
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































IlPD8257 

The pPDS257 is a programmable, Direct Memory Address (DMA) device. When used 
with an S212 I/O port device, it provides a complete four-channel DMA controller for 
use in SOBOA/SOSOS5A based systems. Once initialized by an SOSOA/SOS5A CPU, the 
pPDS257 will blqck 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 follow· 
ing sequence of events occurs within the pPDS257. 

• It acquires control of the system bus (placing SOSOA/SOS5A in hold mode). 

• Resolves Priority conflicts if multiple DMA requests are made. 

• A 16·bit memory address word is generated with the aid of an S212 In the follow-
ing manner: 

The .uPDS257 outputs the least significant eight bits (AO-A7) which go directly 
onto the address bus. 
The pPDS257 outputs the most significant eight bits (AS-A 15) onto the data bus 
where they are latched into an S212 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 �p�e�r�i�p�~�e�r�a�l� to receive or depOSit a data byte directly from or to the appropriatij 
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 �R�e�q�u�e�~�t� 

(DROn). �T�h�~� .uPDS257 retail1s 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 �c�o�m�p�l�e�t�~�.� 

Ther!! are three different modes of operation: 

• DMA read, which causes data to pe transferred from memory to a �p�e�r�i�p�h�e�~�a�l�;� 

• 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 pPDS257. 
The D MA verify mode responds In the same manner as read/write except no memory 
or I/O read/write cO!1trol signals are generated, thus preventing the transfer of data. 
The peripheral gains control of the system bus and obtains DMA �~�c�k�n�o�w�l�e�d�g�e�m�e�n�t�s� 

for its requests, thus allowing it to access each byte of a data �~�I�o�c�k� for check purposes 
or accumulation of a CRC (Cyclic Redundancy Code) checkword.ln some applica­
tions 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 penpheral to verify its newly acquired data. 
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DMA OPERATION 

DMA OPERATION 
STATE DIAGRAM 

,..PD8257 

Internally the IlPD8257 contains SIX different states (50, 51, 52, 53, 54 and 5W). The 
duration of each state is determined by the Input clock. In the idle state, (51), no 
DMA operation is being executed. A DMA cycle is started upon receipt of one or more 
DMA Requests (DROn), then the IlPD8257 enters the 50 state. During state 50 a Hold 
Request (HRO) is sent to the 8080A/8085A and the IlPD8257 waits in 50 until the 
8080A/8085A issues a Hold Acknowledge (HLDA) back. During 50, DMA Requests 
are sampled and DMA priority IS resolved (based upon either the fixed or priority 
scheme). After receipt of HLDA, the DMA Acknowledge line (DACK n) with the high· 
est priority is driven low, selecting that particular peripheral for the DMA cycle. The 
DMA Request line (DROn) must remain high until either a DMA Acknowledge 
(DACK n) 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; 51, 52, 53 and 54. If the access time of 
the memory or I/O device is not fast enough to return a Ready command to the 
IlPD8257 after It reaches state 53, then a Wait state is initiated (5W). One or more 
than one Wait state occurs until a Ready signal is received, and the IlPD8257 is allowed 
to go into state 54. Either the extended write option or the DMA Verify mode may 
eliminate any Wait state. 

If the IlPD8257 should lose control of the system bus (i.e., HLDA goes low)then the 
current DMA cycle is completed, the device goes into the 51 state, and no more DMA 
cycles occur until the bus is reacquired. Ready setup time (tR5), write setup time 
(tDW), read data access time (tRD) and HLDA setup time (t05) should all be carefully 
observed during the handshaking mode between the IlPD8257 and the 8080A/8085A. 

During DMA write cycles, the I/O Read (I/O R) output is generated at the beginning 
of state 52 and the Memory Write (M EMW) output is generated at the beginning of 
53. During DMA read cycles, the Memory Read (MEMR) output is generated at the 
beginning of state 52 and the I/O Write (I/O W) goes low at the beginning of state 53. 
No Read or Write control signals are generated during DMA verify cycles. 

RESET 

HRQ+ HLDA 

Notes CD HRQ is set if OROn is active. 
@ HAC IS reset if OROn is not active. 
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25 
26 
27 
29 
30 
31 
32 
33 
34 
35 
1 
40 
37 
38 
39 

8080A 36 

RDYIN 

~ 

DSC 

INT~ HOLD 
13 

HLDA 21 

r,D~ ''''.'' OBIN 17 

4 12 
WR 

18 

A3 

14 ~5 ~ 13 

~ 16 

.....'2- ~ 11 
5 19 ~ 9 

I~ I" 4 23. 
SYNC 

~ 
5 

REA9Y 18 -2..: ~~ RESin ~ 20 

16 8 8228 7 

8224 
., 

·2 

-~:~-j 
MEMR 24 

11 MEMW 26 

_lQ IIOR 25 

I/OW 27 

STSTs 7 
INTA 23 

BUSEN 
¢2(TTLl 

6 
22 

CHIP SELECT 
READY 

DISABLE I/O 
ADDRESS BUS 
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~ 
~ 
~ 
~ 26 

23 
22 
21 

3 
4 
1 
2 

13 
12 
11 

6 

~ 
~ '---?: 
~ 

18 
20 
22 

VCC~ 

GND 

TYPICAL JlPD8257 
SYSTEM INTERFACE SCHEMATIC 

7 10 

HLDA HRO 

~ 
f¥.-
~ 
~ 37 

38 
39 
40 

19 
!-,PD 25 

8257 
18 

RESET 24 

ClK 17 
CS 

14 
READY 

16 
15 

36 

5 

EN ADSI' 

19 8 

1,3 11 

DS2 STB 
4 

6 
8 
10 

8212 
15 
17 
19 
21 

Ern 
MD DSl 

P l' 

A o 
I 

I 
I 
II ADDRESS 

BUS 

I 
I 
I 
I 

A'5 

DO 

I 
I DATA 
I BUS 

I 
0 7 

CONTROL 
RUS 

DRDo 
OACKO 

OR02 
OACK2 

DR03 

DACK3 

TC 

MARK 



Package Outlines 
For information, see Package Outline Section 7. 

Plastic, ,...PD8257C-5 

Ceramic, ,...PD8257D-5 

,..PD8257 
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NEC JlPD8259A 
JlPD8259A-2 

PROGRAMMABLE INTERRUPT CONTROLLER 

DESCR I PTION The NEC /-IPD8259A is a programmable interrupt controller directly compatible with 
the 8080A/8085A/8086/8088 microprocessors. It can service eight levels of interrupts 
and contains on·chip logic to expand interrupt capabilities up to 64 levels with the 
addition of other /-IPD8259As. 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 /-IPD8259A is completely upward compatible with the /-IPD8259-5, so software 
written for the /-IPD8259·5 will run on the ",PD8259A and ",PD8259A-2. 

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 80BOA/B085A/8086/8088 

PIN CONFIGURATION cs VCC 

WR 

AD 
07 

Os 
Os 

04 

03 

02 

01 

00 

CASO 

CAS1 

GNQ 

Rev/2 
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AO 

iNi'A 
IR7 

IRS 

IRS 

IR4 

IR3 

IR2 

IR1 

IRO 

INT 

SP/EN 

CAS 2 

PIN NAMES 

07- 0 0 Data Bus (Bi-Directional) 

RD Read Input 

WR Write Input 

AO Command Select Address 

CAS2- CASO Cascade Lines 

SP/Eiii 
Slave Program Inputl 
Enable Buffer 

INT Interrupt Output 

iN'fA I nterrupt Acknowledge Input 

IRO-IR7 Interrupt Request Inputs 

~ Chip Select 



,..PD8259A 
Pin 

No. Symbol 

1 ~ 

2 WI'! 

3 1m 

4-11 DrDo 

12,13,15 CASa-CAS2 

14 GND 

16 mslEN' 

17 INT 

18-25 IRa IR7 

26 1IJ'!'A 

27 Ao 

'0 

PROCESSOR PROCESSOR PROCESSOR 
ADDRESS CONTROL DATA 

BUS BUS SLAve 
PROGRAM_~_ 

ENABLE CASCADE 
BUFFER 

Operating Temperature ..... 
Storage Temperature ......... . 
Voltage on Any Pin .......... . 
Power Dissipation ......... . 
Note: Q) With respect to grou nd. 

Ta = 25°C 

I/O Function 

I Chip Select. When CS IS low, the CPU can read from the 
wnte to the 8259A tNT A operates Independently of CS 

0 Write. The 8259A can receive command words from the CPU 
when both WR and CS are low 

I Read. When both RD and CS are low, the 8259A sends 
status onto the dta bus for the CPU to read 

110 Bidirectional data bus. This bus carnes control, status, and 
mterrupt·vector data 

1/0 Cascade lines. These Imes are used as a bus which controls 
multiple 8259A In a master/slave configuratIOn When an 
8259A IS a master, these hnes are outputs When an 8259A IS 
used as a slave, the Imes are Inputs 

I Ground. 

110 This IS a dual-function pm 

0 

I 

I 

I 

Slave Program. When SP == 1, the 8259A operates as a 
master When SP "" 0, the 8259A operates as a slave 

Enable Buffer. This IS an output to enable buffer transceivers 

Interrupt. When the 8259A receives a valid Interrupt request, 
INT goes high to Interrupt the CPU This pm should be con-
nected directly to the Interrupt pin on the CPU 

Interrupt Requests. These are asynchronous Inputs that 
operate In two modes In Edge Triggered mode, the Input 
must be raised from low to high and held high until acknowl-
edged The Level Triggered mode reqUires only a high 

Interrupt Acknowledge. When the CPU sends a series of 
pulses to this Input, the 8259A releases Interrupt-vector data 
onto the 
data bus 

~ Address Line. The S259A uses this Input, With 'ES and 
, to decode command words written by the CPU Ao IS used 

With ~ and m to decode status for the CPU to read AO IS 
normally connected to the AO address line on the CPU (A1 for 
an IAPX 86, 88) 

. . . . . . . . .. oDe to +700e 

........ -65°C to +150oe 
-0.5 to +7 Volts CD 

. ................ lW 

*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. 6 - 232 

PIN IDENTIFICATION 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 
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INTERRUPT REQUEST REGISTER (lRR) AND IN-SERVICE REGISTER (lSR) 

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 IRR 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 I NT output of the IlPDS259 is set high. The I R input 
line must remain high until the first I NTA input has been received. Multiple, non­
masked Interrupts occurring simultaneously can be stored in the IRR. The incoming 
INTA sets the appropnate ISR bit (determined by the programmed interrupt algorithm) 
and resets the corresponding IRR bit. The ISR bit stays high-active during the interrupt 
serVice subroutine until It is reset by the prpgrammed End-of·lnterrupt (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, S-bit, bi-directional data bus buffer interfaces the IlPDS259 to the 
processor's system bus. It buffers the Control Word and Status Data transfers between 
the IlPDS259 and the processor bus. 

READ/WRITE LOGIC 

The read/write logic accepts processor data and stores it in its Initialization Command 
Word (lCW) 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 IlPDS259 is enabled when an active-low signal is received at this input. Reading 
or writing of the IlPDS259 is inhibited when it is not selected. 

WRITE (WR) 

This active-low signal instructs the IlPD8259 to receive Command Data from the 
processor. 

READ (RD) 

When an active-low signal is received on the RD 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 jJPD8259 is directly connected to the processor's I NT 
input. the voltage levels of this output are compatible with the SOSOA/S085A! 
80S6/S0SS. 

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) 

INTA pulses cause the IlPD8259A to put vectoring information on the bus. The num· 
ber of pulses depends upon whether the IlPD8259A is in IlPD8085A 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 disting~ished by the 
RD, WR, and CS inputs. 

IlPD8259A BASIC OPERATION 

AO D4 D3 RD WR CS PROCESSOR INPUT OPERATION (READ) 

0 0 1 0 IR R, ISR or IR .... Data Bus CD 
1 0 1 0 IMR .... Data Bus 

PROCESSOR OUTPUT OPERATION (WR ITE) 

0 0 0 1 0 0 Data Bus .... OCW2 
0 0 1 1 0 0 Data Bus .... OCW3 
0 1 X 1 0 0 Data Bus .... leW1 
1 X X 1 0 0 Data Bus .... OCW1, ICW2, ICW3 ® 

DISABLE FUNCTION 

X X X 1 1 0 Data Bus .... 3·State 
X X X X X 1 Data Bus .... 3·State 

Notes: CD 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 IlPD8259A aligns these commands in the 
proper order. 

CASCADE BUFFER/COMPARATOR. (For Use in Multiple IlPD8259 Array.) 

,The IDs of allllPD8259As are buffered and compared in the cascade buffer/com· 
'parator. The master IlPD8259A sends the ID of the interrupting slave device along 
the CASO, 1, 21 ines to all slave devices. The cascade buffer/comparator compares its 
preprogrammed ID to the CASO, 1, 2 lines. The next two INTA pulses strobe the pre· 
programmed, 2 byte CALL routine address onto the data bus from the slave whose I D 
matches the code on the CASO, 1, 2 lines. 

SLAVE ~ROGRAM (SP). (For Use in Multiple IlPD8259A Array.) 

The interrupt capability can be expanded to 64 levels by cascading multiple IlPD8259As 
in a master-plus-slaves array. The master controls the slaves through the CASO, 1, 2 
lines. The SP input to the device selects the CASO-2 lines as either outputs (SP=1) 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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DC CHARACTE R ISTICS Ta = o·c to 70·C, Vcc = +5V ± 10% 

PARAMETER 

Input Low Voltage 

Input High Voltage 

Output low Voltage 

Output High Voltage 

Interrupt Output-

High Voltage 

Input Leakage Current 
for other Inputs 

Output Leakage Current 

VCC Supply Current 

PARAMETER 

Input Capacitance 

110 Capacitance 

AC CHARACTERISTICS T.=O'Cto70'C,VCC·5V±10% 

Timing Requirements 

SYMBOL 

Vil 

VIH 

VOL 

VOH 

VOH-INT 

III 

IlOl 

ICC 

SYMBOL 

CIN 

CliO 

LIMITS 

MIN MAX UNIT 

-0.5 08 V 

20 VCC + 0.5V V 

045 V 

24 V 

2.4 V 

3.5 V 

-10 10 pA 

-10 +10 .A 

85 rnA 

LIMITS 

MIN MAX UNIT 

10 pF 

20 pF 

JLPD8259A /lPD8259A-2 

PARAMETER SYMBOL MIN MAX MIN MAX 

AO/CS Setup to RD/INTAI tAHRL 0 0 

AO/CS Hold after RD/IN- AI tAHAX 0 0 

m Pulse Width 'RLRH 235 160 

AOJ7:S§ Setup to WR I tAHWL 0 0 

AOrCS Hold after Wi'i I tWHAX 0 0 

WR Pulse Width tWLWH 290 190 

Data Setup to 'WJ!i I tOVWH 240 160 

Data Hold after WR"I tWHDX 0 0 

Interrupt Request Width (Low) tJLJH 100 100 

Cascade Setup to Second or Third 
tCVIAL 55 40 

iNTAl (Slave Only) 

End of AD to Next Command tRHRL 160 160 

End of WR to Next Command tWHRL 190 190 

End of Command to next Command TCHCL 500 500 
(Not same command type) 

End of INTA sequence to next 

INTA sequence 

Note: <D This IS the low time reqUired to clear the mput latch In the edge tnggered mode 

IlPD8259A 

TEST 
CONDITIONS 

IOl = 22 rnA 

IOH = -400 pA 

IOH = -400 pA 

IOH = -100pA 

o " VIN " VCC 

0.45 " VOUT " VCC 

TEST 
CONDITIONS 

Ic = 1 MHz 

Unmeasured Pins 
Returned to V 88 

TEST 

UNIT CONDITIONS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns <D 
ns 

ns 

ns 

ns ® 

® Worst case tlmmg for TCHCL In an actual microprocessor system IS tYPically much greater than 500 ns (I e 

BOSSA = 1 6 /IS, 8085A·2 = 1 p.S. 8086 = 1 p.S. 8086-2 = 625 ns) 
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Timing Responses 

p.PD8259A /,PD8259A-2 TEST 

PARAMETER SYMBOL MIN MAX MIN MAX UNIT CONDITIONS 

Data Valid from RD/INTAI 'RLDV 200 .20 ns C of Data Bus "" 1 OOpF 

Data Float after R'l5iiNTA 1 tRHDZ '0 '00 '0 85 ns C of Data Bus 

Max Test C "" 100 pF 

MmTestC = 15pF 

Interrupt Output Delay tJHIH 250 300 ns 

Cascade Valid from First INTAI tlALCV 565 360 ns CINT:::: 100 pF 
(Master Only) 

Enable Active from RDI or INTAI tRLEL .25 .00 ns 

Enable Inactive from ROt or INTAI tRHEH .50 150 ns CCASCADE = 100 pF 

Data Valid from Stable Address tAHOV 200 200 ns 

Cascade Valid to Valid Data tcVDV 300 200 ns 

INPUT WAVEFORMS FOR AC TESTS 

"=X )C ~O 2~ 

>TESTPOINTS <. 
Q8 Q8 

0.45 

WRITE MODE 

WR ---------~ 
---twLWH 

cs ______ ____. 
ADDRESS BUS 

AO ________ J 

DATA BUS 

READ/iNTA MODE 

RD/iiiiTA _______ """"" t------tRLRH---

EN--------------~--~ 
tRLEl 

tRHAX 
cs------__ 

ADDRESS BUS AO ________ .J 

DATA BUS- ____________ ~A~~~~\. ______ tR_H_D_Z---,~ _____ _ 

OTHER TIMING 
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(CONT.) 
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,..PD8259A 

INTA SEQUENCE 

,::Jd J_tJHI_Hc_ ... _~\_(j) ---"'\\ 
~--------------~ 

DB - - - - - - - - - - - - -1-0 -- -0--
'tCVIAL-1 1--

~--1---~r-~--~ 
tCVDV --

CD-2----------------~----L4----~----~~----------~ 

IA 

LATCH' 
ARMED 

IR TRIGGERING TIMING REQUIREMENTS 

EARLIEST IR 
CAN BE REMOVED 

LATCH' 
ARMED 

8086/8088 

LATCH' 
ARMED 

8080/8085 

INT ---+*"" 

INTA ---+----~ 
8080/8085 

'EDGE TRIGGERED MODE ONLY 

The sequence used by the ~PD8259A to handle an interrupt depends upon whether 
an 8080A/8085A or 8086/8088 CPU is being used. 

The following sequence applies to 8080A/8085A systems: 

The ~PD8259A 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 ~PD8259A interacts with the processor. 

1. An interrupt or interrupts appearing on IRO-7 sets the corresponding IR bit(s) 
high. This in turn sets the corresponding IRR bit(s) high. 

2. Once the I R R bit(s) has been set, the ~PD8259A 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 INTA to the ~PD8259A when it receives the INT. 

4. The INTA input to the ~PD8259A from the processor group sets the highest 
priority ISR bit and resets the corresponding IRR bit. The INTA also signals the 
~PD8259A to iSSUE! an 8-btt CALL instruction op-code (11001101) onto its Data 
bus lines. 

5. The CALL instruction code instructs the processor group to issue two more 
I NT A pulses to the ~PD8259A. 
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6. The two INTA pulses signal the j.lPD8259A to place its preprogrammed interrupt 
vector address onto the Data bus. The first INTA releases the low-order 8-bits 
of the address and the second INTA releases the high-order 8-bits. 

7. The j.lPD8259A's CALL instruction sequence is complete. A preprogrammed 
EOI (End-of-Interrupt) command is issued to the j.lPD8259A at the end of an 
interrupt service routine to reset the ISR bit and allow the /.IPD8259A to service 
the next interrupt. 

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

4. During the first i'NTA from the processor, the j.lPD8259A does not drive the 
data bus. The highest priority ISR bit is set and the corresponding I R R bit is 
reset. 

5. The j.lPD8259A puts vector onto the data bus on the second I NT A pulse from 
the 8086/8088. 

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

8080A/8085A MODE 

For these processors, the j.lPD8259A is controlled by three INTA pulses. The first 
INTA pulse will cause the j.lPD8259A to put the CALL op-code onto the data bus. The 
second and third ii\i'i'A pulses will cause the upper and lower address of the interrupt 
vector to be released on the bus. 

07 De 05 1M 03 02 01 DO 

CALL CODE LI_' ______ o_, ~-_----,....JI 
IR Inl.,.._4 

07 De 0$ 0. 03 02 0' DO 

7 A7 A6 A5 , , , 0 0 

6 A7 A6 A5 , , 0 0 0 

5 A7 A6 A5 , 0 , 0 0 

• A7 A6 A5 , 0 0 0 0 

'3 A7 A6 A5 0 , , 0 0 

2 A7 A6 A5 0 , 0 0 0 , A7 A6 A5 0 0 . , 0 0 

0 A7 A6 A5 0 0 0 0 0 

IR Interv.I ... 1 

07 os OS 0. 03 02 0' DO 

7 A7 A6 , , , 0 0 0 

6 A7 A6 , , 0 0 0 0 

5 A7 A6 , 0 , 0 0 0 

4 A7 A6 , 0 0 0 0 0 

3 A7 AS 0 , , 0 0 0 

2 A7 A6 0 , 0 0 0 0 , A7 A6 0 0 , 0 0 0 

0 A7. A6 0 0 0 0 0 0 
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INTERRUPT 
SEQUENCE 

(CONT.) 

TH I R 0 Tfii'i'A 

"PD8259A 

D7 De DS DO DS D. D' DO 

A'5 A,. A,3 .,2 A11 A,O A9 A8 

In this mode only two INTA pulses are sent to the J.lPD8259A. After the first INTA 
pulse, the J.lPD8259A 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 D3 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 

IRl T7 T6 T5 T4 T3 0 0 1 

IRO T7 T6 T5 T4 T3 0 0 0 

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 J.lPD8259A, while A5-A15 are programmed externally. 
When the routine interval is 8, AO-A5 are automatically inserted by the J.lPD8259A, 
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 J.lPD8259A sets the three least significant bits according to the inter­
rupt level. AlO-A5 are ignored and ADI (Address Interval) has no effect. 

LTIM: If LTIM = 1, then the J.lPD8259A 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 J.lPD8259A 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 =0. 

ICW3 

This word is read only when there is more than one J.lPD8259A 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 M/S = 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. 
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b. In the slave mode (either when SP = 0, or if BUF = 1 and M/S = 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 master/slave determination is by 
M/S. 

M/S: If buffered mode is selected: M/S = 1 means the pPD8259A is pro­
grammed to be a master, M/S = 0 means the J.lPD8259A is programmed 
to be a slave. If BUF = 0, M/S has no function. 

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

pPM: Microprocessor mode: pPM = 0 sets the pPD8259A for 8085A system 
operation, pPM = 1 sets the pPD8259A for 8086 system operation. 

D7 DO DO 1M III D2 D1 DO 

L-1· ______ A_7 _______ M ______ M ______ -r ______ Ln_M ______ A_~ _____ S_N_Q_L _____ '~_JJ~W1 

I 1 A15/17 A141T6 A13/T5 A121T4 Al1fT3 A10 A9 AI IICW2 

~------------------~r_--------------------J 

r-----------------~~N:~.~ ~11-~-L.~ 
I 1 Sf as sa 50 83 S2/1"02 S1/101 SO/IDO IICWI 

~~. ~~·DI 

YES (ac.-1) 

I 1 SFNM IU' MIS AlOI • ... I~w. 
I 
I 

READY TO ACCEPT INTERRUPTS 
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OPPERATIONAL COMMAND 
WORDS (OCW's) @ 

",PD8259A 

Once the IlPD8259A 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 IlPD8259A 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 ,only bit 3 of the IMR is set to logic "1." The IMR in turn 
acts upon the contents of the ISR to mask bit 3). Once the IlPD8259A has acknowledged 
an interrupt, I.e., the IlPD8259A has sent an INT signal to the processor and the system 
controller has sent it an INTA 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 J.lPD8259A's basic operating mode. It will operate in this 
mode after the initialization sequence, without requiring Operation Command Words 
for formatting. Priorities are set IRa through IR7, with IRa 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 COMMANDS 

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 through OCW2 assigns 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 following way (refer to Figure 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 IR2 and IR5. 

Before Interrupts are Serviced: 

In-Service Register 

Priority Status 
Register 

IS7 

I ° 
IS6 

I ° 
IS5 IS4 

I I ° 
IS3 IS2 IS1 ISO 

I ° I I ° I ° -- Highest 
Priority 

According to the Priority Status Register, IR2 has a higher priority than IR5 and 
will be serviced first 

After Servicing: 

In-Service Register ... 1 _OC-.<L-.COC--L--_,--,O_L......:0---'L....:O---,IL....:o---,-Ic--0--J 

Priority Status 
Register 

- Highest 
Priority 

At the completion of I R2's 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 IlPDB259A is now 
ready to service the next highest interrupt, which in this case, is I R5. 

2. Specific Rotate Mode 

The priorities are set by programming the lowest level through OCW2. The 
IlPD8259A then automatically assigns the highest priority. If, for example, IR3 is 
set to the lowest priority (bits L2, L1, La form "the binary code of the bottom 
priority level), then IR4 will be set to the highest priority. The Specific Rotate 
Mode is selected by programming OCW2 in the following manner: set Rotate 
Priority bit "R" to a logic "1," program EOI to a logic "0," SEOI to a logic "1" 
and L2, L1, LO to the lowest priority level. If EOI is set to a logic "1," the ISR 
bit defined by L2, L 1, La is reset. 
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END·Of·INTERRUPT (EOI) AND SPECifiC END·Of·INTERRUPT (SEOI) 

The End·of·lnterrupt or Specific End·of·lnterrupt command must be issued to reset the 
appropriate I n-Service Register bit before the completion of a service routine. Once the 
ISR bit has been reset to logic "0." the j.!PD8259A is ready to service the next interrupt. 

Two types of EOIs are available to clear the appropriate ISR bit depending on the 
j.!PD8259A's operating mode. 

1. Non·Specific End·of·lnterrupt (EOI) 

When operating in interrupt modes where the priority order of the interrupt inputs 
is preserved (e.g., fully nested model. the particular ISR bit to be reset at the com· 
pletion of the service routine can be determ ined. A non·specific EOI command 
automatically resets the highest priority ISR bit of those set. \The 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·lnterrupt 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 (f igure 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 oew 1 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 j.!PD8259A 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 (I NT). 
I nterrupt 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 RD pulse is then considered as an interrupt acknowledge. If an interrupt 
input is present, that R 0 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 X I X I W2 I Wl I Wo I 
where: I = 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 iiii'fA 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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,cw. 

tCW3 'MASTIA O(vtCll 

ICW3 ISLAVE OIYte( I 

~ ~ ~ ~ ~ ~ ~ ~ ~ 

1 1CW4NUOEO 
0" NO ICW4 MUOIO 

1 - SINGLE 
o • CASCADE MODE 

CALL "DOAID,NTUIVAL 
1 .. INTUtV .. L OF. 
0 .. lNTE"YAL OF. 

1 - LEVEL TRIGGERED MODE 
o • EDGE TRIGGERED IoIOOE 

1 • ,l1li INPUT "AS'" SLAVE 
0- IfllNflUl DOU NOT HAVE 

A SLAVE 

\ . I 0 I 0 ! 0 I 0 ! 0 !'D, I,D, !'D.\ 
SLAVE 101 11 

o 1 2 l • .. , 
o 1 o 1 o 1 o 1 

• 0 1 1 • 0 1 1 

• • 0 • 1 1 1 1 

, .... I ... MOOE 
O. UC .... '.MOOI 

1 AUTOIOi 
0- NOft ....... 101 

- au"I"'O MOOt/SLAVI EEffi- -NON IlUFnRfD MOOt 

t ,- IlUFFUIEO MOOIIMAITUI 

1 - SPECIAL FULLY NESTED 

'------------1 O. ~CI"," FULLY 
NESTED MOOIi 

NOTE 1 SLAVE lOIS EQUAL TO THE CORRESPONDING MASTER IR INPUT 
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READING J,lPD8259 STATUS 

OPERATION COMMAND 
WORD FORMAT 

",PD8259A 
The following major registers' status is available to the processor by appropriately 
formatting OCW3 and issuing RD command. 

INTERRUPT REQUEST REGISTER (S·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 the RD 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 RIS a logic "0." 

IN-SERVICE REGISTER (S-BITS) 

The In·Service Register stores the priorities of y,e interrupt levels being serviced. 
Assertion of an End·of·lnterrupt (EOI) updates the ISR to the next priority level. A 
WR command must be issued with OCW3 prior to issuing the R D command. Both ER IS 
and R IS should be set to a logic "1." 

INTERRUPT MASK REGISTER (S-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 R D 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 when bits P and ERIS of OCW3 
are set to a logic" 1." 

ocw, 

OCW2 

0CW3 i 0 i -iESMMisMMi 0 i , i p i ERIS lR's~ 
I Rnd In·Servlc. R., .. t ... 

o 0 No Action 

0 , No ActiOft , 0 R_!!.Reg.on 
Next RD Pul. , , Re.d IS Reg. on 
Nextlll5 PulM 

PoIhng , 
Reed Bin_y Code of I 
HlQhest LII/III R..,..,II'Ig 
Int.fupt ott Nht RD Pulse 

101 NoAe'"", I 
fSDectlll MMk MoeN 

0 0 No ActIOn 

0 , No ActtOn , 0 R_5JMc:ialMaik , , Set Spec:iIII ..... k 
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Inlt. • 

4 

5 

7 

8 

'0 

" 
12 

13 
'4 

'5 
'6 
17 

'8 
19 

20 
21 

22 

23 

24 

25 

26 
27 

28 

29 
30 

31 

32 

33 

34 
35 

36 

37 

36 

39 

40 
41 

42 

43 

44 

45 

46 
47 

46 
49 

50 

51 

52 
53 

54 

55 

56 

57 

58 

59 

60 

61 

Mnemonic 

ICW' A 

ICW' B 

ICW' C 

ICW' 0 

ICW' Ii 
ICW' F 

ICW' G 

ICW' H 

ICW' 
ICWI J 

ICW' K 

ICW' 

ICW' M 
ICW' N 

ICW' 0 

ICW' P 

ICW2 

ICW3 M 

ICW3 5 

ICW4 A 

ICW4 B 

ICW4 C 

ICW4 0 
ICW4 E 

ICW4 F 

ICW4 G 

ICW4 H 

ICW4 I 

ICW4 

ICW4 K 

ICW4 

ICW4 M 

ICW4 N 

ICW4 0 
ICW4 P 

ICW4 NA 

ICW4 NB 

ICW4 NC 

ICW4 NO 

ICW4 NE 

ICW4 NF 

ICW4 NG 

ICW4 NH 

ICW4 NI 

ICW4 NJ 

ICW4 NK 

ICW4 NL 

ICW4 NM 

ICW4 NN 

ICW4 NO 

ICW4 NP 

OCW' 
OCW2 E 

OCW2 5E 

OCW2 RE 

OCW2 R5E 

OCW2 R 

OCW2 CR 

OCW2 R5 

OCW3 P 

OCW3 RI5 

INSTRUCTION SET SUMMARY 

SUMMARY OF 8259A INStRUCTION SET 

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

0' A7 A6 0 o 0 
o A7 A8 a , 0 , 

A7 A8 0 000 
o A7 A6 000 

A7 A6 A5 

A7 A6 A5 

A7 A6 A5 

1 , 
o , 0 

o A7 'A6 A5 

A7 A6 0 
A7 A6 0 

, , 0 

o 0 , 
o , 

o A7 A6 0 000 
a 0 o A7 A6 0 

, 
o 
a 
o 
o 

o 

o 
o 

A'5 A'4 A,3 A'2 A" A'O A9 A8 

57 56 55 54 53 52 5' so 
a 0 0 0 0 52 5' so 
o 
o 
o 

o a 0 0 
o 0 0 0 
a 0 0 0 

a 0 
o 1 

o 
a 0 0 0 
00000 

o 0 a 
000 

00000 

a 1 

o 0 
1 

1 a 
, 1 

o 0 
000 0 
a a a a 

000 a 
000 0 

000 
o 0 0 0 

a 0 
o 0 
o 
o 

o 
a , 

o 0 0 0 
000 

o , , , 
o a 0 

o 0 a 
o 0 0 

000 
000 
000 
a 0 0 

o 0 
o 0 

000 
o 0 
o 

o 0 
o a a 
o a 0 

000 
M7 M6 M5 M4 

o 0 
o 0 

o 0 
1 , a 

, 0 0 0 
000 
, 1 a a 
o 0 0 a 
o 0 a a 

o 0 
o 

a 0 , 

o a 
a , 

o 0 

o 1 

o 0 
o 0 , 

a a 
o , 

a 0 
o , 

1 0 

1 1 1 

M3 M2 Ml MO 

a a a 0 

o L2 Ll LO 

o 0 a 0 
o L2 Ll La 

o 0 0 0 
o 0 a a 
~L2L1LO 

, a 0 

o 

6-246 

I 
} 

} 

O ...... ,1on Deocllpllon 

Format = 4, smgle, edge triggered 

Format:;:: 4, sIngle, level triggered 

Byte 1 Inltlalizahon Format = 4, not single, edge triggered 

Format:;:: 4, not single, level triggered 

No ICW4 Rlqulrpd Format = 8, single, edge Irlggere1 

Format = 8, stogie, level triggered 

Formlt = 8, not alngll, edgl triggered 

Format = 8, not alngll, 1,,"1 trlggered 

Format = 4, alngll, edgl triggered 

Format = 4, single, 'eve' triggered 
Byte' InlllallzllIon Formlt = 4, not alngll, edgl triggered 

Format = ", not Ilng'e, 'eye' triggered 
ICW4 Rlqulred Format = 8, alngll, edgl triggered 

By" 2 initialization 

Format = 8, single, 'e'l8' triggered 

Format = 8, not slngl., edge triGgered 

Format z 8, not IlnO'., 'evel triGgered 

Byte 3 Initialization - ma.ter 

Byte 3 initialization - slave 

No action, redundant 

Non-buffered mode, no AEOI, 8086/8088 

Non-buffered mode, AEOI, 80/85 

Non.buffered mode, AEOI, 8086/8088 

No action, redundant 

Non-buffered mode, no AEOI, 8086/8088 

Non-buffer~d 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, SOS5A, 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 Ihrough ICW4 NP are Idenllcal 10 

ICW4 F through ICW4 P WIth Ihe addltoon of 
Fully Nested Mode 

Load mask regIster, read mark regIster 

Non~pecific EOI 

Specific EOI, LO-L2 code of 15 FF to be reset 

Rotate on Non..speclftc EOI 

Rotate on Specific EOI LO-L2 code of line 

Rotate on 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 D4 D3 

OCWl 1 X X M7-MO IMR (Interrupt Mask Register) WR loads IMR data while 

AD reads st?ltus 

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 Spec,flc-End-of-Interrupt L2, l,. LO forms binary representation 
of level to be reset. 

1 0 0 No Action 

1 0 1 Rotate Priority at End-at-Interrupt !Auto Mode) 

1 1 0 Rotate Pnortty. L2. L,. LOSpeclfles bonom prlorny without 
End-at-Interrupt 

1 1 1 Rotate Priority at End-ot-Interrupt (SpecIfiC Mode). L2. L1. LO 
specifies bottom priOrity, and Its In-SelVlce Register bit IS reset. 

OCW3 0 0 1 ESMM SMM 

0 0 
Special Mask not affected 

0 1 

1 0 Reset Special Mask 

1 1 Set SpecIal Mask 

ERIS RIS 

0 0 
No Action 

0 1 

1 0 Read IR Register Status 

1 1 Reed IS Register Status 

INTERVAL = 4 INTERVAL -S 

D7 Os DS D4 D3 D2 Dl DO D7 Os DS D4 D3 D2 Dl DO 

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

IRS 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 As 0 1 0 0 0 0 

IRl 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. 

P~OCESSOII "'OOIlESS6USllel 

PIIOCUSOII CO .. TIIOL BUS 

I '"' .,' 
PIIOCESSOIIO ... T ... 8uSI81 I 

t--- -- -- - ---- t--- -- -- - - --- - t-- r-- -- -- - - - ---

J [. ,j] ~ " 
,~ a " 

,~ a ., ,., 
c ... so I-- ,~, 

,..D8259A 
,~, I-- joIPD8259A c ... s. 

joIPD8259A 
ISl.AVEll (SLAVEn CAS' IMASTER! 

~" f-- CAS2 CASl 

• III .11.11 111.11 .11 III lA iP.1I III 111.11 III .11 III III ;;; III III • 11.11 III III " . 
111111111 Itl!tl!11 w 111111 
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Package Outlines 
For information, see Package Outline Section 7. 

Plastic, ",PD8259AC 

Cerdlp, ",PD8259AD 
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PROGRAMMABLE KEYBOARD/DISPLAY 
INTERFACE 

",PD8279·2 
",PD8279·5 

o ESC R I PTI 0 N The /JPD8279·2 and /JPD8279·5 are programmable keyboard and display Input/Output 
devices. They provide the user with the ability to display data on alphanumeric segment 
displays or simple indicators. The display 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 F I Fa 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, 8085A, /JPD780 (ZooTM) 

• Available in 40 Pin Plastic Package 

PIN CONFIGURATION 
RL2 
RL3 
CLK 

IRQ 

RL4 

RLS 
RL6 
RL7 

PIN NAMES 

Vcc 

RESET 
RD 
WR 

DBo 
DB, 
DB2 

DB3 
DB4 

DBs 
DB6 
DB7 
VSS 

TM Z80 is a registered trademark of ZIIog, Inc. Rev/2 
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RL, 
RLO 

CNTL/STB 

SHIFT 

SL3 
SL2 

SL, 

SLO 

OUT BO 
OUTB, 
OUT B2 

OUT B3 

OUTAO 
OUT A, 
OUTA2 

OUTA3 

B5 
cs 
AO 

DBO·7 

ClK 

RESET 

CS 

RD 

WR 

AO 
IRQ 

SLO·3 

RLa·7 
SHIFT 

CNTL/STB 

OUT Aa.3 

OUT BQ.3 

I!li 

Data Bus (BI-dlrectlonal) 

Clock Input 

Reset Input 

Chip Select 

Read Input 

Write Input 

Buffer Address 

Interrupt AeQuest Output 

Scan Lines 

Return Lines 

Shift Input 

Control/Strobe Input 

Display (AI Outputs 

Display (S) Outputs 

Bland Display Output 



IlPD8279 
The IlPD8279 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 IlPD8279 is designed to directly 
interface the microprocessor bus. The microprocessor must program the operating 
mode to the IlPD8279. 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 x 8 
Scan Lines. 

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

• Strobed Input. 

eLK RESET DBO:? AD WR CS AO IRO 

OUT AO 3 OUT BO 3 SlO 3 

CNTL/STB 

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

o°C to +70°C 

-65°C to +150°C 
-05 to +7 VoltsCD 
-05 to +7 VoltsCD 
-05 to +7 VoltsCD 

1W 

Note CD With respect to Vss 

*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 spedficatlon is not 
Implied. Exposure to absolute maximum rating conditions for extended periods may affect devIce 
reliability. 
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PIN IDENTIFICATION PIN 
DESCRIPTION 

NO. SYMBOL NAME 

1,2,5, RlO·7 Return Lines Return Ime mputs which are connected to the scan 
6,7,8, Imes 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 
B·blt Input In the Strobed Input mode 

3 ClK 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 st,1I 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 pPD8279. 

10 RD Read Input Input/Output read and write. These Signals enable --_ .. _-
11 WR Write Input the data buffers to either send data to the external 

f-- --._--. 
bus or receive It from the external bus. 

1219 DBO·7 Data Bus B,-Dlrectlonal data bus All data and commands 
between the processor and the I1PD8279 are 
transmitted 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 Iowan this pin enables the Inter· 
face functions to receive or transmit. 

23 BD Blank DISplay 81ank DISplay, ThIS output IS used to blank the 
Output dISplay dUring digit sWitching or by a dISplay 

blan king command. 

24·27 OUT AQ.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·blt ports 

may be blanked Independently. These two ports 
may also be considered as one 8-blt port 

32·35 SlO·3 Scan Lines Scan Lines which are used to scan the key sWitch 
or sensor matrix and the display digits. These 
hnes can be either encoded (1 of 16) or decoded 
(1 of 4). 

36 Shift Shift Input The shift mput 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 CNTLiSTB Control/ For keyboard modes thIS line IS used as a control 
Strobe Input ,"put and stored like status on a key closure. The 

line is also the strobe line that enters the data IOta 

the FIFO in Strobed Input mode (RISing Edge) It 
has an active Internal pullup to keep It high untt! 
a sWitch closure pulls It low 

40 VCC +5V Input Power Supply Input 
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Ta = oOe to +7oo e, vee = +5V ± 10%, Vss = OV. DC CHARACTERISTICS 

LIMITS TEST 
PARAMETER SYMBOL UNIT 

CONOITIONS MIN TYP MAX 

Input low Voltage for V,Ll -05 14 V 

Return Lmes 

Input Low Voltage (Others) V,L2 -05 08 V 

Input High Voltage for V,Hl 22 V 

Return Lines 

Input High Voltage (Others) V,H2 20 V 

Output Low Voltage VOL 045 V IOL 22 mA 

IRQ +35 V IOH = -50~A 
Output High Voltage on 

P," rn V IOH = -400~A 
Interrupt Line 

OTHERS +24 V IOH - -400~A 

Input Current on Shift, IlL 1 +10 "A Y,N - Vee 
Control and Return Lines -100 ~A Y,N = OV 

Input Leakaqe Current IIL2 tl0 ~A Y,N = Vee to OV 
(Others I 

Output Float Leakaqe IOFL :1:10 ~A VOUT = Vee to OV 

Power Supply CUI rent ICC 120 mA 

LIMITS TEST 
PARAMETER SYMBOL UNIT 

CONDITIONS MIN TYP MAX 

CAPACITANCE 

Input Capacitance CIN 5 10 pF VIN = VCC 

Output Capacitance COUT 10 20 pF VOUT - VCC 

Ta = O°C to +70°C; VCC = +5V ± 10%, VSS = OV AC CHARACTERISTICS 

PARAMETER 

READ 

Address Stable Before READ 

Address Hold Time for READ 

READ Pulse Width 

Data Delay from READ 

Address to Data Valid 

RE,liJ5 to Data Floating 

Read Cycle Time 

WRITE 

Address Stable Before WR ITE 

Address Hold Time for WR ITE 

WR ITE Pulse Width 

Data Set Up Time for WRITE 

Data Hold Time for WRITE 

Write eycle Time 

OTHER 

Clock Pulse Width 

Clock Period 

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

LIMITS LIMITS 
SYMBOL 

MIN MAX MIN MAX 

I1PD8279·5 I1PD8279·2 

tAR 0 0 

tRA 0 0 

tRR 250 200 

tRD 150 140 

tAD 250 250 

tDF 10 100 10 100 

tRCY 1000 200 

tAW 0 0 

tWA 0 0 

tww 250 200 

tow 150 150 

two 0 0 
tWCY 1000 200 

t¢W 120 70 

tCY 320 200 

GENERAL TIMING 

5.1 m5 
10.3 ms 

80l1s 
10,3 ms 

Digit-on Time: 
Blankmg Time: 
Internal Clock Cycle: 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

115 

IlS 

ns 

ns 

115 

ns 

ns 

ns 

480115 
160l1s 

10 I1S 

TEST 
CONDITIONS 

CL = 150 pF 

CL = 150 pF 



JolPD8279 
TIMING WAVEFORMS INPUT FOR AC TESTS 

24 
20",- -,20 

TEST POINTS 

045 
08"- ......... 08 

READ 

AO. CS-..... r------------"'~--------- (SYSTEM S 

--"1::-::;;::;:======::;:=:+:::===::;------ ADDRESS BUS) 

!READ CQNTROU 

OATABUS---------1-------1r----~-~--

(OUTPUTI _~~~~~~~~--~--~-----~---------

WRITE 

-~;---~::::::::::::~~~~;:::::::::::+_----(SYSTEMS 
AO Cs ADDRESS BUS) 

WH (WRITE CONTROL) 

OATABUS--------\l~----~,------------
(INPUT) DATA MAY CHANGE 

CLOCK INPUT 
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The following is a description of each section of the 11 PD8279. See the block 
diagram for functional reference. 

I/O Control and Data Buffers 

~mmunication to and from the IlPD8279 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.iPD8279 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 b,e 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 lout 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 FIFO. In the scanned sensor mode, the contents of 
return lines are sent directly to the sensor RAM (FIFO) each key scan. In the strobed 
mode, the transfer takes place on the rising edge of CNTL/STB. 

FI FO/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 FIFO will be treated 
as an error condition. The status logic g~nerates 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 
CO MMAND OPE RAT ION The command, programmable to the ~PD8279 via the data bus with CS active (a) 

and AO high are as follows 

Keyboard/Display Mode Set 

101010iDIDIKIKIKI 

MSB lSB 

DISplay Mode 

DD 

o a 8-8-blt chaf3cter dISplay - left entry 

a 1 CD 16-8 bit chardcter dISplay - left entry 

o 8-8 bit character dISplay - Right e,ptry 

16-8 bit character display - Right entry 

Note CD Power on default condition 

Keyboard Mode' 

KKK 

o a o 
a 0 

a a 
a 

a 
a 

a 

a 

Encoded Scan 2 Key lockout 

Decoded Scan - 2 Key lockout 

Encoded Scan - N Key Rollover 

Decoded Scan - N Key Rollover 

Encoded Scan-Sensor M at[lx 

Decoded Scan-Sensor MatriX 

Strobed Input, Encoded DISplay Scan 

Strobed Input, Decoded DISplay Scan 

Program Clock 

Where PPPPP IS the presealer value between 2 and 31 thIS presealer diVides the external 
clock by PPPPP to develop Its Internal frequency After reset, a default value of 31 IS 
generated 

Read FIFO/Sensor RAM 

I a 11 1 a 1 A 11 x 1 A I A 1 A I AO = a 
A1 IS the auto-increment flag. AAA IS the row to be read by the processor The read 
command IS accomplIShed with (CS - RD· AD) by the processor If A1 IS 1, the row 
select counter Will be Incremented after each read. Note that auto·mcrementtng has 

no effect on the dISplay. 

Read Display RAM 

Where A1 IS the auto-increment flag and AAAA IS the character which the processor 

is about to read. 

Write Display RAM 

where A AAA IS the character the processor IS about to 'Mite 

Display Write Inhibit Blanking 

11 1 0 11 1 Xl ~ 1 ~W I ~l I ~ l I 
Where IWA and IWB are Inhibit Writing nibble A and B respectively, and BlA, 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 

I 1 I 1 I ° I CD I CD I CD I CF CA 

CD CD CD 

1 0 X All zeros 
1 0 AB = 2016 
1 1 All ones 
0 X X 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 RQ. 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 IRQ 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. 

FIFO Status 

I DU I S/E I 0 I u I FIN INN 

Where: DU = 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 FI FO 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 FIFO. F is an indication 
that the FIFO is full and NNN is the number of characters in the FIFO. 

Data Read 

Data can be read during AO = 0 and when CS, RD are active low. The source of 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 Outlines 

",PD8279 
Data Format 

ICNTLI SH :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 La I R L5 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 

I 0 0 0 D D K K K Keyboard Display Mode Set 

I 0 0 P P P P P Load Program Clock 

0 I 0 0 Al X A A A Read FIFO/Sensor RAM 

0 I 0 Al A A A A Read Display RAM 

I 0 0 A1 A A A A Write Display RAM 

I I 0 X 1:1 IW 
Bi I BL Display Write Inhibit/Blanking 

B B 

I 1 I 0 CD CD I CD CF I CA Clear 

~I E X X X X End I nterrupt/E rror Mode Set 

IDuIS/EI 0 U F N N N FIFO Status 

For Inform .. lon, see Package Outline Section 7. 

Plastic, !,-PD8279C·S 
Ceramic, !,-PD8279D-5 

8279-218279-5DS-REV2·7-83-CAT 
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OCTAL LATCH 

",PB8282 
",PB8283 

DESCRIPTION The IlPB8282/8283 are 8-bit latches with tri-state o~tput buffers. The 8282 is non­
inverting and the 8283 inverts the input data. These devices are ideal for demulti­
plexing the address/data buses on the 8085A/8086 microprocessors. 
The 8282/8283 are fabricated using N EC's Schottky bipolar process. 

FEATURES • Supports 8080, 8085A, 8048, 8086 Family Systems 

FUNCTIONAL 
DESCRIPTION 

• Transparent During Active Strobe 
• Fully 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 

DIO vee DIO vee 
DI1 DOo DI1 DOo 

DI2 D01 DI2 D01 

DI3 D02 DI3 D02 

DI4 D03 DI4 D03 

DI5 D04 DI5 D04 

DI6 D05 DI6 D05 

DI7 D06 DI7 D06 

DE D07 OE D07 

GND STB GND STB 

PIN NAMES 

DIO-DI7 DATA IN 

DOOD07 DATA OUT 

OE OUTPUT ENABLE 

STB STROBE 

The IlPB8282/8283 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 latched data to be 
transferred to the output pins. When OE is high, the outputs are put in the tri-state 
condition. 0 E will not cause transients to appear on the data outputs. 

Rev/2 
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I'PB8282/8283 

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

Ta = 25°e 

.... oOe to 700e 
-65°e to +150°C 

. -O.5V to +7V 
.. -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," the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended penods may affect device 
reliability. 

PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS 

Input Clamp Voltage Vc -1 V IC '-SmA 

Power Supply Current ICC 160 mA 

Forward Input Current IF -0.2 mA VF' O.4SV 

Reverse Input Current IR 50 "A VR·S.2SV 

Output Low Voltage VOL 045 V IOL -32 mA 

Output High Voltage VOH 2.4 V IOH --S mA 

Output Off Current IOFF ±50 "A VOFF • 0.4S to 5.2SV 

Input Low Voltage VIL 0.8 V V CC"5.0VQ) 

Input High Voltage VIH 2.0 V vcc·s.oVQ) 

Input Capacitance CIN 12 pF VBIAS-2.5V. VCC'5V 

T.·25°C. F~l MHz 

No •• :(j) Output loading IOL • 32 mAo IOH • -5 mAo CL • 300 pF 
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DC CHARACTERISTICS 



AC CHARACTE"RISTICS 

TIMING WAVEFORMS 

AC TESTING INPUT, 
OUTPUT WAVEFORM 

,..PB8282/8283 

Conditions: VCC = 5V ± 10%, Ta = O°Cto 70°C 

Loading' Outputs - IOL = 32 mA IOH = -5 mA CL = 300 pF 

PARAMETER SYMBOL MIN MAX UNITS 

Input to Output Delay TIVOV 5 
-Inverting 22 ns 
-Non·1 nverting 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 TOLOH 20 ns 

I nput, Output Fall Time TIHIL, TOHOL 12 nw 

INPUTS 

TSLIX 

STB 

TEHOZ TELOV I:::--
-------wL-OUTPUTS 

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

3-STATE TO VOL 3-STATE TO VOH 

A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 AND 045V FOR 

A LOGIC 0 TIMING MEASUREMENTS ARE MADE AT 1 5V FOR BOTH 

A LOGIC 1 ANLo 0' 
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",PB828218283 

Package Outline. 
Far Informlltlon, ... Package Outline Section 7. 

Plastic, ,..PB8282C/83C 
Cerdip, ,..PB8282D/83D 

828218283DC-REV2-NI3-CAT 
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CLOCK GENERATOR AND DRIVER FOR 
8086/8088 MICROPROCESSORS 

IlPB8284A 

DESCR I PTION The J.lPB8284A 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 provided for peripheral 
devices. 

FEATURES • Generate System Clock for the 8086 and 8088 
• 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 
PIN CONFIGURATION 

CYSNC 

PClK 

AENi' 

ROY' 

ROY2 

AEN2 
ClK 

Rev/2 
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VCC 

X, 

X2 

ASYNC 

EFI 

Fie 
OSC 

REs 
RESET 

X,.X2 Crystal Connections 

TANK For Overtone Crystal 

F/C Clock Source Select 

EFI External Clock Input 

CSYNC Clock Synchronization Input 

ROY'} Ready Signal from 

RDY2 Multibus™* Systems 

~} Address Enable Qualifiers 

AEN2 for the two ROY Signals 

RES Reset Input 

RESET Synchronized Reset Output 

OSC Oscillator Output 

ClK MOS Clock for the Processor 

PClK TTL Clock for Peripherals 

REAOY SynchronIzed Ready Output 

*TM· Multlbus IS a trademark of Intel Corporation. 



IiPB8284A 
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 10vV,cthe 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 
RDY 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 MOS level clock output 
of 33% duty cycle to drive the 
microprocessor and bipolar support 
deVices (8288) connected to the 
processor. The frequency of ClK is 
one third of the crystal or EFI 
frequency. 

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 FIC 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 X1, X2 Crystal In A crystal is connected to these 
in puts 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 provided, 

18 VCC VCC +5V 
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BLOCK DIAGRAM ~------------------------~ >----------4 D Q RESET 

CK 

+----------O-CLK 

EFI--~======::(Y-
PCLK 

CSYNC------------~~==============i=::--~--:J 
RDY1--------~--~~==t:} 
~---;:--I 1------<_ READY 

RDY2 AEiii2~~=:J 

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

FUNCTIONAL DESCRIPTION The clock generator can provide the system clock from either a crystal or an external 
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 F/Cinput 
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 asc output. 

For driving the MaS output level, there is a 33% duty cycle MaS output (CLK) for the 
microprocessor, and a TTL output (PCLK) with a 50% duty cycle for use as a peripheral 
clock signal. Th is 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 (AEiiii, 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. 
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Operating Temperature 

Storage Temperature .. 
All Output and Supply Voltages. 

All Input Voltages ......... . 

........ oOe to 700e 
. -65°e to +150o e 

. .. -O.5Vto+7V 

. . - 1 .OV to +5.5V 

*COMMENT Stress above those listed under "Absolute Maximum Ratmgs" 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 mdicated 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 ~ O°C to 70°C, VCC ~ 5V ± 10% 

TEST 
PARAMETER SYMBOL MIN MAX UNIT CONDITIONS 

Forward Input Current [ASYNC) IF -1.3 mA VF ~ 0.45V 
(Other Inputs) -0.5 VF = O.45V 

Reverse Input Current IR 50 IlA VR ~ 5.25V 

Input Forward Clamp Voltage Vc -1.0 V Ic~-5mA 

Power Supply Current lee 140 mA 

Input low Voltage Vil 0.8 V VCC~ 5.0V 

Input High Voltage VIH 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 mA ~IOl 

Output High Voltage (ClK) VOH 4 V -1mA} 
(Other Outputs) 2.4 V -1 mA IOH 

RES Input HystereSIS VIHR,VILR 0.25 V VCC ~ 5.0V 

Conditions: Ta""· O°C to 70°C, VCC=5V ± 10% 

TIMING REQUIREMENTS 

TEST 
PARAMETER SYMBOL MIN MAX UNITS CONDITIONS 

External Frequency High Time TEHEl 13 "' 90%·90% VIN 

External Frequency low Time TElEH 13 n, 10%-10% VIN 

EFI Period TElEl TEHEL+TElEH+1i "' 1 

XTAL Frequency 12 25 MH, 

ROY1, ROY2 Set-Up to ClK TR1VCl 35 "' 
ROY1, ROY2 Hold to ClK TClR1X 0 "' 
AEN1, AEN2 Set-Up to ROY1, ROY2 TA1VR1V 15 "' 
AEN1, AEN2 Hold to ClK TClA1X 0 n, 
CSYNC Set-Up to EFI TYHEH 20 "' 
CSYNC Hold to EFI TEHYl 10 n, 
CSYNC Width TYHYl 2 TElEl "' 
RES Set·Up to ClK TllHCl 65 "' 2 

RES Hold to elK TCll1 H 20 "' (2) 
ROYl, RDY2 Active Set-Up to ClK tR1VCH 35 "' ASYNC - lOW 

ROY1, RDY2 Inactive Set.Up to ClK tR1VCL 35 "' 
ASYNC Set Up to ClK tAYVCl 50 n, 
ASYNC Hold to ClK tClAYX 0 "' 
Input Rise Time tlllH 20 "' From 0 8V to 2 OV 

Input Fall Time tlLll 12 n, From 2 OV to 0 8V 
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ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

AC CHARACTERISTICS 



AC CHARACTERISTICS 

(CONT.) 

TIMING WAVEFORM* 

TIMING RESPONSES 

PARAMETER SYMBOL MIN MAX 

eLK Cycle Period TCLCL 125 

elK High Time TCHCL (1/3 TCLCL) +20 

eLK Low Time TCLCH (2/3 TCLCL) -15 a 

elK Rise and Fall Time 
TCH1 CH2 

10 
TCL2CL 1 

PCLK High Time TPHPL TCLCL -20 

PCLK Low Time TPLPH TCLCL -20 

Ready Inactive to elK 4 TRYLCL -8 

Ready Active to eLK (3) TRYHCH (2/3 TCLcL)-15 0 

eLK To Reset Delay TCLIL 40 

elK to PCLK High Delay TCLPH 22 

elK to PCLK Low Delay TCLPL 22 

ase to elK High Delay TOLCH -5 12 

ase to elK Low Delay TOLCL 2 22 

Output Rise Time (except elK) tOLOH 20 

Output Fall Time (except elK) tOHOL 12 

Notes: <D {, = EFI rise (5 ns max) + EFI fall (5 ns max) $ 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 

",PB8284A 

TEST 
UNITS CONDITIONS 

"' 
n' Figure 3 and Figure 4 

n, Figure 3 and Figure 4 

n, 1 OV to 3 5V 

n, 
n, 
n, Figure 5 and Figure 6 

n, Figure 5 and Figure 6 

n, 
n, 
n, 
n, 
n, 
n, From GaV to 2 OV 

n, From 2 OV to a.BV 

"'''''{_-I-=,=..:.:l---l::::t-___ --{~---I-~L-----I-----+--

____ ~~------------~'=cu,t= 
*ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED 
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Fie 

", J:i <, 

24MH'c:::J 

<, 

FIGURE 1 FIGURE 2 

CLOCK HIGH AND lOW TIME CLOCK HIGH AND lOW TIME 

Package Outlines 

FIGURE 3 
READYTO ClK 

TEST 
POINT 

BOOn 

Vee 

LOAD 

ALL DIODES 1 N3064 
OR EQUIVALENT 

OUTPUT 

NOTES ill CL ", 1 00 pF 

@eL=30pF 

FIGURE 4 
READY TO ClK 

®CL INCLUDES PROBE AND JIG CAPACITANCE 

A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC " AND 0 45V FOR 

A LOGIC "0 TIMING MEASUREMENTS ARE MADE AT 1 5V FOR BOTH 

A LOGIC "1 'AND 0' 

For information, see Package Outline Section 7. 

Plastic, ."PD8284AC 

Cerdip, ."PB8284AD 
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8-BIT BUS TRANSCEIVER 

",PB8286 
",PB8287 

DESCR I PTION 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 16·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 MCOM·8 (8080, 8085A, 780) and MCOM-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 Vee 
A1 BO A1 BO 

A2 B1 A2 B1 
A3 B2 A3 B2 
A4 B3 A4 B3 
A5 

! 
B4 A5 il4 

Ae B5 Ae B5 

A7 Be 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/1 
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IlPB8286/8287 

8286 r-------l 
I I 

I 
I 

8287 r-------l 
I 
I 
I 

1 ~'6 ~=======-i " 
-------

OF ----~~.­

----~-~~~_+_r 

OE T RESULT 

0 0 8->A 

0 1 A->8 

1 0 } A and 8 

1 1 HIGH 
IMPEDANCE 

Operating Temperature ................................. oOe to 70°C 
Storage Temperature ................................ -65°e to +150o e 
All Output and Supply Voltages ........................... -O.5V to +7V 
All Input Voltages ................................... -1.0V to +5.5V 

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. 
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DC CHARACTE R ISTICS Ta = o°c to 70°C, VCC = 5V ± 10% 

PARAMETER SYMBOL MIN MAX UNITS 

Input Clamp Voltage Vc -1 V 

.1- 8287 Icc 130 rnA 
Power Supply Current I. 8286 

ICC 160 rnA 

Forward Input Current IF -02 rnA 

Reverse Input Current IR 50 ~A 

Output Low Voltage 
- B Outputs 0.45 V 
- A Outputs VOL 0.45 V 

Output High Voltage 
- B Outputs 

VOH 
24 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 

I B Side VIL 
- 09 V 

Input High Voltage VIH 2.0 V 

i 'nput Capacitance 
- A Side 

CIN 
16 

pF 

Note CD B Outputs - IOL = 32 rnA, IOH = -5 rnA, CL = 300 pF 

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

AC CHARACTERISTICS Ta = O°C to 70°C, VCC = 5V ± 10% 

SYMBOL PARAMETER MIN 

TIVOV I nput 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, 
I nput Output Fall Time 

TOHOL 

Notes: See waveforms and test load circuit_ 

",PB8286/8287 

TEST CONDITIONS 

IC =-5 rnA 

VF =045V 

VR = 5.25V 

IOL = 32 rnA 
IOL=16rnA 

IOH - -5 rnA 
IOH =-1 rnA 

VOFF = 045V 
VOFF = 5 25V 

VCC = 50V CD 
VCC = 50V CD 
VCC=50V CD 
F '" 1 MHz 

VBIAS - 2.5V, VCC = 5V 
Ta = 25°C F = 1 MHz 

MAX UNITS 

22 ns 

30 ns 

ns 

ns 

22 ns 

30 ns 

20 ns 

12 ns 

S 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 WAVEFOR'M 

INPUT/OUTPUT 

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 "'" AND "0" 
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WAVEFORMS 
I."" 

TEHOl r- TELOW 

OUTOU .. 

~ - TEHTV---j TTYIL __________________ ~t~~--
15V UV 214V 

~- ~- ~." 
OUT OUT OUT 

r .... rt .... I-" 
a.&TATE to VOl. S-STATE TO VOL SWITCHING 

BOUTPUT A OUTPUT BOUTPUT 

uv tlV .. av 

t_ ~- ~'-OUT OUT OUT .... rt .... 1' .... 
MTATETOYOH IoSrATETO YOH SWITCHING 

BOUTPUT A OUTPUT A OUTPUT 

MOS microprocessors like the BOBO/BOB5A/BOB6 are generally capable of dnvmg a 
smgle TTL load. This also applies to MOS memory devices. While suffi~lent for min­
imum type small systems on a smgle 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 Ime of the octal dnver consists of two separate tri-state buffers. The B 
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 dri'vers 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 BO-B7 out­
puts, and when low, data is transferred from BO-B7 to the AO-A7 outputs. 
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Package Outlines 
For information, see Package Outline Section 7. 

Plastic, fLPB8286C/87C 

Cerdlp, fLPB8286D/87D 

,..PB8286/8287 

8286/8287-DS-REV1-12-81-CAT 

6-273 



Notes 

6-274 



NEe 

DESCRIPTION 

,..PB8288 
CPU SYSTEM 

BUS CONTROLLER 

The J.LPB8288 bus controller is for use in medium to large J.LPD80B6/8088 systems. This 

20'pm bipolar component provides command and control timing generation, plus 
bipolar drive capability and optimal system performance. It provides both 
MultibusTM 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. 

FEATU RES • System Controller for IlPD8086/8088 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-P i n Package 

PIN NAMES 
PIN CONFIGURATION 

lOB VCC 
SO-S2 Status Input P,ns 

ClK Clock 
ClK SO 

ALE Address latch Enable 
51 52 DEN Data Enable 

DT/R MCE/PDEN DTtR Data Transmit/Receive 

ALE DEN AEN Address Enable 

AEN CEN CEN Command Enable 

MRDC iN-i'A lOB I/O Bus Mode 

AMWC IoRc AIOWC Advanced I/O Write 

MwTC AiOWc 10WC I/O Write Command 

GND 10WC 
iORC I/O Read Command 

lJloWr; Advanced Memory Write 

MWTC Memory Write Command 

MRDC Memory Read Command 

INTA Interrupt Acknowledge 

MCE/PDEN Master Cascade/Peripheral 
Data Enable 

TM - Multibus is a trademark of Intel Corp. 
REVI1 
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IlPB8288 

PIN FUNCTION 
PIN IDENTIFICATION 

NO. SYMBOL NAME 

1 lOB I/O Bus Mode Sets mode of IlPB8288, high for the I/O 
bus mode and low for the system 
bus mode. 

2 ClK Clock The cI ock signal from the IlPB8284 
clock generator synchronizes the 
generation of command and control 
signals. 

3,19,18 SO, Sl, S2 Status Input Pins The IlPB8288 decodes these status 
lines from the Il PB8086 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 IlPB8288 105 ns after it becomes 
active. If AEN is inactive, the 
command outputs are tri-stated. 

7 MRDC 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 AiiiiWC:. (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 ~cle than TOWC: 

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-
ru pt sequence to read the cascade 
address from the master interrupt 
controller onto the data bus. 
l'Dm - 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 
RATlNGS* 

Iso 
8086 -

STATUS ~ 

·2 

( eLK 

CONTROL' AEN 
INPUT) CEN 

~ lOB 

STATUS 
DECODER 

CONTROL 
LOGIC 

+5V 

COM· 
MAND 

SIGNAL 
GENERA· 

TOR 

CONTROL 
SIGNAL 

GENERA· 
TOR 

GND 

,..P88288 

!l1f5Cl 
MWTC 
AMWc MULTIBUsTM 
l'ORC COMMAND 
i'5WC SIGNALS 

AiOWC 
iNTA 

DT/R 1 ADDRESS LATCH. DATA 
DEN TRANSCEIVER, ANO 
MCE/P'De'N INTERRUPT CONTROL 
ALE SIGNALS 

CONNECTING THE BUS CONTROLLER TO THE CPU 

I" ClK I " 
jJPBB284 Ls RE;AJLY 22 

10 ~T _21 
.PDS0861 

8088 
CPU 

MN/MX 

~33 

OPERATING TEMPERATURE .. 
Storage Temperature ......... . 
All Output and Supply Voltages <I? . 
All Input Voltages~ ...... . 
Note:Q)With Respect to Ground. 

26 
80 7 

~ 2" 

I 

ClK 
1 

3 80 
S, 

18 52 V COMMAND 
8US 

1 DE N JlP88288 

DT/R 

ALE 

TO STa OF /JPB8282/8283 L ATCH 
ANSCEIVER 
RANSCEIVER 

TO T OF .P88286/S2S7 TR 
TO OE OF .P88286/8287 T 

.... oOe to 70°C 
-65°C to +1500 e 

. ............ -O.5V to +7V 

. ........... -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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"PB8288 
The three status lines (So, Sf, 82) from the IlPD8086 CPU are decoded by the command 
logic to determine which command is to be issued. The following chart shows the 
decoding: 

"PD8086 State "PB8288 Command 

0 0 0 I nterrupt Acknowledge iiiil'A 
0 0 1 Read I/O Port 10RC 

0 0 Write I/O Port i5ii'J(:, AIOWC 

0 1 Halt None 

0 0 Code Access ii.iiRl5(; 

0 1 Read Memory MRi'5C 
0 Write Memory MWTC,AMWc 

Passive None 

There are two ways the command is issued depending on the mode of the IlPB8288. 

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 IlPB8288 activates the command lines using Pi5EN 
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 IlPB8288 to control two external buses. 
No waiting is required when the CPU needs access to the I/O bus, as an m low 
signal is needed to gain normal memory access. 

If the lOB pin is tied to ground, the IlPB8~s in the system bus mode. In this mode, 
commallu signals are dependent upon the AEN line. Thus the command lines are 
activated 105 ns after the AEN line goes low. In this mode, there must be some 
bus arbitration logic to toggle the AEN line when the bus is free for use. Here, 
both memory and I/O are shared by more than one processor, over one bus, with 
both memory and I/O commands waiting for bus arbitration. 

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

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

The control outputs ot"the IlPB8288 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/PDErii 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 IlPD8259A) is 
used. If there is only one interrupt controller in a system, MCE is not used as the 
INTA signal gates the interrupt vector onto the processor bus. In multiple interrupt 
controller systems, MCE is used to gate the IlPD8259A's cascade addre~s onto the 
processors local bus, where ALE strobes it into the address latches. This occurs during 
the first Il'i/TA cycle. During the second INTA cycle the addressed slave IlPD8259A 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, 51, S2) into the IlPB8288. ALE also 
occurs during a halt state to accomplish this. 

The CEN (Command Enable) is usei:! to control the command lines. If pulled high the 
IlPB8288 functions normally and if grounded all command lines are inactive. 
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DC CHARACTERISTICS VCC"5V± 'O%.T."Q"CtoWC 

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 CHARACTERISTICS VCC"SV± '0%.T."Q"Cto70'C 

TIMING REQUIREMENTS 

PARAMETER 

elK Cycle Period 

elK Low Time 

elK 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 elK) 

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 

IOFF 

SYMBOL 

TClCl 

TClCH 

TCHCl 

TSVCH 

TCHSV 

TSHCl 

TClSH 

TILIH 

TIHll 

SVMBOL 

TCVNV 

TCVNX 

TCLLH, TCLMCH 

TSVLH, TSVMCH 

TCHLL 

TCLML 

TCLMH 

TCHDTL 

TCHDTH 

TAELCH 

TAEHCZ 

TAELCV 

TAEVNV 

TCEVNV 

TCELRH 

TOLOH 

TOHOL 

MIN 

24 
2.4 

i 2.0 

MIN 

'00 

50 

30 

35 

'0 

35 

,0 

MIN 

5 

10 

4 

10 

'0 

105 

",PB8288 

MAX UNIT TEST CONOITIONS 

-, V IC"-5mA 

230 mA 

-0.7 mA V F "0 45V 

50 ~A VR" VCC 

0.5 V IOl" 32 mA 
0.5 V IOl" ,6mA 

V IOH"-SmA 
V IOH "-, mA 

0.8 V 

V 

'00 ~A VOFF "0.4 to S.2SV 

MAX UNIT lOADING 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

20 ns 

'2 ns 

MAX UNIT LOADING 

45 n. 

45 ns 

20 ns 

20 ns -} 15 ns 
i'5"RC 

35 n. 
MWfC IOL = 32 mA 

35 n. 
IOWC IOH = -5 mA 

50 ns 

30 n. 
INTA CL = 300 pF 

AMWc 
40 n. 

AiOWC 
40 n. 

275 n. J 
IOl'" 16mA 

20 
Other 'OH=-1 mA ns I 25 ns 

Cl=80pF 

TCLMl n. 

20 ns 

12 ns 



",PB8288 
STATE 

__ T, 

r-":6~ 
T3 T,_ 

" TCLCH ~f\.---Jhi'-----f "----1 
TCHSV__ r..... ~TSVCH TCHCl SH" 

ClK 

TCLS 
- i+- -1 i-TSHCl 

ADDAESS/DATA 

ALE 

MRD'C, IORC, iNTA 
AMWC,ATOWC 

OEN (READ 
(lNTA) 

I 

I 

DEN (WAITE I 

P5'EN (WRITE I 

\ 

TCLLH" 

TC~~~~ _I-

DT/A(AEAD I --- 1-' 
MCE 

X~X ~ r fr ~TCHLL 
tlH 

0) 

TClMl-- 1-
~ 

.. . _TCVNV 

_1 
TCHDTL 

Ii lGJ 
TClMCH" ~ .. r-TCVNX 

TSVMCH 

NOTES' 

}f 1 
WAITE 
DATA VAllO 

TClMH. 

.... TClML 

:--TCVNV 

TCVNX .. 

o ADDRESS/DATA BUS IS SHOWN ONLY FOR REFERENCE PURPOSES 

® LEADING EDGE OF ALE AND MCE IS DETERMINED BY THE FALLING 
EDGE OF elK OR STATUS GOING ACTIVE, WHICHEVER OCCURS LAST 

CD ~~~;~r::I~~ MEASUAEMENTS ARE MADE AT 1 5V UNLESS SPECIFIED 

CD 

4-

l-

TCVNX" 

TCHDTH. 

'----;---

r--

--

::: 1:.----+--t --

DEN ___ 'f:T-+-AEVNV~ __ 

QTCEVNV 

----------------------------
PDEN 
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IlPB8288 ADDRI:SS ENABLE 
(AEN) TIMING 

(3-STATE ENABLE/DISABLE) 

TEST LOAD CIRCUITS 

AC TESTING INPUT, 
OUTPUT WAVEFORM 

AEN 

OUTPUT 
COMMAND 

IlPB8288 

CEN ________________________ ~ 

3-STATE TO HIGH 3-STATE TO LOW 

3-STATE COMMAND OUTPUT 
TEST LOAD 

2.14V 2.28V 

M~ ".m 0", I "'0 

roo"' 1"" 
COMMAND OUTPUT 
TEST LOAD 

INPUT/OUTPUT 

CONTROL OUTPUT 
TEST LOAD 

A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC "1" AND O.45V FOR 

A LOGIC "0" TIMING MEASUREMENTS ARE MADE AT 1 5V FOR BOTH 

A LOGIC "1" AND "0" 

6-281 



IlPB8288 

Package Outlines 
For information, see Package Outline Section 7. 

Cerdip, flPB8288D 
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Description 
The IAPB8289 Bus Arbiter is used with the IAPD8288 Bus 
Controller to interface 8086 and 8088 microprocessors 
to a multi master system bus. The IAPD8289 controls the 
IAPD8288 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 
o Multimaster system bus protocol 
o 8086 and 8088 processor synchronization with multi­

master bus 
o Simple interface with the 8288 bus controller and 

8283/8282 address latches to a system bus 
o Four operating modes for flexible system configuration 
o Simplified interface to Multibus™ systems 
o Parallel, Serial, and Rotating priority resolution 
o Bipolar buffering and drive capability 

Pin Configuration 

S:! Vcc 

iOB Si 

SYSB/RESB so 
RESB ClK 

BClK lOCK 

INIT CRQlCK 

BREQ ANYRQST 

BPRO AEN 

Bl'RN CBIRl 

GND BUSY 

fJPB8289 
BUS ARBITER 

Functional Configuration 

GND 

Processor { 
Status 

ClK 
[ 

lOCK 

Control CRQLCK 
StrapPing 

Options -- RESB 
-- ANVRQST 

iOB 

Pin Identification 

Pin 
Number Pin Name Direction 

18,19,1 SO, SI. S2 IN 

17 ClK IN 

16 lOCK IN 

I. 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 IN 

VCC 

~) BREQ 
SPAN Multlbus 
~ Interface 
DPRO 
BUSY 

= 
SYSB/~) System 
AEN Signals 

Pin Functions 

Status Inputs from the 8086 or 8088 
processor. The IlPB8289 decodes them 

to begin bus requests and surrenders. 

Clock signal from the 8284 clock 
generator. 

Common Request Lock. Prevents the 

",PB8289 from surrendering the bus In 
response to request on the CBRQ 
Input. 

Resident Bus Input. This signal tells 
the IlPB8289 that there Is a multlmaster 
and resident bus. When this Signal is 
high, the SYSB/RESB pin handles bus 
arbitration. 

This signal allows the multlmaster bus 
to be surrendered to a lower priority 
arbiter 

1/0 Bus.' This signal tells the ",P88289 
that there Is an 1/0 peripheral bus and 
a multi master system bus. 

Address Enable. This output tells the 
8288 bus controller, 8284 clock driver, 
and the processor's address latches 
when to trl-state their output drivers. 

System Bus/Resident Bus. This signal 
determines when bus requests and sur­
renders are permitted In SR mode. 

Common Bus Request. This is an Input 
from a lower priority arbiter requesting 
the bus. It Is an output from arbiters 
that surrender the multlmaster bus 
upon request. 

Initialize. This Is an active low Input 
that resets all bus arbiters on the multl­
master bus. No arbiters have use of the 
bus following INIT. 

System Bus Clock. This clock syn­
chronizes all system bus Interface 
Signals. 

Bus Request. This output Is used by an 
arbiter to request use of the multlmaster 
system bus. 

TM: Multlbus IS a registered trademark of Intel Corporation. 
Bus Priority In. This signal tells the 
arbiter It may acquire the bus on the 

Rev/1 next failing edge of BClK. 
--------------------~~------------
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Block Diagram 

ClK 

Processor CRQCLK (

COCK 

Control 
Control RESB 

Pin Functions (Cont.) 
Pin 

Number Pin N..... Direction 

OUT 

11 BUSY IN/OUT 

20 YCC IN 

10 GND IN 

Bus Master Arbitration 

ANYRQST 

lOB 

Pin Function. 

BUI Priority Out. In 8erlal priority resolv­
Ing schemes, this output daisy-chains 
to BPRN of the next lower priority 
arblte,. 

Busy notlfl •• all arbher. on the bus 
when the bu. Is available. The highest 
requeetlng arbiter seize. the bus and 
pulls iiUSY low to keep other arbite,. 
off the bus. 

+5V 

Ground 

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 ",PB8289 provides several techniques for resolving 
priority between the m~ny 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. 

Multlbus 
Interface 

Local 
Bu. 

Interface 

INif 1 l!a:R 
BREQ 

Iii'RN 
Bi'IiO 
BUSV 

amll 

Mult.bus 
Command 
Signals 

r---~===~I.-- SYSBfRESB 

} ~r:~:~ 

Paralle' 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 BREQ 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 (BPRN 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 bus. Note that all multimaster system bus transac­
tions are synchronized to the bus clock (BClK). 

Parallel Priority Resolving 

74148 
PRIORITY 
ENCODER 

74138 
3-TO-8 

DECODER 
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Higher Priority Arbiter Obtaining the Bus from 
a Lower Priority Arbiter 

BCLK 
----' 

BUSY 
----------------------------~ 

Notes: 

tJPB8289 

(f) Higher priority arbiter requests the system bus. 
~ Attains priority. __ 
@ Lower priority arbiter releases BUSY. 
@ 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. 

'CBRQ : : BUSY 

Rotating Priority Resolving 
This technique resembles the parallel priority resolving 
technique 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. 

Modes of Operation 
The I-lPB8289 has two basic operating modes: I/O 
Peripheral Bus mode (lOB mode), and Resident Bus 
mode (RESB mode). The~ strapping option con­
figures the I-lPB8289 into lOB mode and the RESB 
strapping option configures it to RESB mode. If both 
options are strapped false, the arbiter interfaces the 
processor to a multi master system bus only. If both 
options are strapped true, the arbiter interfaces the 
processor to a multimaster system bus, a resident bus, 
and an 1/0 bus. 

lOB Mode 
rem mode allows the processor to access both an 1/0 
peripheral bus and a multi master system bus. On an 
1/0 peripheral bus, all devices on the bus, including 
memory, are treated as 1/0 devices and addressed by 
1/0 commands. All memory commands are directed to 
the multimaster system bus. In lOB 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 multi master system bus. A 
resident bus can issue memory and 1/0 commands, but 
it is separate from the multi master 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. Memory mapping selects which bus is accessed. 
The SYSB/RESB 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. 
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IAP8828S 
Mode Summary 

Statue LIn •• 

....... - .... _ .. '- 10. Mode 
Only 

_RES. 1M_I Only 
lOB ,. High HE" ,. High ~.--­_,. LowR_,. HIgh 

s_ ,. s'ISIIIMIII = .n_ ,. _. = 
ii i1 iii 10. ,. Low HIgh Low ..... Low 

110 Commande 

Hab 

Memory Commands 

Idle 

Not_ 

o 
o 
o 

<D X - Muilimaster System Bus is allowed to be surrendered. 
@ '" = Mullimaster System Bus IS requested. 

Muilimaster System Bus 

Pin 
Requested (i) Surrendered @ Mod. Strepplng 

Single Bus lOB = High When the proe- HL T + TI • HPBROt 
Multimester RESB = Low essor's atatus 
Mode lines go ective 

RESB Mode lOB = High SYSB/RESB = (SYSBIRESB = 
Only RESB = High High 2 Active Low + TI) CBRQ + 

HLT + HPBRQ 

lOB Mode lOB = Low Memory (I/O Status + TI) • 
Only RESB = Low Commands CBRQ + HLT + 

HPBRQ 

lOB Mode· lOB = Low (Memory «I/O Status 
RESB Mode RESB = High Command) • Commands) + (TI) 

(SYSB/RESB = (SYSBIRESB = 
High) Low). CBRQ + 

HPBRQt + HL!l 

Note. 
(i) Except for HALT and Idie status. 
@ LOCK prevents surrender of bus to any other arbiter. CROLCK 

prevents surrender of bus to a iower priority arbiter. 
@ HL T = processor hait;,52-S0 = 011. 
@ TI = processor idle; 5~ = 111. 

DC Characteristics 
'T. = O·Cto +70·C; vcc = 5V :t1O% 

'_a 
Per.met.r Svon_1 -Tv!> M •• 

Input Low Voltage VIL 0.8 
Input High VOltage VIH 2.0 
Input Clamp Voltage Vc -1.0 

Input Forward Current IF -0.5 

Reverse Input .... kage IR &iJ 
Currant 

O~Low Voltage 
BUSY, CiiiiQ 

VOL 
0.45 

AEN 0.45 
BPRO,1iREil 0.46 

0'!!l!!!!..H~llage VOH 
BUSY, CBRa Open Collector 

All Other Outputl 2.4 
Power Supply Current ICC 165 

Capacitance 

UnH 

V 
V 
V 

mA 

,.A 

V 
V 
V, 

V 
mA 

....... 
_Mode 

10.= ..... 
_=Low 

T.at Conditions 

Vee = 4 SOY, 
IC=-5mA, 
Vee = 5.SOY, 
VF = O.45V 

Vee = 5.50V 
VR·5.SOV 

IOL = 20 mA 
IOL = 18 mA 
IOL = 10 mA 

10H = 400,.A 

@ +'meansOR. P._"".r Symbol Min Typ M.x Unit T •• t Condition. 

@ • means AND. 
t HPBRQ = higher Priority bus request or BPRN = I, 

Absolute Maximum Ratings * 
T. = 2S·C 

Operating Temperature O·Ct070·C 

Storage Temperature -6S·Cto +IS0·C 

Voltage on Any Pin -O.SVto +7V 

Ali Input Voltages -1.0V to + S.SV 

Power Dissipation I.SW 

·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. 

Input Capacitance Cln Statu. 25 pF 

Input Capacitance Cm (Other.) 12 pF 

'--1 . 2,3V 

92.5Q 

I 250 pF 

'--r · 170Q , 

160PF 

2)AEN I :'::Q 

~ 
I 100PF 
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Typical CPU System Using 
the lAP 
Arblte 

B8289 Bus 
r 

READY 
ClK 

8086 
or 

8088 
CPU 

ADO-ADI5 
A16-A19 

/ 
Processor 
Local Bus 

) 

"" --/ 

rlDh 
READY RDYI 

8284A 
Clock 

bJVCC Driver 

Cll< AEiiff 
ANYRQT 

Bu. KHi 
Arbit.r r 

ClK 8289 

~ AEN RESB~ 

+----1 

81atu8 (So. §1. S2)~ AEN 

I --/ 
Bus 
Controller 

ClK 8288 

l 
ALE 

lOB 

DEN DTiR ~ 

I OE STB 
Addr ... 
Latch 

82821 
8283 

~ 
• OE T 

Transceiver r 
82861 
8287 "'-

6-287 

"-

"-

-y 

"-

-V 

",P88289 

XACK 

Control 
Bus 

Command 
Bus 

A 
B 

ddre59 
us 

XC 
DIS 

Oat • Bus 



~PB8289 

I/O Bus 

10 
Command 
Bus 

10 
Address 
Bus 

10 
Data 
Bus 

AEN1 

8284A 
Clock 

XACK (110 Bus)-----------iRDY1 RDY2!------------------XACK MUlti-master 

82831 
8282 

Address 
Latch 

(2 OR 3) 

8286/8287 
Transceiver 

(2) 

8089 
lOP 

Address 
Latch 

(2 OR 3) 

OE T 

8286/8287 
Transceiver 

(2) 

TYPICAL lOB Sy.tem 

6-288 

vee 

System Bus 

MUlti-master 
Control 
Bus 

Multi-master 
System 
Command 
Bus 

Multi-master 
System 
Address 
Bus 

MUlti-master 
System 
Data 
Bus 

Multi-master 
System Bus 



Resldenl Bus 

",PB8289 

D 

AEN2 AENlp---------, 

8284A 
Clock 

:~:.nl BUS·-----------!RDY2 RDY1i----------f----------XACK Mull"-masler 
System Bus 

R.sld.nt COmmand 
Bus 

Resldenl Address 
aus 

Rnldenl Dala 
Bus 

Prom 
OR 

Decoder 

• By .ddlng another 8289 arbiter .nd connecting 118 AEN 10 Ihe 8288 who •• AEN Is pre_nty groundacl, 
lhe processor could h.v •• cce .. 10 twa muhl-m .... r buses. 

6-289 

828218283 
Acldreu 
Lat.~ 

(2 OR 3) 

828818287 
Transceiver 

(2) 

Mulll·m .... r Syalem 
Bus Conlrol 

I-t---vcc 

Muhl·rnaster Syatem 
COmm.nd Bus 

Multl·m .... r System 
Add .... Bus 

MulU-mUler Syat8m 
Date aus 

Mul .... m .. ter 
Syst.m Bus 



~PB8289 

AC Characteristics 
Timing Requirements 

Ta = O°Cto +70°C; vcc 5V ± 10% 

LImits 

Parameter Symbol MIn TVp Ma. Unit Test Conditions 

elK Cycle Period tClCL 125 

elK Low Time teLcH 65 

elK High Time tCHCL 35 ns 

Status Active tSVCH 65 ICLCl-1O 
Setup 

Status Inactive tSHCL 50 tCLCl-10 
Setup 

Status Active tHVCH 10 ns 
Hold 

Status Inactive tHVCL 10 
Hold 

BUSYN Setup to ISYSBL 20 
BCLK~ 

CBRON Setup to tcasBL 20 
BCLK~ 

BCLK Cycle Time tSLBL 100 

BClK High Time tSHCL 30 065 (lBLBL) ns 

LOCK Inactive tClLL1 10 
Hold 

LOCK Active tCLLL2 40 ns 
Setup 

SPRNn to BCLK tpNBL 15 
Setup Time 

SVSBfRESB Setup tCLSR1 

SYSB/AESB Hold tCLSR2 20 

Imtlalization Pulse tlVIH 3 tSLBL + ns 
Width 3 tCLCL 

Input Rise Time IILlH 20 ns From O.SV to 2.0V 

Input Fall Time tlHIL 12 ns From 2 OV to O.SV 

Timing Responses 
limits 

Parameter Symbol MIn TVp Max Unit Te.t Conditions 

BCLK to BREa tBLBAL 35 ns 
Delay CD 
BCLK to BPAO tBLPOH 40 
C!J® 

BPANH to BPAoa tPNPO 25 
Delay CD ® 
BCLKto BUSY tSLBYL 60 
Low 

BCLK to BUSY tBLBYH 35 ns 
Float @ 

eLK to AEN High tCLAEH 65 

BCLK to AEN Low tBLAEL 40 

BCLKto CBAa tBLCBL 60 
Low 

BCLK to CBAa tRLCAH 35 
Float @ 

Output Rise Time tOLOH 20 From O.8V to 2.0V 

Output Fall Time '0HOL 12 From 2.0V 10 O.8V 

Notesl 
(j) Denotes that the spec applies to both transitions of 

the signal. 
@ BCLK generates the first BPRD. Subsequent changes of BPRD 

are generated through BPRDN 
@ Measured at O.5V above GND 

AC Test Condition Waveform 
InputfOutput 

:4~=X5_-Test POInIS--'~ 

AC Testing Inputs are driven at 2.4V for LOGIC 1 and O.45V for LOGIC o. The clock IS 
driven at 4.3V and 0.25 Timing measurements are made at 1.5V for lOGIC 1 and O. 

Timing Waveforms 

The signals related to ClK are typical processor signals 
and do not relate to the depicted sequence of events of 
the signals referenced to BClK. The signals shown 
related to the BClK represent a hypothetical sequence 
of events for illustration. Assume three bus arbiters of 
priorities 1, 2, and 3 configured in the serial priority 
resolving scheme. Assume arbiter 1 has the bus and is 
holding BUSY low. Arbiter 2 detects its processor wants 
the bus and pulls BREQ #2 low. If BPRN #2 is high (as 
shown), arbiter 2 pulls CBRQ low. CBRQ signals to 
higher priority arbiter 1 that a lower priority arbiter 
wants the bus. A higher priority arbiter would be given 
BPRN when it makes the bus request rather than having 
to wait for another arbiter to release the bus through 
CBRQ. Arbiter 1 relinquishes the multimaster system 
bus when it enters a state of not requiring it, by 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 CBRQ. As soon as BUSY signi­
fies the bus is available (high), arbiter 2 pulls BUSY low 
on the next falling edge of BClK. Note that if arbiter 2 
didn't want the bus at the time it received priority, it 
would pass priority to the next lower priority by lowering 
its BPRO #2 (TPNPO). Note also that even a higher 
priority aribiter which is acquiring the bus through 
BPRN will momentarily drop CBRQ until it has acquired 
the bus. 
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Timing Waveforms 

STATE ------T4--------t------ ------~~------T2~----_r~----T3------~-------T4 
.,------!---'ClCH 

ClK 

'HVCH 

lOCK 

SYSB/RESB 

AEN 

Processor elK Related 

Bus elK Related 

BREa #2 

SPRN If2 
(BPRO #1) 

BPRO #2 
(BPRN #3) 

tClll1 

IBLeSL 

tCLL2 

tClSR1--- tCLSR2 

tBHCL 

IBLBRL 

ISYSBl 

!- tSLBYH 

ISLBYL 

tBLCBH 

6-291 

~PD8289 



J.(PD8289 

Package Outlines 
For information, .ee Package Outline Section 7. 

Cerdip, fLPB8289D 

8289DS·REV1·7-83-TRIUM..cAT 
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NEe 

16,384-BIT ROM WITH I/O PORTS 
*16,384-BIT EPROM WITH I/O PORTS 

/JPD8355 
/JPD8355·2 
/JPD8755A* 

DESCR IPTION The IlPD8355 and the IlPD8755A are IlPD8085A Family components. The IlPD8355 
contains 2048 x 8 bits of mask ROM and the IlPD8755A 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 the IlPD8085A, and are pln·for,pln compatible with each other. 

F EA TU R ES • 2048 X 8 Bits Mask ROM (IlPD8355 and IlPD8355·2) 

• 2048 X 8 Bits Mask EPROM (IlPD8755A) 
• 2 Programmable I/O Ports 
• Single Power Supplies: +5V 
• Directly Interfaces to the IlPD8085A 
• Pin for Pin Compatible 

• IlPD8755A: UV Erasable and Electrically Programmable 

• IlPD8335 and IlPD8355·2 Available in Plastic Package 
• J..LPD8755A Available in Ceramic Package 

PIN CONFIGURATIONS CE VCC CE VCC 
CE PB7 CE PB7 

ClK PBS ClK PBS 
RESET PB5 RESET PB5 

NC PB4 VDD PB4 
READY PB3 READY PB3 

IO/iiii PB2 101M PB2 
lOR PBl lOR PBl 
RD PBo RD PBo 

lOW IlPD PA7 lOW IlPD PA7 
ALE 8355/ PAS ALE 8755A PAS 
ADO 8355-2 PA5 ADO PA5 
ADl PA4 ADl PA4 
AD2 PA3 AD2 PA3 
AD3 PA2 AD3 PA2 
AD4 PAl AD4 PAl 
AD5 PAo AD5 PAo 
ADS AlO ADS Ala 
AD7 Ag AD7 Ag 
Vss AS Vss AS 

NC: Not Connected 

Rev/2 
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I-lPD835518755A 

The J.lPD8355 and J.lPD8755A contain 16,384 bits of mask ROM 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 J.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. 

VDDCD vcc (+5V) 

S 
AD7 . ADO --+-

AlO' AS 

D READY 

CE 

IT 
ALE 

RD 

D lOW 

lOR 

ClK 

loiM 

RESET 

Vss (OV) 

Note CD VDD applies to I'PDS755A only. 

PA7·PAO 
S 

S 

Operating Temperature (J.lPD8355) ......................... oOe to +70o e 
(J.lPD8755A) ....................... oOe to +70o e 

Storage Temperature ............................... -65°e to +150o e 
Voltage on Any Pin (J.lPD8355) ........................ -0.5 to +7V CD 

(J.lPD8755A) ....................... -0.5 to +7V CD 
Power Dissipation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.5W 

Note: CD With Respect to Ground 

*COMMENT: Stress above those listed under "Absolute MaxImum Ratings" may cause permanent 
damage to the device. Th,s 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 ± 5% 

LIMITS TEST 
PARAMETER SYMBOL MIN MAX UNIT CONOITIONS 

Input Low Voltage VIL -0.5 0.8 V Vee = 5.0V CD 

Input High Voltage VIH 2.0 VCC+0.5 V Vec = 5.ov·CD 

Output Low Voltage VOL 0.45 V IOL = 2 rnA 

Output High Voltage VOH 2.4 V IOH = -400 I'A 

Input Leakage IlL 10 IJA VIN = VCC to OV 

Output Leakage Current ILO ±10 IJA 0.45V "VOUT "Vcc 

Vee Supply Current lee 180/125 rnA IJPD8355/8355-2 

Note: CD These conditions apply to J.lPD8355/J.lPD8355-2 only. 
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BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 



PIN IDENTIFICATION PIN 
NO. SYMBOL 

1,2 CE, CE 

3 ClK 

4 Reset 

5Q) NC 

5CV VDD 

6 Ready 

7 10/M 

8 lOR 

9 RD 

10 lOW 

11 ALE 

12·19 ADO·AD7 

20 VSS 

21·23 A8·A1Q 

24·31 PAO·PA7 

32·39 PBO·PB7 

40 VCC 

Notes: Q) pPD8355 
~ pPD8755A 

lAP D8355/8755A 

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 Con nected 

Programming Used as a programming voltage, 
Voltage tied to +5V normally 

Ready 0 utput 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 Multi plexed 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 

I/O 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 
the upper address lines for chip selects. Q) Port activity is controlled by the following 
I/O addresses: 

AD, 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 registerlS 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: CD During ALE time the data/address lines are duplicated on A15·A8. 
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~PD8355/8755A 
Ta'" O°C to 70°C VCC- 5V + 5% 

Symbol Parameter Moo 

teYe Clock Cycle Time 320 

elK Pulse Width 80 

8355 8355·2 

Max. Mm. Mox 

200 

40 

Unit 
Test 

CondItIons 

T, 

T2 elK Pulse Width 120 70 
r-~---+~~~-------------------r~--r----+~~-r----+---~CLOAD=150pF 

If,tr elK Rise and Fal! Time 30 30 

tAL Address to Latch Set Up Time 50 30 

tlA Address Hold Time after Latch 80 30 

tle latch to READ/WA ITE Control 100 40 

tAD Valid Data Out Dealy from READ Control 170 '40 

tAD Address Stable to Data Out Valid 400 330 

tll Latch Enable Width '00 70 

tRDF Data Bus Float after READ '00 85 

tel READ/WAITE Control to Latch Enable 20 'A 

READ/WRITE Control Width 250 200 
f-=--+---'o:":::===-=-=.:..,:=-====--+:::=-i-----f--:-:c-+----t--"'----1150 pt- Load 

tee 

tow Data In to Write Set Up Time 150 150 

two Data In Hold Time After WR ITE 10 10 

twp WRITE to Port Output 400 400 

tpA Port Input Set Up Time 50 50 

tAP Port Input Hold Time 50 50 

tRYH READY HOLD Time 160 '60 

tARY ADDRESS (CE) to READY 160 160 

tAV Recovery Time Between Controls 300 200 

tAOE READ Control to Data Bus Enable 10 10 

Notes 30 ns for IJPDB755A 

CLOAD'" 150 pF 

ROM READ, I/O READ AND WRITE CD 

elK ,tCY/~--"-i\'-__ ...JIr---r T'=f T2L 
AS-l0-'r.-----------------------------. 

10/M_-'-~========~~=========;~--------------------'~--
ADO_7 __ J~ __________ ~ 

PROM READ, I/O READ AND WRITE ~ 
Aa-10 ADDRESS 

ADO.7 __ ...J-f-_____ "'i 

ALE 

CE 

Notes: G) I'PD8355 
@ I'PD8755A 

r-_...J"f-__ D_A_T_A ___ -'r ---..( ADDRESS }-

tcc 

® CE must remain low for the entire cycle 
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TIMING WAVEFORMS 
(CONT.) 

EPROM PROGRAMMING 
IlPD8755A 

elK 

ICE = 1). 

fCE = 0) 

ALE 

JJPD8355/8755A 
CLOCK 

If 

WAIT STATE TIMING (READY = 0) 

INPUT MODE, 
1/0 PORT 

~~:~~ \-'M ~ t~'RP 
INPUT~ ~ 

QATA----- -- '" 
BUS _______ ..1\ _________ _ 

OUTPUT ".ODE' 

\ ..... ----.-WP--1 l':L' GL~~CT~~~E~ 
PORT - - - - - - - - - - - - ~ 

OUTPUT, ____________ ~ ______ _ 

OATA------V X 
BUS _____ _ ../'\ ______ ..1. '-. ___ _ 

Erasure of the IlPD8755A 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 ~ime). 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 NEC's PROM programmer be used for this application, 
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I4PD8355/8755A 

Package Outlines 
For Information, •• e Package Outline Section 7. 

Plastic, f,CPD8355HC/8755AC 
Ceramic, f,CPD8355D 

Ceramic, f,CPD8355HD 

Ceramic, f,CPD8755AD 
Cerdip, f,CPD8755AD, has quartz window 

8355/8355-218755AD5-REV2-7-83-CAT 
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PACKAGE OUTLINES 

All packaging information is contained in this Package Outlines section. Specifications and dimensions for every 
package are shown together with a list of the products available in each. Additions, changes, and updates will be 
incorporated in succeeding editions of the catalog. 

16PIN 
Item MIllimeter. Inchea 

A 19.4 max 0.76 max Plastic 
B 0.81 0.03 f:, fLPB8216C/26C 
C 2.54 0.10 

I' -A 'I 0 0.5 002 

17.78 0.70 

=fMWiJ 1.3 0.051 

G 2.54 min a.10ml" 

H 0.5 min 002 min 

1~~L~'~1 ' -I~. ,-J \.-4.05 max 0.16 max 

4.55 max 018 max 

K 7.62 0.30 

6.4 025 

+010 
II 0.25 -0.05 0.01 

Item Millimeter. Inch •• Cerdip 
A 19.9 max 0.784 max 

B 1.06 0.042 
~K;;] 

fLPB8216D/26D 

C 2.54 0.10 I' A 'I Ir-Li 0 0.46 ± 0.10 0.018 ± 0.004 

E 17.78 0.70 

,~J.I r ) 1.5 0.059 

G 2.54 min a.10ml" 

H a.Sml" 0.019 min 

4.58 max 0.181 max B~ jc~,l -i~1I 0-15' ~ 
5.08 max 0.20 max K 7.62 0.30 

6.4 0.25 

+0.10 +0.0039 
II 025 0.0098 

-0.05 -0.0019 

18PIN 
Item Mlillme.er. Inch •• 

A 23.2 max 0.91 max Plastic 
B 1.44 0.055 fLPD8284AC 
C 2.54 0.1 

0 0.45 0.02 

I' , ~, f~~ E 20.32 0.8 

1.5 0.059 

G 2.5ml" 0.1 min 

H OSmin 0.02 min JW!~ · ~~, .,1 4.6 max 0.18 max 

5.1 max O.2max K 7.62 0.3 

6.7 0.26 

II 0.25 0.01 
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OUTLI
N ·8_ 

PACWAGE _ ~-~~~~~~"""""""""""""""""""~"~~~~~~~~~~ln~C~h~ •. ~ - . a._ ~ 
t I • 'M " 

18 PIN (Con. , .~ ;.. 

~ . -Cer IP A 'I 20.32 0.06 
0.45 _D }" : l I_"~,!, : ::: :: 

G 4.6 max 0.2 max J ~B~-IE ~'.I~r . :;.~. ~ I I _ -..if--.M 0.15" \-

20 PIN 
Plastic 

PB8282C/83C 
~PB8286C/87C 

Cerdip 
PB8282D/83D 

... PB8286D/87D 
~PB8288D 
... PB8289D 

24 PIN 

Plastic 
... PB8212C 

PD8243C 
... PD82C43C 
~PD8253C-5 

A 1 

A 'I 
I ~' ~~t' 

7-2 

M 

Item 

A 

B 

C 

D 

G 

H 

K 

M 

It_ 

A 

8 

C 

D 

E 

F 

G 

H 

;6.7 

0.25 

Mlilimete,. 

28.7 max 

1.05 

2.54 

0.5-0.1 

22.86 

1.4 

2.54 min 

O.5mm 

3.55 

5.08 max 

7.62 

6.4 

0.25 - 0.10 
- 0.05 

1IIIIIm.I ... 

21.7 max 
0.7 

2.&4 

0.48 ± 0.1 

22.88 

1.4 

Inch •• 

1.05 max 

0.041 

0.1 

0.02 -0.004 

0.9 

0.055 

0.1 mm 

0.02 min 

0.14 

02max 

0.3 

0.25 

0.01 - 0.004 
-0.002 

0.028 

0.1 

0.018 ± 0.004 

0.9 

0.055 

0.1 min 
2.54 min 0.02 min 

0.5 min 0.17 max 
4.32m8x 

0.2m8x 5.08ma. 

0.3 7.82 
K 0.27 -!L=----~8.8~n:10___:: ft. + 0.004 

M 

Item 

A 

a 
c 
D 

E 

F 

G 

H 

I 

J 

K 

+ 0.10 0.01 _ 0.002 0.25 _ 0.05 

Mlllllllete,. 

33ma. 

2.63 

Inch •• 

1.3mBX 

0.1 

2.54 

0.5 ± 0.1 

0.1 
-~:::"::-:--'0.02 ± 0.004 

27.94 

1.5 

2.54ml" 

0.5 min 

5.22m8x 

S.72mu 

15.24 

13.2 

+ 0.10 

1.1 

0.059 

0.1 min 

0.02 min 

0.205m8x 

0.225 max 

0.6 

0.52 

M ___ 0_.25_-__ 0•05_ 
+ 0.004 

0.01 _ 0.0019 



Item Millimeter. Inche. 

A 30.78 max 1.21 max 

B 1.53 max 0.06 max 

c 2.54:t 0.1 0.10 ± 0.004 

D 0.46 ± 0.8 0.018 ± 0.03 

27.94 ± 0.1 1.10 ± 0.004 

1.02 min 0.04 min 

G 3.2 min 0.13 min 

H 1.02 min 0.04 min 

3.23 max 0.13 max 

4.25 max 0.17 max 
K 15.241yp 0.601yp 

14.93'yp 0.591yp 

M 0.25 ± 0.05 0.010 ± 0.002 

Item Millimeter. Inche. 

A 33.5 max 1.32 max 

B 2.78 0.11 

c 2.54 0.1 

D 0.46 0.018 

27.94 1.1 

1.5 0.059 

G 2.54 min 0.1 min 

_-'H"-__ -=0.5=-m:.:cl:.:cn __ ~0.019 min 

K 

M 

Item 

A 

B 

c 
D 

E 

G 

H 

K 

M 

4.58 max 0.181 max 

5.08 max 0.2 max 

15.24 

13.5 

+ 0.10 
0.25 

- 0.05 

Millimeter. 

33 max 

2.53 

2.54 

0.5 ± 0.1 

27.94 

1.5 

2.54 min 

0.5 min 

5.22 max 

5.72 max 

7.62 

0.6 

0.53 

+ 0.004 
0.01 

- 0.002 

Inche. 

1.3 max 

0.1 

0.1 

0.02 ± 0.004 

1.1 

0.059 

0.1 min 

0.02 min 

0.205 max 

0.225 max 

0.30 

6.4 0.25 

+ 0.10 
0.25 

- 0.05 

+ 0.004 
0.01 

- 0.0019 

fJ.PD8243D 
fJ.PD8253D-5 

Cerdip 
fJ.PB8212D 
fJ.PD8243D 
fJ.PD82C43D 
fJ.PD8253D-5 

Plastic 
Skinnydip 
fJ.PD82C43CX 

------------------------------------------------------28 PIN Item Mlllimete,. Inche. 

A 38.0 max 1.496 max 

B 2.49 0.098 

C 2.54 0.10 

M 

13.2 0.52 

+ 0.10 
0.25 

- 0.05 

+ 0.004 
0.01 

- 0.002 

7-3 

Plastic 
fJ.COM-4C 
fJ.PD557LC 
fJ.PD550C/554C 
fJ.PD550LC/554LC 
fJ.PD7506C 
fJ.PD7507SC 
fJ.PD7520C 
fJ.PD8021C 
fJ.PD8251ACI AFC 
fJ.PD8259AC 



PACKAGE OUTLINES 
28 PIN (Cont.)-----_________________ _ 

Ceramic 
fJ.PDn20D 
fJ.PDnp20D' 
fJ.PD8251AD/AFD 
'has quartz window 

Cerdip 
fJ.PDS021D 
fJ.PD8251AD/AFD 
fJ.PD8259AD 

Plastic 
Shrinkdip 
fJ.PD7506CT 
fJ.PD7520CT 
fJ.PD7507SCT 
fJ.PD554CT 
fJ.PD550CT 
fJ.PD557LCT 

fJ.PD7507C/OSC 
fJ.PD7508AC 
fJ.PD7508HC 
fJ.PD8041AC 
fJ.PD8048HC/35HLC 
fJ.PDSOC35C/C48C 
fJ.PD8049HC/39HLC 
fJ.PD80C49C/C39C 
fJ.PD78OC 
fJ.PD8085AC/AHC 
fJ.PD765AC/7265C 
fJ.PD7201AC 
fJ.PD7210C 
fJ.PDn51C 

Item IIlIIimete,. Inch •• 

A 36.2 max 1.43 max 

B 1.59 max 0.06 max 
c 2.54 ± 0.1 0.1 ± 0.004 

D 0.46 ± 0.01 0.02 ± 0.004 

33.02 ± 0.1 1.3 ± 0.004 

1.02 min 0.04 min 

G 3.2 min 0.13 min 

H 1.0 min 0.04 min 
3.5 max O.14m.x 

4.5 max 0.18 max 

_-=.:.K ___ l;;.;5'c;:.24;.cI.,.,yp ___ 0.6IYP 

14.93 Iyp 0.591yp 

II 0.25 ± 0.05 0.01 ± 0.002 

Item Millimeter. " Inch •• 

A 37.7 max 1.48 max 

B 2.78 1.1 

c 2.54 0.1 

,D 0.46 ± 0.10 0.018 ± 0.004 

27.94 1.10 

1.3 0.05 

G 2.54 min 0.1 min 

H 0.5 min 0.020 

5.0 max 0.20 

5.5 max 0.216 

K 15.24 0.60 

L 14.66 0.58 

II 0.25 ± 0.05 0.010 ± 0.002 

Item 

A 

c 
D 

E 

F 

G 

H 

K 

II 

Millimeter. 

15.85m"" 

1.778 

0.5 

24.89 

1.1 

2.54 

.51 min 

5.08m.x 

15.24 

13.2 

+ 0.10 
0.25 

- 0.05 

Inch •• 

.828 max 

.07 

.02 

.98 

.043 

.1 

.02 min 

.2m.x 

.600 

.52 

+ .004 
.01 

- .002 

B ~ F --jC~E ~~D .1 F 1.2 min 0.047 min 
j..- _. G 2.54 min 0.10 min 

fJ.PD8155C/56C 
fJ.PD8237C-5 
fJ.PD8255AC-5 
fJ.PD8257C-5 
IbPD8279C-5 
fJ.PD8355HC/8755AC 

H 0.5 min 0.018 min 

~K~ 5.22 max 0.206 max 

fl v==L ==\j~ I 5.72 max 0.225 ma. 
.. K 15.24 lyp 0.600 Iyp 
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PACKAGE OUTLINES 

-------------------------40 PIN (Cont.) 
Item 

A 

S 

C 

0 

E 

G 

H 

K 

M 

Item 

A 

S 

C 

0 

E 

F 

G 

H 

K 

M 

Item 

A 

c 
o 
E 

G 

H 

K 

M 

Millimeter. Inch •• 

51.5 max 2.03 max 

1.62 max 0.06 max 

2.54 ± 0.1 0.1 ± 0.004 

0.5 ± 0.1 0.02 ::t 0.004 

48.26 ± 0.1 1.9 ± 0.004 

1.02 min 0.04 min 

3.2 min a.13m!n 

1.0 min 0.04 min 

3.5 max 0.14 max 

4.5 max 0.18 max 

15.24 typ 0.6typ 

14.93 typ 0.59 IYP 

0.25 ± 0.05 0.01 ± 0.0019 

Millimeter. Inch •• 

53.34 max 2.1 max 

13.2 .52 

2.54 ± 0.25 .1 ± .01 

0.5 ± 0.1 .002 ± .004 

48.56 1.91 

1.3 .051 

0.51 min .02 min 

7.62 .3 

5.08 max .2mBX 

15.24 .6 

0.25 ± 0.05 .01 ± .002 

Millimeter. Inch •• 

39 max 1.54 max 

1.778 .07 

0.5 .02 

35.56 1.4 

1.1 .043 

2.54 .1 

.51 min .02 min 

5.08 max .2 max 

15.24 .600 

13.2 .52 

+0.10 +.004 
0.25 .01 

- 0.05 - .002 

I' A '1 

fJ.PDB279D-5 
fJ.PDB355D 
fJ.PDB355HD 

TT 
L I J 

HTT U III ih 
s~ ~ ~ ~F ---jc~ ~~D .1 

f~1 
--I/-M J \'-0-15' 
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Ceramic 
fJ.PDB041AD 
fJ.PDB04BHD/35HLD 
fJ.PDB!lC35D/C4BD 
fJ.PDB049HD/39HLD 
fJ.PD7BOD 
fJ.PDBOB5AD 
fJ.PD765AD/7265D 
fJ.PD7201AD 
fJ.P0 7210D 
fJ.PD7220D 
fJ.PD7261D 
fJ.PDB237D-S 
fJ.PDB25SAD-5 
fJ.PDB755AD 
fJ.PDB155D/56D 
fJ.PDB257D-5 

Cerdip 
fJ.PDBOB6D 
fJ.PDBOBBD 
fJ.PDBOBSAD 
fJ.PDB237D-5 
fJ.PDBOB5AHD 
fJ.PDB741AD* 
fJ.PDB74BD* 
fJ.PDB749HD* 
fJ.PDB75SAD* 
'has quartz window 

Plastic 
Shrinkdip 
f1PD7S07CU 
fJ.PD7508CU 
fJ.PD750BACU 
fJ.PD7507HCU 
fJ.PD750BHCU 
fJ.PDBOC48CU 
fJ.PDBOC49HCU 



Ceramic· 
Piggyback 
fLPD75CGOllE 

~-------------A--------------~ 
Item 

A 

B 

c 
o 
E 

G 

H 

K 

M 

N 

o 

53.34 max 2.1 max 

20.32 .8 

2.54 ± 0.25 .1 ± .01 

0.46 ± 0.05 .018 ± .002 

48.26 1.9 

1.02 .04 

3.2 min .126 min 

1.02 min .04 min 

3.0 max .118 max 

4.32 max .170 max 

15.24 .6 

15.24 .6 

0.25 ± 0.05 .01 ± .002 

33.02 1.3 

2.54 ± 0.25 .1 ± .01 

42PIN------------------------------------------------------
Plastic 
fLCOM-4C 
fLPD552C/553C 
fLPD7527C/28C/37C/38C 

Cerdip 
MC-430PD 

1~2M i l 

~K~ 

r- A I 

0 
000000000000 11 OD~J 11 ,000000000000 

! 
N l-:I-~~-B ~ ~P .1 ~H L 

'~ , 'lrffi Frr ~ I~ 
I V V V ~V~1i VTI Ii V Ii v:S1 

1 F E f-c +-D .1 G 
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Item 

A 

B 

c 
o 
E 

G 

H 

K 

M 

Item 

A 

B 

C 

0 

E 

G 

H 

K 

L 

M 

N 

0 

P 

Q 

R 

Millimeters Inches 

56.0 max 2.2 max 

2.6 max 0.1 max 

2.54 0.1 

0.5 ± 0.1 0.02 ± 0.004 

50,8 2.0 

1.5 0.059 

3.2 min 0.126 min 

a.Smln 0.02 min 

5.22 max 0.20 max 
5.72 max 0.22 max 

15.24 0.6 

13.2 0.52 

0.3 ± 0.1 0.01 ± 0.004 

MIUimater. Inch •• 

56.5 max 2.24 max 

27.94 ± 0.5 1.1 ± .02 

2.54 0.1 

+ 0.25 + .01 
0.5 .02 

- 0.1 - .004 

50.8 2.0 

1.27 .05 

2.54 min 0.1 min 

1.5 ± 0.3 .059 ± .012 

1.0 min .039 min 

6.5 max .256 max 

15.24 0.6 

.039 

+ 0.25 + .01 
0.35 .014 

- 0.1 - .004 

1.6 .063 

2.54 ± 0.3 0.1 ± .012 

2.0 .079 

1.74 ± 0.25 .685 ± .01 

21.0 max .827 max 



Item Millimeter. 

A 55.88 max 

B 20.32 

C 2.5 ± 0.25 

o 0.46 ± 0.05 ---- --" 

50.80 

1.02 

G 3.2m!n 

H 1.02 min 

3.0 max 

4.32 max 

K 15.24 

15.24 

M 0.25 ± 0.05 

N 33.02 

0 2.54 ± 0.25 

Millimeter. 

A 40.95 max 

c 1.778 

o 0.5 

37.34 

1.1 

G 2.54 

H .51 min 

5.08 max 

K 15.24 

13.2 

+ 0.10 
M 0.25 

- 0.50 

Inch •• 

2.2 max 

.80 

.1 ± .01 

.018 ± .002 

2.0 

.04 

.126 min 

.04 min 

.118 max 

.17 max 

.6 

.6 

.001 + .01 

1.3 

.1 ± .01 

Inches 

1.612 max 

.07 

.02 

1.47 

.043 

.1 

.02 min 

.2 max 

.600 

.52 

+ .004 
.01 

- .002 

I' A 'I 
00000000000000 

) C 
00000000000000 

PACKAGE OUTLINES 

1 
B 

1 

42 PIN (Cont.) 

Ceramic 
Piggyback 
fLPD75CG28E/CG38E 

Plastic 
Shrinkdip 
fLPD7527CUl28CUI 

37CU/38CU 

_____________________________________________________ 44 PIN 

Item Millimeter. 

A 1.36 ± 0.4 

+ .3 
B 10 

- .2 

c 0.8 ± 0.2 

+ 0.3 
o .35 

- 0.1 

8.0 ± 0.3 

1.0 ± 0.2 

+ 0.10 
G 0.15 

- 0.005 

H 0.0 ± 0.1 

1.5 max 

Inches 

.054 + .016 

+ .012 
.394 

- .008 

.03 ± .008 

+ .01 
.014 

- .004 

.315 ± .012 

.39 :t: .008 

+ .004 
.006 

- .0002 

0.0 ± .004 

.059 max 

~RDDRDDRRRRD~~ 
G H 
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Plastic 
Miniflat 
fLPD80C49G 
fLPD80C48G 



PAcKAGE OUTLINES 

52~N--------~--------~----------------------~--------H.... MiIIl ... ter. Inch •• 

Plastic r~i A 14 .55 Miniflat fIT B 12.0 ± 0.3 .472 ± .012 

-r-' C 1.0 ± 0.15 .039 ± .006 

,,"COM-4G --L.- + 0.2 + .008 
,,"PD7506G 0 0.4 .016 
,,"PD7507G/08G - 0.1 - .004 

,,"PD80C49G/C39G ~I C l' [ , ,,.- --
,,"PD80C48G/C35G ---.Lot F 0.15 + 0.10 .006 + .004 
,,"PD7225G _ 0.05 _ .002 

G 2.2 ± 0.2 .087 ± .008 

~ ~ 
H 0.1m.. .004m •• _ I: 1 20.6 ± 0.4 .811 ± .016 

I---- ----I 2.8 max .110 max 

64PIN--------------------------________________________ __ 
Plastic 
QUIL 
,,"PD7500G Evaluation 

~ Chip 
,,"PD7800G 
,,"PD7801G/02G 
,,"PD7810G/11G 
,,"PD7519G 
,,"PD78COSG 
,,"PD7807G/09G 

Ceramic 
QUIL 

,,"PD5568 

A 

A 

7-8 

Ite ... 

A 

B 

C 

o 
E 

K 

M 

N 

o 

It .... 

A 

B 

C 

o 
E 

F 

G 

K 

L 

M 

Millimeter. Inch •• 

41.5 1.83 

1.05 ± 0.2 .041 ± .008 

2.54 0.1 

0.5 ± 0.1 .02 ± .004 

39.4 ± 0.3 1.55 ± .012 

1.27 ± 0.25 .05 ± .01 

3.6 .142 

24.13 .95 

19.05 .75 

16.5 .85 

+ 0.10 + .004 
.25 .01 

- 0.05 - .002 

23.1 - 25.2 .909 - .99 

18.0 - 20.1 .709 - .781 

MUII.e,." Ino .... 

41.5 1.634 max 
1.05 0.042 

2.54 0.1 

0.5 ± 0.1 0.2 ± 0.004 

39.4 1.55 

1.27 0.05 

5.4 min 0.21 min 

2.35mex 0.13.,..x 

24.13 0.95 

19.05 0.75 

15.9 0.826 

0.25 ± 0.05 0.01 ± 0.002 



Item MIIII.,.ete,. Inch •• 

A 42.0 max 1.65 max 

B 26.67 1.05 c 2.54 ± 0.25 0.1 ± .01 

0 0.46 ± 0.05 0.018 ± .002 

38.10 1.5 

1.02 .04 

G 1.27 ± 0.25 .05 ± .01 

H 1.02mln .04 min 

3.9 max .154 max 

4.45 max .175 max 

K 3.2 min .126ml" 

33.02 1.3 

M 2.54 ± 0.25 0.1 :t .01 N 0.25 ± 0.05 .01 ± .002 

° 15.24 .6 

p 19.05 .75 

Q 24.13 .95 

Item Millimeters Inche. 

A 581yp 2.284 typ 

c 1.778typ 0.07 typ 

o 0.5 typ .0197 typ 

55.12 typ 2.17typ 

1.1 typ 0.043 typ 

G 3.2 .126 

22.3 typ .878 typ 

4.05 typ .159typ 

3.95 typ 0.156 typ 

K 19.05 typ 0.75 typ 

17 typ 0.669 typ 

M 2.75 typ 0.108typ 

Item Millimeter. Inch •• 

A 14 .551 

B 12 ± 0.3 .472 ± .012 

C 18.0 ± 0.3 .709 ± .012 

0 20 .787 

1.0 ± 0.15 .039 ± .006 

+0.2 +.008 
0.4 .016 

-0.1 -.004 

G 24.7 ± 0.4 .972 ± .016 

+0.10 +.004 
H 0.15 .006 

-0.05 -.002 

1.2 ± 0.2 .047 ± .008 

2.35 ± 0.2 .0925 ± .008 

K 18.7 ± 0.4 .736 ± .016 

2.3 max .091 max 
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Plastic 
Shrinkdip 
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Item 

A 

B 

C 

0 

G 

H 

K 

Millimeters 

+.3 
14 

-.2 

12.0 ± 0.3 

18.4 ± 0.3 

+.3 
20 

-.2 

0.8 ± 0.15 

+0.2 
0.35 

-0.1 

24.7 ± 0.4 

+0.10 
0.15 

-0.05 

18.7 ± 0.4 

2.35 ± 0.2 

1.2 ± 0.2 

+0.25 
2.05 

-0.10 

Inch •• 

+.012 
.55 

-.008 

.472 ± .012 

.724 ± .012 

+.012 
.787 

-.008 

.0315 ± .006 

+.008 
.0925 

-.004 

.972 ± .016 

+.004 
.006 

-.002 

.736 ± .016 

.0925 ± .008 

.048 ± .008 

+.01 
.081 

-.004 
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Introduction 
As large-scale integration reaches a higher level of density, 
reliability of devices imposes a profound impact on system 
reliability. And as device reliability becomes a major factor, 
test methods to assure acceptable reliability become more 
complicated. Simply performing a reliability test according to 
a conventional method cannot satisfy the demanding require­
ments for higher reliability: at these new, higher levels of LSI 
density, it is increasingly difficult to activate all the elements in 
the internal circuits. A different philosophy and methodology 
is needed for reliability assurance in microprocessors and 
family products. Moreover, as integration density increases, 
the degradation of internal elements in an LSI device is sel­
dom detected by measuring characteristics across external 
terminals. 
In order to improve and guarantee a certain level of reliability 
for large-scale integrated circuits, it is essential to build qual­
ity and reliability into the product. Then the conventional 
reliability tests are followed to ensure that the product dem­
onstrates an acceptable level of reliability. 
NEC has introduced the concept of Total Quality Control 
(TQC) across its entire semiconductor production line. By 
adopting TQC, NEC can build quality into the product and 
thus assure higher reliability. The concept and methodology 
of Total Quality Control are companywide activities-involv­
ing workers, engineers, quality control staffs, and all levels of 
management. 
NEC has also introduced a prescreening method into the 
production line that helps eliminate most of the potentially 
defective units. The combination of building quality in and 
screening projected early failures out has resulted in superior 
quality and excellent reliability. 
This Reliability Report describes the philosophy and method­
ology used by NEC to attain a higher level of reliability for 
microprocessors and family products. 

Technology Description 
Most microprocessors and family products are produced uti­
lizing high performance, high density, N-channel MOS tech­
nology. State-of-the-art high performance has been achieved 
by introducing fine line generation techniques. The data pre­
sented in this report shows that this advanced technology 
yields products as reliable as those from previous 
technologies. 
By reducing physical parameters, circuit density and perfor­
mance were increased while active circuit power dissipation 
decreased. Current state-of-the-art N-channel MOS technol­
ogy utilizes 2-4fLm channel length and a gate oxide thick­
ness of 3OO-500A. This advanced process yields integration 
densities of 400-800 gateslmm2 with a speed-power product 
of 1 pJ or less. 
Technology evolution 
Technology evolved from early P-channel MOS to current 
state-of-the-art high performance, high density, N-channel 
MOS during the past decade. This evolution is expected to 
continue in the future. As a result, even more high level func­
tions will be included in a small area, as past history 
demonstrates. 
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Reliability Testing 
Reliability is defined as the characteristics of an item 
expressed by the probability that it will perform a required 
function under stated conditions for a stated period of time. 
This Involves the concept of probability, definition of a 
required function(s), and the critical time used in defining 
the reliability. 
Definition of a required function, by implication, treats the def­
inition of a failure. Failure is defined as the termination of the 
ability of a device to perform its required function(s). Futher­
more, a device is said to have failed if it shows inability to per­
form within guaranteed parameters as given in an electrical 
specification. 
Discussion of reliability and failure can be approached in two 
ways: with respect to systems or to individual devices. The 
accumulation of normal device failure rates constitutes the 
expected failure rate of the system hardware. Important con­
siderations here are the constant failure period, the early fail­
ure (infant mortality) period, and overall reliability level. With 
regard to individual devices, areas of prime interest include 
specific failure mechanisms, failures in accelerated tests, and 
screening tests. 
Some of these failure considerations pertain to both systems 
and devices. The probability of no failures in a system is the 
product of the probability of no failure in each of its compo­
nents. The failure rate of system hardware is then the sum of 
the failure rates of the components used to construct the 
system. 
Life distribution 
The fundamental principles of Reliability Engineering predict 
that the failure rate of a group of devices will follow the well­
known Bathtub curve in Figure 1. The curve is divided into 
three regions: Infant Mortality, Random Failures, and Wear­
out Failures. 

:;;
wearout 
Period 

'---------------~ 
Random Failure Period 

'-+-------------_ Time 

Figure 1. Reliability Life (Bathtub) Curve 

Infant mortality, as the name implies, represents the early life 
failures of devices. These failures are usually associated with 
one or more manufacturing defects. 
After some period of time, the failure rate reaches a low 
value. This is the random failure portion of the curve, repre­
senting the useful portion of the life of a device. During this 
random failure period there is a decline in the failure rate due 
to the depletion of potential random failures from the general 
population. 
The wearout failures occur at the end of the device's useful 
life. They are characterized by a rapidly rising failure rate 
over time as devices wear out both physically and electrically. 
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Thus, for devices which have very long life expectancies 
compared to those of systems, the areas of concern will be 
the infant mortality and the random failure portions of the 
population. 
The system failure rates are related to the collective device 
failure rates. In a given system, after elimination of the early 
failures, the system will be left to the failure rate of its compo­
nents. In order to make proper projections of the failure rate in 
the operating environment, time-to-failure must be acceler­
ated in tests in a predictable way. 

FailUre distribution at NEe 
MOS and Bipolar integrated circuits returned to NEC from the 
field underwent extensive failure analysis at NEC's Integrated 
Circuit Division. 
First, approximately 50 percent of the field returns were 
found to be damaged either from improper handling or mis­
use of the devices. These units were eliminated from the 
analysis. The remaining failed units were classified by their 
failure mechanisms, as depicted in Figure 2. These failures 
were then related to the major integrated circuit failure mech­
anisms and to their origins in a particular manufacturing step. 
As shown in Figure 2, the first four failure mechanisms 
accounted for more than 90 percent of total failures. As a 
result, NEC improved processes and material to reduce 
these failures. Additionally, NEC introduced screening proce­
dures to detect and eliminate defective devices. 
Temperature, humidity, and bias tests are used for testing the 
moisture resistance of plastic encapsulated integrated cir­
cuits. NEC developed a special process to improve the plas­
tic encapsulation material. As a result, moisture-related­
thus packaging-related-failures have been drastically 
reduced. 
As a preventive measure, NEC has introduced a special 
screening procedure embedded in the production line. A 
burn-in at an elevated temperature is performed for 100 per­
cent of the lots. This burn-in effectively removes the poten­
tially defective units. In addition, improvement of the plastic 
encapsulation material has lowered the failures in a high tem­
perature and high humidity environment. 

OXide 
Destroyed 

SJ02PaHem 
Defects 

Bond-Wire 
Peel or Cut 

_lzatIon 
Defects 

MoiS1Ure 
PenetratIon 

Parameter 
Degradation -
ChlplPeell 
Crack 

Metalization 
Corrosion 

20 40 60 80 

Percent Cumulative 
FaHures 

100 

Percent Fa.ure 

Figure 2. Failure Distribution of MOS Integrated Circuits 

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

0.01 Failures _ 13.888 x 10-9 Failures/Hour 
720K Device Hours - or 13.8888 FITs 

Where: FIT = Failure unit per 109 device hours 

To demonstrate this failure rate, note that 13.8888 FITs corre­
spond to one failure in about 7,000 devices in an operating 
test of 10,000 hours. It is quickly apparent that a test condition 
is required to accelerate the time-to-failure in a predictable 
and understandable way. The implicit requirement for the 
accelerated stress test is that the relationship between the 
accelerated stress testing condition and the condition of 
actual use be known. 
A most common time-to-failure relationship involves the 
effect of temperature, which accelerates manyphysiochemi­
cal reactions leading to device failure. Other environmental 
conditions are voltage, current, humidity, vibration, or some 
combination of these. Table 2 lists the Reliability Assurance 
Tests performed at NEC for the N-channel MOS devices. 

Table 1. Monthly NEC Reliability Tests 
Test Method Test Conditions 

Lif. Test M'L·STD·883B 
High Temperature, Operating 10054, D Til = 100°C to 125°C for 1000 hrs 

High Temperature, Storage 1 DOeC Til - 150°C for 1000 hrs 

High Temperature, 
t-ligh Humidity Test 

Pressure Cooker Test 

Environment., Test 

T a = 85°C @85% RH for 1000 hrs 

T a - 125°C @2.3 Atm for 168 hrs 

SOldering Heat Test 2031* T = 260°C for las without flux 

Temperature Cycle 101 DC T = 65°C to + 15O"C for 10 cycles 

Thermal Shock 1011A T = O°C to 100°C for 15 cycles 

Lead Fatigue 200482 @250gm: 3 leads, 3 bends 

Solderability 2003 T - 230°C for 5s with flux No'., . MI:!..L.:::ST=D-='750::CA:--~---'=~~~-'---='--'-''''-~~~~-

Temperature Effect: The effect of temperature that con­
cerns us is that which responds to the Arrhenius relationship. 
This relates the reaction rate to temperature. 

R = Ro Exp[- Ea/kT] 

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

= 8.617*10**( - 5) eV/degrees K 
T = Absolute temperature in degrees K 

The significance of this relationship is that the failure mecha­
nisms of semiconductor devices are directly applicable to it. A 
linear relationship between failure mechanism and time is 
assumed. 
Activation Energy: Associated with each failure mecha­
nism is an activation energy value. Table 3 lists some of the 
more common failure mechanisms and the associated acti­
vation energy of each. 
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Table 2. Activation Energy and Detection of Failure Mechanisms 
Activation 

Failure Mechani.m Energy Detection 

Oxide Defect O.3eV 

Silicon Defect O.3eV 

Ionic Contamination 1.0-1.35eV High Temperature Operating 

Electromlgratlon O.4-0.8eV Life Test 

Charge Injection 1.3eV 

Gold-Aluminum Interface a.BeV 

Metal Corrosion O.7eV High Humidity Operating 
Life Test 

High Temperature Operating Life Test: This test is used to 
accelerate failure mechanisms by operating the qevices at an 
elevated temperature. For N-channel MOS microprocessors 
and their family products, the operating temperature is 125°C. 
The data obtained is translated to a lower temperature by 
using the Arrhenius relationship. 
High Temperature and High Humidity Test: Semi­
conductor integrated circuits are highly sensitive to the gen­
eral accelerating effect of humidity in causing electrolytic cor­
rosion between biased lines. The high temperature and high 
humidity test is performed to detect failure mechanisms 
which are accelerated by these conditions. This test is effec­
tive in accelerating leakage-related failures and drifts in 
device parameters due to process instability. 
High Temperature Storage Test: Another common test is 
the high temperature storage test in which devices are sub­
jected to elevated temperatures with no applied bias. This 
test is used to detect mechanical problems and process 
instability. 
Environmental Test: Other environmental tests are per­
formed to detect problems related to the package, material, 
susceptibility to extremes in environment, and problems 
related to usage of the devices. 

Failure Rate Calculation and Prediction 
Analysis of integrated circuit failure rates can serve many 
useful purposes. For example, the early life failure rate helps 
establish a warranty period, while the mature life failure rate 
aids in estimating repair costs, spare parts stock require­
ments, or product downtime. Accurate prediction of failure 
rates can also be used for process control. 
The following sections describe the failure rate calculation 
and prediction methods used by NEC's Integrated Circuit 
Division. 
The Arrhenius model 
Most integrated circuit failure mechanisms depend, to some 
degree, on temperature. This relationship can be repre­
sented by the Arrhenius model, which includes the effects of 
temperature and activation energy of the failure mechanisms. 
As applied to accelerated life testing of integrated circuits, the 
Arrhenius model assumes that degradation of a performance 
parameter is linear with time. Temperature dependence is 
taken to be the exponential function that defines the probabil­
ity of occurrence. The relationship of failure rate to tempera­
ture is expressed as: 

F, = F2* Exp[(Ealk) * (1IT, -1/T2 )] 

Quality and Reliability 
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Where: F2 = Failure rate at T 2 
F, = Failure rate atT, 
Ea = Activation energy 
k = Boltzmann's constant 
T = Operating junction temperature in degrees K 

This equation explains the thermal dependence of integrated 
circuit failure rates and is used for derating the resulting fail­
ure rate to a more realistic temperature. 
Acceleration factor 
The acceleration factor is the factor by which the failure rate 
can be accelerated by increased temperature. This factor 
is derived from the Arrhenius failure rate expression, result­
ing in the following form: 

A = F,/F2 = Exp((Ealk) * (1/T, - 1/T2 )] 

Where: A = Acceleration factor 
F2 = Failure rate at T 2 
F, = Failure rate atT, 

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

TJ = T a + Pd * Af * ejA 

Where: TJ = Junction temperature 
T a = Ambient temperature 
Pd = Power dissipation 
Af = Air flow factor 
ejA = Package thermal resistance 

Table 4 lists derating factors of various failure mechanisms. 
This table is generated assuming that an accelerated test is 
performed at a junction temperature of 125°C. The result is 
then derated to 55°C junction temperature. The acceleration 
factor may then be obtained by taking the inverse of the 
derating factor. 

Table 3. Derating Factors of Failure Mechanisms 
Failure Mechanism Activation Energy Derating Factor 

OXide Defect O.leV 0.1546 

Silicon Defect O.3eV 0.1546 

Ionic Contamination 1.0eV 0.00'984 

Electromlgration MeV 0.08307 

Charge Injection 1.3eV 0.0003067 

Metal CorrOSion 0.7eV 0.01315 

Gold-Aluminum Interface O.8eV 0.006886 

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

A = Exp((Ealk) * (1/T, - 1IT2)] * [HdH,] ** 4.5 

Where: Ea = Activation energy 
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For example, the acceleration factor for high humidity and 
high temperature or pressure cooker tests ranges from 100 to 
1000 times that of the normal oper"lting environment. 
Failure rate calculation 
As an example, suppose that NEC's microprocessors and 
family product samples are submitted to a 1Ooo-hour life 
test at 125°C junction temperature and encounter two fail­
ures: one oxide and one metalization defect. The sample 
size is 885 units. 
Thus, the oxide failure rate is 0.11 percent per 1000 hours and 
the metalization failure rate is 0.11 percent per 1000,hours. 
Therefore, the total failure rate at 125°C sums to 0.22 percent 
per 1000 hours at 1 K hours. 
Failure rate p~lctlon 
To derate these failure rates to a normal operating environ­
ment, use the derating factors listed in Table 4. 

Oxide Failures = 0.11 • 0.1546 = 0.01701 % per 1 K hrs 
Metal Failures = 0.11 • 0.01315 = 0.00145% per 1 K hrs 
Total Failures = 0.01846% per 1 K hours 

Note that the example above is a snapshot of the high tem­
perature life test performed on a particular lot. It is not accu­
mulated data that can be used to represent overall reliability. 
This conservative illustration, however, shows that the failure 
rate in a normal operating environment is approximately 12 
times lower than that of a higher temperature environment. 
The failure rate prediction takes different activation energies 
into account whenever the causes of failures are known ' 
through performing failure analysis. In some cases, however, 
an average activation energy is assum9d in order to accom­
plish a quick first-order approximation: NEC assumes an 
average activation energy of 0.7eV whenever the exact fail­
ure mechanis,m is not known, to yield a conservative estimate 
of failure rates. 

Reliability Test Results 
Before introducing new technologies or products, NEC's 
intemal reliability goals must be attained. Several categories 
of testing af'EI used in the internal qualification program to 
assure that prod\lct reliability meets NEC's reliability goals. 
Once the product is qualified, its reliability level is regularly 
monitored in a monthly reliability test. 

NEC's Goals on Failure Rates 
NEC's approach to achieving high reliability is to build quality 
into the product, as opposed to merely screening out defec­
tive units. The use of distributed control methods embedded 
in the production line, in conjunction with conventional 
screening methods, results in the highest reliability at the 
lowest cost. 
NEC currently maintains failure rates for infant mortality and 
long-term device operation as listed in Table 4. 

Table 4. Infant Mortality and Long-term Failure Rates 

Infant MortalHV failure Rate 

Long-tenn Life Failure Rate 
1.2M Device Hour Average 
3.0M Device Hour Average 

percent F.llure 
A.teOoe's 
O.1011Khra 

O.02/1Khr. 
O.Ol/1Khre 

Infant mortality process average goals 
The infant mortality goal for each prOduct group is set at 
0.10 percent. When a failure rate exceeds this level, there is 
prompt remedial action to reduce this rate. 
Long-term failure rate goals 
The long-term failure rate goal is based on the following 
conditions: 
D A minimum of 1.2 million device hours at 1250C is accumu­

lateq to resolve 0.02 percent per 1000 hours at 55°C with 
a 60 percent confidence level. 

D A minimum of 3 million device hours at 125°C is accumu­
I~ied to resOlve 0.01 percent per 1000 hours at 55°C With 
a 60 p~rcent confidence level. 

Infant Mortality Failure Screenlnlll 
It is logical to assume that the integrated circuit that fails 
at one tempera1Ure would also fail at another temperature, 
except that it would fail sooner at a higher temperature. As 
can be expected, the failure rate is a function of its associ­
ated activation energy. Establishing infant mortality screen­
ing, therefore, requires knowledge of the likely failure 
mechanisms and their associated activation energy. 
The most likely mechanisms associated with infant mortality 
failures are,generally manufacturing defects and process 
anomalies. Thesegenerally consist of contamination, 
cracked chips, wire bond shorts, or bad wire bonds. Since 
these describe a number of possible mechanisms, anyone 
of whicYl might predominate at a given time, the activation 
energy, fot infant mortality might be expected to vary 
considerably. 
The effectiveness of a screening condition, preferably at 
some 'stress level in order to shorten the time, varies greatly 
with the failure mechanism being screened for. Another factor 
is the economics of the screening process introduced into the 
production line. Optimal conditions and duration of a screen­
ing process will be a compromise of these two factors. 
For example, failures due to ionic contamination have an acti­
vation energy of approximately 1.Oev, Therefore, a t5-hour 
stress at 125°C junction temperature would be the' equivalent 
of approximately 90 days of operation at a junction tempera­
ture of 55°C. On the other hand, failures due to'oxide defects 
have an activation energy of approximately O.3e\l, and a 
15-hqut stress at 125°C junction temperature would be the 
equivalent of approximately one week'~ operation at 550C 
jUflction temperature. As indicated by this, the conditiQn and 
duration of infarit mortality screening would be a strong func­
tion of the allowable component failures, hence the system 
failure, in the field. 
Empirical data, gathered over more than a year at NEC, indi­
cates that early failure does occur after less than 4 hours of 
stress at 125°C ampient temperature. This f~ct is supported 
by the life test of the same lot, where the failure rate shows 
random distribution, as opposed to a decreasing failure rate 
which then runs into the random failure region. 
NEC has adopted the initial infant mortality burn-in at 125°C 
as a standard production screening procedure. As a result, 
the field reliability of NEC devices Is an order of magni­
tude higher than the goals set for NEC's integrated circuit 
products. 
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Life Tests 
The most significant difference between NEC's products 
and those of other integrated circuit manufacturers is the fact 
that NEC's have been prescreened for their infant mortality 
defects. The products delivered to customers are operating at 
the beginning of the random failure region of the life curve. 
The life test data also reflect this fact, as will be shown in the 
following sections. 
The failure mechanism distribution from field failures, as pre­
viously shown in Figure 2, also contains a very low percent­
age due to infant mortality. The majority of failures are long­
term life failures, and these can be eliminated by stringent 
process control. Usually, these failure mechanisms have low 
activation energy associated with them. 
Another significant improvement devised by NEC is plastic 
encapsulation and passivation. As a result, NEC products 
show excellent reliability in both high humidity and high tem­
perature environments. Following is life test data accumu­
lated over more than a year for N-channel microprocessors 
and family products. 

High temperature operating life test 
This test is used to accelerate failure mechanisms by operat­
ing the devices at an elevated temperature. For microproces­
sors and family products, the failure rate is 0.242 percent per 
1000 hours at 125°C. This is equivalent to 0.0071 percent per 
1000 hours in an operating environment of 55°C (Table 5). 
Table 5. High Temperature Operating Life Test 

Numlaerof 
Sampl •• 

Number of F.llures at 

48hrs 98hrs tUh,. 5OGh,. 

3317 

Total Number of Failures at 1 K hr. - 8 
Failure Rate at 1 K hr. at 1250C = 0.242% per 1 K hrs 
Projected Failure Rate 81SS'C = 0.007% per 1 K hrs 

High temperature and high humidity life test 

1Khrs 

This test is used to accelerate failure mechanisms by 
operating the devices at high temperature and high humidity. 
Leakage-related failures and device parameter drift are accel­
erated by this test. For microprocessors and family products, 
the failure rate is 0.091 percent per 1000 hours. This is equiv­
alent to 0.0027 percent per 1000 hours in an operating envi­
ronment of 55°C. The test conditions are T a = 85°C and 
relative humidity (RH) = 80% (Table 6). 
Table 6. High Temperature and High Humidity Life Test 

Numberot 
Sampl_ 

2190 

Number of F.llur. at 
48 hra H hr. 18. hr. 500 hr. 

000 

Total Number of FaHure& lit 1 K hr. = 2 
Failure Rate III: 1 K hrs at 85"C18S% RH = 0.091% per 1 K hr. 
ProJoc18d Failure Rate 81SS'C!6O% RH - 0.003% par 1 K hrs 

High temperature storage life test 

1Khrs 

This test is effective in accelerating the failure mechanisms 
related to mechanical reliability problems and process insta­
bility. For microprocessors and family products, the failure 
rate is 0.207 percent per 1000 hours at 125°C. This is equiva­
lent to 0.0061 percent per 1000 hours in an operating envi­
ronment of 55°C (Table 7). 
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Table 7. High Temperature Storage Life Test 
Number of Falluree at Number of 

.. "",I .. 48 hra H hr. 168 hr. 500 hra 

2410 000 1 

Total Number of Failures at 1 K hr. - 5 
Failure Rate at 1 K hra at 125°C = 0.207% per 1 K hrs 
Projected Failure Role a1SS'C = 0.006% par 1 K hr. 

Pressure cooker test 

1Khr. 

This test is effective in accelerating failure mechanisms 
related to metalization corrosion due to moisture. The failure 
rate is 0.52 percent per 1000 hours at T a = 125°C and 2.3 
Atm at 100 percent humidity. This is equivalent to 0.0013 per­
cent per 1000 hours at 55°C and an environment of 60 per­
cent humidity (Table 8). 
Table 8. Pressure Cooker Test 

Number of Failures at Numb.rot 
'Semple. 48hra "hra iN'''. 500h... 1Khr. 

1718 4 No Test Performed 

Total Number of Failures at 168 hr. 9 
Failure Rata at 125"<: = 0.54% per 1 K hr. 
Projected Failure Rate at 55°C = O.(MJ1% per 1 K hrs 

Life test data summary 
Table 9 summarizes the life test results and projected failure 
rates In the normal operating environment. The failure rate 
shows random distribution as opposed to a decreasing failure 
rate. This is a result of infant mortality screening. 
Table 9. Life Test Data 

Number of Failur •• at Total 
Number of Numb.rot 

Testltern Sampl •• Mhrs 16. hr. 500 hra 1 K hra Failures 

High Temperature 
UfaTea1 3317 

High HumKlHy 
UfaTesl 2190 

High Temparatura 
S10rage Life Test 2410 

Pressure 
CookerToa1 1718 

Total 9635 24 

Note: • - No test performed 

The projected failure rate in the normal operating environ­
ment is calculated assuming that the average activation 
energy is 0.7eV. 
Figure 3 shows the life distribution of NEC integrated circuits 
as a form of the Bathtub curve. 

.oso 
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o.sK lK 2K 3K 4K 5K 10K 20K 30K Hra 

Figure 3. Plot of Life Test Results 
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This life test data shows improvements of approximately 
an order of magnitude better than NEC's goal. The hours of 
operation ~re equivalent to the normal operating environ­
ment. Wear-0ut failures, which had been the main target for 
reliability improvement, have also been significantly reduced. 
This result comes mainly from process improvements and 
stringent manufacturing process control. 
NEC's main goal has been to improve reliability with respect 
to infant mortality and long-term life failures. This can be 
achieved by introducing an effective screening method for 
infant mortality and building quality into the product. 
Thermal stress tests' 
Temperature cycling and thermal shock test the thermal com­
patibilityof material and metal used to make integrated cir­
cuits. Table 10 lists the reliability test results of thermal stress 
tests. 
Table 10. Thermal Stress Results 

Testllem 

SOldering Heat Teat 
Ta = 260"C for 10 eecondl 

Tempemure Cycle 
T. = -&sOC to + 15O'C, 10 cycles 

Thermal Sh_ Test 
T a = ere to + 1DCrC, 15 cycles 

Mechanical stress tests 

Numberot 
S.mpl •• 

1891 

1891 

1891 

Number 0' 
Failur •• 

In addition to the device life test, NEC performs mechanical 
stress tests to detect reliability problems related to the pack­
age, material, and device susceptibility to an extreme envi­
ronment. Table 11 lists mechanical stress test results. 
Table 11. MechanIcal Stress Results 

Numberot Numberot 
leotHam Sampl •• Fallur •• 

Mechanical Shock Teat 
@l5kg, 3 axl. 315 

Vlbmlon Taot 
@100Hzto2kHz,20g 315 

Constant AcceteratIon 
@2Okg,3axls 315 

Lead FOIlg .. Test 
@250gms 638 

Solderability Teat 
@23O'Clor50ac0nds 638 

Bullt·ln Quality and Reliabiiity 
As large-scale integration reaches even higher levels of den­
sity, simple quality inspections cannot assure adequate levels 
of product quality and reliability. In order to ensure the reliabil­
ity of state-of-the-art, very large-scale integrated circuits, 
NEC has adopted another approach. Highest reliability and 
superior quality of a device can only be achieved by building 

-these characteristics into the product at each process step. 
NEC, therefore, has introduced the notion of Total Quality 
Control (TQC) into its entire semiconductor production line. 
Quality control is distributed into each process step and then 
all are summed to form a consolidated system. 

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

Second, the reliability and quality assurance policy is an 
integral part of the entire organization. This enables a 
companywide quality control activity. At NEC, everyone in the 
company is involved with the concept and methodology of 
Total Quality Control. . 
Third, there is an on-going research and development effort 
to set even higher standards of device quality and reliability. 
Fourth, extensive failure analysis is performed periodically 
and corrective actions are taken as preventive measures. 
Process control is based on statistical data gathered from this 
analysis. 
The goal is to maintain the superior product quality and reli­
ability that has become synonymous with the NEC name. 
The new standard is continuously upgraded and the iterative 
process continues. 
Implementation of distributed quality control 
Building quality into a product requires early detection of pos­
sible cause of failure at each process step. Then, immediate 
feedback to remove the cause of failure is a must. A fixed 
station quality inspection is often lacking in immediate feed­
back. It is, therefore, necessary to distribute quality control 
functions to each process step, including the conceptual 
stage. NEC has implemented a distributed quality <;antrol 
function at each step of the process. Following is a break­
down of the significant steps: 
o Product development phase 
o Wafer processing 
o Chip mounting and packaging 
o Electrical testing and thermal aging 
o Incoming material inspection 
Product Development Phase: The product develop-
ment phase includes conception of a product, review of the 
device proposal, organization and phYSical element design, 
engineering evaluation, and finally, transfer of the product to 
manufacturing. Quality and reliability are considered at every 
step. More significantly, at the design review stage and prior 
to product transfer, the quality and reliability requirements 
have to be examined and determined to be satisfactory. This 
often adds two to three months to the product development 
cycle. Building in high reliability, however, cannot be 
sacrificed. 
Wafer Processing Stage Inspection: The in-process qual­
ity inspections that occur at the wafer fabrication stage are 
listed in Table 12. 
Table 12. Wafer Fabrication Inspection 

Wafer 

Mask 

PholO-Uthography 

Claon'ng 

MetallzaDon and P888rvatlon 

Wafer Sort and Scribe 

DteSOrt 
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Inspection Item 
ReslatlvHy, Dimension, and Appearance, 
Lot Ssmpllng Inspac1lon 

Alignment and Etching, 100 Percent Inspection 

Oxide thickness, Sheet ResistIVity, Lot Sampling 
Inspection 

Thlcknesa, VUI. C-V Characteristics, and Lot Sampling 

DC Parameters. 100 Percent Inspection 

100 Percent VlauallnepecUon 



Chip Mounting and Packaging: The in-process quality 
inspections that are done at the chip mounting and packaging 
stage are listed in Table 13. 
Table 13. Chip Mounting and Packaging Inspection 
Proce •• Inspection Item 

Die Incoming Material Inspection 

Ole Attach Appearance. Lot Sampling Inspection 

Wire Bonding Bond Strength, Appearance, Lot Sampling 

Packaging 100 Percent Appearance Inspection 

Fine Leak* LotSampilng 

100 Percent Inspection 

Note; * For ceramic package devices only 

Electrical Testing and Screening: Electrical testing and 
infant mortality screening are performed at this stage. A flow­
chart of the process is depicted in Figure 4. 

DC Parameters 

DC Parameters, 
AC Functional 

aectrlcal, 
Appearance, and 
DImenSIons 

Figure 4. Electrical Testing and Screening 

At the first electrical test, DC parameters are tested, accord­
ing to the electrical specifications, on 100 percent of each lot. 
This is a prescreening prior to the infant mortality test. At the 
second electrical test, AC functional as well as DC parameter 
tests are performed on 100 percent of the subjected lot. If the 
percentage of defective units exceeds the limit, the lot is sub­
jected to an additional burn-in. As this defective lot is being 
subjected to an additional burn-in, the defective units are 
undergoing a failure analysis, the results of which are then 
fed back into the process for corrective action. 
Incoming Material Inspection : Prior to warehouse storage, 
lots are subjected to an incoming inspection according to the 
following sampling plan: 
o Electrical test: DC parameters LTPD 3% 

Functional test LTPD 3% 
o Appearance LTPD 3% 

Quality and Reliability 
of NEe Microprocessors 

Reliability assurance test 
Samples are continually taken from the warehouse and sub­
jected to monthly reliability tests as discussed in the previous 
section. They are taken from similar process groups so that it 
can be assumed that any device is representative of the reli­
ability of that group. 
In-process screening 
Perhaps the most significant preventive measure that NEC 
has implemented is the introduction of 100 percent burn-in as 
an integral part of the standard production process. Most of 
the potential infant failures are effectively screened from 
every lot, thereby improving reliability. Assuming average 
activation energy of 0.7eV, bum-in at T a = 125°C for four 
hours is equivalent to a week's operation in a normal operat­
ing environment. This appears to be ample time for acceler­
ating the time-to-failure mechanisms for early failures. 
Process automation, as previously mentioned, has also con­
tributed a great deal in improving reliability. Since its intro­
duction, assembly related failure mechanisms have been 
substantially reduced. And, in combination with in-process 
screening and materials improvement, it has helped establish 
quality and reliability above NEC's initial goals. 

Summary and Conclusion 
As has been discussed, building quality and reliability into 
products is the most efficient way to ensure product reliability. 
NEC's approach otdistributing quality control functions to 
process steps, then forming a consolidated quality control 
system, has produced superior quality and excellent 
reliability. 
Prescreening, introduced as an integral part of large-scale 
integrated circuit production, has been a major factor in 
improving reliability. The most recent year's production clearly 
demonstrates continuation of NEC's high reliability and the 
effectiveness of this method. 
Reliability Assurance Tests (RATs), performed monthly, have 
ensured high outgoing quality levels. The combination of 
building quality into products, effective prescreening of poten­
tial failures, and the reliability assurance test has established 
a singularly high standard of quality and reliability for NEC's 
large-scale integrated circuits. m 
With a companywide quality control program, NEC is com- : 
miUed to building superior quality and highest reliability into 
all its products. Through continuous research and develop-
ment activities, extensive failure analysis, and process 
improvements, a higher standard of quality and reliability 
will continuously be set and maintained. 
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