




















































































































































































































































































































































































































































































































































































































































































,",PB8228 

ITEM 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

�~�-�-�-�-�-�-�-�-�-�-�-�-�A�-�-�-�-�-�-�-�-�-�-�~�~� 

ITEM 

A 
B 
C 
0 
E 
F 
G 
H 
I 
J 
K 
L 
M 

pPB8228 
(Plastic) 

MILLIMETERS 

38.0 MAX. 

2.49 

2.54 

o 5 �~� 0.1 

33.02 

1.5 

2.54 MIN. 

0.5MIN. 

5.22 MAX. 

5.72 MAX. 

15.24 

13.2 

025 + 0.10 
. - 0.05 

pPB8228 
(Ceramic) 

MILLIMETERS 

36.2 MAX. 
1.59 MAX. 
2.54 
0.46 ± 0.05 

33.02 
1.02 
3.2 MIN. 
1.0 
3.5 
4.5 

15.24 
14.93 
0.25 ± 0.05 

INCHES 

1.496 MAX. 

0.098 

0.10 

0.02 ± 0.004 

1.3 

0.059 

0.10MIN. 

0.02MIN. 

0.205 MAX. 

0.225 MAX. 

0.6 

0.52 

+ 0.004 
0,01 _ 0.002 

INCHES 

1.43 
0.06 
0.1 
0.02 ± 0.004 
1.3 
0.04 
0.13 
0.04 
0.14 
0.18 
0.6 
0.59 
0,01 ± 0.002 

PACKAGE OUTLINE 
f..I PB8228C/D 

SP8228/38·10-79-CA T 
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p.PD8243 

INPUT/OUTPUT EXPANDER FOR 
P. P 08048/8748/8035 

DESCR I PTION The pPD8243 input/output expander is directly compatible with the pPD8048 family 
of singie-chip microcomputers. Using NMOS technology the ,uPD8243 provides high 
drive capabilities while requiring only a sing'le +5V suppiy voltage. 

The pPD8243 interfaces to the pPD8048 family through a 4-bit I/O port and offers 
four 4-bit bi-directional static I/O ports. The ease of expansion allows for multiple 
J.lPD8243's to be added using the bus port: 

The bi:directional I/O ports of the ,uPD8243 act as an extension of the I/O capabilities 
of the ,uPD'8048 microcomputer family. They are accessible with their own ANL, MOV, 
and OR L instructions. 

FEATU RES • Four 4-Bit I/O Ports 
• Fully Compatible with ,uPD8048 Microcomputer Family 
• High Output Drive ". 
• NMOS Technol?gy 
• Single +5V Supply 
• Direct Extension of Resident pPD8048 I/O Ports 
• Logical AND and OR Directly to Ports 
• Compatible with Industry Standard 8243 
• Available in a 24-Pin Plastic Package 

PIN CONFIGURATION P50 Vee 
P40 2 P51 

P41 3 P52 

P42 4 P53 

P43 5 Peo 

CS 6 ,uPD 
P61 

8243 
PROG 7 P62 

P23 8 P-63 

P22 9 . P73 
. P21 Pn 

P20 P71 

GNO P70 
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p.PD8243 

General Operation 

The I/O capabilities of the J.LPD8048/8748/8035 can be enhanced in four 4-bit I/O port 
increments using one or more J.LPD8243's. These additional I/O lines are addressed as 
ports 4-7. The following lists the operations which can be performed on ports 4-7. 

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

Port 2 (P20-P23) forms the 4-bit bus through which the J.LPD8243 communicates with 
the host processor. The PROG output from the J.LPD8048/8748/8035 provides the 
necessary tim[ng to the J.LPD8243. There are two 4-bit nibbles involved in each data 
transfer. The first nibble contains the op-code and port address followed by the second 
nibble containing the 4-bit data_ Multiple J.LPD8243's can be used for ,additional I/O. 
The output lines from the J.LPD8048/8748/8035 can be used to form the chip selects 
for the add itional J.LPD8243' s. 

Power On Initialization 

Applying power to the J.LPD8243 sets ports 4-7 to the tri-state mode and port 2 to the 
input mode. The state of the PROG pin at power on may be either high or low. The 
PROG pin must make a high-to-Iow transition in order to exit from the power on 
mode. The power on sequence is initiated any time VCC drops bel9w IV. The table 
below shows how the 4-bit nibbles on Port 2 correspond to the J.LPD8243 operations. 

Port Address Op-Code 

P21 P20 Address Code P23 P22 I nstruction Code 

0 0 Port 4 0 0 Read 

0 1 Port 5 0 1 Write 

1 0 Port 6 1 0 ORlD 

1 1 Port 7 1 1 ANlD 

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

Read Mode 

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

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

, Write Modes 

There are three write modes in the J.LPD8243. The MOVD Pp,A instruction from the 
J.LPD8048/8748/8035 writes the new data directly to the specified port (4,5,6, or 7). 
The old data previously latched at that port is lost. The OR lD Pp,A instruction per­
forms a logical OR between the new data and the data currently latched at the 
selected port. The result is then latched at that port. The final write mode uses the 
ANlD Pp,A instruction. It performs a logical AND between the new data and the 
data currently latched at the specified port. The result is latched at that port. 

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

FUNCTIONAL 
DESCRIPTION 



,",PD8243 
BLOCK DIAGRAM 

PIN IDENTIFICATION PIN 
NO. SYMBOL FUNCTION 

2·5 P4o-P43 The four 4·bit staticbi·directional I/O ports. They 
1,21.23 P5o-P53 are programmable into the following modes: 
17·20 P6o-P63 input mode (during a Read operation); low 
13·16 P70,P73 impedance latched output mode (after a Write 

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

6 CS Chip Select input (active·low). When the IlPD8343 
is deselected (CS = 1), output or internal 
status changes are inhibited. 

7 PROG Clock input pin. The control and address informa· 
tion are present on port lines P20,P23 when PROG 
makes a high·to·low transition. Data is present on 
port lines P20,P23 when PROG makes a low·to-high 
transition. 11 

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

12 GND The IlPD8041 /8741 ground potential. 

24 VCC +5 volt supply. 
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f,'P,DfS243 
Operating Temperature, ......... . 
Storage Temperature (Ceramic Package) . 
Storage Temperature (Plastic Package) . 
Voltage on Any Pin 
Power Dissipation ........ . 

Note: <D With respect to ground. 

O°C to +70°C 
-65°C to +150°C 

. -65°C to +125°C 
- 0.5 to +7 Volts <D 
. . • • . . .. 1 W 

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 = 2SoC 

Ta '" etc to +7IfC' vee"" +5V + 5% -
LIMITS TEST 

PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input Low Voltage V,L -0.5 0,8 V 

Input High Voltage V,H 2,0 Vee + 0.5 V 

Output Low Voltage (Ports 4·7) VOL1 0.45 V IOL = 5mAG) 

Output Low Voltage (Port 7) VOL2 I V tOl - 20mA 

Output Low Voltage (Port 2) VOL3 0-45 V tOl = 0.6 mA 

Output High Voltage (Ports 4·7) VOHl 2" V IOH'" 240J.l.A 

Output High Voltage (Port 2) VOH2 2-4 V IOH"" 100J,lA 

Sum of All IOL From 16 Outputs 10' 100 mA 5 mA Each Pin 

Input lealqlge Current (Ports 4-7) '1L1 -10 20 "A VIN ;; Vee to OV 

Input Leakage Current (Port 2. IIL2 -10 10 "A VIN "" Vee to OV 
CS.PROGI 

Vee Supply Current ICC 10 20 mA 

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

Ta '" OoC to +7IfC' Vce = +5V ± 5% 

,LIMITS TEST 
PARAMETER SVMBOL MIN TVP MAX UNITS CONDITIONS 

Code Valid Before PROG tA 100 "' 80 pF Load 

Code Valid After PROG t8 60 ns 20 pF Load 

Data Valid Before PROG tc 200 ns 80 pF Load 

Data Valid After PROG to 20 ns 20 pF Load 

Port 2 Floating After PROG tH 0 150 ns 20 pF Load 

PROG Negative Pulse Width tK 900 ns 

Ports 4·7 Valid After PROG tpo 700 ns 100 pF Load 

Ports 4·7 Valid Before/After PROG tLP1 100 ns 

Port 2 Valid After PROG tACC 750 ns 80 pF Load 

~ Valid Before/After PROG tes 50 ns 

PROG 

PORT 2 

tACC 

PORT 2 

PORTS 4·7 

PORTS 4-7 

OS 
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ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

AC CHARACTERISTICS 

TIMING WAVEFORMS 



CURRENT SINKING 
CAPABI LlTY CD 

PACKAGE OUTLINES 
J,lPD8243C 

fLPD8243 

... 75 

ill 
II: 
II: a 
~ 50 
z 
;;; 
-' 

~ 25 

3 10 11 12 13 14 15 16 
MAXIMUM SINK CURRENT AT ANY PIN (VOL = O.4V) 

MAXIMUM IOL WORST CASE PIN IN rnA. 

Note: CD This curve plots the guaranteed worst case current sinking capability of any I/O port line versus the total sink current of all pins. 

The pPD8243 is capable of sinking 5 rnA (for VOL = O.4Vl through each of the 16 I/O lines simultaneously. The current sinking 
curve shows how the individual I/O line drive increases ,if all the I/O lines are not fully loaded. 

:====-A~~=:I ~~~ 
:~ -~------j~-

ITEM MILLIMETERS 

A 33 MAX 

2.53 

2.54 

0 0.5! 0.1 

E· 27.94 

1.5 

G 2.54 MIN 

H O.SMIN 

5.22 MAX 

5.72 MAX 

K 15.24 

13.2 

M 0.25 +0.10 
-0.05 

: G -I--~ .. 
---'----ii t 0_15° . I-

rNCHES 

1.3MAX 

0.1 

0.1 

0.02' 0.004 

1.1 

i).059 

0.1 MIN 

0.02 MIN 

0.205 MAX 

0.225 MAX 

0.6 

0.52 

+0.004 
0.01 

-0.0019 

SP8243-9-78-GN-CAT 
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JLPD8251 
JLPD8251A 

PROGRAMMABLE COMMUNICATION INTERFACES 

OESCRI PTION The tlPD8251 and tlPD8251A Universal Synchronous/Asynchronous Receiverl 
Transmitters (USARTs) are designed for microcomputer systems data communications. 
The USART is 'used as a peripheral and is programmed by the tlPD80BO or other 
processor to communicate in commonly used serial data transmission techniques includ· 
ing IBM Bi·Sync. The USART receives serial data streams and converts them into 
parallel data characters for the processor. While receiving serial data, the USART will 
also accept data characters from the processor in parallel format, convert them to serial 
format and transmit. The USART will signal the processor when it has completely 
received or transmitted a character and requires service. Complete USART status 
including data format errors and control signals such as TxE and SYNDET, is available 
to the processor at any time. 

FEATURES • Asynchronous or Synchronous Operation 
Asynchronous: 

5-B Bit Characters 
Clock Rate - 1, 16 or 64 x Baud Rate 
Break Character Generation 
Select 1, 1·1/2, or 2 Stop Bits 
False Start Bit Detector 
Automatic Break Detect and Handling (IlPD8251A) 

Synchronous: 
5·8 Bit Characters 
Internal or External Character Synchronization 
Automatic Sync Insertion 
Single or Double Sync Characters 

• Baud Rate (1 X Mode) - DC to 56K Baud (tlPD8251) 
- DC to 64K Baud (tlPDB251A) 

• Full Duplex, Double Buffered Tr.ansmitter and Receiver 
• Parity, Overrun and Framing Flags - . 
• Fully Compatible with B080/B085/tlPD780 (Z80™) 
• All Inputs and Outputs are TTL Compatible 
• Single +5 Volt Supply 
• Separate Device Receive and Transmit TTL Clocks 
• 28 Pin Plastic DIP Package 
• N·Channel MOS Technology 

PIN CONFIGURATION 02 

03 

RxO 

RxADY 

TM: Z80 is a registered trademark of Zilog. 

0, 

DO 

VCC 

Ir.C 

D'i'R 
RTs 
OSR 

RESET 

ClK 

TxO 

TxE 

m-
SYNDET I"PD82511 
SYNDET/BD IpPDB251AI 
TxRDY 

Rav/3 

07,00 

cli5 
RD 
;vA 

co 
CLK 
RESET 

TxC 
TxD 
RxC 
RxD 
A.ROV 

TICRDV -DTR 
SYNDET 
SYNDETIBD 

RTS 
CTS 
TxE 
Yee 
GND 

PIN NAMES 
Data Bus 18 btu} 

Contro( or Data il to be WritJen or Read 

Rnd Data Command 

Write Data or Control Command 

ChipEnlbte 

Ctock Pulse (TTL) 

R ... , 
Transmitter Clock (TTL) 

Tl'llntrninerDaca 

Receiv,r Clock (TTLI 

Receiver 0 ... 
RlC8IIMr Ra.:fy (hn ctwacter for 8080) 

Transmitter Rndy Irndy for char. from 8080) 

Data$etRndy' 

o.ta Terminet Rndv 
&,ncDetecc 

Sync DetecI/8,..k Detect 

Rea ..... 10 Send 0 ... 

c ..... 10 Send 0... 
Transmitter Empty 

+5 Volt Supply 

G ...... 
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ILP 08251/8251, A 

The pPD,8251 anp pPD8251 A Un iversal Sy nchronous/ Asynch ronous Receiver / 
Transmitters are designed specifically for 8080 microcomputer systems but work with 
most 8-bit processors. Operation of the pPD8251 and pPD8251A, like other I/O devices 
in the 8080 family, are programmed by system software for maximum flexibility. 

In the receive mode, the pPD8251 or pPD8251A converts incoming serial format data 
into parallel data a'nd makes certain format checks, In the transmit mode, it formats 
parallel data into serial form. The device also supplies or removes characters or bits that 
are unique to the communication format in use. By performing conversion and format­
ting services automatically, the USART appears to the processor as a simple or "trans­
parent" input or output of byte-oriented parallel data. 

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

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

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

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

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

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

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

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

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

- clearing the Rx register to all Logic ls (VOH) whenever the Enter Hunt com­
mand is issued in Sync mode, 

8. The AD and WR do not affect the internal operation of the device as long as the 
pPD8251 A is not selected, 

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

10, The pPD8251A has enhanced AC and DC characteristics and is free from 
e~traneous glitches, providinlJ higher speed and improved operating margins, 

11. Baud rate from DC to 64K. 

C/O RD WR CS 
0 0 1 0 pPD8251/pPD8251A -> Data Bus 
0 1 0 0 Data Bus -> pPD8251 /pPD8251A 
1 0 1 0 Status -> Data Bus 
1 1 0 0 Data Bus -> Control 
X X X 1 

Data Bus -> 3-Stcte 
X 1 1 0 

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

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

fLPD8251 18251 A 

hD 

SYNDET (~P08251) 
SYNDET/BD (~P08251A) 

Operating Temperature ...................•............ -o°c to +70°C 
Storage Temperature ............................... -65°C to +125°C 
Ali Output Voltages. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 to +7 Volts 
All Input Voltages. . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . .. -0.5 to +7 Volts 
Supply Voltages .................................. ""'0.5 to +7 Volts 

COMMENT: Stress above those listed under "AbsOlute Maximum Ratings" may cause permane~t 
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 th is specification is not 
implied. Exposure to absolute maximum rating conditions for"extended periods may affect device 
rei iabil itv. 

*Ta = 25°C 
Ta: rfc 10 70·C; VCC = 5.0V ± 5%; GND = OV 

LIMITS 

PD82S1 "PD82S1A 

PARAMETER SYMBOL MIN TVP MAX MIN MAX UNIT TEST CONDITIONS 

Input Low Voltage VIL -0.5 0.8 0.5 0.8 V 

Input High Voltage VIH 2.0 VCC 2.0 VCC V 

Output Low Voltage VOL 0.45 0.45 V 
~PD8251.: IOL = 1.7 mA 

~PD8251A: 10L = 2.2mA 

Output, High, Voltage 
~PD82S1: IOH=~10Q"A 

VOH 2.4 2.4 V 
, ~PD82S1A: 10H = -400 "A 

-SO -10 VOUT = 0.45V 
Data Bus Leakage IDL "A 10 10 VOUT = VCC 

Input load Curre.nt IlL 10 10 "A AIS.5V 

Power ~pplV Currem 80 
~PD8251A: All Outputs = 

Icc 45 100 mA 
Logic 1 

CAPACIT ANCE Ta = 2S·C; VCC = GND = OV 

LIMITS TEST 
PARAMETER SVMBOL MIN' TVP MAX UNIT CONDITIONS 

Input Capacitance CIN 10 pF fe = 1 MHz 

I/O Capacitance ClIO 20 pF, Unmeasured 
pins returned 
toGND 
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,.,.p [)8251l8251 A 

Ta ~ O"c to Ufe, Vee ~ 5.0V· 5%;GNO = av. 

L LIMITS 

I J'PD8251 I ~PD821$A TEST 
PARAMETER SVMBOLI MIN I MAX I MIN MA~ UNIT CONDITIONS 

READ 

Address Stable before READ, Its. C7QI tAR 50 

Address Hold Time fO~~ tRA 
READ Pulse W,dth tRR' 430 250 

Dala Delav from REAO tRO 350 200 pP0825t:'CL = 100pF 
",P08251A: CL" 1&OpF 

REA15 to Data Floatmg tOF 200 100 
",P08251 

Cl = 100pF 
25 10 CL = 15pF 

WRITE 
Address Siable before WRITE tAW 20 

Address Hold r!me for WRITE tWA 20 
WRI re Pulse Width tww 400 250 
Data Sel'Up Time for WRITE tow 200 150 
Data Hold Time for WRITE two 40 0 
Recoverv Time Between WRITES ~ tRV 6 tey 

OTHER TIMING 
Clock Period QJ tCY 0.420 1.35 0.32 1.35 "' Clock Pulse Width High tow 220 O. 7tCY 120 'Cy·9O 
Clock Pulse Width Low tow 90 
l,;lock Rise and Fall rime 'R,IF 50 20 
TxD Delav from Failing Edge of -TxC 'oT)( "' Ax Data Set-Up Time 10 Sampling Pulse 'SA;!!; 2. "' ",P08251: CL = 100 pF 
Ax Data Hold Time to Sampling Pu!se IHAx "' Transmitter Inpul Clock Frequency 'T, 

I X Baud Rate DC .. 4 
16X Baud A'lle DC 520 310 k~. 
64X Baud Aale DC 520 615 kH. 

rranSlnlffer Input Clock PUlse \'Vldtn tTPW 
TX Baud Rate 12 12 te, 
16X and 64X Baud Rate tCY 

Transmiller Input Clock Pulse Delay ITPQ 
I X Baud Rate 15 15 tCY 
16X arld 64 X Baud Rate . • tCY 

Receiver Input Clock Frequency 'R, 
IX Baud Rate DC .. 64 kH 
16X Baud Rale DC 520 310 kH. 
64X Baud Rale I DC 520 615 kH, 

Receiver Input Clock P\llse Width tRPW 
IX Baud Rale 12 12 ~ l6X and 64X Baud Rale 1 tev 

Receiver Input Clock P\llse Delay tRPD 
IX Baud Rate 15 

" tCY 
16X and 64X Baud,Rale • J tey 

TxADV Delay from Center of Data 811 tT, 16 tey /JPD8251: C ·50pF 
RxADV Delay from Center of Data elt tRX 20 24 <CY 
Internal SYNOET Delay Irom Ce ... ter tIS 
01 Data 81t 

25 24 tey 

External SYNDET Set·Up Tin" before 
Failing Edge of RxC 

tES' . 16 16 tCY 

TxEMPTY Delay Irom Center of Data BI' tTxE 16 20 tey PD8251: C ·50pF 
I I,.:ontrol Delay !!2t!! I!i!Wg Edge of 

WRITE (TilE. OTR, RTSI 
twc 16 ,8 tCy. 

Control to READ Set·Up Time fDSA, CTS} teR 16 20 tCY 

Notes. CD AC timings measured al VOH " 2.0. VOL· 0.8, and WIth load CirCUit of Figure I. 
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® ThiS recovery time IS for Inttlallzatlon only. when MODE,'SVNC1. SYNC2, COMMAND and hrst DATA BYTES •• 
written Into the USART. Su~quent Writing of both COMMAND and DATA are only allowed when TxADY = 1, 

@ The TxC and RxC frequencies have the follOWing hmitatlons With respect to ClK. 
For IX Baud Rate. fTx or fRx" 11(30 tCyl 
For 16X and 64X Baud Rate, 'TX or fRx .. 1/(4.5 tCyl 

@ Aeset Pulse Width" 6 tCY mlnlmum.~ 

2V 

5,10n (82511 
420n (~251A1 

D.U.T. t--t"---....... 

24K (82511 
6K (8251AI 

Figure 1. 

~ 

E 
>-« 
...J 
w 
0 
f-
::> 
0.. 
f-
::> 
0 
<3, 

+20 

'+10 

0 

-10 

-20 
-100 -50 0 +50 

A CAPACITANCE (pFI 

Typical 1:1 Output 

+100 

Delay Versus 1:1 Capacitance (pF) 

TEST LOAD CIRCUIT 

AC CHARACTER ISTICS 



TIMING WAVEFORM 

Ji.P 0825118251 A 

CLOCK 

SYSTEM CLOCK INPUT 

:I':::~:DE~, '.~.~~ ~ .~ ~
TPW ITPD--l . 

f--- 'DTX 'DTX' I--
T,DATA ~ ~l-----------x::= 

TRANSMITTER CLOCK AND DATA 

RII DATA 

RxClh:MODE) _U----

RXC (16 MODE) 

INTSAMPlING 
PULSE 

RECEIVER CLOCK AND DATA 

TJC ROY 

OATA IN 10.8.1 
_ __ ~D~ON~'~T~CA~R~E ____ {£~~~~~ __ ~~~~ 

CID 

WRITE DATA CYCLE (PROCESSOR -HJSART) 

Rx ROY 

DATA OUT 10.8.1 _~~~DA~T~A~F~lO~A~T~ __ -f~~~~~$)~~~~ 

C/l! --------"""'1 

e! 

READ DATA'CYCLE (PROCESSOR +-USART) 
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o 
DTR. RTS---------------..... r-----

WR---------~I 

DATA IN (D.B,) --------~tt==t}~-----
CID _______ -J 

~-------..... r 
tWA 

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

o 
DSR.CTS ----...... ,.----------------

RD ------~---

DATAOUT ____ ~ _____ ~t:=::::::j]~----
(D,B,) 

cf15 ______ ...,.JI 

~-------1tAR 

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

NOTES: CD TWC I"cl~ the ~pon. 'iming of. control by •. 

<D T CR Includ. ChI efta of en on Ihi TxENBL circuitry 

TxEMPTY ----....,i......---___ ~---~J 

Tx READY 
IPIN) 

CID =:rj~:qp~~£=t:=~L=lP~~~=~~:::Jr 
~-_+--_+--w"'" SBRK 

TXDATA-----~~LaXDaxxf\£caXDaT~XDaxDO~--~\Q~~~~ 
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DATA,CHAR I, DATA CHAR 2 DATA CHAR 3 

EXAMPLE FORMAT" 7 BIT CHARACTER WITH PARITY ANoO 2 STOP BITS. 

TRANSMITTER CONTROL AND FLAG TIMING 
(ASYNCMODE) 

TIMING WAVEFORM 
(CaNT.) 



TIMING WAVEFORM 
(CONT.) 

. fLPD825118251 A 

BREAKDETECT~I"~P~D~B2~5~lA~I~ ______________________________________ ~ 

OVERRUN ERROR 
ISTATUS·BITI------------------::-...,.:-=------~ 

RxRDY------------------~ 

C/D~~~::::::::::::~-C::::~::::::~~~~::~~~~r-~; 
WR W'RXE,.".:,' ____________ H ______ +-______ -ft...:::; p.:;::.... __ :.:.:...~;:.; 

1m -------+.1 ~-f___-_hI r-+----+---+--
Rx DATA ----------"'\ 

DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 

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

RECEIVER CONTROL AND FLAG TIMING 
(ASYNC MODE) 

Til EMPTY ----i--1------------l 
Tx READV -----t----t 

ISTATUS BIT) 

Tx READY 
(PINt 

m---"::; 

======~iiiii· ~'P~ARPi[l·~PA~R~[lP~' A~Rffi~;A~RPl~P~AR~nl·P~A~RTT~ ~SP;,A;C;,N~~T T~ffi'iXjp~A~RlI~pi;AR ETC 
DATA DATA SYNC SYNC DATA DATA L...:STATE=--J 

CHAR 1 CHAR 2 CHAR 1 CHAR 2 CHAR 3 CHAR 4MARKING MARKiNG DATA SYNC 
STATE STATE CHAR 5 CHAR 

EXAMPLE FORMAT" 5 BIT CHARACTER WITH PARITY AND 2 SYNC CHARACTERS. 

TRANSMITTER CONTROL AND FLAG TIMING 
(SYNC MODE) 

0) ______ ~----~------,L----------~ SYNDET -

ItS-

SYNDET ($,81-------------:...-lr------I"")\--0;;===-----4 DATACHAR2 
aVE RRUN LOST 

ERROR (S.81 ----------'------+--------+f---<{ 
RlI ROY (PIN) ________________ + ____ " 

CD=~~======~~~ WrEH' 

o 
tES--

R. ''Ir"'-----+--H-ttt--+t---'I H-H-h r-ilt-l-+,H--

EXIT HUNT MODE t 
SET SYNDEr (STATUS 8m 

RECEIVER CONTROL AND FLAG TIMING 
(SYNC MODE) 

Notes: (j) Internal ~ync. 2 sync characters, 5 bits, with parity, 
(Z) External sync, 5 bits, with parity. 

SET SYNDEr (STATUS BITI 
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~PQ8251/8251 A 

PIN PIN IDENTIFICATION 

NO. SYMBOL 
FUNCTION 

NAME 

1,2, 07- DO Data Bus Buffer An 8·bit, 3·state bi-directional buffer used to 
27,28 interface the USART to the processor data 
5-8 bus. Data is transmitted or received by the 

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

26 VCC V CC Supply Voltage +5 volt supply 

4 GND Ground Ground 

This logic block accepts inputs from the pro· 
cessor Control Bus.and generates control ~ign.als 
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! 
WriteControlLogic. 

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

RESET pulse 'width is6 tCY' 

20 ClK Clock Pulse The elK input provides for internal deVIce tim-
ing and is usually connected to the Phase 2 (TTL) 
output of the IlPB8224 Clock Generator. 
External inputs and outputs are not referenced 
to ClK, but the ClK frequency must be at 
least 30 tim,e~ 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 writing out on the 
data bus. 

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

12 C/O Control/Data ~ Control/Data input, in conjunction with the 
WR and RD inputs, informs the USART to 
accept or provide either a data character, 
control word or status information via the 
Data Bus. 0 = Data; 1 = Control. 

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

The IlPD8251 and IlPD8251 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 DTR Data Terminal Ready The Data Terminal Ready output can be con-, .. trolled via the Command word. The DTR output 
is normally used to drive Modem Data Terminal 
Ready or Rate Select lines. 

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

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

PIN IDENTIFICATION· 
(CONT.) 

IlPD8251 AND J.[PD8251A 
INTERFACE TO 8080 

STANDARD SYSTEM BUS 

},PD825118251 A 

The Transmit Buffer receives parallel data fro~ the Data Bus Buffer via the internal 

data bus, converts parallel to serial data, inserts the neC!lSsary characters or bits needed 
for the programmed communication format and outputs composite .serial data on the 

TxOpin. 

PIN 
NO. SYMBOL NAME 

FUNCTION 

The Transmit Control Logic accepts and outputs 
Transmit COntrol Logic all external and internal signals necesSary for 

serial data transmission. 
15 TxAOY Transmitter Aeady Transmitter Aeady signals the processor that the 

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

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

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

9 TxC Transmitter Clock The Transmitter Clock controls the serial charac . ter transmission rate. In the AsVnchronous 
mode, the fXC frequency is a multiple of the 
actual Baud Rate. Two bits of the Mode l.nstruc: 
tion select the multiple to be 1 x, 16x, or 64x 
the Baud Aate, In the Synchronous mode,·the 
TxC frequency is automatically selected to 
equal the actual Baud Rate. 
Note that for both Synchrooous and AsV~chro. 
nOU$ modes, serial data is sh ifted out of the 
USAAT by the falling edge of TxC. 

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

~ ADDRESS BUS \ 
AO 

\ CONTROL BUS \ 
1I0R -- ~'2 !lOW AESET (TTL) 

~ DATA BUS \ 
. /"' . 

8 

( V 
C/O CS 07-. 0 0 RD WR RESET CLK 

"PD8251/8251A 

349 

II 



fLPD8251 18251 A 
The Receive Buffer accepts serial data input at the RxD pin and converts the data 
from serial to parallel format. Bits or characters required for the specific communica­
tion technique in use are checked and then an eight-bit i'assembled" character is 
readied for the processor. For communication techniques which require less than 

. eight bits, the J,lPD8251 and J,lPD8251 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 Receiver Ready The Receiver Ready output indicates that the 
Receiver Buffer is ready with an "assembled" 
character for input to the processor. For Polled 
operation, the processor can check RxRDY 
using a Status Read or RxRDY can be con· 
nected to the processor interrupt structure. 
Note that reading the character to the pro-
cessor automatically resets RxA 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 R"'X'C frequency must equal 
the Baud Rate. Two bits in the mode instruction 
select Asynchronous at 1x, 16x or 64x or Syn-
chronous operation at 1 x the Baud Rate. 

Unli ke TxC, data is sampled by the j.lPD8251 and 
",PD8251 A on the rising edge of RxC. <D 

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

16 SYNDET Sync Detect The SYNC Detect pin is only used in the 

("PD8251 ) Synchronous mode. The "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 "PD8251 has located the SYNC character 
in the Receive mode. If double SYNC 
character (bi-sync) operation has been pro-

c 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 
",PD8251 to start assembling data character 
on the next falling edge of ~. The length of 
the SYNQET input should be at least one RxC 
period, but may be removed once the 
"PD8251 is in SYNC. 

16 SYNDET/BD Sync Detectl TheSYWDET/BD pin is u6ed in both Synchron-
(j.lPD8251A) Break Detect ous and Asynchronous modes. When in SYNC 

mode the features for the SYNDET pin 
described above apply. When in Asynchron-
ous 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 ca11 be read as a status bit. 

Note: <D Since the "PD8251 and j.lPD8251A will frequently be handling both the reception and 
transmission for a given link, the Receive 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: If the Baud Rate equals 110 (Asyncl: If the Baud Rate equals 300: 

RECEIVE BUFFER 

PIN IDENTIFICATION 
(CONT.) 

RxC or TxC equals 110Hz (1 x) 
RxCorTxCequals 1.76KHz (16x) 
If><C or 'fXC equals 7.04 KHz (64x) 

RxC or TxC equals 300 Hz (lx) 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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","PD8251/8251A 

OPERATIONAL 
DESCRIPTION 

A set of control words must be sent to the pPD8251 and pPD8251A to define the 
desired mode and communications format. The control words will specify the BAUD 
RATE FACTOR (1x, 16x, 64x)'CHARACTER LENGTH (5 to 8)' NUMBER OF 
STOP BITS (1, 1-1/2,2) ASYNCHRONOUS-or SYNCHRONOUS MODE, SYNDET 
(IN or OUT), PARITY, etc. 

After receiving the control words, the pPD8251 and pPD8251A 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, 
TxR DY is automatically reset. 

Concurrently, the pPD8251 and pPD8251A may receive serial data; and after 
receiving an entire character, the RxRDY output is raised to indicate a completed 
character is ready for the processor. The processor fetch will automatically reset 
RxRDY. 

Note: TheyPD8251 and pPD8251A may provide faulty RxRDY for the first read 
after power-on or for the first read after receive is re-enabled by a command 
instruction (RxE). A dummy read is recommended to clear faulty RxRDY. 
But this is not the case for the first read after hardware or software reset 
after the device operation has once been established. 

The pPD8251 and pPD8251A cannot transmit until the TxEN (Transmitter 
Enable) bit has been set by a Command Instruction and until the CTS (Clear 
to Send) input 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 proceed the control words which .are used to program the 
complete operational description of the communications interface. If an external 
RESET is not available, three successive 00 Hex or two successive 80 Hex command 
instructions (C/i) ~ 1) followed by a software reset command instruction (40 Hex) 
can be used to initialize the IlPD8251 and IlPD8251A. 

There are two control word formats: 

1. Mode Instruction 
2. Command Instruction 

MOD E I NST RUCTION This control word specifies the general characteristics of the interface regarding the 
SYNCHRONOUSorASYNCHRONOUSMODE,BAUDRATEFACTOR,CHARACTER 
LENGTH, PARITY, and NUMBER OF STOP BITS. Once the Mode Instruction 
has been received, SYNC characters or Command Instructions may be inserted depend­
ing on the Mode I nstruction content. 

COMMAND I NSTRUCTION This control word will be interpreted as a SYNC character definition if immediately 
preceded by a Mode Instruction which specified a Synchronous format. After the 
SYNC character(s) are specified or after an Asynchronous Mode Instruction, all sub­
sequent control words will be interpreted as an update to the Command Instruction. 
Command Instruction updates may occur at any time during the da1a block. To 
modify the Mode Instruction, a bit may be set in the Command Instruction which 
causes an internal Reset wh ich allows a new Mode I nstruction to be accepted. 
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}-,PD8251 18251 A 
clEi ~ 1 

C/O ~ 1 

clEi ~ 1 

clEi ~ 1 

C/O ~ 0 

C/O ~ 1 

clEi ~ 0 

C lEi = 1 

MODE INSTRUCTION 

SYNC CHARACTER 1 

SYNC CHARACTER 2 

COMMAND INSTRUCTION 

DATA 

COMMAND INSTRUCTION 

r DATA 

COMMAND INSTRUCTION 

} 
SYNC MODE 

ONLY CD 

NOTE G) The second SYNC character is skipped if MODE instruction has pro· 
grammed the IlPD8251 and IlPD8251 A to single character Internal 
SYNC Mode. Both SYNC characters are skipped if MODE 
instruction has programmed the IlPD8251 and IlPD8251 A to ASYNC 
mode. 

The J.lPD8251 and J.lPD8251 A 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 J.lPD8251 and J.lPD8251A; the USART 
automatically adds a START bit (low level or "space") and the number of STOP bits 
(high level or "mark") specified by the Mode Instruction. If Parity has been enabled, 
an odd or even Parity bit is inserted just before the STOP bit(s). as specified by the 
Mode Instruction, Then, depending on CTS and TxEN, the character may betrans· 
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 th .• J.lPD8251 and J.lPD8251A, or if all 
available characters have been transmitted, the TxD output remains. "high" (marking) 
in preparation for sending the START bit of the next character provided by the 
processor. TxD may be forced to send a BR EAK (continuously low) by setting the cor· 
rect bit in the Command Instruction. 

The RxD input line is normally held "high" (marking) by the transmitting device. 
A falling edge at RxD signals the possible beginning of a START bit and a new 
character. The START bit is checked by testing for a "low" at its nominal center 
as specified by the 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 (PEl 
is set, if a parity error occurs. Input bits are sampled at the RxD pin with the rising 
edge of RxC. If a high is not detected for the STOP iJit, which normally signals the end 
of an input character. a framing error (FE) will be set. After a valid STOP bit, the input 
character is loaded into the parallel Data Bus Buffer of the J.lPD8251 and J.lPD8251A 
and the RxRDY signal is raised to indicate to the processor that a character is ready to 
be fetched. If the processor has failed to fetch the previous character,the new charac· 
ter replaCes the old and the overrun flag (OE) is set. All the error flags can be reset 
by setting a bit in the Command Instruction. Error flag conditions will not stop sub· 
sequent USART operation. 
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TYPICAL DATA BLOCK 

MODE INSTRUCTION 
DEFINITION 

ASYNCHRONOUS 
TRANSMISSION 

ASYNCHRONOUS 
RECEIVE 



MODE INSTRUCTION 
FORMAT 

ASYNCHRONOUS MODE 

TRANSMIT/RECEIVE 
FORMAT 

ASYNCH RONOUS MODE 

ppD8251 18251 A 

1 s21 SI 1 EP I PEN I L21 Ll 1 B21 Bl I 
L BAUD-RATE FACTOR 

0 1 0 1 

0 0 1 1 

SYNC 11X) 116X) 164X) MODE 

CHARACTER LENGTH 

0 1 0 1 

0 0 1 1 

5 6 7 a 
BITS BITS BITS BITS 

PARITY ENABLE 
1 ; ENABLE 0= DISABLE 

EVEN PARITY GENERATIONICHEC 
1 "EVEN 0-000 

NUMBER OF STOP BITS' 

0 1 0 1 

0 '0 1 1-

INVALID 
1 1 ~, 2 

BIT' BIT,S, BITS 

TxD MARKING 

RxD START 
BIT 

TRANSMITTER OUTPUT' 
DO 01 02 

t t 
I OAT; B~'_T_S_,,-____ ... 

RECEIVER INPUT 

PROCESSOR BYT,E lS-a'BITS/CHAAI 

DATA C~~RACTER 
ASSEMBLED SERI'AL DATA 'OUTPUT ITxDI' 

STOfL' .. ' 
BITS 

" , 

~~_-L __ D_A_T_A-iCH~A_R_A_C_T_E_R_~ ___ ~_ST_BI~~~ 
TRANSMISSION FORMAT 

SERIAL DATA INPUT IRxDI 

~ __ -4 __ D_A_T_A_CH_A~R~A_CT_E_R __ ~ __ ~~--4~~~; I 
PROCESSOR BYTE Is-a BITS/CHARI G> 

DATA CH;;ACTER 

RECEIVE FORMAT 

Not .. :~, Generated by "PD8251/8251 A 
2 Does not appear on the Data Bus. 
3 If character length is defined as 5. 6. or 7 bits. the 

unused bits are set to "zero." 

K 

353 

II 



J'PD825118251 A 
As in Asynchronous transmission. the TxD output remains "high" (marking) 
until the J.lPD8251 and J.lPD8251A 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 continue at the TxC rate or SYNC will be lost. If a data character is 
not provided by the processor before the J.lPD8251 and J.lPD8251A 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(s) are inserted to fill the line and maintain synchronization until new data 
characters are available for transmission. If the J.lPD8251 and J.lPD8251A become 
empty. and must send the SYNC character(s). 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. 

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

Incoming data on the RxD input is sampled on the rising edge of RxC. and the 
Receive Buffer is compared with the first SYNC character after each bit has been 
loaded until a match is found. It' two SYNC characters have been programmed. the 
next received character is also compared. When the SYNC character(s) programmed 
have been detected. the J.lPD8251 and J.lPD8251A 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 FiXC 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) ifsynchronization is lost. 

07 06 05 04 03 D., 01 DO 

I scs I ESO I EP I PEN I L, ILl I 0 I 0 I 

I 
I 

CHARACTER LENGTH 

0 1 0 1 

0 0 1 1 

5 6 7 8 
BITS BITS BITS BITS 

PARI TV ENABLE 
11 ENABLEI 
10 DISABLE! 

eVEN PARITY GENERATION/CHE 
1 EVEN 
0 000 

ExTERNAL SYNC DETECT 
1 SYNOET IS AN INPUT 
0 SYNDET IS AN OUTPUT 

SINGLE CHARACTER SYNC 
SINGLE SYNC CHARACTER 
DOUBLE SYNC CHARACTER 

CK 

SYNCHRONOUS 
TRANSMISSION 

SYNCHRONOUS 
RECEIVE 

MODE INSTRUCTION 
FORMAT 
SYNCHRONOUS MODE 



TRANSMIT/RECEIVE 
FORMAT 

SYNCH RONOUS MODE 

COMMAND INSTRUCTION 
FORMAT 

PROCESSOR BYTES 15-8 BITSfCHARI 

OAT A CH;\;ACTERS 

ASSEI\JBLED SERIAL DATA OUTPUT (T"O~ 

}LPD8251/8251 A 

OATACHAR~;_C_T_ER_S ______ ~ 
TRANSMIT FORMAT 

SERIAL DATA INPUT IR,OI 

DATACHA~~A_C_T_ER_S ______ ~ 
PROCESSOR BYTES 15·B BITS CHARI CD 

DATAC:~ 
RECEIVE FORMAT 

Note CD If charactel le,nqth IS defmed as 5, 6 or 7 bits. thp unuSPd 

bits arC' set to "lelo." 

After the functional definition of the .uPD8251 and .uPD8251A has been speeified by 
the Mode Instruction and the SYNC character(s) have been entered (if in SYNC model. 
the USART is ready to receive Command Instructions and begin communication. A 
Command Instruction is used to control the specific operation of the format selected 
by the Mode Instruction. Enable Transmit, Enable Receive, Error Reset and Modem 
Controls are controlled by the Command Instruction. 
After the Mode Instruction and the SYNC character(s) (as needed) are loaded, all 
subsequent "control writes" (C/O = 1) wi II load or overwrite the Command Instruction 
register. A Reset operation (internal via CMD IR or external via the RESET input) 
will cause the .uPD8251 and .uPD8251A to interpret the next "control write", whi.ch 
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 .uPD8251 and .uPD8251 A have 
features which allow the processor to read the device status at any time. A data fetch 
is issued by the processor while holding the C/O input "high" to obtain device Status 
Information. Many of the bits in the status register are copies ot"external pins. This 
dual status arrangement allows the .uPD8251 and .uPD8251A to be used in both Polled 
and interrupt driven environments. Status update can have a maximum delay of 16 
clock periods in the .uPD8251 and 28 clock periods in the .uPD8251 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. 

OV ERR UN E R RO R 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 recejved character is overwritten and lost. 

FRAMING ERROR <D If a valid STOP bit is not detected at the end of a character, the FE flag is ~et. It 
is cleared by setting the E R bit in a subsequent Command Instruction. FE being set 
does not inhibit USART operation. 

Note: <D ASYNC mode only. 
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p-PD8251 18251 A 

07 0, DO 

I EH I IR I RTS I ER I SBRK I R,E I OTR I hEN I 4 m"~" ,,,.,, 
I 1 " enable 

0" disable 

DATA TERMINAL 

I 
READY 
"high" will force '5'T'R 
output to zero 

I RECE'IVE ENABLE 

I I 
1 " enable 
o "'.disable 

I SEND BREAK 

I CHARACTER 

I 1 '" forces TxD "low" 
0.= normal operation 

I ERROR RESET 

I I 
1 = reset all error flags 

PE, DE, FE 

.I REQUEST TO SEND 
"high" will force 'R'TS 

I output to zero 

J INTERNAL RESET I 
"h'igh" returns USART to 

I Mode Instruction Format 

I ENTER HUNT MODE I 
1 '" enable se81ch lQr Sync 

I Characters CD 

0, 

I - I SYNoET I I I I I R,ROY 1 hRoy oSR 
IBo 

FE DE PE TxE 

I 1 1 1 L 
SAME DEFINITIONS AS I/O 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 I'nhibit 
operation of the jJP08251 and 
J,lPQ8251A. 

OVERRUN ERROR 
The DE flag IS set when the CPU 
does not read a character before 
the next one becomes available. - It is reset. by the ER bit 01 the 
Command Instruction. DE does 
not inhibit operatton of the /JPD8251 
and /JPD8251 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 dete"cted at the 
end of every character. It is reset 
by the ER bit of the Command 
Instruction. FE does not inhibit 
the operation of the /JPD8251 and 
J,lPD8251 A. 

Notes. <D No effect m ASYNC mode. 

@ TxRDY status bit is not totally equivalent to theTxRDY output pm, the relationship 

is as follows: 

TxADY statos bit =: DB Buffer Empty 

COMMAND INSTRUCTION 
FORMAT 

STATUS READ FORMAT 



APPLICATION OF THE #PD8251 
AND #PD8251A 

f'PD8251 (8251 A 

\./ 

,PO 
82511 
8251A 

ADDRESS BUS 

CONTROL BUS 

DATA BUS 

ASYNCHRONOUS SERIAL INTERFACE TO CRT TERMINAL. 
OC to 9600 BAUD 

PHONE 
lINE 

INTER· 
FACE 

t 
TELEPHONE 

LINE 

ASYNCHRONOUS INTERFACE TO TELEPHONE LINES 

SYNCHRONOUS 
TERMINAL 

OR PERIPHERAL 
DEVICE 

SYNCHRQNOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE 

PHONe 
LINE 

INTER· 
FACE 

TELEPHONE 
LINE 

SYNCHRONOUS INTERFACE TO TELEPHONE LINES 
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ITEM 

A 

B 

C 

0 

E 

F 

G 

H 

I 
J 

K 

L 

M 

F 
r--------E-------I 

Plastic 

MILLIMETERS 

38,0 MAX. 

2.49 

2.54 

0.5! 0.1 

33.02 

1.5 

2.54 MIN. 

0.5 MIN. 

5.22 MAX. 

5.72 MAX. 

15.24 

13.2 

025 + 0.10 
. 0.05 

J 

G 

Ceramic 

ITEM MILLIMETERS 

A 51.5 MAX. 
B 1.62 MAX. 
C 2.54 ± 0.1 
0 0.5± 0.1 
E 48.26 ± 0,1 
F 1.02 MIN. 
G 3.2 MIN. 
H 1.0MIN. 
I 3.5 MAX. 
J 4.5 MAX. 
K 15.24 TYP. 
L 14.93 TYP. 
M 0.25 ± 0.05 

INCHES 

1.496 MAX. 

0.098 

0.10 

0.02! 0.004 

1.3 

0.059 

0.10MIN. 

0.02 MIN. 

0.205 MAX. 

0.225 MAX. 

0.6 

0.52 

+ 0.004 
0.01 0.002 

INCHES 

2.03 MAX. 
0.06 MAX. 
0.1 ± 0.004 
0.02 ± 0.004 
1.9 ± 0.004 
0.04 MIN. 
0.13MIN. 
0.04 MIN. 
0.14 MAX. 
0.18 MAX. 
0.6 TYP. 
0.59 TYP. 
0.01 ± O.OUlll 

PACKAGE OUTLINES 
IlPD8251 C/D 
IlPD8251 AC/D 

SP8251 18251 A·l 0·79-CAT 



NEe 
NEe Microcomputers, Inc, jLPD765 

DESCRIPTION 

FEATURES 

PIN CONFIGURATION 

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

SINGLEIDOUBLE DENSITY 
FLOPPY DISK CONTROLLER 

The /lPD765 is an LSIFloppy Disk Controller (FDC) Chip, which contains the circuitry and control 
functions for interfacing a processor to 4 Floppy Disk D"rives. It !s capable of 'supporting either 
IBM 3740 single density format (FMl. or IBM System 34 Double Density format (MFM) including 
double sided recording. The /lPD765 provides control signals which simplify the design of an 
external phase locked loop, and write precompensation circuitry. The FDC simplifies and handles 
most of the burdens associated with implementing a Floppy Disk Interface. 

Hand-shaking signals are provided in the /lPD765 which make DMA operation easy to incorporate 
with the aid of an external DMA Controller chip, such as the/lPDS257. The FDC will operate in 
either DMA or Non-DMA mode. In the Non·DMA mode, the FDC generates interrupts to the 
processor every time a data byte is available. In the DMA mode, the processor need only load the 
command into the FDC and all data transfers occur under control of the /lPD765 and DMA 
controller. 

There are 15 separate commands which the /lPD765 will execute. Each of these commands requ ire 
multiple B·bit bytes to fully specify the operation which the processor wishes the FDC to perform. 
The following commands are available: 

Read Data 
Read ID 
Read Deleted Data 
Read a Track 
Scan Equal 

Scan High or Equal 
Scan Low or Equal 
Specify 
Write Data 
Format a Track 

Write Deleted Data 
Seek 
Recalibrate (Restore to Track 0) 
Sense I nterrupt Status 
Sense Drive Status 

Address mark detection circuitry is internal to the F DC which simplifies the phase locked loop and 
read electronics. The track stepping rate, head load time, and head unload time may be programmed 
by the user. The /lPD765 offers many additional features such as multiple sector transfers in both 
read and write with a single command, and full IBM compatibility in both single and double 
density modes. 

o IBM Compatible in Both Single and Double Density Recording Formats 
o Programmable Data Record Lengths: 12S, 256, 512, or 1024 Bytes/Sector 
o Multi-Sector and Multi·Track Transfer Capability 
• Drive Up to 4 Floppy Disks 
o Data Scan Capahil ity - Will Scan a Single Sector or an E~tire Cyl inder's Worth of Data Fields, 

Comparing on a Byte by Byte Basis, Data in the Processor's Memory with Data Read from the 
Diskette 

o Data Transfers in DMA or Non·DMA Mode 
o Parallel Seek Operations on Up to Four Drives 
o Compatible with Most Microprocessors Including SOSOA, SOS5A, /lPD7S0 (ZSOTM) 
o Singl e Phase 8 MHz Clock 
o Single +5 Volt Power Supply 
o Available in 40 Pin Plastic Dual·in-Line Package 

RESET 

AD 
WR 

es 

AO 

DBa 

DB, 

DB2 

DB3 

DB4 

DBS 

DB6 

DB7 

DRO. 

DACK 
Te 

IDX 

INT 

elK 

GND 

2 

3 
4 

5 

6 
7 

8 
9 

10 

11 

12 
13 
14 

15 

16 

J,(PD 

765 

Revl2 

vee 

RW/SEEK 

LCT/DIR 

Fp,STP 

HDl 

RDY 

WPITS 

FLT/TRO 

WE 

veo 
RD 

RDW 

WeK 
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ORa 

~ 

AESET 

eLK 

Vee 

GNO 

Operating Temperature. 
Storage Temperature . 
All Output Voltages .. 
All I nput Voltages .. 
Supply Voltage Vee 
Power Dissipation .. 

READV 

WRITE PROTECT/TWO SIDE 

INDEX 
FAUl TITAACK 0 

UNIT SELECT 0 
UNIT SELECT 1 

MFMMODE 

HEAD LOAD 
HEAOSELECT 

LOW CURRENT/DIRECTION 
FAULT RESETISTEP 

. -lOoe to +70oe 
-40°C to +125°e 
-0.5 to +7 Volts 
-0.5 to +7 Volts 
-0.5 to +7 Volts 

. . . . . . .. 1 Watt 

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

T a = _10°C to +70°C; Vee = +5V ± 5% unless otherwise specified. 

liMITS TEST 
PARAMETER SYMBOL 

TYPG) 
UNIT 

CONDITIONS MIN MAX 
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 = 2.0 mA 

Output High Voltage VOH 2.4 VCC V IOH = -200 IlA 

Input Low Voltage VIL(<I>I -0.5 0.65 V 
(ClK + WR Clock) 

Input High Voltage VIH(<I>I 2.4 VCC + 0.5 V 
(ClK + WR Clockl 

V CC Supply Current ICC 150 rnA 

I nput Load Current 
III 

10 IlA VIN = VCC 
(All Input Pins) -10 IlA VIN = OV 

High Level Output IlOH 10 IlA VOUT = VCC 
Leakage Current 

Low Level Output ILOL -10 IlA VOUT = +0.45V 
Leakage Current 

Note: (i)Typical values for Ta = 2SoC and nominal supply voltage. 
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BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 



INSTRUCTION SET f.L PD8049/8039L 

MNEMONIC 

ADD A,:: data 

ADD A, Ar 

ADD A,@Ar 

ADDC A, " data 

AOOC A, Ar 

ADDC A.@Ar 

ANL A, :: data 

ANL A, Rr 

ANLA,@Ar 

CPL A 

CLA A 

OAA 

DEC A 

INC A 

ORL A. ;: data 

OAL A, Ar 

OALA,@Rr 

RL A 

ALC A 

RR A 

RAC A 

SWAP A 

XAL A, =data 

XRL A, Ar 

XAL A,@Rr 

DJNZ Ar, addr 

JBb addr 

JCaddr 

JFOaddr 

JFl addr 

JMP addr 

JMPP@A 

JNC addr 

JNI addr 

INSTRUCTION CODE FLAGS 

FUNCTION DESCRIPTION 07 06 Os 04 03 02 0, DO CYCLES BYTES C AC FO Fl 

(AI· (AI + data 

(AI, (AI + (Rd 
for r - 0 - 7 

(AI, (AI + ((Rdl 
for r" 0 1 

(AI, (AI + (CI + data 

(AI, (AI + (CI + (Ad 
for r = 0 7 

(AI, (AI + (CI + IIRr)) 

for r = 0 I 

(AI, (A) AND data 

(AI, (AI AND (Rd 
for r" 0 7 

(AI· (A) AND {(Arll 
for r = 0 1 

{AI, NOT (A) 

(AI· 0 

(AI, (AI 1 

(AI, (A) + 1 

(AI' (AI OA data 

(AI, (A) OR (Arl 
for r; 0 7 

(AI, (A) OR ((Ad) 

tor r = 0 1 

(AN + 1)' (AN) 

IAO)- (A71 
for N = 0 6 
(AN + 1) -- (AM; N = 0 6 

(AOI ...... (C) 

{CI' (A71 

(AN) - (AN + 11, N = 0 - 6 
(A71· (AOI 

(AN) - (AN + 1); N" 0 . 6 
(A71' (C) 

lei, (AOI 

IA4-71 ," (AD 3) 

(AI· (AI XOR data 

IAI·- (AI XOR (Arl 
for r ; 0 - 7 

(AI, IAI XOR URr)) 
for r = 0 - 1 

(Rr) - (Rr) l;r'" a 7 

If (Rrl *- 0 
(PC 0 - 7) - addr 

ACCUMULATOR 

Add Immediate the specil ied Data to Ine 0 0 
Accumulator. d7 d6 dS d4 d3 ti2 til dO 

Add contents of deSignated register to 
the AccumulatOr, 

Add IndIrect the contents the data 
memory location to the Accumulator. 

Add Immediate With carry the specified 
data to the Accumulator. d7 dS dS d4 03 02 fi1 dO 

Add With carry the contents of the 0 1 
deSignated register to the Accumulator. 

Add Indirect With carry the contents 01 
data memory location to the 
Accumulator. 

Logical and specilled Immediate Data 
With Accumulator. 

Logical and contents of deSignated 
register wl'th Accumulator. 

Logical and Indirect the contents of data 
memory With Accumulator 

Complement the contents of the 
Accumulator 

CLEAR the contents of the Accumulator 

DECIMAL ADJUST the contents of the 
ACcumulator. 

DECAEMENT by 1 the accumulator's 

Increment by 1 the accumulator's 
contents. 

Logical OR specified Immediate data 
With Accumulator 

Logical OR contents of deSignated 
register With Accumulator. 

Logical OR Indirect the contents of data 
memory location With Accumulafor. 

Rotate Accumulator left by l·blt Without 
carry. 

Rotate Accumulator left by '·b" through 
carry 

Aotate Accumulator right by '·blt 
Without carry. 

Rotate Accumulator right by l·blt 
through carry 

Swap the 2 4·b,t nibbles In the 
Accumulator. 

Logical XOR speCified Immediate data 
With Accumulator 

Logical XOR contents of deSignated 
register with Accumulator. 

0' 

, 
d7 dS dS d4 d3 d2 d, ti~ 

o 

d7 d6 d5 d4 d3 d2 dl dO 

a ·0 1 

, 
d7 d6 d5 d4 d3 d2 dl dO 

o 

Logical XOR Indirect the contents of data 1 
memory location With ACCumulator 

BRANCH 

Decrement the specified register and 

{PC 0 71 ...... addr If Bb " 1 Jump to specified address If b2 b, bO 
(PC)' (PCI t 2 If Bb < 0 Accum: .. llator bit IS set. 

(PC 0 - 71 - addr If C = I Jump to specified address If carry flag 
(PC}' (PCI + 2 If C ~ a 
(PC 0 71 - addr If FO '" 1 Jump to speclfu;'d address,f Flag Fa IS 
(PC) . HPCI + 2 If FO -. 0 set. 

WC 0 7} - addr If F 1 " 1 Jump to specified address If Flag F, IS 
(PC)" (PC) t 2 ,f Fl = a 

a7 a6 a5 014 a3 a2 al 00 

, 0 

a7 a6 a5 ~4 a3 a2 a, ao 

a7 a6 a5 a4 a3 a2 a, ao , 
a7 a6 a5 a4 013 a2 a, aO 

(PC8 101· addrS'O D,rectJumptospecd,edadd,esswlthm a,O a9 as n 
(PC 0 71 0 - addr 0 the 2K address block a7 016 a5 (14 013 012 a, aO 
(PC 111· OBF 

(PC 0 7)· (tA)) Jump mdlfect to specified address With 
With address page. 

(PC a 7)· addr If C '" a Jump to specified address If carry flay IS 
(PCI' {PCI + 2 if C ' 1 low. a7 a6 a5 84 a3 il2 al aO 

(PC 0 71·- addr If \ ~ 0 Jump to specd,ed address If Q11errupt 0 0 
(PC)" (PCI t 2 If Ills low a7 a6 a5 a4 a3 82 al ao 
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J.L PD8049/8039L 

MNEMONIC 

JNTO addr 

JNT1 addr 

JNZ addr 

JTF addr 

JTO addr 

JTl addr 

J2 addr 

EN I 

DIS I 

ENTO CLK 

SEL MBa 

SEL MBl 

SEL ABO 

SEL AB1 

MOV A, "data 

MOV A, Ar 

MOV A,@Rr 

MOV A, PSW 

MOV Rr, " data 

MOV AI', A 

MOV@Rr,A 

MOV @ Ar, == data 

MOV PSW, A 

MOVP A, @A 

MOVP3 A,@A 

MOVX A,@R 

MOVX@A,A 

XCH A, Ar 

XCH A,@Ar 

XCHD A,@Ar 

CPL C 

CPL Fa 

CPL F1 

CLR C 

CLA Fa 

CLA F1 

238 

INSTRUCTION SET (CONT.) 

INSTRUCTION CODE FLAGS 

FUNCTION DESCRIPTION 07 Os Os 04 03 02 01 DO CYCLES BYTES C AC FO Fl 

(PC 0- 7) ~'addr if TO=- 0 
(PC) ~- (PC) i- 2 If TO = 1 

(PC 0 _. 7) .- addr if T1 = a 
I PC)· (PC) + 2 If T1 1 

(PC a 7) 0- addr If A '* 0 
(PCI· (PC) + 2 d A 0 

(PC a - 7) 0-- addr if TF = 1 
(PC)· (PC) + 211 TF 0 

(PC 0- 7) ...... addr if TO "- 1 
(PCI <-- (PC) + 2 if TO = 0 

(PC 0 7)· addr if T1 '" 1 
(PC)· (PCI + 2 If T1 0 

(PC 0 - 7) • - addr if A -' 0 
(PC)' (PC) + 2 If A ' a 

(OBF)· a 

10BF) . 1 

(BS)· a 

(BS) . 

(A). data 

BRANCH (CO NT.) 

Jump to specified address if Test 0 is low. 

'7 '6 
Jump to specified 1;Iddress If Test 1 IS low. 1 

'7 '6 

Jump to ~pecilled address If accumulator 0 

'7 '6 

Jump to sJ.)ecltled address If Timer Flag 0 
IS set to 1. '7 '6 

Jump to specified address if Test 0 is a 0 
'7 '6 

Jump to specified addre.ss If Test 1 is a 1. 

'7 '6 

Jump to specified address if Accumulator 1 
is O. '7 '6 

CONTROL 

Enable the External Interrupt input. 

Disable the External Interrupt Input. 

Enable the Clock Output pin TO. 

Select Bank a (locations a 2047) of 
Program Memory. 

Select Bank 1 (locations 2048 4095) of 
Program Memory. 

Select Bank 0 (locations a - 7) of Data 
Memory. 

Select Bank 1 (locations 24 31) of 
Data Memory. 

DATA MOVES 

Move Immediate the speCified data Into 

'5 '. '3 '2 '1 '0 

0 0 1 0 

'5 '. '3 '2 '1 '0 
0 1 0 1 0 

'5 '. '3 '2 '1 '0 

0 0 1 1 0 

'5 '. '3 '2 '1 '0 
1 0 0 
'5 '4 '3 '2 '1 '0 

'5 '4 '3 '2 '1 '0 
0 0 1 0 

'5 '. '3 '2 '1 '0 

the Accumulator. d7 d6 d5 d4 d3 d2 dl dO 

(A), (Rrl;r 0 7 

(A)· IIRr)); r: 0 1 

(A)· (PSWJ 

(Ad· data; r : 0 7 

(Ad·- (A); r '" 0 7 

((Ad)·- (Aj; r '" 0 1 

HAd)' data; r - 0 ,. 

(PSW)· (A) 

(PC 0 7) ,- (A) 
(A)' ((PC)) 

(PC a 7)· (A) 

(PCB 10)~'011 
(A)' ((PC)) 

(AI - ((Rr));r '" a 1 

({Rd) <- (AI;r: 0 1 

Move the conte.nts of the deSignated 
registers Into the Accumulator 

Move Indirect the contents of data 
memory location Into the Accumulator 

Move contents of the Program Status 
Word into the Accumulator. 

Move Immediate the specified data mto 
the designated register. 

Move Accumulator Conte'lts Into the 
deSignated register. 

Move Indirect Accumulator Contents 
Into data memory locatIOn. 

Move Immediate the speCified data Into 
data memory, 

Move contents of Accumulator Into the 
program status word. 

Move data 10 the current page Into the 
Accumulator. 

Move Program data In Page 3 Into the 
Accumulator. 

Move Indifect the contents of external 
data memory IOto the Accumulator. 

Move Indirect the contents of the 
Accumulator Into external data memory. 

(AI ~ (Ad; r"" a - 7 Exchange the Accumulator and 
deSignated register's contents. 

(A) ~. ((Rd); r = 0'- 1 Exchange Indirect contents 01 Accumu­
lator and location In data memory. 

(A 0 - 3) ~ (lAd) 0':' 3)); Exchange Indirect 4-blt contents of 
r '" 0- 1 Accumulator and data memory. 

d7 

1 
d7 

flAGS 

(C)· NOT ICI 

(Fa) - NOT (FO) 

1Ft)· NOT IF1) 

IC)' 0 

(Fa) ~- 0 

(Ft)· 0 

Complement Con'tent of carry bit. 

Complement Content of Flag FO 

Complement Content of Flag F1 

Clear content of carry bit to 0 

Clear content of Flag 0 to O. 

Clear content of Flag 1 tD O. 

d6 d5 d4 d3 d2 dl dO 

0 0 

d6 d5 d. d3 d2 dl dO 

0 0 1 

, 



NEe 
NEe Microcomputers, Inc. p.PD8253 

/-,PD8253·5 

PROGRAMMABLE INTERVAL TIMER 

DESCR I PTiON The NEG MPD8253 contains three independent, programmable, multi-modal 16-bit 
counter Iti mers. It is designed as a general purpose device, fully compatible with the 
8080 family. The MPD8253 interfaces dire.ctly to the busses of the processor as an 
array of 1/0 ports. 

The MPD8253 can generate accurate time delays under the control of system software. 
The three independent 16-bit counters can be clocked at ratEls from DC to 3 MHz 
(MPD8253-5 DC to 4 MHz). The system software controls the loading and starting of 
the counters to provide accurate multiple time delays. The 'counter output flags the 
processor at the completion of the time-out cycles. 

System overhead is greatly improved by relieving the software from the maintenance of 
timing loops. Some other common uses for the pPD8253 in microprocessor based 
systems are: 

• Programmable Baud Rate Generator 

• Event Counter 

• Binary Rate Multiplier 

• Real Time Clock 

• Digital One-Shot 

• Complex Motor Controller 

FEATURES • Three Independent 16-BitCouilters 

• Clo.ck Rate: DC to 2 MHz (MPD8253) 
DC to 4 MHz (MPD8253-5) 

• Count Binary or BCD 

• Single +5 Volt Supply 

• 24 Dual-In-Line Plastic Package 

PIN CONFIGURATION 
07 VCC 

06 2 23 WR PIN NAMES 

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

04' 4 21 CS ClKN ·Counter Clock Inputs 

03 5 20 Al 

02 6 pPD 19 Ao 

GATE N Counter Gate Inputs 

OUTN Counter OOtputs 

RO Read Counter 

01 7 8253/ 18 ClK 2 WR Write Command or Data 

DO 8 8253-5 17 OUT2 CS Chip Select 

ClK 0 9 16 GATE 2 AO,A1 Cou nter Select 

OUT 0 ClK 1 
VCC +5 Volts 

GNO Ground 
GATE 0 GATE 1 

GNO OUT 1 

Rev/3 

11 



!-,PD8253 
Data Bus Buffer 
The 3-state, 8-bit, bi-directional Data Bus Buffer interfaces the ~PD8253 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 ~PD8253 ' 
2. Load the count registers. 
3. Read the count values. 

Read/Write Logic 
The Read/Write Logic controls the overall operation of the ~PD8253 and is governed 
by inputs received from the processor system, bus. 

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

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

RD (Read) 
This active-low signal instructs the ~PD8253 to transmit the selected counter value to 
the processor. 

WR (Write) 
This active-low signal instructs the ~PD8253 to receive MODE information or counter 
input data from the processor. 

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

CS (Chip Select! 
The ~PD8253 is enabled when an active-low signal is applied to this input. Reading or 
writing from this device is inhibited when the chip is disabled. The counter operation, 
however. is not affecte~. 

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

The programmer, with READ operations, has access to each counter's contents. The 
~PD8253 contains the commands and logic to read each counter's contents while still 
counting without disturbing its operation. 

The following is a table showing how the counters are manipulated by the input signals 
to the Read/Write Log ic. 

cs RD WR A1 AD FUNCTION 
0 1 0 0 0 Load Counter No. 0 
0 1 0 0 1 Load Counter No. 1 
0 1 0 1 0 Load Counter No. 2 
0 1 0 1 1 Write Mode Word 
0 0 1 0 0 Read Counter No_ 0 
0 0 1 0 1 Read Counter No.1 
0 0 1 1 0 Read Counter No.2 
0 0 1 1 1 No-Operation. 3-51ate 
1 X X X X Disable, 3-State 
0 1 1 X X No-Operation, 3-State 

FUNCTIONAL' 
DESCRIPTION 



BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

jiPD8253 

r-----------------------------~~--~ I 'I 
I I 
I I 
I I 
I I 
I I 
I I 

07-0 0 : JLOCK 0 
I 

DATA 
BUS 

BUFFER 

J--+-o.<tWR 
..... -+ ...... .(IRD READI 

. WRITE 

..... -+--tA, LOGIC 

J---t---iAo 

CONTROL 
WORD 

REGISTER 

QUTO 

I 
I 
I 
I 
I 
I 
I 
I 

CLOCK 1 

GATE 1 

DUT2 
I 
I 
I 
I 
I 

I 
I 
I 

I I 
PROCESSOR PROCESSOR PROCESSOR I ,uPD82S3 I 
ADDRESS CONTROL DATA ~-----------------------------------~ BUS BUS BUS 

Operating Temperature. . . . . . . . . . . . . . . . . . . . . . . . . .. . . O°Cto +70°C 
Storage Temperature ............................... -65°C to +125');;. 
Voltage on Any Pin ............................... -0.5 to +7 Volts(.0 

Note: 0 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. Exposure to absolute maximum rating conditions for extended periods may affect device 
realiability. ' 

*Ta = 25°C 

DC CHARACTERISTICS Ta = O"Cto +70°C; VCC = +5V ±,5% 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP . MAX UNIT CONDITIONS 

I nput Low Voltage V,l -0.5 0.8 V 

Input High Voltage V,H 2.0 VCC+O·5 V 

Output Low Voltage VOL 0.45 V IOl =2.2 mA 

Output High Voltage VOH 2.4 V IOH =-400/loA 

Input Load Current III .10 /loA VIN=VCCtoOV 
Output Float Lea kage Current IOFl .10 /loA VOUT=VCCtoOV 
VCC Supply Curreni ICC 140 mA 

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

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Input CapaCitance C'N 10 pF fc = 1 MHz 

Input/Output Capacitance CliO 20 pF Unmeasured pins returned 
to VSS. 
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fLPD8253 
Ta = O'C to +70'C: VCC = +5V ± 10%: GNO =OV AC CHARACTERISTICsCD 

liMITS 

PARAMETER SYMBOL ~PD8253 I ~PD8253·5 UNIT 
TEST 

CONDITIONS 
MIN TYP J MAX I MIN I TYP I MAX 

READ 

Address Stable Before READ tAR 50 0 ns 

Address Hold Time for ~AD tRA 5 0 ns 

READ Pulse Width tRR 400 250 ns 

Data Delav from ~ tRD 300 17() ns Cl - 150 pF 

READ to Data Floating tOF 25 125 25 100 ns Cl-'OOpF 

WRITE 

Address Stable Before WAITE tAW 20 0 ns 

Address Hold Time for WRITE tWA 20 0- ns 

WRITE Pulse Width tww 400 250 ns 

Data Set Up Time for~ tow 200 150 ns 

Data Hold Time for WRITE two 40 0 ns 

Recovery Time Between WRIlES tRV 1 1 ~s 

CLOCK AND GATE TIMING 

Clock Period tClK 300 DC 250 DC ns 

High Pulse Width tPWH 200 160 ns 

Low Pulse Width tPWl 100 90 ns 

Gate Pulse Width High tGW 150 150 ns 

Gate Set Up Time to Clock 1 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 J too 300 300 ns CL-l00pF 

Output Delay from Gate tOOG 300 300 ns CL-l00pF 

Note: CD AC Timing Measured at VOH = 2.2V; VOL = O.BV. 

TIMING WAVEFORMS 

READ TIMING 

DATA BUS 

--------~,~~--~--~~---

WRITE TIMING 

elK 

GATE G 

OUTPUT 0 ____________ ~-'.~-----J-~--------
1--..Io_tOOG 

CLOCK AND GATE TIMING 
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PROGRAMMING 
THE MPD8253 

fLPD8253 

The programmer can select any of the six operational MODES for the counters using 
system software. I ndividual counter programming is accomplished by loading the 
CONTRO L WOR D REGISTER with the appropriate control word data (AO, A1 = 11). 

CONTROL WORD FORMAT 

SC - Select Counter 

SCl SCO 

0 0 Select Counter 0 

0 1 Select Counter 1 

1 0 Select Counter 2 

1 1 Invalid 

R l - Read/load 

Rl1 RlO 

0 0 Counter Latching Operation 

1 0 Read/Load Most Significant Byte Only 

0 1 Read/load Least Significant Byte Only 

1 1 Read/Load Least Significant Byte First, Then Most 
Significant Byte 

BCD 

Binary Counter, 16·Bits 

BCD Counter, 4-Decades 

M-Mode 

M2 Ml 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 incjividually programmed with different operating OPE RATIONAL MODES CD 
MODES by appropriately formatted Control Words. The following is a summary of the 
MODE operations. 

Mode 0: Interrupt on Terminal Count 
The initial MODE set operation forces the OUTPUT low. When the specified counter is 
loaded with the count value, it will begin counting. The OUTPUT will remain low until 
the terminal count sets it high. It will remain in the high state until the trailing edge of 
the second WR pulse loads in COUNT data. If data is loaded during the counting 
process, the first WR stops the count. Counting starts with the new count data triggered 
by the falling clock edge after the second WR. If a GATE pulse is asserted while count· 
ing, the count is terminated for the duration of GATE. The falling edge of ClK follow· 
ing the removal of GATE restarts counting from the terminated point. 

"'. - L..!:.!......Jr----t-----i----­
·-----~i~r~-----

Mode 1: Programmable One-Shot 
The OUTPUT is set low by the falling edge of CLOCK following the trailing edge of 
GATE. The OUTPUT is set high again at the terminal count. The output pulse is not 
affected if new count data is loaded while the OUTPUT is low. The new data will be 
loaded on the rising edge of the next trigger pulse. The assertion of a trigger pulse 
while OUTPUT is low, resets and retriggers the One·Shot. The OUTPUT will remain 
low for the full count value after the rising edge of TRIGGER. 

O.TEIT"IQGERI~ 

"~'-----;L"':'" -,:",_.~, -.:..'~' .1---

Mode 2: Rate Generator 
The RATE GENERATOR is a variable modulus counter. The OUTPUT goes low for 
one full CLOCK period as shown in following timing diagram. The count data sets the 
time between OUTPUT pulses. If the count register is reloaded between output pulses 
the present period will not be affected. The subsequent period will reflect the new 
value. The OUTPUT will remain high for the duration of the asserted GATE input. 
Normal operation resumes on the falling CLOCK edge following the rising edge of 
GATE. 

---'--'--4 jW......!...... ""-'---'--' ... 
~~ L...J L...J L...J 

... L....."..jr------------

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

JLPD8253 

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 datal. For odd values of count data the OUT· 

PUT will be high one clock N'~elI0nger than when it is low (High Period"'-> ~ 
clock cycles; Low Period ~. - clock periods, where.N is the decimal value of count 
data). If the count register is reloaded with a new value during counting, the new value 
will be reflected immediately after the output transition of the current count. 

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

0l!!--!--L--2!6l 2 ~61 2 o~ 

OuTPuT '". ,,--.J L--..J L--.J 

~""~"'~---------

~12~"2"~"2~ 
Ollf'UTI,·., L-.J L----1 L--..J 

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. 

"'~---------

~r-----------

Mode 5: Hardware Triggered Strobe 
Loading MODE 5 sets OUTPUT high. Counting begins when count data is .loaded and 
GATE goes high. After terminal count is reached, the OUTPUT wi:1 pulse low for one 
clock period. Subsequent trigger pulses will restart the counting ser;uence with the 
OUTPUT pulsing low on terminal count following the last rising eoge of the trigger 
input (Reference bottom half of timing diagram). 

;;;;,l..=...J-------------------
____ ~~r------------
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NE'C 
NEe Microcomputers, Inc. JLPD8255 

JLPD8255A·5 

PROGRAMMABLE PERIPHERAL INTERFACES 

DESCR I PTION The pPD8255 and pPD8255A-5 are general purpose programmable INPUT/OUTPUT 
devices designed for use with the 8080A/8085A microprocessors_ Twenty-four (24) 
I/O lines may be programmed in two groups· Of twelve (group I and group II) and used 
in three modes of operation. In the Basic mode, (MODE 0), each group of twelve I/O 
pins may be programmed in sets of 4 to be in~ut or output. In the Strobed mode, 
(MODE 1), each group may be prqgrammed to have 8 lines of·input or output. Three 
of the remaining four pins in each group are used for handshaking strobes and interrupt 
control signals. The Bidirectional Bus mode, (MODE 2), uses the 8 lines of Port A for 
a bidirectional bus, and five lines from Port C for bus control signals. The pPD8255 
and pPD8255A-5 are pa<;kaged in 40 pin plastic dual-in-line packages. 

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

• All Inputs and Outputs TTL Compatible 

• 24 Programmable I/O Pins 

• Direct Bit SET/RESET Eases Control Application Interfaces 

• 8 - 2 mA Darlington Drive Outputs for Printers and Displays (pPD8255) 

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

• LSI Drastically Reduces System Package Count 

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

PIN CONFIGURATION PA3 PA4 
PA2 PAS 
PAl PAa PIN NAMES 
PAo PA7 
RO WR 07-0 0 Data Bus (Bi·Directional) 

CS RESET RESET Reset Input 

GNO DO 
A, 0, 
AO 

IlPD 
02 

PC7 
8255/ 03 

PCa 8255A-5 04 
PCs 05 
PC4 Oa 
PCo 07 

CS Chip Select 

Ri'i Read Input 

WR Write Input 

Ao. Al Port Address 

PA7-PAO ~ort A (Bid 

PB7-PBO Port B (Bid 

PC7-PCO Port C (Bid 

Vee +5 Volts 
GNO o Volts 

PC, VCC 
PC2 PB7 
PC3 PBa 
PBO PBS 
PB, PB4 
P~2 PB3 

Revl2 

367 



JLPD8255/8255A·5 
General FUNCTIONAL DESCRIPTION 
The ~PD8255 and ~PD8255A·5 Programmable Peripheral Interfaces (PPI) are designed 
for use in 8080A/8085A microprocessor systems. Peripheral equipment can be effectively 
and efficiently interfaced to the 8080A/8085A data and control busses with the~PD8255 
and ~PD8255A·5. The ~PD8255 and ~PD8255A·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 ~PD8255 and 
~PD8255A·5 can be directly interfaced to the processor's system Data Bus (DO·D7). 
The Data Bus B,uffer 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. 

ReadlWrite 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, ~, pin 6 
A Logic Low, VIL. on this input enables the ~PD8255 and ~PD8255A·5 for com· 
munication with the 8080A/8085A. 

Read, RD, pin 5 
A Logic Low, VIL. on this input enables the ~PD8255 and ~PD8255A·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 8 
These two inputs are used in conjunction with CS, RD, and WR to control the selec· 
tion of one of three ports on the Control Word Register. AO and A1 are usually 
connected to AO and A1 of the processor Address 8us. 

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 ~PD825p and ~PD8255A·5. Information such as "MODE," 
"Bit SET," and "Bit RESET" is used to initialize the functional configuration of each 
I/O port. 
Each qroup (I and II) accepts "commands" from the ReadIWrite Control Logic and 
"control words" from the internal data bus and in turn controls its associated I/O 
ports. 

Group I - Port A and upper Port C (PC7·PC4) 
Group II - Port B and lower Port C (PC3·PCO) 

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

Ports A, B,and C 
The three 8·bit 'I/O ports (A, B, and C) in the ~PD8255 and ~PD8255A·5 can all be 
configured to meet a wide variety of functional requirements through system software. 
The effectiveness and flexibility of the ~PD8255 and ~PD8255A·5 is further 
enhanced by special features unique to each of the ports. 

Port A = An 8·bit data output latch/buffer and data input latch. 
Port B = An 8·bit data input/output latch/buffer and an 8·bit data input buffer. 
Port C = An 8·bit output latch/buffer and a data input buffer (input not latched). 

Port C may be divided into two independent 4·bit control and status ports for use with 
Ports A and B. 
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TIMING WAVEFORMS 
(COI\IT.) 

MODE 1 

MODE 2 

fL PD8255/8255A·5 

WR-----" 

OBF ------I--+-+.....,j 

INTR ------If-""'-Il 

ACR ------If------~-'\.I 

OUTPUT TO PERIPHERAL 

STB FROM PER IPHERAL 

tST--lv--. _________ -. ____ 

IBF ________ -'I 

INTR ___________ ~.., 

R6----------4--4-~~I~--~::::::t---

INPUT FROM 
PER IPHERAL 

WRITE 
DATA FROM ~PD8080A TO ~PD8255 AND ~PD8255A 

tAOB 

INTR 

ACK FROM PERIPHERAL 

STB FROM PERIPHERAL 

IBF -----------'1 
PERIPHERAL ______ {~==~~~ 

BUS -. 
tRIB 

RD------~-------~~----"'\. 
DATA FROM 

PERIPHERAL TO ~PD8255 
AND ~PD8255A-5 

~PD8255 AND ~PD8255A-5 
TO PERIPHERAL 

READ DATA FROM 

~PD8255 AND ~FDB255A-5 
TO "PDBOBOA 

Note: <D Any sequence where WR occurs before ACK and STB occurs before AD is permissibte. 
. (lNTR: IBF • MASK· STB· RD + OSF . MASK· ACK· WR) 

@ When the "PDB255A-5 is set to Mode 1 or 2, OBF isreset to be high (logic 1). 
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fL PD8255/8255A·5 
The ILPD8255 and ILPD8255A·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, S, and C. Output data is latched and input data follows the peripheral. N9 "hand­
shaking" strobes are needed. 

16 different configurations in MODE 0 

Two 8-bit ports and two 4-bit ports 

Inputs are not latched 

Outputs are latched 

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

Two 110 Groups (I and II) 

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

Both B-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 PSO.7 and PCO.2 may be defined as Mode 0 
or 1, input or output in c<?njunction with Port A in Mode 2. 

An 8·bit latched bidirectional bus port (PAO.7) and a 5·bi! 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 OPERA TlON IREADI 

Al I Ao I RD WR ~ 
0 0 0 1 0 PORT A---.- DATA BUS 
0 1 0 1 0 PORT B __ DATA BUS 

1 I o I 0 I 1 I 0 I PORT C ____ DATA BUS 

OUTPUT OPERATION (WR ITEI 

Al AO RD WR I cs 
0 0 1 0 0 DATA BUS-...PORT A 
0 1 1 0 0 DATA BUS-...PORT B 
1 0 1 0 0 DATA BUS~PORT C 
1 1 1 0 0 DATA BUS-..-.CONTROL 

DISABLE FUNCTION 

Al AO AD WR CS 

X X X X 1 
DATA BUS~ 
HIGH Z STATE 

X X 1 1 0 
DATABUS~ 

HIGH Z STATE 

NOTES (j) X means "DO NOT CARE." 

<2) All conditions not listed are Illegal and should 
be avoided. 

lo, 10, 0, I 0, 10 , 10 , I 0, I 00 I 10 , 1 o. r 0, r o·\o,-r'l ',Tool 
L.J 

I·INPUT 
O-OUTPUT 

, • INPUT 
O-OUTPUT 

~ 
OON'T 
CARE Y 9ITSETIREsn 

I "SET 
O·ReSET 

I 8ITSELECT I 
0'" J" 56 1 

010' 0' 0'8011 

o 0 I , 0 0 I I 8dl 

0000',1 182 

r 
MODE DEFINITION ·IL-__ ---l 

r '" ""."'''CAO I 
BIT/RESET I O·ACTIVE 
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MODE 0 

MODE 1 

MODE 2 

BASIC OPERATION 
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BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

CAPACITANCE 

1-'5V 

""''' SUPPLIES 1---- GIllD 

BIDIRECTIONAL DATA BUS 

0,-0. 

A, 

A. 

,, ___ --.J 

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

Note: CD With respect to V S5 

fLPD8255/8255A·5 

'" PA. PA" 

PC, PC" 

O°C to +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 conditions for extended periods may ,affect device 

reliability. 

T a = o°c to +700 C; Vee"" +5V ± 10%;VSS "" ov 

LIMITS 

J,lPD8255 ",PD8255A·5 TEST 
PARAMETER SYMBOL MIN TV. MAX MIN TV. MAX UNIT CONDITIONS 

Input Low Voltage V,L VSS-O.S 0.8 -0.5 0.8 V 

~~t High Voltage V,H 2 Vee 2 Vee V 

Output Low Voltage VOL 0.4 0.45 V \.~ 
Output High Voltage VOH 2.4 2.4 V 3 

Darlington Drive Current 'OH(' 1 2 4 -I -4 mA VOH ~ 1.5V, REXT - 750H 

Power Supply Current 'ee 40 120 120 mA VCC'" +5V, Output Open 

Input Leakage Current ILiH 10 10 "A VtN '" Vce 

Input Leakage Current ILtL -10 -10 "A VIN ~ O.4V 

Output Leakage Current tLOH 10 ". "A VOUT'" VCC: CS "- 2.0V 

Output Leakage Current IlOl -10 -10 "A VOUT" O.4V, CS'" 2.0V 

Notes: CD Anv set of eight (81 outputs tram either Port A, S, or C can source 2 mA Into 1.5V tor JlPD8255, or 4 mA mlO 
1.5V fOr ~P08255A·5 

@ For jJPD8255: tal ~ 1. 7 mA 
For jJPD8255A·5, tal ~ 2.5mA for DB Port. 1.7 mA tor Peripheral Ports 

@ For IlP08255: IOH '" -100 IJA for 08 Port; 50 IJS for Peripheral Ports. 
For IJPD8255A-5: IOH : -400 IJA for dB Port;-200 p$ for Peripheral Ports. 

Ta = 25°C; VCC = VSS = OV 

LIMITS 
PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Input Capacitance CIN 10 pF Ie = 1 MHz 

1/0 Capacitance CliO 20 pF Unmeasured pins 
returned to VSS 
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JLPD8255/8255A.5 
T ... rfc to+7O"c; VCC'O +5\1:t 5%; VSS" OV 

LIMITS 
08255 2&SA-& 

PARAMETER SVM80L'I!MIN, MAX ,MIN MAX UNIT 

Address Stable Before ~ tAR 

Addr .. StlbI, After ~ IRA 

R~O Pul" Width tRR 

Delli VIUd From READ tRO 

Delli Floet Allir ~ 'OF 

Time Bet_n fiEA5S .ndior'W'Fi"i'f"ES tRV 

A~ StlbI, Before WRi'fE 

WFfiT"rPuI" Width 

DetaV"idToWAT E !LE.) 

0.111 Valid After WJm 

WR -0 ToOulPol1 

Peripher .. Datil After J!m 
ACK Pulse Width 

1TIPuIseWidth 

.... Delli Before T.E. Of STI 

Per. o.t. Aftw T.E. Of STa 

~·OToOutput 

I ACJ(. 0 To Output Floet 

m-OTOOlF.' 

STB-OToIBF-, 

R'5·,ToIBF-O 

Imf-OToINTR-O 

STa-1ToINTR-' 

'AW 'WA 
'WW 

'OW 

'WD 
'W8 
'lR 

'H" 

'AK 
'ST 

'PS 

'PH 

'AD 
'KD 
'W08 
tA08 

ISIB 

tRI8 

,"11 

tSIT 

"EAD 

50 

0 ... 300 

29' 200 

150 100 
10 10 

850 ... 
WRITE ,. 
,. ,. 

.00 300 . 

10 100 

35 30 

OlMER TIMING 

500 350 

0 .. 
500 

350 500 

60 

'50 '80 
400 300 

300 250 
20 ,. 

300 6 .. 

'50 

.50 300 

360 300 

'5O ... 
'00 300 

IACR.,TOINTA-' tAIT 400 350 

I"""·OTOINTR-O twiT 860 850 

TEIT 
CONDITIONS 

8265: CL -l00pF 
8215fiA·!5: CL .. 1SO pF 

CL-l00pF 
CL"'16pF 

~ 

8255: CL .. 50 pF 
8266A·6: CL" 160pF 

8255: CL" 60pF 
8256A·5: CL. • 150pF 

82SSJ1Cl." 50 pF 
CL,-1SpF 

9255: CL .. ISO pF 

e2ISSA·Ii: CL" 160 pF 

Notes: <D Period of Reset pulse must be at least 50/.ls during or after power on. Subsequent Reset 
pulse can be 500 ns min. 

® 

INPUT FROM PERIPHERAL 

CS,Al. AO ::::::J~:'A:R=+::::::::f!:'R:A~c:::::: 

00 07------------~;';RO;;~~:t;;;';D';;~~c:~ 
BASIC INPUT 

WR----------~~==~'W:W:::;r_----------
'ow 'wo 

DO D7::::::::~::~::::::::~:Jlk:::::::: 

OUTPUT TO PERIPHERAL 

'W'-----, 
BASIC OUTPUT - JlPD8255 

WR------------~~==~"ww::==;r-----------
tow 'we 

00 01::::::::::::~::J4::::t:Jk:::::::: 

OUTPUT TO PERIPHERAL 
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PACKAGE OUTLINE 
SlPD8255C 

SlPD8255AC/D-5 I 

-IC/­
~--------------E 

Plastic 

ITEM MILLIMETERS INCHES 

A 51.5MAX 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 1.2MIN 0.047 MIN 

G 2.54 MIN 0.10MIN 

H .0.5 MIN 0 . .019 MIN 

I 5.22 MAX 0.206 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.600 

L 13.2 0.520 
+0.1 + 0.004 

M 0.25 _ 0 • .05 .0.010 _ .0 . .0.02 

I~ A 

Hi 

'~r F 
E 

Ceramic 

. ITEM MILLIMETERS INCHES 

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

G 

SP8255/8255A-l0-79-CAT 
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NEe Microcomputers, Inc. 
NEe 

JLPD8257 
JLPD8257·5 

PROGRAMMABLE DMA CONTROLLER 

DESCR IPTION The IlPD8257 is a programmable four-channel Direct Memory Access (DMAI 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 
preprogrammed 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 four DMA channels. 

FEATU RES • Four Channel DMA Controller 
• 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-In-Line Package 

PIN CONFIGURATION 
A7 
Ae 

MEMR A5 
MEMW A4 
MARK TC 

READY A3 

PIN NAMES 

DrDo Data Bus 

ArAo Address Bus 
IIOR I/O Read 

IIOW 1/0 Write 
HlOA A2 MEMR Memory Read 

AOOSTB 
IlPD 

Al 
AEN AO 
HRO 8257/ vcc 

MEMW Memory Write 

CLK Clock Input 

RESET Reset Input 

Cs 8257-5 Do 
ClK 0 1 

RESET O2 
OACK2 0 3 
OACI<.3 ~ 

READY Ready 

HRO Hold Request (to 8080A) 

HLDA Hold Acknowledge (from 8080A) 

AEN Address Enable 

ADSTB' Address Strobe 

TC Terminal Count 
OR03 OACKO MARK Modulo 128 Mark 

OR02 OACK1 DRQ3-DROo OMA Request I "put 

OR01 0 5 DACK3-DACKO DMA Acknowledge Out 

OROo De 
GNO 0 7 

CS Chip Select 

VCC +5 Volts 

GND Ground 

Rev/2 
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,""PD8257 
The 8257 is a programmable, Direct Memory Access (DMA) device and when used with an 8212 
I/O 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. 

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

• Resolves priority conflicts if multiple DMA requests are made. 

• A 16 bit memory address word is generated with the aid of an 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 I5) onto the data bus where they 
are latched into an 8212 and then sent to the high order bits on the address bus. 

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

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

There are three different modes of operation: 

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

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

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

The DMA read and write modes are the normal operating conditions for the 8257. The DMA 
verify mode responds in the same manner as read/write except no memory or I/O read/write 
control si~nals 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 wrote cycles to 
be followed by a block of DMA verify cycles to allow the peripheral to verify its newly acquired 
data. 
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AC CHARACTERISTICS BUS PARAMETERS 
f'PD8257 

PERIPHE RAL (SLAVE) MODE T, -O"C.o 70'C Vcc - 5V, 5%;GND - ov CD 

LIMITS I 
PARAMETER SYMBOL ,l'PD8257 #J.P08257·5 UNIT 

TEST 

MIN I TVP I MAX 1 MIN 1 TV' I MAX I 
CONDITIONS 

lEAD 

Adr or CsJ Setup to Adl TAR 0 0 " 
Adr or CSt Hold from Ad! TRA 0 0 e, 
Data Access from Ad I TaoE 0 300 0 170 e, CL ~ 100 pF 

DB~Float Delay from Ad! TAOF 150 100 e, CL = 100 pF 
20 20 e, CL - 15 pF 

Rd Width TRW 250 250 "' 
WRITE 

CSI Setup to Wr J Tew 300 300 e, 
CSt Hold from Wrr Twe 20 20 e, 
Adr Setup to Wr I TAW 20 20 " 
Adr Hold from Wrt Tw, 0 0 e, 
Data Setup to Wr j TOW 200 200 " 
Data Hold from Wr t Twn 0 0 "' 
WrWidth TWWS 200 200 e, 

OTHER TIMING 

Aeset Pulse Width TRSTW 300 300 e, 
Power Supply t (V eel Setup to Reset j TASTO 500 500 "' 
Signal Rise Time T 20 20 e, 
Signal Fall Time Tf 20 20 e, 
Reset to First IOWR TRSTS 2 2 'ey 

Note <D All timing measurements are made at the following reference voltages unless specified otherWise Input "'" 
at 2.QV, "0" at O.BV. Output "1" at 2.0V, "0" al a.BV. 

TIMING WAVEFORMS READ TIMING 
PERIPHERAL (SLAVE) MODE 

CHIP SELECT 

ADDRESS BUS 

DATA SUS 

WRITE TIMING 

CHIP SELECT 

ADDRESS BU S 

DATA BUS 

RESET TIM ING 

RESET 

Tew 

\ 

X 
I---T AW---" 

t-

I_ TRSTW. i--<o 
TRSTS 

j 

!---TRSTD-

Vee ~ 

TWC 1/ 

--< -~TWA 

}( 
TDW--< f-TW~-=l 

F----

I--
TWWS 
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,",PD8257 

Ta '" OoC to 70°C; Vee =: +5V ± 5%; GND '" OV 

PARAMETER SYMBOL 

Cycle Time (Period) TCY 

Clock Active (High) TO 

DRat Setup to 8l (St, 54) TOS 

ORal Hold from H LOA t TOH 

HRQt or t Delay frorh 8f (51,54) TDO 
(measured at 2.0VI 

HROt or l Delay from 8f (51, $4) TOOl 
(measured at 3.3V) 

HLOAt or lSetuptoeJ (51,54) THS 

AENt Delay from 8 ~ (51) TAEL 

AENJ Delay from 8t (SO TAET 

Adr (AB) (Active) Delay from AENt (SO TAEA 
Adr (AB) (Active) Delav from 8 t (51) TFAAB 
Adr (AB) (Float) Delay from 8 t (511 TAFAB 
Adr (AB) (Stable) Delay fromOt (S)) TASM 

Adr (AB) (Stable) Hold from ot (51 J TAH 

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

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

Adr (DB) (Active) Delay from 9f (S1l TFADB 

Adr (DB) (Float) Delay from 8 f (52) TAFDB 

Adr (DB) 5etup to Adr 5tb~ (51·52) TASS 

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

Adr Stbt Delay from 8 t (51) TSTL 

Adr 5tb~ Delay from 8f (52) TSTT 

Adr Stb Width (51-52) TSW 

Ad~ or Wr (Ext)./. Delay from Adr TASC 
Stb, (S21 

Ad~ or Wr (Extl~ Delay from Adr (DB) TDBC 
(Floatl (52) 

DACKt or ~Delay from 9l (52,51) and TAK 
TC/Mark f Delay from (} f (53) and 
TC/Mark J Delay from 8 t (54) 

Ad~ or Wr (Ext)4 Delay from (} t (52) and TOCl 
Wrl Delay from tJt (531 

Adt Delay from () ~ (51. 51) and TOCT 
W;t Delay from 8t (54) 

Ad or Wr (Active) from (}t (511 TFAC 

Ad or Wr (Float) from 9 t (51) T ,.~ 

Ad Width (52·51 or 511 TRWM 

Wr Width (53·54) TWWM 

Wr (Ext) Width (52-54) TWWME 

READY 5et Up Time to 8t (53, 5w) TRS 

READY Hold Time from 6t (53.5w) TRH 

Notes: CD Load = 1 TTL 

<V Load,: 1 TTL + 50 pF 

® Load = 1 TTL + tRL = 3.3KI, VOH = 3.3V 

@> Tracking Specification 

® HAK < 50ns 

® HOGl < 50ns 

o HOCT < 50 ns 
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LIMITS 

IJ,PD8257 /JPD8257~5 

MIN MAX MIN MAX 

0.320 4 0.250 4 

120 .8TCY 30 .BTCY 

120 120 

0 0 

160 160 

250 250 

100 100 

300 250 

200 200 

20 20 

250 250 

150 150 

250 250 

TASM-50 TASM-50 

60 60 

300 300 

300 250 

T5TT+20 250 T5TT+20 170 

100 100 

50 50 

200 200 

140 140 

TCy-100 TCy-100 

70 70 

20 20 

250 250 

200 200 

200 200 

300 250 

150 150 

2TCY+ 2TCY+ 
T -50 To-50 

TCy-50 TCy-50 

2TCy-50 2T~y-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 

@ 
G) 

@ 

G) 
G) 
@) 

0 
0 
0 
0 
@) 
@ 

0 
0 
@) 
@) 
G) 
G) 
@) 
@) 

@) 

G)® 

0® 

0.0 

@ 
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@) 

@) 
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TIMI-NG WAVEFORMS 
DMA (MASTER) MODE 

CLOCK 

Tas 

DR00-3 

'1RD 

HLDA 

AEN 

ADDSTB 

DACKQ·3 

MEMRD/i'iO'""'FiD ___ 

~EMWR/i'ii)"'Wii' ___ 

READY ___ 
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,uPD8257 

Internally the 8257 contains six different states (SO, S1, S2, S3, S4 and SW). the DMA OPE RATION 
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. Duri,ng state SO a Hold Request 
(HRO) is sent to the 8080 and the 8257 waits in SO until the 8080 issues a Hold 
Acknowledge (HLDA) back. During SO, DMA Requests are sampled and DMA priority 
is resolved (based upon either the fixed or priority scheme). After recei~t 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 (DR an) must remain 
high until either a DMA Acknowledge (DACKn) or both DACKn and TC (Terminal 
Count) occur, indicating the end of a block or sector transfer (burst mode). 

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 Wllit state is initiated (SW). One or more than 
one Wait state occurs until a Ready signal is received, and the 8257 is allowed 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 ofthe system bus (i.e., H LDA goes low) then the 
current DMA cycle is completed, the device goes into the S 1 state, and no more 
DMA cycles occur until the bus is reacquired. Ready setup time (tRS), write setup 
time hDW). read data access time (tRD) and H LDA setup time has) 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 (iiiiEiViR) output i~ generated at the 
beginning of state S2 and the I/O Write (I/O W) goes low at the beginning of state S3. 
No Read or Write control signals are generated',during DMA verify cycles. 

RESET 

Notes: <D HRO is set if OROn is active. 
® HRO is reset if OROn is not active. 
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TYPICAL 8257 
SYSTEM INTERFACE SCHEMATIC 
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Operating Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. oOe to +70oe ABSOLUTE MAXIMUM 
Storage Temperatl!re ............................... - 65°e to +150o e RATI NGS* 
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 davice. 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 

Ta = oOe to +70oe; Vee = +5V ± 5%; GND = OV 

PARAMETER SYMBOL 

Input Low Voltage V IL 

Input High Voltage VIH 

Output Low Voltage VOL 

Output High Voltage VOH 

HRQ Output High Voltage VHH 

V CC Current Drain ICC 

I nput Leakage IlL 

Output Leakage During Float IOFL 

Note: <D VCC > VOUT > GND + 0.45V 

Ta = 25°C; VCC = GND = OV 

MIN. 

-0.5 

2.0 

2.4 

3.3 

LIMITS 
UNIT TEST CONDITIONS 

TYP. MAX. 

O.S Volts 

VCC + 0.5 Volts 

0.45 Volts IOL = 1.7 mA 

VCC Volts IOH = -150 jlA for AB, 

DB and AEN 

IOH = -SO jlA for others 

VCC Volts IOH = -SOjlA 

120 mA 

10 jlA VIN = Vec 

10 jlA vOUT<D 

LIMITS 
PARAMETER SYMBOL UNIT TEST CONDITIONS 

MIN. TYP. MAX. 

I nput Capacitance CIN 10 pF fc= 1 MHz 

1/0 Capacitance ClIO 20 pF Unmeasured pins 
returned to GND 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.02S MAX 

B 1.62 0.064 

C 2.54 ± 0.1 0.10 ± 0.004 

D 0.5 ± 0.1 0.019± 0.004 
E 4S.26 1.9 
F .1.2 MIN 0.047 MIN 

G 2.54 MIN 0.10MIN 

H 0.5MIN 0.019 MIN 
I 5.2.2 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 0.010 

+ 0.004 
- 0.002 
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!\fEe 
NEe Microcomputers, Inc .. JLPD8259 

J.L PD8259·5.·· 

PROGRAMMABLE INTERRUPT CONTROLLER 

OESCR I PTI ON The NEC IlPD8259 is a programmable interrupt controller directly.compatible with the 
80aOA!~85A/IlPD780(Z80TM). It can .service eight levels of interrupts and contains 
on-chip logic to expand interrupt capabilities up to sixty-four, lev.els with the addition 
of other.IlPD8259's. The user is offered a selection of prlorii:y algodthms to tailor the 
priority processing to meet his systems requirements. These algorithms can be dynlllT)- . 
ically modified during oper,.tion, eXPllnding.the versatility of the microprocessor 
system. 

F EA TU R ES • Eight Level Priority Controller 
• Programmable Base Vector Address 
• Expandable to 64 Levels 
• Programmable Interrupt Modes .(Algorithms) 
• Individual Request Mask Capability 
• Single +5V Supply (No Clocks) 
• Full Compatibility with 8O80A/IlPD7BO(Z80™) 
• IlPD8259-5 Compatible with B085A Speeds 
• Available in 28 Pin Plastic an~ Ceramjc Packages. 

PIN CONFIGURATION cs .vcc 
WR AO 

AD iN-i'A PIN NAMES 

07 IR7 D7- Dn Data Bus (Bi-Directional) :. 

Os IR6 RD Read Input 

05 IR5 WR Write Input 

04 'IR4 AO Command Select Address 

CAS2-CASO Cascade Lines 
03. IR3 SJ5 Slave Program Input 
02 IR2 INT Interrupt Output 

01 IR1 INTA Interrupt Acknowledge Input 

DO IRO IRO-IR7 Interrupt Request Inputs 

CASO INT 
~ Chip Select 

CAS1 SP 
GND CAS 2 

TM: Z80 i. a registared trademark of Zilog, Inc. 
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INTERRUPT REQUEST REGISTER URR) AND IN-SERVICE REGISTER /lSR) 

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

A positive transition on an I R input sets the corresponding bit in the Interrupt Request 
Register, and at the same time the INT output of the J.lPD8259 is set hi9.h. The IR input 
line must remain high until the first iNTA input has been received. Multiple, non­
masked interrupts occurring simultaneously can be stored in thelRR. The incoming 
INTA sets the appropriate ISA 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 I R R. When the 
highest priority interrupt is determined it is loaded into the appropriate bit of the 
In-Service register by the first 'iNTA pulse. 

DATA BUS BUFFER 

The 3-state, B-bit, bi-directional ddta bus buffer interfaces the J.lPD8259 to the 
processor's system bus. It buffers the Control Word and Status Data transfers between 
the J.lP08259 and the processor bus. 

READJWRITE LOGIC 

The read/write logic accepts processor data and stores it in its Initiali~ation: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.lPQ8259 is inhibited when it is not selected. 

WRITEIWfU 

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. 
\' . 

,; :i"I~TERRUPT MASK REGISTER (lMR) 

The interrupt mask register stores the bits for the individual interrupt bits to be masked. 
The IMR masks the data in the ISR. Lower priority lines afe not affected by masking a 
higher priority line. 
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FUNCTIONAL DESCRIPTION 
(CONT.) 

J.l.PD8259 

INTERRUPT ACKNOWLEDGE (lNTA) 

The interrupt acknowledge signal is usually received from the 8228 (system controller 
for the 8080A),' The system controller generates three I NTA 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 0 1 0 IR R, ISR or IR -+ Data. Bus <D 
1 0 1 0 IMR -+ Data Bus 

PROCESSOR OUTPUT OPERATION (WRITE) 

0 0 0 1 0 0 Data Bus -+ OCW2 
0 0 1 1 0 0 Data Bus -+ OCW3 
0 1 X 1 0 0 Data Bus -+ ICW1 
1 X X 1 0 0 Data Bus -+ OCW1,ICW2,ICW3 ® 

DISABL~ FUNCTION 

X X X 1 1 0 Data Bus -+ 3-State . 
X X X X X 1 Data Bus -+ 3-State 

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

<6> The sequencer logic on the ~PD8259 aligns these commands in the 
proper order. 

CASCADE BUFFER/COMPARATOR. ~ForUse- 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, 2 lines to all slave devices. The cascade buffer/comparator compares its 
preprogrammed ID to the CASO, 1, 2 lines. The next two iiiiTA pulses strobe the pre­
programmed, 2 byte CALL routine address onto the data bus from the slave whose I D 
matches the code on the CASO, 1, 2 lines. 

SLAVE PROGRAM (SP). (For Use in Multiple~PD8259 Array.) II 
The interrupt capability can be expanded to 64 levels by cascading multiple ~PD8259's 
in a master-plu9-slaves array. The master controls the slaves through the CASO, 1, 2 
lines. The SP input to the device selects the CASO-21ines as either outputs.(SP=1) for 
the master or as inputs (SP=O) for the slaves. For one device ~nly the SP must be set 
to a logic "1" since it is functioning as a master. 
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PROCESSOR PROCESSOR PROCESSOR 

ADDRESS CONTROL DATA 
WS 

SLAVE_ 
PROGRAM CASCADE 

Operating Temperature ..... 
Storage Temperature .. 
Voltage on Any Pin .......... . 
Power Dissipation ... . 

Note: Q) With respect to ground. 

INTERNAL 

BUS 

.•....... , O°C to +70°C 
..... -65°C to +125°C 

-0.5 to +7 Volts <D 
1W 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to ths 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 
rsliabil ity. 

Ta= 25°C; VCC= GND= OV 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

I nput Capac itance CIN 10 pF fc = 1 MHZ 

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

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

CAPACITANCE 



DC CHARACTERISTICS 

PACKAGE OUTLINE 
pPD8259C/D 

Ta: oOe to +700 e' Vee = +5V + 5% -

PARAMETER SYMBOL 

Input Low VC?ltage Vil 

Input High Voltage VIH 

Output Low Voltage VOL 

Output High Voltage VOH 

Interrupt Output- VOH·INT 
High Voltage 

Input Leakage Current IlL (lR O.7) 
'for IRO.7 

Input Leakage Current IlL 
for other Inputs 

Output Leakage Current IlOl 

Output Leakage Current IlOH 

Vee Supply Current Icc 

IPlastic) 
ITEM MILLIMETERS INCHES 

A 3B.OMAX. 1.49BMAX. 

2.49 0.098 

2." 0.10 

o n"~ 0.1 0.02 t 0.004 

33.02 1.3 

1.& 0.059 

G 2.54 MIN. O.10MIN. 

H O.SMIN. 0.02 MIN. 

5.22 MAX. 0.205 MAX . 

5.72 MAX. . 0.225 ~AX. 

15.24 0.0 

13.2 D.S2 

M O.25~~:: O.Ol~~= 

A 

ICeramic) 
ITEM MILLIMETERS INCHES 

A 36.2 MAXJ 1.43 MAX. 
B 1.59 MAX. D.06MAX. 
C 2.5410.1 0.1 :t 0.004 
0 0.46 t 0.01 0.02 t 0.004 

33.02 t 0.1 1.3' 0.004 
F 1.02 MIN. 0.04 MIN; 
G 3.2 MIN. O.13MIN. 
H 1.0MIN. 0.04 MIN. 

3.SMAX. 0.14 MAX. 
4.SMAX. 0.18 MAX. 

K 16.24 TYP. 0.6 TYP. 
L 14.93 TYP. 0.59 TYP. 
M 0.25:1: 0.06 0.01:1: 0.002 

pPD8259 

liMITS TEST 
MIN TYP MAX UNIT CONDITIONS 

-0.5 0.8 V 

2.0 Vee + 0.5V V 

0.4& V IOl = 2mA 

2.4 V IOH = ~400",A 

2.4 V IOH = -400 ",A 

'3.5 V IOH = -50 ",A 

-300 ",A VIN = OV 

10 ",A VIN = Vee 

±10 ",A VIN = Yeeto OV 

- 10 ",A VOUT = 0.45 V 

10 ",A VOUT = Vee 

85 mA 

II 
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Ta = O'C to +70'C· VCC = +5V ± 10%; ciND = OV AC CHARACTERISTICS 
LIMITS 

8259 I 8259-5 TEST 
PARAMETER SYMBOL MIN MAXi MIN MAX UNIT CONDITIONS 

READ 

CS/AoStabie Before ROar INTA tAR 50 0 ns 

CSlAoStabie AfterRD or INTA .tRA 50 0 ns 

RD Pulse Width tRR 420 250 ns 

Data Val id From R D/iiiiTA tRD 300 150 ns <D 
Data Float After RD/iNi'A tDF 20 200 20 100 ns <D 

WRITE 

AO Stable Before WR tAW 50 0 ns 

AO Stable After WR tWA 20 0 ns 

CS Stable Before WR tew 50 ns 

CS Stable After WR 'WC 20 ns 

WR Pulse Width tww 400 260 ns 

Data Valid to WR IT.E.) tow 300 160 ns 

Data Val id After WR two 40 0 ns 

OTHER 

Width of Interrupt Request Pulse tlW 100 100 ns 

INT t After IR t tiNT 400 250 ns 

Cascade Line Stable After INTA t tiC 400 300 ns 

Nota: <D For "PD8259: C L = 100 pf; for "PD8259-5: C L = 150 pf 

READ TIMING WAVEFORMS 

CHIP SELECT 

ADDRESSBUS __ -J,. ______ ~----~'-------

WRITE 

CHIP SELECT 

ADDRESSBUS~~~ __ ~ __ ~--~_r~-----

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

IfOWR 

~RR 



TIMING WAVEFORMS 
(CaNT.) 

f'PD8259 

READSTATUS/POLL MODE 

\\.' ___ ..J1 
W'R----. 

DATA :u:wzzzJ1 rz7II7I7!2(T~b.lVV 
OTHER 

IR tl~_ ... t_IN_T_.;...._--,....,. __ ...... 

INT ~ ~\::=~ __ :::: 

'~: '"'~" 'M"D.,ar1~t§~ 
~t,cE, " 

Nota: IR must slay "high" at least until the leading edge of 1st iiiiTA. 

INPUT WAVEFORMS FOR AC TESTS 

INITIALIZATION SEQUENCE 

II WR 

DATA BUS--

STORE BYTE 1 STORE BYTE 2 STORE BYTE 3 
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The IlPD8259 derives its versatil ity from its programmable interrupt modes and its 
ability to jump to any 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 RO.7 setsthe corresponding I R bit(s) 
high. This in turn sets the corresponding IRR bit(s) high. 

2. Once the IRR bit(s) has been set, the IlPD8259 will resolve the priorities 
according to the preprogrammed interrupt algorithm. It then issues an INT signal 
to the proceSSOr. 

3. The processor group issues an INTA to the IlPD8259 when it receives the INT. 

4. The INTA input to the IlPD8259 from the processor group sets the highest 
priority ISR bit and resets the corresponding IRR bit. The INTA also signals the 
IlPD8259 to issue an B-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 IlPD8259. 

6. The two INTA pulses signal the IlPD8259" to place its preprogrammed interrupt 
vector address onto the Data bus. The first INTA releases the low-order 8-bits 
of the address and the second INTA releases the high-order 8·bits. 

7. T"heIlPD8259's CALL instruction sequence is. complete. A preprogrammed EOI 
(End-of-Interrupt) command is issued to the IlPD8259 at the end of an interrupt 
service routine to reset the ISR bit and allow the IlPD8259 to service the next 
interrupt. 

Two types of command words are required from the processor to fully define the 
operating modes of the j.lPD8259. 

1. Initialization Command Words (lCWs) 

Each IlPD8259 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. 

ICW1 

ICW2 

ICW3 

DETAILED OPERATIONAL 
DESCRIPTION 

PROGRAMMING THE 
IlPD8259 



PROGRAMMING THE 
, IlPD8259 (CONT.) 

INITIALIZATION 
COMMAND WORDS 

1 and 2 (lCW1 and ICW2) 

f£PD8259 

2. Operation COmmand. Words IOCWs) 

The operation 'comrna'nd words are used to program the various interrupt 
algorithms listed below: 

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

Once the j.lPD8259 has been initialized, OCWs can, be written at any time. 

When An = 0 and D4 = 1 in a ,command to the IlPD825~, together with CS = 0, it is 
recognized as Injtialization 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-ta-high transition to generate its interrupt. 

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

• I R7input 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 vector addresses can be programmed to be either 
four Qf eigh,t requiring 32 or 64 bytes in memory, respectively. The following,,$ho~s 
how the address format is mapped onto the Data bus. 

07 Os 05 04 03 02 01 Do 

! A7! AS! A5! A4! A3! A2! Al ! AD I 

~, """" 
DEFINED BY" AUTOMATICALLY-INSERTED 

05-7 OF ICWl BY IlPDB259 

--------....-DEFINED'BY ICW2 

The j.lPD8259 automatically defines AO-4 with a separate address for each interrupt 
input. 'The base vector addresses A15-6 are programmed'by ION1 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 8OS0A processor RESTART 
instruction software. The 4-byte CALL interval can be used for a compact jump table. 
Refer to F igu re 4 for a table of address formats. 

The following is an example of ari,interrupt acknowledge sequence. The IlPD8259 has 
been programmed for a CALL address (base vector address) interval of eight IF = 0) and 
there is an interrupt appearing on 1R4. The 3-byte sequence is strobed out to the Data 
bus by three INTApulses. ' 

07" Os' 05 04 03 02 01 Do 

1ST iN1'A I I I I I 0 I 0 I I I I 0 I 1 ,cALL CODE 

2NDiN1'A ~IA~7~1~A6~! __ ~0-LI_o~I~0~!~0~I_o~ 

3RDiiiii'A 

LoWER ROUTINE 
'ADDRESS (FROM , 
FIGO(,!E 4) 

HIGHER ROUTINE 
ADDRESS 
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It is only necessary to program ICW3 when there are multiple J..IPD8259s in the 
interrupt array, i.e., S = O. There are, two types of ICW3s. The first is for programming 
the master J..IPD8259. The second is for the slaves. 

1. ICW3·Master J..IPD8259. A "1" is set in S0-7 fQf each corresponding slave in the 
interrupt array. The SO-7 bits, together with SP = 1, instructs the cascade buffer/ 
comparator to send the ID of the interrupting slave on the CASO,1,2Iines. 

2. ICW3-SLAVE J..IPD8259(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 J..IPD8259 ha~ent 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 /-IPD8259 has been programmed with Initialization Command Words, it can 
now be programmed for the appropriate interrupt algorithm by the Operation 
Command Words. I nterrupt algorithms in the /-IPD8259 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 lines are maskable by setting the corresponding 
bits in the Interrupt Mask Register to a logic "1" through OCW1. The actual masking 
is performed upon the contents of the In-Service Register (e.g., if Interrupt Request 
line 3 is to be masked, then only bit 3 of the IMR is set to logic "1." The IMR in turn 
acts upon the contents of the ISR to mask bit 3). Once the /-IPD8259 has acknowledged 
an interrupt, i.e., the /-IPD8259 has sent an I NT signal to the processor and the system 
controller has sent it an I NT A 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 
(EOI) through Operation Command Word 2 (OCW21. thereby resetting the appro­
priate ISR bit. The second approach is to select the Special Mask Mode through OCW3. 
The Special Mask Mode (SMM) and End-of-Interrupt (EOI) will be described in more 
detail further on. 

FULLY NESTED MODE 

The fully nested mode is the J..IPD8259's basic operating mode. It will operate in this 
mode after the initialization sequence, requiring no Operation Command Words for 
formatting. Priorities are set IRO through IR7 with I RO 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: (j) Reference Figure 2 
@ Reference Figure 3 
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OPERATIONAL COMMAND 
WORDS (CONT.) 

#PD8259 

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. 

,. Auto Rotate Mode 

Programming the Auto Rotate Mode through OCW2 assigns priorities 0·7 to the 
interrupt request input lines. Interrupt line IRO is setto the highest priority and 
I R7 to the lowest. Once an interrupt has been serviced it is automatically 
assigned the lowest priority. That same input must then wait for the devices 
ahead of it ,to be serviced before it can be acknowledged again. The Auto Rotate 
Mode is selected by programming OCW2 in the following way (refer to Figure 3): 
set Rotate Priority bit "R" to a logic ",."; program EOI to a logic "'" 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. 

Bef~re}nterrupts are Serviced: 

In·Servic:e Register 

Priority Status 
Register 

IS7 IS6 ISS IS4 IS3 IS2 IS, ISO 

I 0 I 0 I I 0 I 0 I 10 I 0 I Highest 

--- '~riority 
~11-R7~1-IR-6~IIR-s~I-IR-41~IR-3~1-IR-2~IIR-,~II-Ro~1 

AcCording to the Priority Status Register, I R2 has a higher priority than I RS and 
will be serviced first. 

After Servicing: 

IS7 IS6 ,ISS IS4 IS3 IS2 IS, ISO 

In-Service Register I 0 0 0 0 0 I, 0 L 0 ' I 

Priority Status 
Register' 

__ .... _ ~ighest 

Priority 

At the completion of I Rts service routine the corresponding In-Service, Register 
bit, IS2 is reset to "0" by the preprogrammed EOI command. I R2 is tlienassigned 
the lowest priority level in the Priority Status Register. The j.lPD8259 is now 
ready to service the next highest interrupt, which in this case, is IRS' 

2. Specific Rotate Mode 

The priorities are set by programming the lowest level through O¢W2. The 
j.lPD82S9 then automatically assigns the highest priority. If, for example, IR3 is 
set to the lowest priority (bits L2, L" LO form, the binary code of the bottom 
priority level), then IR4 will be set ,to t,he highest priority. The Specific Rotate 
Mode is selected by programming OCW2 in the following manner: set Rotate 
Priority bit "R" to a logic "'," program EOI to a logic "0," SEOI to a logic "'" 
and L2, L" LO to the lowest priority level. If EOI is set to a logic "'," the ISR 
bit defined by L2, L" LO is reset. 
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END-Of-INTERRUPT (EOI) AND SPECifiC END-Of-INTERRUPT (SEOI) 

The End-of-Interrupt or Specific End-of-Interrupt command must be issued to resetthe 
appropriate In-Service Register bit before the completion of a service routine. Once the 
ISR bit has been reset to logi(: "0," the J.lPD8259 is ready to service the next interrupt. 

Two types of EOls are available to clear the appropriate ISR bit depending on the 
J.lP08259's operating mode. 

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

When operating in interrupt modes where the priority order of the interrupt inputs 
is preserved (e.g., fully nested mode), the particular ISR bit to be reset at the com­
pletionof the service routine can be determined. A non·specific EOI command 
will automatically 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 seri/ice subroutine returned from. 

2. Specific End·ot-Interrupt (SEOI) / 

When operating in interrupt modes where the priority order ot the interrupt 
inputs is not preserved (e.g., rotating priority mode) the last serviced interrupt 
level may not be known. In these modes a Specific End·of·lnterrupt must be 
issued to clear the ISR bit at the completion of the interrupt service routine. 
The SEOI is programmed by setting the appropriate bits in OCW3 (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 qe 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 interrupts from being acknowledged. In applications requiring 
that the lower priorities be enabled while the IMR is set, the Special Mask Mode can be 
used. The SMM is programmed in OCW3 by setting the appropriate bits to a logic "1." 
Once the SMM is set, the J.lP08259 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 (I NT). 
Interrupt service is initiated through software by a Poll Command. The Poll Mode is 
programmed by setting the Poll Mode bit inOCW3 (P = 1), during a WR pulse. The 
following RO pulse is then considered as an interrupt acknowledge. If an interrupt 
input is present, that R 0 pulse sets the appropriate ISR bit and reads the interrupt 
priority level. The Poll Mode is a one-time operation and must be programmed through 
OCW3 before every read. The word strobed onto the Data bus during Poll Mode is of 
the form: 

07 06 05 04 03 02 01 DO 

1 I 1 X 1 X 1 X I. X 1 W2 I· Wl I Wo I 

where: 1= 1 if there is an interrupt requesting service 
= 0 U there are no i'nterrupts 

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 INTA 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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READING ~PD8259 STATUS 

CASCADING 
MU L TIPLE ~PD8259s 

J.LPD8259 

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

INTERRUPT REQUE~T 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 are RIS and ERIS. T6 read contents of the IRR, ERIS 
must be logic "1" and R IS a logic "0." 

IN-SERVICE REGISTER (a.:BITS) 

The In-Service Register stores the priorities of the interrupt levels being serviced. 
Assertion of an End-of-Interrupt (EOI) updates the ISR to the next priority level. A 
WR command must be issued with OCW3 prior to issuing the RD command. Both ERIS 
and RISshould besettoa logic,"1." . 

INTERRUPT MASK REGISTER (S-BITS) 

The Interrupt Mask Register holds mask data modifying interrupt levels. To r!lad the 
IMR status a WR pulse preceding the RD is not necessary. The IMR data is ava,ilable 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." 

If more than eight interrupt levels are required, muitiplepPD8259s can be cascaded 
with one master and up to eight'slaves",to accommodate 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 pPD8259'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 80lioA 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 
pPD8259 array must be individually initialized and can be:programmed in different 
operating modes; Two End-of·lnterrupt commands must be issued for the master and 9 
its corresponding slave. An address decoder is used to drive the Chip Select inputs for 
each pPD8259 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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OCW1. 

QCW3, 
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leW1: 

ICW2: 

ICW3: 
IMast.rDwke) 

ICW3: 
!SlaveDwicel 

1'1 o I 0 I 0 I 0 I 0 I 102 lID, I IDo 

SLAVE 10 U o , 2 3 4 5 • 7 

o , o , 
o 0 , , 
o 0 

FIGURE 2 

, = COlTesponding bit in 
IRR is masked. 

'--'_-'-_'---L_..L..._'--'-~ 0"' No mask present for 
the corresponding 
IRRbit. 

o 0 

BINARY LEVEL TO BE RESET 

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

1,6 I R I SEDIIEOI I 0 I 0 I Ld Ld '" J OR PUT INTO LOWEST PRIORITY 

I I L"O 1 2 3 4 5 6 7 
o 1 0 1 0 , 0 , 

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

I NON· ... ECIFIC END OF INTERRUPT

J ' = Relet the Highest Priority l Bitot ISA • 
0- No Action 

J SPECIFIC ENDOF INTERRUPT I 
I 1· L2. L,. Lo Bits.re used 

0- No Action 

I ROTATE PRIORITY 

I ~:::~~t.t. 
0 5 0, 

I o I - I ESMMI SMMI 0'1 , 
I p I ERIS I RIS~ 

IftNdln·ServiceR .... 

0 0 No Actton 

0 , No Action , 0 R_.U!RIIg.on 
N.'RD ....... , , R_ISR_on 
Nmn'lmPuI .. 

Polling , 
Reed BinlfY Code of I 
Highest L .... RlqUlSti", 
Int_rupt on N."t AD Pul .. 

101 No",,,, I 

t jSpec:i.' ..... kModt 

0 0 No ActIOn 

0 , NoActkm , 0 Rnd Specill ...... , , Set Speclll UN .. 

FIGURE 3 

INITIALIZATION COMMAND 
WORD FORMAT 

OPERATION COMMAND 
WORD FORMAT 



SUMMARY OF OPERATION 
COMMAND WORD 

PROGRAMMING 

LOWER MEMORY 
INTERRUPT VECTOR 

ADDRESS 

p.PD8259 

AO D4 03 

OCWI 1 X X M7-MO IMR (Interrupt Mask Register) WR loads IMR data lNhile 
AD reads status 

OCW2 0 0 0 R SEOI EOI 

0 0 0 No Action 

0 0 1 Non-Specific End-of-Interrupt 

0 1 0 No Action 

0 1 1 Specific-Encf-of-Interrupt L2, Ll. La forms binary representation 
of level to be reset. 

1 0 0 No Action 

1 0 1 Rotate Pr.iority at End-af-Interrupt (Auto Model 

1 1 0 Rotate Priority, L2. L1. La specifies bottom priority without 
End-af-Interrupt 

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

OCW3 0 0 -I ESMM SMM 

0 0 
Special Mask not affected 

0 1 

1 0 Reset Special Mask 

1 1 Set Special Mask 

ERIS RIS 

0 0 
No Action 

0 1 

1 0 Read IA Register Status 

1 1 Read IS Register Statu.s 

INTERVAL = 4 INTERVAL - 8 

07 Os Os 04 03 02 01 DO 07 Os Os 04 03 02 01 DO 

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

IR6 A7 A6 AS 1 1 0 0 0 A7 As 1 1 0 0 0 0 

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

IR4 A7 As AS 1 0 0 0 0 A7 A6 1 0 0 0 0 0 

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

IR2 A7 As AS 0 1 0 -0 0 A7 A6 0 1 0 0 0 0 

IRI A7 As AS 0 0 1 0 0 A7 As 0 0 1 0 0 0 

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

FIGURE 4 

Note: Insure that the processor's interrupt input is diSabled during the execution of any control command and 
initialization sequence for all J'PD8259s. 
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\ PROCESSOR ADDReSS BUS "61 

\ PROCESSOR CONTROL BUS 

, 

) PROceSSOR DATA BUS (81 

4 .\ 

r- t----- -- - ----- ~ 

--- -- -- - - r--- t----- -- -- - - r- - -- 7 V 
t--

cs An INT cs AO INT 

CAS 0 CASO 

,IIPD8259 "P08259 
(SLAVE 21 CAS 1 (SLAVE I) CAS 1 

CAS 2 I-- CAS2 

SP IR IR IR IR IR IR IR IR SP IR IR IR IR IA IR IR IR 

1 1 f f Itlttffl 
21 20 19 18 17 16 15 14 13 12 11 10 9 8 

Instruction 
Number Mnemonic AO 07 Os Os 04 03 02 01 DO Operation Deacription 

1 ICW1 A 0 A7 AS AS 1 0 1 1 0 Byte 1 Initialization, 
Format'" 4. Single 

2 ICWI B 0 A7 AS AS 1 0 1 0 0 Byte 1 Initialization, 
Format - 4, Not: Single 

3 ICWI C 0 A7 As AS 1 0 ·0 1 0 Byte 1 Initialization. 
Format = 8. Single 

4 ICW10 0 A7 As AS 1 0 0 0 0 Byte 1 Initialization, 
Format = 8. Not Single 

5 ICW2 1 AIS A14 A13 A12 All Al0 Ag AS Byte 2 Initialization 
(Address No. 21 

6 ICW3 M 1 57 sa 55 54 53 52 51 So Bvte 2 Initialization -
MA5TER 

7 ICW35 1 0 0 0 0 0 52 51 So Byte 3 Initialization -
SLAVE 

S OCWI 1 M7 MS MS M4 M3 M2 Ml MO Load Mask Register, 
Read Mask Register 

9 OCW2 E 0 0 0 1 0 0 0 0 0 Non-Specifk: EOI 

10 OCW2 5E 0 0 1 1 0 0 L2 Ll La Specl!" EOI. L2; Ll. La 
Code of IS to be Reset 

11 OCW2 RE 0 1 0 1 0 0 0 0 0 Rotate at EOI 
(Auto Mode) 

12 OCW2 R5E 0 1 1 1 0 0 L2 Ll La Rotate at EOI (Specific Mode). 
L2. L1. Lo Code of Line to be 
Reset and Selected as Bottom 
Priority. 

13 OCW2 R5 0 1 1 0 0 0 L2 Ll LO L2. L1. Lo - Code of Bottom 
Priority Line. 

14 0CW3 P 0 - 0 0 0 1 1 0 0 Poll Mode 

15 0CW3 RI5 0 - 0 0 0 1 0 1 1 ReadlS~ster 

16 OCW3 RR 0 - 0 0 0 1 0 1 0 Read Requ.ts Register 

17 OCWl SM 0 - 1 1 0 1 0 0 0 Set Special Mask Mode 

IS OCWlRSM 0 - 1 0 0 1 0 0 0 Reset Special Mask Mode 

Note: Insure that the processor"s interrupt input is disabled during the execution of anv control command and 
initialization sequence for aIlI'PD8259s. 
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REO 

J 
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CAS1 
"P08259 
(MASTERI 

CAS2 

SP IR IR IR IR IR IR IR IR 
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, 0 

INSTRUCTION SET 
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NEe 
NEe Microcomputers, Inc. p.PD8279·S 

PROGRAMMABLE KEYBOARD/DISPLAY 
INTERFACE 

DESCRIPTION The ,uPD8279-5 is a programmable keyboard and display Input/Output device_ It 
provides the user with the ability to display data on alphanumeric segment displays 
or simple indicators_ The display RAM can be programmed as 16 x 8 or a dual 
16 x 4 and loaded or read by the host processor_ The display can be loaded with 
right or left entry with an auto-increment of the display RAM address_ 

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

FEATURES • Programmable by Processor 

• 32 HEX or 16 Alphanu.meric Displays 

• 64 Expandable to 128 Keyboard 

• Simultaneous Keyboard and Display 

• 8 Character Keyboard - FWO 

• 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, ,uPD780 (Z80lM ) 

• Available in 40 Pin Plastic Package 

PIN CONFIGURATiON RL2 
RL3 
CLK 
IRQ 

RL4 

RLS 
RL6 
RL7 

RESET 
Ri3 
WR 

DBO 
DB, 
DB2 

DB3 
DB4 

DBS 
DB6 
DB7 
VSS 

TM: Z80 is a registered trademark of Zilog. 

,uPD 
8279-5 

VCC 
RL, 
RLO 
CNTLlSTB 
SHIFT 

SL3 
SL2 
SL, 

SLo 
OUTBO 
OUTB, 
OUTB2 

OUTB3 

OUTAO 
OUTA, 
bUT A2 
OU'T A3 

iffi 
CS 
AO 

OBO_7 

CLK 

RESET 

CS 

RO 

WR 
AO 
IRQ 

SLO-3 

RLO_7 

SHIFT 

CNTL/STB 

OUT A0-3 

OUT B0-3 

go 

'PIN NAMES 

Data Bus (Bi-directionaJ) 

Clock Input 

Reset Input 

Chip Select 

Read Input 

Write I,nput 

Buffer Address 

Interrupt Request Output 

Scan Lines 

Return Lines 

Shift Input 

Control/Strobe "Input 

Display (A) Outpu~ 

Display (B) Outputs 

Bland Display Output 
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p.PD8279.S 
The IlPD8279-5 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 IlPD8279-5 is designed to directly 
interface the microprocessor bus. The microprocessor must program the operating 
mode to the IlPD8279-5. these modes are as follows: . 

Output Modes 

• 8 or 16 Character Display 
• Right or Left Entry 

Input Modes 

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

• Scanned Sensor Matrix with Encoded 8 x 8 or Decoded 4 x 8 Scan Li nes. 
• Strobed Input. 

elK RESET 080_7 

OUT AO-3 OUT 80-3 SLO_l 

IRQ 

KEYBOARD 
OEBOUNCE 

ANO 
CONTROL 

CNTL/STB 

Operating Temperature ................................ DoC to +70oC 
Storage Temperature ....................... '. . . . . . .. _65°C to +125°C 

.... All Output Voltages .............................. -0.5 to +7 Volts<D 
All Input Voltages. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 to +7 Volts<D 
Supply Voltages. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. -0.5 to +7 Volts<D 
Power Dissipation ...................................... , .... 1W 

Note: <D 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 ext:ended periods may affect device 
reliability. 
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",PD8219·S 

PIN IDENTIFICATION PIN 
DESCRIPTION 

NO. SYMBOL NAME 

1,2,5, RLO-7 Return Lines Return line inputs which are connected to the scan 
6,7,8, lines through the keys or sensor switches. They 
38,39 have active internal pull ups to keep them high until 

a switch closure pulls one low. They also serve as an 
8-bit input in the Strobed Input mode. 

3 ClK Clock Clock from system used to generate internal timing. 

4 IRQ Interrupt Interrupt Request. In a keyboard mode, the inter-
Request rupt line is high when there is data in the FIFO/ 

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

9 Reset Reset Input A high signal on this pin resets the "PD8279-5. 
10 RD Read Input Input/Output read and write. The'se 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 DB()'7 Data Bus Bi-Directional data bus. All data and commands 
between the processor and the "PD8279-5 are 
transm itted on these lines: 

20 VSS Ground Power Supply Ground 
Reference 

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

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

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

blanking command. 

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

28-31 OUT BO-3 Display B puts is synchronized to the scan lines' (SLo-SL3), 

Outputs for multiplexed digit displays. The two 4:bit ports 
may be blanked independently. These two ports 
may also be considered as one 8-bit port.' 

32-35 SL()'3 Scan Lines Sean Line~ which are used to scan the key switch 
or sensor matrix and the display digits. These 
lines can be either encoded (1 of 16) or decoded 
(10f4). 

36 Shift Shift Input The shift input status is stored along with the key 
position on key closure in the Seanned Keyboard 
modes. It has 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 key closure. The 

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

40 VCC +5V Input Power Supply Input II 
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fLPD8279·5 
Ta = O°C to +70°C; VCC = +5V ±'1O%; VSS = OV. 

LIMITS TEST 
PARAMETER SYMBOL UNIT 

MIN TYP MAX CONDITIONS 

Input Low Voltage for Shift, VIL1 -0.5 1.4 V 

Control and Return Lines 

Input Low Voltage (Others) VIL2 -0.5 0.8 V 

Input High Voltage for Shift, VIH1 2.2 V 

Control and Return Unes 

Input'High Voltage (Others) VIH2 2.0 V 

Output Low Voltage VOL 0.45 V IOL = 2.2 mA 

Output High Voltage on VOH 3.5 V IOH = -40011A 

Interrupt Li ne 

Input Current on Shift, IIL1 +10 /lA V'IN - VCC 

Control and Re.turn Lines -100 /lA VIN = OV 

Input Leakage Current IIL2 ±10 /lA VIN = VCC to OV 
(Others) , 

Output Float Leakage IOFL ±10 /lA VOUT- VCC 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 ~ 

Address Hold Time for READ 

READ Pulse Width 

Data Delay from READ 

Address to Data Valid 

REAr5 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 'WtfiT't 

Data Hold Time for WRITE 

Clock Pulse Width 

Clock Period 

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

402 

LIMITS 
SYMBOL UNIT 

MIN TYP MAX 

READ 

tAR 0 ns 

tRA 0 ns 

tRR 250 ns 

tRD 150 ns 

tAD 250 ns 

tDF 1{} 100 ns 

tRCY 1 I1S 

WRITE 

tAW 0 ns 

tWA 0 ns 

tww 250 ns 

tDW 150 ns 

tWD 0 ns 

OTHER 

tq,W 120 ns 

tCY 320 ns 

GENERAL TIMING 

Digit-on Time: 
Blanking Time: 

5.1 ms 
10.3 ms 
80 tIS 
10.3 ms 

Internal Clock Cycle: 

TEST 
CONDITIONS 

CL = 150 pF 

CL = 150 pF 

DC CHARACTERISTICS 

CAPACITANCE 

AC CHARACTERISTICS 



TIMING WAVEFORMS 

p.PD8279·S 

INPUT FOR AC TESTS 

2.4 
2.0........ --,,2.0 

TEST POINTS 

0.45 
O.S....- """'0,8 

READ 

AO, Cs'-"""',,-------------""""l!l .... ---------(SySTEM'S _J"... ____________ -'!''-_________ ADDRESS BUS) 

(READ CONTROLl 

DATABUS----------+--------1~---------­
(OUTPUT) -----------+--------1~----------

WRITE 

,Io--------------.j,r--------- (SYSTEM'S ,... ____________ -'!"'-_________ ADORESS BUS) 

(WRITE CONTROLl 

DATABUS--------,.~-----i,---------~ 
(INPUT) OAT A MAY CHANG E 

CLOCK INPUT 
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p.PD8279-S 
The following is a description of each section of the pPD8279·5. See the block 
diagram for functional reference. 

I/O Control and Data Buffers 

Communication to and from the pPD8279·5 is performed by selecting CS, AO, RD and 
WR. The type of information written or read by the processor is selected by AO. A 
logic 0 states that information is data while a 1 selects command or status. R D and WR 
select the direction by which the transfer occurs through the Data Buffers. When the 
chip is deselected (CS = 1) the bi·directional Data Buffers are in a high impedance state 
thus enabling the pPD8279·5 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 counter can operate in either the encoded or decoded mode. In the encoded 
mode, the counter provides a count which must be decoded to provide the scan lines. 
In the decoded mode, the counter provides a lout of 4 decoded scan. In the encoded 
mode the scan lines are active high and in the decoded mode they are active low. 

Return Buffers, Keyboard Debounce and Control 

The eight return lines are buffered and latched by the return buffers. In the keyboard 
mode these lines are scanned sampling for key closures in each row. If the debounce 
circuit senses a closure, about 10 ms are timed out and a check is performed again. If . 
the switch is still pressed, the address of the switch matrix plus the status of shift and 
control are written into the F I Fa. 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 RAM. In strobe or keyboard mode it is a 
FI Fa. Each entry is pushed into the F I Fa and read in order. Status keeps track of the 
number of entries in the FIFO. Too many reads or writes to the FIFO will be treated 
as an error condition. The status logic generates an IRQ whenever the FIFO has an 
entry. In the sensor mode the memory is a sensor RAM which detects changes in the 
status ofa sensor. If a change occurs, the IRQ is generated until the change is 
acknowl edged. 

Display Address Registers and Display RAM 

The Display Address Register contains the address of the word being read or written 
by the processor, as well as the word being displayed. This address may be pro· 
grammed to auto· increment after each read or write. The display RAM may be read 
by the processor any time after the mode and address is set. Data entry to the display 
RAM may be set to either right or left entry. 
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J.i.P 08279·5 

COMMAN D OPE RAT ION The commands programmable to the /1PD8279-5 via the data bus with CS active (0) 
and AO high are as follows: 

Keyboard/Display Mode Set 

~oloIDIDIKIKIKI 
MSB lSB 

Display Mode: 

DO 

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

o l CD 16·8 bit character display - left entry 

o 8·8 bit character display - Right entry 

16-8 bit character display - Right entry 

Note: CD Power on default condition 

Keyboard Mode: 

KKK 

0 0 

0 0 

0 

0 1 

0 

0 

0 

0 

1 

0 

0 

Encoded Scan - 2 Key lockout 

Decoded Scan - 2 Key lockout 

Encoded Scan - N Key Rollover 

Decoded Scan - N Key Rollover 

Encoded Scan-Sensor Matrix 

Decoded Sc~n·Sensor Matrix 

Strobed Input, Encoded Display Scan 

Strobed Input, Decoded Display Scan 

Program Clock 

I,.,> 

Where PPPPP is the presealer value between 2 and 3,. this presealer divides the ·external 
clock by PPPPP to develop its internal frequency. After reset,. a default value of 31 is 
generated. 

Read FIFO/Sensor RAM 

101110lA11xIAIAIAI AO=O 

AI is the auto-increment flag. AAA is the row to be read by the processor. The read 
command is acc6mplished with (Cs . RD . Ali) by the processor. If AI is 1, the row 
select counter will be incremented after each read. Note that auto-incrementing has 
no effect 01') the display. 

Read Display RAM 

Where AI is the auto-increment flag and AAAA is the character which the processor 
is about to read. 

Write Display RAM 

[i]oloIAlIAIAIAIAI 

where AAAA is the character the processor is about to write. 

Display Write Inhibit Blanking 

ttl 11 X I ~r~wl ~ll~l I 
Where IWA and IWB are I nhibit Writing nibble A and B respectively, and BLA, BlB 
are blanking. When using the display as a dual 4-bit, it is necessary to mask one of the 
4-bit hal.ves to.eliminate interaction between the two halves. This is accomplished with 
the IW flags. The Bl flags allow the programmer to blank either half of tile display 
independently, To blank a displaY formatted as a single B-bit, it is necessary to set 

both BlA and BlB. Default after a·reset is all zeros. All sig~als are ac.tive high (1). 
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p.P 08279·5 
Clear 

0 I CD I CD I CD I CF I CA 

CD CD CD 

0 X All zeros 
1 0 AB = 2016 
1 1 All ones 
0 X X Disable clear display 

This command is used to clear the display RAM, the FIFO, or both. The CD options 
allow the user the ability to clear the display RAM to either all zeros or all ones. 

CF clears the FIFO. 
CA clears all. 

Clearing the display takes one complete display scan. During this time the processor 
can't write to the display RAM. 

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

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

End Interrupt/Error Mode Set 

1111111ElxlxlxlxI 

In the sensor matrix mode, this instruction clears IRO and allows writing into RAM. 

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

FIFO Status 

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

Where: DU = Display Unavailable because a clear display or clear all command is in 
progress. 

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

o = F!FO Overrun since an attempt was made to push too many 
characters into the FI FO. 

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

F = FIFO Full Flag. 

NNN = The Number of characters presently in the FIFO. 

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

The Display not available is an indication that the CD or CA command has not 
completed its clearing. The S/E flags are used to show an error in multiple closures has 
occurred. The 0 or U, overrun or underrun, flags occur when too many characters are 
written into the FIFO or the processor tries to read an empty FI FO. F is an indication 
that the FIFO is full and NNN isthe number of characters in the FIFO. 

Data Read 

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

Data Write 

Data is written to the chip when AO, CS, and WR are active low. Data will be written 
into the display RAM with its address selected by the latest Read or Write Display 
command. 
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COMMAND OPERATION 
(CO NT.) 

PACKAGE OUTLINE 
J.LPD8279C-5 

J.L P 08279·5 

Data Format 

iCNTLi SH : SCAN: 

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

I R L 7 I R L6 I R L5 I R L4 I R L3 I R L2 I R L 1 I R La I 
In the Sensor Matrix mode, the data corresponds directly to the row of the sensor 
RAM being scanned. Shift and control (SH, CNTL) are not used in this mode. 

Control Address Summary 

DATA 

MSB LSB 

a a a 0 0 K K K Keyboard Display Mode Set 

a a P P P P P Load Program Clock 

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

a a I Al A A A A Read Display RAM 

a a I Al A A A A Write Display RAM 

a Display Write Inhibit/Blanking 

a I CD I CD I CD I CF I CA I Clear I I 
LiJ I E I X I X I X I X I End Interrupt/Error Mode Set 

lou I S/E I 0 I u I FIN I N I N I FIFO Status 

I ~K ' 

A .... I :IL~ 

"ii\lm~V~ll\lu\I1MMl\l\i\)vr~' }M __ ~JI 
-.:..j81 ·F ct -tr I 0°_15° ~ 

(Plastic) 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

B 1.62 0.064 

C 2.54 1. 0.1 0.10 ± 0.004 

D 0.5 ± 0.1 0,019 ± 0.004 

E 48.26 1.9 

F 1.2~IN 0.047 MIN 

G 2.54 MIN 0.10 MIN 

H O.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 

SP8279-9-78-G N-C AT 
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NEe Microcomputers, Inc. 

16,384 BIT ROM WITH 110 PORTS 
16,384 BIT EPROM WITH 1/0 PORTS 

NEe 
JLPD8355 
JLPD8755A 

DESCRIPTION The /lPD8355 and the /lPD8755A are /lPD8085A Family components with the 
/lPD8355 containing 2048 X 8 bits of mask ROM and the J.LPD8755A containing 
2048 X 8 bits of mask EPROM for program development. Both components also con· 
tain two general purpose 8·bit 110 ports. They are housed in 40 pin packages, are 
designed to directly interface to the /lPD8085A and are pin for pi~ 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 110 Ports 
• Single Power Supplies: +5V 
• Directly Interfaces to the /lPD8085A 
• Pin for Pin Compatible 
• J.LPD8755A: UV Eraseable and Electrically Programmable 
• J.LPD8355 available in Plastic Package 
• J.LPD8755A Available in Ceramic Package 

PIN CONFIGURATIONS CE vcc CE vcc 
CE PB7 CE PB7 

CLK PBS CLK PBS 
RESET PB5 RESET PB5 

NC PB4 VDD, PB4 
READY PB3 READY PB3 

101M PB2 101M PB2 
loR PB1 lOR PB1 
AD PBo RD PBo 

iQvii "PO PA7 lOW J.LPO PA7 
ALE 8355 PAs ALE 8755A PAS 
ADO PA5 ADO P.6.5 

AD1 PA4 AD'1 PA4 
AD2 PA3 AD2 PAl 
AD3 PA2 AD3, PA2 
AD4 PA1 AD4 PA1 
AD5 PAO AD5 PAO 
ADS AlO ADS AlO 
AD7 Ag AD7 Ag 
VSS AS VSS AS 

NC: Not Connected 

409 

II 



p.PD8355/8755A 

The IlPD8355 and IlPD8755A 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 IlPD8085A as a chip select. 

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

vDDCD VCC (+5V) 

8 
AD7 - ADD ---;-.. 

A1O' A8 

G READY 

CE 

CE 

ALE 2048 X 8 

RD ROM 

lOW G lOR 

CLK-

loiM 
RESET 

VSS (OV) 

Note: CD VDD applies to IlPD8755A only. 

PA7·PAO 
8 

PB7 - PBo 
8 

Operating Temperature (MPD8355). . . . . . . . . . . . . . . . . . . . . . .. O°C to +70°C 
(MPD8755A) .................... -10°C to +70°C 

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

Voltage on Any Pin (MPD8355) ....................... -0.3 to +7 Volts CD 
(JLPD8755A) ..................... -0.5 to +7 Volts CD 

Power Dissipation ....................................... " 1.5W 

Note: CD With Respect to Ground 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. 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 

Ta" DoC 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 VIH 2.0 VCC+0.5 V VCC = 5.0V:(j) 

Output Low Voltage VOL 0.45 V IOL = 2 rnA 

Output High Voltage VOH 2.4 V IOH =-400IlA 

I nput Leakage IlL 10 IlA VIN = VCC to OV 

Output Leakage Current ILO ±10 IlA 0.45V "VOUT "VCC 

VCC Supply Current ICC 180 rnA 

Note: CD These conditions apply to IlPD8355 only. 
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fLPD8355/8755A 

PIN IDENTIFICATION PIN 
NO. SYMBOL NAME FUNCTION 

1,2 CE, CE Chip Enables Enable Chip activity for 
memory or I/O 

3 ClK Clock Input Used to Synchronize Ready 

4 Reset Reset Input Resets PA and PB to all inputs 

5CD NC Not Connected 

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

6 Ready Ready Output A tri·state output which is 
active during data direction 
register loading 

7 10/M I/O or Memory An input signal which is used 
Indicator to indicate I/O or memory 

activity 

B lOR I/O Read I/O Read Strobe In 

9 RD Memory Read MemoryRead Strobe In 

10 lOW I/O Write 1/0 Write Strobe In 

11 ALE Address low Indicates information on 
Enable Address/Data lines is valid 

12-19 ADO-AD7 low Address/Data Multiplexed low Address and 
Bus Data Bus 

20 VSS Ground Ground Reference 

21-23 As-A 10 High Address High Address inputs for ROM 
reading 

24-31 PAO-PA7 Port A General Purpose I/O Port 

32-39 PBO-PB7 Port B General Purpose I/O Port 

40 Vce 5V Input Power Supply 

Notes: CD MPDS355 
. ~ MPDS755A 

I/O PORTS I/O Port activity is controlled by performing I/O reads and writes to selected 1/0 port 
numbers. Any activity to and from the MPDS355 requires the chip enables to be active. 
This can be accomplished with no external decoding for mUltiple devices by utilizing 
the upper address lines for chip selects. CD Port activity is controlled by the following 
1/0 addresses: 

AD1 ADO PORT SELECTED FUNCTION 

0 0 A Read or Write PA 

0 1 B Read or Write PB 

1 0 A Write PA Data Direction 

1 1 B Write PB Data Direction 

Since the data direction registers for PA and PB are each S-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-AS. 
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JA-PD8355/8755A 
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T a'" O"c to +70°C' Vee"" 5V + 5% 

PARAMETER SYMBOL 

Clock Cycle Time 'eve 
eLK Pulse Width 

elK Pulse Width T2 

eLK Rise and Fall TIme If. Ir 

Address to Latch Set Up T'ime tAL 

Address Hold Time After Latch tLA 

Latch to READfWAITE Control tlC 

Valid Data Out Delay from READ Control tAD 

MIN 

320 

BO 

120 

50 

BO 

100 

LIMITS 

TYP MAX 

30 

~ 

UNIT 
TEST 

CONDITIONS 

CLOAD'" 150 pF 

400 

100 

f--:-Add-,-"co"_S,,.,.b-,",,',.,' -,-0,_,,_0_"_, V_'_"d ___ t-...:'A"O'--+~C+_-+ __ C+_-----j 150 pF Load 
Latch Enable Width ILL 

Data Bus Float Alter READ 'ROF 100 

READ/WAITE Control to Larch Enable tel 20 

READ/WRITE Control Width tce 250 

Data In to WRITE Set Up TIme lOW 150 

Data In Hold Time After WAITE two 103 

WRITE to Port Output twp 400 

POrt Input Set Up Time tpR 50 

POrt Input Hold Time IA P 50 

READY HOLD TIME tAYH ~ ,-------------------+--t--f-"-=-j------1 
ADDRESS ICE) to FlEADY 'ARY 

Recovery T,me Between Controls IRV 

Data Out Delay from READ Control IRDE 

NOles CD ,",P08355 @ 30 n5 for j.!PD8755A 
@ j.!P08755A 

160 

300 

10 

ROM READ, I/O READ AND WRITE (j) 

elK CtCy/r---\~\'__...JIr----,r=Tl=fT2'-

ALE 

Notes: 

DATA 

tow tee 

PROM READ, I/O READ AND WRITE @ 

ADDRESS 

~-.J"f-_--D-A-T-A--_Jf" ---..( ADDRESS }. 

(i) I'PD8355 
@ I'PD8755A 

tee 

® CE must remain low for the entire cycle 

AC CHARACTERISTICS 

TIMING WAVEFORMS. 



TIMING WAVEFORMS 
(CONT.) 

EPROM PROGRAMMING 
J,lPD8755A 

",PD835518755A 

CLOCK 

If 

WAIT STATE TIMING (READY = 0) 

elK 

ICE = 1). 

ICE = 01 

ALE 

INPUT MODE' 
I/O PORT 

DAT.A----- -. --V 
BUS _______ ...1\ __________ _ 

OUTPUT MODE, 

Erasure of the JlPD8755A occurs when exposed to ultraviolet light sources of wave­
lengths less than 4000A. It is recommended, if the device is exposed to room 
fluorescent li .. ghting 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 NEC's prom programmer be used for this application. 
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JLPD8355/8755A 
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1-1 ------A---,-------II ~K==r1 PACKAGE OUTLINE 
r----------------h-. AI . l~1 #-,PD8355C 
1-f'l-.f"l-{"l--rH<--n-4n-<1--ffi--m-.f"l-{"l--rH<--n-4n-< ............ .f"il-I I J - - - - - - -- #-,PD8755AD 

J_ 
G M 

OD _ 15D I---

Plastic 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2_028 MAX 

8 1.62 0.064 

C 2.54;t 0.1 0.10± 0.004 

0 0.5±0.1 0.019 ± 0.004 

E 48.26 1.9 

F 1.2 MIN 0.047Mm 

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 

+0.1 + 0.004 
M 0.25 _ 0.05 0.010 _ 0.002 

G 

F 
I---------E-------~ 

Ceramic 

ITEM MILLIMETERS INCHES 

A 51.5 MAX. 2.03 MAX. 
B 1.62 MAX. 0.06 MAX. 
C 2.54 ± 0.1 0.1 ± 0.004 
0 0.5 ± 0.1 0.02 ± 0.004 
E 48.26 ± 0.1 1.9 ± 0.004 
F 1.02 MIN. 0.04 MIN. 
G 3.2 MIN. 0.13MIN. 
H 1.0MIN. 0.04 MIN. 
I 3.5 MAX. 0.14 MAX. 
J 4.5 MAX. 0.18 MAX. 
K 15.24 TVP. 0.6 TVP. 
L 14.93 TVP; 0.59 TVP. 
M 0.25 ± 0.05 0.01 ± 0.00111 
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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 MI L 
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,ln ~AII 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 the production history 
and experience of N EC with each 

product. 100% of all N EC 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. 

N EC'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 
N EC's testing procedures see your 

local N EC representative. 

III. After completion of all 
100% test operations, production 

lots 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 
a.A. testing. 

Manufacturing 
Operation 

NEe 

Wafer 

r- --- - -~- -- -~---

A 

I 

• I 
I 
I 
I 
I 

A L ____ ~-_ 

NEe Microcomputers, Inc. 

Visual 
Inspection 
Method 
2010.2 Condo B 
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NEe Microcomputers, Inc. 
NORTH AMERICAN REGIONAL SALES OFFICES 

E.lI8rn 
275 Broadhollow Ad; 'At. j 10 
Melville NY 11747 
516/293-5660 

U.S. REPRESENTATIVES 

AI .... m. 
20th Cantury Marketing, Inc. 
Huntsville AL 
205/772-9237 

Arizona 
Eltron 
Phoenix AZ 
802/997-1042 

Ark.nsa. 
Action Unlimited 
Arlington TX 
817/461-8039 

California 
Cerea 
San DiegoCA 
714/560-9143 

Santana Sales 
Los Alamitos CA 
714/827-9100 

Trident AlIOciate ... Inc. 
Sunnyvale CA 
408/734-5900 

Colorado 
D/Z Associates, Inc. 
Denver CO 
303/534-3649 

Connecticut 
HLM Associates, Inc. 
Torrington CT 
203/482-6680 

District of Columbia 
Professional 
Representatives, Inc. 

Pikesville MD 
301/484-7970 

Florida 
Perrott Associates, Inc. 
Sunrise FL 
305/792-2211 
Clearwater FL 
81'3/585-3327 
Orlando FL 
305/275-1132 

Georgia 
20th Century Marketing, Inc. 
Huntsville AL 
205/772-9237 

Idaho 
Tri·Tronix, N.W. 
Mercer Island WA 
206/232-4993 

416 

Midwest .. " 
5105 Tollview Drive 
Aolling Meadows I L 60008 
312/298-7081 

Illinois 
Technology Sales, Inc. 
Palatine I L ' 
312/991-6800 

Advanced Technical Sale. 
Overland Perk KS 
913/492·4333 

Indiana 
Technology S.les, Inc. 
Palatine IL 
312/991-6600, 

Iowa 
Electronic Innovators. Inc. 
Minneapolis MN 
612/835'()303 

Kansas 
Advanced Technical Sales 
Overland Park KS 
913/492-4333 

Kentucky 
Imtech, Inc. 
Dayton OH 
513/278-6507 

Louisiana 
Action Unlimite~ 
Arlington TX 
817/461-8039 

Maine 

Contact Sales, Inc. 
Burlington MA 
617/273-1520 

Maryland 
Professional 
Representatives, Inc. 

Pikesville MD 
301/484-7970 

M ..... huaetts 
Contact Sales, Inc. 

",.Burlington MA 
617/273-1520 

Stone Component Sales 
Framingham MA 

617/875-3266 

Michigan 
A.C. Nordstrom & Company 
Lathrup Village MI 
313/559-7373 
Jenison MI 
616/457-5762 

Northeast .. " 
21 G Olympia Avenue 
Woburn MA 01801 
617/935-6339 

Minnesota 
Electronic Innovators, Ino. 
Minneapolis MN 
612/835'()303 

Mississippi 
20th Century Merketing, Inc. 
Huntsville AL 
205/772-9237 

Missouri 
Advanced Technical Sales 

, Overland Park KS 
913/492-4333 

Montana 
Tri·Tronix, N.W. 
Mercer Island WA 
206/232-4993 

N ... raska 
Advanced Technical Sales 
Overland Park KS 
913/492-4333 

Nevada 
Eltron 
Phoenix AZ 
602/997-1042 

Trident Associates, Inc. 
Sunnyvale CA 
408/734·5900 

New Hampshire 
Contact Sales, Inc. 
Burlington MA 
617/273-1502 

New J .. say 
HLM Associates, Inc. 
Parsippeny NJ 
201/263-1535 

Harry Nash Associates 
Willow Grove PA 
215/657-2213 

New Mexico 
Action Unlimited 
Arlington TX 
817/461-8039 

Now York 
D.L'. Eiss Associates, Inc. 
Aoche.ter NY 
716/328·3000 

HLM Assoc!ates, Inc. 
Northport NY 
516/757-1606 

Southern 
14330 Midway Aoad, Suite 225 
Delles TX 75234 
214/980-6976 

North Carolina 
Wolffs Electronic Sales, Inc. 
Aaleigh NC 
919/851-2800 

North Dakota 
Electronic Innovators, Inc. 
Minneapolis MN 
612/835'()303 

Ohio 
Imtech, Inc. 
Akron OH 
216/666-1185 
Dayton OH 
513/278-6507 

Okl.homa 
Action Unlimitad 
Arlington,tx 
817/46,1-8039 

0,,,,,,,,,, 
TtFrlonix' N.W. 
Wils,?nvill.;'OA 
503~2"'2<123 

Pennaylvania 
Imtecb, Inc. 
Akron OH 
2.16/666-1185 

Harry Nash Asooclates 
Willow Grove PA 
215/657-2213 

Ahoda I.iand 
Stone· Component Sales 
WalthamMA 
617/890-1440. 

South Carolina 
Wolffs'eJectronic'Sales, Inc. 
Aaleigh NC 
919/851-2Boo 

South Dakota 
Electronic Innovators. Inc. 
Minneapolis MN 
612/835'()303 

Tenn ..... 

20th Century Marketing, Inc. 
Knoxville TN 
615/966-3608 

Texl. 
Action Unlimited 
Arlington TX 
817/461-8039 
Aound Aock TX 
512/255-1381 
Houston TX 

·713/495-7119 

NEe 
We •• " 
2914 E. K.tella Ave. 
Orange CA 92667 
714/633-2980 

Utah 
O/Z Associates, Inc. 
'Salt Lake City UT 
801/486-4251 

V.mont 
Contact Sales, Inc, 
Burlington MA 
617/273-1520 

Weshington 
Tri·Tronix, N.W. 
Mercer Island WA 
206/232-4993 

West Virginia 
l!"('Itsch, Inc. 
Dayton OH 
513/278-6507 

Wisconsin 
Electronic Innovators, Inc. 
Minneapolis MN 
612/835'()303 

Technology Sales 

Palatine IL 
312/991·6600 
Milwaukee WI 

414/744·6842 

Wyoming 
D/Z Associates, Inc. 
Denver CO 
303/534-3649 

CANADIAN 
REPRESENT A TIVES 

Ontario 

Manitoba 

Kavtronics Limited 
Concord Ontario 
416/689-2262 

British Columbia 

SaskatcheWan 

Alberta 

Berg/ord & Associates 
OlympiaWA 
206/866-2001 

Now Brunswick 

Newfoundland 

Nova Scotia 

Ontario 

Princ. Edward Illand 

Qu ..... 

Kaytronics Llmltad 
Ville St. Pierre Quebec 
514/487-3434 




