






















































































































































































































































































































































































































































































































































































































































































BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

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

TRANSMIT 

fLP 0825118251 A 

TxRDY 

RxADY 

SYNDET t/JPD82Sll 
SYNDET/SO i}JPD8251 AI 

... -0°Cto+70°C 
-65°C to +125°C 
-0.5 to +7 Volts 
-0.5 to +7 Volts 
-0.5 to +7 Volts 

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

�~�-�~� . 

*Ta = 25°C 
Ta" O°C to 70°C; VCC" 5.0V ± 5%; GND" OV .. 

-. LIMITS 

�P�D�8�2�~�1� PD8251A 

PARAMETER SYMBOL MIN TYP MAX MIN MAX UNIT TEST CONDITIONS 

Input Low Voltage VIL -0.5 O.S 0.5 O.S V 

Input High Voltage VIH 2.0 VCC 2.0 VCC V 

"PDS251 : IOL=1.7mA 
Output Low Voltage VOL 0.45 0.45 V 

"PDS251A: lcii.." 2.2 rnA 

Output High Voltage 
"PDS251 : IOH = -10G"A 

VOH 2.4 2.4 V 
"POS251A: IOH = -400 "A 

-50 -10 VOUT - 0.45V 
Data 8us Leakage IOL 10· "A 

10 VOUT" VCC 

Input Load Current IlL 10 10 "A At 5.5V 

Power Supply Current ICC ·45 SO 100 
"PDS251A: All Outputs = 

rnA 
Logic 1 

CAPACITANCE Ta" 25°C; VCC" GND = OV 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT COr.IDITIONS 

Input Capacitance CIN 10 pF fc = 1 MHz 

1/0 Capacitance CliO 20 pF Unmeasured 
pins returned 
toGND 

�~�3�3� 
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p.PD8251/8251 A 
Ta = aOc to 70"C; vee = 5.QV t 5%; GND = ov 

LIMITS 

PARAMETER 
,uPD8251 J,l.PD8215A 

SYMBOL I MIN I MAX I MIN I MAX I UNIT 

READ 

TEST 
CONDITIONS 

Address Stable before READ, (es, E751 tAR 50 

Address Hold Time for READ, (CS, CD) IRA 

READ Pulse Width tAR 430 250 

Data Delay from READ 'RD 350 200 ~PD8251: Cl 100 pF 
gPD8251A: Cl '" 150pF 

READ to Data Floating tOF 

Address Stable before WR ITE lAW 

Address Hold Time for WRITE tWA 

WRITE Pulse Width tww 
Data Set-Up Time for WRITE 'OW 

Data Hold Time for WRITE two 
Recovery Time Between WAITES @ tRV 

Clock Perlod_Q) 

Clock Pulse Width High 

Clock Pulse Width Low 

Clock Rise and Fall T,me 

TxD Delay from Failing Edge of TxC 

Rx Data Set-Up Time 10 Sampling Pulse 

Rx Data Hold Time to Sampling Pulse 

Transml!1er Input Clock Frequency 
, X Baud Rate 
16X Baud Rate 
64X Baud Rate 

Translnllter Input Clock Pul,e vv,dtn 
1 X Baud Rate 
'6X and 64X Baud Rate 

Transmitter Input Clock Pul,e Delay 
, X Baud Rate 
l6X and 64X Baud Rate 

·Recelver Input Clock Frequency 
lX Baud Rate 
, 6X Baud Rate 
64X Baud Rate 

ReCeiver Input Clock Puise Width 
1 X Baud Rate 
16X and 64X Baud Rate 

Receiver Input Clock Pulse Delay 
1 X Baud Rate 
, 6X and 64X Baud Rate 

TxRDY Delay from Center of Data BIt 

RxRDY Delay from Center 01 Data Bit 

Internal SYNDET Delay from Center 
of Data Bit 

External SYNDET Set-Up Time before 
Falling Edge of Rxe 

TxEMPTY Delay from Center of Data Bit 

Control Delay from Rising Edge of 
WRITE {TxE, DTR, RTS) 

Control to READ Set·Up Time {DSR. CTS} 

200 
25 10 

WRITE 

20 

20 

400 250 

200 150 

40 

Notes. CD AC timings measured at VOH - 2.0, VOL'" 0.8, and With load Circuit of Figure 1. 

100 
IJPD8251 CL 

CL = 

tCY 

o ThiS recovery time IS for Initialization only, when MODE, SYNC', SYNC2, COMMAND and first DATA BYTES are 
Written Into the USART. Subsequent writing of both COMMAND and DATA are only allovved when TxRDY = 1. 

@ The TxC and Rxe frequenCies have .the follOWing limitations With respect to CLK 
For 1 X Baud Rate, fTx or fRx ,;;; 1/130 tCY) 
For l6X and 64X Baud Rate, fTX or fRx ,;;; 1/14.5 tCY) 

@ Reset Pulse Width = 6 ICY minimum.' +20 

100 pF 
15 pF 

2V 
c L +10 

D.U.T. 

Figure 1. 

334 

510>1 182511 >-
<t 

420n 18251AI ""' UJ 
0 
f-
:J 
"-r 
:J 

24K 182511 0 
<l 

6K 18251AI 

V 
/ I'SPEC 

-10 

-20 I 
100 -50 '50 +100 

A CAPACITANCE IpFI 

Typical t. Output 
Delay Versus t. Capacitance (pF) 

TEST LOAD CIRCUIT 

AC CHARACTERISTICS 



TIMING WAVEFORM 

ILPD8251 18251 A 

CLOCK 

SYSTEM CLOCK INPUT 

:."'MDDEI . .~~ _ ~
TPWlTPD~ 

TxC (16x MODE) . 

!--tDTX .' tDTX l-
T, DATA ===F ~r------------'x= 

Rx DATA 

TRANSMITTER CLOCK AND DATA 

(Rx BAUD COUNTER STARTS HERE) 

START BIT DATA BIT 

Axe (lx MODE) -.t---

Rxe U6 MODEj 

INT SAMPLING 
PULSE 

tSRX 

RECEIVER CLOCK AND DATA 

Tx ROY __ ---J1 

DATA IN 10.8.1 
_ _ ~D~ON~'T~CA~R~E __ {]~~~~~_~~~~ 

c/o 

WRITE DATA CYCLE (PROCESSOR + USART) 

Rx ROY 
----,-_---J1 

. DATA OUT (D.B.I _~~~DA~T~A~F~LO~A~T~~_t~~~~~$)~~~ 

c/o ------...... 1 

READ DATA CYCLE (PROCESSOR + USART) 

DATA BIT 

335 



jiPD8251/8251 A 

(i) 
DTR,RTS------------------------------~r--------­________________________ ~x~--------

WR _________ J---lt:twc-l 
~,..-----------

DATA IN (D.B.) --------------tj==j:J~------

Cill ______________ J 

~----------------
tWA' 

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

o 
DSR. CTS ---------. r-------------------------------______ ~x~----~~----------------

RD __________ ~ __ .,...t-cR--___,i1 r--tRR ----i,------
] I"":tRD - L-tDF 

DATAOUT _________ ~ _ _t-t=====1JI~--~~ 
(D.B.) 

----j tAR I--- - tRA r-
CIIT ------------JlT--+-------~...;......~~---

cs ------.:....------1 tAR I--- - tRAP=-

READ CONTROL OR INPUT PORT CYCLE 
(PROCESSOR +- USART) 

NOTES: (0 TWC Includes the raspo"se timing of;li control byte. 

CD T CR Inc;udH the effect of CTS on the TxENBL circuitry 

tTxEMPTY 

Tx EMPTY ------~-------.1----.J 
Tx READY 

(STATUS BIT! 

Tx READY 
(PINI 

cio ='I--tc:i~C~'J:.=t=:i~C=~J.=::ti===~=r 

336 

DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 

EXAMPLE FOR~AT = 7 BIT CHAAACTE.R WITH PARITY AND 2 STOP BITS. 

TRANSMITTER CONTROL AND FLAG TIMING 
(ASYNC MODE) 

TIMING WAVEFORM 
(CaNT.) 



TIMING WAVEFORM 
(CaNT.) 

jLP D8251 18251 A 

BREAKOETECT~("~P~OB=2~5~lA~I ______________________________________ ~-.I 

OVERRUN ERROR 
(STATUS·B1TI-------------------::---:::-=.,--------4 

Rx ROY --------~---------4 

c/o =!-:-c====::::j4-c=r==::::JI,kCi~~;:;:tt:17\:::. 
WR W, RXE,.".:.! .".. ----0------++-----+-------+1'-"'\ ;,= __ ..:.:.=+\ 

1!1l------~ ,-----'-f----hi ,--+---+-+--
RxOATA----------CLar~XD~ 

DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 

EXAMPLE FORMAT'" 7 BIT CHARActER WITH PARITY ANO 2 STOP BITS. 

RECEIVER CONTROL AND FLAG TIMING 
(ASYNC MODE) 

wrco'1,~M IV, ATA 

rl-H" =-'''"~'''*" --1--

======'1iij.~, I· ,~PA~R~lp~A~R[il~p~AQR[il~PA~RrxxXijpA~Rp:~p~A~R TI=1~ ~~A~CI~Nf,Ff IttXXiqp~ARp:ro~PA~R ETC, 

DATA DATA SYNC SYNC DATA DATA t-.:STATE:.J 
CHAR 1 CHAR 2 CHAR I CHAR 2 CHAR 3 CHAR 4WKING MARK'iNG DATA SYNC 

STATE STATE CHAR 5 CHAR 

EXAMPLE FORMAT = 5 BITCHAAACTER wr:rH PARITY AND 2 SYNC l.HARACTEAS 

TRANSMITTER CONTROL AND FLAG TIMING 
(SYNC MODE) 

0) -------------~------rL----------~ SYNDET -
tES---trs-----

SYNDET (5,81 ------------..-::~-t----~--n,,-___;==="'--~ - I' DATA CHAR 2 
OVERRUN LOST 

ERROR (S,B) -----------------j--'-------t-f----f 

Ax ROY IPIN) ________________ + __ -/ 

cD=~~======~~~ WrEHT 

R, ',,".-------------+----++---+t+---++-"" 
w----+-----------+---~hl 

EXIT HUNT MODE 4 SET SYNDET 
SET SYNDET (ST ATUS BITI (STATUS BIT! 

RECEIVER CONTROL AND FLAG TIMING 
(SYNC MODE) 

Notes: CD Internal sync, 2 sync characters, 5 bits, with parity. 
(i) Extei~al sync~ 5 bits, w.ith parity. 
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Jl-PD8251/8251 A 

PIN PIN IDENTIFICATION 
FUNCTION 

NO. SYMBOL NAME 

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

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

26 VCC V CC Supply Voltage +5 volt supply 

4 GND Ground Ground 

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

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

Wri~~ Control Logic. 

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

RESET pulse width is 6 tCY' 

20 ClK Clock Pulse The ClK input provides for interhal device tim-
ing and is usually connected to the Phase 2 (TTL) 
output of the )1PB8224 Clock Generator. 
External inputs and outputs are not referenced 
to ClK, but the ClK frequency must be at 
least 30 times the Receiver or Transmitter 
clocks in the synchronous mode and 4.5 
times for the asynchronous mode. --

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

13 RD Read Data A "zero" on this input instructs the USART 
to place the data or status information 
onto the Data Bus for the processor to 
read. 

12 C/O Control/Data The Control/Data input, in conjunction with the 

I 

WR and R D inputs, informs the USART to 
accept or provide either a data character, 
control word or status information via the 
Data Bus. o = Data; 1 = Control. 

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

The )1P08251 and )1PD8251 A have a set of 
Modem Control control inputs and outputs which may be used to 

simplify the interface to a Modem. 

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

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

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

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

PIN IDENTIFICATION 
(CONT.) 

JIPD8251 AND JIPD8251A 
INTERFACE TO 8080 

STANDARD SYSTEM BUS 

J.L P 0825t/8251 A 

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

PIN 

NO. SYMBOL NAME 
FUNCTION 

" 

The iransm.i! ControlLogic accepts and outputs 
Transmit C,?ntrol Logic all externai. and internal sig~als' necessary for 

serial data Jrimsmission. 
15 TxRDY Transmitter Ready Transmitter"Readv. si,gnals the processor that t.he 

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

18 TxE Transmitter Empty The Transmitter Emp-ty output signal's the 
processor that the USART has no further char· 
acters to transmit. TxE IS automatically reset 
upon receiving a data character from the pro-
cessor. In half-duplex, TxE can be used to'signal 
end of a transmission and request the processor 
to "turn the line around." The TxEn bit in the 
co~mand ,instruction does not effect TxE. 
In the Synchronous mode, a "one" on this out-
put indicates that a Sync character or charac-
ter~ are about to be automatically transmhted 
as "fillers" because, the next data character, has 
not been loaded, 

9 TxC Tr~nsmitter Clock The Transmitter Clock controls the. serial charllc 
ter transmission rate. In "the Asynchronous 
mode, file Tx-C frequency is a multiple of the 
actual Baud Rate. Two bits of the Mode Instruc-
tion select the multiple·to be 1 x, 16x, or 64x 
the BaudRate. In the Synchronous mode, the 
TxC frequency is automatically selected to 
equal the actual Ilaud Rate. 
Note that for both Synchronous and Asynchro-
nous modes, serial data is sh ifted out of the 
USART by the falling edge of.TxC. 

19 TxD Transmitter Data The Transmit CoritTol Logic outputs the 
composite serial data stream 0" thi.s pin. 

~ > ADDRESS BUS \ 
AO 

} CONTROL BUS \ 
-- -- ,,2 
I/O R IIOW RESET (TTL) 

\ OATA Bl)S \ 
~ 

·8 

V 
c/D -

D7 - DO RD CS WR. RESEt ClK 

itPD8251/8251A 
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jLPD8251/8251 A 
The Receive Buffer ilccepts serial data input at the RxD pin and converts the data 
from serial to parallel format, Bits or characters required for the specific communica­
tion technique in use are checked and then an eight-bit "assembled" character is 
readied for the processor_ For communication techniques which require less than 
eight bits, the ILPD8251 and ILPD8251 A set the extra bits to "zero_" 

PIN 
FUNCTION 

NO_ SYMBOL NAME .. 

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

14 RxRDY Reteiver ReadY The Reseiver Ready output indicates that the 
ReceiveLBuffer is ready with an "assembled" 
character for input to the processor. f.or Polled 
operation. the processor can check RxRDY 
using a Status Read or RxRDY can be con-
nected to the processor interrupt structure. 
Note that reading the character to the pro-
cessor automatically resets RxR DY. 

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

Unlike TxC, data is sampled by the I'PD8251 and 
I'PD8251 A on the rising edge of'R'X'C. <D 

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

16 SYNDET Sync Detect The SYNC Detect pin is only used in the 
(I'PD8251) Synchronous mode. The I'PD8251 may be pro-· 

grammed through the Mode I nstruction to 
operate in either the internal or external Sync 
mode and SYNDET then functions as an output 
or input respectively. In the internal Sync mode, 
the SYNDET output will go to a "one" when 
the I'PD8251 has located the SYNC character 
in the Receive mode. If double SYNC 
character (bi-sync) operation has been pro-
.grammed, SYNDET will go to "one" in the 
middle of the last bit of the second SYNC 
character. SYNDET is automatically reset to 
"zero" upon a Status Read or RESET. In the 
external SYNC mode, a "zero" to "one" transi-
tion on the SYNDET input will cause the 
I'PD8251 to start assembling data character 
on the next falling edge of i"fXC. The length of 
the SYNQET input should be at least one i"fXC 
period, but may be removed once the 
I'PD8251 is in SYNC. 

16 SYNDET!BD Sync Detect! The SYIWDET!BD pin is u6ed in both Synchron-
(I'PD8251A) Break Detect ous and Asynchronous modes. When in SYNC 

mode the features for the SYNDET pin 
gescribed abov~ apply. When in Asynchron M 

O,us mode, the Break Detect output will go 
high when an all zero word of the programmed 
length is received. This word consists' of: start 
bit, data bit, parity ,bit and one stop bit. Reset 
only occurs when Rx data returns to a logic 
one state or upon chip reset. The state of 
Break Detect can be re~d as a status bit. 

Note: <D Since the I'PD8251 and I'PD8251A will frequently be handling both the reception and 
transmi.ssioR for a given link, the Recejve and Transmit Baud Rates will be same. R'X'C 
and TxC then require the same frequency and may be tied together and connected to 
a single clock source or Baud Rate Generator. 

Examples: ff the Baud Rate equals 110 (Async): I,f the Baud Rate equals 300: 

RECEIVE BUFFER 

PIN IDENTIFICATION 
(CONT.) 

RxC or TxC equals 110 Hz (1 x) 
RxC or TxC equals 1.76 KHz (16x) 
ff,(C or TxC eqljals 7,.04 KHz '(64x) 

RxC or TxC equals 300 Hz (1x) A or S 
'RxC or TxC equals 4800 Hz (16x) A only 
'RxC or, TxC equals 19.2 KHz (64x) A only 
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OPERATIONAL 
DESCRIPTION 

}J.PD8251/8251A 

A set'of control words must be sent to the >LPD8251 and MPD8251A to define th'e 
desired mode and communications format. The c.ontrol words will specify the BAUD 
RATE FACTOR (lx, 16x, 64x), CHARACTER LENGTH (5 to 8), NUMBER OF 
STOP BITS (1, 1·1/2,2) ASYNCHRONOUS or SYi\JCHRONOUS MODE, SYNDET 
(IN or OUT), PARITY, etc. 

After receiving the control words, the MPD8251 and MPD8251A are ready to commun­
icate. TxRDY is raised to signal the processor that the USART is ready to receive a 
character for transmission. When the processor writes a character to the USART, 
TxRDY is automatically reset. 

Concurrently, the >LPD8251 and >LPD8251A may receive serial data; ~nd after 
receiving an entirecharacter, the RxRDY output is raised to indicate a completed 
character is ready for the processor. The processor fetch will automatically reset 
RxRDY. 

Note: The MPD8251 and .,uPD8251A may provide faulty RxRDY for the first.reqd 
after power-on or for the fi,rst read after receive ,is re-enabled by a command 
instruction{Rx~). A dummy read is recommended to clear faulty RxRDY. 
But this is not 'the case for the first read after hardware or software reset 
after the device operation has once been established. 

The MPD8251 and MPD8251A cannot transmit until the TxEN (Transmitter 
Enable) bit has been set by' a Command Irlstruction and until the CTS '(Clear 
to Send) input is a "zero": TxD is held in the "marking" state after Reset 
awaiting new control words. 

USART PROG RAMM I NG The USART must be loaded with a group of two to four control words provided by 
the processor before data reception and transmission can begin: A Reset (internal or 
external) must immediately proceep the control wordswhi~1i are used to program the 
complete operational description of the communicationsinterfa'ce.lf,~n ext~rnal 
RESET is not available, three successive 00 Hex or two successive 80 Hex command 
inst~i.Jcti(>ns (Cio'= j) followed by a software reset co'mmand instruction (40 Hex) 
can be used to initia:iize the MPD8251 and >LPD8251A. 

MODE INSTRUCTION 

There are two cOr]trol word formats: 

1. Mode Instruction 
2. Command Instruction 

This control W, ord spec,ifi,es the general cha,racteristi'~S~, ,f the interf,ace regarding the , 7 
SYNCHRONOUS or ASYNCHRONOUS MODE, BAUD RATE FACTOR, CHARACTER 
LENGTH, PARITY, arid NUMBER OF STOP BITS. Once the Mode Instruction ' 
has been received, SYNC characters or Command I nstructi()ns may be inserted depend­
ingon the Mode Instruction content. 

COMMAND I NSTRUCTION This control word will be inte~preted as a SYNC ch~;act'er definition if immediateiy 
preceded by a Mode Instruction which spe~ified '~' Synch;onous format. After the 
SYNC character(s) are' specified or after an AsynchrOhous Mode I nstruction, all sub­
sequent control wordswill be interpreted as an upd~te to the"Command Instruction.', 
Command Instruction updates may occur a,t any timedur'i!J9 the data bi,oC;k. To 
modify the,Mode Instruction: a bit may be ~et in theComrnand Instruction which 
cause's an internal Reset which allows a new Mode Instruction to be acceptep, -, ' 
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fL P 08251:/8251 A 
c/o = 1 

C/D= 1 

C/O = 1 

C/O = 1 

C/O = 0 

C/D= 1 

C/O = 0 

C/O = 1 

MODE INSTRUCTION 

SYNC CHARACTER 1 

SYNC CHARACTER 2 

COMMAND INSTRUCTION 

bATA 

COMMAND INSTRUCTION 

DATA 

1 
COMMAND INSTRUCTION 

} 
SYNC MODE 

ONLY <D 

NOTE CD The second,SYNC character is skipped if MODE instruction has pro­
grammed the "PD8251 and "PD8251A to single character Internal 
SYNC Mode, Both SYNC charactersare skipped if MODE 
instruction has programmed the "PD8251 and "PD8251 A to ASYNC 
mode. 

The /JPD8251 and /JPD8251A can operate in either Asynchronous or Synchronous 
communication modes. Understanding how the Mode Instruction controls the 
functional operation of the USART is easiest when the device is considered to be two 
separate components, one asynchronous and the other synchronous, which share the 
same support circuits and package. Although the format definition can be changed at 
will or "on the fly", the two modes will be explained separately for clarity. 

When a data character is written into the /JPD8251 and /JPD8251A, the USART 
automatically adds a START bit (low level or "space") and the number of STOP bits 
(high level or "mark") specified by the Mo'de Instruction. If Parity has be~n enabled, 
an odd or even Parity bit is inserted ju~t l:>efore the STOP bitisl. as specified by the 
Mode Instruction. Then, depending on CTS and TxEN, 'the character. may be trans· 
mitted as a serial data stream at the TxD output. Data is shifted out by the falling 
edge of TxC at TxC, TxC/16 or TxC/64, as defined by the Mode Instruction. 

If no data characters have been loaded into the /JPD8251 and /JPD8251A, or if all 
available characters have been transmitted, the TxD output remains "high" (marking) 
in preparation for sending the START bit of the next character provided by the 
processor. TxD may be forced to send a BREAK (continuously low) by setting the cor· 
rect bit in the Command Instruction. 

The RxD input line is normally held "high" (marking) by the transmitting device. 
A falling edge at RxD signals the possible 'beginning of a START bit and 'a new 
character. The START bit is checked by testing for a "Jow" at its nominal', center 
as specified by the BAUD RATE. If a "low" is detected again, it is considered valid, 
and the bit assembling counter starts counting. The bit counter locates the approxi .. 
mate center of the date, parity (if specified), and STOP bits. The parity error flag (PE) 
is set, ,if a parity error occurs. I,nput bits are sampled at the RxD pin with the rising 
edge of RxC. If a high is not detected for the srop bit, which normally signais the end 
of an input character, a framing ~rror (FE) willl:>e set. After a valid STOP bit. the input 
character is loaded into the parallel Oata Bus Buffer of the /JPD8251 and /JPD8251A 
and the RxRDY signal is raised to ihdicate to the processor that a character is ready to 
be fetched. 'If the processcirhas failed to fetch the p'revious character, the new charac­
ter replaces the old and the overrun flag (OE) is set. All the error flags can be reset 
by setting abit in the Command Instruction. Error flag conditions will not stop sub­
sequent USART operation. 
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TYPICAL DATA BLOCK 

MODE INSTRUCTION 
DEFINITION 

ASYNCHRONOUS 
TRANSMISSION 

ASYNCHRONOUS 
RECEIVE 



MODE INSTRUCTION 
FORMAT 

ASYNCHRONOUS MODE 

TRANSMIT/RECEIVE 
FORMAT 

ASYNCHRONOUS MODE 

p.PD8251/8251A 

1 s21 S1 1 EP 1 PEN 1 L21 L1 1 B21 B1 1 

L BAUD RATE FACTOR 

0 1 0 1 

0 0 1 1 

SYNC 
I1XI 116XI 164XI MODE 

CHARACTER LENGTH 

0 1 0 1 

0 0 1 1 

5 6 7 8 
BITS BITS BITS BITS 

PARITY ENABLE 
1 = ENABLE O=DISABLE 

EVEN PARITY GENERATION/CHEC 
1 = EVEN 0= ODD 

NUMBER OF STOP BITS 

0 1 0 1 

.. 0 0 1 1 

INVALID 
1 W, 2 

BIT BITS SITS 

TxD MARKING ST~ 
BITS L 

RxD START 
BIT 

TRANSMITTER OUTPUT 
DO 01 02 

i t 
I DA T ~ \-B _IT_S-,~~,--___ -, 

RECEIVER INPUT 

PROCESSOR BYTE (5-8 BITS/CHARI 

DATA C:~RACTER 
ASSEMBLED SERIAL DATA OUTPUT ITxDI 

,--S_T_BA_I~_T~ ___ D_A_T_A,~HARACTER 
TRANSMISSION FORMAT 

STOn 
BITS L 

STOn 

BITW 

SERIAL DATA INPUT IRxDI 

r---,--------il f----.----.----i tJ 
ST:I~T DATA CHARACTER ~~~; 

'------'-----1 

PROCESSOR BYTE 15-8 BITS/CHARI G> 

; l DATA CHA;ACTER 

RECEIVE FORMAT 

Notes: CD Generated by pPD8251/8251 A 
Q) Does not appear on the Data Bus. 
G) If character length is defined as 5, 6, or 7 bits, the 

unused bits are set to "zero." 

K 
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IkP D82.51 /8251 A 
As in Asynchronous transmission, the TxD putput remains "high" (marking) 
until the pPD8251 and pPD8251 A receive the first character (usually a SYNC 
character) from the processor. After a Command Instruction has set TxEN and 
after Clear to Send (CTS) goes low, the first character is serially transmitted. 
Data is shifted out on the falling edge of TxC and the same rate as TxC. 

Once transmission has started, Synchronous Mode format requires that the serial data 
stream at TxD conti.nue at the TxC rate or SYNC will be lost. If a data character is 
not provided by the processor before the pPD8251 and pPD8251A Transmit 
Buffer becomes empty, the SYNC character(s) loaded directly following the Mode 
Instruction will be automatically inserted in the TxD data stream. The SYNC 
character(sl are inserted to fill the line and maintain synchronization until new data 
characters are available for transmission. If the pPD8251 and pPD8251A become 
empty, and must send the SYNC character(sl. the TxEMPTY output is raised to signal 
the processor that the Transmitter Buffer is empty and SYNC characters are being 
transmitted. TxEMPTY is automatically reset by the next character from the processor. 

I n Synchronous Receive, character synchronization can be either external or internal. 
If the internal SYNC mode has been selected, and the Enter HUNT (EH) bit 
has been set by a Command Instruction, the receiver goes into the HUNT mode. 

Incoming data on the RxD input is sampled on the rising edge of RxC, and the 
Receive Buffer is compared with the first SYNC character after each bit has been 
loaded until a match is found. If two SYNC characters have been programmed, the 
next received character is also compared. When the SYNC character(s) programmed 
have been detected, the pPD8251 and pPD8251A leave the HUNT mode and are in char· 
acter synchronization. At this time, the SYNDET (output) i.s set high. SYNDET is 
automatically reset by a STATUS READ. 

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

Parity and Overrun Errors are treated the same in the Synchronous as in the 
Asynchronous Mode. If not in HUNT, parity will continue to be checked even 
if the receiver is not enabled. Framing errors do not apply in the Synchronous 
format. 

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

07 D6 05 04 03 02 D1 DO 

I ses I ESD I EP I PEN I L21 L, I 0 I 0 I 

I 
I 

I 
I 
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CHARACTER LENGTH 

0 1 0 1 

0 0 1 1 

5 6 7 8 
BITS BITS BITS BITS 

PARITY ENABLE 
11 ENABLE) 
10 DISABLE) 

.. EVEN PARITY GENERATION/CHE 
1 EVEN 
0 ODD 

EXTERNAL SYNC DETECT 
1 SYNDEr IS AN INPUT 
0 SYNDET IS AN OUTPUT 

51 NG LE CHARACTER SYNC 
1 SINGLE SYNC CHARACTER 
o DOUBLE SYNC CHARACTER 

eK 

SYNCHRONOUS 
TRANSMISSION 

SYNCHRONOUS 
RECEIVE 

MODE INSTRUCTION 
FORMAT 
SYNCHRONOUS MODE 



TRANSMIT/RECEIVE 
FORMAT 

SYNCHRONOUS MODE 

COMMAND INSTRUCTION 
FORMAT 

p,PD8251/8251A 

PROCESSOR BYTES 15-8 BITS/CHARI 

DATA C~A:RACTERS " 

ASSE~1BLED SERIAL DATA OUTPUT ITxDI 

DA T A, CH A RS-:_CT_E_R_S ___ .J 

TRANSMIT FORMAT 

SERIAL DATA INPUT IRxDI 

DAT~CHAR;~_C_TE_R_S ____ ~ 
PR'OCESSOR BYTES 15-8 BLTS'CHARI CD 

I DATAC:~ 
RECEIVE FORMAT 

Note: CD If character length IS defined as 5, 6 01" 7 bits, the unused 

bits are set to "zero." 

After the fUflctional definition of the pPD8251 and pPD8251A has been specified by 
the Mode Instruction and the SYNC character(s) have been entered (if in SYNC mode), 
the USART is ready to receive Command Instructions and begin communication. A 
Command Instruction is used to control the specific operation of the format selected 
by the Mode Instruction. Enable Transmit, Enable Receive, Error Reset and Modem 
Controls are controlled by the Command Instruction. 
After the Mode Instruction and the SYNC character(s) (as needed) are loaded, all 
subsequent "control writes" (C/O = 1) will load or overwrite the Command Instruction 
register. A ReSet operation (internal via CMD IR or external via the RESET input) 
will cause ;the pPD8251 and pPD8251A to interpret the next "control write", which 
must immediately follow the reset, as a Mode Instruction. 

STATUS READ FORMAT It is frequently necessary for the processor to examine the status of an active 
interface device to determine if errors have occurred or if there are other conditions 
which require a response from the processor. The pPD8251 and pPD8251A have 
features which allow the processor to read the device status at any time. A data fetch 
is issued by the processor while holding the C/O input "high" to obtain device Status 
Information. Many of the bits in the status register are copies of external pins. This 
dual status arr<lngement allows the pPD8251 and pPD8251 A to be used in both Polled 
and interru'pt driven environments. Status update can have a maximum delay of 16 
clock periods in the pPD8251 and 28 clock periods in the pPD8251 A. 

PARITY ERROR When a parity error is detected, the PE flag is set. It is cleared by setting the 
ER bit in a subsequent Command Instruction. PE being set does not inhibit USART 
operation. 

OVERRUN ERROR If the processor fails to read a data character before the one following is available, 
the OE flag is'Set. It is cleared by setting the E R bit in a subsequent Command 
Instruction. Although OE being set does not inhibit USART operation, the 
previously received charact~r is overwritten and lost. 

FRAMING ERROR CD If a valid STOP bit is not detected at the end of a character, the FE flag is set. It 
is cleared by setting the ER bit in a subsequent Command Instruction. FE being set 

does not inhibit USART operation. 

Note: CD ASYNC mode on!y. 
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I - I SYNDET I I I DSR 
IBD 

FE DE PE 

I 1 

'----

I T,E 

1 

TRANSMIT ENABLE 
1'" enable 
0= disable 

DATA TERMINAL 
READY 
I'high" will force i5TR 
output to zero 

RECEIVE ENABLE 
1'" enable 
0= disable 

SEND BREAK 
CHARACTER 
1 = forces TxD "low" 
0= normal operation 

ERROR RESET 
1 = reset all error flags 

PE, CE, FE 

REQUeST TO SEND 
"high" will force RTs 
output to zero 

INTERNAL RESET 
"high" returns USART to 
Mode Instruction Format 

ENTER HUNT MODE 
1 '" enable search for Sync 
Characters G) 

D, DO 

I R,RDY I hRDY I 
1 ,--, 

SAME DEFINITIONS AS 110 PINS 

PARITY ERROR 
The PE flag IS set when a paritY 
error is detected. It is reset by 
the ER bit of the Command 
Instruction. PE does not t'nhibit 
operation of the /.IPD8251 and 
.uP08251A. 

OVERRUN ERROR 
The OE flaj;! is set when the CPU 
does not rl:!ad a character before 
the next one becomes available. 
It is reset by the ER bit of the 
Command Instruction. OE does 
not inhibit operation of the ~PDB251 
and ~PDB251 A; but, the pre· 
viously overrun character IS lost. 

FRAMING ERROR (Async only) 
The FE flag is set when a valid 
Stop bit is not detected at the 
end of every character. It IS reset 
by the EA bit of the Command 
Instruction. FE'does not Inhibit 
the operation of the .,uPDB251 and 

Notes: CD No effect m ASYNC mode. 
pPDB251A. 

- ---
@ TxADY status bit IS not totally equIvalent to the TxRDY output pm, the relationship 

is as follows: 

TxADY status bit = DB Buffer Empty 

TxADY (pin 15) = DB Buffer Empty _ CTS. TxEn 

COMMAND INSTRUCTION 
FORMAT 

STATUS READ FORMAT 



APPLICATION OF THE JlPD8251 
AND JlPD8251A 

p.PD8251 /8251 A 

ASYNCHRONOUS SERIAL INTERFACE TO CRT TERMINAL, 
DC to 9600 BAUD 

PHONE 
LINE 

INTER· 
FACE 

TELEPHONE 
LINE, 

ASYNCHRONOUS INTERFACE TO TELEPHONE LINES·· 

SYNCHRONOUS 
TERMINAL 

OR PERIPHERAL 
DEViCE 

SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE 

PHONe 
LINE 

iNTER­
FACE 

t 
TELEPHONE 

LINE 

SYNCHRONOUS INTERFACE TO TELEPHONE LINES 
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fLPD8251/8251A 

Plastic 

ITEM MILLIMETERS 

A 38.0 MAX. 

B 2.49 

C 2.54 

0 0.5' 0.1 

E 33.02 

F 1.5 

G 2.54 MIN. 

H 0.5 MIN. 

I 5.22 MAX. 

J 5.72 MAX. 

K 15.24 

L 13.2 

M 025 +0.10 
. 0.05 

Ceramic 

ITEM MILLIMETERS 

A 36.0 MAX. 

B 1.5 MAX. 
I--~- -----_._-

C 2.54 

0 0.50 . 0.1'·"·'-

E 33.0 

F 1.27 

G 3.2 MIN. 

H 1.0 MIN 

I 3.3 MAX. 
r-----

J 5.2 MAX. 

~- 15.3 

i L 13.9 

I __ M_ 0.30 ± 0.1 

348 

INCHES 

1.496 MAX. 

0.098 

0.10 

0.02 , 0.004 

1.3 

0.059 

0.10 MIN. 

0.02 MIN. 

0.205 MAX. 

0.225 MAX. 

0.6 

0.52 

+ 0.004 
0.01 0.002 

INCHES 

1.41 MAX. 

0.059 MAX ---_.-
0.1 -----
0.02 • 0.004 

1.299 

0.05 

0.126 MIN 

0.04 MIN 

0.13 MAX. 

0.20 MAX. 

0.60 

0.55 

0.012 .+_ 0.004 

PACKAGE OUTLINES 
j.lPD8251C/D 
j.lPD8251 ACID 

SP8251 /8251 A-10-78-GN-CA t 



NEe 
NEe Microcomputers, Inc. p.PD8253 

p.PD8253·5 

PROGRAMMABLE INTERVAL TIMER 

DESCR I PTION The NEC J.lPD8253 contains three independent, programmable, multi-modal 16-bit 
counter/timers. It is designed as a general purpose device, fully compatible with the 
8080 family., The J.lPD8253 interfaces directly to the busses of the processor as an 
array of I/O ports. 

The J.lPD8253 can generate accurate time delays under the control of system software. 
The three independent 16-bit counters can be clocked at rates from DC to 2 MHz. The 

system software controls the loading and starting of the counters to prQvide accurate 
multiple time delays_ The counter output flags the processor at the completion of the 
ti me-out cye! es. 

System overhead is greatly improved by relieving the software from the maintenance of 

timing loops. Some other common uses for the J.lPD8253 in microprocessor based 
systems are: 

• Programmable Baud Rate Generator 

• Event Counter 

• Binary Rate Multiplier 

• Real Time Clock 

• Digital One-Shot 

• Complex Motor Controller 

F EATU R ES • Three Indpendent 16-Bit Counters 

PIN CONFIGURATION 

• Clock Rate: DC to 3 MHz 

• Programmable Counter Modes 

• Count Binary or BCD 

• Single +5 Volt Supply 

• 24 Pin Dual-In-Line Plastic Package 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

ClK 0 

aUTO 

GATE 0 

GND 

Rev/2 

VCC 

WR 

RD 

CS 

A1 

AO 

ClK 2 

OUT2 

GATE 2 

ClK 1 

GATE 1 

OUT1 

PIN NAMES 

D7-DO Data Bus 18-Bitl 

ClK N Counter Clock Inputs 

GATE N Counter Gate Inputs 

OUT N Counter Outputs 

RD Read Co-unter 

WR Write Command or Data 

CS Chip Select 

AO,A1 Cou nter Select 

VCC +5 Volts 

GND Ground 
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JLPD8?53 
Data Elus Buffer 
The 3·state, 8·bit, bi·directional Data Bus Buffer interfaces the tLPD8253 to the 8080A. 
microprocessor system. It will transmit or receive data in accordance with the INput or 
OUTput instructions executed by the processor. There are three basic functions of the 
Data Bus Buffer. 

1. Program the modes of the tLPD8253 
2. Load the count registers. 
3. Read the count values. 

Read/Write ·Logic 

. The Read/Write Logic controls the overall operation of the tLPD8253 and is governed 
by inputs received from the processor system bus. 

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

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

RD (Read) 

This active·low signal instructs the tLPD8253 to transmit the selected counter value to 
the processor. 

WR (Write) 

This active·low signal instructs the tLPD8253 to receive MODE information or counter 
input data from the processor. 

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

CS (Chip Select) 

The tLPD8253 is enabled when an active·low signal is applied to this input. Reading or 
writing from this device is inhibited when the chip is disabled. The co~nter operation, 
however, is not af~ected. 

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

'r. the count data. 

The programmer, with READ operations, has access to each counter's contents. The 
tLPD8253 contains the commands and logic to read each counter's contents while still 
counting withoutdisturbing its operation. 

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

CS RD WR A1 AO FUNCTION 
0 1 0 0 0 Load Counter No. 0 
0 1 0 0 1 Load Counter No.1 
0 1 0 1 0 LOdJ Counter No.2 

0 1 0 1 1 Write Mode Word 
0 0 1 0 0 Read Counter No. 0 

0 0 1 0 1 Read Counter No_ 1 

0 0 1 1 0 Read Counter No.2 
0 0 1 1 1 No-Operation,3-State 
1 X X X X Disable, 3-State 

0 1 1 X X No-Operation, 3·State' 
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BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

J-LPD8253 
r--------------~------------------, 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

07- 0 0 : ~LOCK 0 

A, 

AO 

PROCESSOR 
ADDRESS 

BUS 

IlOW 

liOR 

PROCESSOR 
DATA 
BUS 

Operating Temperature 
Storage Temperature. 

Voltage on Any Pin ... 

I 

WR 

Rci 

A, 

AD 

READ/ 
WRITE 
LOGIC 

CS 

OUT U 

OlJT 2 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I . I 
I J.lPD82S3 I 
~-------------------~---------------~ I 

00 C to +70°C 
- 65° C to +125° C 

-0.5 to +7 Volts(i) 

Note: G) With respect to ground. 

COMMENT: Stress -a-bove 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 
realiability_ 

*Ta~25"C 

DC CHARACTE R ISTI CS Ta = o°c to +70°C; VCC ~ +5V ± 5% 

LIMITS 
TEST 

PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input Low Voltage VIL -0.5 0.8 V 

Input High Voltage VIH 2.0 VCC+0.5 V 

Output Low Voltage VOL 0.45 V IOL ~ 2.2 mA 

Output High Voltage VOH 2.4 V IOH ~-400 itA 

I nput Load Current IlL 110 itA VIN ~ Vccto 0 V 

Output Float Leakage Current IOFL ±10 itA VOUT~VCCtoOV 

VCC Supply Current ICC 95 mA 

CAPACIT ANCE Ta = 25"C; VCC ~ GND ~ OV 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Input Capacitance CIN .. 10 pF Ie ~ 1 MHz 

Input/Output Capacitance CliO 20 pF Unmeasured pins returned 
to VSS. 
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JLPD8253 
Ta '" O°C to +70°C; Vee'" +5V ± 5%; GND "" OV AC CHARACTERISTICsCD 

LIMITS 

PARAMETER SYMBOL ~PD8253 I "PD8253-5 

MIN ITYP IMAX IMIN ITYP IMAX 

UNIT 
TEST 

CONDITIONS 

READ 

Address Stable Before READ tAR 50 50 ns 

Address Hold Time for READ tRA 5 5 ns 

REAiS Pu'lse Width tRR 400 300 ns 

Data Delay from"R'!AD tRO 300 200 ns CL-l00pF 

READ to Data Floating tOF 25 125 25 100 ns CL-l00pF 

WRITE 

Address Stable Before WR ITE tAW 20 20 ns 

Address Hold Time for "WRTi'E tWA 20 20 ns 

WA I TE Pul se Width tww 400 300 ns 

Data Set Up Time for""WRTiE tow 200 200 ns 

.Data Hold Time for WRITE two 40 30 ns 

Recovery Time Between WR rES tRV 1 1 "S 
CLOCK AND GATE TIMING 

Clock Period tCLK 300 DC 300 DC ns 

High Pulse Width tpWH 200 200 ns 

Low Pulse Width tpWL 100 100 ns 

Gate Pulse Width High tGW 150 150 ns 

Gate Set Up Time to Clock t tGS 100 100 ns 

Gate Hold Time After Clock t tGH 50 50 ns 

Low Gate Width tGL 100 100 ns 

Output Delay from Clock t too 300 300 ns CL" 100pF 

Output Delay from Gate tOOG 300 300 ns CL-l00pF 

Note: <D AC Timing Measured at VOH '" 2.2V; VOL'" a.sv. 

TIMING WAVEFORMS 

READ TIMING 

QATABUS 

WRITE TIMING 

elK 

GATE G 

OUTPUT 0 

------------~-'1~-----"~--------
"---I._tODG 

CLOCK AND GATE TIMING 
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PROGRAMMING 
THE ,uPD8253 

fLPD8253 

The programmer can select any of the six operational MODES for the countersusing 

system software, Individual counter programming is accomplished by loading the 

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

CONTROL WORD FORMAT 

SC - Select Counter 

SC1 SCQ 

0 0 Select Counter 0 

0 1 Select Counter 1 

1 0 Select Counter 2 

1 1 Invalid 

R L - Read/Load 

RL 1 RLQ 

0 0 Counter, Latching Operation 

1 0 Read/Load Most Significant Byte Only 

0 1 Read/Load Least Significant Byte Only 

1 1 Read/Load Least SignificantByte First, Then Most 

Significant Byte 

BCD 

Binary Counter, 16-Bits 

BCD Counter, 4-Decades 

M-Mode 

M2 M1 MO 

0 0 0 Mode 0 

0 0 1 Mode 1 

X 1 0 Mode 2 

X 1 1 Mode 3 

1 0 0 Mode 4 

1 0 1 Mode 5 
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fLPD8253 

Each of the three counters can be individually programmed with different operating OPE RATIONAL MODES CD 
MOD ES by appropriately formatted" Control Words. T~:~ fpllowing is a summary of the 
MODE operatj,ons. 

Mode 0: Interrupt 0'1 Terminal Count " 
The initial MODE set operation forces the OUTPUT low. When the specified counter is 
loaded with the ~ourit value, it will begin counting. The OUTPUT will remain low until 
the terminal count sets it high. It will remain in the high state until the trailing edge of 
the second WR pulse loads in COUNT qata, If data is lo~ded dUring the counting 
process, the first WR stops the count. Counting starts with the new count data triggered 
by the falling clock edge after the secondWR. "If a GATE pulse is asserted while count­
ing, the count is termin~ted for the quration of GATE." The falling edge of ClK foflow· 
ing the removal of GATE restarts counting from"the termil1ated point. "-

OUTPUT 
IINTEHRUPTI 

Mode 1: Programmable One-Shot 

, i 
i-.n------l ,- " 

~ '7--'--'-' -;',--;;'0 

The OUTPUT is set low by the falling edge of CLOCK followin~ the trailing edge of 
GATE. The OUTPUT is set high again at the terminal cOl-lnt. The output pulse is not 
affected if new count data is loaded while the OUTPUT is low. The "ew data will be 
ioaded on the rising edge of the next trigger pulse. The assertion of a trigger pulse 
while OUTPUT is low, resets and retriggers the One-Shot. The OUTPUT will remain 
low for the full count value after the rising edge of TRIGGER. 

GATE 
ITRIGGERI 

Mode 2: Rate Generator 

J1.f1JU1JU1JU1. 

'--__ ---'r---

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

GATE. JU1J1.fUUU1JUU1 

GAi'E' 
(RESET) ~ 

Note: (j) All internal counter events occur at the !alling edge of the associated clock in all modes of 
operation. 
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OPERATIONAL MODES CD 
,(Cant) 

fLPD8253 
Mode 3: Square Wave Generator 

MODE 3 resembles MODE 2 except the OUTPUT will be high for half of the count and 

low for the other half (for even values of data), For odd valu1ls of count data the OUT­

PUT will be high one clock ftcle longer than when it is low (High Period -+ N ~ 1 

clock cycles; Low Period -> ~ clock periods, where N is the decimal value of count 

data), If the count register is reloaded with a new value during counting, the new value 
will be reflected immediately after the output transition of the current count, 

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

OUTPUT n 

OUTPUT" 

GATE 
[RESET) 

PUTPUT n 

0141 3 2 1 0[41 3 2 I 0141 3 2 I 0141 

0151 4 3 2 1 0151 4 3 2 1 0151 4 3 

.~ 

0141 4 3 2 1014).3 2 10[41 

Mode 4: Software Triggered Strobe 

The OUTPUT goes high when MODE 4 is set, and counting begins after the second 
byte of data has been loaded, When the terminal count is reached, the OUTPUT will 

pulse low for one clock period, Changes in count data are reflected in the OUTPUT as 

soon as the new data has been loaded into the count registers. During the loading of 
new data, the OUTPUT is held high and counting is inhibited, 

The OUTPUT is held high for the duration of GATE, The counters are reset and 

counting begins from the full data value after GATE is removed. 

OUTPUT" 

GAT~", 

UUTPur.) 

JlJLJlJU1JU1JU1J1JlJlJ1 
led 

u 

Mode 5: Hardware Triggered Strobe 

Loading MODE 5 sets OUTPUT high. Counting begins when count data is loaded and 

GATE goes high, After terminal count is reached, the OUTPUT wi'l pulse low for one 

clock period, Subsequent trigger pulses will restart the counting se';uence with the 

OUTPUT pulsing Iowan terminal count following the last rising ecge of the trigger 

input (Reference bottom half of timing diagram), 

rT~~J(~Ef11 

OUTPUT" 
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NE'C 
NEe Microcomputers, Inc. fLPD8255. 

fLPD8255A·5* 

DESCRIPTION 

PROGRAMMABLE PERIPHERAL INTERFACES 

The pPD8255 and pPD8255A-5 are general purpose programmable INPUT/OUTPUT 
devices designed for use with the 8080A/8085A microprocessors. Twe~ty-four (24) 

I/O lines may be programmeq in two groups of twelve (group! and groupII)~nd used 
in three modes of operation. In the Basic mode, (MODE 0), each group of twelve I/O 
pins may be programmed ih sets of 4 to be input or output. In the Strobed mode, 
(MODE 1), each group may be programmed to have 8 I ines of input or output, Three 
of the remaining four pins in each group are used for handshaking 'strobes and interrupt 
control signals. The Bidirectional Bus made, (MODE 2), uses the8 lines of Port A for 
a bidirectional bus, and five lines from Port C for bus control signals': The pPD8255 
and pPD8255A-5 are packaged in 40'pin plastic dual-in-I ine packages. 

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

• All Inputs and Outputs TTL Compatible 

• 24 Pn;>grammable I/O Pins 

• Direct Bit SET/RESET Eases Control Application Interfaces 

• 8 - 2 mA Darlington Drive Outputs for Printers and Displays (}.lPD8255) 

• 8 - 4 mA Darlington. Drive Outputs for Printers and Displays (pPD8255A-5) 

• LSI Drastically Reduces System Package Count 

• Standard40 Pin Dual-In-Line Plastic Package 

PIN CONFIGURATION PA3 PA4 
PA2 PA5 
PAl PA6 PIN NAMES' 
PAa PA7 
RD WR 07-0 0 Data Bus (Bi-Dlrectional) 

cs RESET RESET Reset Input 

GND DO 
A1 D1 
Aa 

pPD 
D2 

PC7 
8255/ D3 

PC6 8255A-5 D4 
PC5 D5 
PC4 D6 
PCa D7 

CS ChiP Select 

RO Read Input 

WR Write Input 

Ab, Al Port Address 

PA].-Mo Port A (Bit) 

PB1-PBo Port 8 (Bit) 

PC7-PCO Port C (Bid 

VCC +5 Volts 

GNO o Volts 

PC, vcc 
PC2. PB7 
PC3 PB6 
PCa PB5 
PC, P,B4 
PC2 PB3 

* All data pertaining to the pPD8255A-5 is preliminary. 

Rev/2 
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J.L PQ8255/8255A·5 

General FUNCTIONAL DESCRIPTION 
The /lPDS255 and/lPD8255A-5 Programmable Peripheral Interfaces (PPllare designed 
for use in SOSOA/SOS5A microprocessor systems. Peripheral equipment can be effectively 
and efficiently interfaced to the S080A/SOS5A data and control busses with the /lPDS255 
and /lPD8255A:5. The /lPDS255 and /lPDS255A.5 are functionally configured to be 
programmed by system software to avoid external logic for peripheral interfaces. 

Data Bus Buffer 

The 3-state, bidirectional, eight bit Data Bus Buffer (DO·D7) of the /lPDS255 and .. 
/lPDS255A-5 can be directly interfaced to the Pfoce'lor's system Data Bus (DO·D7). 
The Data aus Buffer is controlled by execution of IN and OUT instructions by the 
processor. Control Words and Status information are also transmitted via the Data Bus 
Buffer. 

Read/Write and Control Logic 

This block manages all of the internal and external transfers of Data, Control and 
Status. Through this block, the processor Address and Control busses can control the 
peripheral.interfaces. . . 

Chip Select, CS,. pin 6 

A Logic Low, VI L. on this input enables the /lPDS255 and /lPDS255A-5 for com· 
munication with the SOSOA/SOS5A. 

Read, RD, pin 5 

A Logic Low, VIL, on this input enables the MPDS255 and /lPDS255A-5 to send Data 
or Status to the processor via the Data Bus Buffer. 

Write, WR, pin 36 

A Logic Low, VIL, on this input enables the Data Bus Buffer to receive Data or Con· 
trol Words from the processor. 

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

These two inputs are used in conjunction with CS, RD, and WR to control the selec· 
tion of one of three ports on the Control Word Register. AO and A 1 are usually 
connected to AO and Al of the processor Address Bus. 

Reset, pin 35 

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

Group I and Group II Controls 

Through an OUT instruction in System S.oftware from the processor, a control wOrd 
is transmitted to the pPDS255 and /lPDS255A-5. Information such as "MODE," . 
"Bit SET," and "Bit RESET" is used to initialize the functional configuration of each 
I/O port. 

Each group (I and II) accepts "commands" from the Read/INrite Control Logic and 
"control words" from the internal data bus and.in turn controls its associated I/O 
ports. 

Group I - Port A and upper Port C (PC7-PC4) 
Group II - Port Band 10iNer Port C (PC3-PCO) 

While the Control Word Register can be written into, the contents cannot be read back 
to the processor. - , 

Ports A, B, and C 

The three S·bit I/O ports (A, B, and C) in the /lPDS255 and /lPDS255A-5 can aU be 
configured to meet a wide variety of functional requirements through system software. 
The effectiveness and flexibility of the /lPDS255 and 'J,lPDS255A-5 is further 
enhanced by special features unique to each of the ports. 

Port A = An S·bit data output latch/buffer and data input latch. 
Port B = An S·bit data input/output latch/buffer and an S·bit data input buffer. 
Port C = An S·bit output latch/buffer and a data input buffer (input not latched). 

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

ABSOLUTE MAXIMUM 
RATINGS' 

DC CHARACTERISTICS 

CAPACITANCE 

fL PD8255/8255A·5 

,,----~ 

Operating Temperature 
Storage Temperature .. 

o°C to +70°C 
-65°C to +125°C 

All Output Voltages CD. -0.5 to +7 Volts 
All Input Voltages CD -0.5 to +7 Volts 
Supply Voltages G) ... -0.5 to +7 Volts 

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 specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

LIMITS 

PARAMETER SYMBOL 

,tIPD8255 j.jPD8255A-5 

MIN TVP MAX MIN TYP MAX UNIT 
TEST 

CONDITIONS 

~~t Low Voltage V,L 

InfJut High Voltage V,H 

vss-o.s 08 -0.5 

2 Vee 

08 V 

Vce v 

Output Low Voltage VOL 0.4 

Output High Voltage VOH 2.4 2.4 V 

Darlington Drive Current 10H(' -2 -4 mA VOH - 1.5V. REXT 7bO~l 

Power Supply Current ICC 40 120 40 120 mA Vce - t 5V. Output Open 

Input Leakage Current ILiH 10 10 MA VII\)'o Vec 

Input leakage Current Ilil -10 -10 MA VIN D.4V 

Output leakdge Current IlOH 10 10 MA VOUT - Vec, CS ~ 20V 

Output leakage Current IlOl -10 -10 MA VOUT -- a 4V. CS 20V 

Notes. CD Any set of eight 181 outputs from either POri A, 1:3, or C can ,(JUice 2 mA into 1 5V fa' j.lP08255. or 4 mA Into 
1 SV for j.lP08255A·5 

@ For ,"PD8255 10l. 1 7 mA 

For )..IP08255A-5 10l - 2 5 mA for DB Po't. 17 mA tor PerlpFjernl Porto 

@ -100 J1S for DB POll, 50).lS lor Perlphera: Ports 

For IOH -400 tor DB Port. -200)Js for Peripheral Ports 

Ta 0 25'C; VCC 0 VSS ~ OV 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Input Capacitance CIN 10 pF Ic~lMH7 

1/0 Capacitance CI/O 20 pF LJnnwasured pins 

returned to VSS 
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fL PD8255/8255A~5 
TI - (fCtO+7O"c;VCC. +5V t. 9o;VSS· OV 

LIMITS 

08 .... .... TIlT 
PARAMETER SYMBOL MIN MAX MIN MAX UNIT CONDtTIONI 

READ 

Add .... hble B.fo ... ~ 'AR &0 

Addrea Salbli :A.fUr JI!'Ali 'RA 0 

READ PuIleWldth 'RR <G. 300 

011111 Velld From n1Ari lAD 29' 200 821515: CL .. 100 pF 
82&&A·&: CL .. , 50 pF 

Date Floet After ~ 'DF .&0 .00 M CL" lOOpF 
10 .0 N CL-15pF 

Time BetM.n 'Fi'rA6S and/or 'WRi"fEi' IAv ... ... ~ 
WRITE 

Adchel SUlbil Befont WRITE 'AW 20 

AddraI Stable Aher WR I 'WA 20 20 

wm"rrPuIIl Width - 400 300 

Data VaildToWRITE!L.E.) 'ow .0 .00 

Data V,lid After WRITE 'WD 
,. 30 

OniER TIMING 

WR-OToOutput 'Wa 000 300 8266: CI.. .. 50 pF 
8256A-6: CL .. 1 &0 pF 

pqh." Dati Betcn "I!m 'IR 
hrlpheral 0.111 Aftw Jim 'HA 50 

ACt( PuI .. WIIhh 
'A' ... 300 

mPuheWldlfl 'ST 300 BOO 

Pw. D111II Before T.E. Of STB IpS eo 0 

Per. on. After T.E. Ot STB IpH .00 180 

Jl!R'-OToOutput lAD 400 3(lO 8256: CL -110 pF 
82&SA-&: Cl -ISOpF 

~·OToOutpuIFIOIt "0 300 200 8265 {~L" SOpF 
20 20 CL" ISpF 

WFI .. , TolJll="-O _a 300 aso 

a-OloOlF.' 'AOO 450 350 

STB-OTolaF-' 'SIB 450 300 

"m5·,ToIBf-O 3E0 300 
8255: Cl .. 150 pF 

tRIB 

.RO-OToINTR-O IAIT 400 ... 
STB-1ToINTR-, 'SIT 4 .. 300 825!A-15: CL -150pF 

eR' .. 1 To INTR .. 1 tAIT 400 360 

WFf .. 0 To INTH" 0 twiT 860 850 

Notes: CD Period of Reset pulse must be at least 50 IJS during or after power on. Subsequent Reset 
puise can be 500 ns min. 

® 

INPUT FROM PERIPHERAL 

DO D7------------~;;;;~:t;;;;;;~c:~ 
t--tRO---l -tOF------I 

BASIC INPUT 

WR------------~::~'W:W:::;r_----------
tow two 

DO D7:::::::::X::~::::::::~:k:::::::: 

OUTPUT TO PERIPHERAL 

I--'W'-------j 
BASIC OUTPUT - ~PD8255 

WR ____________ ..r-'ww-. __________ _ 
tow two 

DO 07::::::::::::~::J4~::t::x:::::::: 

OUTPUT TO PERIPHERAL 

360 

-tWB-----1 

BASIC OUTPUT - pp08265A·S 

AC CHARACTERISTICS 

TIMING WAVEFORMS 
MOOEO 



TIMING WAVEFORMS 
(CONT.) 

MODE 1 

MODE 2 

fL P D825518255A·5 

WR-----..� 

OBF ------+-+--+--.I 

INTR ------i-.... Il 

twiT 

ACK-------+-----~-~I 

OUTPUT TO PERIPHERAL 

STB FROM PERIPHERAL 

IBF _ ..... ____ "1 

INTR----------t-~ 

R5-------~-~~~I~~~c:====t---

INPUT FROM 
PERIPHERAL -----------...;-

WRITE 
OATA FROM ~PD8080A TO ~PD8255 AND ~PD8255A 

INTR 

ACK FROM PERIPHERAL 

STB FROM PERIPHERAL 

IBF -------~ 

PERIPHERAL 
BUS 

tRIB 

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

PERIPHERAL TO ~PD8255 
AN D ~PD8255A-5 

~PD8255 AND ~PD8255A:5 
TO PERIPHERAL 

READ DATA FROM 

~PD8255 AND ~FD8255A-5 
TO ~PDB080A 

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

@ When the ~PD8255A·5 is set to Mode 1 or 2,. C?BF is reset to be high (logic 1). 
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/-L PD8255/8255A·5 
The MPD8255 and MPD8255A-5 can be operated in modes (0, 1 or 2) which are selected 

by appropriate control words and are detailed below. 

• MODE 0 provides for basic Input and Output operations through each of the ports 

A, B, and C. Output data is latched and input data fol.lows the peripheral. No "hand­

shaking" strobes are needed. 

16 different configurations in MODE 0 

Two S-bit ports and two 4-bit ports 

Inputs are not latched 

Outputs are latched 

MODE 1 provides for Strobed Input and Output operations with data transferred 

through Port A or B and handshaking through Port C. 

Twc I/O Groups II and III 

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

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

MODE 2 provides for Strobed bidirectional operation using PAO-7 as the bidirec­

tionallatched data bus. PC3-7 is used for interrupts and "handshaking" bus flow 

controls similar to Mode 1. Note that PBO-7 and PCO-2 may be defined as Mode 0 

or 1, input or output in conjunction with Port A in Mode 2. 

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

Both inputs and outputs are latched 

An additional S·bit input or output port with a 3-bit control port 

INPUT OPERATION (READl 

A, I Ao I RD I WR I cs-I 
0 0 0 1 0 PORT A ____ DATA BUS 

0 1 0 1 0 PORT B·----.-.DATA BUS 

1 I o I o I 1 o i PORT C-...DATA BUS 

OUTPUT OPERATION (WRITEl 

A, AO RD WR CS I 
0 0 1 0 0 DATA BUS-...PORT A 

0 1 1 0 I 0 DATA BUS-----...PORT B 
1 0 1 0 0 DATA BUS~PORT C r-, 1 1 0 0 DATA BUS ~CONTROL 

DISABLE FUNCTION 

A, AO RD WR CS I 
X X X X 1 I DATA BUS~ 

HIGH Z STATE 

X X 1 1 
o DATABUS~ 

I HIGH Z STATE 

NOTES G) X means "DO NOT CARE." 

L 

(l) All conditions not listed are illegal and should 
be avoided. 

I 
L __ 

MODE DEFINITION 
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BIT/RESET 

MODES 

MODE a 

MODE 1 

MODE 2 

BASIC OPERATION 

FORMATS 



PACKAGE OUTLINE 
IlPD8255C/D 

IlPD8255AC/D-5 

JL PD8255/8255A·5 

Members of the IlPD8085 Family are housed in both plastic and ceramic 40 pin 
packages. The drawings and tables below apply to all five of the NEC Microcomputer 
parts covered in this data sheet. 

A dfl J -. ----- --

G M 
0° - 15° \ \<>-

Plastic 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

B 1.62 0.064 

C 2.54 ± 0.1 0.10. ± 0.004 

0 0.5 ± 0.1 0.019 ± .0.004 

E 48.26 1.9 

F 1.2 MIN 0.047 MIN 

G 2.54 MIN 0.10.MIN 

H 0.5MIN 0.019 MIN 

I 5.22 MAX 0.206 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.600 

L 13.2 0.520 

M 0.25 
+ 0.1 

. 0.05 
+ 0.004 

0.010 0.002 

r-- . '--A 0 . ~L-. ~ f-K9j 
~I·· IIJ 
"qHUVjvvunVVITvuvvvutlG -B--n= - -lC~ -J~ I 00_lD 

Ceramic 

ITEM MILLIMETERS 

A 51.5 MAX 

B 1.62 

C 2.54'+ 0.1 

0 0.50+0.1 

E 48.26 ± 0.2 

F 1.27 

G 3.2MIN 

H 1.0MIN 

1 4.2 MAX 

J 5.2 MAX 

K lS.24 ± 0.1 

L 
+ 0.2 

13.5 _ 0.25 

M 0.30 ± 0.1 

INCHES 

2.028 MAX 

0.064 

0.100 + 0.004 

0.0197 + 0.004 

1.900+ 0.008 

0.050 

0.128 MIN 

0.04 MIN 

O.17.MAX 

O.20SMAX 

.0.6 ± 0.004 

+'0.008 
0.531 _ 0.010 

0.012 ± 0.004 

SP8255/8255A-9-78-GN-CAT 
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NEe Microcomputers, Inc. 
NEe 

fLPD8257 
fLPD8257·5 

PROGRAMMABLE DMA CONTROLLER 

DESCR IPTION The IlPD8257 is a programmable four:channel Direct Memory Access (DMA) controller 
It is designed to simplify high speed transfers between peripheral devices and memories. 
Upon a peripheral request, the 8257 generates a sequential memory address, thus 
allowing the peripheral to read or write data directly to or from memory. Peripheral 
requests are prioritized within the 8257 so that the system bus may be acquired by the 
generation of a single HOLD command to the 8080. DMA cycle counts are maintained 
for each of the four channels, and a control signal notifies the peripheral when the 
pre programmed member of DMA cycles has occurred. Output control signals are also 
provided which allow simplified sectored data transfers and expansion to other 8257 
devices for systems requiring more than fourDMA channels. 

FEATURES • Four Channel DMAControlier 
• Priority DMA Request Logic 
• Channel Inhibit Logic 
• Terminal Count and Modulo 128 Outputs 
• Automatic Load Mode 
• Single TTL Clock 
• Single +5V Supply 
• Expandable 
• 40 Pin Plastic Dual·ln·Line Package 

PIN CONFIGURATION 
IIOR A7 
IIOW A6 

MEMR A5 
MEMW A4 
MARK TC 

READY A3 

PIN NAMES 

D7-DO Data Bus 

ArAo Address Bus 

IIOR 1/0 Read 

I/OW If 0 Write 
HlDA A2 MEMR Memory Read 

ADDSTB 
IlPD 

A1 
AEN Ao 
HRO 8257/ vcc 

Cs 8257·5 Do 
ClK D1 

RESET D2 
DACK2 D3 

MEMW Memory Write 

CLK Clock Input 

RESET Reset tnput 

READY Ready 

HRQ Hold Request (to BOSOA) 

HLDA Hold Acknowledge,(from 8000A) 

AEN Address Enable 

ADSTB Address Strobe 
DACK3 ~ TC Terminal Count 

DR03 DACKO MARK Modulo 128 Mark 

DR02 DACK1 DRQ3-DRClo DMA Request Input 

DRO, D5 DACK3-DACKO DMA Acknowledge Out 

DROO D6 
GND D7 

CS Chip Select 

vCC +5 Volts 

GND Ground 

Rev/1 
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fLPD8257 
TheS257 is a programmable, Direct Memory Access (DMA) device and when used with an 8212 
1/0 port device, it provides a complete four-channel DMA controller for use in 8080 based sys­
tems. Once initialized by an 8080 CPU, the 8257 will block transfer up to 16,364 bytes of data 
between memory and a peripheral device without any attention from the CPU, and it will do 
this on all 4-DMA channels. After receiving a DMA transfer request from a peripheral, the follow­
ing sequence of events occur within the 8257. 

o It acquires control of the system bus (placing 8080 in hold mode). 

o Resolves priority conflicts if mUltiple DMA requests are made: 

o A 16 bit memory address word is generated with the aid of an 8212 in the following manner: 

The 8257 outputs the least significant eight bits (AO-A7) which go directly onto the 
add ress bus. 

The 8257 outputs the most significant eight bits (A8-A 15) onto the data bus where they 
are latched into an 8212 a.nd then sent to the high order bits on the address bus. 

o Theappropriate memory and 1/0 readlwrite control signals are generated allowing the 
peripheral to receive or deposit a data byte directly from o~ tc the appropriate memory 
location. 

Block transfer of data (e.g., a sector of data on a floppy disk) either to or from a peripheral may 
be accomplished as long as the peripheral maintains its DMA Request (DRO I. The 8257 retains 
control of the system bus as .long as DROn remains higher until the Termin~1 Count (TCI is 
reached. When the Terminal Count occurs, TC goes high, informing the CPU that the operation is 
complete. 

There are three different modes of operation: 

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

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

o DMA verify; which does not actually involve the transfer of data. 

The DMA read and write modes are the normal operating conditions for the 8257. The DMA 
verify mode responds in the same manner as read/write except no' memory or I/O read/write 
control sionals are generated, thus preventing the transfer of data. The peripheral gains control 
of the system bus and obtains DMA Acknowledgements for its requests, thus allowing it to 
access each byte of a data block for check purposes or accumulation of a CRC (Cyclic Redundancy 
Code) checkword. In some applications it is necessary for a block of DMA read or write cycles to 
be followed by a block of DMA verify cycles to allow the peripheral to verify its newly acquired 
data. 

I/OR 

I/OW 

ClK 

RESET 

AO 

A, 

A2 

A3 

cs 
A4 

A5 

AS 

A7 

CONTROL 
READY lOGIC. 

AND 
MODE 

HRO SET 
REG 

HLDA 

MEMR 

MEMW 

AEN 

ADST8 

TC 

MARK 
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.fLPD8257 
AC CHARACTERISTICS BUS PARAMETERS 

PERIPHERAL (SLAVE) MODE T,"O"Cto70"C;VCC"5V'5%;GNO"OV(j) 
r-------------~--~~--~--Ll-MI-TS------r-~-----, 

SYMBOL ~PD8257 ",PD8257-S UNIT CO~~~~ONS 
I MIN ITVP·I MAX T MINT TVP I MAX I 

PARAMETER 

Adr or CSt Hold from Rdt 0 

Data Access from Ad, , '. Tan< 300 200 CL = 100pF 

DB-Float Delav from ~di-. t50 150 Cl- '" 100 pF 
20 20 CL'" 15pF 

Ad Width 250 250 

WAITE 

CSt Setup to Wr l Tew 300 300 

CSt. Hold from Wrf TW~ 20 20 

Adr Setup to Wr ~ TAW 20 20 

Adr Hold from Wrf T •• " 

Data Setup to Wr l Tnw 200 200 

Data Hold from Wrt TWO 

WrWldth TWWS 200 200 

OTtriER TIMING 

Reset Pulse Width TRSTW 300 300 

Power Supply tlVccl Setup to ReseH TASTO SOD 

Signal Rise Time T 20 20 

Signal Fall Time 20 20 

Reset to First IOW.~, tCy. 

Note: CD-All timing measurements are made at the followmg reference voltages' unles:; speclfleg o~herWlse lnpu.t "1" 
at 2.0V, "0" at O.BV, Output "1" at 2.0V, "0" at a.BV. _ ,~ ." 

TIMING WAVEFORMS READ TIMING 
PERIPHERAL (SLAVE) MODE 

CHIP SELECT 

AOOAE$BUS~' ______ -J~ ____________ -+ __ ~ __ ~Jt' __________ ~ __ ~ 

DATA BUS 

WRITE TIMING 

Tew 
Twe 

CHIP'SELECT / 

ADDRESS BUS X II 
I----TAW.------- - -~TWA 

DATA BUS ). K 
I- TOW-- ~TWO-4 

iTcIWR ,........... 

RES ET TIMING 
I' TASTW. f.---. .1----'-
I.------ TRSTS TWWS 

RESE"! I 

!---TASTD-

Vee --A 
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jL:P08257 

Ta <= QOCto ufe; vee = +5V ± 5%; GNC = OV 

PARAMETER SYMBOL 

Cycle Time (Period) TCY 

Clock Active (High) Te 

DAat Setup to (J ~ (51, 54) TOS 

DRQ.j, Hold from HLDAt TOH 

HRQt or J, Delay frQm (J t' (51, 54) TOO, 
(measured at 2.DV) 

HRQt or.j. Delay from 8t (SI, 54) TOO1 
(measured at 3.3V) 

HLOAt or J.$etup to 9.j. (51,54) THS 

AENt Delayfroml).j. (51) TAEL 

AENl Delay from 8t (SI) TAET 

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

Adr (AB) (Active) Delay from et (S1) TFAAB 

Adr (AB) (Floa.t) Delay from 9t (SO TAFAB 

Adr (AB) (Stable) Delav from /H (51) TASM 

Adr (AB) (Stable) Hold from 6t (51) TAH 

Adr fAB) (Valid)·Hold from Rdt (51,51) TAHR 

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

Adr (Del (Active) Delay from ot (51) TFAOB 

Adr (DB) (Float) Delay from 9t (82) TAFDB 

Adr (DB) Setup to Adr Stb.!. (51·52) TASS 

Adr (OBI (Valid) Hold from Adr Stbh!{S2) TAHS 

Adr Stbt Delay from e t (51) TSTL 

Adr 5tb.j. Delay from 8 t (52) TSTT 

Adr 5tb Width (51·52) TSW 

Rd.j. or Wr (Ext)J. Delay from Adr TASC 
Stb.j. (52) 

Rd.j. or Wr (Extl~ Delay from Adr (DB) 'TO'BC 
I Float) IS2) 

DACKt or ~Oelay from 8l (52,51) and TAK' 
TC/Mark t Delay from e f (53) and 
TC/Mark .j. Delay from 8 t (54) 

Rd~ or Wr (Ext).j. Delay from 8f (52) and . To.CL 
Wr.j. Delav from e t (53) 

Rdf Delay from e ~ (51, 51l and TOCT 
Wrf Delay from e t (54) 

Rd or Wr (Active) from e t (51) "TFAC 

Rd or Wr (Floatl"irom'ef (511 T,.r 

Rd Width (52·51 or 511 TRWM 

Wr Width (53·54) TWWM 

Wr (Ext) Width (52·54) TWWME 

READY Set Up Time to 8t (53, Swl TAB 

READY Hold Time from 8t (53, Swl TRH 

Notes: CD Load = 1 TTL 

(?) Load = 1 TTL + 50 pF 

@ Load = 1 TTL+ IRL = 3,3K). VOH = 3,3V 

@ Tracking Specification 

@'''TAK<60n. 

@ "TOGL < 50 ns, 

(i) "TOCT < 50 ns 
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"LIMITS 

""OB257 .POB257.6 

MIN MAX MIN MAX 

0,320 4 0,320 4' 
120 ,BTCY BO : ,BTCY 

120 120 

0 0 

160 160 

250 250 

100 100 

300 300 

200 200 

20 20 

250 250 

150 150 

250 250 

TASM-50 TASM-50 

60 60 

300 300 

300 300 

TSTT+20 250 TSTT+20 170 

100 100 

50 50 

200 200 

140 140 

TCy-l00 TCy-l00 

70 70 

20 20 

.. 
250 250 

200 200 

200 200 

300 300 

150 150 

2TCY+ 2TCY+ 
Te-5O T.-50 

TCy-50 TCy-50 

2TCy-50 2TCY-50 

30 30 

20 20 

UNIT 

.s 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns' 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

TEST 
CONDITIONS 

4 

CD 

@ 

CD 
CD 
@ 
(?) 
(?) 
(?) 
(?) 
@ 
@ 
(?) 
(?) 
@ 
@ 

CD 

CD 
@ 
@ 

@ 

CD@ 

@@ 

@(i) 

~ 
(2) 

@ 

@ 
@ 

AC CHARACTERISTICS 
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TIMING WAVEFORMS 
DMA (MASTER) MODE 

~CONSECUTIVE CYCLES AND BURST MODE SEQUENCE '" f~CONTROL OVERRIDE S~nUENCE 

" SI I SO I S1 r S2 I S3 I S4 I S1 I S2 I S3 I S4 I SI~I S4 I SI I SI I SO 

~~~TO~~~ '-'~~ I-- \.J\JV\J 

NOT READY SEQUENCE~ 

S1 I S2 I S3 I SIN I SW I S4' I SI SI I SI 

~~~ CLOCK 

TOS 

DAOo_3 

_ j-Tonll 

"Rn 

THS.:J It TnH 

HLDA 

TAEL_ ~ 
AEN 

ADDO_7 TFAAB ... j4 
(LOWER ADR) ____ 

DATAO_7 TFADB .... ~ ... t-TAFDB 
(UPPER ADA) ___ -1---

TSTL_ ~ fTSTT I-
ADOSTa -----:- ' ... r TAK 
DACKO_3 

TFAC-oj fo-
MEMRD/I/O RD ___ '---' ~ 

___ ~ T~CL"'" r ..... '" 
.1EMWR!I!O WA __ ~--'; .-~ Il.. 

___ • 'TRS-'i. 1+-1-
READY ___ 7( 11: 

---------
TDn .... ,r-

I--

..::l --I - '---_.I 
4-THS I+- THS 

-"'" '-----.... TAET T AEL--O ~ 

.... i-- ASM -0 :~TAFAB7I r-TAEA 

-;"'-4)-
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p.PD8257 

Internally the 8257 contains six different states (SO, S1, S2, S3, S4 and SW). the DMA OPERATION 
duration of each state is determined by the input clock. In the idle state, (S1). no DMA 
operation is being executed. A DMA cycle is started upon receipt of one or more DMA 
Requests (DROn), then the 8257 enters the SO state. During state SO a Hold Request 
(HRO) is sent to the 8080 and the 8257 waits in SO until the 8080 issues a Hold 
Acknowledge (H LDA) back. During SO, DMA Requests are sampled and DMA priority 
,is resolved (based upon either the fixed or priority scheme). After receipt of HLDA, the 
DMA Acknowledge line (DACKn) with the highest priority is driven low selecting that 
particular peripheral for the DMA cycle. The DMA Request line (DROn) must remain 
high until either a DMA Acknowledge (DACKh) or both DACK n and TC (Terminal 
Count) occur, indicating the end of a block or sector transfer (burst model. 

The DMA cycle consists of four internal states; SI, S2, S3 and S4. If the access time 
of the memory or I/O device is not fast enough to return, a Ready command to the 
8257 after it reaches state S3, then a Wait state is initiated (SWl. One or more than 
one Wait state occurs until a Ready signal is received, and the 8257 is ililowed to go 
into state S4. Either the extended write option or the DMA Verify mode may 
eliminate any Wait state. 

If the 8257 should lose control of the system bus (i.e., H LOA goes low) then the 
current DMA cycle is completed, the device goes into the S1 state, and no more 
DMA cycles occur until the bus is reacquired. Ready setup time (tRS). write setup 
time (tDW). read data access time (tRD) and HLDA setup time (tOS) should all be 
carefully observed during the handshaking mode between the 8257 and the 8080. 

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

RESET 

HRQ+ HLDA 

Notes: CD HRQ is set if OROn is active. 

@ HRQ is reset if DRQn is not active. 
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Operating Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. DoC to +70°C ABSOLUTE MAXIMUM 
Storage Temperature ............................... -65°C to +150°C RATINGS* 
Voltage on Any Pin ............................. -0.5 to +7 Volts <D 
Power Dissipation ....................................... 1 Watt 

Note: <D With Respect to Ground 

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

*Ta = 25°C 

T = (joe to +70oe' v = +5V + 5%' GND = OV a ee -
LIMITS 

TEST CONDlTlbNS PARAMETER .. SYMBOL UNIT 
MIN. TYP. MAX. ,. 

Input Low Voltage VIL -0.5 O.S Volts 

Input High Voltage VIH 2.0 Vee +0.5 Volts 

Output Low Voltage VOL 0.45 V~lts IOL = 1.6mA 

Output High Voltage VOH 2.4 Vee Volts IOH - -150 itA for AB. 

DB and AEN 

IOH = -SO IlA for others 

HRQ Output High Voltage V HH 3.3 Vee Volts IOH - -SOIlA 

Vee Current Drain ICC 120 mA 

Input Leakage IlL 10 IlA VIN=Vee ::. 
Output Leakage During Float IOFL 10 IlA vOUT<l:> 

Note. <Dvee>VOUT>GND+0.45V 

T = 2SoC' VCC = GND = OV a 

LIMITS 
PARAMETER SYMBOL UNIT TEST CONDITIONS 

MIN. TYP. MAX .. 

I nput CapaCitance' CIN 10 pF Ic = 1 MHz 

I/O Capacitance CliO 20 pF Unmeasured pins 
returned to GND 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.02S MAX 

B 1.62 0.064 

e 2.:;4 ± 0.1 O.10± 0.004 

D ·0.5 ± 0.1 0.01 g ± 0.004 

E 4S.26 1.9 

F I" 1.2 MIN 0.047 MIN 

G 2.54 MIN 0.10MIN 

·H 0.5MIN 0.019 MIN' 

.1 5.22 MAX 0.206 MAX 

J 5.72 MAX 0.225 MAX 
:K 15.24 0.600 

L 13.2 0.520 
+0.1 + 0.004 

M 0.25 _ 0.05 0.010 _ 0.002 
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NEe 
NEe Microcomputers, Inc. J'PD8259 

DESCRIPTION 

J' PD8259·5* 

PROGRAMMABLE INTERRUPT CONTROLLER 

The NEC'~PD8259 is a programmable interrupt controller directly compatible with the 
8080Al8085A/~PD780(Z80TM). 'It can service eight levels of interrupts and contains 
on-chip logic to expand interrupt capabilities up to sixty-four levels with the addition 
of other ~PD8259's. The user is offered a selection of priority algorithms to tailor the 
priority processing to meet his systems requirements. These algorithms can be dynam­
ically modified during operation, expanding the versatility of the microprocessor 
system. 

FEATURES • Eight Level Priority Controller 
• P~ogrammable Base Vector Address 
• Expandable to 64 Levels 
• Programmable Interrupt Modes (Algorithms) 
• Individual Request Mask Capability 
• Single +5V Supply (No Clocks) 
• Full Compatibility with 8080A/~PD780(ZBOTM) 
• ~PD825g.5 Compatible with B085A Speeds 
• Available in 28 Pin Plastic and Ceramic Packages 

PIN CONFIGURATION cs VCC 

WR AO 

AD iNi'A PIN NAMES 

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

Os IRS RD Read Input 

05 IR5 WR Write In,put 

04 IR4 AO Command Select Address 

CAS2-CASO Cascade Lines 
03. IR3 SP Slave Program Input 
02 IR2 I lilT I nterrupt Output 
01 IR1 INTA Interrupt Acknowledge Input 

DO IRO IRO-IR7 Interrupt Request Inputs 

CASO INT CS Chip Select 

CAS1 SP 
GNO CAS 2 

*AII data pertaining t~ the ~PD825g.5 is preliminary. 

TM: Z80 is a registened trademark of Zilog, Inc. 
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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 I RO-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 IR input sets the corresponding bit in the Interrupt Request 
Register, and at the same time the INT output of the J-LPD8259 is set hig,h. The I R input 
line must remain high until the first INTA input has been received. Multiple, non­
masked interrupts occurring simultaneously can be stored in the IRR. The incoming 
INTA sets the appropriate ISR bit (determined by the programmed interrupt algorithm) 
and resets the corresponding IRR bit. The ISR bit stays high-active during the interrupt 
service subroutine until it is reset by the programmed End-of-Interrupt (EOI) command. 

PRIORITY RESOLVER 

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

DATA BUS BUFFER 

The 3-state, 8-bit, bi-directional data bus buffer interfaces the J-LPD8259 to the 
processor's system bus. It buffers the Control Word and Status Data transfers between 
the J-LPD8259 and the processor bus. 

READIWRITE 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 J-LPD8259 is enabled when an active-low signal is received at this input. Reading 
or writing of the J-LPD8259 is inhibited when it is not selected. 

WRITE (WR) 

This active-low signal instructs the J-LPD8259 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 J-LPD8259 is directly connected to the processor's INT 
input. The voltage levels of this output are compatible with the 8080's input voltage 
and timing requirements. 

INTERRUPT MASK REGISTER IIMR) 

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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FUNCTIONAL DESCRIPTION 
(CONT.) 

p.PD8259 
INTERRUPT ACKNOWLEDGE (lNTA) 

The interrupt acknowledge signal is usually received from the 8228 (system controller 
for the.8080A). The system controller generates three INTA pulses to signal the 8259 
to issue a 3-byte CA LL instruction onto the data .bus. 

AO 

AO is usually connected to the processor's address bus. Together with WR and RD 
signals it directs the loading of data into the command register or the reading of 
status data. The following table illustrates the basic operations performed. Note that 
it is divided into three functions: Input, Output and Bus Disable distinguished by the 
RD, WR, and CS inputs. . 

~PD8259 BASIC OPERATION 

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

° 0 1 0 IRR, ISR Of IR -+ Data Bus (J) 
1 0 1 0 .IMR -+ Data Bus 

PROCESSOR OUTPUT OPERATION (WRITE) 

° 0 0 1 0 0 Data Bus -+ OCW2 
0 0 1 1 0 0 Data Bus -+ 6CW3' 
0 1 X 1 0 0 Data Bus -+ ICW1 
1 X X 1 0 0 Data Bus -+ OCW1., ICW2, ICW3 (i) 

DISAaLE 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. 

(i) The sequencer logic on the ~PD8259 aligns these commands in the 
proper order_ 

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

The ID's of all ~PD8259's are buffered and compared in the cascade buffer/ com­
parator. The master ~PD8259 will send the ID of the interrupting slave device along 
the CASO, 1,2lines to all slave devices. The casc.ade buffer/comparator compares its 
preprogrammed ID to the CASO, 1, 2 lines. The next two iN'TA pulses strobe the pre­
programmed, 2 byte CALL routine address onto the data bus from the slave whose ID 
matches the code on the CASO, 1, 2 lines. 

SLAVE PROGRAM (SP). (For Use in Multiple~PD8259 Array.) 

The interrupt capability cim be expanded to 64 levels by cascading multiple ~PD8259's 
in a master-plus-slaves array. The master controls the slav~s through the CASO, 1, 2 
lines. The SP input to the. device selects the CASo-2 lines as either outputs (SP=l) for 
the master or as inputs (SP=O) for the slaves. 'For one deviqe only the SP must be set 
toa logic ''1'' since it is functioning as a master. 
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AO 

PROCESSOR PROCESSOR PROCESSOR 
ADDRESS 

BUS BUS BUS 
SLAVE 

PROGRAM CASCADE 
LINES 

INTERNAL 
BUS 

Operating Temperature ..... 
Storage Temperature .. 

. . . . . . . . . . . . . . . . . . . . . . . .. OoC to +70°C 

Voltage on Any Pin ...... . 
..... -65°Cto+125°C 

-0.5 to +7 Volts <D 
Power Dissipation ....... . ••••...•••••••.••...•••••.•.••.••• 1W 

Note: <D With respect to grou nd. 

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

Ta = 25°C; VCC = GND = OV 

LIMITS TESt 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input Capacitance CIN 10 pF fc= 1 MHz 

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

LIMITS TEST 

PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input Low Voltage VIL -0.5 0.8 V 

Input High Voltage VIH 2.0 Vee + 0.5V V 

Output Low Voltage VOL 0.45 V IOl = 2 mA 

Output High Voltage VOH 2.4 V IOH = -400 MA 

Interrupt Output- VOH-INT 2.4 V IOH = -400 MA 

High Voltage 3.5 V IOH = -50 MA 

Input Leakage Current III (IR O_71 -300 MA VIN = OV 

for IRO_7 10 MA IVIN=Vee 

Input Leakage Current III 10 MA VIN = Vee to OV 

for other Inputs 

Output Leakage Cllrrent ILOl - 10 MA VOUT = 0.45 V 

Output Leakage Current i LOH 10 MA VOUT = Vee 

v CC Supply Current ICC 100 mA 

(Plastic) 
ITEM MILLIMETERS INCHES 

38.0 MAX. 1.496 MAX. 

2.49 0.098 

2.54 0.10 

O!> ± 0.1 0.02 ± 0,004 

33.02 1.3 

1.5 0.059 

G 2.54 MIN. O.10MIN. 

O.SMIN. 0.02 MIN. 

5.22 MAX. 0.205 MAX. 

5.72 MAX. 0.225 MAX. 

15.24 0.6 

13.2 0.52 

M 0.25 ~ ~:~~ 0.01 + 0.004 
0.002 

I' A 1+-1 ~:~ 

=f~i.~nlt~n~Jlli~~ET~tif~" ~M II 
(Ceramic) 

ITEM MilLIMETERS 

0.059 MAX 

f-----c'---D ~~::'O_l 0.02 ' 0.004 

33.0 1299 

e. 0.05 

3.2MIN. 0.126 MIN 

1.0 MIN 0.04 MIN 

0.13 MAX 

S.2MAX 

0.60 

13.9 0.55 

0.30 ' 0.1 0.012 • 0.004 
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Ta = oOe to +70o e; vee = +5V + 5%· GND = OV - AC CHARACTERISTICS 

LIMITS 

8259 J 8259·5 TEST 
PARAMETER SYMBOL MIN MAXi MIN MAX UNIT CONDITIONS 

READ 

eS/AO Stable Before RD or INTA tAR 50 50 ns 

eS/AO Stable After RD or INTA tRA 50 30 ns 

R 0 Pulse Width tRR 420 300 ns 

Data Valid From RDilNTA tRD 300 200 ns CD 
Data Float After RDIINTA tDF 20 200 20 100 ns CD 

WRITE 

AO Stable Before WR tAW 50 50 oS 
AO Stable After WR tWA 20 30 ns 

es Stable Before WR tew 50 ns 

es Stable After WR twe 20 ns 

WR Pulse Width tww 400 300 ns 

Data Valid to WR IT. E.I tow 300 250 ns 

Data Valid After WR twe." 40 30 ns 

OTHER 

Width of Interrupt Request Pulse tlW 100 100 ns 

INT t After IR 1 liNT 400 350 ns 

Cascade Line Stable After INTA t 'Ie 400 400 ns 

Not.: CD For "PD8259: C L = 100 pi; lor "PD8259-5; CL = 150 pi 

READ TIMING WAVEFORMS 

CHIP SELECT 

ADDRESSBUS __ -J,. ________ ~--_+~,~-----

WRITE 

CHIP SELECT 

DATABUS, ________ ~~~~--~--~----

I/OWR 
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TIMING WAVEFORMS 
(CaNT.) 

jl.PD8259 
READ STATUS/POL.L MODE 

. Cs~,-______ / \""' ______ 1 
WR---... 

OATA':~ wml7lJ/(~JW2W 
OTHER 

IR tl~ __ t_IN_T _______ -'-I 

I NT ----.-lr- ,.\~=:::-_---:= 

'::\"'0" '."OAN~ ~ t\\\\g ~:=LJ;; 
Note: IR must stay "high" at least until the leading edge of 1st iiiiTA. 

INPUT WAVEFORMS FOR AC TESTS 

"j( 2.2 .2.2 

.. >='O"T< .JL 
0.45 . 0.8 .. 0.8 

INITIALIZATION SEQUENCE 

WR 

STORE BYTE 1 STORE BYTE 2 STORE BYTE 3 
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The IlPD8259 derives iti'versatil ity from its programmable interrupt modes and its 
ability to jump to aiw memory address through programmable CALL instructions. The 
following sequence demonstrates how the IlPD8259 interacts with the processor. 

1. An interrupt or interrupts appearing on I R0-7 sets the corresponding I R bit(s) 
high. This in turn sets the corresponding I R R bit(s) high. 

2. Once the IRR bills) has been set~ the MPD8259 will resolve the priorities 
according to the preprogrammed-interru'pt algorithm. It then issues an INT signal 
to the processo~. 

3. The processor group issues an INTA to the MPD8259 when it receives the I NT. 

4. The INTA input to the MPD8259 from the processor group sets the highest 
priority ISR bit and resets the corresponding IRR bit. The INTA also signals the 
MPD8259 to issue an 8-bit CALL instruction op-code (11001101) onto its Data 
bus lines. 

5. The CALL instruction code instructs the processor group'to issue two more 
INTA pulses to the MPD8259. 

6. The two INTA pulses signal.thellPD8259 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 I NT A re,leases the high-order 8-bits. 

7. The MPD8259's CALL instruction sequence is complete. A preprogrammed EOI 
(End-of-Interrupt) command is issued to the MPD8259 at the end of an interrupt 

service routine to reset the ISR bit and allow the MPD8259 to service the next 
interrupt. 

Two types of command words are required from the processor to fully define the 
operating modes of the MPD8259. 

380 

1. Initialization Command Words (lCWs) 

Each MPD8259 in the interrupt array must be initialized prior to nor~ operation. 
The initialization is performed by a 2 or 3-byte sequence clocked by WR pulses. 
Figure 1 shows this sequence. (Refer to Figure 2 for bit definitions.) 

READY TO ACCEPT REQUESTS 
IN FULLY NESTED MODE 

INITIALIZATION SEQUENCE - FIGURE 1. 

ICWl 

ICW2 

ICW3 

DETAILED OPERATIONAL 
DESCRIPTION 

PROGRAMMING THE 
IlPD8259 



PROGRAMMING THE 
IlPD8259 (CONT.) 

INITIALIZATION 
COMMAND WORDS 

1 and 2 (lCW1 and ICW2) 

p..PD8259 

2. Operation Command Words (OCWs) 

The operation command words are used to program the various interrupt 
algorithms listed below: 

• Fully Nested Mode 
• Rotating Priority Mode 
• Special Mask Mode 

• Polled Mode 

Once the IlPD8259 has been initialized, OCWs can be written at any time. 

When AO = 0 and D4 = 1 in a command to the ;UPD8259,together with CS = 0, it is 
recognized as Initialization Command Word 1. This is the start of the initialization 
sequence and causes the following to occur: 

• The Interrupt Request edge-sense circuitry is reset so that an input must make a 
low-to-high transition to generate its interrupt. 

• The initialization sequence clears Interrupt Mask Register to all unmasked and 
resets the Special Mask Mode and Status Read Flip-Flops. 

• I R7 input is set to priority 7. 

There are eight equally-spaced base vector addresses in memory for the eight interrupt 
inputs. The interval between the base vectoT addresses can be programmed to be either 
four or eight requiring 32 or 64 bytes in memory, respectively. The following shows 
how the address format is mapped onto the Data bus. 

D7 D6 D5 D4 D3 D2 Dl DO 

I A71 A61 A51 A41 A31 A21 All AO] 

~---------DEFINED BY 

D5'7 OF ICWI 

AUTOMATICALLY INSERTED 

BY IlPDB25.~ 

DEF INED BY ICW2 

The IlPD8259 automatically defines AO_4with a separate address for each interrupt 
input. The base vector addresses A 15-6 are programmed by ICW1 and ICW2. A5 is 
either defined by the IlPD8259 if the address interval is eight or must be user-defined if 
the interval is 4. The 8-byte CALL interval is consistent with 8080A processor R ESTAR' 
instruction software. The 4-byte CALL interval can be used for a compact jump table. 
Refer to Figure 4 for a table of address formats. 

The following is an example of an interrupt acknowledge sequence. The IlPD8259 has 
been programmed for a CALL address (base vector address) interval of eight (F = 0) and 
there is an interrupt appearing on IR4. The 3-bytesequence is strobed out to the Data 
bus by three INTA pulses. 

2NDINTA LI_A~7LI_A~6~1 __ L-~ __ L-~_0~ __ ~ 

3RDINTA 

.CALL CODE 

LOWER ROUT·INE 
ADDRESS (FROM 
FIGO~E 4) 

HIGHER ROUTINE 
ADDRESS 

3.81 
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It is only necessary to program ICW3 when there afe multiple IlPD8259s in the", , 
interrupt array, i.e., S = O. There are two types of ICW3s. The first is for programming 
the master IlPD8259. The second is for 'the slaves. 

1. ICW3-Master IlPD8259. A "1" is set in SQ.7 tor each corresponding slave ill the 
interrupt array. The,SQ.7 bits, together with SP = 1, instructs the cascade buffer/ 
comparator to send the ID of the interrupting slave on tbe CASO, 1 ,2 lines. 

2. ICW3-SLAVE IlPD8259(s). Bits D7-D3 are "don't care" bits and have no effect 
on ICW3. The ID of each slave is programmed by bits DO-2 (lDO,1,2). Once the 
master IlPD8259 has sent out the first byte of the CALL sequence, the slave 
device(s) with their SP inputs set to Logic 0, compare their I Ds appearing on the 
CASO, 1,2 lines through the cascade buffer/comparator. The slave whose ID 
matches the CASO,1,2 code then issues bytes 2 and 3 of the CALL sequence. 

Once the IlPD8259 has bee~'programmed with Initialization Comma~d Words, it can 
now be programmed for the appropriate interrupt algorithm by the Operation 
Command Words. I nterr.upt algorithms in the IlPD8259 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 OCWs. 

INTERRUPT MASKS 

'The individual Interrupt Request input linl!s 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 IlPD8259 has acknowledged 
an interrupt, i.e., the IlPD8259 has sent an I NT signal to the processor and the system 
controller has sent it an iNTA signal, the interrupt input, although it is masked, will ' 
inhibit 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 
tEOI) 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) an,d End-of-Interrupt (EOI) will be described in more 
detail further on. 

FULLY NESTED MODE 

The fully nested mode is the IlPD8259's basic operating mode. It will operate in this 
mode after the initialization sequence, requiring no Operation Command Words for 
formatting. Priorities,are setlRo through IR7 with IRO the highest priority. After the 
interrupt has been acknowledged by the processor and system controller, only higher 
priorities will be serviced. Upon receiving an INTA, the priority resolver determines the 
priority of the interrupt, the corresponding ISR bit is set, and the vector address is 
Output to the Data bus. The EOI command resets the,corresponding ISR bit at the end 
of its service routine. 

Notes: CD 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 IIi"oo~ thi"ough 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 t{) 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 IRS. 

Before Interrupts ,are Serviced: 

,IS7" IS6 ISS IS4 153 1~:;1 ISl ISO 

In-Service Re9ister,1 01 oJ I 01 01 ~' I 0 1 0 ] 

Priority Sta'tus 
Register 

,--- Highest 
Priority 

According to the Priority Status Register, I R2 has a higher priority than I RS and 
will be serv.iced first. 

:After Servicing: 

IS7 IS6 IS5 IS4 IS:3 IS2 IS, ,ISO 

In-Service Register I 0 ,I 0 1 1 1 0 1 01 0 1 0 I 0 1 

Priority Status 
Register 

• 
Highest 
Priority 

At the completion of I R2's servi'ce routine the corresponding In-Service Register 
bit, IS2 is reset to "0" by the preprogrammed EOI command, I R2 is then assigned 
the lowest'priority level in the Priority Status Register. The J.lPD82S9 is now 
ready to 'service the next'highest'interrupt, which 'In this case, is IRS: 

2. Specific R{)tate Mode 

The priorities are set by programming the lowest level through OCW2. The 
J.lPD82S9 then automatically assigns the highest priority. If, for example, IR3 is 
set to the lowe,st priority (bits L2, Ll, LO form the binary code of the bottom 
priority level), then IR4 will beset to the highest'priority. The Specific Rotate 
1VI,0de is selected by programming OCW2 in the following manner: set Rotat!! 
Priority bit "-A" 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, Ll, LO is reset. 
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END-PF-INTERRUPT (EOI) AND SPECIFIC END-OF-.INTERRUPT (SEOI) 

The End-of-Interrupt or Specific End-of-Interrupt command must be issued to reset the 
appropriate )n-Service Register bit before the completion of a service routine_ Once the 
ISR bit has been reset to logic "0," the IlPD8259 is ready to service the next interrupt. 

Two types of EOls are available to clear the appropriate ISR bit depending onthe 
IlPD8259's operating mode. 

1. Non-Specific End-of-Interrupt (EO I) 

When operating in interrupt modes where the priority order of the interrupt inputs 
is preserved (e.g., fully nested mode), the particular ISR bit to be reset at the com­
pletiol'] of the service routine can be determined. A non-specific EOI command 
will a~1pmaticallY reset 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. Spetific End-of-Interrupt (SEOI) 

When operating in interrupt modes where the priority order of the interrupt 
inputs is not preserved (e.g., rotating priority mode) the last serviced interrupt 
level may not be known. In these modes a Specific End-of-Interrupt must be 
issued to clear the ISR bit at thll completion of the interrupt service routine. 
Th~ SEOI is programmed by setting the appropriate bits in OCW3 (Figure 2) 
to logic "l"s. Both the EOI and SEOI bits of OCW3 must be set to a logic "1" 
with L2, L 1, LO forming the binary code of the ISR bit to be reset. 

SPECIAL MASK MODE 

Setting up an interrupt mask through the Interrupt Mask Register (refer to Interrupt 
Mask Register section) by setting the appropriate bits in OCWl to a logic "1" will 
inhibit lower priority interruRts from being acknowledged. In applications requiring 
that the lower priorities ~e 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 IlPD8259 remains in this mode until it is reset. The Special 
Mask Mode does not affect the higher prioritY interrupts. 

POLLED MODE 

In the Poll Mode the processor must be instructed to disable its interrupt input (INT). 
I nterrupt service is initiated through software by a Poll Command. The 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 D pulse sets the appropriate ISR bit and reads the interrupt 
priority I~vel. The Poll Mode is aone-t'ime operation and must be programmed through 
OCW3 before every read. The word strobed onto the Data bus during Poll Mode.is of 
the form: 

D7 06 D5 D4 D3 D2 Dl DO 

I I I xl X I X I X I W21 Wl I Wo 

where: 1= 1 ,if there is an interrupt requesting service 
= Oif there are no interrupts 

W2-0 forms the binary code of the highest priority 
level of the interrupts requesting service 

The Poll Mode can be used when an interrupt service routine is common to several 
interrupt inputs. The I NTA sequence is no longer required offering a saving in ROM 
space. The Poll Mode can also be used to expand the number of interrupts beyond 64. 
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READI NG IlPD8259 STATUS The following major regi.!ers' 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. 
Once it has been acknowledged, the highest priority in-service bit is reset. (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 areRIS 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 the in.terrupt levels being serviced. 
Assertion of an End-of-Interrupt (fOI) updates the ISR to the next priority level. A 
iiiiR command must be issued with OCW3 prior to issuing the RD command. Both ERIS 
and R IS should be set to a logic "1." 

INTERRUPT MASK REGISTER (8-BITS) 

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

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

CASCADING If more than eight interrupt levels are required, muitiplej.lPD8259s can be cascaded 
MU L TIPLE IlPD8259s with one master and up to eight slaves, to accolllmodate up to 64 levels of interrupt. 

\ 

As shown in Figure 5, the master device directs the appropriate slave to release its CALL 
address through its three cascade lines (CASO,1,2). 

The INT output of the slave deVices go to the IR inputs of the master device. The 
master j.lPD8259's I NT output is connected to the processor's control bus. When the 
slave device signals the master that it has acknowledged an interrupt, the master issues 
an 8080A CALL Op-code at the first INTA pulse. The master then signals that slave 
device (via CASO, 1 ,2) to issue the appropriate CALL address during the second and 
third INTA pulses. 

The slave address code is present on cascade lines 0,1,2 (active-high logic) from the 
trailing edge of the first INTA to the trailing edge of the third INTA. Each device in the 
j.lPD8259 array must be. individually initialized and can be programmed in different 
operating modes. Two End-of-Interrupt commands must be issued for the master and 
its corresponding slave. An address decoder is used to drive theChip Select inputs for 
each j.lPD8259 in the array. The·Slave Program (SP) input must be held at a logic "0" 
level for each slave device and held at logic "1" level for the master. The SP input 
selects the Cascade lines as either inputs (SP = 0) or outputs (SP = 1). 
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DeW1: 

DCW2 

OCW3: 

386 

leW1: 

ICW2: 

ICW3: 
!MasterDevicel 

ICW3: 
(Slave Oevice) 

AO 

I ' I 0 I 0 I 0 I 0 I o I 102 I 10, I 1001 

SLAVE ID 

o , 2 3 4 5 6 7 

o , o , o , o , u~ o 0 , , 0 o , , 

o 0 

FIGURE 2 

1 ~ Corresponding bit in 
IRA is masked. 

o 0 , , , , 

L----'_....1-_1-.-'_--'-_1-.---'-_ 0 ~ No mask pre~ent for 
the corresponding 
IRR bit. 

BINARY LEVEL TO BE REseT 

I 0 I R I 5EDII EOI I 0 I 0 I L2 I L, I LO I 
OR PUT INTO lOWEST PRIORITY 

I 
I L-

0 , 2 3 4 5 6 7 

0 , 0 , 0 , 0 , 
o 0 , , o 0 , , 
o 0 '0 0 , , , , 

J NON-SPECIFIC END OF INTERRUPT I 
1'" Reset the Highest Priority, 

I 0" ~~ ~fc!~~ 
I SPECIFIC END OF INTERRU'] 

1 " L2. Ll, La Bits ara used 
I 0 = No Action 

I RQTATEPR1QRITY 

I ~: ~~:a~:tate 
AI) 07 06 05 04 03 02 DJ DO 

o I - I ESMM I SMM j 0 I ' I ' I ERIS I RI~ fR'''' 10-"",,, R .. "", 

o 0 No Action 

o 1 No Action 

1 0 Reed IR Reg. on 
Next AD Pulse 

Reed IS Reg. on 
Next1!fDPulse 

Polling 

1 Read Binary Code of J 
Highest Level Reque$ting 
Interrupt on Next AD Pulse 

FIGURE 3 

o No Action 

-.t 1 Special Mask Mode 

o 0 No Action 

o 1 No Action 

1 0 Read Special Mask 

Set Special Mask 

j 

INITIALIZATION COMMAND 
WORD FORMAT 

OPERATION COMMAND 
WORD FORMAT 
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COMMAND WORD 

PROGRAMMING 

LOWER MEMORY 
INTERRUPT VECTOR 

ADDRESS 

p.PD8259 

AO 04 03 

OCWI 1 X X M7-M0 IMR (Interrupt Mask Register) WR loads IMR data while 

An reads status. 

OCW2 0 0 0 A SEOI EOI 

0 0 0 No Action 

0 0 1 Non-Specific End-of-Interrupt 

0 1 q No Action 

0 1 1 Specific-End-of-Interrupt L2. L,. LO forms binary representation 
of I evel to be reset. 

1 0 0 No Action 

1 0 1 Rotate Priority at End-oMnterru~t (Auto Mode) 

1 1 0 Rotate Priority, L2t L,. LO specifies bottom priority without 
End-af-Interrupt 

1 1 1 Rotate Priority at End-at-Interrupt (Specific Model. L.2. L.,. LO 
specifies bottom priority, and its In-Service Register bit is reset. 

OCW3 0 .0 1 ESMM SMM 

0 0 

0 1 
Special Mask not affected 

1 0 Reset Special Mask 

1 1 Set Special Mask 

EAIS AIS 

0 0 
No Action 

0 i 

1 0 Read IR Register Status 

1 1 Read 15 Register Status 

INTEAVAL =4 INTEAVAL = 8 

07 ~ 05 04 03 02 0, DO 07 Os 05 .. 04 03 02 0, DO 

IA7 A7 As AS 1 1 1 0 0 A7 .. As 1 1 1 0 0 0 

lAS A7 As A5 1 1 0 0 0 A7 As 1 1 0 0 0 0 

lAS A7 As AS 1 .0 1 0 0 A7 As 1 0 1 0 0 0 

IA4 A7 As A5 ·1 0 0 0 0 A7 AS 1 0 0 0 0 0 

IA3 A7 As A5 0 1 1 0 0 A7 As 0 1 r 0 0 0 

IA:z A7 As AS 0 1 0 O· 0 A7 AS 0 1 0 0 0 0 

IA, A7 As A5 0 0 1 O· 0 A7 As 0 0 1 0 0 0 

lAO 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 aIlIJPD8259s. 
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\ PROCESSOR ADDRESS BUS (1SI 

\ PROCESSOA CONTROL BUS 

\ PROCESSOR DATA BUS (8) 

/ / 

I 

;- r---- -- -- - --- r--- -- -- -- :------ r----- -- -- - - f----_ r. .. r-
./ 

cs Ao INT CS AO INT 

CAS 0 CAS 0 

/oIPD8269 f,lPD8259 

(SLAVE 21 CAS 1 
(SLAVE 11 CASt 

CAS' I-- CAS2 

SP IR IR IR IR IR IR IR IR Si' IR IR IR IR -IR IR IR IR 

I III f 1 It1tf,t 1 
'21 20 19 18 17 16 15 14 13 12 " 10' 9 8 

Instruction 
Number Mnemonic AO 07 Os 05 04 03 D. 0, DO Operation D-"iption , ICW' A 0 A7 A6 AS , 0 , , 0 Byte 1 Initialization, 

Format = 4, Single 

2 ICW, B 0 A7 As AS , 0 , 0 0 Byte 1 Initialization, 
Format - 4, Not Single 

3 ICW' C 0 A7 A6 AS , 0 0 , 0 Byte 1 Initialization, 
Format ,= 8. Single 

4 ICW'D 0 A7 As AS , 0 0 0 0 Byte 1 InitialiZation, 
Format"; 8, Not Single 

5 ICW2 , A,S A'4 A'3 A,2 A" A,O Ag AS Byte 2 Initialization 
(Address No.2) 

6 ICW3 M , 57 56 55 54 53 52 5, 50 Byte 2 InitialiZation -
MA5TER 

7 ICW35 , 0 0 0 0 0 52 5, 50 Byte 3 Initialization-
5LAVE 

S OCW1' , M7 Me Ms M4 M3 M2 M, MO Load Mask Register. 
Read Mask Register 

9 OCW2 E 0 0 0 , 0 0 0 0 0 Non-Specific EOI 

'0 OCW25E 0 0 , , 0 0 L2 L, LO Specific EOI. l2. l,. lO 
Code of IS to be Reset 

" OCW2 RE 0 , 0 , 0 0 0 0 0 Rotate at EOI 
IAuto Moda) 

'2 OCW2 R5E 0 , , , 0 0 L2 L, La Rotate at EOI (Specific Mode). 
L2. l1. lO Code of line to be 
Reset and Selected as Bottom 
PrioritY. 

,3 OCW2 A5 0 , , 0 0 0 L2 L, La L2. l,. lO - Code of Bottom 
Priority line. 

,4 0CW3 P 0 - .0 0 0 , , 0 0 Poll Mode 

'5 OCW3 RI5 0 - 0 0 0 , 0 , , Read I S Register 

,6 OCW3 RR 0 - 0 0 0 , 0 , 0 Reed Requests Register 

17 OCW35M 0 -, , , 0 , 0 0 0 Set Special Mask Mode 

,8 OCW3 R5M 0 - , 0 0 , 0 0 0 Reset Special Mask Mode 

Note: Insure that the processor's interrupt input is disabled during the execution of any control command and 
initialization sequence for all ",PD8259s. 
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Rea 

{ 

~ 

CS Ao INT 

CASO 

CAS1 
/oIPD8259 

(MASTER) 

CAS 2 

:;p IR IR IR IR IR IA IR IR 

vJ J 

INSTRUCTION SET 
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NEe Microcomputers, Inc. fLPD8279-5 

PROGRAMMABLE KEYBOARDIDISPLAY 
INTERFACE 

DESCRIPTION The IlPD8279-5 is a programmable keyboard and display Input/Output device. It 
provides the user with the ability to display data on alphanumeric segment di,splays 
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. Keys~rqkes are stored 
in an 8 character FIFO and can be either 2 key lockout or N key rollover. Keyboard 
entries generate an interrupt to the processor. 

FEATURES • Programmab,le 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 

• I nterrupt On Key Entry 

• Single +5 Volt Supply 

• Fully Compatible with 8080A, 8085A, IlPD780 (Z80™) 

• Available in 40 Pin Plastic Package 

PIN CONFIGURATION 
RL2 
RL3 
CLK 
IRQ 

RL4 

RL5 
RL6 
RL7 

RESET 
RD 
WR 

DBa 

DB1 

DB2 

DB3 
DB4 

DB5 

DE>6 
DB7 

VSS 

TM: Z80 is a registered trademark of Zilog. 

IlPD 
8279-5 

VCC 
RL1 
RLO 

CNTl/STB 

SHIFT 

SL3 
SL2 

SL1 

SLO 

OUT BO 
OUT B1 
OUT B2 

OUTB3 

OUT AO 
OUT A1 
OUT A2 

OUT A3 

BD 
CS 

AO 

DBO_7 

elK 

RESET 

CS 

RO 

WR 

AO 

IRO 

SLO_3 

RLO_7 

SHIFT 

CNTLlSTB 

OUT AO_3 

OUT BO_3 

BO 
'---

PIN NAMES 

Data Bus (Bi-directional) 

Clock InpUT 

Reset Input 

Chip Select 

Read InpuT 

Write Input 

Buffer Address 

Interrupt Request burput 

Scan I,-ines 

Return Lines 

Shift Input 

Control/Strobe Input 

Display (A) Outputs. 

Display (8) OutPUTS 

Bland Display Output 
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fLPD8279·S 
The,pPD8279-5 has two basic functions: 1) to control displays to output and 2) to 
control a keyboard for input. Its specific purpose is to unburden the host processor 
from monitoring keys and refreshing displays. The J.lPD8279-5 is designed to directly 
interface the microprocessor bus. The microprocessor must program the operating 
mode to the J.lPD8279-5,these modes are as fdllows: 

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. 

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

Note: <D With respect to VSS 

elK RESET OBO·7 IRQ 

CNTLlSTB 

. . . . 0° C to +70° C 

. -65°C to +125°C 
-0.5 to +7 VoltsCD 
-0.5 to +7 VoltsCD 
-0.5 to +7 VoltsCD 

. ............ 1W 

COMMENT: Stress above those listed under "Absolute Maxi~um Ratings" may cause permanent 
damage to the device. This is a stress rating only an'd'functi01lal 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 rati n9 conditions for extended periods may a,Uect device 

reliability. 
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PIN IDENTIFICATION PIN 
DESCRIPTION 

NO. SYMBOL NAME 

1,2,5, RlO·7. Return Li nes Return line inputs which are connected to the scan 
6,7,8, lines through the keys or sensor switches. They 
38,39 have active internal pullups to keepjhem high until 

a switch closure pulls one low. TheY'also serve as an 
8-bit 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. Tfui interrupt line !Joes low :With each 
FIFO/Sensor RAM read and returns high if there, 
is still information in the RAM. In a sensor mode, 
the interrupt line goes high wh~hever a chanlJ!! ir a 
sensor is detected. 

9 Reset Reset Input A high signal on this pin resets the IlPD8279;5. 

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 
bus or receive it from the external bus: 

12·19 DBO,7 Data Bus Bi·Directional data bus. All data and commands 
between the processor and the IlPD827g.'S are 

" 
transmitted on these iines. 

20 VSS Ground Power Supply Ground 
Reference 

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

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

23 SO Blank Display Blank Display. This output is used to blank the 
Output display during digit switching or by a display 

blanking command. 

24·27 OUT A()'3 Oisplay A These two port,s are the outputs for the 16 x 4 
Outputs display refresh registers. The data fro~ these out· 

28-31 OUT BO.3 Display B puts is synchronized to the scan lines (SlO·Sl3) 

Outputs for multiplexed digit displays. Tn'; two 4·bit ports 
niay be blanked iridependen,tly. These two, ports 
may also be considered as one 8-bit 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 
lines can be either encoded (1 of 16) or (jecoded 
(10f4). 

36 Shift Shift Input The shift input status is stored along with the key 
position on key closure jn the Scanned Keyboard 
modes. It h,as an active 'internal ,pullup to keep it 
high until a switch closure pulls it low. 

37 CNTLlSTB Control/ For keyboard modes this line,is used as a control 
Strobe Input input and stored like status on a k~y closure. The 

line is also the strobe line that enters the data into 
the FIFO in Strobed input mbde (Rising Edge). It 
has an active internal pull up. to 'keep it high until 
a switch closure pulls it 'low. ' 

40 VCC. +5V Input Power Supply Input 
, 

~," .. 



,.,.PD8279·S 
Ta = OCCto +70o e; vee = +5V ± 10%; VSS = OV. 

LIMITS TEST 
PARAMETER SYMBOL UNIT 

CONDITIONS MIN TYP MAX 

Input Low Voltage for Shift, VILl -0.5 1.4 V 

Control and Return Lines 

Input Low Voltage IOthersl VIL2 ··0.5 0.8 V 

Input High Voltage for. Shift, VIHl 2.2 V 

Control and Return Lines 

Input High Voltage IOthersl VIH2 2.0 V 

Output Low Voltage VOL 0.45 V IOL - 2.2 mA 

Output High Voltage on VOH 3.5 V IOH - -400!-'A 

Interrupt Line 

Input Current on Shift, IILl +10 J1A VIN Vee 
Control and Return Lines -100 J1A VIN = OV 

Input Leakage Current IIL2 ±1O J1A VIN = Vee to OV 

IOthersl 

Output Float Leakage IOFL ±1O J1A ,VOUT - Vee to OV 

Power Supply Current ICC 120 mA 

LIMITS TEST 
PARAMETER SYMBOL UNIT 

CONDITIONS MIN TYP MAX 

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 

PARAMETER 

Address Stable Before READ 

Address Hold Time for READ 

READ Pulse Width 

Data Delay from READ 

Address to Data Valid 

READ to Data Floating 

Read Cycle Time 

Address Stable Before WR ITE 

Address Hold Time for WRITE 

WR ITE Pulse Width 

Data Set Up Time for WR ITE 

Data Hold Time for WRITE 

Clock Pulse Width 

Clock Period 

392 

Keyboard Scan Time; 
Keyboard Debounce Time; 
Key Scan Time; 
Display Scan Time; 

LIMITS 
SYMBOL UNIT 

MIN TYP MAX 

READ 

tAR 0 ns 

tRA 0 ns 

tRR 250 ns 

tRD 150 ns 

tAD 250 ns 

tDF 10 100 ns 

tRCY 1 I-'S 

WRITE 

tAW 0 ns 

tWA 0 ns 

tww 250 ns 

tDW 150 ns 

tWD 0 ns 

OTHER 

t<J>W 120 ns 

tCY 320 ns 

GENERAL TIMING 

5.1 ms 
10.3 ms 
80Ms 
10.3 ms 

Digit-on Time; 
Blanking Time; 
Internal Clock Cycle; 

TEST 
CONDITIONS 

CL ~ 150 pF 

CL ~ 150 pF 

480Ms 
160Ms 

10 MS 

DC CHARACTERISTICS 

CAPACITANCE 

AC CHARACTERISTICS 



J-L P D8279·5 
TIMING WAVEFORMS INPUT FOR AC TESTS 

24 

045 

READ 

- ...... ,r-------------"1l,,---------{SYSTEM'S 
AO, CS AOOR ES& BUS) 

(READ CONTROL I 

DATABUS---------+---------r----~-------
(OUTPUTI _________ ~-~-----~--------------

WRITE 

AO. Cs {SYSTeM'S 
_..J'".. ________________ ~I\.-------_--- i\LJOHESS BUS) 

we (wr-1ITE CONTROL) 

DATABus----------""\I~-------~~r---~--------------
(INPUT) UATA MAYCII!\NGr-

CLOCK INPUT 
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p.PD8279·S 
The following is a description of each section of the t/PD8279-5. See the block 
diagram for functional reference. ) 

I/O Control and Data Buffers 

Communication to and from the t/PD8279-5 is performed by selecting CS, AO, Ri5 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. AD 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 t/PD8279-5 to be tied directly to the processor data bus. 

Timing Registers and Timing Control 

The Timing Registers store the display and keyboard modes and other conditions pro­
grammed by the processor. The timing control contains the timing counter chain. One 
counter is a divide by N scaler which may be programmed to match the processor 
cycle time. The scale; 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 c_ounter 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 Ii nes. 
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 Debol!nce and Control 

The eight return lines are buffered and latched by the return buffers. I n 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. 

FIFO/Sensor RAM and Status 

This section is a dual purpose 8 x 8 R AM. I n strobe or keyboard mode it is a 
FIFO. Each entry is pushed into the FIFO and read in order. Status keeps track of the 
number of entries in the FIFO. Too many reads or writes to the F!FO will be treated 
as an error condition. The status logic generates an IRO 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 IROis 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 pe 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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/LPD8279·5 

COMMAND OPE RATION The commands programmable to the pPD8279-5 via the data bus with CS active (0) 
and AO high are as follows: 

Keyboard/Display Mode Set 

[OJ 0101 DI D 1 K 1 K 1 K 1 
MSB lSB 

Display Mode: 

DO 

o 
o 

0" , 

1G) 

8-8-bit character display - left entry, 

16-8 bit character display - left entry 

o 8-8 bit character display - Right entry 

16-8 bit character display - Right entry 

Note: G) Power on default condition 

'Keyboard Mode: 

KKK 

0 0 
0 0' 
0 
0 1 

0 
0 

0 

0 

ci 

0 

,Encoded Scan - 2 Key lockout 

'Decoded Scan - 2 Key lockout 

Encoded S~an - N Key Roi'lover' 

Decoded Scan - N Key Rollover 

Encoded Scan-Sensor Matrix 

Decoded Scan-Sensor Matrix 

Strobed Input, Encoded Display Scan 

Strobed Input, Deqld~d bisplay Scan 

Program Clock 

Where PPPPP is the presealer value between 2 and 31 this presealer divides the external 
clock by PPPPP 10 develop its internal frequency, After reset, a default value of 31 is 
generated, 

. ." ('. 

Read FIFO/Sensor RAM 

101110lA11xlAlAIAI AO,=O 
AI is the auto-increment flag, AAA is the row to'be read by the processor, The read 
command is accomplished with (CS, RD ' NiJ by the proceSSOr, H, AI,is 1" thp row 
select counter will be increi11ented after each read, Note that auto-i~crementi,ng has 
no effect on the display, " , ,':,',,"" , 

, Read Di,splayBAM 

Where AI is'the auto-incr'erTient fhig arid' AAAA is the character which the'processor 
is about to read, 

Write Display RAM 

where AAAA is the character the process",r)s a~~u.t, to, write, 

Display Write Inhibit Blanking 

[j~J'1 xl ~ltltltJ 
Where IWA and IWB are Inhibit Writing nibble A andB respectively, a,nd S'lA, BlB 

are blanking_ When using the display as a dual 4-bit, it is necessary to mask one of the 
4·bit halves,to eliminate interaction betweert the'two,halves, Thi~'is,accornplished with 
the IW flags, The Bl flags,~Uow the programmer to blank either'balf of the display 
independently, To blank a display formatted as'a single 8-bit, it is necessary to set 

both BlA and B'lB, Default after a reset is all zeros, All signals are active high (1), 
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p.PD8279·S 
Cle~r 

0 I CD I CD I CD I CF CA 

CD CD CD 

0 X All zeros 
0 AS.= 2016 

1 All ones 
0 X X Disabl~ 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 displ~y RAM to either all zeros or all ones. 

CF clears the FI FO. 
CA clears all. 

Clearing t~e display takes one complete display scan. Durfng this time the professor 
can't write to the display RAM. 

CF will set the FIFO empty flag and reset I RO. The sensor matrix mode RAM pointer 
will then be set to row O. 

CA is equivalent to CF and CD. The display is cleared using the display clear code 
specified and resets the internal timing logic to. synchronize it. 

End Interrupt/Error MO~!I Set 

[DJT1[E t x'[x I X I >U 
In the sensor matrix mode, this instruction clears IRO and allows writing into RAM. 

In N key rollover, setting the E bit to 1 allows for operating in the special Error mode. 
See Description of FIFO status. 

FIFO Status 

1 DU 1 S/E 0 1 U 1 FIN I N I. N 

Where: DU Display Unavailable because a clear display qr clear all comm~nd is in 
progress. ' 

S/E Sensor Error flag due to multiple closure of switch matrix. 

o FIFO Overrun since an attemptwas made to push too many 
characters into the FIFO. 

U FIFO Underrun. An indication that the processor tried to read an 
empty FIFO. 

F FIFO Full Flag.· 

NNN The Number of characters presently in the FIFO. 

The FIFO Status is Read with AO high and CS, RD active low. 

The Display not available is an indication that the CD or CA command has 'lot 
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. i! 

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. 

3~6 
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COMMAND OPERATION 
(CONT.) 

PACKAGE OUTLINE 
J,LPD8279C-5 

p.PD8279·S 

Data Format 

LIC_N_T_L~I~S_H~ _____ S_C_A_N ____ -L _____ R_E_T ___ ~ 
In the Scanned Key mode, the characters in the F tFO correspond to the above format 
where CNTL and SH are the most significant bits and the SCAN and return lines are 
the scan and column counters. 

I RL7 I RL6 I RL5 I RL4 I RL3 I RL2 I RLl I RLa 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. 

a 

a 

MSB 

a I a a 

a I a 

a I a 

a I 
I I a a 

I I a 

a 

I 

Control Address Summary 

DATA 

LSB 

0 I 0 K K K Keyboard Display Mode Set 

P I P P P P Load Program Clock 

Al I X A A A Read FIFO/Sensor RAM 

Al I A A A A Read Display RAM 

Al I A A A A Write Display RAM 

x I IW 
A 

IW 
B; I BL Display Write Inhibit/Blanking 

B B 

I CD I CD CD CF I CA I Clear 

E X X X X End Interrupt/Error Mode Set 

lou I S/E 0 U F N N N FIFO Status 

A 

~~mlif' !~~~l 
' I' J 

.0'- : jet- M 0 0 _ 150 >-

Q -j 
-j c r-

- E-

(Plastic) 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

B 1.62 0.064 

C 2.54±O.1 O.10±O.OO4 

0 0.5 ± 0.1 0.019 ± 0.004 

E 48.26 1.9 

F 1.2MIN 0.047 MIN 

G 2.54 MIN O.10MIN 

H 0.5MIN 0.019 MIN 

I 5.22 MAX 0.206 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.600 

L 13.2 0.520 

+ 0.1 + 0.004 
M 0.25 0.010 

0.05 0.002 

SP827g.g. 78-G N-C AT 
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NEe Microcomputers, Inc. 

16,384 BIT ROM WITH ItO PORTS 
16,384 BIT EPROM WITH 1/0 PORTS* 

NEe 
JLPD8355 
p.PD8755A* 

DESCR IPTION The /lPD8355 and the /lPD8755A are /lPD8085A Family components with the 
/lPD8355 containing 2048 X 8 bits of mask ROM and the JlPD8755A containing 
2048 X 8 bits of mask EPROM for program development. Both components also con­
tain two general purpose 8-bit I/O ports. They are housed in 40 pin packages. are 
designed to directly interface to the /lPD8085A and are pin for pin compatible to each 
other. 

F EA TU R ES • 2048 X 8 Bits Mask ROM (/lPD8355) 
• 2048 X 8 Bits. Mask EPROM (/lPD8755A) 
• 2 Programmable I/O Ports 
• Single Power Supplies: +5V 
• Directly Interfaces to the /lPD8085A 
• Pin for Pin Compatible 
• JlPD8755A: UV Eraseable and Electrically Programmable 
• JlPD8355 available in Plastic Package 
• JlPD8755A Available in Ceramic Package 

PIN CONFIGURATIONS CE VCC CE vcc 
CE PB7 CE PB7 

ClK PB6 ClK PB6 
RESET PB5 RESET PB5 

NC PB4 VDD PB4 
READY PB3 READY PB3 

IO/iiii PB2 IOiM PB2 
lOR PB, lOR PB, 
RD PBo RD PBo 

lOW IlPD PA7 lOW JlPD PA7 
ALE 8355 PA6 ALE 8755A PA6 
ADO PA5 ADO PA5 
AD, PA4 AD, PA4 
AD2 PA3 AD2 PA3 
AD3 PA2 AD3 PA2 
AD4 PA, AD4 PA, 
AD5 PAO AD5 PAO 
AD6 A10 AD6 A10 
AD7 Ag AD7 Ag 
VSS AS VSS AS 

NC: Not Connected 

* All data pertaining to the JlPD8755A is preliminary. 
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f'PD8355/8755A 

The pPD8355 and pPD8755A 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 pPD8085A as a chip select. 

The two general purpose I/O ports may be programmed input or output at any 
time. Upon power up, they will be reset to the input mode. 

VDDG) vcc (+5V) 

8 
AD7-ADO -+-

AlO - A8 

D READY 

CE 

CE 

ALE 

RD 

[J lOW 

lOR 

ClK 

101M 

RESET 

VSS (OV) 

Note: G) VDD applies to !,PD8755A only. 

PA7·PAO 
8 

8 

Operating Temperature (pPD8355) . . . . . . . . . . . . . . . . . . . . . . .. OOC to +70°C 
(pPD8755A) .................... -10° C to +70° C 

Storage Temperature (Ceramic Package). . . . . . . . . . . . . . . . .. -65°C to +150°C 
(Plastic Package). . . . . . . . . . . . . . . . . .. -40°C to +125°C 

Voltage on Any Pin (pPD8355). . . . . . . . . . . . . . . . . . . . .. -0.3 to +7 Volts CD 
(pPD8755A) . . . . . . . . . . . . . . . . . . .. -0.5 to +7 Volts <D 

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. 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. Expos'ure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Ta = 25°C 

Ta = O°C to +70°C; VCC = 5V ± 5% 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input low Voltage VIL -0.5 0.8 V VCC = 5.ovCD 

Input High Voltage V,H 2.0 VCC+0.5 V VCC = 5.0VG) 

Output low Voltage VOL 0.45 V IOl = 2 rnA 

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

Input leakage III 10 !'A VIN = VCC to OV 

Output leakage Current ILO ±10 !'A 0.45V <;;VOUT <;;VCC 

V CC Supply Current ICC 180 rnA 

Note: CD These conditions apply to !,PD8355 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 

5CD NC 

5~ VDD 

6 Ready 

7 10/M 

8 lOR 

9 RD 

10 lOW 

11 ALE 

12·1~ ADO-AD7 

20 VSS 

21-23 A8-AlO 

24-31 J>Ao-PA7 

32-39 PBO-PB7 

40 . VCC 

Notes: CD MPD8355 
~ MPD8755A 

p,PD835518755A 

NAME FUNCTION 

Chip Enables Enable Chip' a,ctivity for 
memory or I/O 

Clock Input Used to Synchronize Rea9Y 

Reset Input Resets PA and PB to all inputs 

Not Con nected 

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

Ready Output A tri-state output whiC;hi~ 
active during data direction 
registerloaqing 

I/O or Memory An input signa! 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 110 Write Strobe In 

Address Low Indic;ltes information on 
Enable Address/Data lines is valid 

Low Address/Data Multiplexed Low Address anc! 
Bus Data Bus 

Ground Ground Reference 

High Add ress 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 
mlnibers. Any activity to and from theMPD8355 requires the chip enables to be active. 
This can be accomplished with no el(ternal decoding for multiple devices by utilizing 
the upper address lines for chip selects. CD Port activity is controlled by the following 
I/O addresses: 

AD1 ADO PQ~T 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 registers for PA and P~ are each 8-bits, any pin on PA or PB 
may be programmed as input or output (0 = in, 1 =out). 

Note: cD During ALE time the data/address lines are duplicated on A15-A8. 
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JLP D8355/8755A 

402 

PARAMeTER SYMBOL M'N 

Clock Cycle Time tCYC 320 

LIMITS 

TVP MAX UNIT 
TEST 

CONDITIONS 

T, " 80 !-=C"'LK.:.:Pc::":::''':..:W.::;d:.:''''----'--_____ I--'-'-'---+-=-+_-+-'-_+--'''--I CLOAD. ~ H~O pF 

eLK Pulse Width T2 '20 

elK Aise and Fall Time If,lr 30 

Address to Latch Set Up Time 'AL 50 

Address Hpld Time After latch 'LA 80 

Latch to READ/WA ITE Control 
" C 

100 

Valid Data Out Delav from READ Control 'RD ~ 
'AD 400 

'LL 100 
~:.:.::t::.,~::,::,.-":-:=:lbC-:':::;:':j:t.,.~',,":cO:..:".:.:' V:c'"lid'-__ j--='-+=-+_-+CC:':'-+-'----I ,150 pF Loa~ .. 

Data Bus Float After AEAD 

READ/WR,ITE Control, to Latch Enable 

READ/WRITE Control Width 

Data In to WRITE Set Up Time 

Data In Hold Time After WAITE 

WRITE to Port Output 

POft Input Set Up Time' 

Port Input Hold Time 

READY HOlQ TIME 

ADDRESS (CEl to READY 

Recovery Time Between Controls 

DatB Out Delay from REAO Control 

Notes: ill J,!PD8355 
® /.4PD8755A 

tRDF '00 

'CL 20 

'CC 250 

'OW '50 

'WD '0 

'WP 400 

'PR 50 

'RP 50 

tRYH ~ 
tARY 160 

'RV 300 

tRCE 10 

ROM READ, I/O REAPANDWRITE (j) 

elK \teY/"' __ "-\\~ __ ..J/""_---'r=Tl=fT2L 

A6.'O-""'-r------------------------""'\ 
IO/M __ -'~::::::::~~::::::::~~--~-------------------..J 

ADO-7 
-,"]t--,..----~ 

tee 

DATA 

PROM READ, I/O READ AND WRITE <2> 
ADDRESS AS",O 

=:I::~~~~r~===:-
-r_-'1-__ ".,.D_A_T_A ___ >r ----< ADDRESS )-ADO-7 ___ -'l'-__ ----'l. 

ALE 

eE 

Notes: CD fJPD8355 
@ fJ PD8755A 

tee 

® CE must remain Ipw for the entire cycle 

ACCHARACTER ISTICS 

TIMING WAVEFORMS. 



TIMING WAVEFo.RMS 
(CONT.) 

EPROM PROGRAMMING, 
IlPD8755A 

JLPD8355/8755A 

CLOCK 

WAIT STATE TIMING (READY = 0) 

INPUT 1\40DE: 
1/0 PORT 

D~~A-------"V _______ ..A ______ _ 

OUTPUT MODE: 

\i 1--/ GLITCH FREE . twp=.j I~ OUTPUT 

------------~ , PORT ' 
OUTPUT ------------

Erasure of the IlPD8755A occurs when expos!ld to ultraviolet light sources of wave­
lengths less than 4000 A. It is recommended, if the device is exposed to room 
fluorescent lighting or direct sunlight, that opaque labels be placed over the window to 
prevent exposure. To erase, expose the device to ultraviolet light at 2537 A at a 
minimum of 15 W-sec/cm2 (intensity X expose time). After erasure,. all bits are in the 
logic 1 state. Logic O's must be selectively programmed into·the desired locations. It 
is recommended that NEe's prom programmer be used for this application. ' 
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p;PD8355/8755A 

;====---A 
Hi ~IH-rHliml1-rl-i:t:-r~ :l-rlilili--lil---n-~---~'f~l PACKAG . ~l~~J ' Jr_~I_ PPDB3~5~ OUTLINE 

r--- _________ ~ ~~ ,- G M pPDB756AD 

• E- D I _____ __ ----I 0° - 15° \--

8 
C 2.54.± 0.1 

D 0.5 ± 0.1 
E 48.26 

F 1.2 MIN 

G 2.54 MIN 
0.5MIN 

5.22 MAX 

5.72 MAX 
15.24 

13.2 

0.25 + 0.1 
- 0.05 

I A 

c eramic -QTEM MILLIMETERS 

L-A 51.5 MAX 

_B 1.62 
C +==2.54 ± 0.1 

_D 0.50 + 0.1 

~E 48.26 + 0.2 

F 

G 
~.27 

3.2MIN 
H 

l I 
~OMIN 

J 
4.2 MAX 

t 
K 

5.2 MAX 

15.24 ± 0.1 

L 13.5 + 0.2 I 
L M 1-

- 0.25 

0.30 + 0.1 T 

404 

2.028 MAX 

0.064 

0.10± 0.004 

0.019 ± 0.004 

1.9 
0.047 MIN 

0.10MIN 

0.019 MIN 

0.206 MAX 

0.225 MAX 

0.600 

0.520 

INCHES 
-, 

2.028 MAX-

0.064 --i 

~ 0.0197 + 0.004 

1.900+ O.OOB 
0.050 -

O~ 
0.04 MIN -

O.~ 
0.205 MAX-

0.6±~ 
0.531 + o.ooa 

~ 0.012 ± 0.004 
---' 

SP8355/8755A-8-78-GN -CAT 



NEe 
NEe Microcomputers, Inc. 

TK·80A 

DESCRIPTION The TK-80A is a single-board computer based on NEC Microcomputers' industry 
standard )1PD8080AF. It facilitates understanding and developing 8080A systems and 
assembly language programs,and consists of the following blocks: 

• )1PD8080A Microprocessor Chip Set 

• Monitor and User ROM 

• RAM 

• DMA Display 

• Programmable I/O 

• 25 Key Keyboard 

• Tape Cassette Interface 

405 



TK·80A 
The j.lPDBOBOAF Processor,j.lPBB224 Clock Generator and Driver and the j.lPBB22B 
System Controller and Bus Driver comprise the BOBOA chip set. The BOBOA executes 
programs stored in memory and supports a large instruction set detailed in the j.lCOM·8 
Software Manual. The 8224, coupled with an lB.OOO MHz crystal, provides the 2.0 
MHz, non-overlapping two-phase MOS clocks required by the 8080A. The 8224 also 
provides latches for synchronizing the RESET IN and READY IN signals. The 8228 
provides bi-directional data bus drivers which buffer the B080A data bus for on-board 
and external use. The 822B also provides a Status Latch and gating array which provide 
active low memory and I/O read/write strobes, an Interrupt Acknowledge Strobe, and a 
data control bus enable input. The 8080A address bus is buffered by 3-state low power 
Schottky drivers with their enable pins tied to the bus enable input of the 8228, thus 
allowing the address, data and control busses to be asynchronously disabled by a single 
control line for user DMA. 

The TK-80A resident monitor is provided in NEC Microcomputers' 1 K x 8 electrically 
erasable read-only memory, the j.lPD458. Since the 2708 and 458 are pin compatible 
when installed, (pin 1 to pin 1 J. either 2708's or 458's may ue used to expand the 
ROM/PROM space. Through proper manipulation of on-board jumpers, any of the 
following devices may be used: 

PIN ORGANIZATION TYPE SUPPLI ES (j) 

458 1K x 8 EEPROM +12, +5 

2708 lK x 8 EPROM +12, +5,-5 

2308 lK x 8 Mask ROM +12,+5,-5 

2758 lK x 8 EPROM +5 

2716 2K x 8 EPROM +5 

231.6E 2K x 8 Mask ROM +5 

2732(6) 4K x 8 EPROM +5 

2332 (6) .,. 
4K x 8 Mask ROM +5 

Notes: (j) Read Mode. 

(6) OOOOthrough OFFF only. (All addresses in hexadecimal notation.) 

I-IPD8080A 
MICROPROCESSOR 
CHIP SET 

MONITOR AND USER 
ROM/PROM 

The standard configuration TK-80A haslK bytes of socketed RAM (2 pieces RAM 
"PD2114LC) located at 8000 through 83FF. Up to 3K additional RAM may be 
instailed in the sockets dedicated to locations 8400 through 8FFF. All memory and 
port address decoding is completely implemented to ensure that all possible expansion 
options are available to the user. The Protect/Enable switch provides for the connection 
of battery backup to all on-board RAM. If data must be retained for long periods of 
time with power off, the use of the NEC's 2114-compatible "PD444 CMOS RAM is 
recommended. 

In order to improve throughput and demonstrate Direct Memory Access through DMA DISPLAY 
"Hidden Refresh", the TK"80A uses an 8-byte block of RAM to control the 8-digit 
LED display directly. Data bytes, whose bits correspond one-for-one to display seg-
ments, are stored in display RAM, where they are directly accessed for display. 

The "PD8255 Programmable Peripheral Interface provides the TK·80A with 24 I/O PROG RAMMABLE I/O 
lines. Because the 8255 is a very flexible I/O device, the TK-80A can support consider-
able user I/O in addition to the Keyboard, Cassette and Display. The B255 is located at 
Port Addresses OF8 through OFB, thus leaving both conventional and bit select 
decoding methods open for user expansion. 
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TAPE CASSETTE 
INTERFACE 

TK·80A 
The on-board "Kansas City" compatible interface provides means forreliable, 
inexpensive mass storage using an audio cassette tape recorder. The data transfer rate is 
software selectable at 300 or 1200 baud. Jumpers in the interface circuitry allow the 
user to modify record and play back signal polarities to accommodate most tape 
recorders. 

EXPANSION A 50 pin header, J1, for use with flat cable, allows expansion of the TK-80A for use 
CONNECTORS with the EB-80A Expansion Board or other user circ(Jitry. Buffered Address, Data and 

Control lines, as well as most commonly used interface signals, are available on J1_ 

BLOCK DIAGRAM 

< USER I/O 

< 
~ ---

USERI/O __ J 
r'---"---"--, 

j.lPD8255 

PER!PHERAL 
INTERFACE 

J2, a 40 pin header, provides access to the on-board 8255. The 8255 input/output lines 
can be buffered and/or terminated with optional circuitry installed in sockets provided. 
Additional interface signals and a 2400 or 1200 Hz interrupt clock are also available 
on J2_ 

CASSETTE 
INTERFACE 

I1PD8080AF 
MICROPROCESSOR 

CHIP SET 

Oc::JO 
'i5OciO' 

t -I 80'G'T k-;t-
DISPLAY Ii 

L..-__ -,,;--' 

.------l 
r-----l I 

,-l-- ---, I I 
I I I 
I I_J 
IJ -
J 

DISPLAY 

OMA 

LOGIC 

,----J---U,,----,-,---,-,-----,,--J ~D 
I ADDRESS BUS 

I DATA BUS i 
c---'-------' '---__ ->UL....--__ ~ L-___ -----'---'I '---____ \.JL.~_____., 
I CONTROL BUS } 

u 
HARDWARE 

SPECIFICATIONS 
• Word Size 

- Instruction: 1,2, or 3 8-Bit Bytes 
- Data~ 8 Bits 

• System Clock: 2 MHz± 0.1% 

• Cycle Time 

- Basic Instruction Cycle: 2.0/ls CD 
- Maximum Instruction Cycle: 9.01ls 

• Processor Ch ip Set 

Processor: IlPD8080AF 
Clock: /lPB8224 
Bus Control: /lP B8228 

Note: CD Basic Instruction Cycle is defined to be the shortest instruction, i.e., four 
clock cycles. 
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JK·80A 
MEMORY ADDRESSES 

On-Board ROM/PROM 
On-Board RAM 

MEMORY CAPACITY 

On-Board ROM/PROM: 

On-Board RAM: 
Off-Board Expansion: 

I/O ADDRESSES 

0000 - 03FF (Monitor) 
8000 - 83FF 

4k Bytes using 1 K Memories 
8K Bytes using 2K Memories 
4K Bytes in 1 K Increments 
Up to 64K Bytes Total 

On-Board Programmable I/O Controller: pPD8255 

Port A B C 
Address F9 FA 

I/O CAPACITY 

• Parallel: 24 Lines 

Control 
FB 

Expansion to a total of 48 I/O lines (34 uncommitted) is possible using the 
optional EB-80A Expansion Board and to 256 Ports using customer supplied 
circuitry_ 

• Compatible with: 7400,7403,7408, 7409, 7426,7432, 7437 and 7438. 

• Cassette: 

"Kansas City" Compatible 
8-Bit Characters 
One Start Bit and Two Stop Bits 
300 or 1200 Baud (Software Select) 
Sinusoidal FSK Recording 
Logic "0" - 1200 Hz 
Logic "1" - 2400 Hz 
Output 30 mV or 3V Peak-to-Peak 
Input - 0_3 - 10V Peak-to-Peak, 2V Peak-to-Peak Nominal 

DISPLAY 

• Number: 8 Digits 

• Size: 0_5 in (1_27 em) 

• Type: LED Seven Segment with Right-Hand Decimal 

KEYBOARD 

• Keyswitches: Gold Contact Crossbar Type, 0_150 in travel 

• Key tops: Double-Shot Removable 

INTERRUPTS 
On-board logic may be used to auto-vector the processor to 0038 using RESTART 7_ 
External user logic may be used to supply 3-byte interrupts that vector to any memory 
location_ 

INTERFACES 

• Fully TTL Compatible 

• Address and Data Bus 

• Control Bus 

• Parallel I/O 

• Interrupt Request 

• Interrupt Clock Available: 2400 Hz - TTL Compatible 
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HARDWARE 
SPECIFICATIONS (CaNT.) 

TK·80A 

CONNECTORS 

• Power: 1 piece 4 conductor nylon crimp type, 0.156 centers Molex 09-50-7041 or 
equivalent (supplied) 

4 pieces terminals, crimp,loose Molex 08-50-0106 or equivalent (supplied) 

• Bus: 50 conductor flat cable connector 
3M 3425-0000 or equivalent 

• Parallel I/O: 40 conductor flat cable connector 
3M 3417-0000 or equivalent 

• Cassette: In and Out: Standard 1/8" miniature phone plug 
Switchcraft "Tini-Plug" 750 or equivalent 

PHYSICAL CHARACTERISTICS 

• Width: 

• Depth: 

• Height: 

• Weight: 

13.00 in (33.02 cm) 

1.40 in (3.56 cm) 

7.50 in (19.05 cm) 

18 oz (510.3 gm) 

ELECTRICAL CHARACTERISTICS 

DC POWER CD WITHOUT DISPLAY 

VCC= +5V ± 5% 1.1 A max 

VDD = +12V ± 5% 150 mA max 

VBB = -5V ± 5% ~@ 

WITH DISPLAY@ 

1.5 A max 

150 mA max 

@@ 
Notes: <D Standard configuration with 1 K EEPROM and 1 K RAM. 

(2) All segments and decimal points of all digits on. 

~ For ROM/PROM, RAM and I/O Expansion power consumption, refer to 
specific data sheets. 

@ VBB for the j.lPD8080AF and one 2708 is generated from VDD and 
regulated on board. VBB may be externally supplied via 4·conductor power 
connector. 

ENVIRONMENTAL 

• Operating Temperature: O°C to +50°C 
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.TK·80A 
• Display and/or Modify Memory 

• Display and/or Modify Registers 

• Run User-Written Programs 

• Read and Write Cassette Tapes of Memory Images 

KEY 

ADDR 

CLEAR 

NEXT 

MEM 

STEP 

RUN 

BRK 

REG 

RESET 

0-9, A-F 

ADDRESS 

USAGE 

In most comm~nds, before entering an address value 

At any time, to change an entry 

After some commands, to advance an address pointer 

After an address val ue, before enteri ng a new memory 
value 

After an address value, or a previous STEP, to single-
step one instruction in a user program 

After an address value, to run a user program in 
breakpoint or free-running mode 

After an address value which becomes the breakpoint, 
before entering the breakpoint depth value 

Before entering a register name 

To reset all hardware and execute at 0000 

Hexadecimal value keys 

MEMORY MODE 

(BLANK) BYTE 

• the ADDR ESS field displays a selected memory location address. 
• the BYTE field displays the contents of memory at that address. 

REGISTER MODE 

ADDRESS DASH BYTE 

~ 

[8J LOl rDl LOl [8J D GJ [g] 
'-v-' 

REGISTER 
• the ADDRESS field displays the contents of the user-program program counter. 
• the REG ISTER field displays the name of a selected processor register; A, B, C, D, 

E, F, H, L. 
• the BYTE field displays the contents of that register. 

REGISTER-PAIR MODE 
ADDRESS BYTE 

~ --
[8J [OJ LOl [OJ [8] [J ~ OJ 

REGISTER PAIR 

• the REGISTER-PAl R field displays the name of a selected register-pair; BC, DE, H L, 
SP (stack pointer) or ST (top of stack). 

• the ADDRESS field displays the contents of the selected register-pair. 
• the BYTE field displays the contents of the memory location whose address is 

displayed in the ADDRESS field. 
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CASSETTE TAPE MASS 
STORAGE/MEMORY 

BACKUP 

MEMORY MAP 

PROCEDURE FOR 
ENTERING AND 

DEBUGGING PROGRAM 

TK·80A 

• 1200 Baud is Default Rate 

• 300 Baud is Software Selected for Full Kansas-City Standard 

• Tape Contains a Block of Consecutive Memory Images, Followed by a Checksum 
Byte. 

• Checksum is Generated Automatically During Record; Checksum is Verified During 
Playback. 

ADDRESS MEMORY SIZE USAGE 

0000-03FF 1K ROM Monitor 

0400-0FFF 3K On-Board ROM Sockets for User Expansion 

1000-1 FFF 4K Optional ROM Area CD 
2000-7FFF 24K Unused Area 

SOOO-S39F 92S User's RAM Area 

S3AO-S3F7 SS Monitor's RAM Work Area 

83FS-S3FF S LED Display 

8400-SFFF 3K On-Board RAM Sockets for User Expansion 

9000-FFFF 2SK Unused Area 

Note: CD On-board ROM sockets may be jumpered for up to SK total. 

1. A program is first written by the user to perform a desired function. This program is 
assembled manually into SOSOA instructions and entered into consecutive locations 
in RAM via the keyboard. 

2. Next the program is run, under monitor control, in single-step mode with the Step/ 
Auto switch in the Step position. Only one user progrom instruction is executed at 
a time. After each instruction, the display informs the user of the results. 

3. During the debugging process, expected results can be checked by displaying 
memory or registers. Registers are saved upon entry to the monitor and restored 
upon exit to the user program. The register values may be altered or displayed. 

4. When only a few bugs remain in the user program, the program may be run in break­
point mode. Alternatively, the user program may be executed in a free-running 

mode, without monitor control. In the free-running mode, however, the Step/Auto 
switch should be in the Auto position. This mode permits instruction execution at 

the full speed of the IlPDSOSOAF. 

5. The program can be saved on a tape for future use by using the monitor WR ITE 
program. Memory is saved as a block of consecutive locations followed by a monitor­

generated checksum, which is displayed at the completion of the write sequence. 

To restore the contents of memory, the monitor READ program is used. The 
checksum which is read from the tape is compared with the checksum calculated 
during playback, and the two values are displayed. If a visual comparison indicates 
both checksums are the same, the correct data transfer may be assumed. 
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TK·80A 
Memory Requirements: 
• ~PD458 ROM - monitor resides in,1 Kat 0000 - 03FF. 
• ~PD2114L RAM - RAM work area. including stack. at 83AO - 83F7. 
• Display output generated by hardware DMA at 831"8 - 83FF. 
• ~pb8255 Input/Output 

PORT ADDR ESS '. USAGE 

F8 Port A: keyp~d row input 

F9 Port B: Bit 0: Cassette 'serial inpu~ 
Bit 1: Cassette zero-crossing feedback 

FA Port C: Bi't 0: Cassette serial output 
Bit'4.,5. 6: keypad column strobe 
output 

FB I/O mode control; Port C bit set/reset control 

JUMPVECTOfl 
NAME ADDRESS FUNCTION PARAMETERS 

DISPLAY 

CL 03CF clear LED display number of LED digits in B 
digits 

MSG 03D2 display an 8-digit address'of message,in HL 
message 

DLADE 03El display a byte as byte value in A; digit position 
two hexadecimal in DE 
digits 

DLHLDE 03E4 display a word as word value in HL; digit 
four hexadecimal position in DE ' 
digits 

DLHEX 03E7 display a nibble nibble value in bits ()'3 of A; 
(half-byte) as one digit position in DE 
hexadecimal digit 

KEYBOARD, 

GETW 03EA get a 4-digit hexa- word value in H L; key count 
decimal word in 0; terminator key in A and B ' 

GETB 03ED get a 2-digit hexa- byte value in L; key count in 
decimal byte D; terminator key in A and B 

KEY 03F3 get any de bounced key value in A andC; carry set 
key if hexadecimal key 

KYBD 03FO get an immediate carry set if key found; key value 
key closure in A 

CASSETTE INTERFACE 

SERIN 03D5 read a byte from byte value in D; carry set if 
cassette error 

SEROT 03D8 wri te a byte to byte value in C 
cassette 

RTP 03DB read formatted start address in H L; end address 
block into memory in DE; carry set if error 

WTP 03DE write formatted start address in H L; end address 
block from memory in DE 

OTHER 

DIMS O()3F6 'delayone none 
millisecond 

READ 03F9 stand-alone read start address in H L; end address 
tape program in DE 

WRITE 03FC stand-alone write start address in H L; end address 
tape program in DE 
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NEe Microcomputers, Inc. NEe 

ROM ORDERING PROCEDURE - MEMOFU~S AND MICROCOMPUTl:RS 

, ' , 

The following NEC products fall' under the guidelines set by the ROM Ordering Procedure: 

ILPD2316E 
~PD2332 
,,uPD2364 
ILPD8021 
ILPD8041 
ILPD8048 

ILPD8049 
~PD8355 
J,lPD5,46 
J,lPD547 
J,lPD547L 

, J,lPD548 

,!.!PD550 
J,lPD551 
J,lPD554 
J,lPD650 
J,lPD651 
J,lPD652 

I n order to facilitate th~ trarisferal of ROM mask information, N EC Microcomputers, I nc., is able to accept 
, mask patterns in a varfety of formats. These are intended to suit vaHous customer needs andminimize the 

'turnaround time., The following is a list of valid media for code transferal. 

• Sample ROMs or ROM~based microcomputers 
• PROM/EPROM equivalent to ROM parts 
• NEC J,lPD458 EEPROM 
• BNPF Paper Tapes 
• Hex Paper Tapes 
• Ti,ine~haring Files 
• Other (Contact NEC Microcomputers, Inc., for arrangements.) 

Thoroughly testedvei"ification procedures protect against unneceSsary delays or costly mistakes. NEC 
Microcomputers, Inc., will return the ROM mask patterns to the customer iii the most corivenient format. 
Unprogrammed EPROMs, where applicable, if sent with the ROM code can be programmed and returned 
for verification. H EX paper tapes with the listing are the most convenient means of verification. 

;, . 
Earth satellites and the world-wide GE Mark III timesharing systems provide reliable and instant communi­
cation of ROM patterns to the factory. Customers with access to GE-TSS may furtHer reduCe the turnaround 
time by transferring files directly to NEG Microcomputers, Inc. 

The following is an example of a ROM mask transferal procedure. The J,lPD8048 IS used here, however the 
process is the same for the other ROM-based products. 

1. ,-he customer contacts NEe Microcomputers, I nc., concerning a ROM pattern for the J,lPD8048 
that he would like to send. 

2. Since an EPROM version of that part is available, the 8748 is proposed as a code transferal 
mec!ium, or alternatively, a paper tape and listing. 

3. The paper tape and a blarik 8748 for verification are sent to NEe Microcomputers, Inc. 

4. NEC Microcomputers, Inc.,reads:ihetape, programs the 8748, and enters the code into GE-TSS, 
returnin9the8748 to the customer. ., 

5. Once the customer notifies N EC Mictocomputers, Inc., in writing that the code is verified, work 
commencesirllmediately on the development of his J,lPD8048s. 
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NEe Microcomputers, Inc." ;NE'C 
NORTH AMERICAN REGIONAL SALES OFFICES 
Eastern: Room 220: 275 Broadhollow Road; Rt. 110; Melville, New York 11749; 516/293-5660 
We.tern: 2914 E. Katella Avenue; Suite 208; Orange, California 92667; 714/633-2980 
Midwestern; Contacf NEe:;: Microcomputers, Inc., Wellesley, Massac;l)usetts for address and phone number 
U.S. REPRESENTAtIVES ., . ' "; , .' 
Alabama Iowa New Hampshire Tennessee 
20th Century Marketing, Inc. Electronic Innovators, Inc. Contact Sales, Inc. 20th Century Marketing, Inc. 
Huntsville AL 35806 Minneapolis MN 55420 Burlington MA 01803 Knoxville TN 37922 
205i772·9237 612/884·7471 617/273·1520 61 5/966·3608 

Arizona Kansas New Jersey Texas 
Eltron Burton-Medley Associates HLM Associates, Inc. Action Unlimited 
Phoenix AZ 85021 Grandview MO 64030 Parsippany NJ 07054 Arlington TX 76011 
602/997·1042 816/763·5385 201/263·1535 8171461·80~9 

Arkansas Kentucky Harr;y Na'sh Associates. Action' Unlim"ited 

Action Unlimited Imtech, Inc. Willow Gr6ve PA 19090 Spring TX 77373 

215/65.7·2213 713/353·3195 
Arlington TX 76011 Dayton OH 45414 

Tri-Tronix 8171461·6039 513'/27.8·6507 New Mexico 
Albuquerque NM 87110 

California Louisiana :rri-Tronix 505/265·8409 
Cerca Action Unlimited AlbuquerqUe NM 87110 

Utah 505/265-8409 San Diego CA 92111 Arlington TX 760.11 
D/Z ASSOCiates, Inc,. 714/560·9143 817/461·8039 New York 
Denver CO 80204 San.tana Sales Maine. H LM Associates, Ina. 303/534·3649 ' ' Costa Mesa CA 92627 

Contact Sales, Inc. Northport NY 11768 
714/642·3282 

Burlington MA 01803 516/757·1606 . Vermont 
Trident Associates, Inc. 617/273·1520 Nycom, Inc. Contact Sales, Inc. 
Sunnyvale CA 94086 

Maryland East Syracuse NY 1.5307 Burlington MA 01803 
4081734·5900 315/437·8343 617/273·1520 

Colorado 
L & M Associates 

North Caronna Virginia Pikesville MD 21208 
D/Z Associates, Inc. 301/484· 7970 Wolffs Electrdnic Sales, Inc. L & M Associates 
Denver CO 80204 Raleigh NC 27619 Montpelier VA 23192 
303/534·3649 Massachusetts 

919/851·2800 804/883·5551 
Co'nnecticut 

Contact Sales, Inc. 
Washington Burlington MA 01803 North Dakota 

H LM Associates, Inc. 617/273·1 520 Electronic Innovators, Inc. Tri·Tronix, N.W. 
Torrington CT 06790 

Stone Component Sales Minneapolis MN 55420 Mercer Island WA 98Q40 
203/482·6880 

Waltham MA 02154 612/884·7471 206/232-4993 
Delaware 617/890·1440 Ohio West Virginia 
L&M Associates Michigan Imtech, Inc. Imtech. Inc. 
Pikesville MD 21208 

R.C. Nordstrom & Company Cleveland OH 44130 Dayton OH 45414 
301/484·7970 

Lathrup Village MI 48076 216/826·3400 513/278·6507 
District of Columbia' 313/559·7373 Imtech. Inc. Wisconsin 
L&M Associates Dayton OH 454"4 Electronic Innovators, Inc. 
Pikesville MD 21208 Minnesota 513/278·6507 Minneapolis MN 55420 
301/484·7970 Electronic Innovators, Inc. Oklahoma 612/884·7471 

Florida 
Minneapolis MN 55420 

Action Unlimited Wyoming 612/8&,<1·7471 
Arlington TX 76011 D/? ASSOCiates, Inc.· Perrott Associates, Inc. 

Ft. Lauderdale F L 33318 Mississippi 817/461·8039 Denver .CO 80~04 
305/792·2211 20th Century Marketing, Inc. Oregon 

303/534·3649 

Perrott Associates, Inc. Huntsville AL 35806 Tri-Tronix, N.W. 
Clearwater FL 33518 2051772·9237 Mercer Island WA 98040 CANADIAN 813/585-3327 

206/232·4993 REPRESENTATIVES Perrott Associates, Inc. Missouri 
Pennsylvania Orlando F L 33807 Burton-Medley Associates Alberta 

305/275·1132 Grandview MO 64030 Imtech, Inc. Ontario 

816/763·5385 Cleveland OH 44130 Manitoba 
Georgia 21 si826·3400 . 
20th Century Marketing, Inc. Montana Harry Nash Associates Kaytronics Limited . 

·Downsview Ontario M3J 2C7 Huntsville AL 35806 
Tri·Tronix, N.W. Willow Grove PA 19090 

416/638·5511 205/772·9237 
Mercer Island,WA 98040 215/657·2213 

. British Columbia 
Idaho 206/232·4993 

Saskat~hewan Rhode Island 
Tri-Tronix, N.W. Nebraska Stone Component Sales Kayt~oniCs' Limited 
Mercer Island WA 98040 

Burton~Medley Associates Waltham MA 02154 Surrey British Columbia V3R 6N7 206/232-4993 
, Grandview MO '.64030 617/890·1440 .604/58,1,7611 

Illinois' 8161763·5385 
South Carolina New Brunswick 

Technology Sales, Inc. 
WoUls ,Electfi:>~.ic Sales, Inc. 

Newfoundland 
Palatine IL 60067 " Nev~da Nova Scotia 
31 ?/991·6600 Eltron Raleigh NC 27619 

.Ontarip ..' 
Phoenix AZ 85021 919/851·2800. 

Prince EdWard Israrid 
Indiana 602/997·1042 South Dakota Quebec '. 
Technology Sales, ,Inc. Trident ,Asseciates, Inc., Electronie.ln'1ovators,. Inc .. Kay,t:.r0n,ics Limited 
Palatine I L 60067 Sunnyvale CA 9401:\6 Minneapol is M,N 55420 Ville St. Pierre Quebec H8R 1 A3 

'312/991-6600 4081734·5900 612/884·7471 ' 514/i11l7·'343<1 
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NEe Microcomputers, Inc. NEe 

U.S. DISTRIBUTORS 
Arizona Illinois Missouri Pennsylvania 

G.S. Marshall Diplomat/Lakeland, Inc. Diplomat/St. Louis, Inc. Alma Electronics Corporation 
Tempe AZ 85282 Elk Grove Village I L 60007 St. Louis MO 63144 Philadelphia PA 19114 
602/968-61.81 312/595·1000 314/645·8550 215/6984000 

Sterling Electronics Semiconductor Specialists, Inc. Semiconductor Specialists, Inc. Semiconductor Specialists, Inc. 
Phoeni x AZ 85036 Ch icago I L 60666 Hazelwood !IIIO 63042 Pittsburgh PA 15238 

. 602/258·4531 312/279·1000 314/731·2400 412/781·81 20 

California New JerSey 
Texas 

Diplomat/Westland, Inc. 
Louisiana Kent Electronics 

Sunnyvale CA 94086 Sterling Electronics Diplomat/I.P.C. Corporation Houston TX 77036 

4081734·1900 Baton Rouge LA 70806 Mount Laurel NJ 08054 713/780·7770 

IntermEirk Electronics 504/926·9407 609/234·8080 
Semiconductor Specialists, Inc. 

San Diego CA 921 21 
Diplomat/I.P.C. Corporation Dallas TX 75220 

714/279·5200 Maryland 
Totowa NJ 07512 214/358·5211 
201/785·1830' 

Intermark Electronics Alma ~Iectronics Corpor.ation Sterl ing,Electronics 

Santa Ana CA 92705 Baltimore MD 21227 Dallas TX 75229 
714/540·1322 301/247·5955 

New Mexico 214/357·9131 

Intermark Electronics Technico, Inc. 
Century Electronics Sterling Electronics 

Sunnyvale CA 94086 Columbia MD 21045 
Albuquerque NM 87123 Houston TX '17027 

408/738·1111 301/461·2200 
505/292·2700 713/627·9800 

G.S. Marshall Sterling Electronics 
Utah 

Canoga Park CA 91304 Albuquerque NM 87107 

213/999·5001 Massachusetts 505/345-6601 Century. Electronrcs 

G .S. Marshall Diplomat/I.P.C. of Massachusetts Salt La keCity UT 84119 

EI Monte CA 91731 Chicopee' Falls MA 01020 'New. York 
801/972·6969 

213/686·0141 413/592·9441 
Diplomat Electronics 

Diplomat/Alta·Land, Inc. 

G.S. Marshall Diplomat Corporation 
'Salt Lake CityUT 84115 

Irvine CA 92707 Holl iston MA 01746 Woodbury NY 11797 801/486·7227 

714/556·6400 ~-
6171429·4120 516/921·9373 ~irginia 

G.S. Marshall Future: Electronics Milgray Electrohics, Inc. Techni,cQ, Inc. 

San Diego CA 92111 Canada Corpora,ticn Freeport NY 11 520 Roanoke VA 24019 

714/278·6350 Natick MA 01760 5'1 6/546·6000 703/563·4975 

G.S. Marshall 61 7/879·0860 Summit Distribut9rs, Inc. Washington 
Sunnyvale CA 94086 Semiconductor Specialists, Inc. Buffalo NY 14202 Bell Industries 
408/732·1100 Burlington MA 01803 716/884·3450 Believue'WA 98005 
Sterling Electronics . 617 /272~161 0 Summit Elec. of Rochester, Inc. 20&/747·1515 
North Hollywood CA 91605 ,Sterling Electronics Rochester NY 14623 Sterling Electronics 
213/7644111 Waltham MA 02154 716/442·3494 Tukwila WA 98118 
Sterling Electronics 617/894·6200 206/575·1910 
San Diego CA 92111 North Carolina Wisconsin 
714/565·2441 . Michigan Resco/Raleigh Semi.cQnductor Specialists, Inc. Western Microtechnology Sales 
Sunnyvale CA 94086 

Diplon,at/Northland, Inc. Raleigh NC 27612 Milwaukee WI 53226 

408/737·1660 
Farmington MI 48024 919/781·5700 414/257·1330 
313/477·3200 ' 

Colorado 
Reptron Electronics, Inc. CANADIAN 
Livonia MI 48150 Ohio DISTRIBUTORS 

Century Electronics 313/525·2700 Hughes·Peters, Inc. 
Wheatridge CO 80033 Semiconductor Specialists, Inc.. Cincinnati OH 45227 Ontario 
303/424·1985 Farmington MI 48024 513/351·2000 ,F.utur~ ~Electronics Corporation 

11 Connecticut· 313/478·2700 Norman Davis Electronics Ottawa Ontario K2C 3P2 

Milgray Electronics, Inc. 
South Euclid OH 44121 613/820·9471 

Orange CT 06477 Minnesota 216/381-0500 Future Electronics Corporation 

203/795-0711 Diplomat/Electro-Com Corporation Reptron Electronics, Inc. Downsview Ontario M3H 5S9 

Minneapolis MN 55421 Columbus OH 43205 416/663·5563 

Florida 6,1;2/788-8601' 614/253·7433 Quebec 

Diplomat/Southland, Inc. SeiniconduClor'Speclalists, Inc"." Hughes·Peters, Inc. Future Electronics Corporation 
Clearwater FL 33515 Minneapolis MN 55420 Columbus OH 43221 Montreal Quebec H4P 2K5 
813/443·4514 612/854-8841 614/294·5351 514/735:5775 
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NEe Quality Assurance 
Procedures 

One of the important factors 
contributing to the final quality of 
our memory and microcomputer 

components is the attention 
given to the parts during the 

manufacturing process. All 
Production Operations in NEC 
follow the procedures of MIL 
Standard 883A. Of particular 

importance to the reliability 
program are three areas that 

demonstrate NEC's commitment 
to the production of components 

of the highest quality. 

I. Burn-In - All memory and 
microcomputer products are 
dynamically burned in at an 

ambient temperature sufficient to 
bring the junction to a temperature 

of 150 ·C. The duration of the 
burn-in is periodically adjusted 

to reflect Ihe production history 
and experience of NEC with each 

product. 100% of all NEC memory 
and microcomputer products 

receive an operational burn-in 
stress. 

II. Electrical Test- Memory and 
microcomputer testing at NEC is 
not considered a statistical game 

where the device is subjected to a 
series of pseudo random address 
and data patterns. Not only is this 

unnecessarily time consuming. 
but it does not effectively 

eliminate weak or defective parts. 
NEC's test procedures are based 

on the internal physical and 
electrical organization of each 

device and are designed to 
provide the maximum electrical 

margin for solid board operation. 
For further information on 

NEC's testing procedures see your 
local NEC representative. 

III. After completion of all 
100% test operations. production 

lois are held in storage 
until completion of two groups 
of extended sample testing: an 
operating life test and a series 

of environmental tests. Upon 
successful completion of 

these tests. the parts are released 
from storage and sent to final 

QA testing. 
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