
or 

8088 
CPU 

ADO-AD15 
A18-A19 

82821 
8283 

82881 
8287 

Status (!ro. Si. ~) 

ClK 8288 

ALE 

DEN 

T 
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IlPB8289 

Control 
Bus 

Command 
Bus 

Address 
BUB 

XCUR 
DISABLE 

Data Bus 

i 
i 
~ 

I 
:I 
:I 
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AC Characteristics 
Timing Requirements 
T. = OoC to + 70°C; VCC = 5V :t 10% 

Umlte 

P.r.meter Symbol MIn Typ M •• Unit Teet Conditione 

ClK Cycle Period tClCl 125 na 

ClK low Time tClCH 85 ns 

ClK High Time tCHCl 35 ns 

Statu. Active tSYCH 85 tClCl-l0 na 
Setup 

Statu8 Inactive tSHCl 50 tClCl·l0 na 
Setup 

Statue Active tHYCH 10 nl 
Hold 

Statue Inactive tHYCl 10 na 
Hold 

BUSYu Setup to tBYSBl 20 na 
BClK~ 

CBROU Setup to 
BClK~ 

tCBSBl 20 ns 

BClK Cycle Time tBlBl 100 

BClK High Time tBHCl 30 0.85 (tBlBl) ns 

lOCK Inactlva tCllll 10 na 
Hold 

lOCK Active tClll2 40 ns 
Setup 

BPRNH to BClK tpNBl 15 na 
Setup Time 

SYSBIRESB Setup tClSRl na 

SYSB/RESB Hold tClSR2 20 na 

Initialization Pul&e tlYIH 3 tBlBl + na 
Width 3 tClCl 

Input RI.a Time tlLlH 20 na From O.BY to 2.0Y 

Input Fall Time tlHll 12 na From 2.0Y to O.BY 

Timing Responses 
Umlte 

P.r.m.ter Symbol MIn Typ M •• Unit Te.t Condition. 

BClK to BREO tBlBRl 35 nl 
Delay <D 
BClK to BPRO tBlPOH 40 na 
<V® 

BPRWt to BPROU tpNPO 25 na 
Delay <D® 
BClK to BUSY tBlBYl 60 nl 
low 

BClK to BUSY tBlBYH 35 ns 
Float @ 

ClK to AEN High tClAEH 85 n. 

BClK to AEN low tBlAEl 40 

BClK to CiiRQ tBlCBl 60 ns 
low 

BClKto CBRO tRlCRH 35 
Flollt @ 

Output Rlae Time tOlOH 20 ns From 0.8Y to 2.0Y 

Output Fall Tlma tOHOl 12 nl From 2.0Y to 0.6Y 

Not.s: 
(f) Denotes that the spec applies to both transitions of 

the signal. 
@ BCLK generates the first BPRO. Subsequent changes of BPRO 

are generated through BPRON. 
@ Measured at O.5V above GND. 

AC Test Condition Waveform 
Input/Output 

, .. ~'-'''''''"''-'~ 
0.45 

AC Testing Inpute ere driven et 2.4Y for lOGIC 1 end 0.45Y for lOGIC O. The clock Ie 
driven lit 4.3Y lind 0.25. Timing measurementa lire made et 1.SY for lOGIC 1 lind O. 

Timing Waveforms 
The signals related to ClK are typical processor signals 
and do not relate to the de&;cted sequence of events of 
the signals referenced to lK. 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 s~yme. Assume arbiter 1 has the bus and is 
holding BU low. Arbiter 2 detects its processor wants 
the bus and pulls BREQ #2 low. If BPRN #2 is high (as 
shown), arbiter 2 pulls CBRa low. CBRa 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 
CBRa. Arbiter 1 relinquishes the multimaster system 
bus when it enters a state of not requiring it, by lower-
ing 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 CBRa. As soon as BUSY signi-
fies the bus is available (hiiffitRbiter 2 pulls BUSY low 
on the next falling edge of lK. 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 
P~R~y aribiter which is aCqU~iB~6he bus through 
B will momentarily drop until it has acquired 
the bus. 
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Timing Waveforms 

STATE ------T4------~~----

ClK 

tHVCH 

52.51. So 

SYSB/RESB 

Proceasor ClK Related 

BUB ClK Related 

BREQ #2 

BPRN 112 
(BPRO #') 

BPRO #2 
(msRN #3) 

tClSR1 

tBlCBl 

JlPD8289 

tClSR2 

tBHCl 

m 
tBYSBl 

tBlBYH 

tBlCBH 
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,..P88289D 
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A" me .. uremente In MM 
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=:±J! 

.... "; --I!-....... " 
-0.05 O· '" 15· 

~····---20.32--·----·-
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NEe 
NEe Electronics U.S.A. Inc. 

"PD8355 
"PD8355-2 
"PD8755A* Microcomputer Division 

16,384-BIT ROM WITH I/O PORTS 
*16,384-BITEPROM WITH I/O PORTS 

DESC R I PTI ON The tlPD8355 and the tlPD8755A are tlPD8085A Family components. The tlPD8355 
contains 2048 x 8 bits of mask ROM and the tlPD8756A contains 2048 x 8 bits of 
mask EPROM for program development. Both components also contain two general 
purpose 8·bit I/O ports. They are housed in 40 pin packages, are designed to directly 
interface to thetLPD8086A, and are pin-for-pin compatible with each other. 

F EA TU R ES • 2048 X 8 Bits Mask ROM (tlPD8355 and tlPD8355-2) 
• 2048 X 8 Bits Mask EPROM (tlPD8755A) 
• 2 Programmable I/O Ports 
• Single Power Supplies: +5V 
• Directly Interfaces to the tlPD8085A 
• Pin for Pin Compatible 
• tlPD8755A: UV Erasable and Electrically Programmable 
• tlPD8335 and tlPD8355-2 Available in Plastic Package 
• IlPD8755A Available in Ceramic Package 

PIN CONFIGURATIONS CE vcc CE VCC 
CE PB7 CE PB7 

ClK PB6 ClK PB6 
RESET PBs RESET PBS 

NC PB4 VDD PB4 
READY PB3 READY PB3 

IO/M PB2 101M PB2 
'i5R PB1 lOR PB1 
Ri5 PBo RD PBo 

iOW tlPD PA7 iOW tlPD PA7 
ALE 8355/ flA6 ALE 8755A PA6 
ADO 8355-2 . PA5 ADO PAS 
AD1 PA4 AD1 PA4 
AD2 PA3 AD2 PA3 
AD3 PA2 AD3 PA2 
AD4 PA1. AD4 PA1 
ADS P.Ao ADS PAo 
AD6 A10 AD6 A10 
AD7 Ag AD7 Ag 
VSS AS VSS AS 

NC: Not Connected 

Rev/1 
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fiPD8355/8755A 

The /.LPD8355 and /.LPD8755A contain 16,384 bits of mask R.OM and EPROM 
respectively, organized as 2048 X 8. The 2048 word memory location may be 
selected anywhere within the 64K memory space by using the upper 5 bits of 
address from the /.LPD8085A as a chip ,select. 

The two general purpose I/O ports may be programmed input or output at any 
time. Upon power up, they will be reset to the input mode. 

VDDG) vcc (+5V) 

AD7-ADO 

A10- A8 

G READY 

CE 

CE 

ALE El RD ROM 

lOW G lOR 

ClK 

loiM 
RESET 

VSS (OV) 

Note: CD VDD applies to IlPD8755A only. 

PA7-PAO 
8 

8 

Operating Temperature (/.LPD8355) . __ ............ '.' ....... O°C to +70°C 
(J.(PD8755A) ....................... O°C to +70oC 

Storage Temperature ............................... -65°C to +150°C 
Voltage on Any Pin (J.(PD8355) _ ....................... -0.5 to +7V <D 

(J.(PD8755A) _ ...................... -0.5 to +7V <D 
Power Dissipation _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.5W 

Note: <D With Respect to Ground 

*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 indicatEtdjn the operational sections of this specification is not 
implied. Exposure to absolute maximum 'rating conditions for extended periods may affect device 
reliability. 

liMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT. CONDITIONS 

Input low Voltage Vil -0.5 0.8 V VCC= 5.ovCD 

, Input High Voltage VIH 2.0 VCC+0.5 V V CC .. 5.ov·CD 

Output low Voltage VOL 0.45 V IOl = 2 mA 

Output High Voltage VOH 2.4 V IOH =-400IJ.A 

I nput leakage III 10 IJ.A VIN = VCC to OV 

Output leakage Current IlO ±10 IJ.A 0.45V ",VOUT ",VCC 

VCC Supply Current ICC 180 mA 

Note: CD These conditions apply to IJ.PD8355 only. 
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PIN IDENTIFICATION PIN 
NO. SYMBOL 

1,2 CE, CE 

3 ClK 

4 Reset 

5CD NC 

5(2) VDD 

6 Ready 

7 10/M 

8 lOR 

9 RD 

10 lOW 

11 ALE 

12-19 ADO-AD7 

20 VSS 

21-23 A8-AlO 

24-31 PAO-PA7 

32-39 PBO-PB7 

40 VCC 

Notes: CD pPD8355 
(2) pPD8755A 

IlPD8355/8755A 

NAME FUNCTION 

Chip Enables Enable Chip activity for 
memory or I/O 

Clock Input Used to Synchronize Ready 

Reset Input Resets PA and PB to all inputs 

Not Connected 

Programming Used as a programming voltage, 
Voltage tied to +5V normally 

Ready Output A tri-state output which is 
active during data direction 
register loading 

I/O or Memory An input signal which is used 
Indicator to indicate I/O or memory 

activity 

I/O Read I/O Read Strobe In 

Memory Read Memory Read Strobe In 

I/O Write I/O Write Strobe In 

Address Low Indicates information on 
Enable Address/Data lines is valid 

Low Address/Data Multiplexed Low Address and 
Bus Data Bus 

Ground Ground Reference 

High Address High Address inputs for ROM 
reading 

Port A General Purpose I/O Port 

Port B General Purpose I/O Port 

5V Input Power Supply 

1/0 PORTS I/O port activity is controlled by performing I/O reads and writes to selected I/O port 
numbers. Any activity to and from the pPD8355 requires the chip enables to be active. 
This can be accomplished with no external decoding for multiple devices by utilizing m 
the upper address lines for chip selects. CD Port activity is controlled by the following • 
I/O addresses: 

AD1 ADO PORT SELECTED FUNCTION 

0 0 A Read or Write PA 

0 1 B Read or Write PB 

1 0 A Write PA Data Direction 

1 1 B Write PB Data Direction 

Since the data direction registert for PA and PB are each 8-bits, any pin on PA or PB 
may be programmed as input o~ output (0 = in, 1 = out). 

Note: <D During ALE time theidata/address lines are duplicated on A15-A8. 
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",PD8355/8755A 
Ta ~ O·C to 70·C; VCC. 5V • 5% 

Symbol '.remlter Min. 

tCYC Clock Cycle Time 320 

ClK Pulse Width 80 

8366 8366-2 

Max. Min. MIx. 

200 

40 

Unit 
TOJt 

Conditions 

Tl 

T2 ClK Pulse Width 120 70 
f---'---+------------+---f---/---j---f---j ClOAD· 150 pF 

tf.tr ClK Rise and Fa" Time 30 30 

tAL Addre .. to letch Set Up Tima 50 30 

tlA Addres. Hold Time after latch 80 30 

tlC latch to READ/WRITE Control 100 40 

tRD Valid Data Out Dealy from READ Control 170 140 

tAD Addres. Stable to Data Out Valid 400 330 

tll latch Enable Width 100 70 

tRDF Data Bu. Float after READ 100 B5 

tel READ/WRITE Control to latch Enable 20 10 

READ/WRITE Control Width 250 200 
1--=_-+ __ -:--_"_-------+---+--+----.1---+---1150 pF Loed 

tcc 

tow 

two 

twp 

tpR 

tRP 

tRYH 

tARY 

tRV 

tRDE 

Notes: 

Data in to Write Set Up Time 150 150 

Data in Hold Time Afier WRITE 10 10 

WRITE to Port Output 400 400 

Port Input Sat Up Time 50 50 

Port Input Hold Time 50 50 

READY HOLD Time 160 0 160 

ADDRESS (CE) to READY 160 160 

Recovery Time Between Controls 300 200 

READ Control to Date Bus Enable 10 10 

30 n. for jlPD8755A 
ClOAD • 150 pF 

ROM READ, I/O READ ANDWRITE (j) 

ClK \tCy/,..--.. ~\ ..... __ _'/~-~r=T1fT2L 
~l& 
--1~~~====~------------

ADO-7 DATA -,,"1\------0{" 

tcc tDw--

PROM READ, I/O READ AND WRITE (2) 

AS-10 ADDRESS 

----"l~--------~'~---------------------------' 

ADO-7 __ -'l~-----11 "T---"" l ...... ___ D_A_T_A ___ -If ---{ ADDRESS }-

ALE 

CE 

Notes: G) ",PD8355 
@ ",PD8755A 
® CE must remain low for the entire cycle 
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TIMING WAVEFORMS 
(CONT.) 

EPROM PROGRAMMING 
pPD8755A 

IlPD8355/8755A 

CLOCK 

WAIT STATE TIMING (READY = 0) 

INPUT MODE: 
I/O PORT 

iffiOR---:-k lOR =X .. PORT 
INPUT 

DATA-------~ 
BUS _______ -A __________ _ 

OUTPUT MODE: 

\'------t -;( L-/ GUTeH FR" 
WP::j I'~ OUTPUT 

O~~:~T== = = === = == == )i~-----
OATA- - - - - -V ______ -'X'-__ _ 
BUS ______ ..A , _ 

Erasure of the J,LPD8755A occurs when exposed to ultraviolet light sources of wave­
lengths less than 4000 A. It is recommended, if the device is exposed to room 
fluorescent lighting or direct sunlight, that opaque labels be placed over the window to 
prevent exposure. To erase, expose the device to ultraviolet light at 2537 A at a 
minimum of 15 W-sec/cm2 (intensity X expose time). After erasure, all bits are in the 
logic 1 state. Logic O's must be selectively programmed into the desired locations. It 
is recommended that NEe's PROM programmer be used for this application. 
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PLASTIC 

ITEM MILLIMETERS 

A 51.5 MAX 

B 1.62 

C 2.54.± 0.1 

0 0.5± 0.1 

E 48.26 

F 1.2MIN 

G 2.54 MIN 

H 0.5MIN 

I 5.22 MAX 

J 5.72 MAX 

K 15.24 

L 13.2 

M 0.25 + 0.1 
- 0.05 

" ~5.24 . :ff--~i 
---, .5 
- E 

:q -11+0.25· 0.05 ~ 
o 0-15° 

750 

INCHES 

2.028 MAX 

0.064 

0.10 ± 0.004 

0.019 + 0.004 

1.9 

0.047 MIN 

0.10MIN 

0.019 MIN 

0.206 MAX 

0.225 MAX 

0.600 

0.520 

0.010: ~.~: 

jlPD8755AD 
Cerdip 

8355/8355-2/8755ADS-REV1-12-81-CA T 
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NEe 
NEe Electronics U.S.A. Inc. 
Microcomputer Division 

u.s. REPRESENTATIVES 
Alabama 
20th Century Marketing, Inc. 
Huntsville, AL 35801 
205-533-9281 

Arizona 
Fred Board Associates, Inc. 
Scottsdale, AZ 85252 
602-994-9388 

c.llfomla 
Cerco 
San Diego, CA 92111 
714-560-9143 

Quorum Technical Sales 
San Jose, CA 95110 
408-297-1640 

Santana Sales 
Los Alamitos, CA 90720 
714-827-9100 

Colorado 
D/Z Associates 
Denver, CO 80221 
303-429-9369 

Connecticut 
HLM Associates 
Waterbury, CT 06708 
203-753-9894 

Florida 
Semtronics, Inc. 
Altamonte, FL 32701 
305-831-8233 
Clearwater, FL 33515 
813-461-4675 

Georgia 
Montgomery Marketing, Inc. 
Norcross, GA 30092 
404~447-6124 

illinois 
I A. Carroll and Associates 
Schaumburg, IL 60195 
312-843-1125 

Indiana 
MIS Sales & Associates, Inc. 
Fort Wayne, IN 46808 
219-484-1904 
Indianapolis, IN 46260 
317-257-8915 

Kansas 
Advanced Technical Sales 
Overland Park, KS 66214 
913-492-4333 

Maryland 
~~~Ir~~i~e~a~~e~~~te~tatives 
301-653-3600 

Massachusetts 
Compass Technology 
Woburn, MA 01801 
617-933-3336 

Michigan 
Miltimore Sales, Inc. 
Grand Rapids, MI49506 . 
·616-942-9721 
Novi, MI48050 
313-257-8915 

Minnesota 
Electronic Innovators, Inc. 
Eden Prairie, MN 55344 
612-941-0830 

Missouri 
Advanced Technical Sales, Inc. 
St. Louis, MO 63011 
314-227-4448 

lew Jerse, 
B.G.R. AssOCiates 
Marlton, NJ 08053 
609-428-2440 

HLM Associates, Inc. 

~g;~~C~-~Y5~ 07054 

lew Mexico 
Rontek, Inc. 

~b~~~~~~l~~'4NM 87191 

lew York 
D. L. Eiss & AssOCiates, Inc. 
Kingston, NY 12401 
914-338-7588 
Rochester, NY 14624 
716-328-3000 
Syracuse, NY 13220 
315-457-0492 

HLM Associates, Inc. 
Northport, NY 11768 
516-757-1606 

lorth Carolina 
Montgomery Marketing 
Cary, NC 27511 
919-467-6319 

Ohio 
Imtech, Inc. 
Akron, OH 44321 
216-666-1185 
Dayton, OH 45414 
513-278-6507 

Oregon . 
Electronic Technical Sales Associates 
Hillsboro, OR 97123 
503-640-8086 

Texas 
Technical Marketing, Inc. 
Austin, TX 78758 
512-835-0064 
Carrollton, TX 75006 
214-387-3601 
Houston, TX 77081 
713-777-9228 

utah 
D/Z Associates 
Salt Lake City, UT 84115 
801-268-2876 

Washington 
Electronic Technical Sales Associates 
Kirkland, WA 98033 
206-827-8086 

Wisconsin 
I A. Carroll and Associates 
Milwaukee, WI 53207 
414-744-6842 
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CANADIAN 
REPRESENTATIVES 
British Columbia 
Kaytronics Western 
Blaine, WA 98230 
604-581-8411 

Ontario 
Kaytronics, Inc. 
Concord, Ontario L4K 1B1 
416-669-2262 
Kanata, OntariO K2K 2A3 
613-592-6606 
Ville St. Pierre, au H8R 3Y8 
514-367-0101 



U.S. DISTRIBUTORS Milgray Electronics, Inc. Diplomat Electronics New York Diplomat Electronics 
Orange, CT 06477 Columbia, MD 21045 Diplomat Electronics Houston, TX 77099 

Alabama 203-795-0711 301-995 .. 1226 Liverpool, NY 13088 713-530-1900 
Marshall Industries 315-652-5000 
Huntsville, AL 35801 Florida Marshall Industries Melville, NY 11747 Kent Electronics 
205-881-9235 Diversified Electronic Components Gaithersburg, MD 20760 516-454-6400 Houston, TX 77036 

Ft. Lauderdale, FL 33309 301-840-9450 713-780-7770 
RM/Alabama, Inc. 305-973-8700 Marshall Industries 
Huntsville, AL 35805 Milgray/Washington, Inc. E. Syracuse, NY 13057 Marshall Industries 
205-852-1550 Diplomat Electronics Rockville, MD 20852 315-432-0644 Dallas, TX 75234 

Clearwater, FL 33515 301-486-6400 Haupauge, NY 11738 214-233-5200 
Arizona 813-443-4514 516-273-2424 Houston, TX 77042 
Marshall Industries Ft. Lauderdale, FL 33309 Massachusetts Rochester, NY 14611 713-789-6600 
Tempe, AZ 85281 305-971-7160 Diplomat Electronics 716-235-7620 
602-9613-6181 Palm Bay, FL 32905 Holliston, MA 01746 Sterling Electronics 

305-725-4520 617-429-4120 Milgray Electronics, Inc. Austin, TX 78758 
Sterling Electronics Freeport, NY 11520 512-836-1341 
Ph oen ix, AZ 85034 Marshall Industries Future Electronics 516-546-5600 Dallas, TX 75229 
602-2513-4531 Orlando, FL 32805 Westboro, MA 01581 Pittsford, NY 14534 214-243-1600 

305-841-1878 617 -366-2400 716-385-9330 Houston, TX 77027 
Western Microtechnology 713-627 -9800 
Scottsdale, AZ 85260 Milgray Electronics Marshall Industries Rochester Radio 
602-948-4240 Winter Park, FL 32789 Burlington, MA 01803 Rochester, NY 14603 utah 

305-647-5747 617-272-8200 716-454-7800 Diplomat Electronics 
California Salt Lake City, UT 84115 
Cetec Electronics Reptron Electronics, Inc. Milgray New England, Inc. North Carolina 801-486-4134 
San Diego, CA 92123 Tampa, FL 36240 Burlington, MA 01803 Resco/Raleigh 
714-278-5020 813-855-4656 617-272-6800 Raleigh, NC 27612 Virginia 
South Gate, CA 90280 919-781-5700 Sterling Electronics 
213-77:l-6521 Georgia RC Components Richmond, VA 23231 

Diplomat Electronics Wilmington, MA 01887 Ohio 804-226-2190 
Diplomat Electronics Norcross, GA 30092 611-273-1860 Electronic Marketing Corp. 
Sunnyvale, CA 94086 404-449-4133 Columbus, OH 43212 Washington 
408-734-1900 800-241-4874 Sterling Electronics 614-299-4161 Bell Industries 

Waltham, MA 02154 Bellevue, WA 98005 
Image Electronics Marshall Industries 617-894-6200 Marshall Industries 206-747-1515 
Tustin, CA 92680 Norcross, GA 30093 Dayton, OH 45424 
714-730-0303 404-923-5750 Michigan 513-236-8088 Marshall Industries 

Milgray/Atlanta, Inc. 
Reptron Electronics, Inc. 

Milgray/Cleveland, Inc. 
Tukwila, WA 98188 

Marshall Industries Livonia, MI48150 206-575-3120 
Canoga Park, CA 91304 Dunwoody, GA 30338 313-525-2700 Cleveland, OH 44131 
213-999-5001 404-393-9666 213-447-1520 United Components, Inc. 
EI Monte, CA 91731 Minnesota Bellevue, WA 98007 
213-686-0141 Illinois Diplomat/Electro-Com Corp. Reptron Electronics, Inc. 206-643-7444 
Irvine, CA 92707 Diplomat Electronics Fridly, MN 55432 Columbus, OH 43229 
714-556-6400 Bensenville, IL 60106 612-572-0313 614-436-6675 Western Electromotive 
San Diego, CA 92131 312-595-1000 Tukwila, WA 98188 
714-578-9600 Industrial Components, Inc. Oklahoma 206-575-1910 
Sunnyvale, CA 94086 Inter Comp, Inc. Minneapolis, MN 55435 Component Specialties, Inc. 
408-732-1100 Hoffman Estates, IL 60195 612-831-2666 Tulsa, OK 74145 Wisconsin 

312-843-2040 918-644-2820 Marsh Electronics 
Pacesetter Electronics Marshall Industries Milwaukee, WI 53214 
Santa Ana, CA 92704 Marshall Industries Plymouth, MN 55441 Sterling Electronics 414-475-6000 
714-55'1-4800 Bensenville, IL 60106 612-559-2211 Tulsa, OK 74145 

312-595-6622 918-663-2410 
Ryno Electronics Missouri CANADIAN DISTRIBUTORS 
San Diego, CA 92111 NEP Electronics LCOMp,lnc. Oregon 
714-292-6022 Chicago, IL 60634 Kansas City, MO 64120 Radar Electric Co., Inc. British Columbia 

312-625-8400 316-221-2400 Portland, OR 97214 Martin Electronic Marketing Corp. 
United Components, Inc. Maryland Heights, MO 63043 503-232-3404 Surrey, B.C. V4A 2J4 
Santa Clara, CA 95050 Reptron Electronics, Inc. 314-291-6200 206-332-6904 
408-496-6900 Arlington Heights, IL 60005 United Components, Inc. 

312-593-7070 New Jersey Milwaukee, OR 97222 Ontario 
Western Microtechnology Diplomat Electronics 503-653-5940 Carsten Electronics 
Cupertino, CA 95014 RM Illinois, Inc. Totowa, NJ 07512 Ottawa, Ontario K2A 7C8 
408-72!i-1660 Lombard, IL 61048 201-785-1830 Pennsylvania 613-729-5138 

312-932-5150 Almo Electronics Scarborough, Ontario M 1 R 3E8 
Colorado General Radio Supply Corp. Philadelphia, PA 19114 416-751-5095 
Active Component Technology Indiana Camden, NJ 01802 215-698-4000 
Lakewood, CO 80215 Graham Electronics 609-964-8560 Pittsburgh, PA 15237 Future Electronics 
303-233-4431 Ft. Wayne, IN 46803 412-931-5990 Downsview, Ontario M3H 5S9 

219-423-3422 Marshall Industries 416-663-5563 
Diplomat Electronics Indianapolis, IN 46204 Clifton, NJ 07015 Texas 
Englewood, CO 80112 317-634-8202 201-340-1900 Active Component Technology Future Electronics 
303-740-8300 Mt. Laurel, NJ 08054 Addison, TX 75001 Chemin de Baxter, Ottawa 

Kansas 609-234-9100 214-980-1888 613-820-8313 
Marshall Industries LCOMp,lnc. Austin, TX 78758 
Denver, CO 80221 Wichita, KS 67214 Milgray/Delaware Valley, Inc. 512-452-5254 Quebec 
303-427-1818 316-265-8501 Marlton, NJ 08002 Houston, TX 77082 Carsten Electronics 

Milgray/Kansas City, Inc. 609-983-5010 713-496-4000 St. Laurent, Quebec H45 1 R7 
Connecticut Overland Park, KS 66202 514-334-8321 
Cronin Electronics 913-236-8800 Sterling Electronics Component Specialties, Inc. 
Wallingford, CT 06492 Perth Amboy, NJ 08861 Austm, TX 78758 Future Electronics 
203-265-3134 Louisiana 201-442-8000 512-837-8922 Montreal, Quebec H9R 5C7 

Sterling Electronics Dallas, TX 75220 514-694-7710 
Diplomat Electronics Metairie, LA 70002 New Mexico 214-357-6511 
Danbury, CT 06810 504-887-7610 Sterling Electronics Houston, TX 77036 
203-797 -967 4 Albuquerque, NM 87107 713-771-7237 

Maryland 505-884-1900 
Marshall Industries Almo Electronics Corp. 
Wallingford, CT 06492 Rockville, MD 20850 
203-265-3822 301-251-1161 



NEe 
NEe Electronics U.S.A. Inc. 
Microcomputer Division 

REGIONAL SALES OFFICES 

EASTERN REGION 
275 Broadhollow Road, Route 110 
Melville, NY 11747 
TEL: 516-293-5660 
TWX: 510-224-6090 

MIDATLANTIC REGION 
2000 Grosvenor Century Plaza, Suite 333 
10632 Little Patuxent Parkway 
Columbia, MD 21044 
TEL: 301-730-8600 
TWX: 710-862-2868 

MIDWESTERN REGION 
5105 Tollview Drive, Suite 190 
Rolling Meadows, IL 60008 
TEL: 312-577-9090 
TWX: 910-233-4332 

NORTHEASTERN REGION 
21-G Olympia Avenue 
Woburn, MA 01801 
TEL: 617-935-6339 
TWX: 710-348-6515 

NORTHWESTERN REGION 
20480 Pacifica Drive, Suite E 
Cupertino, CA 95014 
TEL: 408-446-0650 
TWX: 910-338-2085 

OHIO VALLEY REGION 
19675 West Ten Mile Road 
Southfield, MI48075 
TEL: 313-352-3770 
TWX: 810-224-4625 

SOUTHWESTERN REGION 
1940 West Orangewood Avenue, Suite 205 
Orange, CA 92668 
TEL: 714-937-5244 
TWX: 910-593-1629 

SOUTH CENTRAL REGION 
16475 Dallas Parkway, Suite 290 
Dallas, TX 75248 
TEL: 214-931-0641 
TWX: 910-860-5284 

SOUTHEASTERN REGION 
Vantage Point Office Center, Suite 209 
4699 North Federal Highway 
Pompano Beach, FL 33064 
TEL: 305-785-8250 
TWX: 510-966-9722 

One Natick Executive Park 
Natick, Massachusetts 01760 

TEL 617·655·8833 
TWX 710·386·2110 


