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ABSTRACT 

A programmable interface device is designed to perform vanous 

input/output functions. Such a device can be set up to perform specific functions 

by writing an instruction. This project introduces four of these devices; that is 
8284, 8255, 8259, and 8251. Explains the theory of each chip then provide many 

Suggested experiments for each chip with 8085 mp. 

Therefore, the laboratory becomes better and better since our project mainly 

has tow advantages the first is using 8085KIT in educational way the second it is 
the first step in building interfacing manual-for the MIC LAB. 
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INTRODUCTION 



Introduction 

1-1 General Overview: 

The Microprocessor Laboratory is at the center of the practical learning 

experience in Computer Engineering. This laboratory is designed to give students 

"hands-on" experience with Microprocessor hardware and software design concepts 
and applications and provides students with the opportunity to investigate the 
architecture of microprocessors and their associated systems. 

With these subjects we want to build circuits for it, students learn to write, debug and 
run 8085 assembly language programs. The programs provide students with hands­ 

on experience in topics of interface with I/0 such as Programmable Peripheral 

Interface (PPI), Programmable Interrupt Controller (PIC), Programmable 

Interval Timer (PIT) and Universal Synchronous Asynchronous Receiver 

· Transmitter (USART). In addition, students use the laboratory to design and 
implement their individual class projects, supervised by a faculty. The laboratory 

offers a rich design experience and prepares students for facing real world design 
challenges. 

In the laboratory, there are six 8085 MP kits, which are used to connect to the 
related equipment of the Lab. 

Conclusion, our laboratory is in progress. Besides of adding advance equipment, 

we develop the 8085MP kits by adding some boards. Therefore, the laboratory 

becomes better and better and our project mainly has tow advantages the first is 
using 8085KIT in educational. way the second it is the first step in building 

interfacing manual for the 8085 KIT. 
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1-2 Project requirements 

1-2-1 Hardware requirements: 

1) Micro Processor 8085 (MC Vol-1 and MC Vol. -2). 

2) The following programmable I/0 interface devices are needed: ­ 
a. (8055A) PPI: Programmable Peripheral Interrupt 

b. (8059A) PIC: Programmable Interrupt Controller 

c. (8053A) PIT: Programmable Interval Timer. 

d. (805 IA) USART: Universal Synchronous Asynchronous Receiver 

Transmitter 

3) -Printed boards to build the interface circuit on it. 
4) -Breadboards, Wires, cables and other equipments from library to build 

the designs. 

5) Pentium computer 

6) Printer 

1-2-2 Software requirements: 

1) Microprocessor assembly 

2) Circuit Maker2000 

3) Orcad 7.1 

4) Windows XP 

5) Office XP 

- 3­ 



1-3 Cost Estimation for hardware 

LEE7A ®ewj »Rossi 
Programmable Peripheral Interface $4 5 

PPI (8255) 

Programmable Interval Timer 8254 $6 5 

Programmable Interrupt Controller 

PIC (8259) 

$2 5 

USART 8251 $5 5 
Printed board $8 5 

Bread Board $6 IO 
50 BIN connectors $9 IO 
Wires $10 

Latch $2 5 

Decoder $3 5 

Buffer $3 5 
NAND Gates $3 5 

Table 1-1 Cost Estimation 
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1-4 Time scheduling 
For our project we have planed the following time estimation schedule, which includes the 

tasks related to studying and analysis the system. 

Task//Week 5 6 7 8 9 10 11 12 13 14 15 16 

Collection of 

data 

Study 8085 kit 

Study 

interfacing 

devices 

Design 

Testing and 

Implementation 
Documentation 

Table 1-2: Time Schedule. 

1-5 Report Contents 

This report is divided into six chapters, the first chapter is the introduction, and it outlines 

general preview, literature review, project requirements cost estimation, time scheduling, and report 
content. 

The second chapter is the theoretical background; it includes theoretical subjects related to the 

main ideas of the project, and information about the 8085Kit microprocessor and programmable 
interfacing devices(USART.PIC.DMA, PPI, TIMER). 
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· CHAPTER2 

THEORITACAL BACKGROUNED 
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THEORITACAL BACKGROUNED 

2.1 Preface 

The following chapter includes the theoretical background for 

the system components: 8085 kit, PPI, PIC, USART, and PIT. Theses 

tutorial should be understood by the student before designing an 

interface circuits for 8085 mp. 

2-2 8085kit 

The micro processor 8085 (MC Volland2) has the following specifications: ­ 
Characteristics Specifications 

(I) CPU 

(2) RAM 
(3) ROM 

(4) User Memory 

(5) ADC0809 

(6) DAC0808 

(7) KEY 

(8) Display 

(9) SOUND 

(IO) BUTTON 

(I I) LED 

(12) FND 

(13) Connectors 

a- parallel port 2EA 

8085 ( 4. 7 MHz Crystal Oscillator) 
62526X2 EA (64KB) 
27256X2 EA (64KB) 

27256X2 EA or 62256X2 EA (64KB) 

ND converter (8bit X 8 channel) 
DI A converter (8bit X I channel) 
24 Keyboards 

LCD (16X2line) 

2W speaker 

for input 

for output (Digital Display) 

for output (Numerical Display) 

b- Serial Port 2EA 

c- Expansion Port IEA 

d- INTR IEA 
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C­ Expansion Port lEA 

d- INTR IEA 
(14) Power supply input AC 85~269V, Output: SY 2A,-12V OJA 

Table 2.1: 8085Kit Specifications 

- I \ - I I - --> Xl I I1 40] I Vee (+5V) - - 
- I I e --> X2 I 12 39 I I HOLD <-- - ~I I - <-- RESET OUT I 13 3_8 I I HLDA --> - - 
- I I - <-- SOD I ] 4 37 I CLK (OUT) --> - - I I 

> > SID I I 5 36 I I RESET IN <-- - - - I I - --> TRAP I I 6 35] I READY <-- - - 
- I I - --> RST 7.5 I 17 34] I IO/M --> - - 
o I I - --> RST 6.5 I [ 8 331 I S1 --> , - 
JJ I I - --> RST 5.5 I I 9 32] I RD --> . 
AA, I I - -,> INTR I 110 8085A 31] I WR--> , - - I I - <-- INTA I Ill 30 1 I ALE --> so, - 
A I I - <--> ADO I 112 29 I I so --> - - 
, I I - <--> ADl I 113 28 ] I Al5 --> - - 
gs I I - <--> AD2 I 114 27] I A14 --> AJA - - I I - <--> AD3 I 115 26 I I Al3 --> - - 
- I I - <--> AD4 I 116 251 I A12 --> - - 
- I I - <--> AD5 I 117 24] I All --> 

- I I - <--> AD6 I 118 231 I Al0 --> - - 
- I I - <--> AD7 I 119 221 I A9 --> sos - I I - (Gnd) Vss I 120 211 I AS ,> - - I I 

Fig. 2.1 8085 Pins Out 
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Each unit of the MC-Lab has 50-pin ribbon bus connector on the front panel; this 
provides the connection between the MC-1 microprocessor and the peripheral 

devices. The pins and their designated signal functions for the bus connector are 
listed bellow: 

PIN SIGNAL FUNCTION 

1 .INTA Control Bus 
2 HLDA Control Bus 
3 CK Control Bus 
4 RESET OUT Control Bus 
5 10/M Control Bus 
6 RD Control Bus 

7 WR Control Bus 
8 ALE Control Bus 
9 HOLD Control Bus 
10 RST 6.5 Control Bus 
11 so Control Bus 
12 INTR Control Bus 

. 13 SI Control Bus 
14 RDY Control Bus 
15 RESET IN Control Bus 
16 A4 Address Bus 

-10­ 



17 A3 Address Bus 

18 A2 Address Bus 

19 Al Address Bus 

20 AO Address Bus 

21 e Spare 

22 - Spare 

23 - Spare 

24 - Spare 

25 - Spare 

26 DO Data Bus 

27 DI Data Bus 

28 D2 Data Bus 
29 D3 Data Bus 

30 D4 Data Bus 

31 D5 Data Bus 

32 D6 Data Bus 
33 D7 Data Bus 

34 Al5 Address Bus 

35 Al4 Address Bus 

36 A13 Address Bus 

37 A12 Address Bus 
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38 All Address Bus 

39 Al0 Address Bus 

40 A9 Address Bus 

41 A8 Address Bus 

42 A7 Address Bus 
® 4 

43 A6 Address· Bus 

44 A6 Address Bus 

45 GND Ground 

46 - Spare 

47 - Spare 

48 - Spare 

49 . - Spare 

50 - Spare 

Table 2-2: 8085 Cable Signals 
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2-4 (82C55A) Programmable Peripheral Interfaces (PPI) 

2-4-1 Introduction 

PPI is a general purpose programmable I/0 device which may be used 

with many different microprocessors. There are 24 I/0 pins which may be 

individually programmed in 2 groups of 12 and used in 3 major modes of 

operation. The high performance and industry standard configuration of the 
82C55A make it compatible with the 80C86, 80C88 and other microprocessors. 

2-4-2 Functional Description 

Data Bus Buffer: - 

This three-state bi-directional 8-bit buffer is used to interface the 82C55A 

to the system data bus. Data is transmitted or received by the buffer upon 

execution of input or output instructions by the CPU. Control words and status 

information are also transferred through the data bus buffer. 

Read/Write and Control Logic: - 

The function of this logic is to manage all of the internal and external 

transfers of both Data and Control or Status words. It accepts inputs from the CPU 

Address and Control busses and in turn, issues commands to both of the Control 

Groups. 

(CS) Chip Select: ­ 

A "low" on this input pin enables the communication between the 82C55A 

and the CPU. 

(RD) Read: - 

A low" on this input pin enables 82C55A to send the data or status 
information to the CPU on the data bus. In essence, it allows the CPU to "read 

from" the 82C55A. 
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(WR) Write: - 

A "low" on this input pin enables the CPU to write data or control words 

into the 82C55A. 

(AO and Al) Port Select O and Port Select 1: - 

These input signals, in conjunction with the RD and WR inputs, control the 

selection of one of the three ports or the control word register. They are normally 

connected to the least significant bits of the address bus (AO and Al). 

(RESET) Reset: - 

A "high" on this input initializes the control register to 9Bh and all ports (A, B, 

C) are set to the input mode. "Bus hold" devices internal to the 82C55A will hold 

the I/O port inputs to a logic 1" state with a maximum hold current of 400mA. 

Fig 2-3: 82C55ABlock Diagram. 
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2-4-3 Group A and Group B Controls: 

The functional configuration of each port is programmed by the systems 

software. In essence, the CPU "outputs" a control word to the 82C55A. The control 

word contains information such as "mode", "bit set", "bit reset", etc., that initializes 

the functional configuration of the 82C55A. 

Each of the Control blocks (Group A and Group B) accepts "commands" from the 

Read/Write Control logic, receives control words" from the internal data bus and 
issues the proper commands to its associated ports. Control Group A- Port A and 

Port C upper (C7 - C4) Control Group B- Port B and Port C lower (C3 - CO) The 

control word register can be both written and read as shown in the "Basic Operation" 
table. 

Ports A B, and C:­ 

The 82C55A contains three 8-bit ports (A, B, and C). All can be configured 
to a wide variety of functional characteristics by the system software but each has its 

own special features or "personality" to further enhances the power and flexibility of 
the 82C55A. 

Port A: ­ 

One 8-bit data output latch/buffer and one 8-bit data input latch. Both "pull­ 

up" and "pull-down" bus-hold devices are present on Port A. 

Port B: ­ 

One 8-bit data input/output latch/buffer and one 8-bit data input buffer. 

Port C: ­ 

One 8-bit data output latch/buffer and one 8-bit data input buffer (no latch for 
input). This port can be divided into two 4-bit ports under the mode control. Each 4­ 
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4-bit port contains a 4-bit latch and it can be used for the control signal output and 

status signal inputs in conjunction with ports A and B. 

2-4-4 Control Word: 

[7[Des[[s ]Dia [ pa[D2 [ D+ [ Dia [] 

CJRIT C (LOWER 
'l = IIIT 
f== (UTLUT 

RCJRT 
'l= INPUT 
8'=-0UTPUT 

-G.P.OJJ.P A 

RESIT CZ APER) .__ '°' --t = INPUT 
= UT UT 
€SF;F 3«A 
f = INPLIT 
=DOUTFUT 

fJIODE -SELEt:TJON 
= ·#KOEE 

· flt = :frlO.DE t 
t¥ = RHODIE 2 

~ :f,lOO.E SET Fl.AG s P] ·f== &(T['}FT 

Fig 2-4: Control Word of 82C55A 

Single Bit Set/Reset Feature: - 

GROUPS- 

Any of the eight bits of Port C can be Set or Reset using a single Output 

instruction. This feature reduces software requirements in control-based 

applications. When Port C is being used as status/control for Port A or B, these 

bits can be set or reset by using the Bit Set/Reset operation just as if they were 
output ports. 
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CONTROL WORD 

BIT SET!RESET 
1=SET 
= RESET 

BIT SELECT 

BIT SET!.RESET FLAG 
la] (jz {i!T[}[ 

Fig 2-5: Bit Set/Reset Format 

Mode Selection: - 
There are three basic modes of operation than can be selected by the 

system software: 

• Mode 0 - Basic Input/Output 

• Mode 1 - Strobed Input/Output 

• Mode 2 - Bi-directional Bus 

Mode0 

(Basic Input/Output). This functional configuration provides simple input 

and output operations for each of the three ports. No handshaking is required, data 

is simply written to or read from a specific port. 

Mode O Basic Functional Definitions: - 

• Two 8-bit ports and two 4-bit ports 

• Any Port can be input or output 

• Outputs are latched 

• Input are not latched 

- 17 - 



Mode 1: 

(Strobed Input/Output). This functional configuration provides a means for 

transferring I/0 data to or from a specified port in conjunction with strobes or "hand 

shaking" signals. In mode 1, port A and ·port B use the lines on port C to generate or 

accept these "hand shaking" signals. 

Mode 1 Basic Function Definitions: - 

• Two Groups (Group A and Group B) 

· • Each group contains one 8-bit port and one 4-bit control/data port 
• The 8-bit data port can be either input or output. Both inputs and 
outputs are latched. 

• The 4-bit port is used for control and status of the 8-bit port. 

2-4-5 Input Control Signal Definition 

STB (Strobe Input): 

A "low" on this input loads data into the input latch. 

IBF (Input Buffer Full F/F): 

A "high" on this output indicates that the data has been loaded into the input latch: in 
essence, and acknowledgment. IBF is set by STB input being low and is reset by the 
rising edge of the RD input. 

INTR (Interrupt Request): 

A "high" on this output can be used to interrupt the CPU when and input 
device is requesting service. INTR is set by the condition: STB is a "one", IBF is a 
"one" and INTE is a one". It is reset by the falling edge of RD. This procedure 
allows an input device to request service from the CPU by simply strobing its data 
into the port. 

INTE A: 

- 18 - 



Controlled by bit set/reset of PC4. 

INTEB: 

Controlled by bit set/reset of PC2. 

IAODE 1 {PCRT A; 

CONT FOL 3WO R DE 
07 D6 C•-5 04 03 02 01 [,) 
1 0 

110 

t,10 OE 1 i PORT 8) 

GOl'lTROL WORD 
[17 06 D-5 04 [13 [)2 Dl C•) 

11 D<IXfXlXI 11 1 (X] 

· TT a=pl] 

Fig 2-5: Mode 1 Inputs 

IBF 

lt-lTR 

Rt 
tPH 

tF:1B 

INPLITFROr.t 
PERIPHERAL • • • .. • • • • • • • • • • • • • • • • • • .. • • • • • • .... • 7'-------+--,- 

--- tPS ---11 

Fig 2-6: Model (Strobe Input) 
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2-4-6 Output Control Signal Definition 

OBF (Output Buffer Full F/F); ­ 

The OBF output will go "low" to indicate that the CPU has written data out 
to be specified port. This does not mean valid data is sent out of the part at this time 
since OBF can go true before data is available. 

Data is guaranteed valid at the rising edge of OBF,. The OBF F/F will be set by the 

rising edge of the WR input and reset by ACK input being low. 

ACK (Acknowledge Input): - 

A "low" on this input informs the 82C55A that the data from Port A or Port 

B is ready to be accepted. In essence, a response from the peripheral device 

INTR (Interrupt Request): ­ 

A "high" on this output can be used to. interrupt the CPU when an output 

device has accepted data transmitted by the CPU. INTR is set when ACK is a one", 
OBF is a "one'' and INTE is a "one". It is reset by the falling edge of WR. 

INTE A 

Controlled by Bit Set/Reset of PC6. 

INTEB 

Controlled by Bit Set/Reset of PC2. 
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CONTROL 1NCiRD 
D7 D6 DS [14 D3 .02 D·J DO ,-----, &A 
1 0 1 1 1/0 

\7[=-bd] 

MODE 1 (PORT A:, 

PAY-PAO 0 

MODE 1 (PORT B) 

CONTROL 1NOP.D 
D7 06 DS 04 D3 02 D·J DO 

RRT D<I 

Fig2-7: Mode 1 Output 

tmF' 

INTR 

OUTPUT 

t'.'iB 

Fig2-8: Model (Strobed Output) 
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2-5 (8054A) Programmable Interval Timers (PIT) 

2-5-1 Introduction 

The 8254 is a programmable interval timer/counter designed for use with 
Intel microcomputer systems. It is a general purpose, multi-timing element that can. 

be treated as an array of VO ports in the system software. 

The 8254 solves one of the most common problems in any microcomputer system, 
the generation of accurate time delays under software control. Instead of setting up 

timing loops in software, the programmer configures the 8254 to match his 

requirements and programs one of the counters for the desired delay. After the 

desired delay, the 8254 will interrupt the CPU. Software overhead is minimal and 

variable length delays can easily be accommodated. 

Some of the other counter/timer functions common to microcomputers which can be 

implemented with the 8254 are: ­ 

• Real time clock 

• Event-counter 

• Digital one-shot 

• Programmable rate generator 
• Square wave generator 

• Binary rate multiplier 

• Complex waveform generator 

• Complex motor controller 
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2-5-2 Block diagram Description 

Fig 2-12: 8254 Block Diagram 

data bus buffer: - 

This 3-state, bi-directional, 8-bit buffer is used to interface the 8254 to the 
system bus. 

read/write logic: ­ 

The Read/Write Logic accepts inputs from the system bus and generates control 

signals for the other functional blocks of the 8254. Al and AO select one of the 

three counters or the Control Word Register to be read from/written into. A "low" 

on the RD input tells the 8254 that the CPU is reading one of the counters. A 

'' low" on the WR input tells the 8254 that the CPU is writing either a Control 
Word 
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or an initial count. Both RD and WR are qualified by CS; RD and WR are ignored 

unless the 8254 has been selected by holding CS low. 

2-5-3 CONTROL WORD REGISTER 

The Control Word Register is selected by the Read/Write Logic when 

Al,AO e 11. If the CPU then does a write operation to the 8254, the data is stored 
in the Control Word Register and is interpreted as a Control Word used to define 

the operation of the Counters. 

The Control Word Register can only be written to; status information is available 

with the Read-Back Command. 

2-5-4 COUNTER 0, COUNTER 1, COUNTER 2 

These three functional blocks are identical in operation, so only a single Counter 

will be described. The Counters are fully independent. Each Counter may operate 

in a different Mode. The Control Word Register is shown in the figure; it is not 

part of the Counter itself, but its contents determine how the Counter operates. 

The actual counter is labeled CE (for "Counting Element"). It is a 16-bit preset 
table synchronous down counter. 

OLM and OLL are two 8-bit latches. OL stands for ''Output Latch"; the 

subscripts M and L stand for ''Most significant byte" and ''Least significant byte" 
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Fig 2-10: Internal Block Diagram of 825 

2-5-5 Control Word of 8254: 

Dy Da Ds Da D5 D± D» Do ! sci ! sco ! RW'1 [wo] 1.<2 I 1.11 [wo] Bco I 
SC-Select Counter 

set sco 
0 0 S91<>::>1Counl,!,1 0 
0 1 S;ola:tCv.Jnl;ar 1 
I 0 S;,l.;a:,I Co-.J·nl9! 2 
I I A;,:.J-S:ck Carnrr.;,n-j 

(±ss Rs±i Ost=tins) 

AW-Read/Write 
RWt RWO 

0 0 0 4ad9 O 
0 0 I t.l-nd9 I 
X I o Roda 2 
X I I !5-d9 3 

' 0 0 l.!-:,·da<1 
I 0 I .±9d9 5 

-::> 0 C-:,:ml.;ar Lalcn C•:>mm:.r,-:J (s.a3 R;aE;::l 

0 

s Rad/y'rt9 9±st signtfanlbyts fMst, 
tnan rps1 s2gr»l;Ent ty l» 

M-'l,1oc£e 
. M2 1,11 

BCD 

r.,.o 

I o 

I I 

Sini=:T'J C::PJnlBt I S--!:::iils 

Bin±ry Co1ad Dazimai (BCD) Counter 
(4 Dszsds±} 

Fig 2-11: Control Word Format 

Write Operations 

The programming procedure for the 8254 is very flexible. Only two 
conventions need to be remembered:­ 

1) For each Counter, the Control Word must be written before the initial count is 
written. 

2) The initial count must follow the count format specified in the Control Word 

(least significant byte only, most significant byte only, or least significant 

byte and then most significant byte). Since the Control Word Register and the 
three Counters have separate addresses ( selected by the A I ,AO inputs), and 

each Control Word specifies the Counter it applies to (SC0,SCI bits), no 

speciaf instruction sequence is required. Any programming sequence that 
.. 

follows the conventions is acceptable. A new initial count may be written to a 

Counter at any time without affecting the Counter's programmed Mode in any 
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way. Counting will be affected as described in the Mode definitions. The new 

count must follow the programmed count format. If a Counter is programmed 

to read/write two-byte counts, the following precaution applies: A program 

must not transfer control between writing the first and second byte to another 

routine which also writes into that same Counter. Otherwise, the Counter will 
be loaded with an incorrect count. . 

Read Operations 

It is often desirable to read the value of a Counter without disturbing the 

count in progress. This is easily done in the 8254. There are three possible methods 
. . 

for reading the counters: a simple read operation, the Counter Latch Command, and 
the Read-Back Command. 

Each is explained below. The first method is to perform a simple read operation. To 

read the Counter, which is selected with the A 1, AO inputs, the CLK input of the 

selected Counter must be inhibited by using either the GATE input or external logic. 
. . . 

Otherwise, the count may be in the process of changing when it is read, giving an 
undefined result. 

2-5-6 Mode Definitions 

The following are defined for use in describing the operation of the 8254: ­ 
• CLK Pulse: a rising edge, then a falling edge, in that order, of a 

Counter's CLK input. 

• Trigger: a rising edge of a Counter's GATE input. 

• Counter loading: the transfer of a count from the CR to the CE (refer 

to the ''Functional Description"). 

MODE 0: INTERRUPT ON TERMINAL COUNT 



MODE O: INTERRUPT ON TERMINAL COUNT 

Mode O is typically used for event counting. After the Control Word is 

written, OUT is initially low, and will remain low until the Counter reaches zero. 

OUT then goes high and remains high until a new count or a new Mode O Control 

Word is written into the Counter. 

GATE e I enables counting; GATE e O disables counting. GATE has no 

effect on OUT. After the Control Word and initial count are written to a Counter, 

the initial count will be loaded on the next CLK pulse. This CLK pulse does not 

decrement the count, so for an initial count of N, OUT does not go high until N a 

1 CLK pulses after the initial count is written. If a new count is written to the 

Counter, it will be loaded on the next CLK pulse and counting will continue from 

the new count. If a two-byte count is written, the fallowing happens: ­ 
1) Writing the first byte disables counting. OUT is set low 

immediately (no clock pulse required). 

2) Writing the second byte allows the new count to be loaded on the 

next CLK pulse. This allows the counting sequence to be 

synchronized by software. Again, OUT does not go high until Nal 

CLK pulses after the new count of N is written. If an initial count 

is written while GATE e 0, it will still be loaded on the next CLK 

pulse. When GATE goes high, OUT will go high N CLK pulses 

later; no CLK pulse is needed to load the Counter as this has 

already been done. 
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Fig 2-15: Mode0 for 8254. 

MODE 1: HARDWARE RETRIGGERABLE 

ONE-SHOT OUT will be initially high. OUT will go low on the CLK pulse 

following a trigger to begin the one-shot pulse, and will remain low until the 
Counter reaches zero. 

OUT will then go high and remain high until the CLK pulse after the next 

trigger. After writing the Control Word and initial count, the Counter is armed. A 

trigger results in loading the Counter and setting OUT low on the next CLK pulse, 
thus starting the one-shot pulse. An initial count of N will result in a one-shot 

pulse N CLK cycles in duration. The one-shot is retrigger able; hence OUT will 

remain low for N CLK pulses after any trigger. The one-shot pulse can be 

repeated without rewriting the same count into the counter. GATE has no effect 

on OUT. 

If a new count is written to the Counter during a one shot pulse, the current one­ 

shot is not affected unless the counter is retriggered. In that case, the Counter is 

loaded with the new count and the one shot pulse continues until the new count 

expires. 

-28 - 



--·-·--·-7n~~---~--·-·-1.n----~ 
oo+ r l f ­ 
]»3«l»1±11$l£4t431#}{4£l 

Fig 2-16: Mode I for 8254. 

MODE 2: RATE GENERATOR 

This Mode functions like a divide-by-N counter. It is typically used to 
generate a Real Time Clock interrupt. OUT will initially be high. When the initial 

count has decremented to I, OUT goes low for one CLK pulse. OUT then goes 

high again, the Counter reloads the initial count and the process is repeated. 

Mode 2 is periodic; the same sequence is repeated indefinitely. For an initial count 

of N, the sequence repeats every N CLK cycles. GATE e 1 enables counting; 

GA TE e O disables counting. If GATE goes low during an output pulse, OUT is 

set high immediately. A trigger reloads the Counter with the initial count on the 

next CLK pulse; OUT goes low N CLK pulses after the trigger. Thus the GATE 

input can be used to synchronize the Counter. After writing a Control Word and 
initial count, the Counter will be loaded on the next CLK pulse. OUT goes low N 
CLK Pulses after the initial count is written. This allows the Counter to be 

synchronized by software also. Writing a new count while counting does not 

affect the current counting sequence. If a trigger is received after writing a new 

count but before the end of the current period, the Counter will be loaded with the 

new count on the next CLK pulse and counting will continue from the new count. 
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h · h count will be and counting will continue from the new count. Otherwise, t e new 
loaded at the end of the current counting cycle. In mode 2, a COUNT of 1 is 

illegal. 

33% 05. • 3? 

~-,.~,.. =· - ·- ,, 

] « f { e { u ] 

Fig 2.17: Mode2 for 8254. 

MODE 3: SOU ARE WA VE MODE 

Mode 3 is typically used for Baud rate generation. Mode 3 is similar to 
Mode 2 except for the duty cycle of OUT. OUT will initially be high. When half 

the initial count has expired, OUT goes low for the remainder of the count. Mode 

3 is periodic; the sequence above is repeated indefinitely. An initial count of N 
results in a square wave with a period of N CLK cycles. GATE e 1 enables 

counting; GATE e O disables counting. If GATE goes low while OUT is low, 

OUT is set high immediately; no CLK pulse is required. A trigger reloads the 

Counter with the initial count on the next CLK pulse. Thus the GATE input can 
be used to synchronize the Counter After . . a Control Word and initial · wntmg 
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new count will be loaded at the end of the current half-cycle. Mode 3 is 

implemented as follows: ­ 
• Even counts: OUT is initially high. The initial count is loaded on one CLK 

pulse and then is decremented by two on succeeding CLK pulses. When 

the count expires OUT changes value and the Counter is reloaded with the 

initial count. The above process is repeated indefinitely. 

• Odd counts: OUT is initially high. The initial count minus one ( an even 

number) is loaded on one CLK pulse and then is decremented by two on 

succeeding CLK pulses. One CLK pulse after the count expires, OUT goes 

low and the Counter is reloaded with the initial count minus one. 

Succeeding CLK pulses decrement the count by two. When the count 

expires, OUT goes high again· and the Counter is reloaded with the initial 

count minus one. The above process is repeated indefinitely. So for odd 
counts, OUT will be high for (N a I )/2 counts and low for (N b 1 )/2 

counts. 

f 3 : 4 

i. 4 } ' 1 fl · .. : .. . : , .. . .... . . 

····· 
... 1 . . 

---=···=····=···=····=···=····=···=· ======="------- ~ATE ·················· ®e@&# @@8 s g, . . . .. .. 

Fig 2.18 Mode3 for 8254. 
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2-7 (8259A) Programmable Interrupt Controller (PIC) 

2-7-1 Features 

• Eight vectored priority interrupts per mega function. Up to 64 vectored 

priority interrupts with cascading 
• Programming for all 8259A modes & operational features 

o MCS-80/85 & 8088/8085 processor modes 
a Fully nested mode & special fully nested mode 

a Special mask mode 

a Buffered mode 

a Specific rotation 

o Edge- & level-triggered interrupt input modes 

a Reading of interrupt request register (IRR) & in-service register (JSR) 

through data bus 

a Writing & reading of interrupt mask register (IMR) through data bus 

tgrtpa Bus 
Buffer 

CASO◄-~~--.., 
CAS1◄.~M 

CAS1. · . ~~~ratjjf 
S~n[~n-- ......,~---..J 

{ 3rice 7, 

Register 
Priority 
fsesolver 

Fig 2- 24: 8259 block diagram 
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[po-r7 I Bi-directional, restated, buffered data lines. Connected to data bus directly or 
through buffers 

[RD-bar [[Active low read control 
I [WR-bar jjActive low write control I [Ao I Address input line, used to select control register 

[CS-bar [[Active low chip select 
I EJ Bi-directional, 3 bit cascade lines. In master mode, P!C places slave ID no. on 

these lines. In slave mode, the PIC reads slave ID no. from master on these lines. It 
may be regarded as. slave-select. · 

SP-bar/ Slave program/ enable. In non-buffered mode, it is SP-bar input, used to 
EN-bar distinguish master/slave PIC. In buffered mode, it is output line used to enable 

buffers 

[iyT I Inten-upt line, connected to INTR of microprocessor 
[INT A-bar [[Interrupt ack, received active low from microprocessor 

[i6-7 I Asynchronous IRQ input lines, generated by peripherals. 

Table 2.3 PIN out of 8259: 

2-7-3 Description 

The 8259A programmable interrupt controller mega function manages up to 

eight vectored priority inten-upts for a processor. Using multiple instantiations of the. 

mega function and programming it to cascade mode allows up to 64 vectored 

interrupts. More than 64 vectored interrupts can be accomplished by programming 

the mega function 

2. 7.4Interrupt sequence (single PIC) 

I. One or more of the IR lines goes high. 

2. C01Tesponding IRR bit is set. 

3. 8259 evaluates the request and sends INT to CPU. 

4. CPU sends INT A-bar. 
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f.: •1~ 1 nigh byte . 

30-2 
h:is l. « I it,, . ' l 

'· .. :~ .. ',\ .~:-- ...... ~ 
~Ot:.s Asynchronous Receiver 

ar / 
oar 

'!::atures 

s 

.... ~ ._ u Jl ~1ru-r12.ble com1mmications interface (USART) core provides 

:v 1trol to a serial communication channel. 

1as select, read/write, interrupt and bus interface logic features that 
sfers over an 8-bit bi-directional parallel data bus system. With proper 

1m error checking, the core can transmit and receive serial data, 

, both synchronous and asynchronous operation. 

• Synchronous and asynchronous operation 

e Programmable data word length, parity and stop bits 

• Parity, overrun and framing en-or checking instructions and counting 

loop interactions 

O 

• 

Supports up to 1. 7 5 0 Mbps transmission rates 

Divide-by 1,-16,-64 mode 

False start bit deletion 

• Automatic break detection 

• Internal and external synch character detection 
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5. Highest priority ISR is set. IRR is reset. 

6. 8259releases CALL instruction on data bus. 

7. CALL causes CPU to initiate two more INTA-bar's. 

8. 8259 releases the subroutine address, first low byte then high byte. 
9. ISR bit is reset depending on mode 

2-8 (8251A) Universal Synchronous Asynchronous Receiver 
4 

Transmitter (USART) 

2-8-1 Function Description 

The C8251 programmable communications interface (USART) core provides 
data formatting and control to a serial communication channel. 

The core has select, read/write, interrupt and bus interface logic features that 
allow data, transfers over an 8-bit bi-directional parallel data bus system. With proper 
formatting and error checking, the core can transmit and receive serial data, 
supporting both synchronous and asynchronous operation. 

2-8-2 Features 

• Synchronous and asynchronous operation 

• Programmable data word length, parity and stop bits 

• Parity, overrun and frruning en-or checking instructions and counting 
loop interactions 

• Supports up to 1. 7 5 0 Mbps transmission rates 

• Divide-by 1,-16,-64 mode 
• False start bit deletion 
• Automatic break detection 

• Internal and external synch character detection 

• · ·, 
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• Peripheral modem control functions 

• The C825 l was developed in VHDL and synthesizes to approximately 

2,300 gates depending on the technology used 

• Functionality based on the Intel 825 lA device 

2-8-3 Symbol 

+w] RESET n 
-...CLK 
w] TX_CLK 
--♦-- RX_CLK 
____,_ RDn 
h] Rpr 

-+--CSn 
-...c_Dh 
~ EXTSYNDET 

............ OEN[7:0J 
=h-]CTSn 
..........,... DSRn 
~ RxD 

DO[7:0] 3 
TxD ~ 
TXE [}-3 

RT Sn ~ 
j 

DTRn i---.-- 
TxRD'Y ­ 
RxRDY} 

I 

SYN_BREAK ~ 
i 
! 
i 
i : 
( 

·1 

Fig 2-17: 8251 Symbol 

2-8-4 Pin Description 

The following table presents each pin in the 8251 chip with its function: ­ 

Table 2-1: 8251 Pin Description. 

Name Type Polarity II Description 

RESET In Low I External Rest 

CLK 
I 

In - I Master Clock 

TX_CLK l II 
Transmit Clock 
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I RX_CLK IF - 
II 

Receive Clock I 
I RDn :1 Low · II Read Control I I WRn I In Low 

I 
Write Control I 

I CSn I In Low 
I 

Chip Select 
I I C_Dn ·] - Control/Data Select I I EXTSYNDET IO High External Synch Detect I· 

1 · DIN[7:0J F - I Data Input Bus I I CTSn FI Low 
II 

Clear-to-Send 

I DSRn [FI Low II Data Set Ready 

I RxD I>] - · II Receive Data 

I D0[7:0] • - 
II 

Data Output Bus 

[. TxD I»T - II Transmit Data 
I I TxE I=I Low Transmitter Empty 

I RTSn ] Low Request-to-Send 

l DTRn TT Low Data Terminal Ready 

I TxRDY t-I High Transmit Ready 

I I RxRDY J High II Receiver Ready 

I SYN_BREAK Tu Low · II Sync/Break Detect I 
Table 2.4 USART PIN Description 
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2-8-5 Block Diagram 

The following diagram describes the components of the 8251 chip: - 

]K (']K =-sass saws=sea, 
CI.K 

C- D t 
csn.......J RDnl 

· WHn---.J 
RESETn I 

Chip 
Selec.t 

& 
RMI 

Control 
I Cloe~ f; 

Gen. } 
', l Party 

Gen. j 
DSR 
;--CTSn 

Opppgu 

DIN(. 7:0.J ~ 
Data 
nus I Butters » [Transmit ryg 

·~ Contml r- =Coutrof . •· .TxRDY ...... , . ·---~;: .. ,,::,: I · RB(ifis1er .. - .. · ,, .. , 

.. " f 

Moll-cm 
C-onlri:>1 

} sDTIRE 
;-►.RlStl 

RX.ClK--------~1 

'Receive 
"+4 Data 

·Riston, 

Fig 2-18: 8251 block diagram 
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CHAPTER 3 

Design Concepts 
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Design Concept 

Project Objective 

The basic objective of this project is to design experimental board that 

solve the problem of unaccomplished experiments in the 8085 lab at PPU , some 

experiment are already available in the lab using 8085 kit while others are not 

available, so the team work's attention is to build the necessary boards that help to 

do the experiments, the main objectives behind those experiment is to understand 

the 8085 microprocessor and its buses ,ports and input/output interface through 
understanding the following subjects: ­ 

- I/O address space and data transfers 
- I/O instructions 
- Eight-byte-wide output ports wide output port 

The specified boards that the teams going to build are; ­ 

a. Programmable peripheral interface (PPI-8255) 

b. Universal Synchronous Asynchronous Receiver Transmitter 

(USART-8251) 

c. Programmable interrupt controller (PIC-8259) 

d. Programmable Interval Timer (PIT-8254) 
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General Block Diagram 

The following diagram represents the five chips with the 8085p: ­ 

USART 8085 
MP PPI 

PIT PIC 

Fig 3-1: Block Diagram. 

How System Works 

The system includes the 8085 kit, interfaces with the experimental board, 

each to board contains all the desired connections to work and connected to data bus 

and address bus through the 50 bin cable we built ,that will do the appropriate data 

transferring the student can be able to see the data on the output port or input ports 
and address as well, it depends on the design circuits and the circuit will work 

according to the program that operate that circuit and executed by the 8085 

microprocessor assembly . 
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CHAPTER 4 

Hardware and Software 

System Design 



Hardware and Software Design 
4-1 8255 experiments: 
TABLE 4 -1: POERT ADDRESSE OF 8255. 

PORT ADDRESS 
PORTA AO 
PORT B Al 
PORT C A2 

4-1-1 8255 at MODE 0 

The goal of this experiment is to understanding the way to program 8255 at 
I/O (Mode0). Fig 4-1 is show the flowchart of this mode; and fig 4-2 show the 
control word: We will use the port A as the input port and the port b as the output. 

1 0 0 X O 0 X =90H 

Port A: Input 

Port A: Mode 0 Port B:Outoput 

Port B: Mode 0 

Fig 4-2: Control word of port A and port B at mode0 

In this experiment we concentrate on programming and interfacing techniques by 

which I/O devices can be addressed and interfaced to microcomputer. 
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The control word 82 (see Mode definition Format and port definition table for mode 
0) thereby selecting ports ~ and C(upper and lower) as output ports and ports B as 
input port. 

Connect 8 switches to port B of the MC unit ,connect LEDs to port A and C of the 

MC unit, execute the given program in the following table and you will be able to 

immediately observe the changes in data input at port Bs switches at the output ports 
A and C. 

LXI SP,20B0 

MVI A,82 

OUT A3 

IN AI 

OUT AO 

OUT A2 

IMP 2007 

4-2 8259 experiments: 

4-2-1 Interrupts 

An interrupt occurs when a device needs to notify the CPU of some exceptional 

event. Some events which cause interrupts: 

• mouse click or movement 

• keystrokes 

• completion of a disk or printer operation 
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On a typical I/O bus, some of the bus lines are allocated for the communication 
between CPU and device when an interrupt occurs. 

1. Device requests an interrupt by asserting its INT line. 

2. CPU acknowledges the interrupt by asserting its INTA line. 

3. Device deserts its INT line. 

4. CPU dissects its INT A line. 

S. CPU transfers control to the interrupt handling routine. 

The 8259A contains several registers which the CPU can use to program it (e.g., 
setting priorities on the interrupt lines). The RD, WR, AO, CS, and D0-D7 lines 
are used to read and write those registers as if the 8259A were an I/0 device 

4-2-2 PIC Experiments and applications: 

The objective of these experiments is to process single and multiple interrupts on 
the microprocessor and to write assembly routines to initialize interrupt vector. The 
8259 PIC is functionally based on the Intel 8259A. Eight Interrupt requests are 
prioritized for a processor. To minimize size and maximize performance. 

• Selected features of industry standard 8259. 

• Eight-level priority controller. 

• Individual request mask capability. 

• Edge triggered detection. 

• Can be cascaded to allow more requests. 

• Automatic End of Interrupt. 

% Read of interrupt and interrupt in-service. 

For the more general INTR request, good for all interrupt types from 0 to 255, the 

following sequence takes place: 
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1. INTR is activated, requesting an interrupt. 

2. The present instruction is allowed to be completed. 

3. The CS, IP, and flags register are automatically pushed onto the stack. 

4. INT A (low active) goes low and externally circuitry supplies a type number 
(0 -255) by away of data bus. 

5. The type number is automatically multiplied by four within 8085 to give the 
address of the interrupt vector table. 

6. The CS: IP address of the ISR is pulled from the interrupt vector table and 
jammed into the CS: IP register. 

7. The ISR is executed. 

8. The special IRET instruction pops the CS: IP return address and flag register 

off the stack, and we return to the main program. 

We can use this circuit an many applications since the request is coming from 

any external device we represent it by the switches and the generated interrupt from . . 

the mp can be used to serves any other circuitry like on/off of LED or stopping 
steeper motor or in PPI applications . 

In the final experimental board, the application should be completed in single 

board to be clear for student every part of the interrupts interface circuit. 
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The following proora I • h . s I explain 1ow PIC accept an mterrupt from a 

button 

LXI SP,20BO 
MVI A,OF 
OUT 20 
MVI A,37 ;ICWl 
OUT BO 
MVI A,20 ;ICW2 
OUT BI 
MVI A,O2 ;ICW4 
OUT BI 
MVI A,F 8 ;OCW4 
OUT Bl 
EI 
HLT 
2020: MVI A,55 
OUT 21 
EI 
RET 

4-3 Timer Experiments and applications: 
The goal of this experiment to show the different output for different modes 

fro 8254, and the address for each counter (look at table 2) and control register. 

Experiments design: 

Two experiments are done for the timer, one in mode2: Rate generator mode 

to operate a. DC motor and control its speed by varying the counter value and the 

second is in mode3: Square Wave Generator. And music tone is delivered on a 

speaker that connected on the timer output. 
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Experement# 1: Music tones 

Timer 
circuit 

out 

133 
SPEAKER 

Program: ­ Fig.4-3: Music Tones Circuit 

LXI SP,20B0 
START: MVI B,03 

LXI H,2060 
AGAIN: MOV ~ M 

OUT 93 ;C. W Reg 
INX H 
MOV A, M 
OUT 9OH ;L.S.B 
INX H 
MOV A, M 
OUT 90 ;M.S,B 
INXH 
LXI D,FFFF ;DELAY 
CAL DEALY 
DCRB 
JNZAGAlN 
JMP START 
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Experiment#: DC motor control 

VCC_BAR ! · volts 
Ode motor 

Timer 

circuit 

out 

133 

Program; ­ 
Fig.4-4: DC motor Control Circuit. 

1XI SP,20BO 
MVI A,BA 
OUT 93 
MVI A,04 ;The value of the counter can be changed 

to control the speed of the motor 
OUT 92 
MVI A,00 
OUT 92 
HIT 



4.4 USART Experiments: 

4.4.1 Synchronous and Asynchronous Buses 

A bus may be synchronous or asynchronous. 

• synchronous 

0 There is a clock signal on one of the bus lines, which can be read 

by every device connected to the bus. 

o All bus operations are synchronized to the clock. 

o All bus operations take an integral number of bus clock cycles. 

o The bus clock is different from the one driving the CPU, and is 

generally slower. 

• Pentium: 2 GHz 
• ISA: 8.33 MHz 

< PCI: 33 0r 66 MHz 
• asynchronous 

o No clock 

o Bus operations depend on "handshaking" protocols between two 

communicating devices. 

4.4.2 The experiment 

This experiment shows step by step how to operate the USART as receiver in the 

asynchronous mode. The receiver accepts serial data on RxD pin and converts it to 

parallel data according to the appropriate format. The program given in table () 

defines an asynchronous mode that requires a START bit preceding eight data 

characters and a single STOP bit following them. 
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When the USART is in the asynchronous mode and is ready to accept a character 

(i.e,it is not in the process of receiving a character),it looks for a low level on the 
RxD line. When it sees a low level it assumes that it is a START bit and enables an 
internal counter. At a count equivalent to one-half a bit time, the RxD line is sampled 

again. If the line is still low, a valid START bit has probably been received and the 

USART processed to assemble the character. In either case the receiver aborts its 
operation and prepares itself to accept a new character. After the successful reception 

of a START bit the USART clocks in the data bits and the STOP bit, and then 
transfers the data to the receive data register. 

Connect a toggle switch to RxD and set it high .Connect a debounced pushbutton to 

RxC .Execute the program .Set the toggle switch to low and press the pushbutton 
Now the microcomputer has received the START bit and it is ready to accept the 
eight data bits. Set the toggle switch to high and press eight times the pushbutton 
Thus, eight data bits (ones) have been received by the USART, 

Another RxX pulses terminates the operation; press the pushbutton (STOP) bit and 
observe how port A LED s are turned on. Try again with another character 

remembering to follow this sequence: one ST ART bit (low), eight data bit (high or 
low) and STOP bit (high or low). 

LXI SP,20BO 

MVI A,01 

OUT20 

MVIA,4D 

OUT Bl 

MVIA,04 

OUT Bl 

IN Bl 
t - 
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CHAPTERS 
Testing and Implementation 
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Testing and Implementation 

5.1 Introduction 

The design of the circuits come after many testing stages first of all we 

suppose a design to test the signal that is out of the kit to verify the function of each 

signal so we built a simple circuit and execute the many codes of programs to ensure 
that. 

The second stage in testing is to build each design using bread boards. 

Third step in testing is writing the programs for each circuit with the supposed 

application then using the assembly program to generates the object code for every 

program to be entered in the kit. 

Finally after we test the circuit and run the program if there is in exchange for 

any ICs we do it until the design be excellent for the desired application so we use 

Orcad 9 to draw the design and adopt it. 

5.2 The Signal Testing Programs 

5.2.1 Using The Data bus port 

Program: 

LXI SP, 20BO 
INCO 
OUT 
CALL UPDDT 
JMP 2003 

;initialize stack pointer 
; Read Switches 
· Tum LEDs 
~ Displays A in the field of the display 
; Do it again 

54 



5.2.2 Using The address bus 

Program 

LXI H, 100 
MOVM,A 
JMP 2003 

; load address value (low and high) 
; Write in memory location H,L 
; jump to loop 

5.2.3 Using The Restart Interrupt 

Program 

LXI SP, 20BO 
MVI A, 08 
SIM 
EI 
HLT 
JMP 2002 
DI 
MVIA, 65 
CALL UPDDT 
RET 
DI 
Call UPDDT 
RET 
JNP 200B 
JMP 2012 

; initialize stack pointer 
; Prepare mask 
; Set interrupt mask 
; Enable interrupts 
; wait for interrupt 
; Jump back 
; Disable interrupt 

; Display 65 in the data field 
· return to address 2008 ' Disable interrupts 

· return to the address 2008 ' ; Jump to RST 6.5 routine 
; Jump to RST 7.5 routine 
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5.3 PPI Design Circuit 
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5.4 PIT Design Circuit 
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5.6 USART Design Circuit 
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5. 7 The Implementation 

Since the design is working as de · d d • 
s1rec an there is no problem now we can build our 

board using the wrapping circuits to be ready for using in the lab. 

5.8 Problems in the project 

In building the boards there are many problems appear: _ 

1- The introduction of this project is Experimental board for 8086 Mp using the 

MTC-86 kit in the LAB. And we build all the circuit without any input that is 

all the applications is output until we reach the PIC that we cant run any 

program in the kit so after the testing and research we find that the 86kit has a 

buffer in the data bus with unknown address so no one can read from the kit 

using the outside connector we use during our project, thus after three month 

of working on 86 kit with our supervisor we convert our working from 
8086mp kit to 8085mp kit. 

So in only one month with hard working we develop new designs for 8085 and 

build the boards. As a result of our working with this kit we will introduce a complete 

manual for this kit to be used when necessary for teaching. 

2- The Interface boards have to be printed circuits first we face a big problem to 

learn using Orcad 9 how we can generate a layout for each circuit and it take a 

week until the idea complete and we generate a layout but the generated layout 

must be with bold or big font in order to be printed using the printed machine 

that's we cant find in the Orcad the second thing we find that the material we 

shall use with the printed machine have be expired and cant be used so we 

build the board using Wrapping. 
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5-9 Future work 

1- Build an Interfacing board for the DMA with 8085MP kit to be familiar with 
the direct memory access concept. 

2- Print the interfacing board into printed circuit to be very efficient in LAB. 
experiments. 

5-10 Conclusions 

This project comes as an introduction to microprocessors and microprocessor 

based systems so coverage of microprocessor system architecture, instruction sets 

Addressing modes, system timing, software design, assembly language programming, 

interrupts, and interfacing concepts for memory and input/output systems. 

We introduce four devices with their interfacing with 8085MP kit and an 

applications for each devices which are PPI,PIT,PIC, and USART .Finally we hope 

that theses boards will help the student to understand the interfacing concepts. 
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E200017-27-X2 

OKI Semiconductor 
MsMs2cs 1A-2Rs/Gs/ is 

This version: Jan. 1998 
Previous version: Aug. 1996 

UNIVERSAL SYNCHRONOUS ASYNCHRONOUS RECEIVER TRANSMITTER 

GENERAL DESCRIPTION 

The MSM82C51A-2 is a USART (Universal Synchronous Asynchronous Receiver Transmitter) for serial data communication. 

As a peripheral device of a microcomputer system, the MSM82C51A-2 receives parallel data 
from the CPU and transmits serial data after conversion. This device also receives serial data 
from the outside and transmits parallel data to the CPU after conversion. 
The MSM82C51A-2 configures a fully static circuit using silicon gate CMOS technology. 
Therefore, it operates on extremely low power at 100 A (max) of standby current by suspending all operations. 

FEATURES 

• Wide power supply voltage range from 3 V to 6 V 
• Wide temperature range from -40°C to 85C 
• Synchronous communication upto 64 Kbaud 
• Asynchronous communication upto 38.4 Kbaud . . . 
• Transmitting/receiving operations under double buffered configuration. 
• Error detection (parity, overrun and framing) 
• 28-pin Plastic DIP (DIP28-P-600-2.54): (Product name: MSM82C51A-2RS) 
• 28-pin Plastic QF] (QFJ28-P-S450-1.27): (Product name: MSM82C51A-2JS) 
• 32-pin Plastic SSOP(SSOP32-P-430-1.00-K): (Product name: MSM82C51A-2GS-K) 
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OKI Semiconductor 

MSM82C51A-2RS/GS/JS 
FUNCTIONAL BLOCK DIAGRAM 

Data Bus 
Buffer 

Transmit 
Buffer 
(P- S) 

TXD 

RESET 
TXRDY 

CK 
Transmit 

TXE 
CID Read/Write 

Control 
TXC 

RD Control 
Q,) 

Logic c:: WR 
::J cs 
CJ) 
::, c 
6 
S DSR .$ 

Modem = Recieve DTR 
Buffer RXD CTS Control 
(S-P) RTS 

Recieve 
Control 

RXRDY 
RXC 
SYNDET/BD 
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OKI Semiconductor 

PIN CONFIGURATION (TOP VIEW) 
MSMa2cs1 A-2RS/GS/ JS 

RX0 0 
GN0 

D, 

bSR 
RESET 
CLK 
TX0 

28 pin Plastic QFJ 

TXEMPTY 
a a 

c> 

0 
CTS 

: X .., "' c5 ca c> co a: a a a > 

SYN0ET/80 
D, @ 

D, 

D, 
D, 

TXC 

32 pin Plastic SSOP 

D, 

D, 
l? le a 

E >- RXD >- >- a a CD f- 
(.) 

a: a: ;::::: a. 
NC 

X X w ~ a: f- a w 2 X 
GND >- f- U) , 

D, 

28 pin Plastic DIP 

CTS 

SYNDET/8D 

TXRDY 
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OKI Semiconductor 

FUNCTION 
MSM82C51A-2RS/GS/JS 

Outline 

The MSM82C51A-2's functional configuration.is .programed br I ft 
ir bet th MSM8; 9y software. Operation between the 82C51A-2and a crFusasa& 

. x cu e y program contra . shows the operation between a CPU and the device. 

Table 1 Operation between MSM82C51A aka cpy 

cs cD FE WA 

Table 1 

0 
0 
0 
0 
0 

X X X Data Bus 3-State 
X 1 Data Bus 3-State 

0 1 Status ➔ CPU j 
1 0 Control Word e-[CPU 

0 0 Data -» CPU 
0 1 0 Data e- CPU 

It is necessary to execute a function-setting sequence after resettihg the MSM82C51A-2. Fig. 1 shows the function-setting sequence. 

If the function was set, the device is ready to receive a command, thus enabling the transfer of 
data by setting a necessary command, reading _a status and reading/writing data. 

External Reset 

Internal Reset 

Write Mode Instruction 

yes 

Write First Sync 
Charactor 

yes 

Write Second Sync 
Charactor 

Fig. 1 

( End of Mode Setting ) 

(Mode lnstructiom Sequence) Function-setting Sequence 
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OKI Semiconductor 

Control Words 
MSM82C51A-2RS/GS/JS 

There are two types of control word. 
1. Mode instruction (setting of function) 
2. Command (setting of operation) 

1) Mode Instruction 

Mode instruction is used for setting the function of the MSM82C51A-2. Mode instruction 
will be in "wait for write" at either internal reset or external reset. That is, the writing of a 
control word after resetting will be recognized as a "mode instruction." 
Items set by mode instruction are as follows: 

• Synchronous/ asynchronous mode 
• Stop bit length (asynchronous mode) 
• Character length 
• Parity bit 
• Baud rate factor (asynchronous mode) 
• Internal/ external synchronization (synchronous mode) 
• Number of synchronous characters (Synchronous mode) 

The bit configuration of mode instruction is shown in Figures 2 and 3. In the case of 
synchronous mode, it is necessary to write one-or two byte sync characters. 
If sync characters were written, a function will be set because the writing of sync characters constitutes part of mode instruction. 

D; 

l s_] s_[ er ] Rev_] a ] ±I » ] B, 

L Baud Rate Factor 
0 1 0 1 
0 0 1 1 

Refer to 1x 16 x 64 X Fig. 3 
SYNC 

Charactor Length 

0 1 0 1 
0 0 1 1 

5 bits 6 bits 7 bits 8 bits 

Parity Check 
0 1 0 1 .. 

0 0 1 1 
Odd Even Disable Parity Disable Parity 

.. 
Stop bit Length 

0 1 0 1 ~ 

0 0 1 1 g» 

Inhabit 1 bit 1.5 bits 2 bits 

D0; 
D, 

. f Mode Instruction (Asynchronous) Fig. 2 Bit Configuration o 
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D; 
MSM82C51A-2RS/GS/JS 

I SGS l ESD j 2 1 D, EP j PEN j _] L, l 0 J 0 

l Character Length 
0 1 D 1 
D D 1 1 

5 bits 6 bits 7 bits 8 bits 

Parity 
D 1 D 1 
0 0 1 1 

Disable Odd 
Disable Even 

Party Parity 

Synchronous Mode 
D 1 

Internal External Synchronization Synchronization 

Number of Synchronous Characters 
0 1 

2 Charactors 1 Character 

D, D, D, D D 

Fig, 3 Bit Configuration of Mode Instruction (Synchronous) 
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2) Command 

Command is used for setting the operation of the MSM82C51A-2. 
It is possible to Write a command when ever necessary after writing a mode instruction and sync characters. 
Items to be set by command are as follows, 

MSM82C51A-2RS/GS/JS 

• 
• 
• 
• 
O 

• 
• 

Transmit Enable/Disable 
Receive Enable /Disable 
DTR, RTS Output of data. 
Resetting of error flag . 
Sending to break characters 
Internal resetting 
Hunt mode (synchronous mode) 

The bit configuration of a command is shown in Fig. 4. 

Dy Ds Ds Dy Dy D, D, o, 

! EH j IR j ATS j 5"_[son] xe]om [an 

L 1 ... Transmit Enable 
O ... Disable 

DTR 
1-3 DIR=0 
0-»DTR= 1 

1.. .Recieve Enable 
O ... Disable 

1 ... Sent Break Charactor 
o ... Normal Operation 

1 ... Reset Error Flag 
o ... Normal Operation 

RTS 
• 1 ➔ RTS =0 

o ➔ RTS = 1 

1... Internal Reset 
o ... Normal Operation 

1...Hunt Mode (Note) 
0 ... Normal Operation 

Seach mode tor synchronous 
Note: charactors in synchronous mode. 

' of Command : Bit Configuration Fig. 4 'i 
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Status Word 
MSM82C51A-2RS/GS/JS 

It is possible to see the inter 1 . . na status of MSMI The bit configuration of stat, 182C51A-2by d; 
us word is shown in Fig. 5. reac mg a status word. 

D; Ds D; D 

[as [®g"] 
4 D% D, D, Do 

FE I OE I PE I TXEMPTY I RXRDY l TXRDY l 
L Parity Different from 

TXRDY Terminal. 
Refer to "Explanation· 
of TXRDY Terminals. 

Same as terminal. ~ Refer to 'Explanation" 
of Terminals. 

1... Parity Error 

1 ... Overrun Error 

1 ... Framing Error 

Note: Only asynchronous 
Stop bit cannot be d 

Shows Terminal DSR 
1 ... DSR = 0 
O ... DSR = 1 

mode. 
elected. 

Fig. 5 Bit Configuration of Status Word 

Standby Status 

It is possible to put the MSM82C51A-2 in "standby status" 
When the following conditions have been satisfied the MSM82C51A-2 is in "standby status." 

(1) CS terminal is fixed at Vee level.. 
(2) Input pins other CS, D) to D», RD, WR and C/D are fixed at Vcc or GND level (including 

SYNDET in external synchronous mode). 

Note: Wher all output currents are 0, ICCS specification is applied. 
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8259A 
PROGRAMMABLE INTERRUPT CONTROLLER 

(8259A/8259A-2) 
■ 8086, 8088 Compatible 

• Single + 5V Supply (No Clocks) ■ MCS-80, MCS-85 Compatible • Available In 28-Pin DIP and 28-Lead • Eight-Level Priority Con.troller 
PLCC Package · 
(See Packaging Spec., Order ¢231359y • Expandable to 64 Levels • Available In EXPRESS ■ Programmable Interrupt Modes 
- Standard Temperature Range· • Individual Request Mask Capability 
- Extended Temperature Range 

The Intel 8259A Programmable Interrupt Controffe'r handles up to eight vectored priority interrupts for the CPU. 
It is cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin 
DIP, uses NMOS technology and requires a single + 5V supply. Circuitry is static, requiring no clock input. 

The 8259A is designed to minimize the software and real time overhead in handling multi-level priority inter­ 
rupts. It has several modes, permitting optimization for a variety of system requirements. 

The 8259A is fully upward compatible with the Intel 8259. Software originally written for the 8259 will operate 
the 8259A in all 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered), 

INT 

0,-0, 

iNfi. 

I 
OATA 
SUS 

BUFFER 
CONTROL LOGIC 

pp@f 

IR T 231468-2 

n 
wR READ/ 

IN 

PLCC 

WRITE 
SEHVICE PRIORITY 

LOGIC 
REG RESOLVER 

sie IE id # e ls 

Ao 

IISRJ 

IR? 
cs 

RS CASO 
INIERRI/PT MASK REG 

(IMRI CASCADE CAS 1 BUFFER? 
COMPARATOR 

CAS 2 

~ INTERNAL BUS 
231468-31 

sne 
Figure 2. Pin 231468--1 

configurations Figure 1. Block Diagram 

Order Number: 231468-003 
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8259A 

Symbol Pin No. Type 
Name and Function Vcc 28 I SUPPLY: + 5V Supply, GND 14 I GROUND cs 1 I 

CHIP SELECT: A low on this pin enables AD and WA communication 
between the CPU and the 8259A, INTA functions are independent of cs. 

WR 2 I 
WRITE: A low on 1his pin when CS is low enables the 8259A to accept command words from the CPU. AD 3 I 
READ: A low on this pin when CS is low enables the 8259A to release status onto the data bus for the CPU. D;-Do 4-11 1/0 
BIDIRECTIONAL DATA.BUS: Control, status and interrupt-vector information is transferred via this bus. CAS,-CAS; 12, 13, 15 110 
CASCADE LINES: The CAS lines form a private 8259A bus to control 
a multiple 8259A structure. These pins are outputs for a master 8259A and inputs for a slave 8259A, SP/EN 16 1/0 
SLAVE PROGRAM/ENABLE BUFFER: This is a dual function pin. 
When in the Buffered Mode it can be used as an output to control 
buffer transceivers (EN). Wher not in the buttered mode it is used as 
an input to designate a master (SP = 1) or slave (SP = 0). INT 17 0 
INTERRUPT: This pin goes high whenever a valid interrupt request is 
asserted. It is used to interrupt the CPU, thus it is connected to the CPU's interrupt pin. 

IR,--IR, 18-25 I 
INTERRUPT REQUESTS: Asynchronous inputs. An interrupt request 
is executed by raising an IA input (low to high), and holding it high until 
it is acknowledged (Edge Triggered Mode), or just by a high level on an 
IA input (Level Triggered Mode). 

INTA 26 I INTERRUPT ACKNOWLEDGE: This pin is used to enable 8259A 
interrupt-vector data onto the data bus by a sequence of interrupt 
acknowledge pulses issued by the CPU. 

Ao 27 I AO ADDRESS LINE: This pin acts in conjunction with the CS, WA, and 
RD pins. It is used by the 8259A to decipher various Command Words 
the CPU writes and status the CPU wishes to read. It is typically 
connected to the CPU AO address line (A1 for 8086, 8088). 

Table 1. Pin Description 

2 
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intel 
FUNCTIONAL DESCRIPTION 

Interrupts in Microcomputer Systems 
Microcomputer system design requires that 1.O de­ 
vices such as keyboards, displays, sensors and oth­ 
er components receive servicing in a an efficient 
manner so. that large amounts of the total system 
tasks can be assumed by the microcomputer with 
little or no effect on throughput. 

The most common method of servicing such devic­ 
es is the Polled approach. This is where the proces­ 
sor must test each device in sequence and in effect 
"ask" each one if it needs servicing. ii is easy to see 
that a large portion of the main program is looping 
through this continuous polling cycle and that such a 
method would have a serious detrimental effect on 
system throughput, thus limiting the tasks that could 
be assumed by the microcomputer and reducing the 
cost effectiveness of using such devices. 

A more desirable method would be one that would 
allow the microprocessor to be executing its main 
program and only stop to service peripheral devices 
when ii is told to do so by the device itself. In effect, 
the method would provide an external asynchronous 
input that would inform the processor that it should 
complete whatever instruction that is currently being 
executed and fetch a new routine that will service 
the requesting device. Once this servicing is com­ 
plete, however, the processor would resume exactly 
where it left off. 

This method is called Interrupt. It is easy'to see that 
system throughput would drastically increase, and 
thus more tasks could be assumed by the micro­ 
computer to further enhance its cost effectiveness. 

The Programmable Interrupt Controller (PIC) func­ 
tions as an overall manager in an Interrupt-Driven 
system environment. It accepts requests from the 
peripheral equipment, determines which of the in­ 
coming requests is of the highest importance (priori­ 
ty), ascertains whether the incoming request has a 
higher priority value than the level currently being 
serviced, and issues an interrupt to the CPU based 
on this determination. 

Each peripheral device or structure usually has a 
special program or "routine" that is associated with 
its specific functional or operational requirements; 
this is referred to as a "service routine". The PIG, 
after issuing an Interrupt to the CPU, must somehow 
input information into the CPU that can point. the 
Program Counter to the service routine associated 
With the requesting device. This "pointer" is an ad­ 
dress in a vectoring table and will often be referred 
to, in this document, as vectoring data. 

8259A 

A OM 

CU- DRIVEN 
MULTIPLEXOR 

231468-3 

Figure 3a. Polled Method 

FRAM 

FR OM 

CPU INT 

231468- 4 

Figure Sb. Interrupt Method 

I 
3 



8259A 

The 8259A Is a device specifically designed for use 
In real time, interrupt driven microcomputer systems 
It manages eight levels or requests and has buiit-i · 
features tor expandability to other 8259A's (up to 

6
~ 

levels). II is programmed by _the system's software 
as an 1/0 peripheral. A selection of priority modes Is 
available to the programmer so that the manner In 
which the requests are processed by the 8259A can 
be configured to match his system requirements, 
The priority modes can be changed or reconfigured 
dynamically at any time during the main program, 
This means that the complete interrupt structure can 
be defined as required, based on the total system environment. 
INTERRUPT REQUEST REGISTER (IRA) AND 
IN-SERVICE REGISTER (ISR) 

The interrupts at the IA Input lines are handled by 
two registers in cascade, the Interrupt Request Reg­ 
ister (IRA) and the ln-Serv,ice (ISR). The IRA is used 
to store all the interrupt levels which are requesting 
service; and the ISR is used to store all the interrupt 
levels which are being serviced. 

PRIORITY RESOLVER 

This logic block determines the priorites of the bits 
set in the IRA. The highest priority is selected and 
strobed into the corresponding bit of the JSR during 
INTA pulse. 

INTERRUPT MASK REGISTER (IMR) 

The IMR stores the bits which mask the interrupt 
lines to be masked. The IMR operates on the IRA. 
Masking of a higher priority input will not affect the 
interrupt request lines of lower quality. 

INT (INTERRUPT) 

This output goes directly to the CPU interrupt input. 
The Vo level on this line is designed to be fully 
compatible with the 8080A, 8085A and 8086 input 
levels. 

INTA (INTERRUpT ACKNOWLEDGE) 

INTA pulses will cause the 8259A to release vector. 
""g lormation onto the data bus. The format of his 
a a depends or the system mode (PM) of the 8259A, ,.. 

int,l. 

DATA BUS BUFFER 

This 3-state, bidirectional 8-bit buffer is used to inter­ 
face the 8259A to the system Data Bus, Control 
words and status information are transferred 
through the Data Bus Buffer. 

READ/WRITE CONTROL LOGIC 

The function of this block is to accept OUTput com­ 
mands from the CPU. It contains the Initialization 
Command Word (ICW) registers and Operation 
Command Word (OCW) registers which store the 
various control formats for device operation. This 
function block also allows the status of the 8259A to 
be transferred onto the Data Bus. 

CS (CHIP SELECT) 

A LOW on this Input enables the 8259A. No reading 
or writing of the chip will occur unless the device is selected. 

WA (WRITE) 

A LOW on this input enables the CPU to write con­ 
trol words (ICWs and OCWs) to the 8259A. 

RD (READ) 

A LOW on this input enables the 8259A to send the 
status of the Interrupt Request Register (IRA), In 
Service Register (ISR), the Interrupt Mask Register 
(IMR), or the Interrupt level onto the Data Bus. 

Ao 

This Input signal is used in conjunction with WR and 
RD signals to write commands into the various com­ 
mand registers, as well as reading the various status 
registers of the chip. This line can be tied directly to 
one of the address lines. 

4 I 
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Figure 4b. 8259A Block Diagram 
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THE CASCADE BUFFER/COMPARATOR 

This function block stores and compares the IDs of 
all 8259A's used in the system. The associated 
three 1/0 pins (CAS0-2) are outputs when the 8259A 
is used as a master and are Inputs when the 8259A 
Is used as a slave. As a master, the 8259A sends 
the ID of the Interrupting slave device onto the 
CASO--2 lines. The slave thus selected will send its 
preprogrammed subroutine address onto the Data 
Bus during the next one or two consecutive INT 
pulses. (See section "Cascading the 8259A°. 

INTERRUPT SEQUENCE 

The powerful features of the 8259A in a microcom­ 
puter system are its programmability and the inter­ 
rupt routine addressing capability. The latter allows 
direct or indirect jumping to the specific interrupt rou­ 
tine requested without any polling of the interrupting 
devices. The normal sequence of events during an 
interrupt depends on the type of CPU being used. 

The events occur as follows in an MCS-80/85 sys­ 
tem: 

1. One or more of the INTERRUPT REQUEST fines 
(IR7-0) are raised high, setting the correspond­ 
ing IRR bit(s). 

2. The 8259A evaluates these requests, and sends 
an INT to the CPU, if appropriate. 

3. The CPU acknowledges the INT and responds 
with an INT A pulse. 

4. Upon receiving an INTA from the CPU group, the 
highest priority JSR bit is set, and the correspond­ 
ing IRR bit is reset. The 8259A will also release a 
CALL instruction code (11001101) onto the 8-bit 
Data Bus .through its D7--0 pins. 

5. This CALL instruction will initiate two more INTA 
pulses to be sent to the 8259A fror the CPU 
group. 

6. These two INTA pulses allow the 8259A to re­ 
lease its preprogrammed subroutine address 
onto the Data Bus. The lower 8-bit address is re- 

8259A 

'}2! • e rs fyTA puse and s sonar sn 
ress s released at the second INTA pulse, 7

· This completes the 3-byte CALL instruction re­ 
eased by the 8259A. In the AEOI mode the 1SR 
bit is reset at the end of the third INTA ulss 
Otherwise, the ISR bit remains set until an appro­ 
prate EOI command is issued at the end of the Interrupt sequence. 

The events occuring in an 8086 system are the same until step 4, 

+. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set and the correspond­ 
ing IRA bit is reset. The 8259A does not drive the 
Data Bus during this cycle. 

5. The 8086 will initiate a second INTA pulse. Dur­ 
Ing this pulse, the 8259A releases an 8-bit pointer 
onto the Data Bus where it is read by the CPU. 

6. This completes the interrupt cycle. In the AEOI 
mode the ISR bit is reset at the end of the sec­ 
ond INTA pulse. Otherwise, the ISR bit remains 
set until an appropriate EOI command is issued 
at the end of the interrupt subroutine. 

If no interrupt request is present at step 4 of either 
sequence (i.e,, the request was too short in duration) 
the 8259A will issue an interrupt level 7. Both the 
vectoring bytes and the CAS lines will look like an 
interrupt level 7 was requested. 

When the 8259A PIC receives an interrupt, INT be­ 
comes active and an interrupt acknowledge cycle is 
started. If a higher priority interrupt occurs between 
the two INTA pulses, the INT line goes inactive im­ 
mediately after the second INT A pulse. After an un­ 
specified amount of time the INT line is activated 
again to signify the higher priority interrupt waiting 
for service. This inactive time is not specified and 
can vary between parts. The designer should be 
aware of this consideration when designing a sys­ 
tem which uses the 8259A. It is recommended that 
proper asynchronous design techniques be fol­ 
lowed. 
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Figure 5. 8259A Interface to 
Standard System Bus 

INTERRUPT SEQUENCE OUTPUTS 

MCS-80, MCS-85 
This sequence is limed by three INTA pulses. During 
the first INTA pulse the CALL opcode is enabled 
onto the data bus. 

Content of First Interrupt Vector Byte 
D7 D6 05 04 03 02 01 DO 

CALL CODE I 1 0 0 0 1 I 
During the second INTA pulse the lower address of 
the appropriate service routine is enabled onto the 
data bus. When Interval = 4 bits A5-A7 are pro­ 
grammed, while A--Aa are automatically inserted by 
the 8259A. When Interval = 8 only A6 and A7 are 
programmed, while Ao-As are automatically insert­ 
ed. 

8 
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Content of Second Interrupt Vector Byte 

IA Interval = 4 
07 D6 Ds D4 D3 D2 Di DO 

7 A7 A6 A5 1 1 1 0 0 
6 A7 A6 AS 1 1 0 0 0 5 A? A6 A5 1 0 1 0 0 4 A7 A6 AS 1 0 0 0 0 
3 A7 A6 AS 0 1 1 0 0 
2 A7 A6 AS 0 1 0 0 0 
1 A7 A6 AS 0 0 1 0 0 
0 A7 A6 AS 0 0 0 0 0 

IA Interval= a 
D7 D6 D5 D4 D3 D2 D1 DO 

7 A7 A6 1 1 1 0 0 0 
6 A7 A6 1 1 0 0 0 0 
5 A7 A6 1 0 1 0 0 0 
4 A7 A6 1 0 0 0 0 0 
3 A7 A6 0 1 1 0 0 0 
2 A7 A6 0 1 0 0 D 0 
1 A7 A6 0 0 1 0 0 0 
0 A7 A6 0 0 0 0 0 0 

During Iha third INTA pulse the higher address of the 
appropriate service routine, which was programmed 
as byte 2 of the initialization sequence (Ag--Ay5), is 
enabled onto the bus. 

Content of Third Interrupt Vector Byte 
D7 D6 D5 D4 DS D2 D1 DO 

I A 15 I A 14 I A 13 I A 12 I A 11 I Ao] A9 I A8 I 
8086, 8088 
8086 mode is similar to MCS-80 mode except that 
only two Interrupt Acknowledge cycles are issued by 
the processor and no CALL opcode is sent to the 
processor. The first interrupt acknowledge cycle is 
similar to that of MCS-8O, 85 systems in that the 
8259A uses it to internally freeze the state of the 
interrupts for priority resolution and as a master it 
issues the interrupt code on the cascade lines al the 
end of the INTA pulse. On this first cycle it does not 
issue any data to the processor and leaves its data 
bus buffers disabled. On the second interrupt ac­ 
knowledge cycle in 8086 mode the master (or slave 
if so programmed) will send a byte of data to the 
processor with the acknowledged interrupt code 

8259A 

composed as fol] 
mode contra' ""®S (note the state of mhe AD) 
8086 mod ''Snored and As--A;; are unused ir 

Content of Interrupt Vector Byte 
for 8086 Sy t M I» s:em Ode 

gs D7 D6 D5 D4 D3 D2 D1 Do IA? T7 T6 T5 T4 T3 1 1 1 _Rs T? T6 T5 T4 T3 1 1 0 IR5 T7 T6 T5 T4 T3 1 0 1 IR4 T? T6 T5 T4 T3 1 0 0 IR3 T7 T6 T5 T4 T3 0 1 1 IR2 T7 T6 TS T4 T3 0 1 0 IA1 T7 T6 T5 T4 T3 0 0 1 IR0 T7 T6 T5 T4 T3 0 0 0 

PROGRAMMING THE 8259A 
The 8259A accepts two types of command words 
generated by the CPU: . 
1. Initialization Command Words (ICWs): Before 

normal operation can begin, each 8259A in the 
system must be brought to a startif!.9.E_oint-by a 
sequence of 2 to 4 bytes timed by WA pulses. 

2. Operation Command Words (OCWs): These are 
the command words which command the 8259A 
to operate in various interrupt modes. These 
modes are: 
a. Fully nested mode 
b. Rotating priority mode 
c. Special mask mode 
d, Polled mode 

The OCWs can be written into the 8259A anytime 
after initialization. 

INITIALIZATION COMMAND WORDS 
(ICWS) 

General 

Whenever a command is issued with AO = 0 and D4 
= 1 this is interpreted as Initialization Command 
Word 1 (ICW1). ICWt starts the intiitalization se­ 
quence during which the following automatically oc­ 
cur. 
a. The edge sense circuit is reset, which means that 

following initialization, an interrupt request (IR) in 
put must make a low-to-high transistion to goner­ 
ate an interrupt. 

I 
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8259A 

b. The Interrupt Mask Register is cleared. 
c. IR7 input is assigned priority 7. 
d. The slave mode address Is set to 7. 
e. Special Mask Mode Is cleared and Status Read Is set to IRA. 

f. If IC4 = 0, then all functions selected in 1cw
4 are set to zero .. (Non-Buffered mode, no Auto­ 

EOI, MCS-80, 85 system). 

'NOTE: 
Master/Slave in ICW4 is only used In the buffered mode. · 

Initialization Command Words 1 and 2 
(ICW1, ICW2) 

As-A+s: Page starting address of service routines, 
In an MCS 80/85 system, the 8 request levels will 
generate CALLs to 8 locations equally spaced in 
memory. These can be programmed to be spaced at 
intervals of 4 or 8 memory locations, thus the 8 rou­ 
tines will occupy a page of 32 or 64 bytes, respec­ tively. 

The address format is 2 bytes long (Ao--Ays). Wher 
the routine interval is 4, Ao--Aa are automatically in­ 
serted by the 8259A, while As--Ays are programmed 
externally. When the routine interval is 8, Ao--As are 
automatically inserted by the 8259A, while A,--A,s 
are programmed externally. 

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

In an 8086 system Ays--A;; are inserted in the five 
most significant bits of the vectoring byte and the 
8259A sets the three least significant bits according 
to the interrupt level. Ao--As are ignored and AD] 
(Address interval) has no effect. 
L TIM: If L TIM == 1, then the 8259A will operate in 

the level interrupt mode. Edge detect logic 
on the interrupt inputs will be disabled. 

ADI: CALL address interval. ADI = 1 then inter­ 
val = 4; ADI = 0 then interval = B. 

SNGL: Single. Means that this Is the only 8259A in 
the system. If SNGL = 1 no ICW3 will be 
issued. 

IC4: If this bit is set---ICW4 has to be read. If 
ICW4 is not needed, set IC4 = 0. 

Initialization Command Word 3 (ICWS) 
This word is read only when there is more than one 
8259A in the system and cascading is used, in which 

case SNGL = o 11 • • 
The fur tu " • will load the 8-b1t slave register. notions of this register are: 
a. In the master mode (either When SP = 1 or In 

buffered mode When MIS = 1in ICW4) a :,1" ·s 
Set for each slave in the system. The master ,, 
Will release byte 1 of the call sequence (for Mes. 
00/85 system) and will enable the correspond, 
s ave to release bytes 2 and 3 (for 8086 only byte 
2) through the cascade Jines. 

b. ~ the slave mode (either when 8P = O, or if BUF 
- 1 and MIS = 0 in ICW4) bits 2-0 identity the 
slave. The slave compares its cascade input with 
these bits and, if they are equal, bytes 2 and 3 of 
the call sequence (or just byte 2 for 8086) are 
released by it on the Data Bus. 

intsl, 

NO (SINGL - 1) 

NO (IC4 - 0) 

IC w 

1Cw2 

ICWJ 

ICw4 

READY TO ACCEPT 
INTERRUPT REQUESTS 

231468-9 

Figure 6. Initlallzatlon Sequence 
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Initialization Command Word 4 (ICW4) 
SFNM: If SFNM = 1 the special fully nested mode 

Is programmed. 

BUF: If BUF == 1 the buffered m~ ~ pro. 
grammed. In buffered mode SP/EN 'be. 
comes an enable output and the master/ 
slave determination is by MIS. 

MIS: If buffered mode is selected: MIS == 1 
means the 8259A is programmed to be a 

I CW 

i lL-LI l'STE] 
I ICW◄ NEEDED 1 J I 

0 • NO ICW4 NEEDED 

I = SINGLE 
0 = CASCADE MOOE 

CALL At'DRESS INTERVAL 
I• lNHRVAl Of 4 
0 INTFRVAL OF B 

1= LEVEL TRIGGERED MOOE 
o = EDGE TRIGGERED MOOE 

Ay-A; al INTERRUPT 
VECTOR ADDRESS 

L 

(MCS·SOI 85 MODE O_NL Y) 

ICW2 

8259A 

master, MIS = O means the 8259A is pro­ 
grammed to be a slave. If BUF = o, MIS has no function. 

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

µPM: Microprocessor mode: µ.PM = o sets the 
8259A for Mes.so, 85 system operation, 
µ.PM = 1 sets the 8259A tor 8086 system operation. 

231468-10 

A s·Ae OF INTERRUPT 
viron AO0RESS 

(MCS80:85 MODE) 
T ,· T, oF INTERRUPT 
VECTOR ADDRESS 
(8086! 8088 MODE) 

9g44$g44 
d Word Format Figure 7. Initialization Cornman 
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OPERATION COMMAND WORDS 
(OCWS) 

After the Initialization Command Words (ICWs) are 
programmed into the 8259A, the chip is ready to ac­ 
cept Interrupt requests at. its input lines. However, 
during the 8259A operation, a selection of algo­ 
rithms can command the 8259A to operate In vari­ 
ous modes through the Operation Command Words (OCWs). 

8259A 

Operation Control Words (OCWs) 
AO Ocw; D7 D6 Ds D4 D3 D2 GJ D1 DO M7 M6 Ms M4 M3 M2 M1 MO : Ocw2 

~ SL EOJ 0 0 L2 Li i] 
s) 0CW3 

~ ESMM SMM 0 1 PAR Rrs] 
ocw, 

A, D0, , o, o, , D, o, 0, 
M7 M6 MS MJ Mt MO 

INTERRUPT MASK 
1 • MASK SE I 
0, MASK RESET 

231468- 15 OCw2 
A, o, , o, o, 0, o, o, 0, 

l 0 R SL « n 1 0 [l ls) 
IR LEVEL TO BE 
ACTED UPON 

0 1 2 J 4 ~ 6 1 
0 I n 1 0 1 0 1 
0 0 1 1 0 0 1 1 
0 0 0 0 1 I 1 I 

- ,- 

NON-SPECIFIC EOICOMMAND } ENO OF INTERRUPT 

0 0 1 
0 1 I SPECIFIC EOI COMMAND 
I 0 1 ROTATE ON NON-SPECIFIC EOI COMMAND 

} Al/TOMATIC ROTATION 
I 0 0 ROTATE IN AUTOMATIC EOI MOOE {SE'I) 
0 0 u ROTATE IN AI/TOMATIC EOl ltlOOE {CLEAR! 
1 1 1 "ROTATE ON SPECIFIC EOI COMMANO } SPECIFIC ROTATION I 1 0 'SET PRIORITY COMMAND 
0 1 0 HO OPERATION 

"LO.L.2 ARE USED 

231468 -16 

Figure 8. Operation Command Word Format 
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8259A 

Operation Control Word 1 (OCW1) 

Wt vets and clears the mask bits In the Interrupt 
.' 'pf,osier i, ,-t, represent ho a 
Mask ·ts M == 1 indicates the channel is masked 
©,"] (/ = o indicates the channel is ea&a (inhibite y, 

Operation Control Word 2 (OCWay 

R, SL, EOI-- These three bits control the Rotate and 
End of Interrupt modes and combinations of the two. 
A chart of these combinations can be found on the 
Operation Command Word Format. 

L2, L1, lo-These bits determine the interrupt level 
acted upon when the SL bit is active. 

intal, 

·[+FlP:I 0 J I l p l RR J RIS J 
RUD REGISTER COMMAND 

0 I p I 
0 0 I I 

READ RE AO 
IR REG IS REG NO ACTION 
ON NEXT ON NEXT 
Rd PULSE RO PULSE 

1- POLL COMMAND 
O•ND POLL COMMAND 

SPECIAL MASK MODE 

. 0 1 0 1 

0 I 1 - 0 

RESET SET NO ACTION SPECIAL SPECIAL 
MASK MASK 

- 

231468-17 

O Cw3 

O, , D, o, o, 

Figure 8. Operation Cornman d Word Format (Continued) 
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82,C55A 

• Enlianc~d Con_t~ol Word Read Capability . '..... .. . 
• · L7 Process· , 

% 2.5mA Drive Capability on All I/O Ports 

• Low standby Power (ICCSB) .................10A 

Ordering Information 

Description 

ih:e.Harris 82C55A is a high performance EMOS version of 
. in~ustry s~ndard_ 8255A a~d _ Is manufactured using a 

self-aligned silicon gate CMOS process (Scaled SAJI IV), It 
is a general purpose programniab_le 1/0 device which may be 

• u~ed with many different microprocessors. There are 24 1/0 
pins which may be individually programmed in 2 groups of 
12 and used in 3 major modes of operation. The high 
performance and industry standard configuration of the 
82C55A make it compatible with the aocas, aocaa and 
other microprocessors . 

Static CMOS circuit design insures low operating power. TTL 
compatibility over the full military temperature range and bus 
hold circuitry eliminate the need for pull-up resistors. The 
Harris advanced SAJI process results In performance equal_ 
to or greater than existing functionally equivalent products at 
a fraction of the power. 

I 

: CMOS Programmable 

" "iphsorfhterfais features 
Compatible with NMOS 8255A ••• Pin 

• 24 Programmable I/O Pins 

• Fully TTL Compatible 

• High Speed, No "Wait State" Operation with 5MHz and 
· . 'aMHZ°B_0C86 and_80C88 

% Direct Bit Set/Reset Capability 
. . . .. . 

. · PART:NUM_BERS· TEMPERATURE PKG . 
·, 5M_Hz · ·. : 8MHz PACKAGE RANGE NO. 

CP82C55A-5 CP82C55A 0PC to 70C E40.6 40 Ld PDIP 
. IP82.C55A:5. , ., · IP82C55A .. 40PC to 85C E40.6 
CSB2C55A~5 · · CS82C55A •· 0C to 70C · N44.65 
I$82C55A-5 · IS82C55A. 44 Ld PLCC .40C to 85C N44.6_5 
CD82C55A-5 ·. CD82C55A: 0PC to 70-C F40.6 
ID82C55.f'.-5 ID82C55A 40Ld 40PC to 85°C F40.6 CERDIP 

. MD82C55A-5/B MD82C55NB -55C to 125C F40,6 
SMD# F40.6 - 84066010A 84066020A 

MR82C55A-5/8 MR82C55NB 44Pad -55PC to 125C J44A 
CLCC .,. 

8406601XA 8406602XA SMD# J44A ;_:·-': . .;·. 

5 Pmouts. 
82C55A (DIP) 
·TOP VIEW 

PA3 PA4 
PAZ PAS 
PA{ PAS GND PAO PA7 NC 
RD WR A1 Cs' 

RESET AO GND 
DO PC? A1 D1 PCS AO 
D2 

PCT 
D3 PCs 
D4 Pcs 
D5 

PC4 
D6 Pco 

Pc; D7 

Pei Vee 
Pc3 PB7 
Pao PB6 
PB; PBS 
PB2 PB4 

82C55A (CLCC) 
TOP VIEW 

= ry eg u 2 r [a' ga&&&&&&E 
-- -- 3g NC 

~ RESET ,. e DO 
1J Di 

02 
03 
D4 

GN0 8 
A1 
AO 

PC7 
NC 
PCS 
PC5 
PCA 
PCO 
PC1 

82C55A (PLCC) 
TOP VIEW 

<'I .., .. II') "' ,... ,II: g&<?&±&&&is 

• RESET 
DO 
01 
D2 
D3 
NC 
04 
05 
06 
07 

29 Vee 17 
18 1920 21 22 23 24 25 26 27 28 

'- . .----~PB3 
· • • n procedures. 

CAlJTJoN· Users should follow proper IC Handling 
Copy. • • These devices are sensitive to electroslatic discharge. "ght©, . 1 arris Corporation 1998 
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82C 55A 

pin Description 
- PIN 

syMBOL NUMBER TYPE 
DESCRIPTION co 26 

Vee: The +SV power supply pin AO 1 . 
recommended for decoupling. · • µF capacitor between pins 26 and 7 is 

cNo 7 GROUND .. 
o-D7 27-34 1/0 DATA BUS: The Data Bus line bidir s 

system data bus. . es are lrectional three-state Pins connected to the 

,........ RESET 35 I 
~~~E:: A high on this input clears the control register and all ports {A, B, C) are set 
o e input mode with the "Bus Hold" circuitry turned on. ~ 

.CS - 6 I 
CHIP SELECT: Chip select is an active low input used to enable ~e 82.CSSAonto the 
Data Bus for CPU communications. . . 

- 

RD . 5 I 
READ: Read is an active low input control signal used by the CPU to read status .. .. . information or data via the data bus. . . 

- 

WR 36 · .. I 
WRITE: . Write is an ~ctlve lo_w Input control signal used by the CPU to load control .. . . » words and data Into the 82C55A. . . .. , 

A0-A1 8,9 I. 
ADDRESS: These input signals, in conjunction with the RD and WR inputs, control 
the selection of one of the three ports or the control_ word register. AO and A 1 are 
normally connected to the least significant bits of the Address Bus AO, A 1. 

·· PAO-PA7 1-4, 37-40 1/0 PORT A: 8-bit lnp·ut and output port Both bus hold high and bus hold low circuitry are .. present on this port. : 

PBO-PB7 18-25 1/0 P.ORT B: 8-bit input and output port. Bus hold high circuitry is present on this port. 
. · .. PCO-PC7. . .. 10-17. Io . PORT C: 8-bit input and output port Bus hold circuiiry is present on this port. 

. .. 

POWER 
SUPPLIES 

BI-DIREC 
DATA 

DT-DO 

RD 

WR 

A1 

AO 

RESET 

cs 

J 
t,.,' 

A A A A GROUP A ) { _.,_ +5V 2 PORTA .. r y r GROUP A A (8) ..... GND ~ jpb CONTROL '' .. 

.. + 
... : GROUP A A A .. A A PORT.C K ) 

K ,/ UPPER y r TIONAL ... r (4) r+- BUS . : " _I\ DATA BUS A A 
/ GROUP B A " < BUFFER 

8-BIT' 
PORTC } 

'I r y 

INTERNAL A ...J\. 
K ) LOWER .. r 

l .. DATABUS. y V (4) ~ 
_j 

..... 
A A --11.. READ y GROUP B > WRITE GROUPB_ ,( A ..... 

CONTROL 
~ 

PORTS .. r CONTROL V _.,_ y 
(8) }- LOGIC 

- ...... ys, -1' 

J 

110 
PAT-PAO 

110 
PC7-PC4 

110 
PC3-PC0 

uo 
PB7-PB0 
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82C55A 
Functional Description 
Data Bus Buffer 

This three-state bi-directional 8-bit buffer Is used to interface 
the 82C55A _to the system data bus. Data is transmitted or 
received by the buffer upon execution of input or output 
Instructions by the CPU. Control words and status informa­ 
tion are also transferred through the data bus buffer. 

Read/Write and Control Logic 

The function of this· block Is to manage all of the internal and 
external transfers of both _Data and Control or Status words. 

It accepts inputs from the CPU Address arid Control busses 
and In ~~rn, issues comr_nands to both of the Control Groups. 

(CS) Chip Select. A "low" on this input pin enables the 
cormuncation between the 82055A and the CPO. . . . ' . . . . : .. : ... ·. 
.(RD) Read. A low" on this input pin enables 82C55A to send 
,the _data_ or status information to the CPU on the data bus. In 

essence, it allows the CPU to "read from" the 82C55A. 
•t • • : • :• • • •, . 

• (WR) Write. A "low" on this input pin enables the CPU to 
. write data or control words Info the 82C55A. 

. . : . . . . 

(A0 and A1) Port Select 0 and Port Select 1. These input 
signals, In conjunction with the' RD and WR inputs, control 
the selection of one of the three ports or the control word 
register. They are normally connected to the least significant 
bits of the ad.dress tius (AO and A1). 

.,· .. 
82C55A BASIC OPERATION 

- s 
INPUT OPERATION ... .. 

AT AO RD WR cs (READ) 
•' 

0 .9 o, .1 : 0 Port A Data Bus . . , . 

0 1 0 1 0 Port B» Data Bus 

1 0 0 1 0 Port C ➔ Dat_a f?us .. 

.. 1 .1 . 0 1 0 Control Word -» Data Bus 

OUTPUT OPERATION 
(WRITE) 

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 ➔ ~art C 

1 1 1 0 0 Data Bus -» Control 

DISABLE FUNCTION 

X X x· X 1­ Data Bus - Three-State. 

X X 1 1 0 Data Bus ➔ Three-State 
., .. 

POWER [--» +5V 
. SUPPLIES '[ GND 

D7-Do 

cs- t 

GROUP B 
PORTB 

{8) 

FIGURE 1. 82C55A BLOCK DIAGRAM. DATA BUS BUFFER 
. . · READM'RJTE, GROUP A & B CONTROL LOGIC 

FUNCTIONS 

(RESET) Reset A "high" on this input initializes the control 
. register to 9Bh and all ports {A, B, C) are set to the input 
mode. "Bus hold" devices internal to the 82C55A will hold 
the 1/0 port Inputs to a logic "1" state with a maximum hold 
current of 400A. 

Group A and Group B Controls 

The functional configuration of each port is programmed by 
the systems software. In essence, the CPU "outputs· a· con­ 
trol· word to the 82C55A. The control word contains 
information such as "mode", "bit set", "bit reset", etc., that inf- . 
tializes the functional configuration of the 82C55A. 

Each of the Control blocks (Group A and Group B) accepts 
"commands" from the Read/Write Control logic, receives 
"control words" from the Internal data bus and Issues the 
proper commands to its associated ports. 

Control Group A- Port A and Port C upper (C7 - C4) 

Control Group B - Port B and Port C lower (C3 - CO) 

The control word register can be both written and. read as 
shown in the "Basic Operation" table. Figure 4 shows the 
control word format for both Read and Write operations. 
When the control word is read, bit 07 will always be a logic 
"1", as this implies control word mode Information. 

Aw ·; 
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82C55A 
Ports A, B, and C 

The 82C55A contains three 8-bit ports (A, B, and C). All can 
be configured to a wide variety of functional characteristics 
by the system software but each has its own special features 
or "personality" to further enhance the power and flexibility of 
the 82C55A. 

Port A One 8-bit data output latch/buffer and one 8-bit data 
Input la_tch. Both "pull-up" and "pull-down" bus-hold devices 
are present on Port A. See Figure 2A. . . 

'Port B One 8-bit data input/output latch/buffer and one 8-bit 
'data input buffer. See Figure 28. 

Port C One 8-bit data output latch/buffer and one 8-bit data 
input buffer (no latch for input). This port can be divided into 
two 4-bit ports under the mode control. Each 4-bit port con­ 
tains a 4-bit latch and. it can be used for th'? control signal 
output and status signal Inputs in conjunction with ports A 
and B. See Figure28.. :. 

MASTER 
. RESET - ST 
OR MODE J] 
CHANGE · ~ . •• .. INTERNAL -o 

·. · .. , DATA IN 
INTERNAL 
DATA OUT --------i . (LATCHED) 

INPUT MODE 

EXTERNAL a---.-- PORT A PIN 

OUTPUT MODE 

FIGURE 2A. PORT A BUS-HOLD CONFIGURATION 

' RESET 
ORMODE -----'I 
CHANGE· 

Vee 

PB7-PBO CONTROL CONTROL 
ORl/O . ORl/O 

; MODE q ·. B - · . C · · . 

. : S·uo I 11 I . I f I i- 
. '--v-'----' 

PB7-PBO CONTROL 

A T DBI- . DIRECTIONAL 

PA7-PAO 

l] 

INTERNAL , -oK 
:. DATA IN 

··INTERNAL 
DATA OUT ·--------i 
(LATCHED) 

EXTERNAL i-:-.....--- PORT B, C 
PIN 

OUTPUT MODE 

' FIGURE 2B. PORT B AND C BUS-HOLD CONFIGURATION 

FIGURE 2. BUS-HOLD CONFIGURATION 

Operational Description 
Mode Selection 

There are three· basic modes of operation than can be 
'selected by the system software: 

Mode O - Basic ,Input/Output 
Mode 1- Strobed Input/Output 
Mode 2 -.Bl-directional Bus . h 

• . • ii arts will be set to t e When the.reset input goes high , a P ' "one" level by 
Input mode with all 24 port lines held at ~ lo~ic ved the 
. . Aft r the reset is remo , internal bus hold devices. . e . . . dditional ini- 
szcssA can remain m a input mode,,,,, rev­ 
tializaton required. This eliminates the ';',jot word 
down resistors in all-CMOS designs. 

register Will contain 9Bh. During the execution of the syste;;,":-'.· 
program, any of the other modes may be selected using a 
single output instruction. This allows a single 82C55A to 
service a variety of peripheral devices with a simple software 
maintenance routine. Any port programmed as an output 
port is Initialized to all zeros when the control word is written. 

ADDRESS BUS 

CONTROL BUS 

PB7,PB0 PC3-PC0 PC7-PC4 PA7-PA0 

MODE~ .. C 

itf it A T 3­ 
PA7-PAO 

FIGURE 3. BASIC MODE DEFINITIONS AND BUS INTERFACE 

CONTROL WORD 

[pr [ps os j D4 j oJ j 02 j D1 I DD I 
GROUP B 

· I PORT C (LOWER) 
1 = INPUT 
0= OUTPUT 

PORT B 
1 =INPUT 
0 = OUTPUT 

MODE SELECTION 
0 = MODE 0 
1 = MODE 1 

GROUP A 

PORT C (UPPER) 
1 = INPUT 
0= O1.R'PUT 

PORTA 
t =INPUT 
0 = OUTPUT 
MODE SELECTION 
OD= MODE 0 
01 = MODE 1 
1X= MODE2 

~ MODE SET FLAG 11 =ACTIVE 

FIGURE 4. MODE DEFINITION FORMAT 

. . .. . ~- 

.- ... 
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82055A 
The modes for Port A and Port B can be separately defined 
while Port C is divided into two portions as required by tp, 
port A and Port B defirnllons. All of the output registers, 
including the status flip-flops, will be reset whenever the 
mode is changed. Modes may be combined so that their 
functional definition can be "tailored" to almost any I/O 
structure. For instance: Group B can be programmed in 
Mode 0 to monitor simple switch closings or display compu­ 
tational results, Group A could be programmed in Mode 1 to 

monitor a keyboard or tape reader on an interrupt-driven basis.' 
The mode definitions and possible mode combinations may 
seem confusing at first, but after a cursory review of the 

, complete device operation a simple, logical I/O approach will 
surface. The design of the 82055A has taken into account 
.things such as efficient PC board layout, control signal def,­ 
nition vs. PC layout and complete functional flexibility to sup­ 
port almost any peripheral device with no external logic. 
· · Such design represents the maximum use of the available 
pins. ·· 
single Bit Set/Reset Feature (Figure 5) 
Any of the eight bits of Port C can be Set or Reset using a 
".single Output instruction. This feature reduces software 
requirements in control-based applications. 
When Port C is being used as status/control for Port A or B, 
these bits can be set or reset by using the Bit Set/Reset 
operation just as if they were output ports. 

CONTROL WORD 

[r[pa]s [4 [pa [pa [pi [po]': . ; : • 8 

} 3 Ls BIT SET/RESET 
1 =SET '---v----', 
0 = RESET DON'T 

CARE 
BIT SELECT 
0 1 2 3 4 5 6 7 
0 1 0 1 0 1 0 1 BO 

h 0 0 1 1 0 0 1 1 B1 
0 0 0 0 1 1 1 1 B2. 

BIT SET/RESET FLAG _. 
0 = ACTIVE g 

FIGURE 5. BIT SET/RESET FORMAT 

Interrupt Control Functions 
· · t · de 1 or When the 82C55A is programmed to opera e in mo 

' mode 2, control signals are provided that can be used as 
. ' · t t reques interrupt request inputs to the CPU. The in errup d 

: ihibited or enable signals, generated from port C, can be in 1• 1 .e. ... •· . the 
by setting or resetting the associated INTE flip-flop, using 
bit set/reset function of port C. 

b~s function allows the programmer to enable or disable -a··:.:. 
,[Plerrupt by a specific l/o device without affecting any 0 er device In the interrupt structure. 

INTE Flip-Flop Definition 

(BI-SET)-INTE is SET- Interrupt Enable 

(BIT-RESET)-INTE is Reset - Interrupt Disable 

NOTE: All Mask flip-flops are automatically reset during mode se­ 
lection and device Reset 

Operating Modes 

Mode 0 (Basic Input/Output). This functional configuration 
provides simple input and _output operations for each of the 
three ports. No handshaking is required, data is simply writ­ 
ten to or read from a specific port. 

Mode O Basic Functional Definitions: 

• Two 8-bit ports and two 4-bit ports 

• Any Port can be input or output 

Outputs are latched 

Input are not latched 

·,16 different Input/Output configurations possible 

MODE O PORT DEFINITION 

A 8 GROUP A- GROUP B 

PORT C PORTC 
D4 D3 Di DO PORTA (Upper) # PORT B (Lower) 
0 0 0 0 Output Output 0 Output Output 

0 0 0 1 Output Output 1 Output Input 

0 0 1 0 Output Output 2 Input Output 

0 0 1 1 Output Output 3 Input Input 

0 1 0 0 Output Input 4 Output Output 

0 1 0 1 Output Input 5 Output Input 

0 1 1 0 Output Input 6 Input Output 

0 1 1 1 Output Input 7 Input lriput 

1 0 0 0 Input Output 8 Output Output 

1 0 0 1 Input Output 9 Output Input 

1 0 1 0 Input Output 10 Input Output 

0 1 1 Input Output 11 Input Input 1 

1 Q. 0 Input Input 12 Output Output 1 

0 1 Input Input 13 Output Input 1 1 
1 0 Input Input 14 Input Output 1 1 
1 1 Input Input 15 Input Input 1 1 

5 



82C 55A 

Mode o (Basic Input) 

RD ----•--------- ~-- IRR---.i 

D7-DO 

--~----------------- 
IRD 

IDF 

Mode 0 (Basic Output) 

CS,A1, AO 

------- 

IWO 

,.----- IWA----+1 ---- 
OUrPUT ··• -:------------------~----~....Jt:"-----...;.- 

Mode 0 _Configurations 

CONTROL WORD #0 .. . . 
D7 D6 D5 D4 D3 D2 D1 DO 

I 1 IO I O I -0 I ·0 I O I O I O I 
8 

A PA7-PAO 

82C55A 
4 

{ PC7 • PC4 

D7-DO 
4 

PC3- PCO 

8 
8 PB7 • PBO 

CONTROL WORD. #1 

07 06 05 D4 ·DJ D2 01 DO 

[
1 

I 
O 

1 ° [T] ° 1 ° 1 ° 1 1 I 
8 

PA7-PAO 'A 
82C55A 4 

c{ PCT - PC4 

D7 •DO 
4 PC3 • PCO· 

8 
PB7 • PBO B 

CONTROL WORD #2 

07 D6 D5 D4 03 D2 01 DO 

I 1 I~ I o I o I o I o 11 1.0 I 
A '/ 8 ~ , 

82C55A 
/4 

{ , 

D7 • DO )8 
, 

B ® 
/ 

CONTROL WORD #3 

07 D6 OS 04 D3 D2 D1 DO 

I 1. I o I o I ·o I o I o I 1 I 1' 

PA7-PAO 

PCT-PC4 

PC3-PCO 

PB7 • PBO- 

A 
,® 
, 

82C55A 
/4 

{ / 

D7 • Do /4 , 

B 8 
/ 

PA7 - PAO 

PC7 • PC4 

PC3 • PCO 

PB7 • PBO 
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B2C55A 
Mode 0 Configurations (Continued) 

CONTROL WORD #4 

D7 D6 DS D4 03 ,02 01 DO 

( 1 I O I O· I O I 1 I O I oJ"o7 

O7-00+----M 

A t--r---..._ PA7 • PAO 
82C55A · 

8 . 

c{~-r--
4

-PC7-PC4 

1---r---+PC3-PCO 

4 

8 t--r--+ PB7 • Pl30 
8 

82C55A 

CONTROL WORD #5 

DT'D6 DS'D4 D3 D2 Dt Do 

FIT[ET5 

D74D04--bl 

A.,_....,..__..._ PA7 • PAO 
82C55A 

8 

CONTROL WORD #o 

D7 Ds Ds D4 Da D2 bH Do 

[
1 

I 
O 

1 ° 1 
1 1 ° 1 ° 1 ° 1 ° J 

8 A-<PAT%Pg 

c·{. _..,...__
4 

-PC7 • PC4 

M--,L---PC3-PC0 

By/-PBT-PBQ 
8 

4 

c{ t--r-
4

~PC7-PC4 

---PC3-PCO 

BJ/'PB7.PBO 

CONTROL WORD #6 

01 ·os os D4 DJ 02 01 oo 

FT[III 

D74DO4Y 

. 82C55A ·. c{ w-..,,_ __ PC7 • PC4 

4 . 
_ _,,__-r-PC3-PCO 

8 
B 14---,L---PB7 • PB0' 

CONTROL WORD #7 

4 . 

Al ,2" 3 PAT · PAO 

D7-D04- sh 

D7-O0+---+I 

C { t-r-
4

-J,-f'C7 • PC4 

t--r----io-PC3-PC0 

B t--r---io- PB7 • PB0 ___ _. 
CONTROL '-'.\'ORD ~ 

Di D6 05 04 03 02 D1 DO 

f 11 .0 1 -
0 

1 1 1 ° 1 ° 1 .0 1 1 I 
82C55A 

8 
A H-,,&,--PA7 • PAO 

D7·DO4-l 

82C55A 
l4---,&--

4
-PC7•PC4 

c{14-...,,,__4_pC3:PC0 

k2" Psz-PBo 

CONTROL WORD #10 

07 06 DS D4 03 02 01 DO 

ITT[+ITT] 

07-004---- 

82C55A 
A-r»PA] PAO 

c{ .,_..,__
4

-+ PC7 -PC4 

.,_..,__-+ PC3. PC0 

8 
s---PB7-PB0 

CONTROL WORD #11 

D7 06 05 04 03 D2 01 DO 

[III·III] 
82C55A 

8 

4 

4 

8 
A ---PA7 • PAO 

4 
1--..,&---r- PC7 • PC4 

c{ u--4-PC3 • PC0 

8 
B w-,.,..___p97 • PB0 

7 



82C55A 
Mode O Configurations (Continued) 

CONTROL WORD #12 

D7 06 · D5 04 03 02 D1 DO 

[III III[E] 
A N--r--- PA7 - PAO 

· 82C55A 

8 

4 

{ PCT -PC4 

DT-DO 
4 D7- DO 

PC3- PCO 

.. 8 
. B PB7-PB0 

CONTROL WORD #13 

. 07 .06 . 05: ~4 ·:•oi ,. D2 : D1 00 

[II+ITT+TT] 
8 

PAT - PA0 A 
82C55A 

4 

{ PCT -PC4 

DT-DO 
·4 » PC3 - PCO 

8 
" .,B PB7-PBO 
" 

CONTROL WORD #14 

D7 D6 DS D4 D3 02 D1 DO [iL[FF[i] 
8 

A PA7- PA0 
82C55A 

4 

{ PCT -PC4 

4 
PC3 • PCO 

8 
Br'PB7.PBQ 

CONTROL WORD #15 

D7 DS D5 D4 D3 D2 Dt'Do [TEI[IE] 

Operating Modes 
Mode 1 - (Strobed Input/Output). This functional configure­ 
tion provides a means for transferring 1/0 data to or from a 
specified port In conjunction with strobes or "hand shaking" 
signals. In mode 1, port A and port B use the lines on port C 
to generate or accept these "hand shaking" signals. 

Mode 1 Basic Fu_nction Definitions: 
~ Two Groups (Group A and Group B) 
·Each group contains one 8-bit port and one 4-bit 

. control/data port 
• The 8-bit data port can be either input or output. Both 
inputs and outputs are latched. 

• The 4-bit port is used for control and status of the 8-bit 
port. 

. . 
ln~u~ Control Signal Definition 

{Figures 6 and 7) 

STB (Strobe Input) 

A "low" on this input loads data into the input latch. 

IBF (Input Buffer Full F/F) 
A "high" on this output indicates that the data has been 
loaded Into the input latch: in essence, and acknowledg­ 
ment. IBF is set by STB input being low and 1s reset by the 
rising edge of the RD input.. .. · 

8 
A PA7 - PAO 

82C55A 
4 

{ PCT -PC4 

D7-DO 
4 

C3-PCO .. ... 

8 ... - 
. !3 PB7 - PBO .• " ... 

MODE 1 (PORT A) 

CONTROL WORD 
D7 D6 DS D4 D3 D2 D1 . DO 

1 0 1 

RD 

CONTROL WORD 
07 06 05 D4 D3 D2 D1 DO 

11 @<txtxi 1 I 1 lX) 

RD 

MODE 1 (PORT B) 

;5ye; 
B . - . 

FIGURE 6. MODE 1 INPUT 

1/0 
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STE 

IBF 

, INTR 

RD -----------+-_; __ 

82C55A 
: 

tST 

I ~ tSIB 

tSIT 

IRIS 

tRIT 

/ tPH 

INPUT FROM 
PERIPHERAL ·----­ 

-r----------1---.;;,f-----------------~---------- ,._ !PS ----.i 

. ~: -:· -.' . 
·'INTR (Interrupt Request) 

' g mat' on this output can ba used to interrupt the CPU 
when and input device is requesting service. INTR ls set by 
the condition: STB is a "one", IBF is a "one" and INTE is a 
"one". It is reset by' the falling edge of RD. This procedure 
allows an input device to request service from the GPU by 
simply strobing its data into the port. 

FIGURE 7. MODE 1 (STROBED INPUT 

INTE A 

Controlled by bit set/reset of PC4. 

.3 'INTEB 
Controlled by bit set/reset of PC2. 

Output Control Signal Definition 
(Figure 8 and 9) 
, OBF-: Out~ut Buffer Full F/F). Th~ OBF.output will go "low" 

· to indicate that the CPU has written data out to be specified 
port. This does not mean valid data is sent out of the part at 
this time since OBF car go_ true- before data is available. 
·Data is guaranteed valid at the rising edge of OBF, (See 
· Note 1). The OBF F/F will be set by the rising edge of the 
WR input and reset by ACK input being low. 

ACK - Acknowledge Input). A "low" on this input informs the 
82C55A that the data from-Port A or Port 8 is ready to be 
accepted. In essence, a response from the perlpheral device 
Indicating that it is ready to accept data, (See Note 1). 

INTR - (Interrupt Request). A "high" on this output can be 
used to interrupt the CPU when an output device has, 
©CGepted data transmitted by the CPU. INTR is set when 
ACK is a "one" OBF is a "one" and INTE is a "one • It is 
reset by the falling edge of WR. 

INTE A 

Controlled by Bit Set/Reset of PC6, 

INTEB . 

Controlled by Bit Set/Reset of PC2. 
NOTE: 

1. To strobe data into the peripheral device, the user must operate 
the strobe line in a hand shaking mode. The user needs to send 
OBF to the peripheral device, generates an ACK from the pe­ 
ripheral device and then latch data into the peripheral device on 
the rising edge of OBF. · 

MODE 1 (PORT A) 

CONTROL WORD 
07 D6 . 05 04 D3 02 D1 DO 

1 0 1 

WR3] 

CONTROL WORD 
o7 06 05 04 D3 D2 01 DO 

I 1 &P<P<0 1 i O l><J 

WR 

MODE 1 (PORT BJ 

FIGURE 8. MODE 1 OUTPUT 
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82C 55A 

WR 

INTR 

lWB 

FIGURE 9. MODE 1 (STROBED OUTPUT) • 
. CONTROL WORD . 
D7.' D6 ·DS 04 03 

1 0 .1 

PA7-PA0 
PA7-PA0 

RD PC4 STBA WR PC7 

PCS IIBFA CONTROL WORD 
02 Di DO · D7 D6 D5 D4 03 D2 01 DO PC6 

-1 0 PC3 INTRA 1 0 1 PC3 
PCS, PC7 1/0 ... PC6, PCT PC4, PC5 PC4, PCS 

1 = INPUT 1= INPUT 
O'= OUTPUT PB7, PB0 0= OUTPUT PB7, PB0 ·. . 
WR PC_1 oBFB RD PC2 

PC2 ACKB PC1 

PC0 INTRB PC0 
·· i' 

OBFA 

ACKA 

INTRA 

1/0 

IBFB 

INTRS 

PORT A- (STROBED INPUT) PORT A· (STROBED OUTPUT) 
PORT B- (STROBED OUTPUT) PORT B - (STROBED INPUT) 

.Combinations of Mode 1: Port A and Port B can be individually defined as input or output in Mode 1 to support a wide variety of strobed I/O 
applications.· · · 

. ··. • .... FIGURE 10. COMBINATIONS OF MODE 1 

Operating Modes 
. . . . . 

Mode 2 (Strobed Bi-Directional Bus I/O) 
'The functional configuration provides a means for communi­ 
. talJ~g With a peripheral device or structure on a single 8-bit 
bus for both transmitting and receiving data (bi-directional 
bus 110) .. "Harid .shaking" signals are provided to maintain 

.. pr~per bus flow discipline similar to Mode 1. Interrupt gener­ 
ation and enable/disable functions are also available. 

Mode 2 Basic Functional Definitions: 
' Used in Group A only 
• One 8-bit, bi-directional bus Port (Port A) and a 5-bit 
control Port (Port C) 
'Both I . · nputs and outputs are latched . 
• ~e 5-bit co~trol port (Port C) is used for control and 

Status for the 8-bit, bi-directional bus port (Port A) 
Bi-p; • 

(Fl irectional Bus 1/0 .Control Signal Definition 
"'. gures 11, 12, 13,'14) .. ' 

INrp 
us,,] (nterrupt Request). A high on this output can be 

· . 0 interrupt the CPU for both input or output operations. 

Output Operations 

OBF - (Output Buffer Full). The OBF output will go "low" to 
indicate that the CPU has written data out to port A. . 
ACK - (Acknowledge). A "low" on this input enables the 
three-state output buffer of port A to send out the data. Oth­ 
erwise, the output buffer will be in the high impedance state. 

JNTE 1- (The INTE flip-flop associated with OBF). Con­ 
trolled by bit set/reset of PC4. 

Input Operations 
STB- (Strobe Input). A "low" on this input loads data into the 
input latch. 
IBF - (Input Buffer Full F/F). A "high" on this output indicates 
that data has been loaded Into the input latch. 

INTE 2-(The INTE flip-flop associated with IBF). Controlled 
by bit set/reset of PC4. 

10 



. . 

02 01 DO 

., , ., ... 1/0 1/0 1/0 

PC2-PCO 
1 =INPUT . 
0 = OUTPUT PC61+- CRA 

PORTB 
1 = INPUT 
0 =OUTPUT 

_,[iifi' 
2 I PC4 .._ ffiA .. - - .. 

· i· GROUP B MODE 
~-----· O=MODE0 

1 = MODE 1 

_FIGURE 11. MODE CONTROL WORD 

WR 

RD-dd PC2-PCO 

FIGURE 12. MODE 2 

DATA FROM 
CPU TO B2C55A 

WR 

IBFA 

3 
1/0 

. twoafr-" ....:.-I- .] 

INTR 

tST 

IBF 

PERIPHERAL 
. BUS • - .. - Ill - - - - - - - - - - - 

tPS --~ 

tAO 

{RIB 

RD 

DATA FROM 

NOT . . · . 82C55A TO CPU 

~~~ •' ~~WR ---- ---- MASK ~ ACK - O<?curs before ACK and STB occurs before RD is permissible. (INTR = IBF • MASK • STB • RD + OBF • 
·WR) ·' 

FIGURE 13. MODE 2 (BI-DIRECTIONAL) 

DATA FROM 
PERIPHERAL TO 82C55A 

DATA FROM 
82C55A TO PERIPHERAL 
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. 
82C55A 

.AND MODE 0 (INPUT) 
ODE 2 AND MODE O (OUTPUT) yoDE 2 

PC3 

PC3 
PA7-PAO 

PA7-PAO 
PC7 

CONTROL WORD CONTROL WORD PC7 

06 OS 04 D3 02 D1 DO PCS ACKA D7 Ds D5 D4 D3 E,, raaa ., 3•1 D2 01 DO PC6 ACRA 
PC4 STBA 

1 1 - PC4 STEA 
PC2-PCO PCS IBFA PC2-PCO 
1 =INPUT 1 =INPUT PCS IBFA 
0 = OUTPUT 3 O=OUTPUT PC2-PCO 1/0 

RD 
RD 

PC2-PCO 1/0 

WR WR 

MODE 2 AND MODE 1 (OUTPUT) MODE 2 AND MODE 1 (INPUT) .. ·: :·. . . . . 

PC3 

PA7-PAO 

PC7 
CONTROL WORD CONTROL WORD 

PC6 AcKA 07 ·os 05 D4 03 02 01 DO 07 06 D5 04 03 02 01 DO 

ITRI I1 I 1 I 1 IX)xJxJ 1 1 1[><1 PC4 STBA 

PCS IBFA PCS IBFA 

PB7-PBO PB7-PBO 

PC1 OBFs 
RD RD 

IBFB PC2 ACKB PC1 

Pc INTRB PCO INTRB 
WR WR 

FIGURE 14. MODE 2 COMBINATIONS 
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8254 

Table 1. Pin Description 

· .. ·:··:·, 
t, "% a 

Symbol Pin 
Type No. 

. Name and Function D;--Do 1--8 1/0 
DAT A: Bl-directional three state data bus lines connected to system 

: 

data bus.' ·. s, 
CLK0 9 I CLOCK O: Clock Input of Counter 0. OUT o· · 10 0 · OUTPUT O: Output of Counter O. . GATED 11 I .GATE O: Gate Input of Counter o . GND .. 

12 
GROUND: Power supply connection. 

4 Vcc 24 
POWER: 5V power supply connection. .. WR, 23 I 
WRITE CONTROL: This input Is low during CPU write operations. RD 22 I 

· READ CONTROL: This input is low during CPU read operations. cs 21 I 
CHIP SELECT: A lo~ this input enables the 8254 to respond to 
RD and WR signals. RD and WR are ignored otherwise. 

A4, Ao 20-19 I ADDRESS: Used to select one of the three Counters or the Control 
Word Register for read or write operations. Normally connected to ·. 
the system address bus. 

' : Ay­ Ao · Selects o· 0 Countero 
0 1 Counter 1 .. 
1 0 Counter2 . .. 
1 1 Control Word Register · 

CLK 2 fa I · CLOCK 2: Clock input of Counter 2. 
OUT2· 17 0 OUT- 2: Output of Counter 2. 
GATE 2 • 16 I GATE 2: Gate input of Counter 2. 
CLK'f' ·, 15 I .. CLOCK 1: Clock input of Counter 1. 
GATE i . 14 ., 

GATE 1: Gate input of Counter 1.: 
OUT 1 13 0 OUT 1: Output of Counter 1. ........ -· 

FUNCTIONAL DESCRIPTION 
•• : 4 • ,, 

iN 4 

General 
Ts s254 is a programmable interval timer/counter 
designed for use with Intel microcomputer systems. 
It is a general purpose, multi-timing element that can 
be treated as an·array of I/O ports in the system 
software. 

The 8254 solves one of the most common problems 
in any microcomputer system, the generation of ac­ 
curate time delays under software control. Instead of 
setting up timing loops in software, the. programmer 
configures the 8254 to match his requ1reme~~ f nd 
programs one of the counters for the desire le ay. 
Ator uo acsrca easy, a sast t' g"""_""g 
CPU. Software overhead is minim an 
length delays can easily be accommodated. 

• Real time clock 

int,l. 

Some of the other counter/timer functions common 
to microcomputers which can be Implemented with 
the 8254 are: 

• Event-counter 
• Digital one-shot 
e Programmable rate generator 
• Square wave generator- 
• Binary rate multiplier 

. • Complex waveform generator 
• Complex motor controller 

Block Diagram 

DATA BUS BUFFER 

ms sane saoo ;E"Egg',] terlace the 8254 to the sys em 
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8254 

CL 0 
Dr D% 

GATE 0 

Our o 

n 
Wll CLK 1 

GATE 1 
Aj 

OUT! 

CONTROL 
WORD 

- REGISTER 
COUNTER 

~ 
CLX 2 

GATE 2 

OUT2 

231164-3 

Figure 3. Block Diagram Showing Data Bus Buffer and ReadiWrite Logic Functions 
'.: . . . . . . 

-' READ/WRITE LOGIC 
"±·' ·%. 
The Read/Write Logic accepts inputs from the' sys­ 
tem bus and generates control signals for the other 
function_aI°blocks·.of the 8254. A1 and Ao select one 
of the three counters or the Control Word Register to be read from/written into. A "low" or the RD in­ 
put tells the 8254 that the CPU is reading one of the 
counters. A "low.' on the WR input tells ·the 8254 
that the 'CPU is writing either a Control Word or an 
initial" count. Both RD and WR are qualified by CS; 
RD and WR are ignored unless the 8254 has been 
selected by holding CS low. · • 
CONTROL WORD REGISTER 

The Control Word Register {sea Figura 4) is selected 
by the Read/Write Logic when A+,Ag = 11. If the 
CPU then does a write operation to the 8254, the 
data is stored in the Control Word Register and is 
interpreted as a Control Word used to define the 
operation of the Counters. 

The Control Word Register can only be written to; 
status information is available with the Raad-Back 
Command. 

COUNTER O, COUNTER 1, COUNTER 2 
. ' 

These three functional blocks are Identical In opera­ 
tion, so on_ly a single Counter will be described. The 
internal block 'diagram of a single counter Is shown 
in Figure S. 

The Counters are fully independent Each Counter 
may operate in a different Mode. 

The Control Word Register is shown in the figure; it 
is not part of the Counter itself, but its contents de­ 
termine how the Counter operates. 

The status register, shown in Figure 5, when 
latched, contains the current contents of the Control 
Word Register and status of the output and null 
count flag. (See detailed explanation of the Read­ 
Back command.) 

The actual counter is labelled CE (for "Counting Ele­ 
ment"). It Is a 16-bit presettable synchronous down _ 
counter. 

OLM and OL are two 8-bit latches. OL stands for 
"Output Latch"· the subscripts M and L stand for 
"Most significant byte" and "Least significant byte" 

., 3 



· 8254 int»l. 
CLK o 

OUTO 

j{5 wOl 
(7{ po] READ/ 

WRITE 
LOGIC 

CUI 1 

GATE 1 

OUT1 

O.t.TE2 

OUT2 

231164-4 

Figure 4.Block Diagram Showln_g Control Word Register and Counter Functions 

1 
GATE r 

CLK n OUT n 231164-5 

Figure 5. Internal Bl~ck Diagram of a counter 
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respectively. Both are normally referred to as one 
unit and called just OL, These latches normally "fol­ 
low" the CE, but if a suitable Counter Latch Com­ 
mand is sent to the 8254, the latches "latch" the 
present count until read by the CPU and then return 
to "following" the CE. One latch at a time Is enabled 
by the counter's Control Logic to drive the internal 
bus. This Is how the 16-bit Counter communicates 
over the 8-bit Internal 'bus. Note that the CE Itself 
cannot be 'read; whenever you read the count, it is 
the OL that is being read .. · 

-Similarly, there are two 8-bit registers called CAM 
and CR( (for "Count Register"). Both are normally 
referred to as one unit and called just CR. When a 
new count is written to the Counter, the count is 
stored in. the CR and later transferred to the CE. The 
Control .Logic allows one register at a time to be 

. loaded° from the Internal bu's .. Both bytes are trans­ 
ferred to the CE simultaneously. CRy and CR are 
''cleared when the Counter is programmed. In this 

way, if the» Counter has been 'programmed for one 
byte counts (either most significant byte only or least 
significant byte only) the other byte will be zero. 
Note that the CE cannot be written into; whenever a 
count is written, it is written into the CR. 

The Control Logic is also shown in the diagram. 
CLK n GATE n, and OUT n are all connected to the 
outside world through the Control Logic. 

8254 SYSTEM INTERFACE 
The 8254 is a component of the Intel Microcomputer 
Systems and interfaces in the same manner as all 

other peripherals of the family. It is treated by the 
system's software as an array· of peripheral 1/0 
ports; three are counters and the fourth is a control 
register for MODE programming. 

Basically, the select inputs A9,A; connect to the Ao, 
A1 address bus signals of the CPU. The CS can be 
derived directly from the address bus using a linear 
select method. Or It can be connected to the output 
of a decoder, such as an Intel 8205 for larger sys- 
tems. ·· 

OPERATIONAL DESCRIPTION 

General 
. . . 

After power-up, the state of the 8254 Is undefined. 
The Mode, count value, and output of all Counters 
are undefined • 

How each Counter operates is determined when It is 
programmed. Each Counter must be programmed 
before it can be used. Unused counters need not be 
programmed. 

Programming the 8254 
Counters are programmed by writing a Control Word 
and then an initial count 

The Control Words are written Into the Control Word 
Register, which Is selected when A1,Ao = 11. The 
Control Word Itself specffies which Counter is being 
programmed. 

ADDRESS BUS (16) 

CONTROL BUS 

iioii I/OW 

cs Dy- D} RD WI! Ay Ag 
8254 

COUNTER COUNTER COUNTER 
1 ~ 0 

our Gare ck" our GAr± cK' our Gars ct' 

t · t t t t t 231164-6 

Figure 6. 8254 System Interface 
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Control Word Format 
A+Ao = 11 CS = 0 RD = 1 WR = 0 

int»l. 

SC---Select Counter 
SC1 SC0 

Dy Ds Ds D, D» D, D, D 

[sci ] scs ]wi ]wo [wi[ u [ s [Es] 

0 0_ Select Counter0 
0 1 · Select Counter 1 

0 Select Counter 2 

Read-Back Command 
(see Read Operations) 

RW-- Read/Write 
RWT HWO 

0 0 Counter Latch Command (see Read 
Operations) 

1. Read/Write least significant byte only 
0 Read/Write most significant byte only 

. 1 1 Read/Write least significant byte first, 
then· most significant byte 

M--- Mode 
M2· 
0 0 o· Mode O 
0 0 1 Mode 1 
X 1 0 Mode 2 
X 1 1 Mode 3 

. 1 0 o Mode 4 
1 0 1 Mode 5 

BCD 

NOTE: • . . . .. 
Don't care bits (X) should be o to insure compatibility with future Intel products. 

M1 MO 

0 Binary Counter 16-blts 
1 Binary Coded Decimal (BCD) Counter 

(4 Decades) 

'Figure 7. Control Word Format . 
. .. ·.: 

By contrast, initial counts are written into the Coun­ 
ters, not the Control Word Register .. The A1,Ao in­ 
puts are· used to select-the Counter to be written 
into. The format of the initial count is determined by 
the Control Word used. 

. ; .. 

Write Operations 
The programming procedure for the 8254 is very 
flexible. Only two conventions need to be remem­ 
bered: · 

1) For each Counter, the Control Word must be writ­ 
ten before the Initial count is written. 

2) The Initial count must follow the count format 
specified in the Control Word (least significant 
byte only, most significant byte only, or least sig­ 
nificant byte and then most significant byte). 

Since the Control Word Register and. the three 
Counters have separate addresses (selected by the 
A1,Ao inputs), and each Control Word specifies the 
Counter it applles to (SCO,SC1 bits), no special In­ 
struction sequence is required. Any programming 
sequence that follows the conventions in Figure 7 Is 
acceptable. 

A new initial count may be written to a Counter at 
any· time without affecting the · Counter's pro­ 
grammed Mode in anyway. Counting will be affected 
as described in the Mode definitions. The new count 
must follow the programmed count format. 

If a Counter Is programmed to read/write two-byte 
counts the following precaution applies: A program 
must not transfer control between writing the first 
and second byte to another routine which also writes 
into that same Counter. Otherwise, the Counter will 
be loaded with an incorrect count. 

6 I 
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A; Ao A; Ao Control Word-- Counter 0 1 1 Control Word-Counter 2 1 1 LSB of count---Counter 0 0 0 Control Word---Counter 1 1 MSB .of count-:--Counter 0 0 0 Control Word-Counter o 1 Control Word---Counter 1 1 1 LSB of count-Counter 2 1 0 LSB of count---Counter 1 0 1 MSB of count-Counter 2 1 0 
MSB of count-Counter 1 0 1 LSB of count-Counter 1 0 1 
Control Word- Counter 2 1 MSB of count--Counter 1 0 1 
LSB of count-Counter 2 o· LSB of count-Counter o 0 0 
MSB of count---Counter 2 0 MSB of courit-Counter 0 0 0 

. ~ : . A; Ao A; Ag . . 
Control Word---Counter O 1 1 Control Word- Counter 1 1 1 
Control Word---Counter 1 . 1 Control Word--- Counter O 1 
Control Word---Counter 2 1 LSB of count---Counter 1 0. 1 
LSB of count---Counter 2 1 0 Control Word---Counter 2 1 1 . . . . . 

LSB of count---Counter 0 LSB of count---Counter 1 0 . 1 0 0 
LSB of count-- -Counter 0 0 0 MSB of count---Counter 1 0 1 
MSB of count--- Counter 0 0 0 · LSB of count-Counter 2 1 .o 
MSB of count---Counter 1 0 1 MSB of count-Counter o 0 0 
MSB of count---Counter 2 1 0 MSB of count---Counter 2 0 

NOTE: : : .-. · 
In all four examples, all Counters are programmed to read/write two-byte counts. These are only four of many possible 
programming sequences. · 

Figure a. A Few Possible Programming Sequences 

Read Operations 
It is often desirable to read the value of a Counter 
without disturbing the count in progress. This is easi­ 
ly done in the 8254. 

There are,three possible methods for reading the 
·. cou·nters: .-•a·. simple· read operation, the Counter 
Latch' Command, and the Read-Back Command. 
Each is: explained below. The first method is. to per­ 
form a 'simple read operation. To read the Counter, 
which is selected· with· the A1, AO inputs, the CLK 
input of the· selected Counter must be inhibited by 
using either the GATE input or external logic. Other­ 
wise, the count may be in the process of changing 
when it is- read, giving an undefined result 

COUNTER LATCH COMMAND 

The second method uses the·"Counter Latch Com­ 
mand". Like a Control Word, this command is written 
to the Control Word Register, which is selected 
when A1 ,Ao = 11. Also like a Control Word, the 
SC0 SG1 bits select one of the three Counters, but 
two other bits, D5 and D4, distinguish this command 
from a Control Word. 

A1,Ao ,,., 11; CS = O; RD = 1; WR = 0 

D, D; D; D; Dg Dy D; Do 

I sc1 I sea I o I o I x I x I x I x I 
SC1,SCO-specity counter to be latched 

' . •' ,, . 
sc1 sea 
0 0 0 
0 1 1 
1 0 2 
1 1 Read-Back Command 

Counter 

D5,D4 00 designates Counter Latch Command 

X---don't care 

NOTE: itlbillty Don't care bits (X) should be O to Insure compa 1 1 

with future Intel products. 

.. 
. . ~- 

. .. . . . . . .. -~ •· ~ 
·' , 

Figure 9. Counter Latching Command Format 
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