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INTRODUCTION

1.0 Introduction to MCS-48™

Recent advances in NMOS technology

have allowed Intel for the first time to place

enough capability on a single silicon die to

create a true single-chip microcomputer

containing all the functions required in a

digital processing system. A set of such
microcomputers on single chips, their

variations, and optional peripherals are

collectively called the MCS-48 micro-

computer family. These products are fully

described in this manual.

The head of the family is the 8048

microcomputer which contains the following

functions in a single 40 pin package:

8-Bit CPU
1K x 8 ROM Program Memory
64 x 8 RAM Data Memory
27 I/O Lines

8-Bit Timer/Event Counter

A 2.5 or 5.0 microsecond cycle time and a
repertoire of over 90 instructions, each
consisting of either one or two cycles,

makes the single chip 8048 the equal in

performance of most presently available

multi-chip NMOS microprocessors. The
8048 is, however, a true "low-cost"

microcomputer. A single 5V supply re-

quirement for all MCS-48 components
assures that "low cost" also applies to

the power supply in your system.

New Family Members

The MCS-48 family of microcomputers
which began with the 8048 and 8748 has

now been expanded with new members
which provide either more capability or

lower cost than the original family mem-
bers. While broadening the applications

possible with a single chip microcomputer,

these new microcomputers share both the

instruction set and development support of

the 8048.

The 8049 is a single-chip microcomputer
which is completely interchangeable with

the 8048, but contains twice the program
memory and twice the data memory of the

8048.

The 8022 is an 8021-based microcomputer
with additional memory, I/O, and an A/D
converter.

The 8021 is a new very low cost MCS-48
family member which contains a subset of

8049

2Kx8
128x8

27

8048

1Kx8
64x8
27

8021

IS

1Kx8
64x8
21

8022

2Kx8
64x8
28

FEATURES

8-BIT CPU
PROGRAM MEMORY
DATA RAM
I/O LINES

TIMER COUNTER
OSCILLATOR AND CLOCK
RESET CIRCUIT

INTERRUPT

ON CHIP FEATURES
1-1



INTRODUCTION

the 8048's instruction set and incorporates

several new features critical in low cost

applications.

Even with low component costs, however, a

project may be jeopardized by high develop-

ment and rework costs resulting from an
inflexible production design. Intel has solved

this problem by creating two pin-compatible

versions of the 8048 microcomputer: the

8048 with mask Programmable ROM pro-

gram memory for low cost production and
the 8748 with user programmable and
erasable EPROM program memory for

prototype development. The 8748 is essen-

tially a single chip microcomputer "bread-

board" which can be modified over and over

again during development- and pre-produc-
tion then replaced by the low cost 8021*,

8048, or 8049 ROM for volume production.

The 8748 provides a very easy transition

from development to production and also

provides an easy vehiclefortemporaryfield

updates while new ROMs are being made.

SPECIAL FEATURES
SINGLE 5V SUPPLY

40 PIN DIP OR 28 PIN DIP

PIN COMPATIBLE ROM AND EPROM
2.5, 5.0 AND 10.0 /xsec CYCLE VERSIONS
ALL INSTRUCTIONS 1 OR 2 CYCLES
SINGLE STEP
8 LEVEL STACK
2 WORKING REGISTER BANKS
LC, XTAL, OR EXTERNAL
FREQUENCY SOURCE
OPTIONAL CLOCK OUTPUT
POWER DOWN STANDBY MODE

To allow the MCS-48 to solve a wide range

of problems and to provide for future

expansion, all 8048 and 8049 functions

have been made externally expandable
using either special expanders or standard

memories and peripherals. An efficient low

cost means of I/O expansion is provided by

either the 8243 I/O Expander or standard

TTL or CMOS circuits. The 8243 provides

16 I/O lines in a 24 pin package. For sys-

tems with large I/O requirements, multiple

8243s can be used.

*The 8021 is code compatible but
1-2

For such applications as Keyboards, Dis-

plays, Serial communication lines, etc.

standard MCS-80/85 peripheral circuits

may be added. Program and data memory
may be expanded using standard memories
or the 8355 and 8155 memories that also

include programmable I/O lines and timing

functions.

For applications which require a more
custom tailored interface, the 8041 or 8741

Universal Peripheral Interface (UPI-41)

devices can be used. The UPI-41 devices

are available in both ROM and EPROM
versions and are essentially slave versions

of the 8048/8748 which are designed to

interface directly with expandable MCS-48
processors and provide flexible intelligent

I/O capability. The 8041/8741 share the

instruction set of the MCS-48 family of

processors.

The 8035 and 8039 are an 8048 or 8049
respectively without internal program
memory that allows the user to match his

program memory requirements exactly by
using a wide variety of external

memories. The 8035 and 8039 allow the

user to select a minimum cost system no
matter what his program memory re-

quirements. The 8035L is an 8035 with the

powerdown mode of the 8048.

The MCS-48 processors are designed to be

efficient control processors as well as

arithmetic processors. They provide an

instruction set which allows the user to

directly set and reset individual lines within

its I/O ports as well as test individual bits

within the accumulator. A large variety of

branch and table look-up instructions

make these processors very efficient in

implementing standard logic functions.

Also, special attention has been given to

code efficiency. Over 70% of the instruc-

tions are a single byte long and all others

are only two bytes long. This means many
functions requiring 1.5K to 2.OK bytes in

other computers may very well be com-
pressed into the 1K words resident in the

8048 or up to 3K to 4K equivalent bytes may
be compressed into the 8049.

not pin compatible with the 8748.



INTRODUCTION

FUNCTION
PART

NUMBER
DESCRIPTION COMMENTS

Microcomputers 8021 Z 2™ C
r°9ram

M
6"10^

-,k A,n } 10 K»ec Cycle
2K ROM Program Memory with A/D J

r
Compatible versions of the

8022 single chip microcomputers pro-

8048 1K ROM Program Memory i vide mask programmed, light

8035 No Program Memory 64 x 8 RAM \ 2.5 >isec Cycle erasable, or no internal program

8035L 8035 with Power Down Mode \ memory.

8049 2K ROM Program Memory \
1 36 Q

No Program Memory 128x8 RAM
J00 8039

CO
o
s

8748-8

8035-8

1K EPROM Program Memory 1

No Program Memory /
50 fsec Cyc,e

Memory and 1/0 8355 2Kx8 ROM with 16 I/O Lines Compatible devices allow direct

Expanders 8755A 2Kx8 EPROM with 16 I/O Lines expansion of MCS-48 functions

8155/56 256x8 RAM with 22 I/O Lines and Timer with no additional external com-

8185 1Kx8 RAM ponents.

I/O Expander 8243 16 Line I/O Expander Low cost I/O expander.

Standard ROMs 2308 1Kx8 450 ns Allows low cost external expan-

2316E 2K x 8 450 ns sion of Program Memory. Each

2332 4K x 8 450 ns ROM is interchangeable with an

EPROM.

Standard EPROMs 2708 1 K x 8 450 ns Light Erasable User programmable and eras-

2716 2K x 8 450 ns Light Erasable able.

2732 4K x 8 450 ns Light Erasable

Standard RAMs 2111A-4 256 x 4 450 ns Common I/O Data memory can be easily ex-

co
1-

2101A-4 256 x 4 450 ns Separate I/O panded using standard NMOS
5101 256x4 650 ns CMOS RAMs. The 5101 CMOS equiva-

Ul lent reduces standby power to 75
z
o
0.

s

nW/bit.

Standard I/O 8212 8-Bit I/O Port Serves as Address Latch or I/O

o
o port.

s 8255A Programmable Peripheral Interface Three 8-bit programmable I/O

IA
CO ports.

o
00 8251

A

Programmable Communication Interface Serial Communications Receiv-

(0 er/Transmitters.

s
UJ
_l
m

8273 Programmable HDLC/SDLC Controller

Standard Peripherals 8205 1-of-8 Binary Decoder MCS-80 peripheral devices are

P 8214 Priority Interrupt Controller compatible with the MCS-48, al-

<
a. 8216 Bidirectional Bus Driver lowing easy addition of such
S
o
o

8226 Bidirectional Bus Driver (Inverting) specialized interfaces as the

8253 Programmable Interval Timer 8279 Keyboard/Display Interface.

8279/78 Programmable Keyboard/Display Interface

(64 Keys/128 Keys)

Future MCS-80/85 devices will

also be compatible.

8291 GPIB Talker/Listener

8294 Data Encryption Unit

8295 Dot Matrix Printer Controller

Universal Peripheral 8041 ROM Program Memory User programmable to perform

Interface 8741 EPROM Program Memory any custom I/O and control func-

tions.

MCS-48™ MICROCOMPUTER COMPONENTS

1-3
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8049

8155

8049

8155

835b

8048

8155

(38) (38)

8048

8355

8155

(53) (53)

8049 8049

8355

8048

(24) (24)

8048

8355

(28) (28)

IK 2K 3K

PROGRAM MEMORY (ROM)

( ) NUMBER OF AVAILABLE
I/O LINES

THE EXPANDED MCS-48™ SYSTEM

The chart above shows the expansion
possibilities using the 8048 and 8049 in

various combinations with the Intel® 8355/

8755 Program Memory and I/O Expander
and the 8155 Data Memory and I/O

Expander. Data Memory can be expanded
beyond the resident words in blocks of 256

by adding 8155's. Program Memory can be
expanded beyond the resident 1K or 2K in

blocks of 2K by using the 8355/8755 in com-
bination with the 8048 or 8049. If all external

memory is desired, the 8035 or 8039 can be
substituted for the 8048 and 8049.

1-4



INTRODUCTION

1.1 The Function of a Computer
This chapter introduces certain basic com-
puter concepts. It provides background

information and definitions which will be

useful in later chapters of this manual. Those
already familiar with computers may skip this

material, at their option.

1.1.1 A Typical Computer System

A typical digital computer consists of:

A central processor unit (CPU)
Program Memory
Data Memory
Input/output (I/O) ports

The processor memory serves as a place to

store Instructions, the coded pieces of

information that direct the activities of the

CPU, while Memory stores the Data, the

coded pieces of information that are

processed by the CPU. A group of logically

related instructions stored in memory is

referred to as a Program. The CPU "reads"

each instruction from memory in a logically

determined sequence, and uses it to initiate

processing actions. If the program sequence
is coherent and logical, processing the

program will produce intelligible and useful

results. The program must be organized such
that the CPU does not read a non-instruction

word when it expects to see an instruction.

The CPU can rapidly access any data stored

in memory; but often the memory is not large

enough to store the entire data bank required

for a particular application. The problem can
be resolved by providing the computer with

one or more Input Ports. The CPU can
address these ports and input the data

contained there. The addition of input ports

enables the computer to receive information

from external equipment (such as a paper
tape reader or floppy disk) at high rates of

speed and in large volumes.

A computer also requires one or more Output
Ports that permit the CPU to communicate
the result of its processing to the outside

world. The output may go to a display, for use
by a human operator, to a peripheral device
that produces "hard-copy", such as a line-

printer, to a peripheral storage device, such

as a floppy disk unit, or the output may
constitute process control signals that direct

the operations of another system, such as an

automated assembly line. Like input ports,

output ports are addressable. The input and

output ports together permit the processor to

communicate with the outside world.

The CPU unifies the system. It controls the

functions performed by the other compon-
ents. The CPU must be able to fetch

instructions from memory, decode their

binary contents and execute them. It must

also be able to reference memory and I/O

ports as necessary in the execution of

instructions. In addition, the CPU should be

able to recognize and respond to certain

external control signals, such as INTER-
RUPT requests. The functional units within a

CPU that enable it to perform these functions

are described below.

1.1.2 The Architecture of a CPU

A typical central processor unit (CPU)

consists of the following interconnected

functional units:

Registers

Arithmetic/Logic Unit (ALU)

Control Circuitry

Registers are temporary storage units within

the CPU. Some registers, such as the

program counter and instruction register,

have dedicated uses. Other registers, such as

the accumulator, are for more general

purpose use.

Accumulator

The accumulator usually stores one of the

operands to be manipulated by the ALU. A
typical instruction might direct the ALU to

add the contents of some other register to the

contents of the accumulator and store the

result in the accumulator itself. In general,

the accumulator is both a source (operand)

and a destination (result) register. Often a

CPU will include a number of additional

general purpose registers that can be used to

store operands or intermediate data. The
availability of general purpose registers
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eliminates the need to "shuffle" intermediate

results back and forth between memory and
the accumulator, thus improving processing

speed and efficiency.

Program Counter (Jumps, Subroutines and
the Stack):

The instructions that make up a program are

stored in the system's memory. The central

processor references the contents of mem-
ory in order to determine what action is

appropriate. This means that the processor
must know which location contains the next

instruction.

Each of the locations in memory is

numbered, to distinguish it from all other

locations in memory. The number which
identifies a memory location is called its

Address. The processor maintains a counter
which contains the address of the next

program instruction. This register is called

the Program Counter. The processor up-

dates the program counter by adding "1" to

the counter each time it fetches an
instruction, so that the program counter is

always current (pointing to the next instruc-

tion).

The programmer therefore stores his instruc-

tions in numerically adjacent addresses, so
that the lower addresses contain the first

instructions to be executed and the higher

addresses contain later instructions. The
only time the programmer may violate this

sequential rule is when an instruction in one
section of memory is a Jump instruction to

another section of memory.

A jump instruction contains the address of

the instruction which is to follow it. The next

instruction may be stored in any memory
location, as long as the programmed jump
specifies the correct address. During the

execution of a jump instruction, the proces-

sor replaces the contents of its program
counter with the address embodied in the

Jump. Thus, the logical continuity of the

program is maintained.

A special kind of program jump occurs when
the stored program "Calls" a subroutine. In

this kind of jump, the processor is required to

"remember" the contents of the program
counter at the time that the jump occurs. This

enables the processor to resume execution

of the main program when it is finished with

the last instruction of the subroutine.

A Subroutine is a program within a program.

Usually it is a general-purpose set of

instructions that must be executed repeat-

edly in the course of a main program.

Routines which calculate the square, the

sine, or the logarithm of a program variable

are good examples of functions often written

as subroutines. Other examples might be
programs designed for inputting data to a

particular peripheral device.

The processor has a special way of handling

subroutines, in order to insure an orderly

return to the main program. When the

processor receives a Call instruction, it

increments the Program Counter and stores

the counter's contents in a reserved memory
area known as the Stack. The Stack thus

saves the address of the instruction to be

executed after the subroutine is completed.

Then the processor loads the address

specified in the Call into its Program Counter.

The next instruction fetched will therefore be

the first step of the subroutine.

The last instruction in any subroutine is a

Return. Such an instruction need specify no

address. When the processor fetches a

Return instruction, it simply replaces the

current contents of the Program Counter

with the address on the top of the stack. This

causes the processor to resume execution of

the calling program at the point immediately

following the original Call instruction.

Subroutines are often Nested; that is, one
subroutine will sometimes call a second
subroutine. The second may call a third, and
so on. This is perfectly acceptable, as long as

the processor has enough capacity to store

the necessary return addresses, and the

logical provision for doing so. In other words,

the maximum depth of nesting is determined

by the depth of the stack itself. If the stack has

space for storing three return addresses, then
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three levels of subroutines may be ac-

commodated.

Instruction Register and Decoder

Every computer has a Word Length that is

characteristic of that machine. A computer's

word length is usually determined by the size

of its internal storage elements and intercon-

necting paths (referred to as Buses); for

example, a computer whose registers and

buses can store and transfer 8-bits of

information has a characteristic word length

of 8-bits and is referred to as an 8-bit parallel

processor. An 8-bit parallel processor gener-

ally finds it most efficient to deal with 8-bit

binary fields, and the memory associated

with such a processor is therefore organized

to store 8-bits in each addressable memory
location. Data and instructions are stored in

memory as 8-bit binary numbers, or as

numbers that are integral multiples of 8-bits:

16-bits, 24-bits, and so on. This characteristic

8-bit field is often referred to as a Byte. If

however, efficient handling of 4 or even 1-bit

data is necessary special processor instruc-

tions can provide this capability.

Each operation that the processor can
perform is identified by a unique byte of data

known as an Instruction Code or Operation

Code. An 8-bit word used as an instruction

code can distinguish between 256 alternative

actions, more than adequate for most
processors.

The processor fetches an instruction in two
distinct operations. First, the processor

transmits the address in its Program Counter
to the program memory. Then the program
memory returns the addressed byte to the

processor. The CPU stores this instruction

byte in a register known as the Instruction

Register, and uses it to direct activities during

the remainder of the instruction execution.

The 8-bits stored in the instruction register

can be decoded and used to selectively

activate one of a number of output lines. Each
line represents a set of activities associated

with execution of a particular instruction

code. The enabled line can be combined with

selected timing pulses, to develop electrical

signals that can then be used to initiate

specific actions. This translation of code into

action is performed by the Instruction

Decoder and by the associated control

circuitry.

An 8-bit instruction code is often sufficient to

specify a particular processing action. There

are times, however, when execution of the

instruction requires more information than 8-

bits can convey.

One example of this is when the instruction

references a memory location. The basic

instruction code identifies the operation to be

performed, but cannot specify the object

address as well. In a case like this, a two byte

instruction must be used. Successive instruc-

tion bytes are stored in sequentially adjacent

memory locations, and the processor per-

forms two fetches in succession to obtain the

full instruction. The first byte retrieved from

memory is placed in the processor's instruc-

tion register, and subsequent byte is placed

in temporary storage; the processor then

proceeds with the execution phase.

Address Register(s)

A CPU may use a register to hold the address

of a memory location that is to be accessed

for data. If the address register is Program-
mable, (i.e., if there are instructions that allow

the programmer to alter the contents of the

register) the program can "build" an address

in the address register prior to executing a

Memory Reference instruction (i.e., an

instruction that reads data from memory,
writes data to memory or operates on data

stored in memory).

Arithmetic/Logic Unit (ALU)

All processors contain an arithmetic/logic

unit, which is often referred to simply as the

ALU. The ALU, as its name implies, is that

portion of the CPU hardware which performs

the arithmetic and logical operations on the

binary data.

The ALU must contain an Adder which is

capable of combining the contents of two
registers in accordance with the logic of

binary arithmetic. This provision permits the
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processor to perform arithmetic manipu-
lations on the data it obtains from memory
and from its other inputs.

Using only the basic adder a capable
programmer can write routines which will

subtract, multiply and divide, giving the

machine complete arithmetic capabilities.

In practice, however, most ALUs provide

other built-in functions, including boolean
logic operations, and shift capabilities.

The ALU contains Flag Bits which specify

certain conditions that arise in the course of

arithmetic and logical manipulations. It is

possible to program jumps which are

conditionally dependent on the status of one
or more flags. Thus, for example, the

program may be designed to jump to a

special routine if the carry bit is set following

an addition instruction.

Control Circuitry

The control circuitry is the primary functional

unit within a CPU. Using clock inputs, the

control circuitry maintains the proper se-

quence of events required for any processing

task. After an instruction is fetched and
decoded, the control circuitry issues the

appropriate signals (to units both internal

and external to the CPU) for initiating the

proper processing action. Often the control

circuitry will be capable of responding to

external signals, such as an interrupt. An
Interrupt request will cause the control

circuitry to temporarily interrupt main pro-

gram execution, jump to a special routine to

service the interrupting device, then auto-

matically return to the main program.

1.1.3 Computer Operations

There are certain operations that are basic to

almost any computer. A sound understand-

ing of these basic operations is a necessary

prerequisite to examining the specific

operations of a particular computer.

Timing

The activities of the central processor are

cyclical. The processor fetches an instruc-

tion, performs the operations required,

fetches the next instruction, and so on. This

orderly sequence of events requires precise

timing, and the CPU therefore requires a free

running oscillator clock which furnishes the

reference for all processor actions. The
combined fetch and execution of a single

instruction is referred to as an Instruction

Cycle. The portion of a cycle identified with a

clearly defined activity is called a State. And
the interval between pulses of the timing

oscillator is referred to as a Clock Period. As
a general rule, one or more clock periods are

necessary for the completion of a state, and
there are several states in a cycle.

Instruction Fetch

The first state(s) of any instruction cycle will

be dedicated to fetching the next instruction.

The CPU issues a read signal and the

contents of the program counter are sent to

program memory, which responds by
returning the next instruction word. The first

byte of the instruction is placed in the

instruction register. If the instruction con-
sists of more than one byte, additional states

are required to fetch the second byte of the

instruction. When the entire instruction is

present in the CPU, the program counter is

incremented (in preparation for the next

instruction fetch) and the instruction is

decoded. The operation specified in the

instruction will be executed in the remaining

states of the instruction cycle. The instruc-

tion may call for a data memory read or write,

an input or output and/or an internal CPU
operation, such as a register-to-register

transfer or an add operation.

Memory Read

An instruction fetch is merely a special

program memory read operation that brings

the instruction to the CPU's instruction

register. The instruction fetched may then

call for data to be read from data memory
into the CPU. The CPU again issues a read

signal and sends the proper memory
address; memory responds by returning the

requested word. The data received is placed

in the accumulator or one of the other

general purpose registers (not the instruc-

tion register).
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Memory Write

A memory write operation is similar to a read

except for the direction of data flow. The
CPU issues a write signal, sends the proper

memory address, then sends the data word
to be written into the addressed data memory
location.

Input/Output

Input and Output operations are similar to

memory read and write operations with the

exception that an I/O port is addressed
instead of a memory location. The CPU
issues the appropriate input or output

control signal, sends the proper address and
either receives the data being input or sends
the data to be output.

Data can be input/output in either parallel or

serial form. All data within a digital computer
is represented in binary coded form. A binary

data word consists of a group of bits; each bit

is either a one or a zero. Parallel I/O consists

of transferring all bits in the word at the same
time, one bit per line. Serial I/O consists of

transferring one bit at a time on a single line.

Naturally serial I/O is much slower, but it

requires considerable less hardware than

does parallel I/O.

Interrupts

Interrupt provisions are included on many
central processors, as a means of improving

the processor's efficiency. Consider the case

of a computer that is processing a large

volume of data, portions of which are to be

output to a printer. The CPU can output a

byte of data within a single machine cycle but

it may take the printer the equivalent of many
machine cycles to actually print the char-

acter specified by the data byte. The CPU
could then remain idle waiting until the

printer can accept the next data byte. If an

interrupt capability is implemented on the

computer, the CPU can output a data byte

then return to data processing. When the

printer is ready to accept the next data byte, it

can request an interrupt. When the CPU
acknowledges the interrupt, it suspends
main program execution and automatically

branches to a routine that will output the next

data byte. After the byte is output, the CPU
continues with main program execution.

Note that this is, in principle, quite similarto a

subroutine call, except that the jump is

initiated externally rather than by the

program.

More complex interrupt structures are

possible, in which several interrupting

devices share the same processor but have
different priority levels. Interruptive proces-

sing is an important feature that enables

maximum utilization of a processor's capa-
city for high system throughput.
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1.2 Programming a Microcomputer

1.2.1 Machine Language Programming

A microprocessor is instructed what to do by

programming it with a series of instructions

stored in Program Memory. The processor

fetches these instructions one at a time and
performs the operation indicated. These
instructions must be stored in a form that the

processor can understand. This format is

referred to as Machine Language. For most
microprocessors this instruction is a group
of 8 binary bits (1's and O's) called a word
(also called a byte if the word is 8-bits). Some
instructions require more than one location

in Program Memory. To execute a multi-byte

instruction, the processor must execute

multiple fetches of program memory before

performing the instruction. Because multi-

byte instructions take more Program Mem-
ory and take longer to execute than single

byte instructions their use is usually kept to a

minimum.

A processor may be programmed by
writing a sequence of instructions in the

binary code (ones and zeros) which the

machine can interpret directly. This is

machine language programming and it is

very useful where the program to be written

is small and the application requires that

the designer have an intimate knowledge of

the microprocessor. Machine language pro-

gramming allows the user, because of his

detailed knowledge, to use many program-

ming "tricks" to produce the most compact
and efficient code possible.

The following is an example of a machine
language program: This program reads 5

sequential 8-bit words in from an I/O port

and stores them sequentially in data

memory. The program starts by initializing

two registers, one which determines where
the data is to be stored and another which

counts the number of words to be stored.

When finished the processor continues on
to the next instructions.

Step Machine
Number Code Explanation

1011 1000 Load decimal 32 in

1 0010 0000 register R0

2 1011 1010 Load decimal 5 in

3 0000 0101 register R2

4 0000 1001 Load Port 1 to accu-

mulator

5 1010 0000 Transfer contents of

accumulator to reg-

ister addressed by

register

6 0001 1000 Increment R0 by 1

7 1110 1010 Decrement register 2

8 0000 0100 by 1, if result is zero

continue to step 9, if

not go to step 4

9

10

As you can see, writing machine instruc-

tions in ones and zeros can be very

laborious and subject to error. It is almost

always more efficient to represent each
8-bits of machine language code in a

shorthand format called Hexadecimal.

The term hexadecimal results from the

character set used in hexadecimal notation.

Hexadecimal is merely an extension of the

normal decimal numbers by the addition of

the first six letters of the alphabet. This

gives a total of 1 6 different characters. Each

hexadecimal "digit" can represent 16

values or the equivalent of four binary bits;

therefore, each 8-bit machine language

word can be represented by 2 hexadecimal

(hex for short) digits. The correspondence

among the decimal, binary, and hex

number systems is given below:
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Decimal Hex Binary

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0000
0001

0010
0011

0100
0101

0110
0111

1000

1001

1010

1011

1100
1101

1110
1111

Our machine language program then

becomes:

Step Hex Code

B8
1 20

2 BA
3 05

4 09

5 F0

6 18

7 EA
8 04

This coding is now quite efficient to write

and read and coding errors are much easier

to detect. Hex coding is usually very

efficient for small programs (a few hundred
lines of code). However, it does have two
major limitations in larger programs:

1. Hex coding is not self-documenting, that

is, the code itself does not give any indication

in human terms of the operation to be
performed. The user must learn each code or

constantly use a Program Reference Card to

convert.

2. Hex coding is absolute, that is, the

program will work only when stored in a
specific location in program memory. This is

because the branch or jump instructions in

the program reference specific addresses
elsewhere in the program. In the example
above steps 7 and 8 reference step (or

address) 4. If the program were to be moved,

step 8 would have to be changed to refer to

the new address of step 4.

1.2.2 Assembly Language Programming

Assembly language overcomes the dis-

advantages of machine language by allowing

the use of alphanumeric symbols to repre-

sent machine operation codes, branch

addresses, and other operands. For example,

the instruction to increment the contents of

register becomes INC R0 instead of the hex

18, giving the user at a glance the meaning of

the instruction. Our example program can be
written in assembly language as follows:

Step No. Hex Code Assembly Code

B8
1 20
2 BA
3 05

4 09
5 AO
6 18

7 EA
8 04

MOV R0, #32

MOV R2, #05

INP: IN A, P1

MOV @R0, A
INC R0
DJNZ R2, INP

The first statement can be verbalized as
follows: Move to Register the decimal
number 32. Move instructions are always
structured such that the destination is first

and the source is second. The pound sign "#"

indicates that the source is "immediate" data
(data contained in the following byte of

program memory). In this case data was
specified as a decimal 32, however, this could
have been written as a hex 20H or a binary

0010 0000B since the assembler will accept
either form. Notice also that in this instance

two lines of hex code are represented by one
line of assembly code.

The input instruction IN A, P1 has the same
form as a MOV instruction indicating that the

contents of Port 1 are to be transferred to the

accumulator. In front of the input instruction

is an address label which is delineated by a

colon. This labe| allows the program to be
written in a form independent of its final

location in program memory since the

branch instruction at the end of the program
can refer to this label rather than a specific

address. This is a very important advantage
of assembly language programs since it
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allows instructions to be added or deleted

throughout the program during debugging
without requiring that any jump addresses be
changed.

The next instruction MOV @R0, A can be
verbalized as, Move to the data memory
location addressed by RO, the contents of the

accumulator. The @ sign indicates an
indirect operation whereby the contents of

either register or register 1 acts as a pointer

to the data memory location to be operated

on.

The last instruction is a Decrement and Jump
if Not Zero instruction which acts in

combination with the specified register as a

loop counter. In this case register 2 is loaded

with 5 initially and then decremented by one
each time the loop is executed. If the result of

the decrement is not zero, the program jumps
to INP and executes another input operation.

The fifth time thru the loop the result is zero

and execution falls through to whatever

routine follows the DJNZ instruction.

In addition to the normal features provided

by assemblers, more advanced assemblers

such as that for the MCS-48 offer such things

as evaluation of expressions at assembly

time, conditional assembly, and macro
capability.

1. Evaluation of Expressions - Certain

assemblers allow the use of arithmetic

expressions and multiple symbols in the

operand portion of instructions. For instance

the MCS-48 assembler accepts instructions

such as:

ADD A, # ALFA*BETA/2

ALFA and BETA are two previously defined

symbols. At assembly time the expression

ALFA*BETA/2 will be evaluated and the

resulting number (which is the average of

ALFA and BETA) will be treated as

immediate data and designated as the

second byte of the ADD immediate instruc-

tion. This expression has allowed the

immediate data of this instruction to be

defined in a single statement and eliminated

the need for a third symbol equal to

ALFA*BETA/2.

2. Conditional Assembly - Conditional as-

sembly allows the programmer to select only

certain portions of his assembly language

(source) program for conversion to machine
(object) code at assembly time. This allows

for instance, the inclusion of various "debug"
routines to be included in the program during

development. Using conditional assembly,

they can then be left out when the final

assembly is done.

Conditional assembly also allows several

versions of one basic program to be

generated by selecting various portions of a

larger program at assembly time.

3. Macro's - A macro instruction is essen-

tially a symbol which is recognized by the

assembler to represent a specific sequence
of several standard instructions. A macro is a

shorthand way of generating the same
sequence of instructions at several locations

in a program without having to rewrite the

sequence each time it is used. For example, a

typical macro instruction might be one which
performs a subtract operation. The 8048 does
not have a subtract instruction as such but

the operation can be performed easily with

three instructions:

CPL A
ADD A, REG
CPL A

This routine subtracts a register from the

accumulator and leaves the result in the

accumulator. This sequence can be defined

as a macro with the name SUB and an

operand which can be RO to R7. To subtract

R7 from the accumulator then, the program-

mer merely has to write:

SUB R7

and the assembler will automatically insert

the three instructions above with R7 substi-

tuted for REG.

Once the assembly language source code is

written it can be converted to machine
executable object code by passing it through

an assembler program. The MCS-48 assem-

bler is a program which runs on the 8080-

based Intellec MDS system explained in the

next section.
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1.3 Developing An MCS-48™ Based
Product

Although the development of a microcom-
puter based product may differ in detail from

the development cycle of a product based on
TTL logic or relays, the basic procedures are

the same — only the tools are different.

1.3.1 Education

The first step of course is to become familiar

with what the microcomputer is and what it

can do. The first step in this education is this

document, the MCS-48™ User's Manual. The
user's manual gives a detailed description of

the MCS-48 family of components and how
they may be used in various system configu-

rations. Also included is a description of the

8048 instruction set and examples of

how the instructions may be used. For a more
complete discussion of the instruction set

and programming techniques the MCS-48
Assembly Language Manual is also available.

If time is critical in getting started in

microcomputers, individuals can attend one
of many Intel sponsored 5-day training

courses which give basic instruction in the

MCS-48 as well as hands-on experience with

MCS-48 development systems. These
courses are a convenient means of getting

started with the MCS-48, particularly for

those not familiar with microprocessors.

After general familiarization is complete,

either through self-instruction or a training

course, the next step is to gain a better "feel"

for what a microprocessor can do in your
own applications by writing several exercise

programs which perform basic functions.

You may require such things as I/O routines,

delays, counting functions, look-up tables,

arithmetic functions, and logical operations

which can serve as a set of building blocks for

future applications programs. Several basic

programming examples are included in the

MCS-48 Assembly Language Manual while

the Intel User's Library is a source of more
specific applications routines.

1.3.2 Function Definition

After a thorough understanding of the

microprocessor is achieved, the functions to

be implemented can be defined using a

flowchart method to describe each basic

system function and the sequence in which

the processor executes these functions.

Once the system is flowcharted, critical time-

related functions can be identified and

sample programs written to verify that

performance requirements can be met.

1.3.3 Hardware Configuration

The next step involves the definition of the

microcomputer hardware required to imple-

ment the function. Input/Output capability

must be defined in terms of number of inputs,

number of outputs, bi-directional lines,

latching or non-latching I/O, output drive

capability, and input impedance. The num-
ber of words of RAM storage required for

intermediate results and data storage must
then be determined. The type of system will

dictate whether battery backup is needed to

maintain data RAM during power failure.

Probably the most difficult parameter to

define initially is the amount of program
memory needed to store the applications

program. Although previously written exer-

cise programs will make this estimate more
accurate, a generous amount of "breathing

room" should be allowed in program memory
until coding is complete and the exact

requirements are known. Many special

functions such as serial communications
(TTY) or keyboard/display interfaces may be
implemented in software (programs); how-
ever, in cases where these functions place a

severe load on the processor in terms of time

or program memory, special peripheral

interface circuits such as the 8251, Universal

Synchronous or Asychronous Receiver/

Transmitter (USART) or 8279 Keyboard/
Display interface may be used.

1.3.4 Code Generation

The writing of the final program code for the

application can begin once the system
function and hardware have been defined

and can be generated in parallel with the

detailed hardware design (PC card layout,

power supply, etc.)
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At this point, there are two paths available to

the designer/programmer and two types of

design development aids provided by Intel to

simplify the procedures. One system, called

PROMPT 48, is a low cost development
system which supports machine language

programming and the second is the Intellec

Microcomputer Development System which
supports both machine and assembly langu-

ages. For those of you unfamiliar with the

advantages and disadvantages of machine
and assembly languages see Section 1.2.

1.3.5 PROMPT 48

PROMPT 48 is a low cost design aid

consisting of: an 8748 processor to execute

programs, control circuitry to provide debug
functions such as single step and break

points, a monitor program stored in ROM,
an EPROM programmer, and a hexa-
decimal keyboard and display. There are two
processor sockets on the front of PROMPT
48, one for programming the 8748 and one in

which a programmed 8748 executes its

program while under control of the monitor

routine.

Use of PROMPT 48 involves the following

steps:

1. Loading an application program into the

PROMPT RAM memory via Hex keyboard or

external terminal (TTY and RS232 interface

provided).

2. Inserting an erased 8748 in the program-
ming socket and transferring the application

program to its internal EPROM.

3. Transferring programmed 8748 to execu-

tion socket where program is executed and
debugged under control of the monitor.

The monitor routine allows the user to single

step this processor, examine or modify all

internal registers and data memory; or to run

at full speed and stop the processor at

predetermined breakpoints. PROMPT 48

50 I/O PORTS CONNECTOR 2

prompt 48

PROGRAMMING
SOCKET

EXECUTION
SOCKET

ImonI

|
INT

]

IusrI

l""n

i iny.

COMMAND/FUNCTION GROUP

l c a ~~i u o (_ i-
i /_/ / / /_/ / /

COMMANDS HEX DATA/FUNCTIONS

EXAMINE/
MODIFY
REGISTER

GO WITH
BREAK
POINTS

DO
on
on
OH

DISPLAY/
MODIFY
MEMORY HHHE

HGEE
51DEE
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also provides 1K of writeable program
memory which may be used to debug user

programs. A multiple single step feature

is also provided in which the processor steps

through its program dumping all internal

contents to external RAM where it may be
later displayed or typed out on an external

terminal. Paper tape input and output in

Intel's hexadecimal format is also available

through the TTY.

1.3.6 Intellec Development System

The Intellec Microcomputer Development
System is a modular development system
which can be expanded as necessary to meet
the requirements of your design cycle. The
system consists of the processor unit which
is based on Intel's 8080A microprocessor,

and several optional units such as the UPP
Universal PROM Programmer, the PTR High
Speed Paper tape reader, the DOS Disk

Operating System, and the Intellec CRT
terminal.

To support the development of MCS-48
systems a macro-assembler ASM 48 is

available for the Intellec System as well as a

personality module for the UPP which will

program the EPROM of the 8748. Also
available is in-circuit emulation capability

with ICE-48 which will allow emulation and
debug of user's 8048 application programs
on the 8080A-based Intellec Development
System.

The Intellec system is a flexible high

performance development system which can
support Intel's various microcomputer fami-

lies with various optional modules. The

macro-assembler and text editor programs
provided allow the designer to write and edit

his programs in assembly language and then

generate the machine language output

necessary to program the 8748 EPROM. The
availability of a high speed CRT and a

diskette operating system eliminates the

laborious input and output of paper tape files

normally required during the assembly

process. Finally, ICE 48 allows the user to

extend the resources of his entire Intellec

system into the 8048 socket of his own
system and use all its emulation, debug, and
display facilities directly.

1.3.7 Production

Once a working program has been achieved,

a preproduction phase usually follows where
several prototype systems are evaluated in

simulated situations or in actual operation in

the field. During this period the use of the

8748 EPROM allows quick alteration of the

application program when problems or

suggested changes arise. Depending on the

magnitude and number of future changes
anticipated, the first production units may
also be shipped with EPROM processor.

However, to achieve the maximum cost

reduction potential in high volume appli-

cations, a conversion to the 8048 ROM is

usually necessary. This is an easy transition

since the 8048 and 8748 are pin and machine
code compatible equivalents. The user

merely develops a hexadecimal tape of his

8748 program memory contents using his

Intellec System or PROMPT 48 development
aid and sends it to Intel along with his 8048
order. As the 8048 ROM's arrive they can
immediately replace the 8748 EPROMs.
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THE SINGLE COMPONENT MCS-48™ SYSTEM

2.0 Summary

Sections 2.1 through 2.4 describe in detail

the functional characteristics of the 8748
EPROM, 8048/8049 ROM and 8035/8039
single component microcomputers. Unless
otherwise noted, details within these sec-
tions apply to all versions. Sections 2.5

through 2.11 describe the operation of the
8021, while Sections 2.12 through 2.21 de-
scribe the 8022. This chapter is limited to

those functions useful in single-chip imple-
mentations of the MCS-48. Chapter 3 dis-

cusses functions which allow expansion of

program memory, data memory, and input-

output capability.

2.1 Architecture

The following sections break the 8048 into

functional blocks and describe each in detail.

2.1.1 Arithmetic Section

The arithmetic section of the processor con-
tains the basic data manipulation functions of

the 8048 and can be divided into the following

blocks:
Arithmetic Logic Unit (ALU)

Accumulator

Carry Flag

Instruction Decoder

In a typical operation data stored in the
accumulator is combined in the ALU with data
from another source on the internal bus (such
as a register or I/O port) and the result is

stored in the accumulator or another register.

The following is a more detailed description of

the function of each block:

Instruction Decoder

The operation code (op code) portion of each
program instruction is stored in the Instruction

Decoder and converted to outputs which
control the function of each of the blocks of

the Arithmetic Section. These lines control
the source of data and the destination register

as well as the function performed in the ALU.

Arithmetic Logic Unit

The ALU accepts 8-bit data words from one
or two sources and generates an 8-bit result

under control of the Instruction Decoder.
The ALU can perform the following functions:

Add With or Without Carry
AND, OR, Exclusive OR
Increment/Decrement
Bit Complement
Rotate Left, Right

Swap Nibbles

BCD Decimal Adjust

If the operation performed by the ALU results

in a value represented by more than 8 bits

(overflow of most significant bit) a Carry Flag

is set in the Program Status Word.

Accumulator

The accumulator is the single most impor-
tant data register in the processor, being
one of the sources of input to the ALU and
often the destination of the result of opera-
tions performed in the ALU. Data to and
from I/O ports and memory also normally
passes through the accumulator.

2.1.2 Program Memory

Resident program memory consists of 1024
or 2048 words eight bits wide which are
addressed by the program counter. In the
8748 this memory is user programmable
and erasable EPROM; in the 8048/8049 the
memory is ROM which is mask program-
mable at the factory. The 8035/8039 has no
internal program memory and is used with
external devices. Program code is com-
pletely interchangeable among the various
versions. See Section 2.3 for EPROM pro-
gramming techniques.
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There are three locations in Program Memory
of special importance:

LOCATION
Activating the Reset line of the processor
causes the first instruction to be fetched

from location 0.

LOCATION 3

Activating the Interrupt input line of the

processor (if interrupt is enabled) causes a

jump to subroutine at location 3.

LOCATION 7

A timer/counter interrupt resulting from
timer/counter overflow (if enabled) causes
a jump to subroutine at location 7.

Therefore, the first instruction to be executed
after initialization is stored in location 0, the

first word of an external interrupt service

subroutine is stored in location 3, and the first

word of a timer/counter service routine is

stored in location 7. Program memory can be
used to store constants as well as program
instructions. Instructions such as MOVP and
MOVP3 allow easy access to data "lookup"

tables.

Data Memory
Resident data memory is organized as 64 or

128 words 8-bits wide. All locations are
indirectly addressable through either of

two RAM Pointer Registers which reside at

address and 1 of the register array. In

addition, the first 8 locations (0-7) of the
array are designated as working registers

and are directly addressable by several

instructions. Since these registers are more
easily addressed, they are usually used to

store frequently accessed intermediate
results. The DJNZ instruction makes very
efficient use of the working registers as pro-

gram loop counters by allowing the
programmer to decrement and test the
register in a single instruction.

By executing a Register Bank Switch instruc-

tion (SEL RB) RAM locations 24-31 are
designated as the working registers in place
of locations 0-7 and are then directly address-
able. This second bank of working registers

may be used as an extension of the first bank
or reserved for use during interrupt service

I
SEL MB1

| SELMBO

LOCATION 7 - TIMER
INTERRUPT VECTORS
PROGRAM HERE

LOCATION 3 - EXTERNAL
INTERRUPT VECTORS
PROGRAM HERE

RESET VECTORS
PROGRAM HERE

MCS-48™ PROGRAM MEMORY MAP

USER RAM

32x8

(96 x 8)

BANK 1

WORKING
REGISTERS

_R_T

*R0'
'

8 LEVEL STACK
OR

USER RAM

16x8

BANKO
WORKING
REGISTERS

DIRECTLY
ADDRESSABLE
WHEN BANK 1

IS SELECTED

ADDRESSED
INDIRECTLY
THROUGH
R1 OR R0

(RO'OR RV)

DIRECTLY
ADDRESSABLE
WHEN BANK
IS SELECTED

IN ADDITION R0 OR R1 (RO'OR RV) MAY
BE USED TO ADDRESS 256 WORDS OF
EXTERNAL RAM.

( ) 8049 only

DATA MEMORY MAP
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subroutines allowing the registers of Bank

used in the main program to be instantly

"saved" by a Bank Switch. Note that if this

second bank is not used, locations 24-31 are

still addressable as general purpose RAM.
Since the two RAM pointer Registers RO and

R1 are a part of the working register array,

bank switching effectively creates two more

pointer registers (RO' and R1') which can be

used with RO and R1 to easily access up to

four separate working areas in Ram at one

time. RAM locations (8-23) also serve a dual

role in that they contain the program counter

stack as explained in Sec. 2.1.6. These loca-

tions are addressed by the Stack Pointer

during subroutine calls as well as by RAM
Pointer Registers RO and R1. If the level of

subroutine nesting is less than 8, all stack

registers are not required and can be used as

general purpose RAM locations. Each level of

subroutine nesting not used provides the user

with two additional RAM locations.

2.1.4 Input/Output

The 8048 has 27 lines which can be used for

input or output functions. These lines are

grouped as 3 ports of 8 lines each which

serve as either inputs, outputs or bidirectional

ports and 3 "test" inputs which can alter

program sequences when tested by conditional

jump instructions.

Ports 1 and 2

Ports 1 and 2 are each 8 bits wide and have

identical characteristics. Data written to these

ports is statically latched and remains un-

changed until rewritten. As input ports these

lines are non latching, i.e., inputs must be

present until read by an input instruction.

Inputs are fully TTL compatible and outputs

will drive one standard TTL load.

The lines of ports 1 and 2 are called quasi-

bidirectional because of a special output

circuit structure which allows each line to

serve as an input, an output, or both even

though outputs are statically latched. The
figure shows the circuit configuration in detail.

Each line is continuously pulled up to +5v
through a resistive device of relatively high

impedance (~50KO). This pullup is sufficient

to provide the source current for a TTL high

level yet can be pulled low by a standard TTL
gate thus allowing the same pin to be used for

both input and output. To provide fast switching

times in a "0" to "1" transition a relatively low

ORL, ANL

+5V

*50K

WRITE
PULSE

I/O

PIN
PORT1
AND 2

QUASI Bl DIRECTIONAL" PORT STRUCTURE
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impedance device (-5K12) is switched in

momentarily (~ 500ns) whenever a "1" is

written to the line. When a "0" is written to the

line a low impedance (~300O) device over-

comes the light pullup and provides TTL
current sinking capability. Since the pulldown

transistor is a low impedance device a "1"

must first be written to any line which is to be
used as an input. Reset initializes all lines to

the high impedance "1" state. This structure

allows input and output on the same pin and
also allows a mix of input lines and output

lines on the same port. The quasi-bidirectional

port in combination with the ANL and ORL
logical instructions provide an efficient means
for handling single line inputs and outputs

within an 8-bit processor. See also Section
3.7.

Bus

Bus is also an 8-bit port which is a true bi-

directional port with associated input and
output strobes. If the bidirectional feature is

not needed, Bus can serve as either a statically

latched output port or non-latching input port.

Input and output lines on this port cannot be
mixed however.

As a static port, data is written and latched

using the OUTL instruction and inputted using

the INS instruction. The INS and OUTL instruc-

tions generate pulses on the corresponding
RD and WR output strobe lines; however, in

the static port mode they are generally not

used. As a bidirectional port the MOVX instruc-

tions are used to read and write the port. A
write to the port generates a pulse on the WR
output line and output data is valid at the

trailing edge of WR. A read of the port

generates a pulse on the RD output line and
input data must be valid at the trailing edge of

RD. When not being written or read, the BUS
lines are in a high impedance state. See also
Sections 3.6 and 3.7.

2.1.5 Test and INT Inputs

Three pins serve as inputs and are testable

with the conditional jump instruction. These
are TO, T1, and INT. These pins allow inputs

to cause program branches without the neces-

sity to load an input port into the accumulator.

The TO, T1, and INT pins have other possible

functions as well. See the pin description in

Sec. 2.2.

2.1.6 Program Counter and Stack

The Program Counter is an independent
counter while theProgram Counter Stack is

implemented using pairs of registers in the

Data Memory Array. Only 10 (or 11) bits of

the Program Counter are used to address
the 1024 (2048) words of on-board program
memory while the most significant bits are

used for external Program Memory fetches.

The Program Counter is initialized to zero

by activating the Reset line.

An interrupt or CALL to a subroutine causes
the contents of the program counter to be
stored in one of the 8 register pairs of the

Program Counter Stack. The pair to be used
is determined by a 3-bit Stack Pointer which

is part of the Program Status Word (PSW).
Data RAM locations 8 thru 23 are available as
stack registers and are used to store the

Program Counter and 4 bits of PSW as
shown in the figure. The Stack Pointer when
initialized to 000 points to RAM locations

8 and 9. The first subroutine jump or interrupt

results in the program counter contents being

transferred to locations 8 and 9 of the RAM
array. The stack pointer is then incremented

by one to point to locations 10 and 11 in

anticipation of another CALL. Nesting of sub-

routines within subroutines can continue up to

8 times without overflowing the stack. If

overflow does occur the deepest address
stored (location 8 and 9) will be overwritten

and lost since the stack pointer overflows

from 111 to 000. It also underflows from 000
to 111.

The end of a subroutine, which is signalled by
a return instruction (RET or RETR), causes
the Stack Pointer to be decremented and the

contents of the resulting register pair to be
transferred to the Program Counter.

2-5



SINGLE COMPONENT SYSTEM

A
11

A
10

A9 A
8

A
7

A
6

A
5 A

4
A
3

A2
A

1
A

Conventional Program Counter
• Counts 000H to 7FFH
• Overflows 7FFH to 000H

PROGRAM COUNTER

SAVED IN STACK STACK POINTER
'

.

CY AC FO BS 1 s 2 Si So

LSB

CY CARRY
AC AUXILLARY CARRY
FO FLAG
BS REGISTER BANK SELECT

PROGRAM STATUS WORD (PSW)

110

101

100

011

010

001

PSW
J

PC8_n
000

PC/W | PCr>3

R23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

R8

MSB LSB

PROGRAM COUNTER STACK

2.1.7 Program Status Word

An 8-bit status word which can be loaded to

and from the accumulator exists called the

Program Status Word (PSW). The accom-

panying figure shows the information available

in the word. The Program Status Word is

actually a collection of flip-flops throughout

the machine which can be read or written as a

whole. The ability to write to PSW allows for

easy restoration of machine status after a

power down sequence.

The upper four bits of PSW are stored in the

Program Counter Stack with every call to

subroutine or interrupt vector and are optionally

restored upon return with the RETR instruction.

The RET return instruction does not update

PSW.

The PSW bit definitions are as follows:

Bits 0-2: Stack Pointer bits (S , S^ S 2 )

Bit 3: Not used ("1" level when
read)

Working Register Bank Switch

Bit (BS)

= Bank
1 = Bank 1

Flag bit (F0) user controlled

flag which can be comple-

mented or cleared, and tested

with the conditional jump in-

struction JF0.

Auxiliary Carry (AC) carry bit

generated by an ADD instruc-

tion and used by the decimal

adjust instruction DA A.

Carry (CY) carry flag which

indicates that the previous

operation has resulted in over-

flow of the accumulator.

2.1.8 Conditional Branch Logic

The conditional branch logic within the pro-

cessor enables several conditions internal

and external to the processor to be tested by

the users program. By using the conditional

jump instruction the following conditions can

effect a change in the sequence of the

program execution.

Bit 4:

Bit 5:

Bit 6:

Bit 7:
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Device Testable

Jump Conditions

(Jump On)

not all

Accumulator All zeros zeros

Accumulator Bit —
1

Carry Flag

User Flags (FO, F1)

Timer Overflow Flag

Test Inputs (TO, T1)

Interrupt Input (INT)

1

1

1

1

2.1.9 Interrupt

An interrupt sequence is initiated by applying

a low "0" level input to the INT pin. Interrupt is

level triggered and active low to allow "WIRE
ORing" of several interrupt sources at the

input pin. The Interrupt line is sampled every

machine cycle during ALE and when detected

causes a "jump to subroutine" at location 3 in

program memory as soon as all cycles of the

current instruction are complete. As in any
CALL to subroutine, the Program Counter

CONDITIONAL
JUMP LOGIC

TIMER INT_
RECOGNIZED
EXECUTED

EN TCNTI
EXECUTED"

DIS TCNTI
EXECUTED^L>

TIMER
INT

ENABLE

r^-^O

EXTERNAL
INTERRUPT
RECOGNIZED

TIMER
INTERRUPT
RECOGNIZED

S Q
INTERRUPT

IN

PROGRESS
FF

A
RETR
EXECUTED

NOTE:

1. INT INPUT IS SAMPLED BY ALE EVERY MACHINE CYCLE
EXCEPT FIRST CYCLE OF DOUBLE CYCLE INSTRUCTION.

2. WHEN INTERRUPT IN PROGRESS f/f IS SET ALL FURTHER
INTERRUPTS ARE LOCKED OUT INDEPENDENT OF STATE
OF EITHER INTERRUPT ENABLE f/f.

3. WHILE TIMER INTERRUPTS ARE DISABLED TIMER OVERFLOW
f/f WILL NOT STORE ANY OVERFLOW THAT OCCURS. TIMER
FLAG WILL BE SET, HOWEVER.

INTERRUPT LOGIC
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and Program Status word are saved in the

stack. For a description of this operation see

the previous section, Program Counter and

Stack. Program Memory location 3 usually

contains an unconditional jump to an interrupt

service subroutine elsewhere in program
memory. The end of an interrupt service

subroutine is signalled by the execution of a

Return and Restore Status instruction RETR.
The interrupt system is single level in that

once an interrupt is detected all further inter-

rupt requests are ignored until execution of an

RETR re-enables the interrupt input logic.

This occurs at the beginning of the second

cycle of the RETR instruction. This sequence

holds true also for an internal interrupt gener-

ated by timer overflow. If an internal timer/

counter generated interrupt and an external

interrupt are detected at the same time, the

external source will be recognized. See the

following Timer/Counter section for a descrip-

tion of timer interrupt. If needed, a second

external interrupt can be created by enabling

the timer/counter interrupt, loading FFH in the

Counter (one less than terminal count), and

enabling the event counter mode. A "1" to "0"

transition on the T1 input will then cause an

interrupt vector to location 7.

Interrupt Timing

The interrupt input may be enabled or disabled

under Program Control using the EN I and

DIS I instructions. Interrupts are disabled by

Reset and remain so until enabled by the

users program. An interrupt request must be

removed before the RETR instruction is ex-

ecuted upon return from the service routine

otherwise the processor will re-enter the ser-

vice routine immediately. Many peripheral

devices prevent this situation by resetting

their interrupt request line whenever the pro-

cessor accesses (Reads or Writes) the periph-

erals data buffer register. If the interrupting

device does not require access by the pro-

cessor, one output line of the 8048 may be

designated as an "interrupt acknowledge"

which is activated by the service subroutine to

reset the interrupt request. The INT pin may
also be tested using the conditional jump

instruction JNI. This instruction may be used

to detect the presence of a pending interrupt

before interrupts are enabled. If interrupt is

left disabled, INT may be used as another test

input like TO and T1.

2.1.10 Timer/Counter

The 8048 contains a counter to aid the user in

counting external events and generating ac-

curate time delays without placing a burden

on the processor for these functions. In both

modes the counter operation is the same, the

only difference being the source of the input

to the counter.

Counter

The 8-bit up binary counter is presettable and

readable with two MOV instructions which

transfer the contents of the accumulator to the

counter and vice versa. The counter content is

not affected by Reset and is initialized solely

by the MOV T,A instruction. The counter is

stopped by a Reset or STOP TCNT instruction

and remains stopped until started as a timer

by a START T instruction or as an event

counter by a START CNT instruction. Once
started the counter will increment to its maxi-

mum count (FF) and overflow to zero contin-

uing its count until stopped by a STOP TCNT
instruction or Reset.

The increment from maximum count to zero

(overflow) results in the setting of an overflow

flag flip-flop and in the generation of an

interrupt request. The state of the overflow

flag is testable with the conditional jump
instruction JTF. The flag is reset by executing

a JTF or by Reset. The interrupt request is

stored in a latch and then ORed with the

external interrupt input INT The timer interrupt

may be enabled or disabled independently of

external interrupt by the EN TCNTI and DIS

TCNTI instructions. If enabled, the counter

overflow will cause a subroutine call to location

7 where the timer or counter service routine

may be stored. If timer and external interrupts

occur simultaneously, the external source will

be recognized and the Call will be to location

3. Since the timer interrupt is latched it will

remain pending until the external device is

serviced and immediately be recognized upon

return from the service routine. The
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PRESCALER

XTAL^ 15 * 32

CLEARED ON START TIMER

T1
EDGE

DETECTOR

LOAD OR READ

8 BIT TIMER/
EVENT COUNTER

STOPT NOT CLEARED ON RESET

ENABLE

JUMP ON
TIMER FLAG

OVERFLOW
FLAG

^Q -»-INT

TIMER/EVENT COUNTER

pending timer interrupt is reset by the Call

to Jocation 7 or may be removed by
executing a DIS TCNTI instruction.

As an Event Counter

Execution of a START CNT instruction con-

nects the T1 input pin to the counter input and
enables the counter. Subsequent high to low

transitions on T1 will cause the counter to

increment. The maximum rate at which the

counter may be incremented is once per

three instruction cycles (every 7.5/^sec when
using a 6MHz crystal)—there is no minimum
frequency. T1 input must remain high for at

least 500ns (at 6MHz) after each transition.

As a Timer

Execution of a START T instruction connects

an internal clock to the counter input and
enables the counter. The internal clock is

derived by passing the basic 400 KHz machine
cycle clock ALE through a ^ 32 prescaler.

The prescaler is reset during the START T
instruction. The resulting 12.5 KHz clock

increments the counter every 80 /xsec

(assuming 6 MHz XTAL). Various delays
between 80 /usee and 20 msec (256 counts)

can be obtained by presetting the counter and
detecting overflow. Times longer than 20
msec may be achieved by accumulating mul-

tiple overflows in a register under software

control. For time resolution less than 80 //.sec

an external clock can be applied to the T1

input and the counter operated in the event

counter mode. ALE divided by 3 or more can

serve as this external clock. Very small delays

or "fine tuning" of larger delays can be easily

accomplished by software delay loops.

2.1.11 Clock and Timing Circuits

Timing generation for the 8048 is completely

self-contained with the exception of a fre-

quency reference which can be XTAL,
inductor, or external clock source. The
Clock and Timing circuitry can be divided

into the following functional blocks:

Oscillator

The on-board oscillator is a high gain series

resonant circuit with a frequency range of 1 to

6MHz. The X1 external pin is the input to the

amplifier stage while X2 is the output. A
crystal or inductor connected between X1
and X2 provides the feedback and phase
shift required for oscillation. A 5.9904 MHz
crystal provides for easy derivation of all

standard communications frequencies. If an
accurate frequency reference and maximum
processor speed are not required, an induc-
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tor may be used in place of the crystal. With

an inductor the oscillator frequency can be

approximately 3 to 5 MHz. For higher speed

operation a crystal should be used. An
externally generated clock may also be

applied to X1-X2 as the frequency source.

See the data sheet for more information.

State Counter

The output of the oscillator is divided by 3 in

the State Counter to create a clock which

defines the state times of the machine (CLK).

CLK can be made available on the external

pin TO by executing an ENTO CLK instruction.

The output of CLK on TO is disabled by Reset

of the processor.

Cycle Counter

CLK is then divided by 5 in the Cycle Counter

to provide a clock which defines a machine
cycle consisting of 5 machine states. This

clock is called Address Latch Enable (ALE)

because of its function in MCS-48 systems

with external memory. It is provided continu-

ously on the ALE output pin.

2.1.12 Reset

The reset input provides a means for initializa-

tion for the processor. This Schmitt-trigger

input has an internal pullup resistor which in

combination with an external 1 jufd capacitor

provides an internal reset pulse of sufficient

length to guarantee all circuitry is reset. If the

DIAGRAM OF 8048 CLOCK UTILITIES INSTRUCTION CYCLE

>—

°

" CLOCK r
2.5 fisec CYCLE »-

S5 1 S1 S2 S3 S4 S5 SI

Q INPUT
U INST.

DECODE EXECUTION INPUT

OUTPUT ADDRESS INC. PC OUTPUT ADDRESS

I

MCS-48™ CYCLE TIMING

CLOCK OUT
ON TO

SI S2 S3 S4 S5 S1 S2

n

S3 S4 S5

ALE
| | I I

PSEN

RU
WE |

PROG
|
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reset pulse is generated externally the

RESET pin must be held at ground (.5V) for

at least 10 milliseconds after the power
supply is within tolerance. Only 5 machine
cycles (12.5,us @ 6 MHz) are required if

power is already on and the oscillator has

stabilized.

EXTERNAL RESET

_b^

POWER ON RESET

vv\

—

1eF_|_
10V -p

state.

Reset performs the following functions:

1. Sets program counter to zero.

2. Sets stack pointer to zero.

3. Selects register bank 0.

4. Selects memory bank 0.

5. Sets BUS to high impedance
(except when EA = 5V)

6. Sets Ports 1 and 2 to input mode.

7. Disables interrupts (timer and external)

8. Stops timer.

9. Clears timer flag.

10. Clears F0 and F1.

11. Disables clock output from TO.

2.1.13 Single-Step

This feature provides the user with a debug

capability in that the processor can be stepped

through the program one instruction at a time.

While stopped, the address of the next instruc-

tion to be fetched is available concurrently on

BUS and the lower half of Port 2. The user

can therefore follow the program through

each of the instruction steps. A timing diagram,

showing the interaction between output ALE
and input SS is shown. The BUS buffer

contents are lost during single step; how-

ever, a latch may be added to re-establish

the lost I/O capability if needed. (See 2.4.1).

Timing

The 8048 operates in a single-step mode as

follows:

1. The processor is requested to stop by

applying a low level on SS.

2. The processor responds by stopping

during the instruction fetch portion of the

next instruction. If a double cycle instruc-

tion is in progress when the single step com-

mand is received, both cycles will be com-

pleted before stopping.

3. The processor acknowledges it has

entered the stopped state by raising ALE
high. In this state (which can be maintained

indefinitely) the address of the next instruc-

tion to be fetched is present on BUS and

the lower half of port 2.

4. SS is then raised high to bring the pro-

cessor out of the stopped mode allowing it

to fetch the next instruction. The exit from

stop is indicated by the processor bringing

ALE low.

5. To stop the processor at the next instruc-

tion SS must be brought low again as soon

as ALE goes low. If SS is left high the pro-

cessor remains in a "Run" mode.

A diagram for implementing the single step

function of the 8748 is shown. A D-type flip-

flop with preset and clear is used to generate

SS. In the run mode SS is held high by

keeping the flip-flop preset (preset has prec-

edence over the clear input). To enter single

step, preset is removed allowing ALE to bring

SS low via the clear input. ALE should be

buffered since the clear input of an SN7474 is

the equivalent of 3 TTL loads. The processor

is now in the stopped state. The next instruc-

tion is initiated by clocking a "1" into the flip-

flop. This "1" will not appear on SS unless

ALE is high removing clear from the flip-flop.

In response to SS going high the processor

begins an instruction fetch which brings ALE
low resetting SS through the clear input and

causing the processor to again enter the

stopped state.
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SINGLE STEP CIRCUIT

SINGLE 5IOK
STEP

MOMENTARY
PUSHBUTTON

Jl On
> CLOCK
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X
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PCO-7 N
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PCO-7 >-

P20 23 I/O

"

X PC8-11 Y

ACTIVE CYCLE

I/O v w

_v\

—

e?
_

STOP CYCLE

PC8 11 x_

STOP CYCLE |

2.1.14 Power Down Mode
(8048, 8049, 8039, 8035L)

Extra circuitry has been added to the 8048
ROM version to allow power to be removed
from all but the 64/128 x 8 data RAM array

for low power standby operation. In the

power down mode the contents of data

RAM can be maintained while drawing
typically 10% to 15% of normal operating
power requirements.

Vcc serves as the 5V supply pin for the bulk

of 8048 circuitry while the Vdd pin supplies

only the RAM array. In normal operation both

pins are at 5V while in standby Vcc is at

ground and only Vqd is maintained at 5V.

Applying Reset to the processor through

the RESET pin inhibits any access to the

RAM by the processor and guarantees that

RAM cannot be inadvertently altered as

power is removed from Vcc-
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POWER SUPPLY

PROCESSOR
INTERRUPTED

/

~N
POWER SUPPLY
FAIL SIGNAL

NORMAL
POWER ON
SEQUENCE
FOLLOWS

RESET 1

i

1

DATA SAVE
ROUTINE
EXECUTED

i

ACCESS TO
DATA RAM
INHIBITED

POWER DOWN SEQUENCE

A typical power down sequence occurs as
follows:

1

.

Imminent power supply failure is detected

by user defined circuitry. Signal must be
early enough to allow 8048 to save all nec-

essary data before Vqc falls below normal

operating limits.

2. Power fail signal is used to interrupt

processor and vector it to a power fail

service routine.

3. Power fail routine saves all important

data and machine status in the internal data

RAM array. Routine may also initiate trans-

fer of backup supply to the Vqd pin and
indicate to external circuitry that power fail

routine is complete.

4. Reset is applied to guarantee data will

not be altered as the power supply falls out

of limits. Reset must be held low until VCc
is at ground level.

Recovery from the Power Down mode can
occur as any other power-on sequence with

an external capacitor on the Reset input

providing the necessary delay. See the previ-

ous section on Reset.

2.1.15 External Access Mode

Normally the first 1K (8048) or 2K (8049)

words of program memory are automati-

cally fetched from internal ROM or EPROM.
The EA input pin however allows the userto

effectively disable internal program mem-
ory by forcing all program memory fetches

to reference external memory. The follow-

ing chapter explains how access to external

program memory is accomplished.

The External Access mode is very useful in

system test and debug because it allows the

user to disable his internal applications pro-

gram and substitute an external program of

his choice—a diagnostic routine for instance.

In addition, the section on Test and Debug
explains how internal program memory can

be read externally, independent of the

processor.

A "1" level on EA initiates the external access

mode. For proper operation, Reset should be

applied while the EA input is changed.

2.2 Pin Description

The MCS-48 processors (except 8021) are

packaged in 40 pin Dual In-Line Packages
(DIP's). The following is a summary of the

functions of each pin. Where it exists, the

second paragraph describes each pin's

function in an expanded MCS-48 system.

Unless otherwise specified, each input is

TTL compatible and each output will drive

one standard TTL load.

RESET

SINGLE STEP

PORT
#1

PORT
#2

O-^ WRITE

,___ PROGRAM
|t>""^ STORE ENABLE

». ADDRESS
LATCH ENABLE

8048 LOGIC SYMBOL
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Designation

Pin*

Number Function

V Ss

V DD

Vcc

PROG

P10-P17

(Port 1)

P20-P27
(Port 2)

D0-D7
(BUS)

20

26

40

25

27-34

21-24

35-38

12-19

TO

T1

INT

RD

39

6

8

Circuit GND potential

Programming power supply; +25V during program,

+ 5V during operation for both ROM and PROM. Low
power standby pin in 8048 ROM version

Main power supply; +5V during operation and

8748 programming.

Program pulse (+23V) input pin during 8748
programming.

Output strobe for 8243 I/O expander.

8-bit quasi-bidirectional port. (Internal Pullup ~ 50KH)

8-bit quasi-bidirectional port. (Internal Pullup * 50KO)

P20-P23 contain the four high order program counter

bits during an external program memory fetch and serve

as a 4-bit I/O expander bus for 8243.

True bidirectional port which can be written or read syn-

chronously using the RD, WR strobes. The port can also

be statically latched.

Contains the 8 low order program counter bits during an

external program memory fetch, and receives the ad-

dressed instruction under the control of PSEN. Also con-

tains the address and data during an external RAM data

store instruction, under control of ALE, RD, and WR.

Input pin testable using the conditional transfer instruc-

tions JTO and JNTO. TO can be designated as a clock

output using ENTO CLK instruction. TO is also used dur-

ing programming.

Input pin testable using the JT1, and JNT1 instructions.

Can be designated the event counter input using the

STRT CNT instruction.

Interrupt input. Initiates an interrupt if interrupt is enabled.

Interrupt is disabled after a reset. (Active low)

Output strobe activated during a BUS read. Can be
used to enable data onto the BUS from an external

device. (Active low)

Used as a Read Strobe to External Data Memory.

*8048, 8748, 8049
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Designation

RESET

WR

ALE

PSEN

SS

EA

Pin

Number

XTAL1

XTAL2

10

11

Function

Input which is used to initialize the processor. Also used
during PROM programming and verification. (Active low)

(Internal pullup * 200KO)

Output strobe during a BUS write. (Active low)

Used as write strobe to external data memory.

Address Latch Enable. This signal occurs once during

each cycle and is useful as a clock output.

The negative edge of ALE strobes address into external

data and program memory.

Program Store Enable. This output occurs only during a
fetch to external program memory. (Active Low)

Single step input can be used in conjunction with ALE
to "single step" the processor through each instruction.

(Active Low) (Internal pullup * 300KO)

External Access input which forces all program memory
fetches to reference external memory. Useful for emula-
tion and debug, and essential for testing and program
verification. (Active High) (Internal pullup * 10MO
on 8048/8049, 8035L, 8039 only)

One side of crystal input for internal oscillator. Also input

for external source.

Other side of crystal/external source input.

Unless otherwise stated inputs do not have internal pullup resistors.

2.3 Programming, Verifying and
Erasing EPROM
The internal Program Memory of the 8748
may be erased and reprogrammed by the user

as explained in the following sections. See
also the 8748 data sheet.

2.3.1 Programming/Verification

In brief, the programming process consists

of: activating the program mode, applying an
address, latching the address, applying data,

and applying a programming pulse. Each
word is programmed completely before moving
on to the next and is followed by a verifica-

tion step. The following is a list of the pins

used for programming and a description of

their functions:

Pin

XTAL1

Reset

TestO

EA

BUS

P20-1

Vdd

PROG

Function

Clock Input (1 to 6MHz)

Initialization and Address
Latching

Selection of Program (0V) or

Verify (5V) Mode

Activation of Program/Verify

Modes

Address and Data Input

Data Output During Verify

Address Input

Programming Power Supply

Program Pulse Input
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BUS AND PROG CAN BE DRIVEN ONLY DURING THIS TIME

< ADDRESS A -A7 X )—

(

DATA OUT

PREVIOUS
ADDRESS X ADDRESS Ag-Ag

VDD

Don„ FLOATPROG +ov— — __ ~V
FLOAT

SEE 8048/8748 DATA SHEET (CHAPTER 6) FOR DETAIL TIMING SPECIFICATIONS.

WARNING: An attempt to program a mis-socketed 8748 will result in severe damage to the part. An indication of a properly socketed part

is the appearance of the ALE clock output. The lack of this clock may be used to disable the programmer.

PROGRAMMING/VERIFY SEQUENCE

8748 Erasure Characteristics

The erasure characteristics of the 8748 are

such that erasure begins to occur when
exposed to light with wavelengths shorter

than approximately 4000 Angstroms (A). It

should be noted that sunlight and certain

types of fluorescent lamps have wave-

lengths in the 3000-4000A range. Data

show that constant exposure to room level

fluorescent lighting could erase the typical

8748 in approximately 3 years while it

would take approximately 1 week to cause
erasure when exposed to direct sunlight. If

the 8748 is to be exposed to these types of

lighting conditions for extended periods of

time, opaque labels are available from Intel

which should be placed over the 8748 win-

dow to prevent unintentional erasure.

When erased, bits of the 8748 Program
Memory are in the logic "0" state.

The recommended erasure procedure for

the 8748 is exposure to shortwave ultra-

violet light which has a wavelength of 2537

Angstroms (A). The integrated dose (i.e., UV
intensity X exposure time) for erasure

should be a minimum of 15W-sec/cm2. The
erasure time with this dosage is approxi-

mately 15 to 20 minutes using an ultraviolet

lamp with a 12000/iW/cm2 power rating.

The 8748 should be placed within one inch

from the lamp tubes during erasure. Some
lamps have a filter on their tubes and this

filter should be removed before erasure.
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The Program/Verify sequence is:

1. Vdd = 5v, Clock applied or internal

oscillator operating, Reset = Ov Test =
5v, EA = 5v, BUS and PROG floating

2. Insert 8748 in programming socket

3. Test = Ov (Select Program Mode)

4. EA = 23V (Activate Program Mode)

5. Address applied to BUS and P20-1

6. Reset = 5v (Latch Address)

7. Data applied to BUS

8. Vdd = 25v (Programming Power)

9. PROG = Ov followed by one 50ms pulse

to 23V

10. Vdd = 5v

11. TEST = 5v (Verify Mode)

12. Read and Verify Data on BUS

13. TEST = Ov

14. Reset = Ov and repeat from Step 5

15. Programmer should be at conditions of

Step 1 when 8748 is removed from socket.

2.4 Test and Debug

Several MCS-48 features described in the

previous sections are discussed here to

emphasize their use in testing MCS-48
components and in debugging MCS-48
based systems.

2.4.1 Single Step

Single step circuitry within the micro-

computer in combination with the external

circuitry described in Section 2.1.13 allows

the user to execute one instruction at a time

whether the instruction is one or two cycles

in length. After completion of the instruction

the processor halts with the address of the

next instruction to be fetched available on the

eight lines of BUS and the lower 4-bits of port

2.

P23

P22

P21

P20

DB7

DB6

DB5

DB4

DB3

DB2

DB1

DBO

An
Aio

'9

ADDRESS OUTPUT DURING SINGLE STEP

This allows the user to step through his

program and note the sequence of instruc-

tions being executed.

While the processor is stopped, the I/O

information on BUS and the 4-bits of port 2 is,

of course, not available. I/O information is,

however, valid at the leading edge ofALE and
can be latched externally using this signal if

necessary.

2.4.2 Disabling Internal Program Memory

Applying +5V to the EA (external access) pin

of the MCS-48 microcomputers allows the

user to effectively disable internal program
memory by forcing all instruction fetches to

occur from an external memory. This

external memory can be connected as
explained in the section on program memory
expansion and can contain a diagnostic

routine to exercise the processor, the internal

RAM, the timer, and the I/O lines. EA should
be switched only when the processor is in

RESET.

2.4.3 Reading Internal Program Memory

Just as the processor may be isolated from
internal program memory using EA, program
memory can be read independent of the

processor using the verification mode des-
cribed in the previous section, Programming/
Verification.
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The processor is placed in the READ mode
by applying a high voltage (+23V for the

8748, +12V for the 8048/8049) to the EA pin

and +5V to the TO (8748 only) input pin.

RESET must be at 0V when voltage is ap-

plied to EA. The address of the location to

be read is then applied to the same lines

(TTL levels) of BUS and Port 2 which output

the address during single step (see below).

The address is latched by a "0" to "1"

transition on RESET and a high level on

RESET causes the contents of the program

memory location addressed to appear on

the eight lines of BUS. RESET must be

brought back to 0V before leaving the

READ mode.

8048
8748

DB7

DB6

DB5

DB4

DB3

DB2

ALE TO

l/Oo

DIEN CS

T

l/Oo

DIEN CS

• Aio (8049) only)

. A9

Ae

-» D6

-»• D3

-c

-c

+23V 8748
+12V 8048

+SV 8748
NC 8048

V2

7474

+12V(+23V)

<
<

X

READING INTERNAL PROGRAM MEMORY
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8021 Functional Specifications

The following is a functional description of

the major elements of the 8021.

2.5 Program Memory

The 8021 contains 1K x 8 of mask
programmable ROM. No external ROM
expansion capability is provided.

2.6 Data Memory

A 64 x 8 dynamic RAM is located on chip for

data storage. All locations are indirectly

addressable and eight designated locations

are directly addressable. Also, included in

the memory is the address stack, addressed
by a 3-bit stack pointer.

Memory is organized as shown in Figure 1.

The least significant 8 addresses, 0-7, are

directly addressable by any of the 1 1 direct

register instructions. The locations are

readily accessible for a variety of opera-

tions with the least number of instruction

bytes required for their manipulation.

Registers and 1 have another function, in

that they can be used to indirectly address
all locations in memory, using the indirect

register instructions. These indirect RAM
address registers, IRAR's, are especially

useful for repetitive-type operations on
adjacent memory locations. The indirect

register instruction specifies which IRAR to

use, and the contents of the IRAR is used to

address a location in RAM. The contents of

the addressed location is used during the

execution of the instruction and may be
modified. A value larger than 63 should not

be preset in the IRAR when selected by an
indirect register instruction. IRAR's may
point to address 0-7, if desired.

Locations 8-23 may be used as the address

stack. The address stack enables the pro-

cessor to keep track of the return addresses
generated from CALL instructions. A 3-bit

stack pointer (SP) supplies the address of

the locations to be loaded with the next

return address generated. The SP to this

pushdown stack is incremented by one
after a return address is stored, and decre-

mented by one before an address is fetched

during a RET. The unincremented program
counter address is stored in the address
stack. The stack contents is incremented
before being loaded into the program coun-
ter during a return from subroutine. A total

of 8 levels of nesting is possible. The SP is

initialized to location 8 upon RESET. Since
each address is 1 0-bits long, two bytes must
be used to store a single address. The SP is

incremented and decremented by one, but

each increment or decrement moves the

address pointed to by two. Therefore, only

even numbered addresses are pointed to.

If a particular application does not require8

levels of nesting, the unused portion of the

stack may be used as any other indirectly

addressable scratchpad location. For ex-

ample, if only 3 levels of subroutine nesting

are used, then only locations 8-13 need be
reserved for the address stack, and loca-

tions 14-63 can be used for data storage.

INDIRECTLY
ADDRESSABLE

BY
IRAR0OR 1

CAN BE USED
FOR ADDRESS
STACK

DIRECTLY
ADDRESSABLE

FIGURE 1. INTERNAL RAM ORGANIZATION
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2.7 Oscillator and Clock

The 8021 contains its own onboard oscilla-

tor and clock circuit, requiring only an

external timing control element. This con-

trol element can be a crystal, inductor, or

clock in. The capacitor normally required in

inductor timing control operation is inte-

grated onto the 8021 . All internal time slots

are derived from the external element, and

all outputs are a function of the oscillator

frequency. PinsXTAL.1 and XTAL2 are used

to input the particular control element. An
instruction cycle consists of 10 states, and
each state is a time slot of 3 oscillator

periods. (See Figure 2) Therefore, to obtain

a 10 /usee instruction cycle, a 3MHz crystal

should be used. An oscillator frequency of

approximately 3MHz may also be obtained

by connecting a 470 /uH inductor between
XTAL1 and XTAL2. Note that the required

inductance may vary and should be adjust-

ed as necessary.

The 8021 utilizes dynamic RAM and certain

other dynamic logic. Due to the clocking

required with dynamic circuits, the oscil-

lator frequency must be equal to or greater

than 600K Hz, or improper operation may
occur.

2.8 Timer/Event Counter

The 8021 has internal timer/event counter

circuits that can monitor elapsed time or

count external events that occur during

program execution. The circuit has an 8-bit

binary up-counter that is presettable and
readable with two MOV instructions. These
instructions transfer the contents of the

accumulator to the counter and vice-versa.

The counter content is not affected by

Reset, and is initialized solely by the MOV
T,A instruction. The counter is stopped by a

RESET or STOP TCNT instruction and

remains stopped until started as a timer by a

STRT T instruction or as an event counter

by a STRT CNT instruction. Once started,

1,2,3, 4, 5,6,7, 8, 9, 10 11,2.3, 4. 5, 6.7, 8.9. 10
j ^j : i I 1 I I I ! I 1_L_

^\/ DATA \V
A * a

X
ALL PORTS FOR IN AND OUTL INSTRUCTIONS

FIGURE 2. 8021 TIMING DIAGRAM
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the counter increments to its maximum
count (FF), and overflows to zero. The count
continues until stopped by a STOP TCNT
instruction or RESET. The increment from
maximum count to zero (overflow) sets an
overflow flag. The state of the overflow flag

is testable with the conditional jump in-

struction JTF. The flag is reset by JTF but
not by executing a RESET, unlike the 8748.

By a MOV T,A instruction, the contents of

the accumulator are loaded to the timer. At
the STRT T command an internal prescaler
is zeroed and thereafter increments once
each 30 input clocks (once each single

cycle instruction, twice each double cycle
instruction). The prescaler is a divide by 32.

At the (1 1 1 1 1 ) to (00000) transition the timer
is incremented. The timer is 8-bits and an
overflow (FFH) to (00H) timer flag is set. A
conditional branch instruction (JTF) is

available for testing this flag, the flag being
reset each test. Total count capacity for the
timer is 28 x 25 = 8192 or 81.9 msec at a 10
/xsec cycle time. Contents of the timer are

moved to the accumulator by the MOV A,T
instruction without disturbing the counting
process. The timer stops upon the STOP
TCNT instruction.

The STRT CNT instruction connects the T1
input pin to the event counter input and
enables the counter. Subsequent high-to-
low transitions on T1 increment the
counter. The maximum rate at which the
counter can increment is once per three

instruction cycles (30,us for a 3 MHz
oscillator). There is no minimum frequency.
T1 input must remain high for at least 500ns
after each transition. The event counter is

stopped by a STOP TCNT instruction.

2.9 Input/Output Capabilities

The 8021 I/O configurations are highly

flexible. A number of different configur-

ations are possible, tailoring an 8021 to a

given task. Other than the power supply
and dedicated pins, all other pins (20) can
be used for input, output, or both,

depending on the configuration.

All ports are quasi-bidirectional to facili-

tate stand-alone use. A simplified sche-

matic of the quasi-bidirectional inter-

face is shown in Figure 3. This con-
figuration allows buffered outputs, and
also allows external input. Data written to

these ports is statically latched and remains
unchanged until rewritten. As input ports

these lines are non-latching, i.e., inputs

must be present until read by an input

instruction. When writing a "0" or low value
to these ports, the large pulldown device
sinks an external TTL load. When writing a
"1", a large current is supplied through the
large pullup device to allow a fast data
transfer. After a short time (less than one
instruction cycle), the large device is shut
off and the small pullup maintains the "1"

level indefinitely. However, in this situation,

an input device capable of overriding the

small amount of sustaining current sup-
plied by the pullup device can be read.

(Alternatively, the data written can be read).

So, by writing a "1" to any particular pin,

that pin can serve either as a true high-level

latched output pin, or as just a pullup

resistor on an input. This allows maximum
user flexibility in selecting his input or
latched output pins, with a minimum of

external components.

Port 00-07 is also quasi-bidirectional,

except there is no large pullup device. As
outputs, this port is essentially open drain.

By mask option the small pullup devices on
P00-P07 may be deleted on any pin

providing a true open drain output. This is

useful in driving analog circuits and certain

loads, such as keyboards.

A
kS^
w.
'5.

INPUT BUFFER

FIGURE 3. QUASI-BIDIRECTIONAL
PORT STRUCTURE
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2.9.1 T1 Input

The 8021 T1 input line can be used as an
input for the following functions:

• Event Counter (external input)

• Test input for branch instructions

• Zero voltage crossing detection

The operation of T1 as an input to the Event
Counter is described in the Timer/Event
Counter section. When used as a test input,

theJTI and JNT1 instructions test fori and
levels, respectively.

The T1 pin can also be used to detect the
zero crossing of slowly moving AC signals

(60 Hz). The self-biasing circuit shown in

Figure 4 permits the Test 1 input to detect
when the input voltage crosses zero within

±5%; the voltage is then coupled through
a 1.0/xf capacitor. Maximum input voltage is

3V peak-to-peak. The zero cross detection
is especially useful in SCR control of 60 Hz
power and in developing time-of-day and
other timing routines. As a ROM mask
option there is a pullup resistor that is

useful for switch contact input or standard
TTL.

2.9.2 High Current Outputs

Very high current drive is desirable for

(a) ZERO CROSS DETECT

EXTERNAL
CAPACITOR

>->-

minimizing external parts required to do
high power control. P10and P11 have been
designated high drive outputs capable of

sinking 7mA at Vss + 2.5 volts. (For clarity,

this is 7mA to Vss with a 2.5 volt drop across

the buffer.) These pins may, of course, be
paralleled for 14mA drive if the output logic

states are always the same.

2.9.3 Expanded I/O

The 8021 can be used with the 8243 I/O

expander chip, which provides additional

I/O capability with a limited number of

overhead pins. This chip has 4 directly

addressable 4-bit ports. It connects to the

PROG pin, which provides a clock, and pins

P20-P23, which provide address and data.

These ports can be written with a MOVD
P,A; ANLD P,A; and ORLD P,A for Ports 4-7.

A high to low transition on PROG signifies

that address and control are available on
P20-P23. The previous data on P20-P23
before an output expander instruction is

lost. Therefore, when using an output

expander P20-P23 are not useful for

general input/output. Reading is via the

MOVD A, P. This circuit configuration is

shown in Figure 5. The timing diagram is

shown in Figure 6.

The 8021 can also use standard low cost

TTL to expand the number of I/O lines. An
example is shown in the Applications

section.

->—

I

(b) OPTIONAL PULLUP RESISTOR

EXTERNAL
SWITCH

>H>-
1

->J

FIGURE 4. TEST 1 PIN FIGURE 5. I/O EXPANDER INTERFACE
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X
ADDRESS /
C0DE /

XDATA \/

DATA OUT
(P20-P23) XADDRESSY^

,

C0DEA DATA
OUT

PORT
ADDRESS

BITS 2,3

READ
WRITE

PORT 2 FOR EXPANDED I/O WITH 8243

FIGURE 6. EXPANDED I/O TIMING DIAGRAM

2.10 CPU
The 8021 CPU has arithmetic and logical

capability. A wide variety of arithmetic and
logic instructions may be exercised, which
affect the contents of the accumulator,

and/or direct or indirect scratchpad loca-

tions. Provisions have been made for

simplified BCD arithmetic capability using

the DAA, SWAP A, and XCHD instructions.

In addition, MOVP A,@A allows table

lookup for display formating and constants.

The conditional branch logic within the

processor enables several conditions inter-

nal and external to the processor to be
tested by the users program. Use the

conditional jump instructions with the tests

listed below to effect a change in the

program execution sequence.

Test

Jump Jump
Condition Instructions

Accumulator A=0 A*0 JZ JNZ
Carry Flag 1 JNC, JC
Timer Overflow Flag — 1 JTF
Test lnput-T1 1 JNT1, JT1

2.11 Reset

A positive-going signal to the RESET input

resets the necessary miscellaneous flip-

flops and sets the program counter and
stack pointer to zero.
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8022 Functional Specifications

The 8022's architecture is based upon the 8021,

and many functions of the two parts are identical.

2.12 Program Memory
The 8022 program memory consists of 2048
words 8 bits wide which are addressed by the

program counter. The memory is ROM which is

mask programmable at the factory. No external

ROM expansion capability is provided. There are

three locations in program memory of special im-

portance.

Location 0: Activating the RESET line of the pro-

cessor causes the first instruction to

be fetched from location 0.

Location 3: Activating the interrupt input line

(TO) of the processor (if interrupt is

enabled) causes a jump to subrou-

tine.

Location 7: A timer /event counter interrupt re-

sulting from a timer /counter over-

flow causes a jump to subroutine (if

timer /counter interrupt is enabled).

Therefore, the first instruction to be executed
after initialization is stored in location 0, the first

word of an external interrupt service routine is

stored in location 3, and the first word of a timer-

/ event counter interrupt service routine is stored

in location 7.

|7|6|5|4|3|2|1|0

LOCATION 7—TIMER/COUNTER INTERRUPT
VECTORS PROGRAM HERE

LOCATION 3— EXTERNAL INTERRUPT
VECTORS PROGRAM HERE

RESET VECTORS PROGRAM HERE

PROGRAM MEMORY MAP

Program memory can be used to store constants

as well as program instructions. The MOVP in-

struction allows easy table lookup for constants
and display formatting.

2.13 Data Memory
On-chip data memory is organized as 64 words

eight bits wide. All locations are indirectly addres-

sable and eight designated locations are directly

addressable. Also included in the data memory is

the program counter stack, addressed by a 3-bit

stack pointer.

The first eight locations (0-7) of the array are

designated as working registers and are directly

addressable by any of the 1 1 direct register

instructions. These locations are readily accessi-

ble for a variety of operations with a minimum num-

ber of instruction bytes required for their

manipulation. Thus, they are usually used to store

frequently accessed intermediate results. The
DJNZ instruction makes very efficient use of the

working registers as program loop counters by al-

lowing the programmer to decrement and test the

register in a single instruction.

Registers and 1 have yet another function in that

they can be used to indirectly address all loca-

tions in the data memory using the indirect register

instructions. These two RAM pointer registers are

especially useful for repetitive type operations on

adjacent memory locations. The indirect register

instruction specifies which register is used to ad-

dress a location in RAM. The contents of the ad-

dressed location are used during the execution of

the instruction and may be modified. The pointer

registers may also point to registers 0-7, if de-

sired.

Locations 8-23 serve a dual role in that they con-

tain the 8-level program counter stack, two RAM
locations per level. The program counter stack en-

ables the processor to keep track of the return

addresses generated by interrupts or CALL
instructions by storing the contents of the program
counter prior to servicing the subroutine. A 3-bit

stack pointer determines which of the program

counter stack's eight register pairs will be loaded

with the next return address generated. The stack

pointer, when initialized to 000 by RESET, points

to RAM locations 8 and 9. The first subroutine

CALL or interrupt results in the program counter

contents being transferred to locations 8 and 9.

The stack pointer is then incremented by one and
points to locations 10 and 1 1 in anticipation of an-

other CALL. The end of a subroutine, which is sig-

naled by a return instruction (RET or RETI),

causes the stack pointer to be decremented and
the contents of the resulting register pair to be
transferred to the program counter.
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Unlike the 8048, in the 8022 the unincremented

program counter address is stored in the address

stack. The stack contents are then incremented

before being loaded into the program counter dur-

ing a return (RET) from subroutine. However, dur-

ing a return (RETI) from interrupt, the stack

contents are loaded directly into the program
counter. This difference makes it imperative to

use only RETI's to return from interrupts, and
RET's to return from subroutines.

Since the program counter's addresses are 1

1

bits long, two bytes or registers must be used to

store a single address. Thus, the 16-byte program
counter stack permits up to a total of 8 levels of

subroutine nesting without overflowing the stack.

If overflow does occur, the deepest address
stored (locations 8 and 9) will be overwritten and

lost since the stack pointer overflows from 1 1 1 to

000. It also underflows from 000 to 1 1 1 . If a par-

ticular application does not require 8 levels of

nesting, the unused portion of the progam counter

stack may be used as any other indirectly addres-

sable RAM location. For example, if only 3 levels

of subroutine nesting are used, then only locations

8-13 need be reserved for the program counter

stack, and locations 14-23 can be used for data

storage.

8 LEVEL STACK
OR

USER RAM
16x8

WORKING
REGISTERS

8x8

ADDRESSED
INDIRECTLY
THROUGH
RO OR R1

DIRECTLY
ADDRESSABLE

DATA MEMORY MAP

2.14 Oscillator and Clock
The 8022 contains its own on-board oscillator and

clock circuit, requiring only an external timing con-

trol element. This control element can be a cry-

stal, inductor, or clock. All internal time slots are

derived from the external element, and all outputs

are a function of the oscillator frequency. An in-

struction cycle consists of 10 states, and each

state is a time slot of 3 oscillator periods. There-

fore, to obtain a 10 ^s instruction cycle, a 3 MHz
crystal should be used. The minimum instruction

cycle time of 8.4 jusec corresponds to a 3.58 mHz
crystal.

2.15 Timer/Event Counter
Like the other MCS-48 microcomputers, the 8022
has an internal timer /event counter. This circuit

can monitor elapsed time or count external events

that occur during program execution.

See the 8021 description, Section 2.8, for a com-
plete explanation.

The 8022 has 26 lines which can be used for digi-

tal input or output functions. These lines are orga-

nized as 3 ports of 8 lines, each of which serve as

either inputs, outputs, or bidirectional ports, and 2

test inputs which can alter program sequences
when tested by conditional jump instructions.

Ports 1 and 2 have identical operating character-

istics and are both quasi-bidirectional. That is,

each line may serve as an input, an output, or

both. Data written to these ports is statically

latched and remains unchanged until rewritten. As
inputs, these lines are non-latching; i.e., inputs

must be present until read by an input instruction.

Inputs are fully TTL compatible and all outputs will

drive at least one standard TTL load. See Section

2. 1.4 for a more complete description of the qua-

si-bidirectional structure.

2.16.1 Port Comparator Inputs

Port has been modified from the standard quasi-

bidirectional structure to allow an optional open

drain configuration with comparator inputs. The

low impedance pullup device has been eliminated

and the high impedance pullup is optional. Thus,

the user can choose via a mask programmable

selection each line of port to be either quasi-bi-

directional with a high impedance or true open-

drain. The open drain configuration allows the line

to sink current through the low impedance pull-

down device or to float in the high output state.

More importantly, the open drain configuration

makes port very easy to drive when it is used as

inputs. The input circuitry for each line of port

includes a voltage comparator which amplifies the

voltage difference between the input port line and

the port threshold reference pin (Vjh)- The volt-

age gain of the comparator is sufficient to sense a

100 mV input differential within the range Vss to

Vcc/2.

If Vth is allowed to float, it will bias itself to the

digital switch point of the other ports, and port

behaves as a set of normal digital inputs. Howev-

er, by biasing Vth. the switch point can be both

tightly controlled and adjusted. Common uses for
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this would include high noise margin inputs

(V<x/ 2), unusual logic level inputs as from a diode

isolated keyboard, analog channel expansion, and

direct capacitive touchpanel interface. The com-

parator action is automatic and the port is read

just as any other port.

2.16.2 High Current Outputs
Very high current drive is desirable for minimizing

external parts required to do high power control.

P10 and P1 1 have been designated high drive out-

puts capable of sinking 7mA at Vss + 2.5 volts.

(For clarity, this is 7mA to Vss with a 2.5 volt drop

across the buffer.) These pins may, of course, be

paralleled for 14mA drive if the output logic states

are always the same.

2.16.3 Expanded I/O
In addition to the 26 digital I/O lines contained on-

board the 8022, a user can obtain additional I/O

lines by utilizing the Intel® 8243 I/O expander chip

or standard TTL. The 8243 interfaces to 4 port

lines of the 8022 (lower half of port 2) and is

strobed by the PROG line of the 8022.

The interface procedure is exactly the same as

with the 8021—see Section 2.9.3.

2.17 Test and Interrupt Inputs

In addition to the 24 general purpose I/O lines

which comprise ports 0,1, and 2, the 8022 has

two inputs which are testable via conditional jump

instructions, TO and T1 . These pins allow inputs to

cause program branches without the necessity to

load an input port into the accumulator. TO and T1

have other functions as well.

The Test pin serves as an external interrupt in-

put as well as a testable input. An interrupt se-

quence is initiated by applying a low "0" level input

to the TO pin when external interrupt is enabled.

Interrupt is level triggered and active low to allow

"WIRE ORING" of several interrupt sources at the

input pin. When an interrupt is detected, it causes

a "jump to subroutine" at location 3 in program

memory as soon as all other cycles of the current

instruction are complete. At this time, the program

counter contents are saved in the program
counter stack, but the remaining status of the pro-

cessor is not. Unlike the 8048, the 8022 does not

contain a program status word. Thus, when ap-

propriate, the carry and auxiliary carry flags are

saved in software, as is the accumulator. The rou-

tine shown below saves the accumulator and the

carry flags in only four bytes.

Instructions Bytes Comments

MOV R6,A 1 ;save accumulator

CLR A 1 ;clear accumulator

DA A 1 ;convert carry flags into sixes

MOV R7,A 1 ;save status of carry flags

The end of an interrupt service subroutine is

marked by the execution of a Return from Interrupt

instruction (RETI). Prior to returning from the inter-

rupt subroutine, however, the status of the accu-

mulator and the carry flags are restored in

software. The following routine restores the sta-

tus of the accumulator and the carry flags, which

was previously saved, in five bytes.

Instructions Bytes Comments

MOV A,R7 1 ;restore carry flags status to

Add A,#0AAH 2 ;accumulator and set/clear carry flags

MOV A,R6 1 ;restore accumulator

RETI 1 ;return

The interrupt system is single level in that once an

interrupt is detected, all further interrupt requests

are ignored until execution of a RETI re-enables

2^ V LC

TTL
GATE

-o

FREQUENCY REFERENCE OPTIONS
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INTERNAL
D Q

5

+ 5V

BUS

D
FLIP-

FLOP

CLK

I/O PIN
PORTO

1 1

WRITE 1
PULSE

Vth

IN ' ^^

PORT I/O STRUCTURE

the interrupt input logic. This sequence holds true

also for an internal interrupt generated by timer

overflow. If an external interrupt and an internal ti-

mer/counter generated interrupt are detected at

the same time, the external source will be recog-

nized. If needed, a second external interrupt can
be created by enabling the timer /counter inter-

rupt, loading FFH in the counter (one less than ter-

minal count) and enabling the event counter mode.
A low-to-high transition on the T1 input will then

cause an interrupt vector to location 7.

8022
INTERPRETATION

AC SOURCE
1| \T\ •—^o—^o—TO T1/EVENT COUNTER

1 MF
I

^
^

ZERO-CROSS DETECTION

The Test 1 pin, in addition to being a testable in-

put, serves two other important functions. It can

be used as an input pin to the external event

counter, as previously mentioned, and it can be

used to detect the zero crossing point of slow

moving AC signals. Execution of the STRT CNT
instruction puts the T1 pin in the counter input

mode by connecting T1 to the counter and en-

abling the counter. Subsequent low-to-high transi-

tions on T1 will cause the counter to increment.

Note that this operation differs from the rest of the

MCS-48 devices, which increment the counter on

high-to-low transitions. This change was made on

the 8022 to take advantage of the accuracy of the

rising edge detection on the zero cross circuitry.

The maximum rate at which the counter may be

incremented is once per three instruction cycles

(every 30 jus when using a 3 MHz crystal)—there

is no minimum frequency.

In addition to serving as a testable input and as the

counter input, the T1 pin has special circuitry to

detect when an AC signal crosses its average DC
level. When driven directly, this pin responds as a

normal digital input. To utilize the zero cross de-

tection mode, an AC signal of approximately 1-3

VAC p-p magnitude and a maximum frequency of

1 kHz is coupled through an external capacitor (1

liF) to the T1 pin.

The internal digital state is sensed as a zero until

the rising edge crosses the DC average level,

when it becomes a one. This is accomplished by

the self-biasing high gain amplifier which is includ-

ed in the T1 input. This circuit biases the T1 input

exactly at its switching point, such that a small

change will cause a digital transition to occur. This

digital transition takes place within 5 degrees of

the zero point. The digital value of T1 remains a

one until the falling edge of the AC input drops ap-

proximately 100 mV below the switching point of

the rising edge (100 mV below the zero point, if

the digital transition occurred exactly at the zero

point). The 100 mV offset is created by hysteresis

and eliminates chattering of the internal signal

caused by the external noise.

2-28



SINGLE COMPONENT SYSTEM

The zero cross detection capability allows the

user to make the 60 Hz power signal the basis for

this system timing. All timing routines, including

time-of-day, can be implemented using the zero

cross detection capability of T1 and its conditional

jump instructions. In addition, the zero cross de-

tection feature can be used in conjunction with the

timer interrupt to interrupt processing at the zero

voltage point. This enables the user to control volt-

age phase sensitive devices such as triacs and

SCRs, and to use the 8022 in applications such as

shaft speed and angle measurement.

2.18 Analog to Digital Converter
The 8022 contains on-chip a complete hardware

implementation of an 8-bit analog to digital (A/D)
converter with two multiplexed analog inputs. The
A/D converter utilizes a successive approxima-

tion technique to provide an updated conversion

once every four instruction cycles with a minimum
of required software.

The A/D converter consists of four main parts,

the input circuitry, a series string of resistors, a
voltage comparator, and the successive approxi-

mation logic. The two analog inputs are multi-

plexed on-chip and selected via software by the

SEL ANO and SEL AN1 instructions. Besides se-

lecting one of the analog inputs, these instructions

restart the conversion sequence which operates

continuously. Restarting a conversion sequence
deletes the conversion in progress but does not

affect the result of the previous conversion which

is stored in the conversion result register. The
continuous operation of the A/D converter saves
program space and time by allowing the user ob-

tain multiple readings from a given input with only

one select instruction. To obtain a valid conversion

reading, the user must provide the analog input

signal no later than the beginning of the select in-

struction cycle. The analog input is then sampled
by the A/D converter and maintained internally.

This voltage becomes one input to the voltage

comparator which amplifies the difference be-

tween the analog input and the voltage tap on the

series resistor string.

The series resistor string is connected between
the A/D reference pin (Varef) and ground
(AVss)- It is comprised of 256 identical resistors

which divide the voltage between these two pins

into 256 identical voltage steps. This configuration

gives the converter its inherent monotonicity. The
range of Varef in which full 8-bit resolution can be
provided is between Vcc/ 2 and Vcc-

Thus, the user is given a minimum voltage range

from ground to Vcc /2 and a maximum range from

ground to Vcc over which 8-bit resolution is in-

sured.

The voltage tap on the series resistor string is se-

lected by the resistor ladder decoder. This decod-

er is driven by the 8-bit successive approximation

register (SAR). Each bit of the SAR is set in suc-

cession, MSB to LSB, and a voltage comparison

between the selected resistor ladder voltage and

the analog input voltage is performed after the set-

ting of each bit. The result of each comparison de-

termines whether the particular bit will remain set

or be reset. All comparisons are performed auto-

matically by the on-chip A/D hardware. At the end

of 8 comparisons the SAR contains a valid digital

result which is then latched into the conversion re-

sult register (CRR). The RAD instruction (read

A/D) loads the conversion result from the CRR to

the accumulator of the 8022.

ANALOG MULTIPLEXER

INTERNAL BUS

A/D CONVERTER BLOCK DIAGRAM

As mentioned previously, the software and time

required to perform an A/D conversion is opti-

mized by the 8022's on-chip A/D converter con-

figuration. Typical software for reading two
sequential A/D conversions and storing them in

data memory is shown below:
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First SEL ANO .Starts conversion of ANO input

Conversion MOV R0,#24 ;Set up memory pointer

50 us RAD ;First conversion value to

4 bytes accumulator

Second MOV @R0,A ;Store first conversion value

Conversion INCRO ;lncrement memory location

40 ms RAD ;Second conversion value to

3 bytes accumulator

Note that the second conversion occurs without a

second select instruction being used. Rather, the

continuous operation of the A/D converter pro-

vides an updated digital value 4 instruction cycles

after the first.

To insure maximum accuracy from the A/D con-

verter, separate power supply pins (AVcc and

AVss) and a substrate pin (SUBST) have been

provided. Supplying the power supply pins with a

well filtered and regulated voltage supply mini-

mizes the effect of power supply variance and
system noise. The substrate pin should be by-

passed to ground through a 500 pF to 0.001 ixF

capacitor.

2.19 CPU
The 8022 CPU has arithmetic and logical capabili-

ty. There is a wide variety of arithmetic and logic

instructions which affect the contents of the accu-

mulator, and /or direct or indirect scratchpad lo-

cations. Provisions have been made for simplified

BCD arithmetic capability using the DAA, SWAP
A, and XCHD instructions. In addition, MOVP
A,@A allows table lookup for display formating

and constants. The conditional branch logic within

the processor enables several conditions internal

and external to the processor to be tested by the

user's program. Use the conditional jump instruc-

tions with the tests listed below to effect a change
in the program execution sequence.

Test
Jump

Condition

Jump
Instructions

A=0 A^O JZ JNZ

1 JNC, JC
—

1 JTF

1 JNT1, JT1

1 JNTO, JTO

Accumulator

Carry Flag

Timer Overflow Flag

Test lnput-T1

Test Input-TO

2.20 8022 Testing and Debug
To facilitate testing and debug, certain test modes
may be activated in the 8022 by raising combina-

tions of RESET, TEST 1 and PROG to 15 volts.

Internal ROM is dumped out sequentially for verifi-

cation. External memory operation is used for

CPU checkout.

Function

Power On Clear

Normal Operation

On each cycle internal ROM is

dumped to Port — sequentially

after ALE leading edge.

On every TEST 1 falling edge
the program counter incre-

ments, dumps internal ROM to

Port

Chip will operate from external

memory (one page) via Port 0.

ALE strobes Address out, mem-
ory in.

Chip accepts op codes into

Port 1. Allows Port and 8243
testing.

Reset Prog Test 1 Case

5V X X

OV X X

15V 15V 15V Mode 1a

15V 15V -TT_ Mode 1b

15V

Mode 3

NOTE

X = Normal mode - between OV and Vqc
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THE EXPANDED MCS-48™ SYSTEM

3.0 Summary

If the capabilities resident on the single-

chip 8048/8049, 8748, or 8035/8039 are not

sufficient for your system requirements,

special on-board circuitry allows the

addition of a wide variety external memory,
I/O, or special peripherals you may require.

The processors can be directly and simply

expanded in the following areas:

• Program Memory to 4K words

• Data Memory to 320 words (384 words
with 8049)

• I/O by unlimited amount

• Special Functions using 8080/8085
peripherals

By using bank switching techniques maxi-

mum capability is essentially unlimited. Bank

switching is discussed later in the chapter.

Expansion is accomplished in two ways:

1. Expander I/O—A special I/O Expander

circuit the 8243 provides for the addition of

four 4-bit Input/Output ports with the sac-

rifice of only the lower half (4 bits) of port 2

for inter-device communication. Multiple

8243's may be added to this 4-bit bus by

generating the required "chip select" lines.

2. Standard 8085 Bus—One port of the

8048 is like the 8 bit bidirectional data bus
of the 8085 microcomputer system allow-

ing interface to the numerous standard

memories and peripherals of the MCS-
80/85 microcomputer family.

MCS-48 systems can be configured using

either or both of these expansion features to

optimize system capabilities to the application.

Both expander devices and standard mem-
ories and peripherals can be added in virtually

any number and combination required.

3.1 Expansion of Program Memory

Program Memory is expanded beyond the

resident 1K or 2K words by using the 8085

BUS feature of the MCS-48. All program
memory fetches from addresses less than

1024 (2048) occur internally with no
external signals being generated (except

ALE which is always present). At address

1024 the 8048 automatically initiates exter-

nal program memory fetches.

3.1.1 Instruction Fetch Cycle (External)

For all instruction fetches from addresses

of 1024 (2048) or greater the following will

occur:

1. The contents of the 12 bit program

counter will be output on BUS and the lower

half of port 2.

2. Address Latch Enable (ALE) will indi-

cate the time at which address is valid. The
trailing edge of ALE is used to latch the

address externally.

3. Program Store Enable (PSEN) indicates

that an external instruction fetch is in prog-

ress and serves to enable the external

memory device.

4. BUS reverts to input (floating) mode
and the processor accepts its 8 bit

contents as an instruction word.

All instruction fetches including internal

addresses can be forced to be external by
activating the EA pin of the 8048/8049. The
8035/8039 processors without program
memory always operate in the external

program memory mode (EA=5V).

3.1.2 Extended Program Memory
Addressing (Beyond 2K)

For programs of 2K words or less, the

8048/8049 addresses program memory in
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ALE r I

BUS FLOATINGKPCEEXPC
INSTRUCTION

INSTRUCTION FETCH FROM
EXTERNAL PROGRAM MEMORY

the conventional manner. Addresses be-

yond 2047 can be reached by executing a

program memory bank switch instruction

(SEL MBO, SEL MB1) followed by a branch

instruction (JMP or CALL). The bank switch

feature extends the range of branch

instructions beyond their normal 2K range

and at the same time prevents the user from

inadvertently crossing the 2K boundary.

Program Memory Bank Switch

The switching of 2K program memory banks

is accomplished by directly setting or resetting

the most significant bit of the program counter

(bit 11). Bit 11 is not altered by normal incre-

menting of the program counter but is loaded

with the contents of a special flip-flop each

time a JMP or CALL instruction is executed.

This special flip-flop is set by executing an

SEL MB1 instruction and reset by SEL MBO.
Therefore, the SEL MB instruction may be

executed at any time prior to the actual bank

switch which occurs during the next branch

instruction encountered. Since all twelve bits

of the program counter including bit (11) are

stored in the stack when a Call is executed,

the user may jump to subroutines across the

2K boundary and the proper bank will be

restored upon return. However, the bank
switch flipflop will not be altered on return.

Interrupt Routines

Interrupts always vector the program counter

to location 3 or 7 in the first 2K bank and bit

11 of the program counter is held at "0"

during the interrupt service routine. The end

of the service routine is signalled by the

execution of an RETR instruction. Interrupt

service routines should therefore be contained

A
11

A
10 A9 A

8
A7 A

6
A
5

A4 A
3

A
2

A
1

A

i I

Conventional Program Counte
• Counts 000H to 7FFH
• Overflows 7FFH to 000H

r

internal flipflop to An
• Flipflop set by SEL MB1
• Flipflop reset by SEL MBO

or by RESET

During interrupt service routine

Aii is forced to "0"

All 12 bits are saved in stack

PROGRAM COUNTER

entirely in the lower 2K words of program

memory. The execution of a SEL MBO or SEL
MB1 instruction within an interrupt routine is

not recommended since it will not alter PC11

while in the routine, but will change the

internal flip flop.

3.1.3 Restoring I/O Port Information

Although the lower half of Port 2 is used to

output the four most significant bits of address

during an external program memory fetch,

the I/O information is still outputed during

certain portions of each machine cycle. I/O

information is always present on Port 2 lower

at the rising edge of ALE and can be sampled

or latched at this time.

3.1.4 Expansion Examples

The accompanying figure shows the addition

of three 2708 1K X 8 EPROMs or three 2308

pin-compatible ROM replacements for a total

of 4K words of program memory. The BUS
port of the 8048 is connected directly to the

data output lines of the memories. The lower

8 bits of address are latched in an 8212 8-bit

latch using ALE as the strobe. The lower half

of Port 2 provides the upper 4 bits of address

and since these address bits are stable for

the duration of the program memory fetch,

they do not have to be latched. Two of the

upper address bits are connected directly to

the address inputs of the memories while the

two most significant bits are decoded to

provide the three chip selects needed. The

PSEN output of the 8048/8748 is used to

enable the chip select lines and therefore the

memories.
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PROGRAM MEMORY

> ADDRESS

2708/
cs 2308

DATA
OUT

DECODER °1

10F4
2

E 3

*-

PORT ^,3

ALE

8048

BUS

PSEN

4

^

2

O

8212
LATCH

\S
ADDRESS

<*
2
o
7Z2308

DATA
OUT

10 >

<v
1
—

—

V
1

|8

ADDRESS

CS
2708/
2308

DATA
OUT

>

Is

EXPANDING MCS-48™ PROGRAM MEMORY USING STANDARD MEMORY PRODUCTS

Also shown is the addition of 2K words of

program memory using an 231 6A 2K x 8

ROM to give a total of 3K words of program

memory. In this case no chip select decoding

is required and PSEN enables the memory
directly through the chip select input. If the

system requires only 2K of program the same
configuration can be used with an 8035
substituted for the 8048. The 8049 would
provide 4K with the same configuration.

The next figure shows how the new 8755/8355

EPROM/ROM with I/O interfaces directly to

the 8048 without the need for an address

latch. The 8755/8355 contains an internal 8-bit

address latch eliminating the need for an

8212 latch. In addition to a 2K X 8 program

memory the 8755/8355 also contains 16 I/O

lines addressable as two 8-bit ports. These
ports are addressed as external RAM; there-

8048

BUS

PSEN

8212
LATCH

Iz
c>

ADDRESS

2316
ROM

DATA
OUT
CS

USING 2K x 8 ROM

EXPANDING MCS-48™ PROGRAM MEMORY USING STANDARD MEMORY PRODUCTS
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fore, the RD and WR outputs of the 8048 are

required. See the following section on data

memory expansion for more detail. The sub-

sequent section on I/O expansion explains

the operation of the 16 I/O lines.

ALE

PSEN

WR

8048 rd

BUS

P20-P23

12

u \>
TEST I/O

INPUTS

ALE 2K X 8

RD

IOW

l0R ROM/
PROM

/L
-S-

J\ */„ W,TH
C 8> A/D

Q_7 |/o
N V 8355/

8755

y/ A8'A 1C
cs

<x> I/O

EXTERNAL PROGRAM MEMORY INTERFACE

3.2 Expansion of Data Memory

Data Memory is expanded beyond the resi

dent 64 words by using the 8085 type bus
feature of the MCS-48.

3.2.1 Read/Write Cycle

All address and data is transferred over the 8

lines of BUS. A read or write cycle occurs as

follows:

1. The contents of register R0 or R1 is out-

puted on BUS.

2. Address Latch Enable (ALE) indicates

address is valid. The trailing edge of ALE is

used to latch the address externally.

3. A read (RD) or write (WR) pulse on the

corresponding output pins of the 8048 indi-

cates the type of data memory access in

progress. Output data is valid at the trailing

edge of WR and input data must be valid at

the trailing edge of RD.

4. Data (8-bits) is transferred in or out over

BUS.

READ FROM EXTERNAL DATA MEMORY

ALE J L

RD

BUS FLOATINgSAdDRESsY yC DATA/\ FLOATING

FLOATING

WRITE TO EXTERNAL DATA MEMORY

ALE J 1_

WR

BUS FLOATING^ADDRESSyFLQATING^ DATA J^ FLOATING
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3.2.2 Addressing External Data Memory

External Data Memory is accessed with its

own two-cycle move instructions MOVX A,

@R and MOVX @R, A which transfer 8 bits of

data between the accumulator and the ex-

ternal memory location addressed by the

contents of one of the RAM Pointer Registers

RO or R1. This allows 256 locations to be
addressed in addition to the resident

locations. Additional pages may be added
by "bank switching" with extra output lines of

the 8048.

3.2.3 Examples of Data Memory
Expansion

The accompanying figure shows how the

8048 can be expanded using standard 256 X
4 static RAMs such as the 2101-2 or its low

power CMOS equivalent, the 5101. An 8212

serves as an address latch while each 4-bit

half of BUS is connected directly to a bidirec-

tional 4-bit data bus of the memories. The WR
output of the processor controls the Read/

Write input of the memories while the data

bus output drivers of the memories are con-

trolled by RD. The chip select lines of the

memories are continuously enabled unless

additional pages of RAM are required. Also

shown is the expansion of data memory using

the 8155 memory and I/O expanding device.

Since the 8155 has an internal 8-bit address

latch it can interface directly to the 8048 with-

out the use of an external 8212 latch. The
8155 provides an additional 256 words of sta-

tic data memory and also includes 22 I/O

lines and a 14 bit timer. See the following sec-

tion on I/O expansion and the 8155 data sheet

for more details on these additional features.

3.3 Expansion of Input/Output

There are four possible modes of I/O

expansion with the 8048: one using a

special low cost expander, the 8243;

BUS

ALE

8048

RD
WR

A

<c= 8

"T> <^ V
DI1-8

DS2
R91 , D01

DS1 °*'* D08

MD

I/O 1-4 CS1

2111/2101^
7

5101

OD R/W

3l ^ 1/0 1-4 CS1

. . 2111/2101^^2
07

5101

OD R/W
+5V

p) r
i . ,

1

3x

BUS

ALE

8048 Wf
RD

c ^

c
c=^>

[TEST
' INPUTS

AD -7

ALE 8155
256X8

WR
RAM

RD

IO/M

OO I/O

-+TIMER OUT

I/O

8048 INTERFACE TO 256 X 8 STANDARD MEMORIES
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another using standard MCS-80/85 I/O

devices; and a third using the combination
memory/I/O expander devices the 8155,

8355, and 8755. It is also possibleto expand
using standard TTL devices as shown in

Chapter 5.

3.3.1 I/O Expander Device

The most efficient means of I/O expansion for

small systems is the 8243 I/O Expander De-
vice which requires only 4 port lines (lower

half of Port 2) for communication with the

8048. The 8243 contains four 4-bit I/O ports

which serve as extension of the on chip I/O

and are addressed as ports #4-7. The follow-

ing operations may be performed on these

ports:

1. Transfer Accumulator to Port.

2. Transfer Port to Accumulator.

3. AND Accumulator to Port.

4. OR Accumulator to Port.

A 4-bit transfer from a port to the lower half of

the Accumulator sets the most significant four

bits to zero. All communication between the

8048 and the 8243 occurs over Port 2 lower

(P20-P23) with timing provided by an output

pulse on the PROG pin of the processor. Each
transfer consists of two 4-bit nibbles:

The first containing the "op code" and port

address and the second containing the actual

4 bits of data.

Nibble 1 Nibble 2

3 2 1 3 2 1

I I A A d d d d

Instruction

Code
Port

Address

data

AA
00 Read 00--Port #4
01 Write 01--Port #5
10 OR 10--Port #6
11 AND 11--Port #7

EXPANDER INTERFACE

PROG

8048

P20-P23

<^0.t>"°

/I

:>

1 INPUTS

<^r—
4

CHIP SELECT CONNECTION IF MORE
THAN ONE EXPANDER IS USED

CS

PROG

8243

DATA IN

P2

P4

P5
|v 4

V

I/O

I/O

I/O

I/O

OUTPUT EXPANDER TIMING

PROG

P20-P23

\
-<ZJC

/
>

ADDRESS (4-BITS) DATA (4-BITS)

AND OPCODE

JITS 0,1 BITS 2,3

PORT
ADDRESS

00
~

01

10

11_

READ
WRITE
OR
AND
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A high to low transition of the PROG line indi-

cates that address is present while a low to

high transition indicates the presence of data.

Additional 8243's may be added to the four bit

bus and chip selected using additional output

lines from the 8048/8748.

I/O Port Characteristics

Each of the four 4-bit ports of the 8243 can

serve as either input or output and can pro-

vide high drive capability in both the high and

low state.

3.3.2 I/O Expansion with Standard

Peripherals

Standard MCS-80/85 type I/O devices may
be added to the MCS-48 using the same bus
and timing used for Data Memory expan-

sion. I/O devices reside on the Data

Memory bus and in the data memory
address space and are accessed with the

same MOVX instructions. See the previous

section on data memory expansion for a

description of timing. The following are a

few of the Standard MCS-80 devices which
are very useful in MCS-48 systems.

8214 Priority Interrupt Encoder

8251 Serial Communications Interface

8255 General Purpose Programmable I/O

8279 Keyboard/Display Interface

8253 Interval Timer

See Chapter 7 for detailed data sheets on
these and other components.

3.3.3 Combination Memory and I/O

Expanders

As mentioned in the sections on program and

data memory expansion the 8355/8755 and

8155 expanders also contain I/O capability.

8355/8755: These two parts are ROM and

EPROM equivalents and therefore contain

the same I/O structure. I/O consists of two

8-bit ports which normally reside in the exter-

nal data memory address space and are ac-

cessed with MOVX instructions. Associated

with each port is an 8-bit Data Direction Reg-

ister which defines each bit in the port as

either an input or an output. The data direction

registers are directly addressable thereby al-

lowing the user to define under software con-

trol each individual bit of the ports as either

input or output. All outputs are statically

latched and double buffered. Inputs are not

latched.

8155/8156: I/O on the 8155/8156 is config-

ured as two 8-bit programmable I/O ports

and one 6-bit programmable port. These
three registers and a Control/Status regis-

ter are accessible as external data memory
with the MOVX instructions. The contents

of the control register determines the mode
of the three ports. The ports can be

programmed as input or output with or

without associated handshake communi-
cation lines. In the handshake mode, lines

of the six-bit port become input and out-

put strobes for the two 8-bit ports. See the

8048

INT

P20

RD

WR

BUS

-<

c

INT

C/D

8279

_ KEYBOARD
RD DISPLAY

WR

"N DATA
-j/ BUS

CS

"X

K£
KEYBOARD
INPUTS

SHIFT

-CNTL

SCAN
OUTPUTS

(A) DISPLAY
OUTPUT

(B)DISPLAY
OUTPUT

KEYBOARD/DISPLAY INTERFACE
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data sheet in Chapter 6 for details. Also

included in the 8155 is a 14-bit program-

mable timer. The clock input to the timer

and the timer overflow output are available

on external pins. The timer can be pro-

grammed to stop on terminal count or to

continuously reload itself. A square wave or

pulse output on terminal count can also be

specified.

I/O Expansion Examples
(See Also Chapter 5)

The accompanying figure shows the

expansion of I/O using multiple 8243's. The
only difference from a single 8243 system is

the addition of chip selects provided by
additional 8048 output lines. Two output

lines and a decoder could also be used to

address the four chips. Large numbers of

8243's would require a chip select decoder
chip such as the 8205 to save I/O pins.

Also shown is the 8048 interface to a stan-

dard MCS-80 peripheral; in this case, the

8255 Programmable Peripheral Interface, a

40 pin part which provides three 8-bit pro-

grammable I/O ports. The 8255 bus interface

is typical of programmable MCS-80 peripher-

als with an 8-bit bidirectional data bus, a RD
and WR input for Read/Write control, a CS

(chip select) input used to enable the Read/
Write control logic and the address inputs

used to select various internal registers.

r^
— Ao

X

C^>

1 8255
PROGRAMMABLE
PERIPHERAL
INTERFACE

RD

<A>
P0"

CO""

OPTION #1

c

1 8255
PROGRAMMABLE
PERIPHERAL
INTERFACE

RD

T

<X>"r

OPTION #2

INTERFACE TO MCS-80 PERIPHERALS

LOW COST I/O EXPANSION
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Interconnection to the 8048 js_ very
straightforward with BUS, RD, and WR con-

necting directly to the corresponding pins on
the 8255. The only design consideration is the

way in which the internal registers of the 8255
are to be addressed. If the registers are to be
addressed as external data memory using the

MOVX instructions, the appropriate number of

address bits (in this case, 2) must be latched

on BUS using ALE as described in the section

on external data memories. If only a single

device is connected to BUS, the 8255 may be
continuously selected by grounding C§. If

multiple 8255's are used, additional address
bits can be latched and used as chip selects.

A second addressing method eliminates ex-

ternal latches and chip select decoders by
using output port lines as address and chip

select lines directly. This method, of course,

requires the setting of an output port with ad-

dress information prior to executing a MOVX
instruction.

3.4 Multi-Chip MCS-48 Systems

The accompanying figure shows the addition

of two memory expanders to the 8048, one

8355/8755 ROM and one 8156 RAM. The
main consideration in designing such a sys-

tem is the addressing of the various memories
and I/O ports. Note that in this configuration

address lines A10 and An have been ORed to

chip select the 8355. This ensures that the

chip is active for all external program memory
fetches in the 1K to 3K range and is disabled

for all other addresses. This gating has been
added to allow the I/O port of the 8355 to be

used. If the chip was left selected all the time

there would be conflict between these ports

and the RAM and I/O of the 8156. The NOR
gate could be eliminated and An connected

directly to the CE (instead of CE) input of the

8355; however, this would create a 1K word
"hole" in the program memory by causing the

8355 to be active in the 2K to 4K range in-

stead of the normal 1K to 3K range.

8156/8355

PORT

C^t
PORT

THE THREE COMPONENT MCS-48 SYSTEM
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PROGRAM MEMORY
SPACE

S355
(2K)

RESIDENT

(1K)

300H

200H

100H

000H

EXTERNAL DATA
MEMORY SPACE

.
1
8355

I 1
io

I I 8155
F IO

RESIDENT DATA
MEMORY

(64)

SECTION ADDRESS DESIGNATION

PROG. MEM 000—BFF
DATA MEM 100— IFF

8155 PORTS 300 CMD/STATUS
301 PORTA
302 PORT B
303 PORTC
304 TIMER LOW
305 TIMER HI

8355 PORTS 400 PORTA
401 PORT B
402 DDR A
403 DDR B

In this system the various locations are ad-

dressed as follows:

Data RAM—Addresses to 255 when Port

2 Bit has been previously set = 1 and Bit 1

set =

RAM I/O—Addresses to 3 when Port 2

Bit = 1 and Bit 1 =1

ROM I/O—Addresses to 3 when Port 2

Bit 2 or Bit 3 = 1

See the above memory map.

3.5 Memory Bank Switching

Certain systems may require more than the

4K words of program memory which are

directly addressable by the program counter

or more than the 256 data memory and I/O

locations directly addressable by the pointer

registers R0 and R1. These systems can be

achieved using "bank switching" techniques.

Bank switching is merely the selection of

various blocks or "banks" of memory using

dedicated output port lines from the processor.

In the case of the 8048 program memory is

selected in blocks of 4K words at a time

while data memory and I/O are enabled 256
words at a time.

The most important consideration in imple-

menting two or more banks is the software

required to cross the bank boundaries. Each
crossing of the boundary requires that the

processor first write a control bit to an output

port before accessing memory or I/O in the

new bank. If program memory is being

switched, programs should be organized to
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keep boundary crossings to a minimum.

Jumping to subroutines across the boundary

should be avoided when possible since the

programmer must keep track of which bank

to return to after completion of the subrou-

tine. If these subroutines are to be nested and

accessed from either bank, a software "stack"

should be implemented to save the bank

switch bit just as if it were another bit of the

program counter.

From a hardware standpoint bank switching

is very straight-forward and involves only the

connection of an I/O line or lines as bank

enable signals. These enables are ANDed
with normal memory and I/O chip select

signals to activate the proper bank.

3.6 Control Signal Summary

The following table summarizes the in-

structions which activate the various

control outputs of the MCS-48 processors.

CONTROL
SIGNAL

WHEN ACTIVE

RD DURING MOVX A,@R OR INS BUS

WR DURING MOVX @R,A OR OUTL BUS

ALE EVERY MACHINE CYCLE

PSEN DURING FETCH OF EXTERNAL
PROGRAM MEMORY(INSTRUCTION

OR IMMEDIATE DATA)

PROG DURING MOVD A,P ANLD P,A

MOVDP.AORLD P,A

During all other instructions these outputs

are driven to the inactive state.

3.7 Port Characteristics

BUS Port Operations

The BUS port can operate in three different

modes: as a latched I/O port, as a bi-

directional bus port, or as a program memo-
ry address output when external memory is

used. The BUS port lines are either active

high, active low, or high impedance (float-

ing).

The latched mode (INS, OUTL) is intended

for use in the single chip configuration

where BUS is not being used as an expan-

der port. OUTL and MOVX instructions can

be mixed if necessary. However, a previous-

ly latched output will be destroyed by exe-

cuting a MOVX instruction and BUS will be

left in the high impedance state. INS does

not put the BUS in a high impedance state.

Therefore, the use of MOVX after OUTL to

put the BUS in a high impedance state is

necessary before an INS instruction in-

tended to read an external word (as op-

posed to the previously latched value).

OUTL should never be used in a system

with external program memory , since latch-

ing BUS can cause the next instruction, if

external, to be fetched improperly.

Port 2 Operations

The lower half of Port 2 can be used in three

different ways: as a quasi, bi-directional

static port, as an 8243 expander port, and to

address external program memory. In all

cases outputs are driven low by an active

device and driven high momentarily by an

active device and held high by a 50KH
resistor to +5V.

The port may contain latched I/O data prior

to its use in another mode without affecting

operation of either. If lower Port 2 (P20-3) is

used to output address for an external

program memory fetch the I/O information

previously latched will be automatically

removed temporarily while address is

present then restored when the fetch is

complete. However, if lower Port 2 is used

to communicate with an 8243, previously

latched I/O information will be removed
and not restored. After an input from the

8243 P20-3 will be left in the input mode
(floating). After an output to the 8243 P20-3

will contain the value written, ANDed, or

ORed to the 8243 port.
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INSTRUCTION SET

4.0 INTRODUCTION
The MCS-48 instruction set is extensive for

a machine of its size and has been tailored

to be straightforward and very efficient in

its use of program memory. All instructions

are either one or two bytes in length and
over 70% are only one byte long. Also, all

instructions execute in either one or two
cycles (2.5jusec or 5.0/usec when using a 6

MHz XTAL) and over 50% of all instructions

execute in a single cycle. Double cycle

instructions include all immediate instruc-

tions, and all I/O instructions.

The MCS-48 microcomputers have been
designed to efficiently handle arithmetic

operations in both binary and BCD as well

as to efficiently handle the single bit

operations required in control applications.

Special instructions have also been in-

cluded to simplify loop counters, table

lookup routines, and N-way branch rou-

tines.

Data Transfers

As can be seen in the accompanying
diagram, the 8-bit accumulator is the central

PROGRAM
MEMORY
(=data)

EXPANDER
I/O PORTS

4-7 c
MOVD
ANLD
ORLD

MOV ^\

DATA
MEMORY

WORKING REG

(4)

<z

ADD
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AIML
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XCH

/%

iz

Cl
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COUNTER

7\

MOVX
<C BUS(8)

^
>
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OUTL MOV
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AND
PERIPHERALS

\7
PROGRAM

STATUS WORD
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>
Iz
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8048
8049
8748
8035*
8039*

'NO PROGRAM
MEMORY

(8) (8) (8)
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DATA TRANSFER INSTRUCTIONS

4-1



INSTRUCTION SET

point for all data transfers within the 8048.

Data can be transferred between the 8

registers of each working register bank and
the accumulator directly, i.e. the source or

destination register is specified by the

instruction. The remaining locations of the

internal RAM array are referred to as Data
Memory and are addressed indirectly via an
address stored in either R0 or R1 of the active

working register bank. R0 and R1 are also

used to indirectly address external data

memory when it is present. Transfers to and
from internal RAM require one cycle while

transfers to external RAM require two.

Constants stored in Program Memory can be

loaded directly to the accumulator and to the

8 working registers. Data can also be
transfered directly between the accumulator

and the on-board timer/counter or the

accumulator and the Program Status word
(PSW). Writing to the PSW alters machine
status accordingly and provides a means of

restoring status after an interrupt or of

altering the stack pointer if necessary.

Accumulator Operations

Immediate data, data memory, or the

working registers can be added with or

without carry to the accumulator. These
sources can also be ANDed, ORed, or

Exclusive ORed to the accumulator. Data

may be moved to or from the accumulator

and working registers or data memory. The
two values can also be exchanged in a single

operation.

In addition, the lower 4 bits of the

accumulator can be exchanged with the

lower 4-bits of any of the internal RAM
locations. This instruction, along with an

instruction which swaps the upper and lower

4-bit halves of the accumulator, provides for

easy handling of 4-bit quantities, including

BCD numbers. To facilitate BCD arithmetic,

a Decimal Adjust instruction is included. This

instruction is used to correct the result of the

binary addition of two two-digit BCD
numbers. Performing a decimal adjust on the

result in the accumulator produces the

required BCD result.

Finally, the accumulator can be: incre-

mented, decremented, cleared, or comple-
mented and can be rotated left or right 1-bit at

a time with or without carry.

Although there is no subtract instruction in

the 8048, this operation can be easily

implemented with three single-byte single-

cycle instructions.

A value may be subtracted from the

accumulator with the result in the accumu-
lator by:

Complementing the accumulator

Adding the value to the accumulator

Complementing the accumulator.

Register Operations

The working registers can be accessed via

the accumulator as explained above, or can

be loaded immediate with constants from

program memory. In addition, they can be
incremented or decremented or used as

loop counters using the decrement and
jump, if not zero instruction, as explained

under branch instructions.

All Data Memory including working registers

can be accessed with indirect instructions via

R0 and R1 and can be incremented.

Flags

There are four user accessible flags in the

8048: Carry, Auxiliary Carry, F0, and F1.

Carry indicates overflow of the accumulator,

and Auxiliary Carry is used to indicate

overflow between BCD digits and is used

during decimal adjust operation. Both Carry

and Auxiliary Carry are accessible as part of

the program status word and are stored on
the stack during subroutines. F0 and F1 are

undedicated general purpose flags to be
used as the programmer desires. Both flags

can be cleared or complemented and tested

by conditional jump instructions. F0 is also

accessible via the Program Status word and
is stored on the stack with the carry flags.

Branch Instructions

The unconditional jump instruction is two

bytes and allows jumps anywhere in the first
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2K words of program memory. Jumps to the

second 2K of memory (4K words are directly

addressible) are made by first executing a

select memory bank instruction then execu-
ting the jump instruction. The 2K boundary
can only be crossed via a jump or subroutine

call instruction i.e. the bank switch does not

occur until a jump is executed. Once a

memory bank has been selected all subse-

quent jumps will be to the selected bank until

another select memory bank instruction is

executed. A subroutine in the opposite bank
can be accessed by a select memory bank
instruction followed by a call instruction.

Upon completion of the subroutine execu-
tion will automatically return to the original

bank; however, unless the original bank is

reselected, the next jump instruction en-

countered will again transfer execution to the

opposite bank.

Conditional jumps can test the following

inputs and machine status:

TO Input pin

JJ_ Input pin

INT Input pin

Accumulator Zero
Any bit of Accumulator
Carry Flag

FO Flag

F1 Flag

Conditional jumps allow a branch to any
address within the current page (256 words)

of execution. The conditions tested are the

instantaneous values at the time the condi-

tional jump is executed. For instance, the

jump on accumulator zero instruction tests

the accumulator itself not an intermediate

zero flag.

The decrement register and jump if not zero

instruction combines a decrement and a
branch instruction to create an instruction

very useful in implementing a loop counter.

This instruction can designate any one of

the 8 working registers as a counter and can
effect a branch to any address within the

current page of execution.

A single byte indirect jump instruction allows

the program to be vectored to any one of

several different locations based on the

contents of the accumulator. The contents of

the accumulator points to a location in

program memory which contains the jump
address. The 8-bit jump address refers to the

current page of execution. This instruction

could be used, for instance, to vector to any
one of several routines based on an ASCII
character which has been loaded in the

accumulator. In this way ASCII key inputs

can be used to initiate various routines.

Subroutines

Subroutines are entered by executing a call

instruction. Calls can be made like uncondi-

tional jumps to any address in a 2K word
bank and jumps across the 2K boundary are

executed in the same manner. Two separate

return instructions determine whether or not

status (upper 4-bits of PSW) is restored upon
return from the subroutine.

The return and restore status instruction also

signals the end of an interrupt service routine

if one has been in progress.

Timer Instructions

The 8-bit on board timer/counter can be
loaded or read via the accumulator while the

counter is stopped or while counting. The
counter can be started as a timer with an
internal clock source or as an event counter

or timer with an external clock applied to the

T1 input pin. The instruction executed
determines which clock source is used. A
single instruction stops the counter whether
it is operating with an internal or an external

clock source. In addition, two instructions

allow the timer interrupt to be enabled or

disabled.

Control Instructions

Two instructions allow the external interrupt

source to be enabled or disabled. Interrupts

are initially disabled and are automatically

disabled while an interrupt service routine is

in progress and re-enabled afterward.

There are four memory bank select instruc-

tions, two to designate the active working
register bank and two to control program
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memory banks. The operation of the program
memory bank switch is explained in section

3.1.2. The working register bank switch

instructions allow the programmer to imme-
diately substitute a second 8 register working
register bank for the one in use. This

effectively provides 16 working registers or it

can be used as a means of quickly saving the

contents of the registers in response to an
interrupt. The user has the option to switch or

not to switch banks on interrupt. However, if

the banks are switched, the original bank will

be automatically restored upon execution of

a return and restore status instruction at the

end of the interrupt service routine.

A special instruction enables an internal

clock, which is the XTAL frequency divided

by three, to be output on pin TO. This clock

can be used as a general purpose clock in the

users system. This instruction should be

used only to initialize the system since the

clock output can be disabled only by
application of system reset.

Input/Output Instructions

Ports 1 and 2 are 8-bit static I/O ports which
can be loaded to and from the accumulator.

Outputs are statically latched but inputs are

not latched and must be read while inputs are

present. In addition, immediate data from

program memory can be ANDed or ORed
directly to Port 1 and Port 2 with the result

remaining on the port. This allows "masks"
stored in program memory to selectively set

or reset individual bits of the I/O ports. Ports 1

and 2 are configured to allow input on a given

pin by first writing a "1" out to the pin.

An 8-bit port called BUS can also be
accessed via the accumulator and can have
statically latched outputs as well. It too can
have immediate data ANDed or ORed
directly to its outputs, however, unlike ports 1

and 2, all eight lines of BUS must be treated

as either input or output at any one time. In

addition to being a static port, BUS can be

used as a true synchronous bi-directional

port using the Move External instructions

used to access external data memory. When
these instructions are executed a cor-

responding READ or WRITE pulse is

generated and data is valid only at that time.

When data is not being transferred BUS is in

a high impedance state.

The basic three on board I/O ports can be
expanded via a 4-bit expander bus using half

of port 2. I/O expander devices on this bus
consist of four 4-bit ports which are

addressed as ports 4 through 7. These ports

have their own AND and OR instructions like

the on board ports as well as move
instructions to transfer data in or out. The
expander AND and OR instructions, how-
ever, combine the contents of accumu-
lator with the selected port rather than

immediate data as is done with the on board
ports.

I/O devices can also be added externally

using the BUS port as the expansion bus. In

this case the I/O ports become "memory
mapped", i.e. they are addressed in the same
way as external data memory and exist in the

external data memory address space ad-

dressed by pointer register RO or R1.

4.1 Instruction Set Description

The following pages describe the MCS-48
instruction set in detail. The instruction set is

first summarized with instructions grouped
functionally. This summary page is followed

by a detailed description listed alphabetically

by mnemonic opcode.

The alphabetical listing includes the follow-

ing information:

Mnemonic
Machine Code
Verbal Description

Symbolic Description

Assembly Language Example

The machine code is represented with the

most significant bit (7) to the left and two byte

instructions are represented with the first

byte on the left. The assembly language

examples are formulated as follows:

Arbitrary

Label: Mnemonic, Operand; Descriptive Comment

See section 1.2.2 for a description and

example of an assembly language program.
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8048/8049
INSTRUCTION SET SUMMARY

Mnemonic Description Bytes Cycle

ADD A, R Add register to A
ADD A, @R Add data memory to A
ADD A, =data Add immediate to A 2 2

ADDC A, R Add register with carry

ADDC A, @R Add data memory with carry

ADDC A, #data Add immediate with carry 2 2

ANL A, R And register to A
ANL A, @R And data memory to A
ANL A, =data And immediate to A 2 2

ORL A, R Or register to A
OR LA, @R Or data memory to A

"5 ORL A, adata Or immediate to A 2 2
E
3 XRLA, R Exclusive Or register to A
U
u
<

XRL A, @R Exclusive or data memory to A
XRLA, #data Exclusive or immediate to A 2 2

INC A Increment A
DEC A Decrement A
CLR A Clear A
CPLA Complement A
DA A Decimal Adjust A
SWAP A Swap nibbles of A
RL A Rotate A left

RLC A Rotate A left through carry

RR A Rotate A right

RRC A Rotate A right through carry

IN A, P Input port to A 2

OUTLP, A Output A to port 2

ANL P, #data And immediate to port 2

3
a.
ORL P, #data Or immediate to port 2

3 INS A, BUS Input BUS to A 2
o OUTL BUS, A Output A to BUS 2
3
a ANL BUS,#data And immediate to BUS 2
c ORL BUS,#data Or immediate to BUS 2

MOVD A, P Input Expander port to A 2

MOVD P, A Output A to Expander port 2

ANLD P, A And A to Expander port 2

ORLD P, A Or A to Expander port 2

5 INCR Increment register 1

tt INC @R Increment data memory 1

DEC R Decrement register 1

JMPaddr Jump unconditional 2 2

JMPP @A Jump indirect 1 2

DJNZR.addr Decrement register and jump 2 2

JC addr Jump on Carry = 1 2 2

JNCaddr Jump on Carry = 2 2

J Z addr Jump on A Zero 2 2

JNZaddr Jump on A not Zero 2 2

JTO addr Jump on TO = 1 2 2

n JNTO addr Jump on TO = 2 2
m

JT1 addr Jump on T1 = 1 2 2

JNT1 addr Jump on T1 = 2 2

JFOaddr Jump on F0 = 1 2 2

JF1 addr Jump on F1 =1 2 2

JTF addr Jump on timer flag =1 2 2

JNI addr Jump on INT = 2 2

JBbaddr Jump on Accumulator Bit 2 2

Description Bytes Cycles

£ CALL addr Jump to subroutine 2 2
3
O RET Return 1 2

SI
3
CO

RETR Return and restore status 1 2

CLR C Clear Carry 1

CPLC Complement Carry 1

ai CLR FO Clear Flag 1

LL CPL FO Complement Flag 1

CLR F1 Clear Flag 1 1

CPL F1 Complement Flag 1 1

MOV A, R Move register to A 1

MOV A, @R Move data memory to A 1

MOV A, #data Move immediate to A 2

MOV R, A Move A to register 1

MOV @R, A Move A to data memory 1

MOV R, #data Move immediate to register 2
at
> MOV@R,*data Move immediate to data memory 2

? MOV A, PSW Move PSW to A 1

CO MOV PSW, A Move A to PSW 1

re

a XCH A, R Exchange A and register 1

XCHA,@R Exchange A and data memory 1

XCHD A, @R Exchange nibble of A and register 1

MOVX A, @R Move external data memory to A 1 2

MOVX @R, A Move A to external data memory 1 2

MOVP A, @A Move to A from current page 1 2

MOVP3 A, @A Move to A from Page 3 1 2

MOV A, T Read Timer/Counter 1

SB MOV T, A Load Timer/Counter 1

3 STRTT Start Timer 1

CJ STRT CNT Start Counter 1

E
STOP TCNT Stop Timer/Counter 1

EN TCNTI Enable Timer/Counter Interrupt 1

DISTCNTI Disable Timer/Counter Interrupt 1

EN I Enable external interrupt 1

DISI Disable external interrupt 1

o SELRBO Select register bank 1

c

o
SELRB1 Select register bank 1 1

SEL MBO Select memory bank 1

SEL MB1 Select memory bank 1 1

ENTOCLK Enable Clock output on TO 1

NOP No Operation

Mnemonics copyright Intel Corporation 1976.
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8021

INSTRUCTION SET SUMMARY

Mnemonic Description Bytes Cycle

ADD A,R Add register to A 1

ADD A,@R Add data memory to A 1

ADD A,#data Add immediate to A 2 2

ADDC A,R Add with carry 1

ADDC A,@R Add with carry 1

ADDC A,#data Add with carry 2 2

ANL A,R And register to A 1

ANL A,@R And data memory to A 1

ANL A,#data And immediate to A 2 2

ORL A,R Or register to A 1

ORL A,@R Or data memory to A 1

ORL A,#data Or immediate to A 2 2

XRL A,R Exclusive Or register to A 1

XRL A,@R Exclusive or data memory to A 1

XRL A,#data Exclusive or immediate to A 2 2

INC A Increment A 1

DEC A Decrement A 1

CLR A Clear A 1

CPL A Complement A 1

DA A Decimal Adjust A 1

SWAP A Swap nibbles of A 1

RL A Rotate A left 1

RLC A Rotate A left through carry 1

RR A Rotate A right 1

RRC A Rotate A right through carry 1

IN A,P Input port to A 1 2

OUTL P,A Output A to port 1 2

MOVD A,P Input Expander port to A 1 2

MOVD P,A Output A to Expander port 1 2

ANLD P.A And A to Expander port 1 2

ORLD P,A Or A to Expander port 1 2

INC R Increment register 1 1

INC @R Increment data memory 1 1

Mnemonic Description Bytes Cycle

JMP addr Jump unconditional 2 2

JMPP @A Jump indirect 1 2

DJNZ R.addr Decrement register and Jump 2 2

on R not zero
JC addr Jump on Carry =1 2 2

JNC addr Jump on Carry = 2 2

JZ addr Jump on A Zero 2 2

JNZ addr Jump on A not Zero 2 2

JT1 addr Jump on T1 = 1 2 2

JNT1 addr Jump on T1 = 2 2

JTF addr Jump on timer flag 2 2

CALL addr
RET

Jump to subroutine

Return

No Operation

Instruction Set — The following instructions, which are

found in the 8748, have been deleted from the 8021

instruction set.

Data Moves Registers Branch Timer Control Input/Output

MOV A.PSW
MOV PSW.A
MOVX A.@R

DEC R JTO
JNTO
JFO
JF1

JNI

JBb

addr

addr

addr

addr

addr

addr

EN TCNTI
DIS TCNTI

EN I

DIS 1

SEL RBO
SEL RBI
SEL MBO
SEL MB1
ENTO CLK

ANL P,#data

ORL P,#data

INS A.BUS*Flags

Subroutine
CLR F0
CPL F0
CLR F1

CPL F1

MOVP3 A,@A RETR ANL BUS,#data

ORL BUS,#data

"These Instructions have been replaced in the 8021 by

IN A,PO and OUTL PO,A respectively.

CLR C Clear Carry 1 1

CPL C Complement Carry 1 1

MOV A,R Move register to A 1 1

MOV A,@R Move data memory to A 1 1

MOV A,#data Move immediate to A 2 2

MOV R,A Move A to register 1 1

MOV @R,A Move A to data memory 1 1

MOV R,#data Move immediate to register 2 2

MOV @R,#data Move immediate to data memory 2 2

XCH A,R Exchange A and register 1 1

XCH A,@R Exchange A and data memory 1 2

XCHD A,@R Exchange nibble of A and register 1 1

MOVP A,@A Move to A from current page 1 2

MOV A,T Read Timer/Counter 1 1

MOV T,A Load Timer/Counter 1 1

STRT T Start Timer 1 1

STRT CNT Start Counter 1 1

STOP TCNT Stop Timer/Counter 1 1
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8022

INSTRUCTION SET SUMMARY

Description

Hexadecimal
Bytes Cycle Opcode

JMPP @ A

DJNZ R.addr

JC addr

JNC addr

JZ addr

JNZ addr

Jump unconditional

Jump indirect

Decrement register and

jump on R not zero

Jump on carry=1

Jump on carry=0

Jump on A zero

Jump on A not zero

ADD A,R
r

Add register to A 1 68-6F

ADD A,@ R Add data memory to A 1 60-61

ADD A,#data Add immediate to A 2 2 03
ADDC A,R

r
Add register with carry 1 78- 7F

ADDC A,@ R Add data memory with 1

carry

70-71

ADDC A,#data Add immediate with 2

carry

2 13

ANL A,R
r

And register to A 1 58-5F

ANL A,@ R And data memory to A 1 50-51

ANL A,#data And immediate to A 2 2 53
ORL A.R

r
Or register to A 1 48-4F

ORL A,@ R Or data memory to A 1 40-41

_ ORL A,#data Or immediate to A 2 2 43

| XRL A,R
r

Exclusive Or register 1 D8-DF
3

i XRL A,@ R
to A

Exclusive Or data 1 D0-D1

< memory to A
XRL A,#data Exclusive Or immediate 2

to A
2 D3

INC A Increment A 1 17

DEC A Decrement A 1 07
CLR A Clear A 1 27
CPL A Complement A 1 37
DA A Decimal adjust A 1 57
SWAP A Swap nibbles of A 1 47
RL A Rotate A left 1 E7
RLC A Rotate A left through 1

carry

F7

RR A Rotate A right 1 77

RRC A Rotate A right through 1

carry

67

IN A, P
p

Input port to A 1 2 08,09,0A
OUTL P

p
A Output A to port 1 2 90,39,3A

£ MOVD A,P
p

Input expander port 1 2 0C-0F
3 to A
° MOVD P

p
,A Output A to expander 1 2 3C-3F

a. port

- ANLD P
p
,A And A to expander port 1 2 9C-9F

ORLD P
p
,A Or A to expander port 1 2 8C-8F

I INC R
r

Increment register 1 1 18-1F

S> INC @ R Increment data memory 1 1 10-11

2 04,24,44,64,

84,A4,C4,E4

2 B3
2 E8-EF

2 F6

2 E6

2 C6
2 96

Mnemonics copyright Intel Corporation, 1978.

Description

Hexadecimal

Bytes Cycle Opcode

JTO

JNTO

JT1 addr

JNT1 addr

JTF addr

Jump on T0= 1

Jump on T0=0
Jump on T1 = 1

Jump on T1=0
Jump on timer flag

2 2 36

2 2 26

2 2 56

2 2 46

% CALL addr Jump to subroutine

o

•§ RET Return

g, CLR C

r CPL C

Clear carry

Complement carry

MOV A,R
r

MOV A,@ R
MOV A,#data

MOV R
r
,A

MOV@R,A
MOV R

r
,#data

a
o MOV@R,#data

Move register to A

Move data memory to A
Move immediate to A
Move A to register

Move A to data memory
Move immediate to

register

Move immediate to

data memory

Instruction Set — The following instructions, which are
found in the 8748, have been deleted from the 8022
instruction set.

Data Moves Registers Branch Control Input/Output

MOV A.PSW
MOV PSW.A

DEC R

JFO
JF1

JNI

JBb

addr

addr

addr

addr

SEL RBO
SEL RB1
SEL MBO
SEL MB1
ENTO CLK

ANL P,#data

ORL P,#data

INS A.BUS*Flags

SubroutineCLR FO
CPL FO
CLR F1

CPL F1

OUTL BUS,A *

RETR ANL BUS,#data
ORL BUS,#data

*These Instructions have been replaced in the 8022 by
IN A,PO and OUTL PO,A respectively.

2 14,34,54,74

94,B4,D4,F4

2 83

1k 97

1 A7

1 F8-FF

1 F0-F1

2 23

1 A8-AF

1 A0-A1

2 B8-BF

2 B0-B1

a
Q XCH A, R r

Exchange A and

register

1 28-2F

XCH A,@R Exchange A and data

memory
1 20-21

XCHD a,@R Exchange nibble of A
and register

1 30-31

MOVP A,@ A Move to A from current

page
2 A3

a MOV A,T Read timer/counter 1 42

3 MOV T,A Load timer/counter 1 62

(J STRTT Start timer 1 55

5 STRT CNT Start counter 1 45
E STOP TCNT Stop timer/counter 1 65

s RAD Move conversion result 2 80

O register to A
c SEL ANO Select analog input 1 85
O zero

<
SEL AN1 Select analog input one 1 95

EN I Enable external

interrupt

1 05

DIS I Disable external 1 15

£ interrupt

3 EN TCNTI Enable timer/counter 1 25

S interrupt

c DIS TCNTI Disable timer/counter

interrupt

1 35

RET I Return from interrupt 2 93

NOP No operation 1 00
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MCS-48™ INSTRUCTION SET

SYMBOLS AND ABBREVIATIONS USED

A Accumulator

AC Auxiliary Carry

addr 12-Bit Program Memory Address

Bb Bit Designator (b=0-7)

BS Bank Switch

BUS BUS Port

C Carry

CLK Clock

CNT Event Counter

CRR Conversion Result Register

D Mnemonic for 4-Bit Digit (Nibble)

data 8-Bit Number or Expression

DBF Memory Bank Flip-Flop

FO, F1 Flag 0, Flag 1

I Interrupt

P Mnemonic for "in-page" Operation

PC Program Counter

Pp Port Designator (p=1, 2 or 4-7)

PSW Program Status Word

Rr Register Designator (r=0, 1 or 0-7)

SP Stack Pointer

T Timer

TF Timer Flag

TO, T1 Test 0, Test 1

X Mnemonic for External RAM
# Immediate Data Prefix

@ Indirect Address Prefix

$ Current Value of Program Counter

(X) Contents of X

((X)) Contents of Location Addressed by X

•*- Is Replaced by

Mnemonics copyright Intel Corporation 1976.
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INSTRUCTION SET

ADD A,R r Add Register Contents to Accumulator

110 1 r r r

The contents of register 'r' are added to the

accumulator. Carry is affected.

(
A)^-(A) + (Rr)

ADDREG: ADD A,R6

r=0-7

Example:

ADD A,@R r Add Data Memory Contents to Accumulator

;ADD REG 6 CONTENTS
;TO ACC

110 00 r

The contents of the resident data memory location

addressed by register 'r' bits 0-5*are added to

the accumulator. Carry is affected.

(A)^(A) + ((Rr))

Example: ADDM: MOV R0, #01 FH
ADD A, @R0

r=0-1

MOVE'IF' HEX TO REG
ADD VALUE OF LOCATION
31 TO ACC

ADD A,#data Add Immediate Data to Accumulator

00 00 11 d7ded 5 d4 d3d2d-|do

This is a 2-cycle instruction. The specified data

is added to the accumulator. Carry is affected

(A)-*- (A) + data

Example: ADDID: ADD A,#ADDER: ;ADD VALUE OF SYMBOL
;'ADDER' TO ACC

ADDC A,R r Add Carry and Register Contents to Accumulator

111 1 r r r

The content of the carry bit is added to accumulator
location and the carry bit cleared. The contents
of register Y are then added to the accumulator.
Carry is affected.

(A)-»-(A)+(Rr)+(C)

Example: ADDRGC: ADDC A,R4

r=0-7

;ADD CARRY AND REG 4

;CONTENTS TO ACC
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ADDC A,@R
r

Add Carry and Data Memory Contents to Accumulator

111 00 r

The content of the carry bit is added to accumulator

location and the carry bit cleared. Then the contents

of the resident data memory location addressed by

register T' bits 0-5*are added to the accumulator.

Carry is affected.

(A)*«-(A)+((Rr))+(C) r=0-1

Example: ADDMC: MOV R1,#40

ADDC A,@R1
MOVE '40' DEC TO REG 1

ADD CARRY AND LOCATION 40

CONTENTS TO ACC

ADDC A,#data Add Carry and Immediate Data to Accumulator

00 1 00 11 d7d6d5d4 d3 62 di do

This is a 2-cycle instruction. The content of the

carry bit is added to accumulator location and

the carry bit cleared. Then the specified data is

added to the accumulator. Carry is affected.

(A)-*- (A)+data+(C)

ADDC A,#225 ;ADD CARRY AND '225' DEC
;TO ACC

Example:

ANL A,R r Logical AND Accumulator With Register Mask

0101 1 r r r

Data in the accumulator is logically ANDed with the

mask contained in working register 'r'.

(A)-«- (A) AND (Rr)

ANDREG: ANL A.R3

r=0-7

Example

ANL A,@R r Logical AND Accumulator With Memory Mask

;'AND' ACC CONTENTS WITH MASK
;IN REG 3

10 1 00 r

Data in the accumulator is logically ANDed with the

mask contained in the data memory location referenced

by register 'r\ bits 0-5?

(A)-*- (A) AND ((Rr)) r=0-1

Example: ANDDM: MOV R0,#03FH
ANL A, @R0

MOVE '3F' HEX TO REG
'AND' ACC CONTENTS WITH
MASK IN LOCATION 63
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ANL A,#data Logical AND Accumulator With Immediate Mask

10 1 00 11 d7ded5 d4 d3d2 d-jdo

This is a 2-cycle instruction. Data in the accumulator
is logically ANDed with an immediately-specified mask.

(A)-«- (A) AND data

Examples: ANDID: ANL A,#0AFH

ANL A,#3+X/Y

'AND' ACC CONTENTS
WITH MASK 10101111

'AND' ACC CONTENTS
WITH VALUE OF EXP
'3+X/Y'

ANL BUS,#data Logical AND BUS With Immediate Mask (Not in 8021, 8022)

100 1 1000 d7ded5d4 d3d2d-|dn

This is a 2-cycle instruction. Data on the BUS port is

logically ANDed with an immediately-specified mask. This

instruction assumes prior specification of an 'OUTL
BUS, A' instruction.

(BUS)-*- (BUS) AND data

Example: ANDBUS: ANL BUS,#MASK 'AND* BUS CONTENTS
WITH MASK EQUAL VALUE
OF SYMBOL 'MASK'

ANL Pp,#data Logical AND Port 1-2 With Immediate Mask (Not in 8021, 8022)

100 1 1 Op p d7d 6 d 5 d 4 d 3 d 2 d^o
This is a 2-cycle instruction. Data on port 'p' is

logically ANDed with an immediately-specified mask.

Example:

(Pp)-*- (Pp) AND data

ANDP2: ANL P2,#0F0H

p=1-2

'AND' PORT 2 CONTENTS
WITH MASK *F0' HEX
(CLEAR P20-23)

ANLD Pp,A Logical AND Port 4-7 With Accumulator Mask

100 1 1 1 pp

This is a 2-cycle instruction. Data on port 'p' is

logically ANDed with the digit mask contained in

accumulator bits 0-3.

(Pp)-*- (Pp) AND (AO-3) p=4-7

Mnemonics copyright Intel Corporation 1976.

4-11



INSTRUCTION SET

Note: The mapping of port 'p' to opcode bits 0-1

is as follows:

1 Port

4

1 5

1 6

1 1 7

Example: ANDP4: ANLD P4,A

CALL address Subroutine Call

;'AND' PORT 4 CONTENTS
;WITH ACC BITS 0-3

a 10 a9 a8 1 100 a 7 a 6 a 5 a4 a 3 a 2 a-, a

This is a 2-cycle instruction. The program counter and

PSW bits 4-7 are saved in the stack. The stack pointer

(PSW bits 0-2) is updated. Program control is then

passed to the location specified by 'address'. PC
bit 11 is determined by the most recent SEL MB instruction.

A CALL cannot begin in locations 2046-2047 or 4094-4095.

Execution continues at the instruction following the

CALL upon return from the subroutine.

((SP))^-(PC), (PSW 4_7 )

(SP)^- (SP) + 1

(PC8-10)^- (addr 8.10 )

(PC -7)^- addrn-7

(PCnJ^-DBF

Example: Add three groups of two numbers. Put subtotals in

locations 50, 51 and total in location 52.

MOV R0,#50

BEGADD: MOV A,R1

ADD A.R2
CALL SUBTOT
ADD A R3
ADD A,R4
CALL SUBTOT
ADD A,R5
ADD A,R6
CALL SUBTOT

SUBTOT: MOV @R0,A

INC R0
RET

MOVE '50' DEC TO ADDRESS
REG
MOVE CONTENTS OF REG 1

TO ACC
ADD REG 2 TO ACC
CALL SUBROUTINE 'SUBTOT
ADD REG 3 TO ACC
ADD REG 4 TO ACC
CALL SUBROUTINE 'SUBTOT
ADD REG 5 TO ACC
ADD REG 6 TO ACC
CALL SUBROUTINE 'SUBTOT

MOVE CONTENTS OF ACC TO
LOCATION ADDRESSED BY
REG
INCREMENT REG
RETURN TO MAIN PROGRAM
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CLR A Clear Accumulator

00 10 111

The contents of the accumulator are cleared to zero.

A^-0

CLR C Clear Carry Bit

100 1 111

During normal program execution, the carry bit can
be set to one by the ADD, ADDC, RLC, CPL C, RRC, and
DAA instructions. This instruction resets the carry bit to zero.

C-«-0

CLRF1 Clear Flag 1 (Not in 8021, 8022)

10 10 10 1

Flag 1 is cleared to zero.

(F1)—

CLR F0 Clear Flag (Not in 8021 , 8022)

1000 10 1

Flag is cleared to zero.

(F0)^0

CPL A Complement Accumulator

00 11 111

The contents of the accumulator are complemented.
This is strictly a one's complement. Each one is

changed to zero and vice-versa.

(A)-«- NOT (A)

Example: Assume accumulator contains 01101010.

CPLA: CPL A ;ACC CONTENTS ARE COMPLE-
MENTED TO 10010101

CPL C Complement Carry Bit

10 10 111

The setting of the carry bit is complemented; one is

changed to zero, and zero is changed to one.

(C)^NOT (C)

Example: Set C to one; current setting is unknown.

CTOLCLRC ;C IS CLEARED TO ZERO
CPL C ;C IS SET TO ONE
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CPL FO Complement Flag (Not in 8021, 8022)

100 1 10 1

The setting of flag is complemented; one is

changed to zero, and zero is changed to one.

F0-*- NOT (F0)

CPL F1 Complement Flag 1 (Not in 8021, 8022)

10 11 10 1

The setting of flag 1 is complemented; one is

changed to zero, and zero is changed to one.

(F1H-NOT (F1)

DA A Decimal Adjust Accumulator

10 1 111

The 8-bit accumulator value is adjusted to form two
4-bit Binary Coded Decimal (BCD) digits following

the binary addition of BCD numbers. The carry bit

C is affected. If the contents of bits 0-3 are

greater than nine, or if AC is one, the accumulator
is incremented by six.

The four high-order bits are then checked. If bits

4-7 exceed nine, or if C is one, these bits are

increased by six. If an overflow occurs, C is

set to one.

Example: Assume accumulator contains 10011011.

DA A ACC ADJUSTED TO 00000001
WITH C SET

C AC 7 4 3

10 1 10 11
110 ADD SIX TO BITS 0-7

10 10 1

110 ADD SIX TO BITS 4-7

1 1 OVERFLOW TO C

DEC A Decrement Accumulator

00 00 111

The contents of the accumulator are decremented by one.

(A)*- (A)-1
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Example: Decrement contents of external data memory location 63.

MOV R0,#3FH
MOVX A,@R0

DEC A
MOVX @R0,A

MOVE '3F' HEX TO REG
MOVE CONTENTS OF LOCATION 63

TO ACC
DECREMENT ACC
MOVE CONTENTS OF ACC TO
LOCATION 63 IN EXPANDED
MEMORY

DEC R r Decrement Register (Not in 8021, 8022)

1100 1 r r r

The contents of working register 'r' are decremented

by one.

(Rr)-*- (Rr)-1 r=0-7

Example: DECR1: DEC R1 DECREMENT CONTENTS OF REG 1

DIS I Disable External Interrupt (Not in 8021)

000 1 10 1

External interrupts are disabled. A low signal on

the interrupt input pin has no effect.

DIS TCNTI Disable Timer/Counter Interrupt (Not in 8021)

00 11 10 1

Timer/counter interrupts are disabled. Any pending

timer interrupt request is cleared. The interrupt

sequence is not initiated by an overflow, but the

timer flag is set and time accumulation continues.

DJNZ R r , address Decrement Register and Test

1110 1 r r r a7 a6 a 5 a4 a3 a2 a-| a

This is a 2-cycle instruction. Register Y is

decremented and tested for zero. If the register

contains all zeros, program control falls through

to the next instruction. If the register contents

are not zero, control jumps to the specified 'address'.

The address in this case must evaluate to 8-bits, that

is, the jump must be to a location within the current

256-location page.

(Rr)-*- (Rr)-1

If Rr not

(PC0-7H- addr

r=0-7
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Note: A 12-bit address specification does not cause an
error if the DJNZ instruction and the jump target are

on the same page. If the DJNZ instruction begins in

location 255 of a page, it must jump to a target

address on the following page.

Example: Increment values in data memory locations 50-54.

MOVE '50' DEC TO ADDRESS
REG
MOVE '5' DEC TO COUNTER
REG 3

INCREMENT CONTENTS OF
LOCATION ADDRESSED BY
REG
INCREMENT ADDRESS IN REG
DECREMENT REG 3 — JUMP TO
'INCRT IF REG 3 NONZERO
'NEXT ROUTINE EXECUTED
IF R3 IS ZERO

MOV R0,#50

MOV R3,#5

INCRT: INC @R0

INC R0
DJNZ R3, INCRT

NEXT —

EN I Enable External Interrupt (Not in 8021)

000 10 1

External interrupts are enabled. A low signal on
the interrupt input pin initiates the interrupt

sequence.

EN TCNTI Enable Timer/Counter Interrupt (Not in 8021

00 10 10 1

Timer/counter interrupts are enabled. An overflow

of the timer/counter initiates the interrupt sequence.

ENT0 CLK Enable Clock Output (Not in 8021 , 8022)

111 10 1

The test pin is enabled to act as the clock output.

This function is disabled by a system reset.

Example: EMTST0: ENT0 CLK ;ENABLE TO AS CLOCK OUTPUT

IN A,Pp Input Port or Data to Accumulator

0000 1 Opp

This is a 2-cycle instruction. Data present on port 'p'

is transferred (read) to the accumulator. In the 8021
IN A,P2 inputs P20-P23 to A0-A3 while A4-A7 is set

to zero.

(A)*- (Pp) p=1-2
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Example: INP12: IN A,P1

MOV R6,A

IN A,P2

MOV R7,A

INC A Increment Accumulator

INPUT PORT 1 CONTENTS
TO ACC
MOVE ACC CONTENTS TO
REG 6

INPUT PORT 2 CONTENTS
TO ACC
MOVE ACC CONTENTS TO REG 7

000 1 111

Example:

The contents of the accumulator are incremented

by one.

(A)*- (A)+1

Increment contents of location 100 in external

data memory.

INCA: MOV R0,#100

MOVX A,@R0

INCA
MOVX @R0,A

INC R r Increment Register

MOVE '100' DEC TO ADDRESS
REG
MOVE CONTENTS OF LOCATION
100 TO ACC
INCREMENT A
MOVE ACC CONTENTS TO
LOCATION 100

00 1 1 r r r

The contents of working register Y are incremented

by one.

(Rr)-*- (Rr)+1 r=0-7

Example: INCR0: INC R0 INCREMENT ADDRESS REG

INC @R r Increment Data Memory Location

000 1 00 r

The contents of the resident data memory location

addressed by register Y bits 0-5*are incremented

by one.

((Rr))-*- ((Rr))+1 r=0-1

Example: INCDM: MOV R1,#03FH ;MOVE ONES TO REG 1

INC @R1 INCREMENT LOCATION 63
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IN A,P0 Input of Port Data to Accumulator (8021 , 8022 Only)

Same as INS A,BUS except no RD pulse generated.

INS A,BUS Strobed Input of BUS Data to Accumulator

000 100

This is a 2-cycle instruction. Data present on the

BUS port isjransferred (read) to the accumulator
when the RD pulse is dropped. (Refer to section on
programming memory expansion for details).

(A)— (BUS)

INPBUS: INS A.BUSExample:

JBb address Jump If Accumulator Bit is Set (Not in 8021, 8022)

;INPUT BUS CONTENTS
;TO ACC

b2 b-| b 1 10 a7 a 6 a 5 a4 a3 a 2 a-| a

This is a 2-cycle instruction. Control passes to the

specified address if accumulator bit 'b' is set

xo one. b=0-7

(PC0-7)-*- addr

(PC) = (PC)+2
If Bb=1
If Bb=0

Example: JB4IS1: JB4 NEXT

JC address Jump If Carry Is Set

;JUMP TO 'NEXT ROUTINE
;IF ACC BIT 4=1

1111 110 a7 a 6 a 5 a4 a3 a 2 a^ a

This is a 2-cycle instruction. Control passes to the

specified address if the carry bit is set to one.

(PC0-7)-*- addr

(PC) = (PC)+2
If C=1
If C=0

Example: JC1: JC OVFLOW

JF0 address Jump If Flag Is Set (Not in 8021, 8022)

;JUMP TO 'OVFLOW ROUTINE
;IFC=1

10 11 110 a 7 a 6 a5 a4 |

a3 a 2 a-j a

This is a 2-cycle instruction. Control passes to the

specified address if flag is set to one.

(PC0-7)-*- addr
(PC) = (PC)+2

Example: JF0IS1: JF0 TOTAL

If F0=1

If F0=0

;JUMP TO TOTAL' ROUTINE
;IF F0=1
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JF1 address Jump If Flag 1 Is Set (Not in 8021, 8022)

111 110 a7 a 6 a5 a4 a 3 a2 a-| a

This is a 2-cycle instruction. Control passes to the

specified address if flag 1 is set to one.

(PC0-7)-*- addr

(PC) = (PC)+2

If F1 = 1

IF F1=0

Example: JF1IS1: JF1 FILBUF

JMP address Direct Jump Within 2K Block

;JUMP TO 'FILBUF'

;ROUTINE IF F1=1

l 10 a9 a8 ° 100 a7 a 6 a5 a4 a3 a2 a-| a

This is a 2-cycle instruction. Bits 0-10 of the program
counter are replaced with the directly-specified

address. The setting of PC bit 11 is determined by

the most recent SELECT MB instruction.

(PC8-io)
(PC0-7H
(PCn)*

«-addr 8-10

- addr 0-7

DBF

Example: JMP SUBTOT
JMP $-6

JMP 2FH

JUMP TO SUBROUTINE 'SUBTOT
JUMP TO INSTRUCTION SIX LOCATIONS
BEFORE CURRENT LOCATION
JUMP TO ADDRESS '2F' HEX

JMPP @A Indirect Jump Within Page

1011 0011

This is a 2-cycle instruction. The contents of the

program memory location pointed to by the accumulator
are substituted for the 'page' portion of the program
counter (PC bits 0-7).

(PC0-7)*- ((A))

Example: Assume accumulator contains 0FH.

JMPPAG: JMPP @A ;JUMP TO ADDRESS STORED IN

.LOCATION 15 IN CURRENT PAGE

JNC address Jump If Carry Is Not Set

1110 0110 a7 a 6 a 5 a4 a3 a 2 a-, a

This is a 2-cycle instruction. Control passes to the

specified address if the carry bit is not set, that

is, equals zero.

Mnemonics copyright Intel Corporation 1976.

4-19



INSTRUCTION SET

(PC _7)-*- addr

(PC) = (PC)+2

If c=o
IF C=1

Example: JCO: JNC NOVFLO ;JUMP TO 'NOVFLO' ROUTINE
;lf C=0

J Nl address Jump If Interrupt Input is Low (Not in 8021, 8022)

1000 110 a7 a 6 a 5 a 4 a 3 82 a! a

This is a 2-cycle instruction. Control passes to the

specified address if the interrupt input signal is

low (=0), that is, an external interrupt has

been signaled. (This signal initiates an interrupt

service sequence if the external interrupt is enabled.)

(PCo-7)^- addr
(PC) = (PC)+2

If l=0

If 1
= 1

Example: LOC 3: JNI EXTINT

JNT0 address Jump If Test Is Low (Not in 8021)

;JUMP TO 'EXTINT ROUTINE
;lf l=0

00 10 110 a 7 a 6 a 5 a 4 a 3 a 2 a-| a

This is a 2-cycle instruction. Control passes to the

specified address, if the test signal is low

(PC -7)-*-addr

(PC) = (PC)+2

If T0=0
If T0=1

Example: JT0LOW: JNT0 60

JNT1 address Jump If Test 1 Is Low

;JUMP TO LOCATION 60 DEC
;IF T0=0

100 110 a7 a 6 a 5 a4 a3 a 2 a-| a

This is a 2-cycle instruction. Control passes to the

specified address, if the test 1 signal is low.

(PCo-7)-«- addr

(PC) = (PC)+2
If T1=0
If T1=1

JNZ address Jump If Accumulator Is Not Zero

100 1 110 a7 a 6 a 5 a4 a3 a 2 a-j a

This is a 2-cycle instruction. Control pases to the

specified address if the accumulator contents are

nonzero at the time this instruction is executed.

(PC -7)^- addr

(PC) = (PC)+2

Example: JACCN0: JNZ 0ABH
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JTF address Jump If Timer Flag Is Set

000 1 110 a7 a 6 a 5 a4 a3 a 2 a-| a

This is a 2-cycle instruction. Control passes to the

specified address if the timer flag is set to one,

that is, the timer/counter register has overflowed.

Testing the timer flag resets it to zero. (This

overflow initiates an interrupt service sequence
if the timer-overflow interrupt is enabled.)

(PC _ 7)-*-addr

(PC) = (PC)+2

If TF=1
If TF=0

; JUMP TO TIMER' ROUTINE
;IFTF=1

Example: JTF1: JTF TIMER

JT0 address Jump If Test Is High (Not in 8021

00 11 110 a7 a 6 a 5 a4 a3 a 2 a-| a

This is a 2-cycle i

specified address

nstruction. Control

if the test signal

passes to the

s high (=1).

(
pCo-7)-*- addr

(PC) = (PC)+2

If T0=1
If T0=0

Example: JT0HI: JT0 53 ;JUMP TO LOCATION 53 DEC
;IFT0=1

JT1 address Jump If Test 1 Is High

10 1 110 a7 a 6 a 5 a4 a 3 a 2 a-| a

This is a 2-cycle i

specified address

nstruction. Control

if the test 1 signal

passes to the

is high (=1).

(PC -7)-«-addr

(PC) = (PC)+2
If T1=1
If T1=0

Example: JT1HI: JT1 COUNT

JZ address Jump If Accumulator Is Zero

;JUMP TO 'COUNT ROUTINE
;IFT1=1

1100 110 a7 a 6 a 5 a4 a3 a 2 a-| a

This is a 2-cycle instruction. Control passes to the

specified address if the accumulator contains all

zeros at the time this instruction is executed.

(PC -7)-*-addr

(PC) = (PC)+2

Example: JACCO: JZ 0A3H

If A=0
If A#0

;JUMP TO LOCATION 'A3' HEX
;IF ACC VALUE IS ZERO
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MOV A, #data Move Immediate Data to Accumulator

00 10 00 11 d7de CI5 d4 d3d2d-|do

This is a 2-cycle instruction. The 8-bit value

specified by 'data' is loaded in the accumulator.

Example:

(A)^- data

MOV A,#0A3H ;MOVE 'A3' HEX TO ACC

MOV A,PSW Move PSW Contents to Accumulator (Not in 8021 , 8022)

1100 111

The contents of the program status word are moved
to the accumulator.

(A)-*- (PSW)

Example: Jump to 'RB1SET routine if PSW bank switch, bit 4,

is set.

BSCHK: MOV A.PSW
JB4RB1SET

MOVE PSW CONTENTS TO ACC
JUMP TO 'RB1SET IF ACC
BIT 4=1

MOV A,R r Move Register Contents to Accumulator

1111 1 r r r

8-bits of data are moved from working register 'r'

into the accumulator.

(A)^- (Rr)

MAR: MOV A,R3

r=0-7

Example

MOV A,@R r Move Data Memory Contents to Accumulator

;MOVE CONTENTS OF REG 3

;TO ACC

1111 OOOr

The contents of the resident data memory location

addressed by bits 0-5*of register Y are moved to

the accumulator. Register Y contents are unaffected.

(A)— ((Rr)) r=0-1

Example: Assume R1 contains 00110110.

MADM: MOV A,@R1 ;MOVE CONTENTS OF DATA MEM
;LOCATION 54 TO ACC
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MOV A,T Move Timer/Counter Contents to Accumulator

100 00 10

The contents of the timer/event-counter register

are moved to the accumulator.

(A)-- (T)

Example: Jump to "EXIT" routine when timer reaches '64',

that is, when bit 6 set — assuming initialization 64,

;MOVE TIMER CONTENTS TO
;ACC
;JUMP TO 'EXIT IF ACC BIT
;6=1

TIMCHK: MOV A,T

JB6EXIT

MOV PSW,A Move Accumulator Contents to PSW (Not in 8021, 8022)

110 1 0111

The contents of the accumulator are moved into the

program status word. All condition bits and the

stack pointer are affected by this move.

(PSW)-«- (A)

Example: Move up stack pointer by two memory locations,

that is, increment the pointer by one.

INCPTR: MOV A.PSW
INC A
MOV PSW.A

MOVE PSW CONTENTS TO ACC
INCREMENT ACC BY ONE
MOVE ACC CONTENTS TO PSW

MOV R r,A Move Accumulator Contents to Register

10 10 1 r r r

The contents of the accumulator are moved to

register 'r'.

(Rr)— (A)

MRA: MOV R0,A

r=0-7

Example

MOV R r,#data Move Immediate Data to Register

;MOVE CONTENTS OF ACC TO
;REG

10 11 1r2 r
l

r d7d 6 d 5 d 4 d 3 d 2 d 1 d

This is a 2-cycle instruction. The 8-bit value

specified by 'data' is moved to register 'r\

(Rr)^- data r=0-7
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Examples: MIR4: MOV R4,#HEXTEN

MIR 5: MOV R5,#PI*(R*R)

MIR 6: MOV R6, #0ADH

THE VALUE OF THE SYMBOL
'HEXTEN' IS MOVED INTO
REG 4

THE VALUE OF THE
EXPRESSION 'PI*(R*R)

IS MOVED INTO REG 5

'AD' HEX IS MOVED INTO
REG 6

MOV @R r,A Move Accumulator Contents to Data Memory

10 10 000 r

This is a 2-cycle instruction. The contents of the

accumulator are moved to the resident data
memory location whose address is specified by bits
0-5* of register 'r\ Register 'r' contents are

unaffected.

((Rr))^- (A) r=0-1

Example: Assume R0 contains 000001 1 1

.

MDMA: MOV @R0,A ;MOVE CONTENTS OF ACC TO
LOCATION 7 (REG 7)

MOV @R r,#data Move Immediate Data to Data Memory

10 11 000 r d7 6q d 5 d4 d3d2d-|do

This is a 2-cycle instruction. The 8-bit value

specified by 'data' is moved to the resident data

memory location addressed by register 'r', bits 0-5!

((Rr))-«- data r=0-1

Examples: Move the hexadecimal value AC3F to locations 62-63.

MIDM: MOV R0,#62

MOV @R0,#0ACH
INC R0
MOV@R0,#3FH

MOVE '62' DEC TO ADDR REG
MOVE 'AC HEX TO LOCATION 62
INCREMENT REG TO '63'

MOVE '3F' HEX TO LOCATION 63

MOV T,A Move Accumulator Contents to Timer/Counter

110 00 10

The contents of the accumulator are moved to the

timer/event-counter register.

(T)— (A)

Example: Initialize and start event counter.

INITEC: CLR A
MOV T,A
STRT CNT

CLEAR ACC TO ZEROS
MOVE ZEROS TO EVENT COUNTER
START COUNTER

Mnemonics copyright Intel Corporation 1976. *0-6 for 8039/8049
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MOVD A,Pp Move Port 4-7 Data to Accumulator

0000 1 1 pp

This is a 2-cycle instruction. Data on 8243 port
'p' is moved (read) to accumulator bits 0-3.

Accumulator bits 4-7 are zeroed.

(0-3)

(4-7)-

(Pp) p=4-7

Note: Bits 0-1 of the opcode are used to represent ports

4-7. If you are coding in binary rather than assembly
language, the mapping is as follows:

Bits 1 Port

4

1 5

1 6

1 1 7

Example: INPPT5: MOVD A,P5

MOVD Pp,A Move Accumulator Data to Port 4-7

;MOVE PORT 5 DATA TO ACC
;BITS 0-3, ZERO ACC BITS 4-7

00 11 1 1 pp

This is a 2-cycle instruction. Data in accumulator
bits 0-3 is moved (written) to 8243 port 'p'.

Accumulator bits 4-7 are unaffected. (See NOTE
above regarding port mapping.)

(Pp)^-(A _3) p=4-7

Example: Move data in accumulator to ports 4 and 5.

OUTP45: MOVD P4,A

SWAP A
MOVD P5,A

MOVE ACC BITS 0-3 TO PORT 4
EXCHANGE ACC BITS 0-3 AND 4-7

MOVE ACC BITS 0-3 TO PORT 5

MOVP A,@A Move Current Page Data to Accumulator

10 10 00 11

The contents of the program memory location addressed
by the accumulator are moved to the accumulator. Only
bits 0-7 of the program counter are* affected, limiting

the program memory reference to the current page. The
program counter is restored following this operation

(PC _ 7)^ (A)

(A)^- ((PC))

Note: This is a 1-byte, 2-cycle instruction. If it appears
in location 255 of a program memory page, @A addresses
a location in the following page.

Mnemonics copyright Intel Corporation 1976.
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Example: MOV128: MOV A,#128

MOVP A,@A
MOVE '128' DEC TO ACC
CONTENTS OF 129th LOCATION
IN CURRENT PAGE ARE MOVED TO
ACC

MOVP3 A,@A Move Page 3 Data to Accumulator (Not in 8021 , 8022)

1110 00 11

Example:

This is a 2-cycle instruction. The contents of the

program memory location (within page 3) addressed by

the accumulator are moved to the accumulator. The

program counter is restored following this operation.

(PC -7K(A)
(PC8-iiK0011
(AK((PC))

Look up ASCII equivalent of hexadecimal code in table

contained at the beginning of page 3. Note that ASCII

characters are designated by a 7-bit code; the eighth

bit is always reset.

;MOVE 'B8' HEX TO ACC (10111000)

;LOGICAL AND ACC TO MASK BIT

;7 (00111000)

;MOVE CONTENTS OF LOCATION
;'38' HEX IN PAGE 3 TO ACC
;(ASCII '8')

Access contents of location in page 3 labelled TAB1.

Assume current program location is not in page 3.

TABSCH: MOV A,#LOW TAB1 ;ISOLATE BITS 0-7 OF LABEL
;ADDRESS VALUE

MOVP3 A,@A ;MOVE CONTENTS OF PAGE 3

;LOCATION LABELED TAB1'
;TO ACC

MOVX A,@R r Move External-Data-Memory Contents to Accumulator

TABSCH: MOV A,#0B8H
ANL A,#7FH

MOVP3 A,@A

1000 OOOr (Not in 8021, 8022)

This is a 2-cycle instruction. The contents of the

external data memory location addressed by register

'r' are moved to the accumulator. Register 'r' contents

are unaffected.

(A)-*- ((Rr)) r=0-1

Example: Assume R1 contains 01110110.

MAXDM: MOVX A,@R1 ;MOVE CONTENTS OF LOCATION
;118TO ACC

Mnemonics copyright Intel Corporation 1976.
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MOVX @R r,A Move Accumulator Contents to External Data Memory

1001 000r (Not in 8021, 8022)

This is a 2-cycle instruction. The contents of the

accumulator are moved to the external data memory
location addressed by register Y. Register 'r'

contents are unaffected.

((Rr))^A r=0-1

Example: Assume R0 contains 1 1 0001 1 1

.

MXDMA: MOVX @R0,A ;MOVE CONTENTS OF ACC TO
LOCATION 199 IN EXPANDED
;DATA MEMORY

NOP The NOP Instruction

0000 0000

No operation is performed. Execution continues with

the following instruction.

ORL A,Rr Logical OR Accumulator With Register Mask

100 1 r r r

Data in the accumulator is logically ORed with the

mask contained in working register Y.

(A)-*- (A) OR (Rr)

ORREG: ORL A,R4

r=0-7

Example

ORL A,@R r Logical OR Accumulator With Memory Mask

;'OR' ACC CONTENTS WITH
;MASK IN REG 4

100 OOOr

Data in the accumulator is logically ORed with the mask
contained in the resident data memory location referenced by
register Y, bits 0-5*

(A)— (A) OR ((Rr))

Example: ORDM: MOV R0,#3FH
ORL A,@R0

r=0-1

;MOVE '3F HEX TO REG
;'OR' ACC CONTENTS WITH MASK
;IN LOCATION 63

ORL A,#data Logical OR Accumulator With Immediate Mask

100 00 11 d7d 6 d 5 d4 d 3 d2d-|d

This is a 2-cycle instruction. Data in the accumulator
is logically ORed with an immediately-specified mask.

(A)-«- (A) OR data

Example: ORID: ORL A,#'X'

Mnemonics copyright Intel Corporation 1976.
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ORL BUS,#data Logical OR BUS With Immediate Mask (Not in 8021, 8022)

1000 10 00 d7d6d 5 d4 d3d 2 d-|do

This is a 2-cycle instruction. Data on the BUS port is

logically ORed with an immediately-specified mask. This

instruction assumes prior specification of an 'OUTL BUS.A'
instruction.

(BUS)*- (BUS) OR data

Example: ORBUS: ORL BUS,#HEXMSK ;'OR' BUS CONTENTS WITH
;MASK EQUAL VALUE OF SYMBOL
;'HEXMSK'

ORL Pp, #data Logical OR Port 1 or 2 With Immediate Mask (Not in

8021,8022)1000 10pp d7 d6d5d4 d 3 d2dido

This is a 2-cycle instruction. Data on port 'p'

is logically ORed with an immediately-specified mask.

(Pp)-*- (Pp) OR data p=1-2

Example: ORP1: ORL P1, #0FFH ;'OR' PORT 1 CONTENTS WITH
;MASK 'FP HEX ( SET PORT 1

;TO ALL ONES)

ORLD Pp,A Logical OR Port 4-7 With Accumulator Mask

1000 1 1 pp
This is a 2-cycle instruction. Data on port 'p' is

logically ORed with the digit mask contained in

accumulator bits 0-3.

(Pp)*- (Pp) OR (Ao_g) p=4-7

Example: ORP7: ORLD P7,A ;'OR' PORT 7 CONTENTS
;WITH ACC BITS 0-3

OUTL P0,A Output Accumulator Data to Port (8021, 8022 Only)

1001 0000

OUTL BUS,A Output Accumulator Data to BUS (Not in 8021, 8022)

0000 00 10

This is a 2-cycle instruction. Data residing in the

accumulator is transferred (written) to the BUS port and

latched. The latched data remains valid until altered by

another OUTL instruction. Any other instruction

requiring use of the BUS port (except INS) destroys the

contents of the BUS latch. This includes expanded
memory operations (such as the MOVX instruction).

Logical operations on BUS data (AND, OR) assume the

OUTL BUS.A instruction has been issued previously.

Does not

apply for

I- OUTL
P0,A
of 8021 , 8022

(BUS)*- (A)

Example: OUTLBP: OUTL BUS.A
Mnemonics copyright Intel Corporation 1976.
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OUTL Pp,A Output Accumulator Data to Port 1 or 2

00 11 1 Opp

This is a 2-cycle instruction. Data residing in the

accumulator is transferred (written) to port 'p' and
latched.

Example:

(Pp)— (A)

OUTLP: MOV A,R7
OUTL P2,A

MOV A.R6
OUTL P1.A

p=1-2

MOVE REG 7 CONTENTS TO ACC
OUTPUT ACC CONTENTS TO PORT 2

MOVE REG 6 CONTENTS TO ACC
OUTPUT ACC CONTENTS TO PORT 1

RAD Move Conversion Result Register to Accumlator (8022 Only)

1000 00 00

This is a two cycle instruction. The contents of the A/D conversion
result register are moved to the accumulator.

(A) — (CRR)

RET Return Without PSW Restore

10 00 00 11

This is a 2-cycle instruction. The stack pointer

(PSW bits 0-2) is decremented. The program counter
is then restored from the stack. PSW bits 4-7 are

not restored.

(SP)— (SP)-1

(PC)— ((SP))

RETI Return From Interrupt (8022 Only)

100 1 00 11

This is a two cycle instruction. The stack pointer is decremented and
the program counter is restored from the stack. Interrupt input logic is

re-enabled.

(SP)«

(PC)

(SP)-1

((SP))+1

Mnemonics copyright Intel Corporation 1976.
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RETR Return With PSW Restore (Not in 8021 , 8022)

100 1 00 11

This is a 2-cycle instruction. The stack pointer is

decremented. The program counter and bits 4-7 of the

PSW are then restored from the stack. Note that RETR
should be used to return from an interrupt, but

should not be used within the interrupt service

routine as it signals the end of an interrupt routine by

resetting the Interrupt in Progress flipflop.

(SP)-- (SP)-1

(PC)-- ((SP))

(PSW 4-7)-*- ((SP))

RL A Rotate Left Without Carry

1110 111

The contents of the accumulator are rotated left one

bit. Bit 7 is rotated into the bit position.

(An+1)-«- (An)

(A0)— (A7) n=0-6

Example: Assume accumulator contains 10110001.

RLNC: RL A ;NEW ACC CONTENTS ARE 01100011.

RLC A Rotate Left Through Carry

Example:

1111 111

The contents of the accumulator are rotated left one

bit. Bit 7 replaces the carry bit; the carry bit is

rotated into the bit position.

n=0-6
(An+1)-*- (An)

(A0)— (C)

(O— (A7)

Assume accumulator contains a 'signed' number;

isolate sign without changing value.

RLTC: CLR C
RLC A

RR A

CLEAR CARRY TO ZERO
ROTATE ACC LEFT, SIGN
BIT (7) IS PLACED IN CARRY
ROTATE ACC RIGHT — VALUE
(BITS 0-6) IS RESTORED,
;CARRY UNCHANGED, BIT 7

;IS ZERO

Mnemonics copyright Intel Corporation 1976.

4-30



INSTRUCTION SET

RR A Rotate Right Without Carry

111 111

The contents of the accumulator are rotated right

one bit. Bit is rotated into the bit 7 position

(An)

(A7)-

(An+1)

(A0)

n=0-6

Example: Assume accumulator contains 10110001.

RRNC: RR A ;NEW ACC CONTENTS ARE 11011000

RRC A Rotate Right Through Carry

Example:

110 111

The contents of the accumulator are rotated right one
bit. Bit replaces the carry bit; the carry bit is

rotated into the bit 7 position.

n=0-6(An)**- (An+1)

(A7)--(C)
(C)— (A )

Assume carry is not set and accumulator contains
10110001.

RRTC: RRC A ;CARRY IS SET AND ACC
;CONTAINS 01011000

SEL ANO Select Analog Input Zero (8022 Only)

100 1 010 1

SEL AN1 Select Analog Input One (8022 Only)

1000 10 1

One of the two analog inputs to the A/D converter is selected. The
conversion process is started. Restarting a sequence deletes the
sequence in progress.
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SEL MBO Select Memory Bank (Not in 8021 , 8022)

1110 101

Example:

PC bit 11 is set to zero on next JMP or CALL instruction.

All references to program memory addresses fall within

the range 0-2047.

(DBF)-«-

Assume program counter contains 834 Hex.

SEL MBO
JMP $+20

SELECT MEMORY BANK
JUMP TO LOCATION
48 HEX

SEL MB1 Select Memory Bank 1 (Not in 8021 , 8022)

1111 10 1

PC bit 11 is set to one on next JMP or CALL instruction.

All references to program memory addresses fall

within the range 2048-4095.

(DBF)-«- 1

SEL RB0 Select Register Bank (Not in 8021, 8022)

1100 10 1

PSW bit 4 is set to zero. References to working

registers 0-7 address data memory locations 0-7.

This is the recommended setting for normal program

execution.

(BS)<*-

SEL RB1 Select Register Bank 1 (Not in 8021 , 8022)

110 1 10 1

PSW bit 4 is set to one. References to working registers

0-7 address data memory locations 24-31. This is the

recommended setting for interrupt service routines,

since locations 0-7 are left intact. The setting of

PSW bit 4 in effect at the time of an interrupt is

restored by the RETR instruction when the interrupt

service routine is completed.

(BS) 1

Example: Assume an external interrupt has occurred, control

has passed to program memory location 3, and PSW bit

4 was zero before the interrupt.

LOC3- JNI INIT ;JUMP TO ROUTINE 'INIT IF

INTERRUPT INPUT IS ZERO

Mnemonics copyright Intel Corporation 1976.
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INIT: MOV R7.A

SEL RB1
MOV R7,#0FAH

MOVE ACC CONTENTS TO
LOCATION 7

SELECT REG BANK 1

MOVE 'FA' HEX TO LOCATION 31

SEL RBO
MOV A,R7
RETR

SELECT REG BANK
RESTORE ACC FROM LOCATION 7

RETURN — RESTORE PC AND PSW

STOP TCNT Stop Timer/Event-Counter

Example:

110 10 1

This instruction is used to stop both time accumulation
and event counting.

Disable interrupt, but jump to interrupt routine after

eight overflows and stop timer. Count overflows in

register 7.

START:

MAIN:

DISTCNTI
CLR A
MOV T,A
MOV R7,A
STRTT
JTF COUNT

JMP MAIN
COUNT: INC R7

MOV A,R7
JB3 INT

JMP MAIN

DISABLE TIMER INTERRUPT
CLEAR ACC TO ZEROS
MOVE ZEROS TO TIMER
MOVE ZEROS TO REG 7

START TIMER
JUMP TO ROUTINE 'COUNT
IF TF=1 AND CLEAR TIMER FLAG
CLOSE LOOP
INCREMENT REG 7

MOVE REG 7 CONTENTS TO ACC
JUMP TO ROUTINE 'INT IF ACC
BIT 3 IS SET (REG 7=8)

OTHERWISE RETURN TO ROUTINE
MAIN

INT: STOP TCNT
JMP 7H

STOP TIMER
JUMP TO LOCATION 7 (TIMER)
INTERRUPT ROUTINE

Mnemonics copyright Intel Corporation 1976.
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STRT CNT Start Event Counter

100 10 1

Example:

The test 1 (T1) pin is enabled as the event-counter

input and the counter is started. The event-counter

register is incremented with each high-to-low transition

on the T1 pin.

Initialize and start event counter. Assume overflow

is desired with first T1 input.

STARTC: EN TCNTI
MOV A,#0FFH

MOV T,A

STRT CNT

ENABLE COUNTER INTERRUPT
MOVE 'FF' HEX (ONES) TO
ACC
MOVE ONES TO COUNTER
ENABLE T1 AS COUNTER
INPUT AND START

STRT T Start Timer

10 1 10 1

Timer accumulation is initiated in the timer register.

The register is incremented every 32 instruction cycles.

The prescaler which counts the 32 cycles is cleared

but the timer register is not.

Example: Initialize and start timer.

STARTT: CLR A
MOV T,A

EN TCNTI
STRTT

CLEAR ACC TO ZEROS
MOVE ZEROS TO TIMER
ENABLE TIMER INTERRUPT
START TIMER

SWAP A Swap Nibbles Within Accumulator

100 111

Bits 0-3 of the accumulator are swapped with bits

4-7 of the accumulator.

(A4. 7)X(A -3)

Example: Pack bits 0-3 of locations 50-51 into location 50.

PCKDIG: MOV R0, #50

MOV R1, #51

XCHD A,@R0

SWAP A
XCHD A,@R1

MOV @R0,A

MOVE '50' DEC TO REG
MOVE '51' DEC TO REG 1

EXCHANGE BITS 0-3 OF ACC
AND LOCATION 50

SWAP BITS 0-3 AND 4-7 OF ACC
EXCHANGE BITS 0-3 OF ACC AND
LOCATION 51

MOVE CONTENTS OF ACC TO
LOCATION 50

Mnemonics copyright Intel Corporation 1976.
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XCH A,R
r Exchange Accumulator-Register Contents

00 10 1 r r r

The contents of the accumulator and the contents of

working register 'r' are exchanged.

(A) tRr) r=0-7

Example: Move PSW contents to Reg 7 without losing

accumulator contents.

XCHAR7: XCH A,R7

MOV A, PSW
XCH A,R7

EXCHANGE CONTENTS OF REG 7

AND ACC
MOVE PSW CONTENTS TO ACC
EXCHANGE CONTENTS OF REG 7

AND ACC AGAIN

XCH A,@R
r Exchange Accumulator and Data Memory Contents

00 10 000 r

The contents of the accumulator and the contents of
the resident data memory location addressed by bits

0-5*of register 'r' are exchanged. Register 'r'

contents are unaffected.

(A) ((Rr)) r=0-1

Example: Decrement contents of location 52.

;MOVE '52' DEC TO ADDRESS
;REG
EXCHANGE CONTENTS OF ACC
;AND LOCATION 52
.DECREMENT ACC CONTENTS
;EXCHANGE CONTENTS OF ACC
;AND LOCATION 52 AGAIN

DEC52: MOV R0,#52

XCH A,@R0

DEC A
XCH A,@R0

XCHD A,@R r Exchange Accumulator and Data Memory 4-Bit Data

00 11 000r

This instruction exchanges bits 0-3 of the accumulator
with bits 0-3 of the data memory location addressed by
bits 0-5*of register 'r\ Bits 4-7 of the accumulator,
bits 4-7 of the data memory location, and the contents
of register Y are unaffected.

^0-3)^(^0-3)) r=0-1

Mnemonics copyright Intel Corporation 1976. *0-6 for 8039/8049
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Example: Assume program counter contents have been stacked in

locations 22-23.

XCHNIB: MOV R0,#23 ;MOVE '23' DEC TO REG
CLR A ;CLEAR ACC TO ZEROS
XCHD A,@R0 ;EXCHANGE BITS 0-3 OF ACC

AND LOCATION 23 (BITS 8-11

OF PC ARE ZEROED, ADDRESS
REFERS TO PAGE 0)

XRL A,R r Logical XOR Accumulator With Register Mask

110 1 1 r r r

Data in the accumulator in EXCLUSIVE ORed with the mask
contained in working register Y.

(A)-«- (A) XOR (Rr)

XORREG: XRL A,R5

r=0-7

;'XOR' ACC CONTENTS WITH
;MASK IN REG 5

Example

XRL A,@R r
Logical XOR Accumulator With Memory Mask

110 1 00 Or

Data in the accumulator is EXCLUSIVE ORed with the mask

contained in the data memory location addressed by

register Y, bits 0-5*

(A)-*- (A) XOR ((Rr)) r=0-1

Example: XORDM: MOV R1, #20H
XRL A,@R1

MOVE '20' HEX TO REG 1

'XOR' ACC CONTENTS WITH MASK
IN LOCATION 32

XRL A,#data Logical XOR Accumulator With Immediate Mask

110 1 00 11 d7ded5d4 d3d2 d-idp

This is a 2-cycle instruction. Data in the accumulator

is EXCLUSIVE ORed with an immediately-specified mask.

(A)-«- (A) XOR data

Example: XORID: XOR A,#HEXTEN XOR CONTENTS OF ACC WITH
MASK EQUAL VALUE OF SYMBOL
'HEXTEN'

Mnemonics copyright Intel Corporation 1976.
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APPLICATION EXAMPLES

5.0 Introduction

The following chapter is organized in two
sections, Hardware and Software. The
hardware section gives examples of some
typical configurations of MCS-48 compon-
ents while software section gives assembly
language listings of some common appli-

cations routines.

5.1 Hardware Examples

+5V

15-25pf
r
I

XTAL1

20pf Z±Z

XTAL2

— 1-6 MHz
20pf ±r

470-1 K.

XTAL1 -o

XTAL2

+5V

XTAL1

L Nominal f

(TV COLOR BURST XTAL
CAN BE USED)

CRYSTAL
NOTE:
A STANDARD SERI ES RESONANT XTAL SUCH
AS CTS KNIGHTS MP060 OR CRYSTEK CY6B
WILL PROVIDE BETTER THAN .1% FREQUEN-
CY ACCURACY.

EACH C SHOULD BE APPROXIMATELY 20pF,
INCLUDING STRAY CAPACITANCE. FOR
MORE INFORMATION ON XTALS SEE INTEL
APPLICATION NOTE AP-35.

45/iH 5.2 mHz
120MH 3.2mHz

LC

L€>
TTL
GATE

1-6 MHz

EXTERNAL

NOTE: SEE PAGE 5-3 FOR 8021
FREQUENCY REFERENCES.

XTAL 2

FREQUENCY REFERENCE OPTIONS
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40 ,26 ,20

15-25pf

Vcc Vqd Vss

XTAL 1

8049
8048
8748

TO

T1

INT

P10

P11

P12

P13

P14

P15

P16

P17

P20

P21

P22

P23

P24

P25

P26

P27

DBO
DB1

DB2
DB3

DB4
DB5

DB6
DB7

ALE PSEN PROG WR RD

11 25 10

INPUT
AND

OUTPUT

22

23

24
- PORT 2

INPUT
AND35

36 LOUTPUTJ

37

38^ _

- BUS PORT
INPUT
AND

OUTPUT

8

NC NC

• All inputs and outputs (except RESET, X1, X2)

standard TTL compatible
• P1 and P2 outputs drive 5V CMOS directly others

require 10 to 50KH pullup for CMOS compatibility

XTAL: Series Resonant
1 to 6 MHz
or

Parallel Resonant

for higher

accuracy

CTS Knights MP060
Crystek CY6B
or equivalent

or standard 3.58 MHz
TV Color Burst XTAL

THE STAND ALONE 8048/8049
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+5V GND

15

28 14

vCc

XTAL 1

XTAL2

Vss
POO

P01

P02

P03

P04

P05

P06

4

5

CZJ

T |
16

6

7

8

9

10

+5V P07

Wd J
10V

~
17

RESET
P10

P11

P12

18

19

20

DIODE —
OPTIONAL ^

?
8021 P13

P14

P15

P16

P17

22

23

24

25

INPUT -
13

T1

P20

P21

P22

26

27

ALE PROG
P23

2

> PORT
INPUT
AND
OUTPUT

V PORT 1

INPUT
AND
OUTPUT

INPUT
AND
OUTPUT

+5V

I

rX
x2

1 MEGfl

x2

1K

-o
TTL
GATE

XTAL 1

XTAL 2

LG CRYSTAL

ALTERNATE FREQUENCY REFERENCE OPTIONS
(COMPONENT VALUES TO BE DETERMINED)

EXTERNAL

THE STAND ALONE 8021

5-3



APPLICATION EXAMPLES

10-200f.F X

100pF

SILVER MICAI_

OJ\j

"1

1
vcc

Varef

AVCC

AVSS

vss

SUBST

ANO

AN1

XTAL1

P10

P11

P12

P13

P14

P15

P16

P17

P20

P21

P22

P23

P24

P25

P26

P27

VTH

POO

P01

P02

P03

P04

P05

P06

P07

[INPUT "I

AND
outputJ

[INPUT "I

AND I

outputJ

r INPUT "I

AND
(.OUTPUTJ

+5V

1K

Optional

1 MEG ft

.6-3.6mHZ

Xi -O
TTL
GATE

XTAL1

X2 XTAL2

CRYSTAL EXTERNAL

ALTERNATE FREQUENCY REFERENCE OPTIONS

(COMPONENT VALUES TO BE DETERMINED)

THE STAND ALONE 8022
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DEVICE
1

DEVICE
3

DEVICE
4

OPEN
COLLECTOR
INVERTERS

>>

>-

>»

>»

+5V

10K

INT 8049
8048
8748
8035
8039

P10

ANY
P11 UNDEDICATED

PORT LINES
P12 CAN BE USED

• All devices equal priority

• Processor polls Port 1 to determine interrupting device

MULTIPLE INTERRUPT SOURCES
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INTERRUPT
INPUTS

• Processor polls Port 1 to determine interrupting device

• Processor sets priority level by writing 4-bits to 8214

MULTIPLE INTERRUPTS WITH PRIORITY LEVELS
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40 26 20

V(X Vqd Vjs

XTAL 1

8049
8048
8748
8035*
8039*

ALE PSEN PROG WR RD

P10

P11

P12

P13

P14

P15

P16

P17

P20

P21

P22

P23

P24

P25

P26

P27

DBO
DB1

DB2
DB3

DB4
DB5
DB6
DB7

*EA = 5V FOR 8035/8039

Vcc GND

8212

LATCH

Dh DOi

Dl 2 D0 2

Dl 3 DO3
DU DO4
Dl 5 D05

Dl 6 D0 6

DI7 DO7

Dl 8 D08

CLR

DS2 MD DS,

13 or

19 21

Vdd Vbb Vss

8708

1Kx 8

EPROM

8212 serves as address latch

Address is valid while ALE is high and is latched

when ALE goes low

EXTERNAL PROGRAM MEMORY
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+5V

,40 ,,26 ,20

INPUT

VCC Vqd Vss

XTAL 1

8049
8048
8748
8035*
8039*

TO

T1

l"NT

ALE PSEN PROG WR RD

P10

P11

P12

P13

P14

P15

P16

P17

P20

P21

P22

P23

P24

P25

P26

P27

DBO

DB1

DB2
DB3

DB4
DB5

DB6

DB7

22

23

24 _,

35

36

37

33

- I/O

*EA = 5V FOR 8035/8039

CAN BE SUPPLIED BY SYSTEM
RESET OR PORT LINE OF 8048

40 20 1

Vcc Vqd Vss ce
A8

A9

A10

ADO
AD1

AD2
AD3
AD4
AD5
AD6
AD7

fOR

lOW

RD

ALE

CE

RESET

8355
8755A
2Kx8
ROM

JI I

3
I

6

"=" NC NC

PAO

PA1

PA2

PA3

PA4

PA5
PA6

PA7

PBO

PB1

PB2

PB3

PB4

PB5

PB6

PB7

I/O

External I/O ports are addressed as data memory PA=00 PB=01
If the 8048s internal Program Memory is used this configuration will result in

the upper 1K of external memory being addressed before the lower 1K.

Inverting A10 will correct this if necessary. This inversion is not necessary if

the 8049 is used.

ADDING A PROGRAM MEMORY AND I/O EXPANDER
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APPLICATION EXAMPLES

.40 ,26 ,,20

INPUTS

V(X VDD Vss

XTAL 1

8049
8048
8748
8035 *

8039*

TO

T1

INT

ALEPSEN PROG WR RD

P10

P11

P12

P13

P14

P15

P16

P17

P20

P21

P22

P23

P24

P25

P26

P27

DBO
DB1

DB2
DB3

DB4
DBS

DB6
DB7

I/O

»EA = 5V FOR 8035/8039

+5V

40

10

CAN BE SUPPLIED BY SYSTEM ~ *

RESET OR PORT LINE OF 8048

GND

20

vCc Vss

ADO
AD1

AD2
AD3
AD4
AD5
AD6
AD7

IO/M

RD

WR

8155

256 x 8

RAM

RESET TIMER
OUT

TIMER
IN

TIMER

PAO

PA1

PA2

PA3

PA4

PA5

PA6
PA7

PCO

PC1

PC2

PC3

PC4

PC5

PBO

PB1

PB2

PB3

PB4

PB5

PB6

PB7

21

22

23

24

25

26

27

28

37

38

39

J
2

5

29

30

31

32

33

34

35

36

I/O

Both I/O and RAM are addressed as data memory
Writing a bit to P27 determines whether RAM or I/O is

to be accessed

ADDING A DATA MEMORY AND I/O EXPANDER
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APPLICATION EXAMPLES

OPTIONAL GATE
TO PREVENT
"HOLE" IN

GND PROGRAM
MEMORY

40 {26 {20

Vcc Vdq Vss

XTAL1

8049
8048
8748

pio

P11

P12

P13

P14

P15

P16

P17

P20

P21

P22

P23

P24

P25

P26

P27

DBO
DB1

DB2
DB3

DB4
DB5
DB6
DB7

ALE PSEN PROG WR RD

x>

CAN BE SUPPLIED BY SYSTEM
.

RESET OR PORT LINE OF 8048

+5V +5V GND GND

40 5 20 1

A8
A9

A10

ADO
AD1

AD2
AD3
AD4
AD5
AD6
AD7

IOR

IOW

RD

ALE

CE

RESET

Vcc vDd Vss ce

8355
8755A
2Kx8
ROM

7 3 6

r NC NC

GND

20

vCc Vss

ADO
AD1

AD2
AD3
AD4
AD5
AD6
AD7

8156

256 x 8

RAM

RESET TIMER
OUT

PAO

PA1

PA2

PA3

PA4

PA5

PA6

PA7

PBO

PB1

PB2

PB3

PB4

PB5

PB6

PB7

PAO
PA1

PA2

PA3

PA4

PA5

PA6
PA7

PCO

PC1

PC2

PC3

PC4

PC5

PBO

PB1

PB2

PB3

PB4

PB5

PB6

PB7

I/O

• This configuration is explained in section 3.4

THE THREE CHIP SYSTEM
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APPLICATION EXAMPLES

I/O Expansion Techniques

The following are several examples of how
the basic I/O capability of the MCS-48™
microcomputers can be easily expanded
externally using either the 8243 I/O

expander device or standard logic circuits.

These techniques can be used whenever
the combination memory/IO expanders

illustrated on the preceeding pages are not

required.

,40 ,26 ,20

INPUT -

^.

39

10

T1

6
_ *- INT

VCC VDD Vss

XTAL 1

8049
8048
8748
8035
8039

ALE PSEN PROG WR RD

P10

P11

P12

P13

P14

P15

P16

P17

P20

P21

P22

P23

P24

P25

P26

P27

DB0

DB1

DB2
DB3

DB4
DB5
DB6
DB7

Vcc
P40

P41

P42

P43

P50

P51

8243
I/O

P52

P53

EXPANDER
P60

P20 P61

P21 P62

P22 P63

P23

P70

P71

P72

P73

- I/O

ADDING AN I/O EXPANDER
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APPLICATION EXAMPLES

+5V GND

28 „ 14

1iufd_L-

DIODE
OPTIONAL

Vcc Vss

XTAL 1

XTAL2

8021

8022*

ALE PROG

POO

P01

P02

P03

P04

P05

P06

P07

P10

P11

P12

P13

P14

P15

P16

P17

P20

P21

P22

P23

Vcc

8243
I/O

EXPANDER

P20

P21

P22

P23

PROG

CS

P40

P41

P42

P43

P50

P51

P52

P53

P60

P61

P62

P63

P70

P71

P72

P73

*PIN NUMBERS ARE DIFFERENT FOR 8022

ADDING AN I/O EXPANDER TO THE 8021,8022
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APPLICATION EXAMPLES

,40 ,26 ,20

+5V

124

GND

12

- IU

39
T1

6
" fNT

Vcc Vqd vss

XTAL 1

8049

8048
8748
8035

8039
8021*
8022*

ALE PSEN PROG WR RD

P10

P11

P12

P13

P14

P15

P16

P17

P20

P21

P22

P23

P24

P25

P26

P27

DBO
DB1

DB2
DB3

DB4
DB5
DB6
DB7

12 _
13

14

15

16

17

18

19

*PIN NUMBERS ARE DIFFERENT FOR 8021, 8022

I
I

I!

Vcc

8243

I/O

EXPANDER

P20

P21

P22

P23

PROG

CS

+5V

124

GND

12

Vcc

8243

I/O

EXPANDER

P20

P21

P22

P23

PROG

CS

I I I
I

I

| I I I I

l I I I I

P40

P41

P42

P43

P50

P51

P52

P53

P60

P61

P62

P63

P70

P71

P72

P73

P40

P41

P42

P43

P50

P51

P52

P53

P60

P61

P62

P63

P70

P71

P72

P73

-I/O

ADDING MULTIPLE I/O EXPANDERS
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APPLICATION EXAMPLES

40 |26 J20

Vcc Vdd Vss

XTAL1

8049
8048
8748

P22

P23

P24

P25

P26

P27

DBO

DB1

DB2

DB3

DB4

DB5

DB6

DB7
ALE PSEN PROG WR RD

-W\ IN2

-VA IN3

-Wv IN5

-V/v IN7

The bus is normally used as an output port. To
use it as an input port the bus is put in the high
impedance state using the MOVX instruction

and then read using the INS instruction. The
resistor value chosen is a function of the

output loading and the characteristics of the
input signals.

ADDING 8 INPUT LINES

Vcc Vdd Vss

XTAL 1

8049
8048
8748

P22

P23

P24

P25

P26

P27

DBO
DB1

DB2
DB3

DB4
DB5

DB6
DB7

ALE PSEN PROG WR RD

S=-

74LS259
(16)

Individual bits of the 74LS259 eight-bit

addressable latch can be set or reset using the

OUTL instruction. During the OUTL operation

bit zero of the accumulator is written into the

bit of the latch specified by bits 1 through 3 of

the accumulator. In this configuration DBo-
DB7 will be momentarily disturbed while the

external latch is loaded.

ADDING 8 OUTPUT LINES
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APPLICATION EXAMPLES

Vcc Vqd Vss

XTAL 1

8049

8048

8748
8021*

8035

8039
8022*

P22

P23

P24

P25

P26

P27

DBO
DB1

DB2
DB3

DB4
DB5
DB6
DB7

ALE PSEN PROG WR RD

-i=-

74150
(24)

Normal I/O port is used to select an address

for the 16-to-1 multiplexer. The output of the

multiplexer is brought into a test input. Eight

inputs could be added with a 74LS151 8-to-1

multiplexer using the same structure.

Note: If external program memory is being

addressed, use P24-P27 instead of P20-P23.

*PIN NUMBERS ARE DIFFERENT FOR 8021, 8022

ADDING 16 INPUT LINES

+£ V CfJD

40 26 20

Vcc Vdd Vss
pm 27

XTAL1 ph
pi?

28

29

3

XTAL 2

P13

P14

PI'S

30

31

32

4
RESET

P16

P17

33

34

P?0
21

EA 8049 P21
22

23

8048 P23
24

SS

TO

8748 P24

P25

P26

P27

DBO

DB1

DB2
DB3
DB4
DB5

DB6

DB7

35

3(5

37

38

12 S~ 14
6D
5D
4D
3D
2D
1D

6Q
5Q
40
3Q
2Q
10.

39
13 j— 13

T1 14 j- 11
74LS174

(16)
15 j— 6

6

INT
16 j— 4

17 r~ 3
CLK18

19 9

ALE PSEN PROG WR RD

11 9 25 10 8

The latch can be loaded with the OUTL
instruction. After the latch is loaded the BUS
output state can be modified with the ANL
BUS, # DATA and the ORL BUS, # DATA. The
OUTL generates a WR strobe; ANL and ORL
do not. In this configuration DB0-DB7 will be
momentarily disturbed while the external latch

is loaded.

ADDING 6 OUTPUT LINES

5-15



APPLICATION EXAMPLES

+5V GND

Vcc VSS

XTAL1

8049

8048

8748

8021*

8035

8039
8022*

ALE PROG

DISPLAY
AND/OR

KEYBOARD
ARRAY

This is most useful when the outputs of the
74LS164 eight-bit shift register will be used to

scan a display and/or keyboard. In this case an
ANLD P7, A with A = 0FFH can be used to load

the initial
"1

" and an ANLD P6, A with A = 0FEH
can be used to move it down the shift register.

QA QB QC QD QE QF QG QH

74LSI64

(14)

"PIN NUMBERS ARE DIFFERENT FOR 8021, 8022

ADDING OUTPUT FOR KEYBOARD/DISPLAY SCANNING
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APPLICATION EXAMPLES

NOTE:
P23 IS SHOWN
HERE CONNECTED
FOR OUTPUT; P22
IS CONNECTED
FOR INPUT.

8049 EMULATOR CIRCUIT

5-17



APPLICATION EXAMPLES

8049 EMULATOR CIRCUIT DESCRIPTION-6 MHZ
The following is an explanation of a circuit which
emulates the operation of an Intel® 8049 using a stan-
dard EPROM for program storage.

With the 8049, software may be developed by running
external program memory, but doing so requires the use
of the bus and P23-P20 to access this memory.

The circuit shown may be used to restore the normal
functioning of these twelve I/O pins. The circuit con-
sists of an 8039 CPU, 2716 EPROM, two 8216 bi-

directional bus drivers, and eight other 7400 Series Low-
Power Schottky TTL packages. The whole assembly can
be built on a 2-3/4" x 4" board.

A cable coming off the board can be terminated by a
forty-pin plug which may be inserted directly into the
CPU socket intended for the 8049 in a system undergo-
ing design or testing. Alternatively, a pattern of forty

pins extending below the board can be used to plug the
board directly into the system undergoing testing,

"piggy-back" fashion. The emulator board may be con-
figured in various ways so that the 40 pin plug is the
logical equivalent of an 8049 in every legal operating
mode. (In the following explanation of the operation of

the circuit, an asterisk appearing before a signal or pin

number — as in *PSEN — refers to that pin on the "vir-

tual 8049" represented by the forty-pin plug).

Since the CPU is identical with the 8049 in all respects
other than its lack of program memory, most of the pins

of the 8039 are simply connected directly to the cor-

responding pins of the forty-pin plug. These include all

of Port 1, the high order bits of Port 2, the test pins, etc.

Signals which are emulated with additional log ic in-

clude the rest of Port 2, DB7-DB , *PSEN, etc. RD, WR,
ALE, and PSEN are obtained from the 8039, but are also

used by the emulation circuitry.

The EA input of the 8039 is hard-wired high so all in-

struction fetches are made from the 2716. Two 74LS75
four-bit latches gated by the buffered ALE signal are

used to hold the lower eight bits of address from the

time-multiplexed data bus. Since the Bus is being used
for fetching instructions, data latched to the Bus will be
lost on the next instruction fetch. Two 74LS174 latches

are used to retain the output data when a bus write is

executed. These latches are triggered by the trailing

edge of the WR pulse, so their outputs are glitch free.

Since logical operations to the bus do not generate a
WR strobe, the "ANL BUS,#" and "ORL BUS,#" instruc-

tions may not be used, though they do function properly

with the other ports.

The two 8216 bi-directional bus drivers normally buffer

the latched bus contents to the DB pins of the virtual

8049. When an "INS A.BUS" instruction is executed,

they buffer the input signals on to the emulator data
bus. Thus, the circuit is designed to use the Bus for both
latched output and strobed input. If DB79DB of the

8049 are to be used solely for input data, J2 and J3 may

NOTE: FOR EMULATION AT 11 MHZ:
1. Substitute a 2716-1;

2. Delete 74LS03 package (leave lines open). Elimination

of 74LS03 precludes use of P20-P23 as inputs.

be changed from what is shown in the Figure, so that
DB7-DB act as high impedance inputs and the 8216s
are enabled only when the read operation is performed.
If the bus is to be used only for latched output, the
8216s can be omitted entirely.

Bi-directional data transfers which require the transfer
of address information as well as data, such as to and
from external data memory, require removal of the
8216s and replacement with 16-pin jumper blocks on
which the DBX pins are connected with the respective
DOx pins.

The lower four bits of Port 2 are also used in fetching in-

structions from the 2716, in addition to their use as in-

put or output pins in the user's system. In configuring
the emulator for a particular application, the user must
dedicate each of these as either an input or output pin

and connect jumper set J1 accordingly. Any mix of input

and output pins is allowed. At the beginning of each in-

struction fetch, the last data written to P2 will be pre-

sent on P23-P20 at the rising edge of ALE and will be
latched by a 74LS174. The latched data may be con-
nected through the jumpers to those pins which will be
used as outputs on the 8049. Emulator pins used as in-

puts should be pulled above 2.0V for a logic "one". If

this is not the case, i.e., if switches to Ground are to be
read, 50K pullup resistors should be added to the circuit

on each input. They were omitted from the diagram to

minimize input loading.

Pins which will be used as inputs may be connected to

the input of an OR gate formed of inverters and open-
collector NAND gates. The input signals will be relayed
directly to the 8039 and w ill be read by an "IN A,P2" in-

struction. But when PSEN is low, the NAND outputs are
forced off, allowing the 8039 pins to be used for high-

order program adressing. Open-collector outputs are
needed to prevent line contention when PSEN is not
low.

If 8243s will be be used in the final system, the low order

pins of Port 2 must be connected directly to the plug.

This may be done by replacing the Port 2 latch with four

jumpers connecting the inputs to the outputs. The
NANDs should be removed or disabled by grounding the

common NAND inputs.

The cluster of three OR gates is used to enable the on-

board 2716 and generate the *PSEN signal, each of

which is a function of PSEN, *
EA, and the high order bit

of the program counter. Thus *PSEN is generated, forc-

ing an off-board read, only when a jump has been made
to Memory Bank 1 or when *EA is brought high. If this

feature is to be used to address off-board memory, DB7
-

DB may not be used for normal I/O. The 8216s and
74LS174 must be replaced with jumper blocks and the

open collector NAND gates disabled, as explained
above. The same changes are required to operate the

board in single step mode.
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APPLICATION EXAMPLES

PRINTER POS.
DRUM PRINTER*

RDY/BSY'

•SEIKO =101

PORT 1

8048

BUS

7^
DATA IN OR 8080 INTERNAL BUS

8048 INTERFACE TO DRUM PRINTER

/
PU

HAN

/ 1000 PULSE/GAL.

r~ MP
DLE

'F

RD 8048

PROG
PORT 2

PORT 1

\
3^ .

"

8251

USART

CS/CD

CS

8243
\ _

CS

8243
\ _

CS

8243

A
- N .

N
1\ <, ^/ \ _^ 8^
4^ 4\ 4^ '

WR

\
/
''A

,i

\4TO CENTRAL
TERMINAL

/

1

4

4

A
/ 4"/'a,

1

4*/

F
/ LAMP

CK

«

4

\
/

N 3 S(:anned SCANNED [Xj
FUEL

1 -4

1

i 2 3 4 9 9 9. 9 9 9 9 9.9
VALVES

FUEL
TYPE /

ROTARY
PRICE / '*

PRICE VOLUME

SCAN LI NES

MCS-48™ GAS PUMP
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CASH DRAW
KEY SWITCH
TOTALS

AUDIO INDICATOR V :>

v

8748/8048

PROM/ROM
RAM

I/O TIMER V

DATA & STROBE
STEPPER MOTOR
CONTROL
PAPER ADVANCE
STATUS

Iz

MATRIX PRINTER*
WITH PAPER
ADVANCE

7\

IZ

TO OPTIONAL

• COMMUNICATIONS
INTERFACE

• READER
• STORE AND FORWARD

8279
KEYBOARD DISPLAY

SCAN LINES

iz
CASH REGISTER KEYBOARD

• NUMERIC
• DEPT.
• ITEM
• TAX
• ETC.

iz

FRONT AND
REAR DUAL
DISPLAY

SEVEN
SEGMENT UK—

I

INDICATOR LAMP MATRIX FOR
ILLUMINATED KEY TOPS

•DRUM PRINTER MAY BE USED.
DRUM PRINTER REQUIRES
MORE OUTPUTS WHICH CAN BE
OBTAINED FROM AN EXPANDER
DEVICE.

LOW COST POINT OF SALE TERMINAL
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IGNITION
PULSE
(ENGINE SPEED]

OPEN LOOP MODES

WIDE OPEN
COLD ENGINE
DECELERATE

ENGINE CRANKING
}

|
Wv 1

7^
C

VEHICLE TYPE
IDENTIFICATION

POWER TRAIN
TYPE IDENTIFICATION

SIMPLE FEEDBACK CARBURETOR CONTROLLER

POWER
SUPPLY

MAGNETRON
TRIAC

DOOR
INTERLOCK

60Hz
TIMING

REFERENCE

FRONT PANEL
4x4

KEYBOARD

±±

STATUS
INDICATORS

N UU'UU
V UU'UU

-z^Z

MICROWAVE OVEN CONTROLLER
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APPLICATION EXAMPLES

5.2 Software Examples

The following routines are written as subroutines. RO and R1 are

used as data pointers, R2 is used as an extension of the accumulator

and R3 is used as a loop counter.

DOUBLE ADD

DADD: DEC
ADD
INC
XCH
ADDC
XCH
RET

RXO = RO
AEX = R2

RXO
A,@RX0
RXO
A.AEX
A,@RX0
A.AEX

DOUBLE SUBTRACT

DMIN: DEC
CPL
ADD
CPL
INC
XCH
CPL
ADDC
CPL
XCH
RET

DOUBLE LOAD

DLD: DEC
MOV
INC
XCH
MOV
XCH
RET

DOUBLE STORE

DST: DEC
MOV
INC
XCH
MOV
XCH
RET

RXO
A
A,@RX0
A
RXO
A,AEX
A
A,@RX0
A
A.AEX

RXO
A,@RX0
RXO
A.AEX
A,@RX0
A.AEX

RXO
@RX0,A
RXO
A.AEX
@RX0,A
A.AEX

;GET LOW BYTE AND ADD TO A

;GET HI BYTE AND ADD TO AEX

;RETURN

;GET LOW BYTEAND SUB FROM A

;GET HI BYTE AND SUB FROM AEX

;RETURN

;GET LOW BYTE AND PLACE IN A

;GET HI BYTE AND PLACE IN AEX

;RETURN

;MOVE A INTO LOW BYTE

;MOVE AEX INTO HIGH BYTE

;RETURN
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DOUBLE

DEX:

EXCHANGE

RXODEC
XCH
INC
XCH
XCH
XCH
RET

A,@RX0
RXO
A.AEX
A,@RX0
A.AEX

;EXCHANGE A AND LOW BYTE

EXCHANGE AEX AND HIGH BYTE

DOUBLE

LLSH:

;RETURN

LEFT LOGICAL SHIFT

RLC
XCH
RLC
XCH
RET

A
A.AEX
A
A.AEX

;SHIFT A
;SHIFT AEX

DOUBLE

RLSH:

;RETURN

RIGHT LOGICALSHIFT

;SHIFT AEXXCH
RRC
XCH
RRC
RET

A.AEX
A
A.AEX
A ;SHIFT A

;RETURN

DOUBLE

RASH:

RIGHT ARITHMETIC SHIFT

;SET CARRYCLR
CPL

XCH
JB7
CLR
RRC
XCH
RRC
RET

C
C

A,AEX
$+3

C
A
A.AEX
A

;IF AEX[7]<>1 THEN

;CLEAR CARRY
;SHIFT C INTO AEX

;SHIFT A
;RETURN

SINGLE PRECISION BINARY MULTIPLY

This routine assumes a one-byte multiplier

and a one-byte multiplicand. The product,

therefore, is two-bytes long.

The algorithm follows these steps:

1. The registers are arranged as follows:

ACC —
R1 — Multiplier

R2 — Multiplicand

R3 — Loop Counter (=8)

The Accumulator and register R1 are

treated as a register pair when they are

shifted right (see Step 2)

2. The Accumulator and R1 are shifted

right one place, thus the LSB of the

multiplier goes into the carry.

3. The multiplicand is added to the

accumulator if the carry bit is a 'one'. No
action if the carry is a 'zero'.

4. Decrement the loop counter and loop
(return to Step 2) until it reaches zero.

5. Shift the result right one last time just

before exiting the routine

*The result will be found in the Accumulator
(MS Byte) and R1 (LS Byte).
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BINARY MULTIPLY

BMPY: MOV R3,#08H

BMPI:

BMP3:

CLR A
CLR C

RRC A
XCH A,R1
RRC A
XCH A.R1

JNC BMP3
ADD A,R2

DJNZ R3.BMPI
RRC A
XCH A,R1
RRC A
XCH A,R1

SET COUNTER TO 8

CLEAR A
CLEAR CARRY BIT

DOUBLE SHIFT RIGHT ACC & R1

INTO CARRY

IF CARRY=1 ADD, OTHERWISE DON'T
ADD MULTIPLICAND TO ACCUMULATOR

DECREMENT COUNTER AND LOOP IF

DO A FINAL RIGHT SHIFT AT THE
END OF THE ROUTINE

INTERRUPT HANDLING

This interrupt routine assumes single level

interrupt. The purpose is to store the status of

the machine at the time the interrupt occurs

by storing contents of all registers, accumu-
lator, and the status word. At the end of the

interrupt the state of the machine is restored

and interrupts are enabled again.

INTRPT: SEL
MOV

i

i

MOV
MOV
RETR

RB1 ;SAVE WORKING REGISTERS
@R0,A ;R0 IN ALTERNATE REGISTER

BANK CONTAINS SACC
POINTER FOR SAVING
ACCUMULATOR

j
[INTERRUPT SERVICE

i ^ROUTINE

RO.SACC ;RESTORE SACC
A,@RO ;RESTORE ACCUMULATOR

RESTORE WORKING REGISTERS
RESTORE PSW AND
RE-ENABLE INTERRUPTS
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APPLICATION EXAMPLES

2 BYTE PROCESSING SYSTEM

A suggested model of a processing routine

takes two single byte inputs from different

ports, compares them, and performs the

following, depending on the result of the

comparison:

(If Equal) Sets Flag and Exits

(If Not Equal) and Outputs the Larger to a

Third Port

1ST

OUTPUT 2ND OUTPUT 1ST

GD
PROCESS: CLR

IN

MOV
IN

MOV
CPL
INC
ADD
JZ
JNC
MOV
OUTL
JMP

SECOND: MOV
OUTL
JMP

EQUL: CPL
JMP

FO

A,P1

RO.A
A,P2
R1,A
A
A
A.RO
EQUL
SECOND
A,R0
BUS,A
DONE

A,R1

BUS.A
DONE
FO
DONE

;CLEAR FO BIT (INITIALIZE)

;READ FIRST INPUT, STORE IN RO

;READ SECOND INPUT, STORE IN R1

SUBTRACT SECOND FROM FIRST
;(2's COMPLEMENT AND ADD)

BRANCH IF THEY ARE EQUAL
IF NEGATIVE, SECOND WAS LARGER
ELSE, OUTPUT FIRST

;EXIT

;OUTPUT SECOND

EXIT

SET FO
EXIT
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APPLICATION EXAMPLES

8x8 MULTIPLY-ASSEMBLED BY MCS-48 MACRO ASSEMBLER
SEE AP-49

ISIS-tl MCS-48/UPI-41 MACRO ASSEMBLER, V3 . B

SOURCE STATEMENT

1 t 1

112
1 13
1 14

115
1 16
1 17
1 18
1 19
12B
121
122
123
124
125
126
127
128
129
13B
131
132
133
134
13S
136
137
138
139
14B
141
142
143
144
143
146
147
148

*INCLUDE< : Fl : MPY8 )

NCLUDEt :F1 : MPY8 . POL)

THIS UTILITY PROVIDES AH 8 BY 8 UNSIGHED MULTIPLY
AT ENTRY:

A = LOWER EIGHT BITS OF DESTINATION OPERAHD
XA» DON'T CARE
Rl> POIHTER TO SOURCE OPERAND (MULTIPLIER) IN INTERNAL MEMEORY

AT EXIT;
A = LOWER EIGHT BITS OF RESULT
XA» UPPER EIGHT BITS OF RESULT
C - SET IF OVERFLOW ELSE CLEARED

1 HPY8X8:
1 MULTIPLICAND! 1 5-8 1: =B
1 C0UNT:»8
1 REPEAT
2 IF MULTIPLICAND! B]=8 THEN BEGIN
3 MULTIPLICANDi=MULTIPLICAND/'2
2 ELSE
3 MULTIPLICAND! 15-8): =MUL T IPLI C AND! 15-8 3 + MULT I PL I ER

3 MULTIPLICAND: MULTIPLICANDS
2 ENDIF
2 COUNT: -COUHT-1
1 UNTIL COUNT=B
1 END HPY8X8
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APPLICATION EXAMPLES

8x8 MULTIPLY-ASSEMBLED BY MCS-48 MACRO ASSEMBLER
SEE AP-49

ISIS-II HCS-48/'UPI-41 MACRO ASSEMBLER. V3

LOC OBJ SOURCE STATEMENT

8835 BABB

BB37 BBB8

BB39 1243

B83B 2A
BB3C 97
0B3D 67
BB3E 2A
BB3F 67
BB4B EB39
B842 83

BB43 2A
B844 61

BB4S 67
B846 2A
BB4? 67
BB48 EB39

1 = 149 ) 1 MPY8X8;
1« 1SB HPY8X8
1« 151 ; I NULTIPLICANDC 15-8 J: =B
1 = 152 MOV XA,tB8
1 = 153 ; i COUNT :-8
1 = 154 MOV COUNT, »8
1 = 155 ; l REPEAT
1 = 156 MPV8LP
1 = 157 ;2 IF MULTIPLICANDt B J»B THEN BEGIN
1 = 158 JBB MPY8A
1 = 159 ;3 MULTIPLICAND:' MULTIPLICANDS
1 = 16B XCH A,XA
1 = 161 CLR C

1 = 162 RRC A
1» 163 XCH A, XA
I* 164 RRC A

1 = 165 DJNZ COUNT, MPY8LP
1 = 166 RET
1 = 167 ;2 ELSE
1 = 168 MPY8A:
1* 169 ;3 MULTIPLICANDt 15-8] :=MULTIPLI
Is 17B XCH A, XA
Is 171 ADD A,BR1
la 172 RRC A

Is 173 XCH A, XA
Is 174 RRC A

Is 175 DJNZ COUNT, MPY8LP
Is 176 RET
1 = 177 )3 MULTIPLICAND: =MULTI PL ICAND/2
1 = 178 )2 ENDIF
I a 179 ;2 COUNT: =COUNT-l
la 188 ; l UNTIL COUNT* B

Is 181 ; l END MPY8X8
la 182 JEJECT
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APPLICATION EXAMPLES

16x8 DIVIDE-(ASSEMBLED BY MCS-48 MACRO ASSEMBLER SEE AP-49)

ISIS-II MCS-48/'UPI-41 MACRO ASSEMBLER, V3

SOURCE STATEMENT

B04B 2A

004C 8B08

004E 37
B04F 61

0050 37

0053 m7
0054 046F

0057 97

0058 2A
005? F7
B05A 2A
005B F7
005C E66
B05E 37
005F 61

0060 37
0061 046

0063 37
0064 61

183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
21 1

212
213
214
2 15
216
217
21 8

219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237

*INCLUDE< : Fl : DIV16 )

I.****.**********************************************************************'

THIS UTILITY PROVIDES AN 16 BY 8 UNSIGNED DIVIDE
AT ENTRY:

A = LOWER EIGHT BITS OF DESTINATION OPERAND
XA = UPPER EIGHT BITS OF DIVIDEND
Rl= POINTER TO DIVISOR IN INTERNAL MEMORY

AT EXIT :

A = LOWER EIGHT BITS OF RESULT
XA = REMAINDER
C = SET IF OVERFLOW ELSE CLEARED

**************** ******************* »»*********»****«»*«»*******»***»*•*»»**"

1 DIV16:
DI V16 : XCH A, XA

;l COUNT: = 8

MOV COUNT, #8
; 1 DIVIDEND! 15-8I:=DIVIDEND[ 15-8] -DIVISOR

CPL A

ADD A , 8R1
CPL A

il IF BORROW=0 THEN /* IT FITS*/
J C D I V I A

;2 SET OVERFLOW FLAG
CPL C

J M P D I V I 8

il ELSE
DIVIA :

)2 RESTORE DIVIDEND
ADD A, SRI

;2 REPEAT
DI V ILP

:

ROUTINE WORKS MOSTLY WITH BITS 15-8

;4

01 V IE :

CLR
XCH
RLC
XCH
RLC
JNC
CPL
ADD
CPL
J MP

CPL
ADD

DIVIDEND : =DIVIDEND*2
QUOTIENT :=QU0TIENT»2

C

A , XA
A

A , XA
A

DI VIE
A

A, AR1

DI VIC
DIVIDENDC15-8].'=DIVIDENDtl5-83-DIVIS0R
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APPLICATION EXAMPLES

16x8 DIVIDE-(ASSEMBLED BY MCS-48 MACRO ASSEMBLER SEE AP-49)

IS IS-I I MCS-48/UPI-41 MACRO ASSEMBLER. V3 . B

LOC OBJ LINE SOURCE STATEMENT

BB6S 3? - 238
239

CPL A

IF BORROUM THEN
BB66 E66B

=

24B
241

JNC DIVIC
RESTORE DIVIDEND

BB68 61 » 242 ADD A,«R1
BB69 B46C

=

243
244
245
246

OIVIC

JflP DIVID
ELSE

QUOTIENTCB ]: *l
BB6B 1A

-
247
248
249 :

INC XA
ENDIF
COUNT:«COUNT-l

2SB ; UNTIL COUNT=B
BB6C EB57 = 251 DIVIO DJN2 COUNT. DIVILP

= 252 ; CLEAR OVERFLOW FLAG
BB6E 97 = 253 CLR C

= 254 ; ENDIF
= 255 ; ENDDIVIDE

BB6F 2A = 2S6 DIVIB XCH A, XA
8B7S 83 = 257 RET
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MCS-48™ COMPONENT SPECIFICATIONS

8048 ROM Microcomputer 6-1

8748 EPROM Microcomputers 6-1

8035/8035L Microcomputers 6-1

I8048/I8748/
I8035 Industrial Temperature

Microcomputers 6-10

M8048/M8748/
M8035 Military Temperature

Microcomputers 6-19

8049/8039/
8039-6 Microcomputers 6-28

8021 Microcomputer 6-33

8022 Microcomputer 6-36

8243 I/O Expander 6-42

I8243 Industrial Temperature 8243 6-48

8355 ROM and I/O Expander 6-54

8755 EPROM and I/O Expander 6-59

8155/8156 RAM and I/O Expander 6-67

8185/
8185-2 1024 X 8-Bit Static RAM FOR

MCS-85™ 6-81
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8048/8648/8748/8035

SINGLE COMPONENT 8-BIT MICROCOMPUTER
• 8048 Mask Programmable ROM
• 8648 One-Time Factory Programmable EPROM
• 8748 User Programmable/Erasable EPROM
• 8035/8035L External ROM or EPROM

8-Bit CPU, ROM, RAM, I/O in

Single Package

Interchangeable ROM and EPROM
Versions

Single 5V Supply

2.5 Msec and 5.0 Msec Cycle Versions
All Instructions 1 or 2 Cycles.

Over 90 Instructions: 70% Single Byte

1Kx 8ROM/EPROM
64 x 8 RAM
27 I/O Lines

Interval Timer/Event Counter

Easily Expandable Memory and I/O

Compatible with 8080/8085 Series

Peripherals

Single Level Interrupt

The Intel® 8048/8648/8748/8035 is a totally self-sufficient, 8-bit parallel computer fabricated on a single silicon chip
using Intel's N-channel silicon gate MOS process.

The 8048 contains a 1 K x 8 program memory, a 64 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in addi-
tion to on-board oscillator and clock circuits. For systems that require extra capability, the 8048 can be expanded
using standard memories and MCS-80™/MCS-85™ peripherals. The 8035 is the equivalent of an 8048 without program
memory. The 8035L has the RAM power-down mode of the 8048 while the 8035 does not. The 8648 is a one-time pro-
grammable (at the factory) 8748 which can be ordered as the first 25 pieces of a new 8048 RAM order. The substitution
of 8648's for 8048's allows for very fast turnaround for initial code verification and evaluation units. To reduce develop-
ment problems to a minimum and provide maximum flexibility, three interchangeable pin-compatible versions of this
single component microcomputer exist: the 8748 with user-programmable and erasable EPROM program memory for

prototype and preproduction systems, the 8048 with factory-programmed mask ROM program memory for low cost,
high volume production, and the 8035 without program memory for use with external program memories.

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8048 has exten-
sive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory
results from an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length.

PIN CONFIGURATION

XTAL 1[

XTAL 2 (

RESETl

C 2

L 3

SST 5

INTC 6

EA[ 7

SbC s

PSENC 9

wfiC u

aleC h

°B C i;

db,[I i:

DB
2 C 1<

OB
3 C 1!

DB
4C If

DBsC 1;

DB6C If

OB,C 1!

vssC 21

8048

8648

8748

8035

moN L()GIC SYMBOL

DVcc

XTAL—
r__ OCxr

I]P26 _—*

3P25

UP2«
RESET CO-RT

I)P16

SINGLE
STEP * .-READ

UP15

D P14

EXTERNAL ^
MEM

"
8048

U Pt3 p „
WRITE

DP12 TEST-
]P11

]P10
-—

—

PROGRAM
STORE
ENABLE

Hv0D INTERRUPT

I] PROG

3P23

DP22

UP21

DP20

BUS<^t>

ADDRESS
LATCH
ENABLE

PORT
EXPANDER
STROBE

BLOCK DIAGRAM

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED
c INTEL CORPORATION, 1979 „ <
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8048/8648/8748/8035

PIN DESCRIPTION

Designation Pin # Function

Vss 20 Circuit GND potential

VDD 26 Programming power supply; +25V
during program, +5V during oper-

ation for both ROM and PROM.
Low power standby pin in 8048
and 8035L.

Vcc 40 Main power supply; +5V during

operation and programming.

PROG 25 Program pulse (+23V) input pin

during 8748 programming.

Output strobe for 8243 I/O

expander.

8-bit quasi-bidirectional port.P10-P17 27-34

Port 1

P20-P27 21-24

Port 2 35-38

DB -DB-

BUS

TO

T1

INT

8-bit quasi-bidirectional port.

P20-P23 contain the four high

order program counter bits during

an external program memory fetch

and serve as a 4-bit I/O expander

bus for 8243.

12-19 True bidirectional port which can

be written or read synchronously

using the RD, WR strobes. The

port can also be statically latched.

Contains the 8 low order program

counter bits during an external

program memory fetch, and receives

the addressed instruction under the

control of PSEN. Also contains the

address and data during an external

RAM data store instruction, u nder

control of ALE, RD, and WW.

1 Input pin testable using the con-

ditional transfer instructions JT0

and JNT0. TO can be designated as

a clock output using ENT0 CLK
instruction. TO is also used during

programming.

39 Input pin testable using the JT1,

and JNT1 instructions. Can be des-

ignated the timer/counter input using

the STRT CNT instruction.

6 Interrupt input. Initiates an inter-

rupt if interrupt is enabled. Inter-

rupt is disabled after a reset. Also

testable with conditional jump

instruction. (Active low)

Designation Pin # Function

RD

RESET

WR

ALE

PSEN

SS

EA

XTAL1

XTAL2

8 Output strobe activated during a

BUS read. Can be used to enable

data onto the bus from an external

device.

Used as a read strobe to external

data memory. (Active low)

4 Input which is used to initialize the

processor. Also used during PROM
programming verification, and

power down. (Active low)

(Non TTL V, H )

10 Output strobe during a bus write.

(Active low)

Used as write strobe to external

data memory.

1

1

Address latch enable. This signal

occurs once during each cycle and

is useful as a clock output.

The negative edge of ALE strobes

address into external data and pro-

gram memory.

9 Program store enable. This output

occurs only during a fetch to exter-

nal program memory. (Active low)

5 Single step input can be used in con-

junction with ALE to "single step"

the processor through each in-

struction. (Active low)

7 External access input which forces

all program memory fetches to re-

ference external memory. Useful

for emulation and debug, and

essential for testing and program

verification. (Active high)

2 One side of crystal input for inter-

nal oscillator. Also input for exter-

nal source. (Non TTL Vih )

3 Other side of crystal input.
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8048/8648/8748/8035

INSTRUCTION SET

Description Bytes Cycle Mnemonic Description Bytes Cycles

ADD A, R Add register to A 1

ADD A, @R Add data memory to A 1

ADD A, -data Add immediate to A 2 2

ADDC A, R Add register wi*h carry 1

ADDC A, @R Add data memory with carry 1

ADDC A, #data Add immediate with carry 2 2

ANL A, R And register to A 1

ANL A, @R And data memory to A 1

ANL A, -data And immediate to A 2 2

ORL A, R Or register to A 1

ORL A, @R Or data memory to A 1

3 ORL A, #data Or immediate to A 2 2
b
3 XRLA, R Exclusive or register to A 1

u
<

XRLA, @R Exclusive or data memory to A 1

XRLA, #data Exclusive or immediate to A 2 2
INC A Increment A 1

DEC A Decrement A 1

CLR A Clear A 1

CPLA Complement A 1

DA A Decimal adjust A 1

SWAP A Swap nibbles of A 1

RLA Rotate A left 1

RLC A Rotate A left through carry 1

RR A Rotate A right 1

RRC A Rotate A right through carry 1

IN A, P Input port to A 1 2

OUTLP, A Output A to port 1 2

ANL P, idata And immediate to port 2 2
3 ORL P, #data Or immediate to port 2 2

3 INS A, BUS Input BUS to A 1 2
o OUTL BUS, A Output A to BUS 1 2
3
Q.
ANL BUS, *data And immediate to BUS 2 2

C ORL BUS, -data Or immediate to BUS 2 2

MOVD A, P Input expander port to A 1 2

MOVD P, A Output A to expander port 1 2

ANLD P, A And A to expander port 1 2

ORLD P, A Or A to expander port 1 2

« INCR Increment register 1 1

K

INC @R Increment data memory 1 1

DECR Decrement register 1 1

JMP addr Jump unconditional 2 2

JMPP @A Jump indirect 1 2

DJNZR,addr Decrement register and skip 2 2

JC addr Jump on carry = 1 2 2

JNCaddr Jump on carry = 2 2

J 2 addr Jump on A zero 2 2

JNZaddr Jump on A not zero 2 2

u
c
IS

JTO addr Jump on TO = 1 2 2

JNTO addr Jump on TO = 2 2
GO JT1 addr Jump on T1 = 1 2 2

JNT1 addr Jump on T1 = 2 2

JFOaddr Jump on FO = 1 2 2

JF1 addr Jump on F1 = 1 2 2

JTF addr Jump on timer flag 2 2

JNI addr Jump on INT = 2 2

JBb addr Jump on accumulator bit 2 2

c CALL addr Jump to subroutine 2 2
3
o RET Return 1 2

.fi

3
V)

RETR Return and restore status 1 2

CLR C Clear carry 1

CPL C Complement carry 1

Ol CLR FO Clear flag 1

LL CPL FO Complement flag 1

CLR F1 Clear flag 1 1

CPL F1 Complement flag 1 1

MOV A, R Move register to A 1

MOV A, @R Move data memory to A 1

MOV A, *data Move immediate to A 2

MOV R, A Move A to register 1

MOV @R, A Move A to data memory 1

MOV R, =data Move immediate to register 2

> MOV @R, -data Move immediate to data memory 2

? MOV A, PSW Move PSW to A 1

ra MOV PSW, A Move A to PSW 1

O XCH A, R Exchange A and register 1

XCHA,@R Exchange A and data memory 1

XCHD A, @R Exchange nibble of A and register 1

MOVX A, @R Move external data memory to A 1 2

MOVX @>R, A Move A to external data memory 1 2

MOVP A, @A Move to A from current page 1 2

MOVP3 A, @A Move to A from page 3 1 2

MOV A, T Read timer/counter 1

£ MOVT, A Load timer/counter 1

3 STRTT Start timer 1

(J STRT CNT Start counter 1

E
STOP TCNT Stop timer/counter 1

ENTCNTI Enable timer/counter interrupt 1

DISTCNTI Disable timer/counter interrupt 1

EN 1 Enable external interrupt 1

DISI Disable external interrupt 1

o SELRBO Select register bank 1

c SELRB1 Select register bank 1 1

o SELMBO Select memory bank 1

SELMB1 Select memory bank 1 1

ENTOCLK Enable clock output on TO 1

No operation

Mnemonics copyright Intel Corporation 1976
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8048/8648/8748/8035

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias 0°C to 70°C

Storage Temperature -65° C to +150°C

Voltage On Any Pin With Respect

to Ground -0.5V to +7V

Power Dissipation 1.5 Watt

'COMMENT:
Stresses above those listed under "Absolute Maximum Ratings"

may cause permanent damage to the device. This is a stress rating

only and functional operation of the device at these or any other

conditions above those indicated in the operational sections of this

specification is not implied.

D.C.AND OPERATING CHARACTERISTICS ta = o°c to 70°c, vcc = vDD = +5V ±10%, vss = ov

Symbol Parameter
Limits

Unit Test Conditions

Min. Typ. Max.

V,L Input Low Voltage

(All Except RESET, X1.X2)

-.5 .8 V

V,L1 Input Low Voltage

(RESET, X1.X2)

-.5 .6 V

V| H Input High Voltage 2.0 Vcc V
(All Except XTAL1, XTAL 2, RESET)

V.H1 Input High Voltage (X1, X2, RESET) 3.8 Vcc V

Vol Output Low Voltage (BUS) .45 V VOL = 2.0 mA

Vou Output Low Voltage

(RD, WR, PSEN, ALE)

.45 V l 0L =1-8 mA

V0L2 Output Low Voltage (PROG) .45 V l OL =1-0 mA

VOL3 Output Low Voltage

(All Other Outputs)

.45 V l0L =1.6 mA

VOH Output High Voltage (BUS) 2.4 V Ioh = - 400 uA

V0H1 Output High Voltage

(RD, WR, PSEN, ALE)

2.4 V l 0H = -100 MA

VOH2 Output High Voltage

(All Other Outputs)

2.4 V Ioh- -40 MA

Ili Input Leakage Current (T1, INT) ±10 MA VSS<V IN<VCC

lun Input Leakage Current

(P10-P17, P20-P27, EA, SS)

-500 MA Vss +.45<VlN<Vcc

Ilo Output Leakage Current (BUS, TO)

(High Impedance State)

±10 MA VSS +.45<V IN<VCC

'dd VDD Supply Current 5 15 mA

'dd+ 'cc Total Supply Current 60 135 mA

BUS P1, P2 BUS, P1, P2

- 30 mA -

TYPICAL
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8048/8648/8748/8035

WAVEFORMS

Instruction Fetch From External Program Memory Read From External Data Memory

J

BUS FLOATING

lAFc|-» kc " Tca

J L

\£ jf FLOATING \f yf FLOATING Y
INSTRUCTION

J
(CC »-| ICA p

'afc —*"' H —" r*— *DR

!

: FLOATING i

BUS FLOATING^ADDRESSX y )^y

Write to External Data Memory

J
h

L

i

—!-• ( -^— "wo

BUS FLOATINgYaDDRESsYfLOATINgY DATA Y FLOATING

Input and Output Waveforms for A.C. Tests

X L2A_

A.C. CHARACTERISTICS TA = o°c to 70°c, vcc = vDD = +5V ±10% , vss = ov

Symbol Parameter

8048
8648

8748/8035/8035L

8748-8*

8035-8 Unit Conditions (Note 1)

Min. Max. Min. Max.

t|_L ALE Pulse Width 400 600 ns

tAL Address Setup to ALE 120 150 ns

tLA Address Hold from ALE 80 80 ns

tCC Control Pulse Width (PSEN, RD.WR) 700 1500 ns

tow Data Setup before WR 500 640 ns

*WD Data Hold After WR 120 120 ns CL = 20pF

tCY Cycle Time 2.5 15.0 4.17 15.0 Ms 6MHzXTAL = 2.5

(3.6 MHz XTAL for -8)

*DR Data Hold 200 200 ns

lRD PSEN, RD to Data In 500 750 ns

tA\N Address Setup to WR 230 260 ns

*AD Address Setup to Data In 950 1450 ns

*AFC Address Float to RD, PSEN ns

tcA Control Pulse to ALE 10 20 ns

Note 1: Control outputs: C|_ = 80pF tQY = 2 -5 MS for standard parts 'Vqc and VDD ,or 8748-8 and 8035-8 are ± 5%.
BUS Outputs: C|_=150pF = 4.17 Ms for -8 parts
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8048/8648/8748/8035

A.C. CHARACTERISTICS (PORT 2 TIMING)

TA = 0°C to 70° C, Vcc = 5V±10%, Vss = 0V

Symbol Parameter Min. Max. Unit Test Conditions

tCP Port Control Setup Before Falling

Edge of PROG 110 ns

tpc Port Control Hold After Falling

Edge of PROG 100 ns

tPR PROG to Time P2 Input Must Be Valid 810 ns

tPF Input Data Hold Time 150 ns

tDP Output Data Setup Time 250 ns

tPD Output Data Hold Time 65 ns

tpp PROG Pulse Width 1200 ns

tPL Port 2 I/O Data Setup 350 ns

tLP Port 2 I/O Data Hold 150 ns

PORT 2 TIMING

y—\
EXPANDER
PORT

DC
EXPANDER
PORT

IX

v—

V

X

>:

PORT 2n-3 DATA X

PORT 2 a i DATA

PORT CONTROL

PORT CONTROL

X OUTPUT DATA :c

X^ INPUT 'k/

A rA
ft

H /
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8048/8648/8748/8035

CRYSTAL OSCILLATOR MODE DRIVING FROM EXTERNAL SOURCE

0— 15 pF
(INCLUDES XTAL
SOCKET, STRAY) -o

15-25 pF
(INCLUDES SOCKET,

STRAY) -±-

CRYSTAL SERIES RESISTANCE SHOULD BE <752 AT 6 MHz; <180O AT 3.6 MHz.

BOTH X1 AND X2 SHOULD BE DRIVEN.
RESISTORS TO VCc ARE NEEDED TO ENSURE VfH = 3.8V IF TTL CIRCUITRY IS

USED. THE MINIMUM HIGH AND THE MINIMUM LOW TIMES ARE 45%.

LC OSCILLATOR MODE

45 MH 20 pF 5.2 MHz
120 uH 20 pF 3.2 MHz

C'=
C + 3Cpp

CPP = 5- 10 pF PIN-TO-PIN

CAPACITANCE

EACH C SHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE.

PROGRAMMING, VERIFYING, AND
ERASING THE 8748 EPROM

Programming Verification

In brief, the programming process consists of: activating

the program mode, applying an address, latching the

address, applying data, and applying a programming pulse.

Each word is programmed completely before moving on to

the next and is followed by a verification step. The follow-

ing is a list of the pins used for programming and a descrip-

tion of their functions:

Pin Function

XTAL1 Clock Input (1 to6MHz)

Reset Initialization and Address Latching

TestO Selection of Program or Verify Mode

EA Activation of Program/Verify Modes

BUS Address and Data Input

Data Output During Verify

P20-1 Address Input

Vdd Programming Power Supply

PROG Program Pulse Input

WARNING:

An attempt to program a missocketed 8748 will result in severe

damage to the part. An indication of a properly socketed part is the

appearance of the ALE clock output. The lack of this clock may

be used to disable the programmer.

The Program/Verify sequence is:

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

1CLD.
: 5v, Clock applied or internal oscillator operating.

RESET = Ov, TEST = 5v, EA = 5v, BUS and PROG
floating.

Insert 8748 in programming socket

TEST = Ov (select program mode)

EA = 23v (activate program mode)

Address applied to BUS and P20-1

RESET = 5v (latch address)

Data applied to BUS

Vqq = 25v (programming power)

PROG = Ov followed by one 50ms pulse to 23V

VDD 5v

TEST = 5v (verify mode)

Read and verify data on BUS

TEST = Ov

RESET = Ov and repeat from step 5

Programmer should be at conditions of step 1 when 8748
is removed from socket.
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8048/8648/8748/8035

AC TIMING SPECIFICATION FOR PROGRAMMING
TA = 25° C ± 5°C, Vcc = 5V ± 5%, Vdd = 25V ± 1V

Symbol Parameter Min. Max. Unit Test Conditions

tAW Address Setup Time to RESET t 4tcy

tWA Address Hold Time After RESET t 4tcy

tDW Data in Setup Time to PROG 1 4tcy

tWD Data in Hold Time After PROG J 4tcy

tPH RESET Hold Time to Verify 4tcy

tVDDW Vdd 4tcy

tVDDH Vdd Hold Time After PROG I

tPW Program Pulse Width 50 60 mS
tTW Test Setup Time for Program Mode 4tcy

tWT Test Hold Time After Program Mode 4tcy

too Test to Data Out Delay 4tcy

tww RESET Pulse Width to Latch Address 4tcy

tr, tf Vdd and PROG Rise and Fall Times 0.5 2.0 MS

tCV CPU Operation Cycle Time 5.0 MS

tRE RESET Setup Time Before EA r. 4tcy

Note: If Test is high tDO can be triggered by RESET t.

DC SPECIFICATION FOR PROGRAMMING
TA = 25°C ± 5°C, Vcc = 5V ± 5%, Vdd = 25V ± 1V

Symbol Parameter Min. Max. Unit Test Conditions

Vdoh Vdd Program Voltage High Level 24.0 26.0 V

Vddl Vdd Voltage Low Level 4.75 5.25 V

Vph PROG Program Voltage High Level 21.5 24.5 V

Vp L PROG Voltage Low Level 0.2 V

Veah EA Program or Verify Voltage High Level 21.5 24.5 V 8748

V EAH1 EA1 Verify Voltage High Level 11.4 12.6 V 8048

Veal EA Voltage Low Level 5.25 V

Idd Vdd High Voltage Supply Current 30.0 mA

IPROG PROG High Voltage Supply Current 16.0 mA
lEA EA High Voltage Supply Current 1.0 mA
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8048/8648/8748/8035

WAVEFORMS FOR PROGRAMMING

COMBINATION PROGRAM/VERIFY MODE (EPROM'S ONLY)

DB0-DB7

p,„ p,
LAST

i-20-r: ADDRESS

VERIFY MODE (ROM/EPROM)

\ / \ / \
DB0-DB7 ^/ ADDRESS \J DATA OUT \_ _J~\ (0-7) VALID A. VALID f

~\
NEXT

ADDRESS
XNEXT DATA \^

OUT VALID f"

X ADDRESS (8-9) VALID X
NOTES:
1. PROG MUST FLOAT IF EA IS LOW (i.e., ^23V), OR IF TO = 5V FOR THE 8748. FOR THE

8048 PROG MUST ALWAYS FLOAT.

2. X1 AND X2 DRIVEN BY 3 MHz CLOCK WILL GIVE 5jisec trjY THIS IS ACCEPTABLE FOR
8 PARTS AS WELL AS STANDARD PARTS.

NEXT ADDRESS VALID

The 8748 EPROM can be programmed by either of two Note: See the ROM/PROM section for 8048 ROM ordering procedures.

Intel DTOduCtS' To min im 'ze turnaround time on the first 25 pieces 8648 may be

1. PROMPT-48 Microcomputer Design Aid, or

2. Universal PROM Programmer (UPP series) peripheral

of the Intellec® Development System with a UPP-848
Personality Card.

specified on the ROM order
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ID8048/8748/8035L

INDUSTRIAL TEMPERATURE RANGE
SINGLE COMPONENT 8-BIT MICROCOMPUTER

• 8048 Mask Programmable ROM
• 8648 One-Time Factory Programmable EPROM
• 8748 User Programmable/Erasable EPROM
• 8035/8035L External ROM or EPROM
• -40°C to +85°C Operation

1Kx8 ROM/EPROM
64 x 8 RAM
27 I/O LINES

Interval Timer/Event Counter

8-Bit CPU, ROM, RAM, I/O in Single

Package

Interchangeable ROM and EPROM
Versions

Single 5V Supply

2.5 ptsec and 5.0 ^sec Cycle Versions:

All instructions 1 or 2 Cycles

Over 90 Instructions: 70% Single Byte

Easily Expandable Memory and I/O

Compatible with 8080/8085 Series

Peripherals

Single Level Interrupt

The Intel® 8048/8648/8748/8035 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip

using Intel's N-channel silicon gate MOS process.

The 8048 contains a 1 K x 8 program memory, a 64 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in addi-

tion to on-board oscillator and clock circuits. For systems that require extra capability, the 8048 can be expanded

using standard memories and MCS-80™/MCS-85™ peripherals. The 8035 is the equivalent of an 8048 without program

memory. The 8035L has the RAM power-down mode of the 8048 while the 8035 does not. The 8648 is a one-time pro-

grammable (at the factory) 8748 which can be ordered as the first 25 pieces of a new 8048 ROM order. The substitution

of 8648's for 8048's allows for very fast turnaround for initial code verification and evaluation units.

To reduce development problems to a minimum and provide maximum flexibility, three interchangeable pin-compati-

ble versions of this single component microcomputer exist: the 8748 with user-programmable and erasable EPROM
program memory for prototype and preproduction systems, the 8048 with factory-programmed mask ROM program

memory for low cost, high volume production, and the 8035 without program memory for use with external program

memories.

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8048 has exten-

sive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory

results from an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM

TOC

XTAL id 2

XTAL 2[ 3

RESETC *

SSC 5

INtC 6

EAC 7

ROC 8

PSENC 9

wrC io

aleC n
DB C 12

DB, C 13

DBjfJ 14

OB
3 C 15

DB4C 16

OB
5 C 17

DB
6 C 18

DB7 C 19

vSsC 20

40 D vcc

39 D 11

38 J?n
37 UP26

36 DP25

35 I]P24

34 |]P17

33 3P16

32 DP16

31 DP14

30 U P13

29 DP12

28 JP11

27 |]P10

26 DV0D
25 UPROG

24 H P23

23 D p22

22 3P21

21 D p20

<0

Cv>Pr

PROGRAM
-STORE
ENABLE

ADDRESS
-LATCH
ENABLE

PORT
-EXPANDER
STROBE

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.

o INTEL CORPORATION. 1979 g. 1 q



ID8048/8748/8035L

PIN DESCRIPTION

Designation Pin # Function Designation Pin # Function

P10-P17 27-34

Port 1

P20-P27 21-24

Port 2 35-38

Vss 20 Circuit GND potential

VDD 26 Programming power supply; +25V
during program, +5V during oper-

ation for both ROM and PROM.
Low power standby pin in 8048
and 8035L.

Vcc 40 Main power supply; +5V during

operation and programming.

PROG 25 Program pulse (+23V) input pin

during 8748 programming.

Output strobe for 8243 I/O

expander.

8-bit quasi-bidirectional port.

8-bit quasi-bidirectional port.

P20-P23 contain the four high

order program counter bits during

an external program memory fetch

and serve as a 4-bit I/O expander

bus for 8243.

DB -DB
7

12-19 True bidirectional port which can

BUS De written or read synchronously

using the RD, WR strobes. The

port can also be statically latched.

Contains the 8 low order program

counter bits during an external

program memory fetch, and receives

the addressed instruction under the

control of PSEN. Also contains the

address and data during an external

RAM data store instruction, u nder

control of ALE, RD, and WR~.

TO 1 Input pin testable using the con-

ditional transfer instructions JTO

and JNTO. TO can be designated as

a clock output using ENTO CLK
instruction. TO is also used during

programming.

T1 39 Input pin testable using the JT1,

and JNT1 instructions. Can be des-

ignated the timer /counter input using

the STRT CNT instruction.

INT 6 Interrupt input. Initiates an inter-

rupt if interrupt is enabled. Inter-

rupt is disabled after a reset. Also

testable with conditional jump
instruction. (Active low)

RD

RESET

WR

ALE

PSEN

SS

EA

XTAL1

XTAL2

8 Output strobe activated during a

BUS read. Can be used to enable

data onto the bus from an external

device.

Used as a read strobe to external

data memory. (Active low)

4 Input which is used to initialize the

processor. Also used during PROM
programming verification, and

power down. (Active low)

(Non TTL Vm )

10 Output strobe during a bus write.

(Active low)

Used as write strobe to external

data memory.

11 Address latch enable. This signal

occurs once during each cycle and

is useful as a clock output.

The negative edge of ALE strobes

address into external data and pro-

gram memory.

9 Program store enable. This output

occurs only during a fetch to exter-

nal program memory. (Active low)

5 Single step input can be used in con-

junction with ALE to "single step"

the processor through each in-

struction. (Active low)

7 External access input which forces

all program memory fetches to re-

ference external memory. Useful

for emulation and debug, and

essential for testing and program

verification. (Active high)

2 One side of crystal input for inter-

nal oscillator. Also input for exter-

nal source. (Non TTL V| H )

3 Other side of crystal input.

6-11



ID8048/8748/8035L

INSTRUCTION SET

Mnemonic Description Bytes Cycle Mnemonic Description Bytes Cycles

ADD A, R

ADD A, @R
ADD A, -data

ADDC A, R

ADDC A, @R
ADDC A, #data

ANL A, R

ANL A, @R
ANL A, ^data

ORL A, R

ORL A, @R
ORL A, sdata

XRL A, R
XRL A, @R
XRL A, ^data

INC A
DEC A
CLR A
CPL A
DA A
SWAP A
RLA
RLC A
RR A
RRC A

Add register to A
Add data memory to A
Add immediate to A
Add register with carry

Add data memory with carry

Add immediate with carry

And register to A
And data memory to A
And immediate to A
Or register to A
Or data memory to A
Or immediate to A
Exclusive or register to A
Exclusive or data memory to A
Exclusive or immediate to A
Increment A
Decrement A
Clear A
Complement A
Decimal adjust A
Swap nibbles of A
Rotate A left

Rotate A left through carry

Rotate A right

Rotate A right through carry

IN A, P

OUTLP, A
ANL P, #data

ORL P, #data

INS A, BUS
OUTLBUS, A
ANL BUS,#data

ORL BUS,^data

MOVD A, P

MOVD P, A
ANLD P, A
ORLD P, A

Input port to A
Output A to port

And immediate to port

Or immediate to port

Input BUS to A
Output A to BUS
And immediate to BUS
Or immediate to BUS
Input expander port to A
Output A to expander port

And A to expander port

Or A to expander port

5 INCR
S INC @R
$ DECR

Increment register

Increment data memory
Decrement register

JMPaddr Jump unconditional 2 2

JMPP @A Jump indirect 1 2

DJNZR,addr Decrement register and skip 2 2

JCaddr Jump on carry = 1 2 2

JNCaddr Jump on carry = 2 2

J Z addr Jump on A zero 2 2

JNZaddr Jump on A not zero 2 2

JTO addr Jump on TO = 1 2 2

&
JNTO addr Jump on TO = 2 2

JT1 addr Jump on T1 = 1 2 2

JNT1 addr Jump on T1 = 2 2

JFOaddr Jump on FO = 1 2 2

JF1 addr Jump on F1 = 1 2 2

JTF addr Jump on timer flag 2 2

JNI addr Jump on INT = 2 2

JBbaddr Jump on accumulator bit 2 2

c CALL addr Jump to subroutine 2 2
3
o RET Return 1 2

.O
3
CO

RETR Return and restore status 1 2

CLR C Clear carry 1

CPL C Complement carry 1

o> CLR FO Clear flag 1

u. CPL FO Complement flag 1

CLR F1 Clear flag 1 1

CPL F1 Complement flag 1 1

MOV A, R Move register to A 1

MOV A, @R Move data memory to A 1

MOV A. #data Move immediate to A 2

MOV R, A Move A to register 1

MOV @R, A Move A to data memory 1

MOV R, ^data Move immediate to register 2

> MOV@R,^data Move immediate to data memory 2 2

MOV A, PSW Move PSW to A 1

« MOV PSW, A Move A to PSW 1

D XCH A, R Exchange A and register 1

XCHA,@R Exchange A and data memory 1

XCHD A, @R Exchange nibble of A and register 1

MOVX A, <3>R Move external data memory to A 1 2

MOVX @R, A Move A to external data memory 1 2

MOVP A, @A Move to A from current page 1 2

MOVP3 A, @A Move to A from page 3 1 2

MOV A, T Read timer/counter 1

0) MOV T, A Load timer/counter 1

3 STRTT Start timer 1

o STRT CNT Start counter 1

E
STOP TCNT Stop timer/counter 1

EN TCNTI Enable timer/counter interrupt 1

DISTCNTI Disable timer/counter interrupt 1

EN I Enable external interrupt 1

DISI Disable external interrupt 1

o SELRBO Select register bank 1

c SELRB1 Select register bank 1 1

o SEL MBO Select memory bank 1

SEL MB1 Select memory bank 1 1

ENTOCLK Enable clock output on TO 1

NOP No operation

Mnemonics copyright Intel Corporation 1976
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ID8048/8748/8035L

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias -40°C to +85°C
Storage Temperature -65°C to + 150°C

Voltage On Any Pin With Respect

to Ground - 0.5V to + 7V

Power Dissipation 1 .5 Watt

'COMMENT: Stresses above those listed under "Absolute Maximum

Ratings" may cause permanent damage to the device. This is a stress

rating only and functional operation of the device at these or any other

conditions above those indicated in the operational sections of this

specification is not implied.

D.C. AND OPERATING CHARACTERISTICS
TA = -40°Cto +85°C, VCC = VDD= +5V ±10%, Vss = 0V

Symbol

Vol

VOL2

VOH

'OH1

'dd+ 'cc

Parameter

Input Low Voltage (All Except RESET, XTAL1, XTAL2)

Input Low Voltage (RESET, X1, X2)

Input High Voltage (All Except XTAL1.XTAL2, RESET)

Input High Voltage (XTAL1, XTAL2, RESET)

Output Low Voltage (BUS, RD, WR, PSEN, ALE)

Output Low Voltage (P10-P17, P20-P27)

Output Low Voltage (All Other Outputs)

Output High Voltage (BUS)

Output High Voltage (RD, WR, ALE, PSEN)

Output High Voltage (All Other Outputs)

Input Leakage Current (T1, INT)

Input Leakage Current (P10-P17, P20-P27, EA, SS")

Output Leakage Current (BUS, TO) (High Impedance State)

VDD Supply Current

Total Supply Current

Limits

Min.

0.5

-0.5

2.2

3.8

2.4

2.4

2.4

Typ.

10

75

Max.

0.8

0.6

VCC

VCC

0.45

0.45

0.45

±10

-600

±10

20

145

Unit

MA

MA

ma

mA

mA

Test Conditions

l0L =1.6 mA

I l=1-2 mA

lOL = 0.8 mA

Ioh = - 280 nA

l0H = - 80 ^A

Ioh = - 30 mA

VSs«V|N<Vcc
Vss + -45<V| N<Vcc

Vss + 0.45<V,N<Vcc

BUS P1, P2 BUS, P1, P2
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ID8048/8748/8035L

WAVEFORMS

Instruction Fetch From External Program Memory

-. tu *

*CY

1

— lAFC *_— <cc - •CA h

'la

-*JVl —~ lDR |-

FLOATING Nt / F oat ING V IMG Y

INSTRUCTION

Write to External Data Memory

ALE
1_

h 'cc -\ 'CA h

bus floatingYaddressYfloatingY data Y floating

Read From External Data Memory

J L J L

i-

BUS FLOATING

FLOATING
/

<
x

>
(data^«

l-w-
D -

Input and Output Waveforms for A.C. Tests

:test points;

A.C. CHARACTERISTICS
TA =-40°Cto+85°C, VCC = VDD = +5V ±10% Vss = OV

Symbol Parameter
8048/8035L 8748/8035

Unit Conditions (Note 1)
Min. Max. Min. Max.

tLL ALE Pulse Width 200 300 ns

tAL Address Setup to ALE 120 120 ns

tLA Address Hold from ALE 80 80 ns

lCC Control Pulse Width (PSEN, RD, WR) 400 600 ns

^DW Data Setup Before WR 420 600 ns

t\A/D Data Hold After WR 80 120 ns CL = 20pF

*CY Cycle Time 2.5 15.0 4.17 15.0 MS (3.6 MHz XTAL 8748/8035)

*DR Data Hold 200 200 ns

*RD PSEN, RD to Data In 400 600 ns

*AW Address Setup to WR 230 260 ns

Ud Address Setup to Data In 600 900 ns

*afc Address Float to RD, PSEN -40 -60 ns

tCA Control Pulse to ALE 10 10 ns

Note 1: Control Outputs: C\_= 80 pF tcy = 2.5 ^s for 8048/8035L

BUS Outputs: C|_= 150 pF 4.17 ps for 8748/8035
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ID8048/8748/8035L

A.C. CHARACTERISTICS
TA =-40°Cto +85°C, VCC = 5V ±10%, Vss = 0V

Symbol Parameter Min. Max. Unit Test Conditions

lCP Port Control Setup Before Falling Edge of PROG 115 ns

tpc Port Control Hold After Falling Edge of PROG 65 ns

tpR PROG to Time P2 Input Must Be Valid 860 ns

tpF Input Data Hold Time 160 ns

*DP Output Data Setup Time 230 ns

tpD Output Data Hold Time 25 ns

tpp PROG Pulse Width 920 ns

tpL Port 2 I/O Data Setup 300 ns

*LP Port 2 I/O Data Hold 120 ns

PORT 2 TIMING

^^
EXPANDER
PORT

DC
EXPANDER
PORT

DC

r~\

X K
Y»

'DP —

PORT 2 -3 DATA Ifl PORT CONTROL

>:
OUTPUT DATA

V PORT 2 _ 3 DATA MPORT 2 -3 DATA rW\ PORT CONTROL

}C
|*tp F»

\/ INPUT ^^

/
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ID8048/8748/8035L

CRYSTAL OSCILLATOR MODE DRIVING FROM EXTERNAL SOURCE

0— 15 pF
(INCLUDES XTAL ^
SOCKET, STRAY) -o

15-25 pF =£
(INCLUDES SOCKET,

STRAY) -±

CRYSTAL SERIES RESISTANCE SHOULD BE <75S AT 6 MHz; <180S AT 3.6 MHz.

BOTH X1 AND X2 SHOULD BE DRIVEN.
RESISTORS TO Vcc ARE NEEDED TO ENSURE V|H = 3.8V IF TTL CIRCUITRY IS

USED. THE MINIMUM HIGH AND THE MINIMUM LOW TIMES ARE 45%.

LC OSCILLATOR MODE

45 mH 20 pF
120 MH 20 pF

2n<fLC

CPP = 5-10pF PINTO-PIN
CAPACITANCE

EACH C SHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE.

PROGRAMMING, VERIFYING, AND
ERASING THE 8748 EPROM

Programming Verification

In brief, the programming process consists of: activat-

ing the program mode, applying an address, latching the

address, applying data, and applying a programming

pulse. Each word is programmed completely before

moving on to the next and is followed by a verification

step. The following is a list of the pins used for program-

ming and a description of their functions:

Pin Function

XTAL1 Clock Input (1 to 6 MHz)

RESET Initialization and Address Latching

TEST Selection of Program or Verify Mode

EA Activation of Program/Verify Modes

BUS Address and Data Input

Data Output during Verify

P20-1 Address Input

V Dd Programming Power Supply

PROG Program Pulse Input

WARNING:

An attempt to program a mis-socketed 8748 will result in

severe damage to the part. An indication of a properly

socketed part is the appearance of the ALE clock out-

put. The lack of this clock may be used to disable the

programmer.

The Program/Verify Sequence is:

1. VDD = 5V, clock applied or internal oscillator oper-

ating, RESET = 0V, TEST = 5V, EA = 5V, BUS and

PROG floating.

2. Insert 8748 in programming socket.

3. TEST = 0V (select program mode).

4. EA = 23V (activate program mode).

5. Address applied to BUS and P20-1.

6. RESET = 5V (latch address).

7. Data applied to BUS.

8. VDD = 25V (programming power).

9. PROG = 0V followed by one 50 ms pulse to 23 V.

10. VDD = 5V.

11. TEST = 5V (verify mode).

12. Read and verify data on BUS.

13. TEST0 = 0V.

14. RESET = 0V and repeat from step 5.

15. Programmer should be at conditions of step 1 when

8748 is removed from socket.
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AC TIMING SPECIFICATION FOR PROGRAMMING
TA = 25°C ± 5°C, Vcc = 5V ± 5%, Vdd = 25V ± 1V

Symbol Parameter Min. Max. Unit Test Conditions

tAW Address Setup Time to RESET t 4tcy

tWA Address Hold Time After RESET t 4tcy

tDW Data in Setup Time to PROG t 4tcy

tWD Data in Hold Time After PROG 1 4tcy
o

tPH RESET Hold Time to Verify 4tcy

tVDDW Vdd 4tcy

tVDDH Vdd Hold Time After PROG 1

tpw Program Pulse Width 50 60 ms
tTW Test Setup Time for Program Mode 4tcy

tWT Test Hold Time After Program Mode 4tcy

tDO Test to Data Out Delay 4tcy

tww RESET Pulse Width to Latch Address 4tcy

tr, tf Vdd and PROG Rise and Fall Times 0.5 2.0 MS
tCY CPU Operation Cycle Time 5.0 MS
tRE RESET Setup Time Before EA I. 4tcy

Note: If Test is high too can be triqqered bv RESET I

DC SPECIFICATION FOR PROGRAMMING
Ta = 25°C ± 5°C, Vcc = 5V ± 5%, Vdd = 25V ± 1V

Symbol Parameter Min. Max. Unit Test Conditions

Vdoh Vdd Program Voltage High Level 24.0 26.0 V

Vddl Vdd Voltage Low Level 4.75 5.25 V

VPH PROG Program Voltage High Level 21.5 24.5 V

VpL PROG Voltage Low Level 0.2 V

Veah EA Program or Verify Voltage High Level 21.5 24.5 V 8748

V EAH1 EA1 Verify Voltage High Level 11.4 12.6 V 8048

Veal EA Voltage Low Level 5.25 V

Idd Vdd High Voltage Supply Current 30.0 mA

IPROG PROG High Voltage Supply Current 16.0 mA

lEA EA High Voltage Supply Current 1.0 mA
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WAVEFORMS FOR PROGRAMMING

COMBINATION PROGRAM/VERIFY MODE (EPROM'S ONLY)

DB0-DB7

/
\

\ /

J

LAST
ADDRESS

/ ADDRESS \J~\ 10-71 VALID A

>czz

DATA TO BE
PROGRAMMED VALID

ADDRESS (8-9) VALID

7
'VDDH

twT-

•« VERIFY-

\
\ r

-i
\_ / V DATA \_ / NEXT ADDR \f
/ > A vald r \ ^lTd A

x

1 J"

NEXT
ADDRESS

^.

VERIFY MODE (ROM/EPROM)

\ / \
DBn-DB7 \_ / ADDRESS \J DATA OUT \ _f

[ \ (0-7) VALID A VALID f^ ^

P20-P1 X ADDRESS (8-9) VALID X
NOTES:
1. PROG MUST FLOAT IF EA IS LOW (i.e., *23V), OR IF TO = 5V FOR THE 8748. FOR THE

8048 PROG MUST ALWAYS FLOAT.
2. Xi AND X2 DRIVEN BY 3 MHz CLOCK WILL GIVE 5psec tCY- THIS IS ACCEPTABLE FOR

•8 PARTS AS WELL AS STANDARD PARTS.

/ \
NEXT

ADDRESS
XNEXT DATA \^

OUT VALID r"

NEXT ADDRESS VALID

The 8748 EPROM can be programmed by either Of two Note: See the ROM/PROM section for 8048 ROM ordering procedures.

Intel products: To minimize turnaround time on the first 25 pieces 8648 may be

specified on the ROM order.

1. PROMPT-48 Microcomputer Design Aid, or

2. Universal PROM Programmer (UPP series) peripheral

of the Intellec® Development System with a UPP-848
Personality Card.
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M8048/M8748/M8035

SINGLE COMPONENT 8-BIT MICROCOMPUTER

*8048 Mask Programmable ROM
*8748 User Programmable/Erasable EPROM
*8035 External ROM or EPROM

-55° C to +125°C Operation
(M8048/M8035L)

-55° C to +100°C Operation
(M8748/M8035)

8-Bit CPU, ROM, RAM, I/O in

Single Package

Interchangeable ROM and EPROM
Versions

Single 5V Supply

2.5 psec and 5.0 Msec Cycle Versions

All Instructions 1 or 2 Cycles.

Over 90 Instructions: 70% Single Byte

1K x 8ROM/EPROM
64 x 8 RAM
27 I/O Lines

Interval Timer/Event Counter

Easily Expandable Memory and I/O

Compatible with 8080/8085 Series

Peripherals

Single Level Interrupt

The Intel® M8048/M8748/M8035/M8035L is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon

chip using Intel's N-channel silicon gate MOS process.

The M8048 contains a 1K x 8 program memory, a 64 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in

addition to on-board oscillator and clock circuits. For systems that require extra capability, the M8048 can be expanded

using standard memories and MCS-80 T7MCS-85 T" peripherals. The M8035 is the equivalent of an M8048 without program

memory. The M8035L has the RAM power down mode of the M8048 while the M8035 does not. To reduce development

problems to a minimum and provide maximum flexibility, three interchangeable pin-compatible* versions of this single

component microcomputer exist: the M8748 with user-programmable and erasable EPROM program memory for

prototype and preproduction systems, the M8048 with factory-programmed mask ROM program memory for low cost,

high volume production, and the M8035 without program memory for use with external program memories.

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The M8048 has extensive

bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results

from an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length.

PIN CONFIGURATION

TOC

XTAL iC 2 39

XTAL 2[ 3 38

RESET C 4 37

SSC 5 36

INtC 6 35

EAC 7 34

RbC 8 33

psenC 9 M8048 32

wrC 10 M8748 31

aleC 11 M8035 30

DB„C 12 29

DB, £ 13 28

DB,C 14 27

OBjC 15 26

DB4C 16 25

OB5C 17 24

DB
6 [I 18 23

DB,C 19 22

LOGIC SYMBOL

D vcc

D T '

]P27 XTAL-

!]P26

DP25

]P24 RESET

HP17 single

DP16 step

I)P15 EXTERNAL
UP14 MEM

IJP13

DP12 TEST-
DPIl

I]pio

I]vDD INTERRUPT

^ PROG

jnz
HP22

UP21
busC

DP20

<X>"
RT

PROGRAM
-STORE
ENABLE

ADDRESS
-LATCH
ENABLE

PORT
-EXPANDER
STROBE

BLOCK DIAGRAM

1024 WORDS
PROGRAM
MEMORY

7^

iz
8 BIT
TIMER/

EVENT COUNTER

64 WORDS
DATA

MEMORY

7^

\7

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED
e INTEL CORPORATION, 1979 g^g



M8048/M8748/M8035

CRYSTAL OSCILLATOR MODE DRIVING FROM EXTERNAL SOURCE

0- 15pF
(INCLUDES XTAL, -i-

SOCKET, STRAY)

1-6 mHz

CZI

15-25 pF ^
(INCLUDES SOCKET,

STRAY) -±

CRYSTAL SERIES RESISTANCE SHOULD BE <75« AT 6 MHz, <180S2 AT3.6 MHz

-o

BOTH X1 AND X2 SHOULD BE DRIVEN.
RESISTORS TO Vcc ARE NEEDED TO ENSURE Vih = 3.8V IF TTL CIRCUITRY IS

USED. THE MINIMUM HIGH AND THE MINIMUM LOW TIMES ARE 45%.

LC OSCILLATOR MODE

45 MH 20 pF 5.2 MHz
120 MH 20 pF 3.2 MHz

1

2n^LC

C + 3Cpp
C =

Cpp = 5-10 pF PIN-TO-PIN

CAPACITANCE

EACH C SHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE.

PROGRAMMING, VERIFYING, AND
ERASING THE 8748 EPROM

Programming Verification

In brief, the programming process consists of: activating

the program mode, applying an address, latching the

address, applying data, and applying a programming pulse.

Each word is programmed completely before moving on to

the next and is followed by a verification step. The follow-

ing is a list of the pins used for programming and a descrip-

tion of their functions:

Pin Function

XTAL1 Clock Input (1 to6MHz)

Reset Initialization and Address Latching

TestO Selection of Program or Verify Mode

EA Activation of Program/Verify Modes

BUS Address and Data Input

Data Output During Verify

P20-1 Address Input

VDD Programming Power Supply

PROG Program Pulse Input

WARNING:

An attempt to program a missocketed 8748 will result in severe

damage to the part. An indication of a properly socketed part is the

appearance of the ALE clock output. The lack of this clock may
be used to disable the programmer.

The Program/Verify sequence is:

1. Vpp = 5v, Clock applied or internal oscillator operating,

RESET = Ov, TEST = 5v, EA = 5v, BUS and PROG
floating.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

Insert 8748 in programming socket

TEST = Ov (select program mode)

EA = 23V (activate program mode)

Address applied to BUS and P20-1

RESET = 5v (latch address)

Data applied to BUS

Vqq = 25v (programming power)

PROG = Ov followed by one 50ms pulse to 23V

VDD = 5v

TEST = 5v (verify mode)

Read and verify data on BUS

TEST = Ov

RESET = Ov and repeat from step 5

Programmer should be at conditions of step 1 when 8748

is removed from socket.
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AC TIMING SPECIFICATION FOR PROGRAMMING
TA = 25°C ± 5°C, Vcc = 5V ± 5%, Vdd = 25V ± 1V

Symbol Parameter Min. Max. Unit Test Conditions J
tAW Address Setup Time to RESET t 4tcy

tWA Address Hold Time After RESET I 4tcy

tDW Data in Setup Time to PROG t 4tcy

tWD Data in Hold Time After PROG 1 4tcy

tPH RESET Hold Time to Verify 4tcy

tvDDW Vdd 4tcy

tVDDH Vdd Hold Time After PROG 1

tPW Program Pulse Width 50 60 mS
tTW Test Setup Time for Program Mode 4tcy

tWT Test Hold Time After Program Mode 4tcy

too Test to Data Out Delay 4tcy

tww RESET Pulse Width to Latch Address 4icy

tr, tf Vdd and PROG Rise and Fall Times 0.5 2.0 MS

tCY CPU Operation Cycle Time 5.0 MS

tRE RESET Setup Time Before EA \. 4tcy

Note: If Test is high tDO can be triggered by RESET t.

DC SPECIFICATION FOR PROGRAMMING
Ta = 25°C ± 5°C, Vcc = 5V ± 5%, Vdd = 25V ± 1V

Symbol Parameter Min. Max. Unit Test Conditions

Vdoh Vdd Program Voltage High Level 24.0 26.0 V

Vddl Vdd Voltage Low Level 4.75 5.25 V

Vph PROG Program Voltage High Level 21.5 24.5 V

VPL PROG Voltage Low Level 0.2 V

Veah EA Program or Verify Voltage High Level 21.5 24.5 V 8748

Veahi EA1 Verify Voltage High Level 11.4 12.6 V 8048

Veal EA Voltage Low Level 5.25 V

Idd Vdd High Voltage Supply Current 30.0 mA
IPROG PROG High Voltage Supply Current 16.0 mA
lEA EA High Voltage Supply Current 1.0 mA
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WAVEFORMS FOR PROGRAMMING

COMBINATION PROGRAM/VERIFY MODE (EPROM'S ONLY)

/

t"

/
/

LAST
ADDRESS

/ ADDRESS \j~* ~~ "\ (0-7) VALID A
DATA TO BE

PROGRAMMED VALID

ADDRESS (8-9) VALID

\

-tVDDH
i tWT"

V

\ r
>^

\_ / V DATA \ _/ NEXTADDR \/
/ > A valid / \ valid A

\ j-

NEXT
ADDRESS

^.

VERIFY MODE (ROM/EPROM)

\ / \
nR nn \_ -J ADDRESS \/ DATA OUT \_ __/07

) \ l0-7)VALID A v*"° ) V

X ADDRESS (8-9) VALID X

/ \
NEXT

ADDRESS X
NEXT DATA \
OUT VALID f"

NEXT ADDRESS VALID

NOTES:
1. PROG MUST FLOAT IF EA IS LOW (i.e., *23V), OR IF TO = 5V FOR THE 8748. FOR THE

8048 PROG MUST ALWAYS FLOAT.
2. Xt AND X2 DRIVEN BY 3 MHz CLOCK WILL GIVE 5/isectcY- THIS IS ACCEPTABLE FOR ALL PARTS.

The 8748 EPROM can be programmed by either of two

Intel products:

1. PROMPT-48 Microcomputer Design Aid, or

2. Universal PROM Programmer (UPP Series)

peripheral of the Intellec® Development System with a

UPP-848 Personality Card.
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INSTRUCTION SET

Description Bytes Cycle Description Bytes Cycles

ADD A, R Add register to A
ADD A, @R Add data memory to A

ADD A. #data Add immediate to A

ADDC A, R Add register with carry

ADDC A, @R Add data memory with carry

ADDC A, #data Add immediate with carry

ANL A, R And register to A

ANL A, @R And data memory to A

ANL A. #data And immediate to A
ORL A, R Or register to A

o ORL A, @R Or data memory to A
3
E
3
o
o
<

ORL A. #data Or immediate to A 2

XRL A, R Exclusive or register to A
XRL A, @R Exclusive or data memory to A

XRL A. #data Exclusive or immediate to A 2

INC A Increment A
DEC A Decrement A

CLR A Clear A

CPL A Complement A
DA A Decimal adjust A

SWAP A Swap nibbles of A

RL A Rotate A left

RLC A Rotate A left through carry

RR A Rotate A right

RRC A Rotate A right through carry

IN A, P Input port to A 2

OUTL P, A Output A to port 2

ANL P, #data And immediate to port 2 2

ORL P. #data Or immediate to port 2 2

3 INS A, BUS Input BUS to A 2

3
o

OUTL BUS, A Output A to BUS 2

ANL BUS, #data And immediate to BUS 2 2

a ORL BUS. #data Or immediate to BUS 2 2
— MOVD A, P Input expander port to A 2

MOVD P, A Output A to expander port 2

ANLD P, A And A to expander port 2

ORLD P, A Or A to expander port 2

M
INCR Increment register 1

• INC@R Increment data memory 1

at DEC R Decrement register 1

JMPaddr Jump unconditional 2 2

JMPP@A Jump indirect 1 2

DJNZ R, addr Decrement register and skip 2 2

JC addr Jump on carry = 1 2 2

JNC addr Jump on carry = 2 2

JZaddr Jump on A zero 2 2

JNZ addr Jump on A not zero 2 2
u
c JTO addr Jump on T0 = 1 2 2

m JNTO addr Jump on T0 = 2 2

JT1 addr Jump on T1 = 1 2 2

JNT1 addr Jump on T1 =0 2 2

JFO addr Jump on F0 = 1 2 2

JF1 addr Jump on F1 = 1 2 2

JTF addr Jump on timer flag 2 2

JNI addr Jump on INT = 2 2

JBb addr Jump on accumulator bit 2 2

c CALL Jump to subroutine 2 f ji

o RET Return 1 2
'*%

a
3
(A

RETR Return and restore status 1 2

CLR C Clear carry

CPL C Complement carry

O) CLR FO Clear flag

C CPL FO Complement flag

CLR F1 Clear flag 1

CPL F1 Complement flag 1

MOV A, R Move register to A

MOV A, @R Move data memory to a

MOV A, #data Move immediate to A <2 2

MOV R, A Move A to register

MOV @R, A Move A to data memory

MOV R, #data Move immediate to register 2 2

01
> MOV @R, #data Move immediate to data memory <2 2

S MOV A, PSW Move PSW to A

s MOV PSW, A Move A to PSW
a XCH A, R Exchange A and register

XCHA, @R Exchange A and data memory

XCHD A, @R Exchange nibble of A and register

MOVX A, @R Move external data memory to A 2

MOVX @R, A Move A to external data memory 2

MOVP A, @A Move to A from current page 2

MOVP3 A, @A Move to A from page 3 2

MOV A, T Read timer/counter

a MOV T, A Load timer/counter
c
3
O
u

STRTT Start timer

STRT CNT Start counter

01

E
i=

STOP TCNT Stop timer/counter

EN TCNTI Enable timer/counter interrupt

DIS TCNTI Disable timer/counter interrupt

EN I Enable external interrupt

DIS I Disable external interrupt

o SEL RBO Select register bank

c SEL RB1 Select register bank 1

o SEL MBO Select memory bank

SEL MB1 Select memory bank 1

ENTO CLK Enable clock output on TO

No operation

Mnemonics copyright Intel Corporation 1978
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PIN DESCRIPTION

Designation Pin # Function

Vss

Vdd

Vcc

PROG

P10-P17

Port 1

P20-P27

Port 2

DB0-DB7
BUS

20

26

40

Circuit GND potential

Programming power supply; +25V
during program, +5V during oper-

ation for both ROM and PROM.
Low power standby pin in 8048

and 8035L.

TO

T1

Main power supply; +5V during

operation and programming.

25 Program pulse (+23V) input pin

during 8748 programming.

Output strobe for 8243 I/O ex-

pander.

27-34 8-bit quasi-bidirectional port.

21-24 8-bit quasi-bidirectional port.

35-38 P20-P23 contain the four high

order program counter bits during

an external program memoryfetch
and serve as a 4-bit I/O expander
bus for 8243.

12-19 True bidirectional port which can

be written or read synchronously

using the RD, WR strobes. The
port can also be statically latched.

Contains the 8 low order program
counter bits during an external

program memory fetch, and re-

ceives the addressed instruction

under the control of PSEN. Also

contains the address and data

during an external RAM data store

instruction, under control of ALE,

RD, and WR.

1 Input pin testable using the con-

ditional transfer instructions JTO
and JNTO. TO can be designated as

a clock output using ENTO CLK
instruction. TO is also used during

programming.

39 Input pin testable using the JT1,

and JNT1 instructions. Can be

designated the timer/counter in-

put using the STRT CNT in-

struction.

Designation Pin# Function

INT

RD

RESET

WR

ALE

PSEN

SS

EA

XTAL1

XTAL2

6 Interrupt input. Initiates an inter-

rupt if interrupt is enabled. Inter-

rupt is disabled after a reset. Also

testable with conditional jump
instruction. (Active low)

8 Output strobe activated during a

BUS read. Can be used to enable

data onto the bus from an external

device.

Used as a read strobe to external

data memory. (Active low)

4 Input which is used to initialize the

processor. Also used during

PROM programming verification,

and power down. (Active low)

(Non TTL V| H )

10 Output strobe during a bus write.

(Active low)

Used as write strobe to external

data memory.

11 Address latch enable. This signal

occurs once during each cycle and

is useful as a clock output.

The negative edge of ALE strobes

address into external data and pro-

gram memory.

9 Program store enable. This output

occurs only during a fetch to exter-

nal program memory. (Active low)

5 Single step input can be used in

junction with ALE to "single step"

the processor through each in-

struction. (Active low)

7 External access input which forces

all program memory fetches to re-

ference external memory. Useful

for emulation and debug, and

essential for testing and program
verification. (Active high)

2 One side of crystal input for inter-

nal oscillator. Also input for exter-

nal source. (Non TTL Vih)

3 Other side of crystal input.
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A.C. CHARACTERISTICS (PORT 2 TIMING)

Ta = -55° C to (100°C 8748/8035/1 25° C 8048/8035L), Vcc = +5V ± 10%, Vss = 0V

Symbol Parameter Min. Max. Unit Test Conditions

tCP Port Control Setup Before Falling

115 nsEdge of PROG

tpc Port Control Hold After Falling

65 nsEdge of PROG

tPR PROG to Time P2 Input Must Be Valid 860 ns

tPF Input Data Hold Time 160 ns

tDP Output Data Setup Time 230 ns

tPD Output Data Hold Time 25 ns

tpp PROG Pulse Width 920 ns

tPL Port 2 I/O Data Setup 300 ns

tLP Port 2 I/O Data Hold 120 ns

PORT 2 TIMING

j—

V

EXPANDER
PORT

DC
EXPANDER
PORT

DC

>:

>:

y—

v

PORT 2 -3 DATA X

PORT 2o-3 DATA X

PORT CONTROL

F DRT CONTROL

>:
OUTPUT DATA

xzzx

:c

:c

\ /
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WAVEFORMS

Instruction Fetch From External Program Memory

!—— •CY

1 1

— *AFC p
,CC "• tCA h

'la

-*|«AL
1 *"

\

•dr \~

FLOATING >T 1 st FLOATING >i V FLOATING V

INSTRUCTION

Write to External Data Memory

ALE L
v- *CC * 'CA

' "wo

BUS FLOATINgYadDRESsYflOATINgY DATA Y FLOATING

Read From External Data Memory

J 1
<CA |—

BUS FLOATINGy^rx^y

Input and Output Waveforms for A.C. Tests

TEST POINTS

A.C. CHARACTERISTICS
Ta = -55° C to (100°C 8748/8035/1 25° C 8048/8035L), Vcc = Vdd = +5V ± 10%, Vss = 0V

Symbol Parameter

8048

8035L

8748

8035 Unit Conditions (Note 1)

Min. Max. Min. Max.

tLL ALE Pulse Width 200 300 ns

tAL Address Setup to ALE 120 120 ns

tLA Address Hold from ALE 80 80 ns

tec Control Pulse Width (PSEN, RD, WR) 400 600 ns

tow Data Setup before WR 420 600 ns

twD Data Hold After WR 80 120 ns CL = 20pF

tCY Cycle Time 2.5 15.0 4.17 15.0 Ms (3.6 MHz
XTAL 8748/8035)

tDR Data Hold 200 200 ns

tRD PSEN, RDto Data In 400 600 ns

*AW Address Setup to WR 230 260 ns

tAD Address Setup to Data In 600 900 ns

tAFC Address Float to RD, PSEN -40 -60 ns

tCA Control Pulse to ALE 10 10 ns

Note 1: Control outputs: CL = 80 pF tQY = 2.5/iS for 8048/8035L
BUS Outputs: cl =150pF 4. 17/us for 8748/8035
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias

8748/8035 -55°C to +100°C
8048/8035L -55°C to +125°C

Storage Temperature -65° C to +1 50° C
Voltage On Any Pin With Respect

to Ground -0.5 to +7V
Power Dissipation 1 .5 Watt

'COMMENT:
Stresses above those listed under "Absolute Maximum Ratings"

may cause permanent damage to the device. This is a stress rWing

only and functional operation of the device at these or any other
:i

conditions above those indicated in the operational sections of this
9

specification is not implied.

D.C.AND
Ta = -55°C

OPERATING CHARACTERISTICS
to i100°C 8748/8035/1 25° C 8048/8035L), Vcc = Vdd +5V ± 10%, Vss =0V

Symbol Parameter
Limits

Unit Test Conditions
Min. Typ. Max.

V,L Input Low Voltage

(All Except RESET, X1,X2)

-.5 .7 V

V| L 1
Input Low Voltage

(RESET, X1,X2)

-.5 .5 V

V|H Input High Voltage 2.3 Vcc V
(All Except XTAL1, XTAL 2, RESET)

V|H1 Input High Voltage (RESET, X1, X2) 3.8 Vcc V

Vol Output Low Voltage

(BUS, RD, WR, PSEN, ALE)
.45 V Iol = 1.2mA

Von Output Low Voltage
(All Other Outputs)

.45 V Iol = 0.8mA

VoH Output High Voltage (BUS) 2.4 V l0H = -240MA

VOH1 Output High Voltage

(RD, WR, PSEN, ALE)

2.4 V lOH = -50juA

VOH2 Output High Voltage

(All Other Outputs)

2.4 V lOH = -30/iA

Ili Input Leakage Current (T1, INT) ±10 ^A Vss<V IN<VCc

Ilh Input Leakage Current

(P10-P17, P20-P27, EA, SS)

-700 ma Vss+-45 <Vin <Vcc

"lo Output Leakage Current (BUS, TO)
(High Impedance State)

±10 ^A Vss +.45<V| N<VCc

•dd VDD Supply Current 10 25 mA

'dd+ 'cc Total Supply Current 80 155 mA

BUS P1, P2 BUS, P1, P2

0V 2V

VOH
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intel

NEW HIGH PERFORMANCE
8049/8039/8039-6

SINGLE COMPONENT 8-BIT MICROCOMPUTER
*8049 Mask Programmable ROM
*8039 External ROM or EPROM
*New 11 MHz Operation

8-Bit CPU, ROM, RAM, I/O in

Single Package

Single 5V ± 10% Supply

1.36 /isec Cycle; All Instructions

1 or 2 Cycles

Over 90 Instructions: 70% Single Byte

Pin Compatible with 8048/8748

2K x 8 ROM
128x8 RAM
27 I/O Lines

Interval Timer/Event Counter

Easily Expandable Memory and I/O

Compatible with MCS Memory and I/O

Single Level Interrupt

The Intel® 8049/8039/8039-6 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using

Intel's N-channel silicon gate MOS process.

The 8049 contains a 2Kx8 program memory, a 128x8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in

addition to on board oscillator and clock circuits. For systems that require extra capability, the 8049 can be expanded

using standard memories and MCS-80™/MCS-85™ peripherals. The 8039 is the equivalent to an 8049 without program

memory. The 8039-6 is a lower speed (6MHz) version of the 8039.

To reduce development problems to a minimum and provide maximum flexibility, two interchangeable pin-compatible

versions of this single component microcomputer exist: the 8049 with factory-programmed mask ROM program

memory for low-cost high volume production, and the 8039 without program memory for use with external program

memories in prototype and preproduction systems.

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8049 has exten-

sive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory
results from an instruction set consisting mostly of single byte instructions and no instructions over two bytes in

length.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM

TOC

XTAL iC

,XTAL 2L

RESET

C

ssC

intC

EAC

rdC

psenC

wrC
aleC
°B C

DB,C

DB
2 rj

DB
3 C

DB
4C

DBjC

DB
6 C

DB
7 C

8049

8039

C 20

39 H T1

38 HP27

37 DP26

36 HP26

35 HP24

34 HP17

33 I]P16

32 UP15

31 UP14

30 3P13

29 HP12

28 DP"
27 Dpi"

26 DVDD
25 3 PROG

24 I]P23

23 D p22

22 I|P21

21 Jno

0>poRT

PROGRAM
-STORE
ENABLE

ADDRESS
-LATCH
ENABLE

PORT
-EXPANDER
STROBE

2048 WORDS
PROGRAM
MEMORY

7^

\7
8BIT
TIMER/

EVENT COUNTER

128 WORDS
DATA
MEMORY

7\

<Z

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.

e INTEL CORPORATION, 1979
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PIN DESCRIPTION

Designation Pin# Function

Vss 20 Circuit GND potential

Vdd 26 +5V during operation. Low power

standby pin.

vCc 40 Main power supply; +5V during

operation.

PROG 25 Output strobe for 8243 I/O

expander.

P10-P17
Port 1

27-34 8-bit quasi-bidirectional port.

P20-P27
Port 2

21-24

35-38

8-bit quasi-bidirectional port.

P?f)-P93 mntain thp fr>ur hinh

Designation Pjn # Function

RD

D0-D7
BUS

TO

T1

INT

order program counter bits during

an external program memory fetch

and serve as a 4-bit I/O expander

bus for 8243

12-19 True bidirectional port which can

be written or read synchronously

using the RD, WR strobes. The
port can also be statically latched.

Contains the 8 low order program

counter bits during an external

program memory fetch, and receives

the addressed instruction under the

control of PSEN. Also contains the

address and data during an external

RAM data store instruction, u nder

control of ALE, RD, and WW.

1 Input pin testable using the con-

ditional transfer instructions JT0
and JNT0. TO can be designated as

a clock output using ENT0 CLK
instruction.

39 Input pin testable using the JT1,

and JNT1 instructions. Can be des-

ignated the timer /counter input using

the STRT CNT instruction.

° Interrupt input. Initiates an inter-

rupt if interrupt is enabled. Inter-

rupt is disabled after a reset. Also

testable with conditional jump
instruction. (Active low)

RESET

WR

ALE

PSEN

SS

EA

XTAL1

XTAL2

8 Output strobe activated during a

BUS read. Can be used to enable

data onto the BUS from an external

device.

Used as a Read Strobe to External

Data Memory. (Active low)

4 Input which is used to initialize the

processor. Also used during verifi-

cation, and power down. (Active

low) (NonTTL V| H )

10 Output strobe during a BUS write.

(Active low)

Used as write strobe to External

Data Memory.

11 Address Latch Enable. This signal

occurs once during each cycle and

is useful as a clock output.

The negative edge of ALE strobes

address into external data and pro-

gram memory.

9 Program Store Enable. This output

occurs only during a fetch to exter-

nal program memory. (Active low)

5 Single step input can be used in con-

junction with ALE to "single step"

the processor through each in-

struction. (Active low)

7 External Access input which forces

all program memory fetches to re-

ference external memory. Useful

for emulation and debug, and

essential for testing and program

verification. (Active high)

2 One side of crystal input for inter-

nal oscillator. Also input for exter-

nal source. (Not TTL Compatible)

3 Other side of crystal input.
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INSTRUCTION SET

Mnemonic Description Bytes Cycle

ADD A, R Add register to A
ADD A, @R Add data memory to A
ADD A, #data Add immediate to A 2

ADDC A, R Add register with carry

ADDC A, @R Add data memory with carry

ADDC A, #data Add immediate with carry 2

ANL A, R And register to A
AN LA, @R And data memory to A
ANL A, #data And immediate to A 2

ORL A, R Or register to A
OR LA, @R Or data memory to A

3 ORL A, #data Or immediate to A 2
b
3 XRLA, R Exclusive Or register to A
u XRLA, @R Exclusive or data memory to A

XRLA, #data

INC A
DEC A
CLR A
CPLA
DA A
SWAP A
RLA
RLC A
RR A
RRC A

Exclusive or immediate to A
Increment A
Decrement A
Clear A
Complement A
Decimal Adjust A
Swap nibbles of A
Rotate A left

Rotate A left through carry

Rotate A right

Rotate A right through carry

2

IN A, P Input port to A 2

OUTL P, A Output A to port 2

ANL P, #data And immediate to port 2

3 ORL P, #data Or immediate to port 2

3 INS A, BUS Input BUS to A 2

o OUTL BUS, A Output A to BUS 2

3
a ANL BUS,#data And immediate to BUS 2
c ORL BUS,#data Or immediate to BUS 2

MOVD A, P Input Expander port to A 2

MOVD P, A Output A to Expander port 2

ANLD P, A And A to Expander port 2

ORLD P, A Or A to Expander port 2

• INCR Increment register 1

tt INC @R Increment data memory 1

ac
DECR Decrement register 1

JMP addr Jump unconditional 2 2

JMPP @A Jump indirect 1 2

DJNZR, addr Decrement register and skip 2 2

JC addr Jump on Carry = 1 2 2

JNCaddr Jump on Carry = 2 2

J Z addr Jump on A Zero 2 2

JNZaddr Jump on A not Zero 2 2

JTO addr Jump on TO = 1 2 2

re JNTO addr Jump on TO = 2 2
00 JT1 addr Jump on T1 =1 2 2

JNT1 addr Jump on T1 = 2 2

JFOaddr Jump on FO = 1 2 2

JF1 addr Jump on F1 = 1 2 2

JTF addr Jump on timer flag 2 2

JNI addr Jump on INT = 2 2

JBb addr Jump on Accumulator Bit 2 2

Description Bytes Cycles

c CALL Jump to subroutine 2 2
3
O RET Return 1 2

.0
3
CO

RETR Return and restore status 1 2

CLR C Clear Carry 1 1

CPL C Complement Carry 1 1

Ol CLR FO Clear Flag 1 1

LL CPL FO Complement Flag 1 1

CLR F1 Clear Flag 1 1 1

CPL F1 Complement Flag 1 1 1

MOV A, R Move register to A 1 1

MOV A, @R Move Jata memory to A 1 1

MOV A, #data Move immediate to A 2 2

MOV R, A Move A to register 1 1

MOV @R, A Move A to data memory 1 1

MOV R, #data Move immediate to register 2 2

01

> MOV @R, #data Move immediate to data memory 2 2
O Move A, PSW Move PSW to A 1 1

re MOV PSW, A Move A to PSW 1 1

re

Q XCH A, R Exchange A and register 1 1

XCHA,@R Exchange A and data memory 1 1

XCHD A, @R Exchange nibble of A and register 1 1

MOVX A, @R Move external data memory to A 1 2

MOVX @R, A Move A to external data memory 1 2

MOVP A, @A Move to A from current page 1 2

MOVP3 A, @A Move to A from Page 3 1 2

MOV A, T Read Timer/Counter 1 1

0) MOV T, A Load Timer/Counter 1 1

3 STRTT Start Timer 1 1

o STRT CNT Start Counter 1 1

<5 STOP TCNT Stop Timer/Counter 1 1

E ENTCNTI Enable Timer/Counter Interrupt 1 1

DISTCNTI Disable Timer/Counter Interrupt 1 1

EN I Enable external interrupt 1 1

DISI Disable external interrupt 1 1

SELRBO Select register bank 1 1

o
o

SELRB1 Select register bank 1 1 1

SEL MBO Select memory bank 1 1

SEL MB1 Select memory bank 1 1 1

ENTOCLK Enable Clock output p TO 1 1

NOP No Operatior.

Mnemonics copyright Intel Corporation 1976, 1977, 1978
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8049/8039/8039-6

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias 0°Cto70°C

Storage Temperature -65°Cto+150°C

Voltage on Any Pin With

Respect to Ground -0.5Vto+7V

Power Dissipation 1.5 Watt

'COMMENT: Stresses above those listed under "Absolute

Maximum Ratings" may cause permanent damage to the

device. This is a stress rating only and functional

operation of the device at these or any other conditions

above those indicated in the operational sections of this

specification is not implied. Exposure to absolute

maximum rating conditions for extended periods may
affect device reliability.

D.C. AND OPERATING CHARACTERISTICS ta = o°c to 70°c, vcc = vDD = +5V ±10%, Vss = ov

Parameter

Limits

Unit Test ConditionsSymbol Min. Typ. Max.

V|L Input Low Voltage -0.5 0.8 V

V|H Input High Voltage

2.0 vCc V(All Except XTAL1, XTAL2, RESET)

V|H1 Input High Voltage (RESET, X1, X2) 3.8 vCc V

Vol Output Low Voltage

(BUS, RD,WR, PSEN, ALE) 0.45 V l |_
= 2.0mA

V L1 Output Low Voltage

(All Other Outputs Except PROG) 0.45 V Iql = 1.6mA

VOL2 Output Low Voltage (PROG) 0.45 V Iql = 1.0mA

V H Output High Voltage

(BUS, RD,WR, PSEN, ALE) 2.4 V Iqh =- 100JIA

VOH1 Output High Voltage

(All Other Outputs) 2.4 V Iqh ="50/iA

IlL Input Leakage Current

(T1,fNT) ±10 MA Vss<V| N<VCc
lOL Output Leakage Current (Bus, TO)

(High Impedance State) + 10 ^A VSS + 0.45 <V,N < Vcc

>DD Power Down Supply Current 25 50 mA TA = 25°C

•dd+'cc Total Supply Current 100 170 mA TA = 25° C

A.C. CHARACTERISTICS ta = oc to 70c,VCC = VDD = +5V±10%, Vss = DV

Parameter

8049/8039

(Note 1)

8039-6

UnitSymbol Min. Max. Min. Max. Conditions (Note 2)

tLL ALE Pulse Width 150 400 ns

tAL Address Setup to ALE 70 150 ns

tLA Address Hold from ALE 50 80 ns

*cc Control Pulse Width (PSEN, RD, WR) 300 700 ns

lDW Data Set-Up Before WR 250 500 ns

lWD Data Hold After WR 40 120 ns C L = 20pF

*CY Cycle Time 1.36 15.0 2.5 15.0 MS 11MHz XTAL
(6MHz XTAL for -6)

lDR Data Hold 100 200 ns

lRD PSEN, RD to Data In 200 500 ns

*aw Address Setup to WR 200 230 ns

*AD Address Setup to Data In 400 950 ns

Wc Address Float to RD, PSEN -10 ns

Notes: 1. 8039-6 specifications are also valid for 8049/8039 operating at 6MHz.

2. Control Outputs: CL = 80pF
BUS Outputs: C

L
= 150pF
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8049/8039/8039-6

WAVEFORMS

INSTRUCTION FETCH FROM EXTERNAL PROGRAM MEMORY

^ »

ALE

PSEN

lLL

BUS FLOATING

ADDRESS

)C

tec

L

V FLOATING V V FLOATING V
INSTRUCTION

READ FROM EXTERNAL DATA MEMORY

ALE

RD

J L

FLOATING

BUS FLOATING ^AdDRESsV^ /\ DATA /\
FLOATING

WRITE TO EXTERNAL DATA MEMORY

ALE

WR

BUS FLOATINGyADDRESSyFLOATINGX DATA ^ FLOATING
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iny 8021

SINGLE COMPONENT 8-BIT MICROCOMPUTER

8-Bit CPU, ROM, RAM, I/O in Single

28-Pin Package

Single 5V Supply (+4.5V to 6.5V)

8.38 /xsec Cycle With 3.58 MHz XTAL;

All Instructions 1 or 2 Cycles

Instructions—8748 Subset

High Current Drive Capability—2 Pins

1Kx8ROM
64 x 8 RAM
21 I/O Lines

Interval Timer/Event Counter

Clock Generated With Single Inductor

or Crystal

Zero-Cross Detection Capability

Easily Expandable I/O

The latel® 8021 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using Intel's N-

channel silicon gate MOS process. The features of the 8021 include a subset of the 8048 optimized for low cost,

high volume applications, plus additional I/O flexibility and power.

The 8021 contains 1K X 8 program memory, a 64 X 8 data memory, 211/0 lines, and an 8-bit timer/event counter, in

addition to on-board oscillator and clock circuits. For systems that require extra I/O capability, the 8021 can be
expanded using the 8243 or discrete logic.

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8021 has bit

handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results

from an instruction set consisting mostly of single byte instructions and no instructions over two bytes in length.

To minimize the development problems and maximize flexibility, an 8021 system can be easily designed using the
8021 emulation board, the EM-1. The EM-1 contains a 40-pin socket which can accommodate either the 8748
shipped with the board or an ICE-48 plug. Also, the necessary discrete logic to reproduce the 8021's additional I/O
features is included.

PIN CONFIGURATION

P22 C

P23 C

PROG C

POO

P01 C

P02

P03

P04 C

P05 C

P06 C

P07 C

ALE C

T1 C

VSS C

3 vcc

3 P21

3 P20

3 P17

3 P16

3 P15

3 P14

3 P13

3 P12

3 P11

3 P10

3 RESET

3 XTAL 2

3 XTAL 1

LOGIC SYMBOL

ADDRESS
*- LATCH

ENABLE

PORT
*- EXPANDER

STROBE

BLOCK DIAGRAM

1024WORDS
PROGRAM
MEMORY

:?*>:

64 WORDS
DATA

MEMORY

^>
8BIT
TIMER/

EVENT COUNTER

o

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED
© INTEL CORPORATION, 1979 6-T?



8021

ABSOLUTE MAXIMUM RATINGS'

Ambient Temperature Under Bias 0°C to 70°C

Storage Temperature —65°C to +150°C

Voltage on Any Pin with

Respect to Ground -0.5V to + 7V

Power Dissipation 1 W

'COMMENT: Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device. This is a

stress rating only and functional operation of the device at these or

any other conditions above those indicated in the operational sec-

tions of this specification is not implied Exposure to absolute maxi-

mum rating conditions for extended periods may affect device

reliability.

D.C. AND OPERATING CHARACTERISTICS

TA = 0°C to 70°C, Vcc = 5.5V ± 1 V, Vss = 0V

Parameter
Limits

UnitSymbol
Min. Typ. Max.

Test Conditions

V|L Input Low Voltage -0.5 0.8 V

V|H Input High Voltage (All except XTAL 1,

RESET)
2.0 Vcc V VCC = 5.0V ±10%

V|H1 Input High Voltage (All except XTAL1,

RESET)
3.0 Vcc V VCc = 5.5V ±1V

Vol Output Low Voltage 0.45 V Iol = 1.6 mA

Volt Output Low Voltage (P10, P1 1) 2.5 V Iol = 7 mA

VOH Output High Voltage (All unless Open Drain) 2.4 V lOH = 40 mA

Ilo
Output Leakage Current

(Open Drain Option— Port 0)
±10 mA VSs+0.45<V|N<Vcc

ice Vcc Supply Current 100 mA

V|H2 Input High Voltage (XTAL1, RESET) 3.8 V VCC = 5.5V ±1V

A.C. CHARACTERISTICS

TA = 0°C to 70°C, VCC = 5.5V ± 1V, VSS = 0V

Symbol Parameter Min. Max. Unit Test Conditions

tCY Cycle Time 8.38 50.0 /usee
3 MHz XTAL =

10 /usee tcY

v-n Zero-Cross Detection Input (T1) 1 3 VACpp AC Coupled

AzC Zero-Cross Accuracy ±135 mV 60 Hz Sine Wave

FT1 Zero-Cross Detection Input Frequency (T1) 0.06 1 kHZ

A.C. TEST CONDITIONS

Control Outputs: C|_ = 80 pF
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8021

PIN DESCRIPTION

Designation Pin # Function

Vss

Vcc

PROG

P00-P07
PortO

P10-P17
Port 1

P20-P23

Port 2

T1

14 Circuit GND potential

28 +5V power supply

3 Output strobe for 8243 I/O
Expander

4- 1 1 8-bit quasi-bidirectional port

18-25 8-bit quasi-bidirectional port

26-27

1-2

13

4-bit quasi-bidirectional port

P20-P23 also serve as a 4-bit

I/O expander bus for 8243

Input pin testable using the JT1

and JNT1 instructions. Can be
designated the timer/event
counter input using the STRT

Designation Pin # Function

CNT instruction. Also allows

zero-crossover sensing of

slowly moving AC inputs. %
RESET 17 Input used to initialize the proc-

essor by clearing status flip-

flops and setting program
counters to zero.

ALE 12 Address Latch Enable. Signal

occurring once every 30 input

clocks, used as an output
clock.

XTAL1 15 One side of crystal or inductor

input for internal oscillator. Also

input for external source. (Not

TTL compatible.)

XTAL2 16 Other side of timing control

element.

INSTRUCTION SET
Hexadecimal

Mnemonic Description Bytes Cycle Opcode
Hexadecimal

ADD A,R
r

Add register to A 1 1 68-6F

ADD A,@ R Add data memory to A 1 1 60-61

ADD A,#data Add immediate to A 2 2 03
ADDC A,R

r
Add register with carry 1 1 78-7F

ADDC A,@ R Add data memory with 1

carry

1 70-71

ADDC A,#dat£ Add immediate with 2

carry

2 13

ANL A,R
r

And register to A 1 1 58-5F
ANL A,@ R And data memory to A 1 1 50-51

ANL A,#data And immediate to A 2 2 53
ORL A,R

r
Or register to A 1 1 48-4F

5 ORL A,@ R Or data memory to A 1 1 40-41

5 ORL A,#data Or immediate to A 2 2 43

I XRL A,R
r Exclusive Or register 1 1 D8-DF

3 to A
< XRL A,@ R Exclusive Or data 1

memory to A
1 D0-D1

XRL A,#data Exclusive Or immediate 2

to A
2 D3

INC A Increment A 1 1 17

DEC A Decrement A 1 1 07
CLR A Clear A 1 1 27
CPL A Complement A 1 1 37
DA A Decimal adjust A 1 1 57
SWAP A Swap nibbles of A 1 1 47
RL A Rotate A left 1 1 E7
RLC A Rotate A left through 1

carry

1 F7

RR A Rotate A right 1 1 77
RRC A Rotate A right through 1

carry

1 67

IN A, P
p

Input port to A 1 2 08,09,0A
3 OUTL P

p
A Output A to port 1 2 90,39,3A

•5 MOVD A,P
p

O
Input expander port 1

to A
2 0C-0F

•3 MOVD P
p
,A Output A to expander 1 2 3C-3F

e port

ANLD P
p
,A And A to expander port 1 2 9C-9F

ORLD P
p
,A Or A to expander port 1 2 8C-8F

| INC R
r Increment register 1 1 18-1F

o> INC @ R Increment data memory 1 1 10-11

Mnemonic Description Bytes Cycle Opcode

JMP addr Jump unconditional 2 2 04,24,44,64,

84,A4,C4,E4

JMPP @ A Jump indirect 1 2 B3

c DJNZ R.addr
o
c

Decrement register and

jump on R not zero

2 2 E8-EF

£ JC addr Jump on carry= 1 2 2 F6

JNC addr Jump on carry=0 2 2 E6

JZ addr Jump on A zero 2 2 C6
JNZ addr Jump on A not zero 2 2 96

JT1 addr Jump on T1 = 1 2 2 56
JNT1 addr Jump on T1=0 2 2 46
JTF addr Jump on timer flag 2 2 16

~ CALL addr
3
O

I RET

Jump to subroutine

Return

8> CLRC
£ CPLC

Clear carry

Complement carry

MOV A,R
r

MOV A,@ R
MOV A,#data

MOV R
r
,A

MOV @ R,A

MOV R
r
,#data

CO

I
MOV@R,#data

10

| SCHA,R
r

XCH A,@ R

XCHDa,@R

MOVP A,@ A

Move register to A
Move data memory to A
Move immediate to A
Move A to register

Move A to data memory
Move immediate to

register

Move immediate to

data memory
Exchange A and

register

Exchange A and data

memory
Exchange nibble of A
and register

Move to A from current

page

MOV A,T

MOV T,A

STRTT
STRT CNT
STOP TCNT

Read timer/counter

Load timer/ counter

Start timer

Start counter

Stop timer/ counter

2 14,34,54,74

94,B4,D4,F4

2 83

97

A7

F8-FF

F0-F1

23

A8-AF
A0-A1

2 B8-BF

2 BO-B

1

1 28-2F

1 20-21

1 30-31

2 A3

42

62

55

45

65

No operation
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intel 8022

SINGLE COMPONENT 8-BIT MICROCOMPUTER
WITH ON-CHIP A/D CONVERTER

8-Bit CPU, ROM, RAM, I/O in Single 40-Pin

Package

On-Chip 8-Bit A/D Converter; Two Input

Channels

8 Comparator Inputs (Port 0)

Zero-Cross Detection Capability

Single 5V Supply (4.5V to 6.5V)

High Current Drive Capability—2 Pins

Two Interrupts—External and Timer

2K x 8 ROM, 64 x 8 RAM, 28 I/O Lines

8.38 jusec Cycle; All Instructions 1 or 2

Cycles

Instructions—8048 Subset

Interval Timer/ Event Counter

Clock Generated with Single Inductor or

Crystal

Easily Expanded I/O

The Intel® 8022 is the newest member of the MCS-48™ family of single chip 8-bit microcomputers. It is designed to

satisfy the requirements of low cost, high volume applications which involve analog signals, capacitive touchpanel

keyboards, and/or large ROM space. The 8022 addresses these applications by integrating many new functions on-

chip, such as A/D conversion, comparator inputs and zero-cross detection.

The features of the 8022 include 2K bytes of program memory (ROM), 64 bytes of data memory (RAM), 28 I/O lines,

an on-chip A/D converter with two input channels, an 8-bit port with comparator inputs for interfacing to low voltage

capacitive touchpanels or other non-TTL interfaces, external and timer interrupts, and zero-cross detection capabili-

ty. In addition, it contains the 8-bit interval timer/event counter, on-board oscillator and clock circuitry, single 5V
power supply requirement, and easily expandable I/O structure common to all members of the MCS-48 family.

The 8022 is designed to be an efficient controller as well as an arithmetic processor. It has bit handling capability

plus facilities for both binary and BCD arithmetic. Efficient use of program memory results from using the MCS-48
instruction set which consists mostly of single byte instructions and has extensive conditional jump and direct table

lookup capability. Program memory usage is further reduced via the 8022's hardware implementation of the A/D
converter which simplifies interfacing to analog signals.

PIN CONFIGURATION LOGIC SYMBOL
Vcc vss

BLOCK DIAGRAM

P26 C 1 40 3 Vcc

P27 C 2 39 3 P25

AVCC C 3 38 3 P24

Varef C 4 37 P PROG

AN1 C 5 36 D P23

ANO C 6 35 H P22

AVssC 7 34 3 P21

TOC 8 33 3 P20

VthC 9 32 3 P17

poo C 10 8022 31 3 P16

poi C 11 30 3 P15

P02 C 12 29 3 P14

P03 C 13 28 3 P13

P04 C 14 27 3 P12

P05C 15 26 3 pn

P06 C 16 25 3 pio

P07 C 17 24 3 RESET

ALE C 18 23 3 XTAL2

TlC 19 22 3 XTAL 1

VssC 20 21 3 SUBST

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CRCUITRY EMBOWED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.

© INTEL CORPORATION, 1979 6-36



8022

PIN DESCRIPTION

Designation Pin # Function Designation Pin # Function

vSs

vCc

PROG

P00-P07
PortO

VTH 9

P10-P17 25-32
Port 1

P20-P27 33-36

Port 2 38-39
1-2

TO

T1

20 Circuit GND potential.

40 + 5V circuit power supply.

37 Output strobe for Intel® 8243
I/O expander.

10-17 8-bit open-drain port with com-
parator inputs. The switching

threshold is set externally by

Vjh- Optional pull-up resistors

may be added via ROM mask
selection.

Port threshold reference pin.

25-32 8-bit quasi-bidirectional port.

8-bit quasi-bidirectional port.

P20-23 also serve as a 4-bit

I/O expander for Intel® 8243.

8 Interrupt input and input pin

testable using the conditional

transfer instructions JTO and
JNTO. Initiates an interrupt fol-

lowing a low level input if inter-

rupt is enabled. Interrupt is

disabled after a reset.

19 Input pin testable using the JT1

and JNT1 conditional transfer

instructions. Can be designat-

ed the timer/event counter in-

put using the STRT CNT
instruction. Also serves as the

zero-cross detection input to

allow zero-crossover sensing
of slowly moving AC inputs. Op-
tional pull-up resistor may be
added via ROM mask selection.

RESET 24

AVSs 7

AVcc 3

SUBST 21

Varef

ANO, AN1 6,5

ALE 18

XTAL 1 22

XTAL 2 23

Input used to initialize the proc-

essor by clearing status flip-

flops and setting the program
counter to zero.

A/D converter GND Potential.

Also establishes the lower limit

of the conversion range.

A/D + 5V power supply.

Substrate pin used with a by-

pass capacitor to stabilize the

substrate voltage and improve

A/D accuracy.

A/D converter reference volt-

age. Establishes the upper limit

of the conversion range.

Analog inputs to A/D converter.

Software selectable on-chip

via SEL ANO and SEL AN1
instructions.

Address Latch Enable. Signal

occurring once every 30 input

clocks (once every cycle),

used as an output clock.

One side of crystal, or inductor

input for internal oscillator. Also

input for external frequency
source. (Not TTL compatible.)

Other side of timing control ele-

ment. This pin is not connected
when an external frequency
source is used.

THE STAND ALONE 8022

1

-xrv,—ih

VaREF

AVcc

Jn

[INPUT I
AND

OUTPUTj

[INPUT I
AND

OUTPUTj

[INPUT I
AND I

OUTPUTJ
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8022

ABSOLUTE MAXIMUM RATINGS'

Ambient Temperature Under Bias 0°C to 70°C

Storage Temperature -65°C to +180°C

Voltage on Any Pin with

Respect to Ground -0.5V to +7V

Power Dissipation 1 Watt

'COMMENT: Stresses above those listed under "Absolute Maximum
Ratings" may cuase permanent damage to the device. This is a
stress rating only and functional operation of the device at these or

any other conditions above those indicated in the operational sec-

tions of this specification is not implied. Exposure to absolute<max1~'

mum rating conditions for extended periods may affect device

reliability.

D.C. AND OPERATING CHARACTERISTICS

TA=0°C to 70°C, VCC=5.5V ± 1V, VSs=0V

Parameter
Limits

UnitSymbol
Min. Typ. Max.

Test Conditions

V|L Input Low Voltage -0.5 0.8 V Vjh Floating

V|L1 Input Low Voltage (Port 0) -0.5 Vjh-0.1 V

V|H
High Voltage

(All except XTAL 1 , RESET)
2.0 Vcc V

VCc = 5.0V ±10%
Vjh Floating

V|H1
Input High Voltage

(All except XTAL 1, RESET)
3.0 Vcc V

VCc = 5.5V ± 1V

Vjh Floating

V|H2 Input High Voltage (Port 0) Vjh+0.1 Vcc V

V|H3 Input High Voltage (RESET, XTAL 1) 3.0 Vcc V

VTH Port Threshold Reference Voltage .4Vcc V

Vol Output Low Voltage 0.45 V Iol - 16 mA

VOL1 Output Low Voltage (P10, P1 1) 2.5 V Iol = 7 mA

VOH
Output High Voltage (All unless Open Drain

Option— Port 0)
2.4 V lOH = 50 mA

Ili Input Current (T1) ±200 ma VcC^V|N>Vss+-45V

Ilo
Output Leakage Current (Open Drain

Option— Port 0)
±10 fiA VcC^V|N>VSs+0.45V

'cc Vcc Supply Current 100 mA

A.C. CHARACTERISTICS

TA=0°C to 70°C, VCc=5.5V ± 1V, VSs=0V

Symbol Parameter Min. Max. Unit Test Conditions

tCY Cycle Time 8.38 50.0 MS 3MHzXTAL=10/ustcY

v-n Zero-Cross Detection Input (T1) 1 3 VACpp AC Coupled

AzC Zero-Cross Accuracy ±135 mV 60 Hz Sine Wave

FT1 Zero-Cross Detection Input Frequency (T1) 0.06 1 kHz

6-38



8022

A.C. CHARACTERISTICS

TA=0°C to 70°C, VCc=5.5V ± 1V, VSS=0V Test Conditions: Ci_=80 pF tcY^&SS ms

Expander
Operation

Normal
Operation

Symbol Parameter Min. Max. Unit Notes

tCP Port Control Setup Before Falling Edge of PROG 0.5 MS

tpc Port Control Hold After Falling Edge of PROG 0.8 MS

tpR PROG to Time P2 Input Must Be Valid 1.0 MS

*DP Output Data Setup Time 7.0 MS

tPD Output Data Hold Time 8.3 MS

tPF Input Data Hold Time 150 MS

tpp PROG Pulse Width 8.3 MS

tPRL ALE to Time P2 Input Must Be Valid 3.6 MS

tPL Output Data Setup Time 0.8 MS

t|_P Output Data Hold Time 1.6 MS

*PFL Input Data Hold Time MS

*LL ALE Pulse Width 3.9 23.0 MS tcY= 8-38 ms for min

PORT 2 TIMING

EXPANDER
PORT

OUTPUT

EXPANDER
PORT
INPUT

DC

3C

N

x

/ v

PORT 2 -3 DATA X

y PORT 2 -3 DATA Y

PORT CONTROL X

PORT CONTROL

OUTPUT DATA

:xzzx INPUT
DATA

)C

)C

\ /
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8022

A/D CONVERTER CHARACTERISTICS

TA=0°C to 70°C, VCc=5.5V ± 1V, VSs=0V, AVcc=5.5V ± 1V, AVSs=0V, MqqI2 < VAREF ^ AVCc

Parameter Min. Typ. Max. Unit Comments

Resolution 8 Bits

Switch Point Accuracy ±Vs LSB (Note 1)

Absolute Accuracy ±1 LSB

Sample Setup Before Falling Edge of ALE (tss) 0.20 tCY (Note 2)

Sample Hold After Falling Edge of ALE Osh) 0.10 *CY (Note 2)

Input Capacitance (ANO, AN1) 1 PF

Conversion Time 4 4 *CY

Z

j

' IDEAL TRANSITION

. SWITCH POINT
ACCURACY

I itt I

2 3 253 254
!56 256 256 256

ANALOG INPUT (OF FUU- SCALE)

ANALOG INPUT TIMING

/
X

\

X

r

NOTES:

1. The Switch Point Accuracy measures the variation of the actual switch points from the transitions of an ideal A/D converter over the full

conversion range.

2. The analog input must be maintained at a constant voltage during the sample time (tss + tSH ).
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INSTRUCTION SET
Hexadecimal

Mnemonic Description Bytes Cycle Opcode

ADD A,R
r

Add register to A 1 1 68-6F

ADD A,@ Ft Add data memory to A 1 1 60-61

ADD A,#data Add Immediate to A 2 2 03

ADDC A,R
r

Add register with carry 1 1 78-7F

ADDC A,@ R Add data memory with 1

carry

1 70-71

ADDC A,#data Add immediate with 2

carry

2 13

ANL A,R
r

And register to A 1 58-5F

ANL A,@ R And data memory to A 1 50-51

ANL A,#data And immediate to A 2 2 53
ORL A,R

r
Or register to A 1 48-4F

ORL A,@R Or data memory to A 1 40-41

w ORL A,#data Or immediate to A 2 2 43

| XRLA,R
r

Exclusive Or register 1 D8-DF
3

| XRL A,@ R

to A

Exclusive Or data 1 D0-D1
o
< memory to A

XRL A,#data Exclusive Or immediate 2

to A
2 D3

INC A Increment A 1 17

DEC A Decrement A 1 07
CLR A Clear A 1 27

CPL A Complement A 1 37

DA A Decimal adjust A 1 57
SWAP A Swap nibbles of A 1 47

RL A Rotate A left 1 E7
RLC A Rotate A left through 1

carry

F7

RR A Rotate A right 1 77

RRC A Rotate A right through 1

carry

67

IN A, P
p

Input port to A 2 08,09,0A

OUTL P
p
A Output A to port 2 90,39,3A

g. MOVD A,P
p

Input expander port 2 0C-0F

d to A

£ MOVD P
p
,A Output A to expander 1 2 3C-3F

a port

- ANLD P
p
,A And A to expander port 1 2 9C-9F

ORLD P
p
,A Or A to expander port 2 8C-8F

0>

£ INC R
r

Increment register 1 1 18-1F

a INC @ R Increment data memory 1 1 10-11

JMP addr Jump unconditional 2 2 04,24,44,64,

84,A4,C4,E4
JMPP @ A Jump indirect 1 2 B3
DJNZ R.addr Decrement register and 2 2 E8-EF

Q jump on R not zero

JC addr Jump on carry=1 2 2 F6
JNC addr Jump on carry=0 2 2 E6
JZ addr Jump on A zero 2 2 C6
JNZ addr Jump on A not zero 2 2 96

Description

Hexadecimal

Bytes Cycle Opcode

JTO Jump on T0=1 2 2 36

JNTO Jump on T0=0 2 2 26

JT1 addr Jump on T1 = 1 2 2 56

JNT1 addr Jump on T1=0 2 2 46

JTF addr Jump on timer flag 2 2 16

s CALL addr Jump to subroutine

S, CLRC
i? CPLC

Clear carry

Complement carry

MOV A,R
r

MOV A,@ R

MOV A,#data

MOV R
r
,A

MOV@R,A
MOV R

r
,#data

e
o MOV@R,#data

Move register to A
Move data memory to A
Move immediate to A
Move A to register

Move A to data memory
Move immediate to

register

Move immediate to

data memory

2 14,34,54,74

94,B4,D4,F4

2 83

1 97

1 A7

1 F8-FF

1 F0-F1

2 23

1 A8-AF

1 A0-A1

2 B8-BF

2 B0-B1

« SCH A,R
r

Exchange A and

register

1 28-2F

XCH A,@R Exchange A and data

memory
1 20-21

XCHD a,@ R Exchange nibble of A
and register

1 30-31

MOVP A,@A Move to A from current

page
2 A3

5 MOV A,T Read timer/counter 1 42

§ MOVT.A Load timer/counter 1 62

O STRTT Start timer 1 55

S STRTCNT Start counter 1 45
§ STOP TCNT Stop timer/counter 1 65

5 RAD Move conversion result 2 80

« register to A

| SEL ANO Select analog input 1 85
O zero

5 SEL AN 1

<
Select analog input one 1 95

EN I Enable external

interrupt

1 05

DISI Disable external 1 15

<o interrupt

§ EN TCNTI Enable timer/counter 1 25

» interrupt

£ DIS TCNTI Disable timer/counter

interrupt

1 35

RET I Return from interrupt 2 93

NOP No operation 1 00

SYMBOLS AND ABBREVIATIONS USED

A Accumulator

addr 1 1-Bit Program Memory Address
ANO, AN1 Analog Input 0, Analog Input 1

CNT Event Counter
data 8-Bit Number or Expression
I Interrupt

P Mnemonic for "in-page" Operation

Pp Port Designator (P=0, 1, 2 or 4-7)
R r Register Designator (r=0-7)
T Timer

TO, T1 Test 0, Test 1

# Immediate Data Prefix

@ Indirect Address Prefix
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8243
MCS-48 T" INPUT/OUTPUT EXPANDER

Low Cost

Simple Interface to MCS-48™ Micro-

computers

Four 4-Bit I/O Ports

AND and OR Directly to Ports

24-Pin DIP

Single 5V Supply

High Output Drive

Direct Extension of Resident 8048 I/O

Ports

The Intel® 8243 is an input/output expander designed specifically to provide a low cost means of I/O expansion for the
MCS-48 1" family of single chip microcomputers. Fabricated in 5 volts NMOS, the 8243 combines low cost, single supply
voltage and high drive current capability.

The 8243 consists of four 4-bit bidirectional static I/O ports and one 4-bit port which serves as an interface to the MCS-48
microcomputers. The 4-bit interface requires that only 4 I/O lines of the 8048 be used for I/O expansion, and also allows
multiple 8243s to be added to the same bus.

The I/O ports of the 8243 serve as a direct extension of the resident I/O facilities of the MCS-48 microcomputers and are
accessed by their own MOV, ANL, and ORL instructions.

PIN CONFIGURATION BLOCK DIAGRAM

P50C y
24 3Vcc

P40C 2 23 DP51

P41C 3 22 DPS2

P42C 4 21 DP53

M3C 5 20 DP60

CSC

PROGC

6
8243 '

9

7 18

DP61

DP62

P23C 8 17 DP63

P22C 9 16 DP73

P21C 10 15 DP72

P20C 11 14 IJP71

GNDC 12 13 DP70

<x>

p INSTRUC.
DECODER

o =tp

a
7>

TJ
:>

i>

RESET
CIRCUIT

:>4 > PORT 5

a
2 >4 > PORT 6

P

NPUT /*~^

JFFER \

ATCH 4 \

'UT /^
FER V_J

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CRCUTRV EMBODED M AN KTEL PRODUCT. NO OTHER CKCUIT PATENT LICENSES ARE MPLB).

c INTEL CORPORATION, 1979
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PIN DESCRIPTION
Symbol Pin No. Function

PROG

CS

P20-P23

GND
P40-P43 2-5

P50-P53 1,23-21

P60-P63 20-17

P70-P73 13-16

'cc

7 Clock Input. A high to low

transistion on PROG signifies

that address and control are

available on P20-P23, and a low

to high transition signifies that

data is available on P20-23.

6 Chip Select Input. A high on CS
inhibits any change of output or

internal status.

11-8 Four (4) bit bi-directional port

contains the address and con-

trol bits on a high to low

transition of PROG. During a

low to high transition contains

the data for a selected output

port if a write operation, or the

data from a selected port before

the low to high transition if a

read operation.

12 volt supply.

Four (4) bit bi-directional I/O

ports. May be programmed
to be input (during read),

low impedance latched output

(after write) or a tri-state (after

read). Data on pins P20-23 may
be directly written, ANDed or

ORed with previous data.

24 +5 volt supply.

FUNCTIONAL DESCRIPTION
General Operation

The 8243 contains four 4-bit I/O ports which serve as an

extension of the on-chip I/O and are addressed as ports 4-

7. The following operations may be performed on these

ports:

• Transfer Accumulator to Port.

• Transfer Port to Accumulator.
• AND Accumulator to Port.

• OR Accumulator to Port.

All communication between the 8048 and the 8243 occurs

over Port 2 (P20-P23) with timing provided by an output

pulse on the PROG pin of the processor. Each transfer

consists of two 4-bit nibbles:

The first containing the "op code" and port address and
the second containing the actual 4-bits of data.

A high to low transition of the PROG line indicates that

address is present while a low to high transition indicates

the presence of data. Additional 8243's may be added to

the 4-bit bus and chip selected using additional output

lines from the 8048/8748/8035.

Power On Initialization

Initial application of power to the device forces

input/output ports 4, 5, 6, and 7 to the tri-state and port 2 to

the input mode. The PROG pin may be either high or low

when power is applied. The first high to low transition of

PROG causes device to exit power on mode. The power on

sequence is initiated if Vcc drops below 1V.

P21 P20 Address Code P23 P22 In struction Code

1

1

1 1

Port 4

Port 5

Port 6

Port 7

1

1

1

1

Read
Write

ORLD
ANLD

Write Modes
The device has three write modes. MOVD Pi, A directly

writes new data into the selected port and old data is lost.

ORLD Pi,A takes new data, OR's it with the old data and

then writes it to the port. ANLD Pi,A takes new data AND's

it with the old data and then writes it to the port. Operation

code and port address are latched from the input port 2 on

the high to low transition of the PROG pin. On the low to

high transition of PROG data on port 2 is transferred to the

logic block of the specified output port.

After the logic manipulation is performed, the data is

latched and outputed. The old data remains latched until

new valid outputs are entered.

Read Mode
The device has one read mode. The operation code and

port address are latched from the input port 2 on the high

to low transition of the PROG pin. As soon as the read

operation and port address are decoded, the appropriate

outputs are tri-stated, and the input buffers switched on.

The read operation is terminated by a low to high

transition of the PROG pin. The port (4, 5, 6 or 7) that was
selected is switched to the tri-stated mode while port 2 is

returned to the input mode.

Normally, a port will be in an output (write mode) or input

(read mode). If modes are changed during operation, the

first read following a write should be ignored; all follow-

ing reads are valid. This is to allow the external driver on
the port to settle after the first read instruction removes
the low impedance drive from the 8243 output. A read of

any port will leave that port in a high impedance state.
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ABSOLUTE MAXIMUM RATINGS'

Ambient Temperature Under Bias C to 70 C

Storage Temperature -65 C to + 1 50 C

Voltage on Any Pin

With Respect to Ground -0.5V to + 7V

Power Dissipation 1 Watt

'COMMENT: Stresses above those listed under "Absolute

Maximum Ratings" may cause permanent damage to the

device. This is a stress rating only and functional opera-

tion of the device at these or any other conditions above

those indicated in the operational sections of this specifi-

cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device

reliability.

D.C. AND OPERATING CHARACTERISTICS
TA = 0°C to 70°C, Vcc = 5V ±10%

SYMBOL PARAMETER MIN. TYP. MAX. UNITS TEST CONDITIONS

V|L Input Low Voltage -0.5 0.8 V

V| H Input High Voltage 2.0 Vcc+0.5 V

VOLI Output Low Voltage Ports 4-7 0.45 V Iql = 5 mA*

VOL2 Output Low Voltage Port 7 1 V Iql = 20 mA

VOH1 Output High Voltage Ports 4-7 2.4 V l 0H = 240juA

l|L1 Input Leakage Ports 4-7 -10 20 /uA V in
= VCc to 0V

'lL2 Input Leakage Port 2, CS, PROG -10 10 MA V in = VCc to 0V

VOL3 Output Low Voltage Port 2 .45 V In! = °- 6 mA

•cc Vcc Supply Current 10 20 mA

VOH2 Output Voltage Port 2 2.4 l 0H = 100juA

•OL Sum of all IO|_ from 16 Outputs 80 mA 5 mA Each Pin

*See following graph for additional sink current capability

A.C. CHARACTERISTICS
TA = 0°C to 70°C, Vcc = 5V ±10%

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS

t A Code Valid Before PROG 100 ns 80 pF Load

t B Code Valid After PROG 60 ns 20 pF Load

tc Data Valid Before PROG 200 ns 80 pF Load

tD Data Valid After PROG 20 ns 20 pF Load

t H Floating After PROG 150 ns 20 pF Load

t K PROG Negative Pulse Width 700 ns

tcs CS Valid Before/After PROG 50 ns
j

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

t|_P1 Ports 4-7 Valid Before/After PROG 100 ns

tACC Port 2 Valid After PROG 650 ns 80 pF Load
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WAVEFORMS

-«-te-^

v v v VX INSTRUCTION V FLOAT V DATA XA A A A

—\j \/~XX OUTPUT "XXA — A

PREVIOUS OUTPUT VALID

»IP

X INPUT VALID

X OUTPUT
VALID

X
y
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125

<

~ 100

o

K-
Z
LLI

cc

cc

D
o
*:

z
C/J

-I

<
I-
o

75

50

25

GUARANTEED WORST CASE
CURRENT SINKING
CAPABILITIES OF ANY I/O

PORT PIN vs. TOTAL SINK
CURRENT OF ALL PINS

1 8 10 11 12 13

MAXIMUM SINK CURRENT ON ANY PIN@.45V
MAXIMUM Iol WORST CASE PIN (mA)

Sink Capability

The 8243 can sink 5 mA@.45V on each of its 16 I/O lines

simultaneously. If, however, all lines are not sinking

simultaneously or all lines are not fully loaded, the drive

capability of any individual line increases as is shown by

the accompanying curve.

For example, if only 5 of the 16 lines are to sink current

at one time, the curve shows that each of those 5 lines is

capable of sinking 9 mA@.45V (if any lines are to sink

9 mA the total lOL must not exceed 45 mA or five 9 mA
loads).

Example: How many pins can drive 5 TTL loads (1 .6 mA)
assuming remaining pins are unloaded?

I l=5 x 1.6 mA = 8 mA
£lOL = 60 mA from curve

# pins = 60 mA -r- 8 mA/pin = 7.5 = 7

In this case, 7 lines can sink 8 mA for a total

of 56 mA. This leaves 4 mA sink current capa-

bility which can be divided in any way among
the remaining 8 I/O lines of the 8243.

Example: This example shows how the use of the 20

mA sink capability of Port 7 affects the sink-

ing capability of the other I/O lines.

An 8243 will drive the following loads simul-

taneously.

2 loads — 20 mA@1V (port 7 only)

8 loads — 4 mA@.45V
6 loads — 3.2 mA@.45V
Is this within the specified limits?

£l0L=(2 x 20) + (8 x 4) + (6 x 3.2) = 91 .2 mA.

From the curve: for Iol = 4 m A, t'oL = 93 m^
since 91.2 mA < 93 mA the loads are within

specified limits.

Although the 20 mA@1V loads are used in

calculating eIql- it is the largest current re-

quired® .45V which determines the maximum
allowable eIql-

Note: A 10 to 50Kn pullup resistor to +5V should be added to 8243 outputs when driving to 5V CMOS directly.
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EXPANDER INTERFACE

CO'
|
TEST

' INPUTS

£1

8243

OUTPUT EXPANDER TIMING

\ /
-CZK

ADDRESS (4-BITS) DATA (4BITS]

00^ READ
01 WRITE
10 ' OR
11 AND

PROG P203

7T

CO
co
CO
ICO PROG P20-3

CO
CO
CO
KO

USING MULTIPLE 8243s
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ID8243
MCS-48™ INPUT/OUTPUT EXPANDER

-40°C to +85°C Operation

Low Cost

Simple Interface to MCS-48™ Micro-
computers

Four 4-Bit I/O Ports

AND and OR Directly to Ports

24-Pin DIP

Single 5V Supply

High Output Drive

Direct Extension of Resident 8048 I/O

Ports

The Intel® 8243 is an input/output expander designed specifically to provide a low cost means of I/O expansion for the
MCS-48 T

" family of single chip microcomputers. Fabricated in 5 volts NMOS, the 8243 combines low cost, single supply
voltage and high drive current capability.

The 8243 consists of four 4-bit bidirectional static I/O ports and one 4-bit port which serves as an interface to the MCS-48
microcomputers. The 4-bit interface requires that only 4 I/O lines of the 8048 be used for I/O expansion, and also allows
multiple 8243's to be added to the same bus.

The I/O ports of the 8243 serve as a direct extension of the resident I/O facilities of the MCS-48 microcomputers and are
accessed by their own MOV, ANL, and ORL instructions.

PIN CONFIGURATION BLOCK DIAGRAM

P50 C 1
v"

24 3vcc
P40C 2 23 3P51

P41C 3 22 3P52

W2C 4 21 3P53

P43C 5 20 DP60

CSC

PROGC

6
B243

19

7 18

DP61

DP62

P23C 8 17 DP63

P22C 9 16 HP73

P21C 10 15 DP72

P20C 11 14 3P71

gndC 12 13 DP70

o

•o>

\>s

rP P4 > PORT 4

CJ

7>

:>

TTU<

X>4 > PORT 5

a
02 >4 > PORT 6

P ^V>

a

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.

© INTEL CORPORATION, 1979
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PIN DESCRIPTION
Symbol Pin No. Function

PROG

CS

P20-P23 11-8

GND 12

Clock Input. A high to low

transistion on PROG signifies

that address and control are

available on P20-P23, and a low

to high transition signifies that

data is available on P20-23.

Chip Select Input. A high on CS
inhibits any change of output or

internal status.

Four (4) bit bi-directional port

contains the address and con-

trol bits on a high to low

transition of PROG. During a

low to high transition contains

the data for a selected output

port if a write operation, or the

data from a selected port before

the low to high transition if a

read operation.

volt supply.

Four (4) bit bi-directional I/O

ports. May be programmed
to be input (during read),

low impedance latched output

(after write) or a tri-state (after

read). Data on pins P20-23 may
be directly written, ANDed or

ORed with previous data.

Vcc 24 +5 volt supply.

FUNCTIONAL DESCRIPTION
General Operation

The 8243 contains four 4-bit I/O ports which serve as an

extension of the on-chip I/O and are addressed as ports 4-

7. The following operations may be performed on these

ports:

• Transfer Accumulator to Port.

• Transfer Port to Accumulator.

• AND Accumulator to Port.

• OR Accumulator to Port.

All communication between the 8048 and the 8243 occurs

over Port 2 (P20-P23) with timing provided by an output

pulse on the PROG pin of the processor. Each transfer

consists of two 4-bit nibbles:

The first containing the "op code" and port address and

the second containing the actual 4-bits of data.

P40-P43 2-5

P50-P53 1,23-21

P60-P63 20-17

P70-P73 13-16

A high to low transition of the PROG line indicates that

address is present while a low to high transition indicates

the presence of data. Additional 8243's may be added to

the 4-bit bus and chip selected using additional output

lines from the 8048/8748/8035.

Power On Initialization

Initial application of power to the device forces

input/output ports 4, 5, 6, and 7 to the tri-state and port 2 to

the input mode. The PROG pin may be either high or low

when power is applied. The first high to low transition of

PROG causes device to exit power on mode. The power on

sequence is initiated if V^c drops below 1V.

P21 P20 Address Code P23 P22 Instruction Code

Port 4

Port 5

Port 6

Port 7

Read
Write

ORLD
ANLD

Write Modes

The device has three write modes. MOVD Pi, A directly

writes new data into the selected port and old data is lost.

ORLD Pi,A takes new data, OR's it with the old data and

then writes it to the port. ANLD Pi,A takes new data AND's

it with the old data and then writes it to the port. Operation

code and port address are latched from the input port 2 on

the high to low transition of the PROG pin. On the low to

high transition of PROG data on port 2 is transferred to the

logic block of the specified output port.

After the logic manipulation is performed, the data is

latched and outputed. The old data remains latched until

new valid outputs are entered.

Read Mode
The device has one read mode. The operation code and

port address are latched from the input port 2 on the high

to low transition of the PROG pin. As soon as the read

operation and port address are decoded, the appropriate

outputs are tri-stated, and the input buffers switched on.

The read operation is terminated by a low to high

transition of the PROG pin. The port (4, 5, 6 or 7) that was
selected is switched to the tri-stated mode while port 2 is

returned to the input mode.

Normally, a port will be in an output (write mode) orinput

(read mode). If modes are changed during operation, the

first read following a write should be ignored; all follow-

ing reads are valid. This is to allow the external driver on

the port to settle after the first read instruction removes

the low impedance drive from the 8243 output. A read of

any port will leave that port in a high impedance state.
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ABSOLUTE MAXIMUM RATINGS'

Ambient Temperature Under Bias 0°C to 70°C

Storage Temperature -65°C to +150°C

Voltage on Any Pin

With Respect to Ground -0.5V to +7V
Power Dissipation 1 Watt

"COMMENT: Stresses above those listed under "Absolute

Maximum Ratings" may cause permanent damage to the

device. This is a stress rating only and functional opera-

tion of the device at these or any other conditions above

those indicated in the operational sections of this specifi-

cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device

reliability.

D.C. AND OPERATING CHARACTERISTICS
TA = 0°C to 70° C, VCc = 5V ±10%

SYMBOL PARAMETER MIN. TYP. MAX. UNITS TEST CONDITIONS

V|L Input Low Voltage -0.5 0.8 V

V|H Input High Voltage 2.0 Vcc+0.5 V

VOU Output Low Voltage Ports 4-7 0.45 V Iol = 5 mA*

VOL2 Output Low Voltage Port 7 1 V l L
= 20 mA

VOH1 Output High Voltage Ports 4-7 2.4 V l 0H = 240juA

l|L1 Input Leakage Ports 4-7 -10 20 /iA Vin =Vcc to0V

( IL2 Input Leakage Port 2, CS, PROG -10 10 ma Vin = VCC to 0V

VOL3 Output Low Voltage Port 2 .45 V l
|_

=
°-6 mA

•cc Vcc Supply Current 10 20 mA

VOH2 Output Voltage Port 2 2.4 l0H = 100/iA

•OL Sum of all IO[_ from 16 Outputs 80 mA 5 mA Each Pin

"See following graph for additional sink current capability

A.C. CHARACTERISTICS
TA = 0°C to 70° C, Vcc = 5V ±10%

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS

tA Code Valid Before PROG 100 ns 80 pF Load

t B Code Valid After PROG 60 ns 20 pF Load

tc Data Valid Before PROG 200 ns 80 pF Load

t D Data Valid After PROG 20 ns 20 pF Load

t H Floating After PROG 150 ns 20 pF Load

tK PROG Negative Pulse Width 700 ns

tcs CS Valid Before/After PROG 50 ns

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

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

tACC Port 2 Valid After PROG 650 ns 80 pF Load
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WAVEFORMS

\ /
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X
V
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X
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GUARANTEED WORST CASE
CURRENT SINKING
CAPABILITIES OF ANY I/O

PORT PIN vs. TOTAL SINK
CURRENT OF ALL PINS

1 8 9 10 11 12 13

MAXIMUM SINK CURRENT ON ANY PIN@.45V
MAXIMUM Iql WORST CASE PIN (mA)

Sink Capability

The 8243 can sink 5 mA@.45V on each of its 16 I/O lines

simultaneously. If, however, all lines are not sinking

simultaneously or all lines are not fully loaded, the drive

capability of any individual line increases as is shown by

the accompanying curve.

For example, if only 5 of the 16 lines are to sink current

at one time, the curve shows that each of those 5 lines is

capable of sinking 9 mA@.45V (if any lines are to sink

9 mA the total lOL must not exceed 45 mA or five 9 mA
loads).

Example: How many pins can drive 5 TTL loads (1 .6 mA)
assuming remaining pins are unloaded?

I0L = 5 x 1.6 mA = 8 mA
£l0L = 60 mA from curve

# pins = 60 mA + 8 mA/pin = 7.5 = 7

In this case, 7 lines can sink 8 mA for a total

of 56 mA. This leaves 4 mA sink current capa-

bility which can be divided in any way among
the remaining 8 I/O lines of the 8243.

Example: This example shows how the use of the 20

mA sink capability of Port 7 affects the sink-

ing capability of the other I/O lines.

An 8243 will drive the following loads simul-

taneously.

2 loads — 20 mA@1V (port 7 only)

8 loads — 4 mA@.45V
6 loads — 3.2 mA@.45V
Is this within the specified limits?

£l0L=(2 x 20) + (8 x 4) + (6 x 3.2) = 91 .2 mA.
From the curve: for Iol=4 mA, £l0L ~ 93 mA
since 91.2 mA < 93 mA the loads are within

specified limits.

Although the 20 mA@1V loads are used in

calculating tl L. it " s the largest current re-

quired®.45V which determines the maximum
allowable cl0L .

Note: A 10 to 50Kn pullup resistor to +5V should be added to 8243 outputs when driving to 5V CMOS directly.
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ID8243

EXPANDER INTERFACE

OO 1

c I TEST
1 INPUTS

c p

8243

OUTPUT EXPANDER TIMING

\ /
-CDC

ADDRESS (4-BITS) DATA (4 BITS)

00n READ 00~]

01 J WRITE 01 L P0RT
10 f OR 10

|
ADDRESS

11
! AND 11_l

CO
oo
0=

PROG P20-3

7T
PROG P20-3

7\
PROG P20-3 PROG P20-3

TT

USING MULTIPLE 8243's
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iny
835578355-2**

16,384-BIT ROM WITH I/O

'Directly Compatible with 8085A CPU
"Directly Compatible with 8085A-2

2048 Words x 8 Bits

Single + 5V Power Supply

Internal Address Latch

2 General Purpose 8-Bit I/O Ports

Each I/O Port Line Individually

Programmable as Input or Output

Multiplexed Address and Data Bus

40-Pin DIP

The Intel® 8355 is a ROM and I/O chip to be used in the MCS-85™ microcomputer system. The ROM portion is organized as

2048 words by 8 bits. It has a maximum access time of 400 ns to permit use with no wait states in the 8085A CPU.

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is indivdu-

ally programmable as input or output.

The 8355-2 has a 300ns access time for compatibility with the 8085A-2 microprocessor.

PIN CONFIGURATION BLOCK DIAGRAM

CE,C

CE 2 C

clkC
RESET C

N.C. (NOT CONNECTED) C

READY C

10/MC

ioSC

RDC
iowC

aleC
AD C

AD,C

AD2 C
AD

3 C

AD4 C
AD

5 C

ad
6 c:

AD,C

vssC

3vcc
Dpb7

>B
S

Hpbs

Dpb4

IlPBj

I)PB2

Dpb,

3pb

Dpa7

Dpa6

3 pa,

Dpa4

]pa
3

Dpa2

Dpa,

Dpa

Da 10

Da9

Da8

-<=>
^A8~10(_

CE 2
-

CEi-

IO/M-

ALE-

RD-

iow-

RESET-

iOR-

2KX8
ROM

nVcc (+5V)

V„ (OVI

INTEL CORPORATION ASSUMES NO RESPONSIHtlTY FOR THE USE OF ANY CUCUTRY OTHER THAN CUCUTRY EMBODED M AN KTEl PRODUCT. NO OTHER CBCWT PATENT LICENSES ARE MPUED.

e INTEL CORPORATION, 1979
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8355/8355-2

Symbol

ALE
(Input)

AD0-7
(Input)

A8-10

(Input)

CE"i

CE2

(Input)

IO/M
(Input)

RD
(Input)

IOW
(Input)

Function

When ALE (Address Latch Enable is

high, AD0-7, IO/M, As-io, CE, and CE
enter address latched. The signals

(AD, IO/M, As-10, CE, CE) are latched

in at the trailing edge of ALE.

Bidirectional Address/Data bus. The
lower 8-bits of the ROM or I/O address

are applied to the bus lines when ALE
is high.

During an I/O cycle, Port A or B are

selected based on the latched value of

ADo. If RD or IOR is low when the latched

chip enables are active, the output

buffers present data on the bus.

These are the high order bits of the ROM
address. They do not affect I/O oper-

ations.

Chip Enable Inputs: CEi is active low

and CE2 is active high . The 8355 can be

accessed only when BOTH Chip En-

ables are active at the time the ALE
signal latches them up. If either Chip

Enable input is not active, the AD0-7

and READY outputs will be in a high

impedance state.

If the latched IO/M is high when RD is

low, the output data comes from an

I/O port. If it is low the output data

comes from the ROM.

If the latched Chip Enables are active

when RD goes low, the AD0-7 output

buffers are enabled and output either

the selected ROM locatio n or I/O port.

When both RD and TOR are high, the

AD0-7 output buffers are 3-state.

If the latched Chip Enables are active,

a low on IOW causes the output port

pointed to by the latched value of ADo
to be written with the data on AD0-7.

The state of IO/M is ignored.

Symbol

CLK
(Input)

READY
(Output)

PA0-7

(Input/

Output)

PB0-7

(Input/

Output)

RESET
(Input)

Tor
(Input)

Vcc

Vss

Function

The CLK is used to force the READY
into its high impedance state after it

has been forced low by CE low, CE
high and ALE high.

Ready is a 3-state output controlled by

CE1, CE2, ALE and CLK. READY is

forced low when the Chip Enables are

active during the time ALE is high, and

remains low until the rising edge of the

next CLK (see Figure 6).

These are general purpose I/O pins.

Their input/output direction is deter-

mined by the contents of Data Direction

Register (DDR). Port A is selected for

write operations when the Chip Enables

are active and IOW is low and a was
previously latched from ADo.

Read operation is selected by either

IOR low and active Chip Enables and

ADo low, or IO/M high, RD low, active

chip enables, and ADo low.

This general purpose I/O port is

identical to Port A except that it is

selected by a 1 latched from ADo.

An input high on RESET causes all pins

in Port A and B to assume input mode.

When the Chip Enables are active, a low

on IOR will outpu t the selected I/O port

onto the AD bus. IOR low performs the

same function as the combin ation IO/M

high and RD low. When IOR is not used

in a system, IOR should be tied to Vcc
("1").

+5 volt supply.

Ground Reference.
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8355/8355-2

ABSOLUTE MAXIMUM RATINGS'

Temperature Under Bias 0°Cto+70°C
Storage Temperature -65°C to +150°C
Voltage on Any Pin

With Respect to Ground -0.5V to +7V
Power Dissipation 1.5W

*COMMENT: Stresses above those listed under "Absolute

Maximum Ratings" may cause permanent damage to the

device. This is a stress rating only and functional opera-

tion of the device at these or any other conditions above

those indicated in the operational sections of this specifi-

cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device

reliability.

D.C. CHARACTERISTICS (ta = 0°C to 70°C; Vcc = 5V ± 5%)

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS

V|L Input Low Voltage -0.5 0.8 V VCC = 5.0V

V| H Input High Voltage 2.0 Vcc+0-5 V VCC = 5.0V

Vol Output Low Voltage 0.45 V Iol = 2mA

Voh Output High Voltage 2.4 V 'OH = -400/liA

IlL Input Leakage 10 ma V| N = Vcc to 0V

l|_0 Output Leakage Current ±10 ma 0.45V <VOUT <VCC

•cc Vcc Supply Current 180 mA

A.C. CHARACTERISTICS (TA = o°c to 70°c ; vcc = 5V ± 5%)

Parameter

8355
8355-2

(Preliminary)

Symbol Min. Max. Min. Max. Units

tCYC Clock Cycle Time 320 320 ns

T1 CLK Pulse Width 80 80 ns

T2 CLK Pulse Width 120 120 ns

tf.tr CLK Rise and Fall Time 30 30 ns

tAL Address to Latch Set Up Time 50 30 ns

tLA Address Hold Time after Latch 80 30 ns

tLC Latch to READ/WRITE Control 100 40 ns

tRD Valid Data Out Delay from READ Control 170 140 ns

tAD Address Stable to Data Out Valid 400 330 ns

tLL Latch Enable Width 100 70 ns

tRDF Data Bus Float after READ 100 85 ns

tCL READ/WRITE Control to Latch Enable 20 10 ns

tec READ/WRITE Control Width 250 200 ns

tDW Data In to Write Set Up Time 150 150 ns

twD Data In Hold Time After WRITE 10 10 ns

twp WRITE to Port Output 400 400 ns

tPR Port Input Set Up Time 50 50 ns

tRP Port Input Hold Time 50 50 ns

tRYH READY HOLD Time 160 160 ns

tARY ADDRESS (CE) to READY 160 160 ns

tRV Recovery Time Between Controls 300 200 ns

tRDE READ Control to Data Bus Enable 10 10 ns

Note: Cload = 150pF
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8355/8355-2

Figure 1. Clock Specification for 8355

"S-10

IO/M

ADo-7

zx

a
(CE,=0 -CE2

= 1)

J

A / \ / \ I V

\

>—ex
x

\

\

XI

j—

c

x:

/

A 1
I

Figure 2. ROM Read and I/O Read and Write
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8355/8355-2

a. Input Mode

RDOR
10R \ J
PORT
INPUT

DATA"
BUS

31 X
:x

b. Output Mode

\ J
W"

PORT
OUTPUT X

GLITCH FREE
OUTPUT

DATA*
BUS -X X.
•DATA BUS TIMING IS SHOWN IN FIGURE 4.

Figure 3. I/O Port Timing

(CE2=1-CE,-0)

Figure 4. Wait State Timing (READY = 0)
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iny
8755A

16,384-BIT EPROM WITH I/O

Directly Compatible with 8085A CPU

2048 Words x 8 Bits

Single + 5V Power Supply (Vcc)

U.V. Erasable and Electrically

Reprogrammable

Internal Address Latch

2 General Purpose 8-Bit I/O Ports

Each I/O Port Line Individually

Programmable as Input or Output

Multiplexed Address and Data Bus

40-Pin DIP

The Intel® 8755A is an erasable and electrically reprogrammable ROM ( EPROM ) and I/O chip to be used in the MCS-85 T"

microcomputer system. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum access time of 450 ns
to permit use with no wait states in an 8085A CPU.

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is individu-

ally programmable as input or output.

PIN CONFIGURATION BLOCK DIAGRAM

PROG AND CE,C 1 40 D VCC

CE 2 C 2 39 D PB
7

CLK c 3 38 II
PB6

RESET C 4 37 H PB5

VodC 5 36 D PB
4

READY C 6 35 I]
PB

3

IO/M C 34 H PB
2

iOR C 8 33 D PB
i

RD C 9 32 D PBo

iow C 10 8755A 31 D PA
7

ALE C 11 30 D PA6
AD C 12 29 D PA5

A°iC 13 28 HPA4

ADjfJ 14 27 D PA
3

AD
3 C 15 26 JPA2

A04 [I 16 25 D PA
i

ADs[I 17 24 3 PA
o

AD
6 C 18 23 D A

10

AD
7 C 19 22 D A9

V«C 20 21 D A
8

Ae~iocL

ce 2
-

IO/M-

ALE-

RD-

ioW-

RESET-

iOR-

«
5

^PORTBK

C°v PfV

-J l
t LCE, 1 I V.Vcc ( +5V)

-Vss (0V)

«m CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE Of ANY CIRCUITRY OTHER THAN CBCWTRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED
o WTEL CORPORATION, 1979
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8755A

8755A FUNCTIONAL PIN DEFINITION

Symbol

ALE
(input)

ADo-7
(input/output)

A8-10

(input)

PROG/CEi
CE2

(input)

IO/M
(input)

RD
(input)

IOW
(input)

CLK
(input)

Function

When Address Latch Enable goes

high, ADo-7, IO/M, As-io, CE2, and

CE1 enter the address latches. The
signals (AD, IO/M, As-io, CE) are

latched in at the trailing edge of ALE.

Bidirectional Address/Data bus. The
lower 8-bits of the PROM or I/O

address are applied to the bus lines

when ALE is high.

During an I/O cycle, Port A or B are

selected based on the latched value of

ADo- If RD or JOR is low when the

latched Chip Enables are active, the

output buffers present data on the

bus.

These are the high order bits of the

PROM address. They do not affect

I/O operations.

Chip Enable Inputs: CE1 is active low

and CE2 is active high. The 8755A

can be accessed only when BOTH
Chip Enables are active at the time

the ALE signal latches them up. If

either Chip Enable input is not active,

the ADo-7 and READY outputs will

be in a high impedance state. CE1 is

also used as a programming pin. (See

section on programming.)

If the latched IO/M is high when RD
is low, the output data comes from

an I/O port. If it is low the output data

comes from the PROM.

If the latched Chip Enables are active

when RD goes low, the ADo-7 output

buffers are enabled and output either

the selected PROM location or I/O

port. When both RD and IOR are high,

the ADo-7 output buffers are 3-stated.

If the latched Chip Enables are active,

a low on IOW causes the output port

pointed to by the latched value of

ADo to be written with_the data on

AD0-7. The state of IO/M is ignored.

The CLK is used to force the READY
into its high impedance state after it

has been forced low by CE1 low, CE2
high, and ALE high.

Symbol

READY
(output)

PA0-7

(input/output)

PBo-7
(input/output)

RESET
(input)

IOR
(input)

Vcc

Vss

Vdd

Function

READY isa_3-state output controlled

by CE2 , CE1, ALE and CLK. READY
is forced low when the Chip Enables

are active during the time ALE is high,

and remains low until the rising edge
of the next CLK. (See Figure 6.)

These are general purpose I/O pins.

Their input/output direction is deter-

mined by the contents of Data Direc-

tion Register (DDR). Port A is selected

for write operations when the Chip

Enables are active and IOW is low

and a was previously latched from

ADo, AD1.

Read operation is selected by either

IOR low and active Chip Enables and

ADo and AD1 low, or IO/M high, RD
low, active Chip Enables, and ADo
and AD1 low.

This general purpose I/O port is

identical to Port A except that it is

selected by a 1 latched from ADo and

a from AD1.

In normal operation, an input high on

RESET causes all pins in Ports A and
B to assume input mode (clear DDR
register).

When the Chip Enables are active, a

low on IOR will output the selected

I/O port onto the AD bus. IOR low

performs the same function as the

combination o f IO/M high and RD
low. When IOR is not used in a system,

IOR should be tied to Vcc ("1").

+5 volt supply.

Ground Reference.

Vdd is a programming voltage, and

must be tied to +5V when the 8755A
is being read.

For programming, a high voltage is

supplied with Vdd = 25V, typical. (See

section on programming.)
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8755A

ERASURE CHARACTERISTICS
The erasure characteristics of the 8755A are such that

erasure begins to occur when exposed to light with

wavelengths shorter than approximately 4000 Angstroms
(A). It should be noted that sunlight and certain types of

fluorescent lamps have wavelengths in the 3000-4000A
range. Data show that constant exposure to room level

fluorescent lighting could erase the typical 8755A in

approximately 3 years while it would take approximately 1

week to cause erasure when exposed to direct sunlight.

If the 8755A is to be exposed to these types of lighting

conditions for extended periods of time, opaque labels

are available from Intel which should be placed over the

8755 window to prevent unintentional erasure.

The recommended erasure procedure for the 8755A is

exposure to shortwave ultraviolet light which has a wave-
length of 2537 Angstroms (A). The integrated dose (i.e.,

UV intensity X exposure time) for erasure should be a

minimum of 15W-sec/cm2. The erasure time with this

dosage is approximately 15 to 20 minutes using an ultra-

violet lamp with a 12000/uW/cm2 power rating. The
8755A should be placed within one inch from the lamp
tubes during erasure. Some lamps have a filter on their

tubes and this filter should be removed before erasure.

PROGRAMMING
Initially, and after each erasure, all bits of the EPROM
portions of the 8755A are in the "1" state. Information is

introduced by selectively programming "0" into the

desired bit locations. A programmed "0" can only be
changed to a "1" by UV erasure.

The 8755A can be programmed on the Intel® Universal

PROM Programmer (UPP), and the PROMPT™ 80/85 and
PROMPT-48™ design aids. The appropriate programming
modules and adapters for use in programming both

8755A's and 8755's are shown in Table 1

.

The program mode itself consists of programming a

single address at a time, giving a single 50 msec pulse
for every address. Generally, it is desirable to have a

verify cycle after a program cycle for the same address
as shown in the attached timing diagram. In the verify

cycle (i.e., normal memory read cycle) 'Vdd' should
be at +5V.

Preliminary timing diagrams and parameter values per-

taining to the 8755A programming operation are con-
tained in Figure 6.

TABLE 1. 8755A PROGRAMMING MODULE CROSS
REFERENCE

MODULE NAME USE WITH

UPP 955 UPP(4)
UPP UP2(2) UPP 855
PROMPT 975 PROMPT 80/85(3)

PROMPT 475 PROMPT 48(1)

NOTES:

1.

2.

3.

4.

Described on p. 11-9 of 1978 System Data Catalog.

Special adaptor socket.

Described on p. 11-3 of 1978 System Data Catalog.

Described on p. 10-85 of 1978 System Data Catalog.

SYSTEM APPLICATIONS
System Interface with 8085A
A system using the 8755A can use either one of the two I/O

Interface techniques:

• Standard I/O

• Memory Mapped I/O

If a standard I/O technique_is used, the system can use the

feature of both CE2 and CE1. By using a combination of

unused address lines A11-15 and the Chip Enable inputs, the

8085A system can use up to 5 each 8755A's without requiring

a CE decoder.

If a memory mapped I/O approach is used the 8755A will be

selected by the combination of both the Chip Enables and
IO/M using the AD8-15 address lines. See Figure 1.

4

iLZSz
A/D0-7 A

8-10 RD CLK I0/M

I0R ALE iO"W READY 51

"NOTE: Optional connection.

Figure 1. 8755A in 8085A System (Memory-Mapped I/O)
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8755A

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias -10°C to +70°C
Storage Temperature -65°Cto +150°C
Voltage on Any Pin

With Respect to Ground -0.5 to +7V*
Power Dissipation 1.5W

"Except for programming voltage.

•COMMENT
Stresses above those listed under "Absolute Maximum Ratings" may cause
permanent damage to the device. This is a stress rating only and functional

operation of the device at these or any other conditions above those
indicated in the operational sections of this specification is not implied.

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

D.C. CHARACTERISTICS (TA = 0°C to 70°C; Vcc = 5V ± 5%)

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS

V|L Input Low Voltage -0.5 0.8 V

V,H Input High Voltage 2.0 VCC -K)-5 V

Vol Output Low Voltage 0.45 V Iol = 2mA

Voh Output High Voltage 2.4 V Ioh = -400/iA

IlL Input Leakage 10 ma Vin = VCC to 0V

Ilo Output Leakage Current ±10 ma 0.45V <V ut <VCC

•cc Vqc Supply Current 180 mA

A.C. CHARACTERISTICS <ta = o°c to 70°c, vcc = 5V ± 5%)

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS

tCYC Clock Cycle Time 320 ns

T1 CLK Pulse Width 80 ns Cload = 150 pF

T 2 CLK Pulse Width 120 ns (See Figure 3)

tf,t r
CLK Rise and Fall Time 30 ns

tAL Address to Latch Set Up Time 50 ns

tLA Address Hold Time after Latch 80 ns

tLC Latch to READ/WRITE Control 100 ns

*RD Valid Data Out Delay from READ Control 170 ns

*AD Address Stable to Data Out Valid 450 ns 1 50 pF Load

tLL Latch Enable Width 100 ns

tRDF Data Bus Float after READ 100 ns

tCL READ/WRITE Control to Latch Enable 20 ns

tec READ/WRITE Control Width 250 ns

tDW Data In to WRITE Set Up Time 150 ns

*WD Data In Hold Time After WR ITE 30 ns

tWp WRITE to Port Output 400 ns

tpR Port Input Set Up Time 50 ns

tRP Port Input Hold Time 50 ns

tRYH READY HOLD TIME 160 ns

*ARY ADDRESS (CE) to READY 160 ns

tRV Recovery Time between Controls 300 ns

tRDE Data Out Delay from READ Control 10 ns

tLD ALE to Data Out Valid 350 ns Preliminary
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WAVEFORMS

8755A

Figure 2. Clock Specification for 8755A

(PROGl/CE,

x A°°,'is y
X «,, >—-f~ jg!

\

/

\

\

\
-tLc

\
Please note that CEi must remain low tor the entire cycle.

X
>—<

f
/

>

\
/
X

Figure 3. PROM Read, I/O Read and Write Timing
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8755A

A. INPUT MODE
i

RDOR
10 R V /

I

-" » lPR —H lRP

PORT \J
INPUT y^ X""—'

J

DATA'
BUS

B. OUTPUT MODE

X

IOW \ -i |
GLITCH FREE

"*] ^Z' OUTPUT

PORT \/~
OUTPUT _y\_

DATA* \/
BUS /\

•DATA BUS TIMING IS SHOWN IN FIGURE 4.

X

Figure 4. I/O Port Timing

(CE=1) '(CE=0)

A\_^\

/ V

Figure 5. Wait State Timing (READY = 0)

6-64



8755A

D.C. SPECIFICATION PROGRAMMING
(TA = 0°C to 70° C; Vcc = 5V ± 5%; Vss = 0V)

Symbol Parameter Min. Typ. Max. Unit

Vdd Programming Voltage (during Write

to EPROM) 24 25 26 V

Idd Prog Supply Current 15 30 mA

A.C. SPECIFICATION FOR PROGRAMMING
(Ta = 0°C to 70° C; Vcc = 5V ± 5%; Vss = 0V)

Symbol Parameter Min. Typ. Max. Unit

tPS Data Setup Time 10 ns

tPD Data Hold Time ns

ts Prog Pulse Setup Time 2 MS

tH Prog Pulse Hold Time 2 MS

tPR Prog Pulse Rise Time 0.01 2 MS

tPF Prog Pulse Fall Time 0.01 2 MS

tPRG Prog Pulse Width 45 50 msec
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8755A

WAVEFORMS

PROGRAM CYCLE VERIFY CYCLE' PROGRAM CYCLE

^^ /~\

A/Dq.7DGEDCX

X X.

~y

A \

IOGEEX

)cdcz::

\s
•VERIFY CYCLE IS A REGULAR MEMORY READ CYCLE (WITH VDD = +5V FOR 8755A)

Figure 6. 8755A Program Mode Timing Diagram
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intel

8155/81 56/81 55-2/81 56-2

2048 BIT STATIC MOS RAM WITH I/O PORTS AND TIMER

8085A 8085A-2
Compatibles^-

—

CPU^-^Chip^— Enable

8155 8155-2 ACTIVE LOW
8156 8156-2 ACTIVE HIGH

256 Word x 8 Bits

Single +5V Power Supply

Completely Static Operation

Internal Address Latch

2 Programmable 8 Bit I/O Ports

1 Programmable 6-Bit I/O Port

Programmable 14-Bit Binary Counter/
Timer

Multiplexed Address and Data Bus

40 Pin DIP

The 8155 and 81 56 are RAM and I/O chips to be used in the MCS-85™ microcomputer system. The RAM portion is designed
with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns to permit use with no wait states

in 8085A CPU. The 8155-2 and 8156-2 have maximum access times of 330 ns for use with the 8085A-2.

The I/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be status pins,

thus allowing the other two ports to operate in handshake mode.

A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse for

the CPU system depending on timer mode.

PIN CONFIGURATION

pc
3 c 1 40 3 vcc

PC4 c 2 39 3 pc
2

TIMER IN z 3 38 3 pc.

RESET c 4 37 3 pc

pc5 5

6

36

35

3 PB
7

TIMER OUT J PH
6

IO/M c 7 34 3 pb
5

CEORCE* c 8 33 3 pb4

RD r 9 32 3 pb
3

3 PB
2

WR c 10
8155/
8156 31

ALE c " 8155-2/ 30 3 pb.

AD c 12 8156-2 29 3 PB

AD, c 13 28 3 pa
7

AD
2 c 14 27 3 pa6

AD
3 c 15 26 3 pa

5

AD
4 c 16 25 3 pa

4

AD
5 c 17 24 3 pa

3

AD
6 c 18 23 3 PA

2

AD
7 c 19 22 3 pa.

V
SS c 20 21 3 paq

WR-

RESET-

BLOCK DIAGRAM

<=^> 256X8
STATIC

RAM

|

TIMER

^PORTAk

/l P0RTBK

/IPORTCK

\-^>'c«

u (+5V)

V
ss

(0V)

*: 8155/8155-2 = CE, 8156/8156-2 = CE

?!5^
<l

!J2S!I!!!!li
s
^!!? N0 «BP0"aHUTY for nc ua of amy c*c«try otio thm cucumiv emboded in mi nrra woduct. no other ckcwt patent licenses arc mpied.© HfTEL CORFuRATION, 1979
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81 55/81 56/81 55-2/81 56-2

8155/8156 PIN FUNCTIONS
Symbol

RESET
(input)

ADo-7
(input)

CEorCE
(input)

RD
(input)

WR
(input)

Function

Pulse provided by the 8085A to ini-

tialize the system (connect to 8085A
RESET OUT). Input high on this line

resets the chip and initializes the

three I/O ports to input mode. The
width of RESETpulse should typically

be two 8085A clock cycle times.

3-state Address/Data lines that inter-

face with the CPU lower 8-bit Ad-

dress/Data Bus. The 8-bit address is

latched into the address latch inside

the 8155/56 on the falling edge of

ALE. The address can be either for

the memory section or the I/O section

depending on the IO/M input. The
8-bit data is either written into the

chip or read from the chip, depending

on the WR or RD input signal.

Chip Enable: On the 8155, this pin is

CE and is ACTIVE LOW. On the 81 56,

this pin is CE and is ACTIVE HIGH.

Read control: Input low on this line

with the Chip Enable active enables

and ADo-7 buffers. If IO/M pin is low,

the RAM content will be read out to

the AD bus. Otherwise the content

of the selected I/O port or command/
status registers will be read to the

AD bus.

Write control: Input low on this line

with the Chip Enable active causes

the data on the Address/Data bus to

be written to the RAM or I/O ports and

command/status register depending

on IO/M.

Symbol

ALE
(input)

IO/M
(input)

PA -7(8)

(input/output)

PBo-7(8)

(input/output)

PCo-5(6)

(input/output)

TIMER IN

(input)

TIMER OUT
(output)

Vcc

Vss

Function

Address Latch Enable: This control

signal latches both the add ress on the

ADo-7 lines and the state of the Chip

Enable and IO/M into the chip at the

falling edge of ALE.

Selects memory if low and I/O and

command/status registers if high.

These 8 pins are general purpose I/O

pins. The in/out direction is selected

by programming the command
register.

These 8 pins are general purpose I/O

pins. The in/out direction is selected

by programming the command
register.

These 6 pins can function as either

input port, output port, or as control

signals for PA and PB. Programming
is done through the command reg-

ister. When PCo-5 are used as control

signals, they will provide the fol-

lowing:

PCo — A INTR (Port A Interrupt)

PCi — ABF (Port A Buffer Full)

PC2 — A STB (Port A Strobe)

PC3 — B INTR (Port B Interrupt)

PC 4

PC5

B BF (Port B Buffer Full)

B STB (Port B Strobe)

Input to the counter-timer.

Timer output. This output can be

either a square wave or a pulse de-

pending on the timer mode.

+5 volt supply.

Ground Reference.
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DESCRIPTION
The 8155/8156 contains the following:

• 2k Bit Static RAM organized as 256 x 8

• Two 8-bit I/O ports ( PA & PB ) and one 6-bit I/O port ( PC)
• 14-bit timer-counter

The IO/M (IO/Memory Select) pin selects either the five

registers (Command, Status, PAo-7, PBo-7, PC0-5) or

the memory (RAM) portion. (See Figure 1.)

The 8-bit address on the Address/Data lines, Chip Enable

input CE or CE, and IO/M are all latched on-chip at the

falling edge of ALE. (See Figure 2.)

7V

^L

L_.

8 BIT INTERNAL DATA BUS
~~)

T> Tt f> ^ 7>

77

i£^ ^2

7\

/* /' /''

±L

77

^L
TIMER
MSB

it
TIMER
LSB

TIMER
MODE

V V V
J

Figure 1. 8155/8156 Internal Registers

CE"(8155) \

/

/ \
OR

CE(8156) k /

IO/M \ / \

\

^
A°0-7 X ADDRESS y DATA VALID ^ ^

/ALE \ /

RDORWR \ /
NOTE: FOR DETAILED TIMING INFORMATION, SEE FIGURE 12 AND A.C. CHARACTERISTICS

Figure 2. 8155/8156 On-Board Memory Read/Write Cycle
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PROGRAMMING OF THE
COMMAND REGISTER
The command register consists of eight latches. Four

bits (0-3) define the mode of the ports, two bits (4-5)

enable or disable the interrupt from port C when it acts

as control port, and the last two bits (6-7) are forthe timer.

The command register contents can be altered at any
time by using the I/O address XXXXX000 durin£a WRITE
operation with the Chip Enable active and IO/M = 1. The
meaning of each bit of the command byte is defined in

Figure 3. The contents of the command register may
never be read.

READING THE STATUS REGISTER
The status register consists of seven latches, one for each

bit; six (0-5) for the status of the ports and one (6) for the

status of the timer.

The status of the timer and the I/O section can be polled

by reading the Status Register (Address XXXXX000).
Status word format is shown in Figure 4. Note that you
may never write to the status register since the command
register shares the same I/O address and the command
register is selected when a write to that address is issued.

TM2 TM, IEB IEA PC2 PC, PB PA

-TIMER COMMAND-

DEFINES PA0.7

DEFINES PBq-7

DEFINES PC0-5 -

= INPUT
1 = OUTPUT

ALT 1

ALT 2

ALT 3

ALT 4

ENABLE

DISABLE

00 = NOP - DO NOT AFFECT COUNTER
OPERATION

01 = STOP - NOP IF TIMER HAS NOT STARTED;
STOP COUNTING IF THE TIMER IS

RUNNING
10 = STOP AFTER TC - STOP IMMEDIATELY

AFTER PRESENT TC IS REACHED (NOP
IF TIMER HAS NOT STARTED)

11 = START - LOAD MODE AND CNT LENGTH
AND START IMMEDIATELY AFTER
LOADING (IF TIMER IS NOT PRESENTLY
RUNNING). IF TIMER IS RUNNING, START
THE NEW MODE AND CNT LENGTH
IMMEDIATELY AFTER PRESENT TC
IS REACHED.

AD 7 AD6 AD5 AD4 AD3 AD2 ADi AD

EE n PORT A INTERRUPT REQUEST

PORT A BUFFER FULL/EMPTY
(INPUT/OUTPUT)

-* PORT A INTERRUPT ENABLE

PORT B INTERRUPT REQUEST

PORT B BUFFER FULL/EMPTY
(INPUT/OUTPUT)

PORT B INTERRUPT ENABLED

TIMER INTERRUPT (THIS BIT
IS LATCHED HIGH WHEN
TERMINAL COUNT IS

REACHED, AND IS RESET TO
LOW UPON READING OF THE
C/S REGISTER AND BY
HARDWARE RESET).

Figure 3. Command Register Bit Assignment Figure 4. Status Register Bit Assignment
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INPUT/OUTPUT SECTION
The I/O section of the 81 55/81 56 consists of five registers:

(See Figure 5.)

• Command/Status Register (C/S) — Both registers are

assigned the address XXXXX000. The C/S address

serves the dual purpose.

When the C/S registers are selected during WRITE
operation, a command is written into the command
register. The contents of this registerare nor accessible

through the pins.

When the C/S (XXXXX000) is selected during a READ
operation, the status information of the I/O ports and
the timer becomes available on the ADo-7 lines.

• PA Register — This register can be programmed to be
either input or output ports depending on the status of

the contents of the C/S Register. Also depending on
the command, this port can operate in either the basic

mode or the strobed mode (See timing diagram). The
I/O pins assigned in relation to this register are PA0-7.

The address of this register is XXXXX001.

• PB Register — This register functions the same as PA
Register. The I/O pins assigned are PB0-7. The address

of this register is XXXXX010.

• PC Register— This register has the address XXXXX01

1

and contains only 6 bits. The 6 bits can be program-
med to be either input ports, output ports or as control

signals for PA and PB by properly programming the

AD2 and AD3 bits of the C/S register.

When PC0-5 is used as a control port, 3 bits are

assigned for Port A and 3 for Port B. The first bit is an
interrupt that the 8155 sends out. The second is an

output signal indicating whether the buffer is full or

empty, and the third is an input pin to accept a strobe

for the strobed input mode. (See Table 1.)

When the 'C port is programmed to either ALT3 or ALT4,
the control signals for PA and PB are initialized as follows:

CONTROL INPUT MODE OUTPUT MODE
BF

INTR

STB

Low

Low

Input Control

Low

High

Input Control

I/O ADDRESSt
SELECTION

A7 A6 AS A4 A3 A2 A1 AO

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

1

1

1

1

1

1

1

Interval Command/Status Register

General Purpose I/O Port A

General Purpose I/O Port B

Port C — General Purpose I/O or Control

Low-Order 8 bits of Timer Count

High 6 bits of Timer Count and 2 bits

of Timer Mode

X: Don't Care. _
f: I/O Address must be qualified by CE = 1 i8156)orCE = 0(8155)andlO/M = 1 in order

to select the appropriate register.

Figure 5. I/O port and Timer Addressing Scheme

Figure 6 shows how I/O PORTS A and B are structured

within the 8155 and 8156:

8155/8156
ONE BIT OF PORT A OR PORT B

s\ OUTPUT
LATCH

ffl

-or

OUTPUT
ENABLE

CLK

<H

}
STB

V
NOTES:
(1) OUTPUT MODE
(2) SIMPLE INPUT
(3) STROBED INPUT.

READ PORT = (IO/Mf1) • (RDfO) • (CE ACTIVE) • (PORT ADDRESS SELECTED)
WRITE PORT =(IO/M=1)« (WR=0) • (CE ACTIVE) • (PORT ADDRESS SELECTED)

MULTIPLEXER
CONTROL

(4) = 1 FOR OUTPUT MODE
= FOR INPUT MODE

Figure 6. 8155/8156 Port Functions
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TABLE 1. TABLE OF PORT CONTROL ASSIGNMENT.

Pin ALT1 ALT 2 ALT 3 ALT 4

PCO Input Port Output Port A INTR (Port A Interrupt) A INTR (Port A Interrupt)

PC1 Input Port Output Port A BF (Port A Buffer Full) A BF (Port A Buffer Full)

PC2 Input Port Output Port A STB (Port A Strobe) A STB (Port A Strobe)

PC3 Input Port Output Port Output Port B INTR (Port B Interrupt)

PC4 Input Port Output Port Output Port B BF (Port B Buffer Full)

PC5 Input Port Output Port Output Port B STB (Port B Strobe)

Note in the diagram that when the I/O ports are pro-

grammed to be output ports, the contents of the output

ports can still be read by a READ operation when appro-
priately addressed.

The outputs of the 8155/8156 are "glitch-free" meaning
that you can write a "1" to a bit position that was previ-

ously "1
" and the level at the output pin will not change.

Note also that the output latch is cleared when the port

enters the input mode. The output latch cannot be loaded
by writing to the port if the port is in the input mode. The
result is that each time a port mode is changed from input

to output, the output pins will go low. When the 8155/56
is RESET, the output latches are all cleared and all 3 ports

enter the input mode.

When in the ALT 1 or ALT 2 modes, the bits of PORT C
are structured like the diagram above in the simple input

or output mode, respectively.

Reading from an input port with nothing connected to the

pins will provide unpredictable results.

Figure 7 shows how the 8155/8156 I/O ports might be

configured in a typical MCS-85 system.

8155/8156

PORT C

>'
TO 8085 RST INPUT

OUTPUT > PORT A

A INTR (SIGNALS DATA RECEIVED)

A BF (SIGNALS DATA READY!

A STB (ACKNOWL. DATA RECEIVED)

B STB (LOADS PORT B LATCH)

B BF (SIGNALS BUFFER IS FULL)

B INTR (SIGNALS BUFFER

A
READY FOR READING)

C INPUT
\

TO/FROM
PERIPHERAL
INTERFACE

TO 8085 INPUT PORT (OPTIONAL)

TO 8085 RST INPUT

Figure 7. Example: Command Register = 00111001
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TIMER SECTION
The timer is a 14-bit down-counter that counts the TIMER
IN pulses and provides either a square wave or pulse

when terminal count (TC) is reached.

The timer has the I/O address XXXXX1 00 for the low order

byte of the register and the I/O address XXXXX101 for

the high order byte of the register. (See Figure 5).

To program the timer, the COUNT LENGTH REG is

loaded first, one byte at a time, by selecting the timer

addresses. Bits 0-13 of the high order count register will

specify the length of the next count and bits 14-15 of the

high order register will specify the timer output mode
(see Figure 8). The value loaded into the count length

register can have any value from 2H through 3FFH in

Bits 0-13.

Note that while the counter is counting, you may load a

new count and mode into the count length registers.

Before the new count and mode will be used by the

counter, you must issue a START command to the

counter. This applies even though you may only want to

change the count and use the previous mode.

In case of an odd-numbered count, the first half-cycle

of the squarewave output, which is high, is one count

longer than the second (low) half-cycle, as shown in

Figure 10.

7 6 5 4 3 2 1

M 2 M-i T13 T12 Tn Tio T9 T8

JL
TIMER MODE MSB OF CNT LENGTH

7 6 5 4 3 2 1

T7 T6 T5 T4 T3 T2 Ti To

LSB OF CNT LENGTH

Figure 8. Timer Format

There are four modes to choose from: M2 and M1 define

the timer mode, as shown in Figure 9.

MODE
BITS

TIMER OUT WAVEFORMS:

START
COUNT

TERMINAL
COUNT

TERMINAL
COUNT

SINGLE
SQUARE WAVE

2. CONTINUOUS
SQUARE WAVE

3. SINGLE
PULSE ON
TERMINAL COUNT

4. CONTINUOUS
PULSES 1/— V

TM 2 TMi

1

Figure 9. Timer Modes

Bits 6-7 (TM2 and TMi) of command register contents

are used to start and stop the counter. There are four

commands to choose from:

NOP— Do not affect counter operation.

STOP — NOP if timer has not started;

stop counting if the timer is running.

STOP AFTER TC — Stop immediately

after present TC is reached ( NOP if timer

has not started)

START — Load mode and CNT length

and start immediately after loading (if

timer is not presently running). If timer

is running, start the new mode and CNT
length immediately after present TC is

reached.

NOTE: 5 AND 4 REFER TO THE NUMBER OF CLOCKS IN THAT TIME PERIOD

Figure 10. Asymmetrical Square-Wave Output Resulting

from Count of 9

The counter in the 8155 is not initialized to any particular

mode or count when hardware RESET occurs, but RESET
does stop the counting. Therefore, counting cannot begin

following RESET until a START command is issued via

the C/S register.

Please note that the timer circuit on the 8155/8156 chip

is designed to be a square-wave timer, not an event

counter. To achieve this, it counts down by twos twice

in completing one cycle. Thus, its registers do not con-

tain values directly representing the number of TIMER IN

pulses received. You cannot load an initial value of 1 into

the count register and cause the timer to operate, as its

terminal count value is 10 (binary) or 2 (decimal). (For

the detection of single pulses, it is suggested that one
of the hardware interrupt pins on the 8085A be used.)

After the timer has started counting down, the values

residing in the count registers can be used to calculate

the actual number of TIMER IN pulses required to com-
plete the timer cycle if desired. To obtain the remaining

count, perform the following operations in order:

1. Stop the count

2. Read in the 16-bit value from the count length registers

3. Reset the upper two mode bits

4. Reset the carry and rotate right one position all 16 bits

through carry

5. If carry is set, add 1/2 of the full original count (1/2 full

count — 1 if full count is odd).

Note: If you started with an odd count and you read the
count length register before the third count pulse occurs,
you will not be able to discern whether one or two counts
has occurred. Regardless of this, the 8155/56 always
counts out the right number of pulses in generating the
TIMER OUT waveforms.
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EXAMPLE PROGRAM

Following is an actual sequence of program steps that adjusts the 8155/56 count register

contents to obtain the count, extracted from Intel® Application Note AP38. "Application

Techniques for the Intel 8085A Bus." First store the value of the full original count in register

HL of the 8085A. Then stop the count to avoid getting an incorrect count value. Then sample
the timer-counter, storing the lower-order byte of the current count register in register C and
the higher-order count byte in register B. Then, call the following 8080A/8085A subroutine:

ADJUST, 78 MOV A,B ;Load accumulator with upper half

; of count.

E63F ANI 3F ;Reset upper 2 bits and clear carry.

1F RAR ;Rotate right through carry.

47 MOV B,A ;Store shifted value back in B.

79 MOV A,C ;Load accumulator with lower half.

1F RAR ;Rotate right through carry.

4F MOV C,A ;Store lower byte in C.

D0 RNC ;lf in 2nd half of count, return.

;lf in 1st half, go on.

3F CMC ;Clear carry.

7C MOV A,H ;Divide full count by 2. (If HL
;is odd, disregard remainder.)

1F RAR

67 MOV H,A

7D MOV A,L

1F RAR

6F MOV L,A

09 DAD B ;Double-precision add HL and BC.

44 MOV B,H ;Store results back in BC.

4D MOV C,L

C9 RET ;Return.

After executinq the subroutine. BC will contain the remaining count in the current count cycle.
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8085A MINIMUM
SYSTEM CONFIGURATION

Figure 11 shows a minimum system using three chips,

containing:

• 256 Bytes RAM
• 2K Bytes POM
• 38 I/O Pins

• 1 Interval Timer
• 4 Interrupt Levels

'NOTE: OPTIONAL CONNECTIONS

Figure 11. 8085A Minimum System Configuration. (Memory Mapped I/O)
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ABSOLUTE MAXIMUM RATINGS'

Temperature Under Bias 0°Cto+70°C
Storage Temperature -65°Cto+150°C
Voltage on Any Pin

With Respect to Ground -0.5V to +7V
Power Dissipation 1.5W

*COMMENT: Stresses above those listed under "Absolute

Maximum Ratings" may cause permanent damage to the

device. This is a stress rating only and functional opera-

tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-

cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device

reliability.

D.C. CHARACTERISTICS (TA = 0°C to 70°C; Vcc = 5V ± 5%)

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS

V|L Input Low Voltage -0.5 0.8 V

V| H Input High Voltage 2.0 Vcc+0.5 V

Vol Output Low Voltage 0.45 V Iol = 2mA

Voh Output High Voltage 2.4 V Ioh = -400/iA

IlL Input Leakage ±10 MA Vin = Vcc to 0V

Ilo Output Leakage Current ±10 ma 0.45V < V UT < Vcc

•cc Vqc Supply Current 180 mA

Iil(CE) Chip Enable Leakage

8155

8156
+100

-100
MA
MA

Vin = VCC to 0V
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A.C. CHARACTERISTICS (ta = o°c to 70°c ; vcc = 5V ± 5%)

8155/8156
8155-2/8156-2
(Preliminary)

SYMBOL PARAMETER MIN. MAX. MIN. MAX. UNITS

tAL Address to Latch Set Up Time 50 30 ns

tLA Address Hold Time after Latch 80 30 ns

tLC Latch to READ/WRITE Control 100 40 ns

tRD Valid Data Out Delay from READ Control 170 140 ns

*AD Address Stable to Data Out Valid 400 330 ns

tLL Latch Enable Width 100 70 ns

tRDF Data Bus Float After READ 100 80 ns

tCL READ/WRITE Control to Latch Enable 20 10 ns

tec READ/WRITE Control Width 250 200 ns

*DW Data In to WRITE Set Up Time 150 100 ns

t\WD Data In Hold Time After WRITE ns

*RV Recovery Time Between Controls 300 200 ns

*WP WRITE to Port Output 400 300 ns

tpR Port Input Setup Time 70 50 ns

tRP Port Input Hold Time 50 10 ns

tSBF Strobe to Buffer Full 400 300 ns

tss Strobe Width 200 150 ns

*RBE R EAD to Buffer Empty 400 300 ns

tsi Strobe to INTR On 400 300 ns

tRDI READ to INTR Off 400 300 ns

tpss Port Setup Time to Strobe Strobe 50 ns

tPHS Port Hold Time After Strobe 120 100 ns

tSBE Strobe to Buffer Empty 400 300 ns

tWBF WRITE to Buffer Full 400 300 ns

twi WRITE to INTR Off 400 300 ns

tTL TIMER-IN to TIMER-OUT Low 400 300 ns

tTH TIMER-IN to TIMER-OUT High 400 300 ns

*RDE Data Bus Enable from READ Control 10 10 ns

^1 TIMER-IN Low Time 80 40 ns

t2 TIMER-IN High Time 120 70
ns
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WAVEFORMS

a. Read Cycle

CE (8155)

OR

CE (8156) 7
X
X

7
X

7 \

X
7

£ X
>

—

q;

\ 7

b. Write Cycle

CE (8155)

OR

CE (8156)

\
7
\
s:

7
x

7

X
7

£ X
:cn X

7
\ 7

Figure 12. 8155/8156 Read/Write Timing Diagrams

6-78



8155/81 56/81 55-2/8156-2

a. Strobed Input Mode

INPUT DATA
FROM PORT

\Z^~N
/

X

\

\
\AJ

b. Strobed Output Mode

OUTPUT DATA
TO PORT

Figure 13. Strobed I/O Timing
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a. Basic Input Mode

X
IDC

\ /

X

b. Basic Output Mode

N /

DATA BUS TIMING IS SHOWN IN FIGURE 7.

Figure 14. Basic I/O Timing Waveform

•wp-

"".-jx z>c:r:

>:

LOAD COUNTER FROM CLR
I 2 I

TIMER OUT
(SQUARE WAVE)

NOTE 1: THE TIMER OUTPUT IS PERIODIC IF IN AN AUTOMATIC
RELOAD MODE (M

1
MODE BIT= 1)

Figure 15. Timer Output Waveform Countdown from 5 to 1
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intel

8185V8185-2**

1024 x 8-BIT STATIC RAM FOR MCS-85

"Compatible with 8085A
"Compatible with 8085A-2

Multiplexed Address and Data Bus

Directly Compatible with 8085A
Microprocessor

Low Operating Power Dissipation

Low Standby Power Dissipation

Single +5V Supply

High Density 18-Pin Package

The Intel® 8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-bits using N-channel

Silicon-Gate MOS technology. The multiplexed address and data bus allows the 8185 to interface directly to the 8085A

microprocessor to provide a maximum level of system integration

The low standby power dissipation minimizes system power requirements when the 8185 is disabled.

The 8185-2 is a high-speed selected version of the 8185.

PIN CONFIGURATION BLOCK DIAGRAM

ADoC

AD,r:

ad2 [:

AD 3 C
AD4 £

ADsC
AD6 [I

AD7 [ 8 11

VssC 9

D vcc

3 RD

3 WR

3 ALE

J cs

D CE2

PIN NAMES

AD -AD7 ADDRESS/DATA LINES

A8 . A9 ADDRESS LINES

CS CHIP SELECT
CE

1
CHIP ENABLE IIO/M)

CE 2
CHIP ENABLE

ALE ADDRESS LATCH ENABLE
RD READ ENABLE
WR WRITE ENABLE

AD -AD7
A
y

DATA
BUS

BUFFER

RAM
MEMORY
ARRAY

X-Y DECODE

V

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.

O INTEL CORPORATION, 1979
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OPERATIONAL DESCRIPTION
The 8185 has been designed to provide for direct interface

to the multiplexed bus structure and bus timing of the

8085A microprocessor.

At the beginning of an 8185 memory access cycle^Jhe 8-

bit address on ADo-7, Ae and Ag, and the status of CEi and
CE2 are all latched internally in the 8185 by the falling edge
of ALE. If the latched status of both CEi and CE2 are

actiyjMhe 81 85 powers itself up, but no action occurs until

the CS line goes low and the appropriate RD orWR control

signal input is activated.

The CS input is not latched by the 8185 in order to allow

the maximum amount of time for address decoding in

selecting the 8185 chip. Maximum power consumption
savings will occur, however, only when CEi and CE2 are

activated selectively to power down the 81 85 when it is not

in use. A possible connection would be to wire the 8085A's
IO/M line to the 8185's CEi input, thereby keeping the

8185 powered down during I/O and interrupt cycles.

TABLE 1.

TRUTH TABLE FOR
POWER DOWN AND FUNCTION ENABLE

c^ CE2 CS (CS*)l 2
l 8185 Status

1 X X Power Down and
Function Disable^]

X X Power Down and

Function Disables

]

1 1 Powered Up and
Function Disablefi]

1 1 Powered Up and
Enabled

Notes:

X: Don't Care.

1: Function Disable implies Data Bus in high impedance state

and not writing.

2: CS* = (CEi = 0) • (CE2 = 1 ) . (CS = 0)

CS* = 1 signifies all chip enables and chip select active

TABLE 2.

TRUTH TABLE FOR
CONTROL AND DATA BUS PIN STATUS

(CS*) RD WR
AD _7 During Data
Portion of Cycle 8185 Function

X X Hi-Impedance No Function

1 1 Data from Memory Read

1 1 Data to Memory Write

1 1 1 Hi-Impedance Reading, but not

Driving Data Bus

Note:

X: Don't Care.

HDh,
TRAP

RST7.5

RST6.5

RST5.5

INTR

TNTA

8085A

HOLD

HLDA

SOD

SID

RESET ,.

ADDR/ JDUT
ADDR DATA ALE RD WR IO/M RDY CLK

7\

C

c

c

00

PORT

'8156 B

IO/M TIMER

o C <. Et OUT

<x>

;> 8355/
8755A

DATA/
ADDR

IO/M pQR

RESET

RDY

CLK

<^

<x>

mr
VSS Vcc VDD PROG

>

'8185
ALE

CS, CE 2

As. AQ

Figure 1. 8185 in an MCS-85 System.

4 Chips:

2K Bytes ROM
1.25K Bytes RAM
38 I/O Lines

1 Counter/Timer

2 Serial I/O Lines

5 Interrupt Inputs
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8185/8185-2

ABSOLUTE MAXIMUM RATINGS*
Temperature Under Bias 0°Cto+70°C
Storage Temperature -65°C to +150°C
Voltage on Any Pin

with Respect to Ground -0.5V to +7V
Power Dissipation 1 .5W

'COMMENT
Stresses above those listed under "Absolute Maximum Ratings" may cause
permanent damage to the device. This is a stress rating only and functional

operation of the device at these or any other conditions above those

indicated in the operational sections of this specification is not implied.

Exposure to absolute maximum rating conditions for extended periods

may affect device reliability.

D.C. CHARACTERISTICS (TA = o°c to 70°C; vCc = sv ± 5%)

Symbol Parameter Min. Max. Units Test Conditions

V|L Input Low Voltage -0.5 0.8 V

VlH Input High Voltage 2.0 Vcc+0.5 V

Vol Output Low Voltage 0.45 V Iol = 2mA

Voh Output High Voltage 2.4 IOH = 400^A

IlL Input Leakage ±10 MA Vin = Vcc to 0V

lLO Output Leakage Current ±10 MA 0.45V < Vout < Vcc

Ice Vcc Supply Current

Powered Up
Powered Down

100 mA
25 mA

A.C. CHARACTERISTICS (TA = o°c to 70°c
;
vCc = sv ± 5%)

Parameter [11

8185
Preliminary

8185-2

Preliminary

Symbol Min. Max. Min. Max. Units

tAL Address to Latch Set Up Time 50 30 ns

t|_A Address Hold Time After L.atch 80 30 ns

tLC Latch to READ/WRITE Control 100 40 ns

tRD Valid Data Out Delay from READ Control 170 140 ns

tLD ALE to Data Out Valid 300 200 ns

tLL Latch Enable Width 100 70 ns

tRDF Data Bus Float After READ 100 80 ns

tCL READ/WRITE Control to Latch Enable 20 10 ns

tec READ/WRITE Control Width 250 200 ns

tDW Data In to WRITE Set Up Time 150 150 ns

tWD Data In Hold Time After WRITE 20 20 ns

tsc Chip Select Set Up to Control Line 10 10 ns

tcs Chip Select Hold Time After Control 10 10 ns

tALCE Chip Enable Set Up to ALE Falling 30 10 ns

tLACE Chip Enable Hold Time After ALE 50 30 ns

Notes:

1 . All AC parameters are referenced at

a) 2.4V and .45V for inputs

b) 2.0V and .8V for outputs.
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8185/8185-2

(CEt'O).

(CE2-1)

AD0-AD7
(A8 ,A9 )

/

X

% /

\ f

:(H)3){0
V ADDRESS Y V WP

r\w
\

X
/ t

\

/
(READCYCLEI

(WRITE CYCLE)

X

Figure 2. 8185 Timing.
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MCS-48 COMPATIBLE COMPONENTS

2101A-4 1024 Bit Static MOS RAM With

Separate I/O 7-1

21 1 1 A-4 1 024 Bit Static MOS RAM With

Common I/O 7-5

2316E 16,384 Bit Static MOS ROM 7-9

2708 8192 1K x 8 EPROM 7-13

2716 16K UV Erasable PROM 7-16

5101 1024 Bit Static CMOS RAM 7-21

8205 High Speed 1 Out of 8 Binary Decoder 7-25

8212 Eight-Bit Input/Output Port 7-31

8214 Priority Interrupt Control Unit 7-41

8216/8226 4-Bit Parallel Bi-Directional Bus Driver 7-45



iny
2101A

256 X 4 BIT STATIC RAM
2101A-2 250 ns Max.

2101A 350 ns Max.

2101A-4 450 ns Max.

256 x 4 Organization to Meet Needs for

Small System Memories

Single +5V Supply Voltage

Directly TTL Compatible: All Inputs and
Output

Statis MOS: No Clocks or Refreshing
Required

Simple Memory Expansion: Chip Enable
Input

Inputs Protected: All Inputs Have Pro-
tection Against Static Charge

Low Cost Packaging: 22 Pin Plastic Dual
In-Line Configuration

Low Power: Typically 150 mW
Three-State Output: OR-Tie Capability

Output Disable Provided for Ease of Use
in Common Data Bus Systems

The Intel® 2101 A is a 256 word by 4-bit static random access memory element using N-channel MOS devices integrated on a
monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. The data is

read out nondestructively and has the same polarity as the input data.

The 21 01A is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are
important design objectives.

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Two chip-enables allow easy selection of

an individual package when outputs are OR-tied. An output disable is provided so that data inputs and outputs can be tied for

common I/O systems. The output disable function eliminates the need for bi-directional logic in a common I/O system.

The Intel® 2101A is fabricated with N-channel silicon gate technology. This technology allows the design and production of

high performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either

conventional MOS technology or P-channel silicon gate technology.

Intel's silicon gate technology also provides excellent protection against contamination. This permits the use of low cost

plastic packaging

PIN CONFIGURATION LOGIC SYMBOL

Ao

A
1

DO,

A
2

A
3 D0

2

A
4

A
5

D0
3

A
6

A
7

D04

Dl,

Dl
?

OD

Dl
3

Dl
4

WE CE2 CE1

Y I T
PIN NAMES

DI,-DI4

A„-A
7

DATA INPUT CE
2

CHIP ENABLE 2

ADDRESS INPUTS OD OUTPUT DISABLE

WE WRITE ENABLE DO,-D04 DATA OUTPUT

CE, CHIP ENABLE 1 Vcc POWER (+5V)

BLOCK DIAGRAM

IHTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE Of ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED
© INTEL CORPORATION, 1979
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2101A FAMILY

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias -10°C to 80°C

Storage Temperature -65°C to +150°C

Voltage On Any Pin

With Respect to Ground -0.5V to +7V

Power Dissipation 1 Watt

"COMMENT:

Stresses above those listed under "Absolute Maximum
Rating 'may cause permanent damage to the device. This

is a stress rating only and functional operation of the de-

vice at these or at any other condition above those indi-

cated in the operational sections of this specification is

not implied. Exposure to absolute maximum rating con-

ditions for extended periods may affect device reliability.

D.C. AND OPERATING CHARACTERISTICS
TA = 0°C to 70°C, Vcc = 5V ±5% unless otherwise specified.

Symbol Parameter Min. TyP .

11 ' Max. Unit Test Conditions

I LI Input Current 1 10 MA V,N =0 to 5.25V

'loh Data Output Leakage Current 1 10 ma Output Disabled, V ut=4-°V

•lol Data Output Leakage Current -1 -10 ma Output Disabled, VOuT=0.45V

cci Power Supply 2101A. 2101A-4 35 55 mA V, N = 5.25V, l = 0mA
Current 2101A-2 45 65 TA = 25°C

'CC2 Power Supply 2101A, 2101A-4 60 mA V|N = 5.25V, l = 0mA
Current 2101A-2 70 TA = 0°C

V|L Input "Low" Voltage -0.5 +0.8 V

vIH Input "High" Voltage 2.0 Vcc V

Vol Output "Low" Voltage +0.45 V l 0L = 2.0mA

VOH Output "High" 2101A, 2101A-2 2.4 V Iqh = -200mA
voltage 2101A-4 2.4 V Ioh =-150mA

TYPICAL D.C. CHARACTERISTICS

OUTPUT SOURCE CURRENT VS.

OUTPUT VOLTAGE
OUTPUT SINK CURRENT VS.

OUTPUT VOLTAGE

AMBI ;ntteMPERA TURE

-25°C

70°C

OUTPU
75V
T "HIGH"TYPICAL

AMBI ENTTE MPERATURE 0°C^

^5°C

jy

70°C

Vcc=«
OUTPU

75V
T "LOVV'TYP CAL

V0H (VOLTS)

NOTES: 1 . Typical values are for TA = 25° C and nominal supply voltage.
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2101A FAMILY

A.C. CHARACTERISTICS FOR 2101A-2 (250 ns ACCESS TIME)
READ CYCLE TA = 0°C to 70°C, VCc = 5V ±5%, unless otherwise specified.

Symbol Parameter Min. x f ]

Typ. Max. Unit Test Conditions

tRC Read Cycle 250 ns

tA Access Time 250 ns t
r , t

f
= 20ns

tco Chip Enable To Output 180 ns Input Levels = 0.8V or 2.0V

tOD Output Disable To Output 130 ns Timing Reference = 1.5V

tDF [3] Data Output to High Z State 180 ns Load = 1 TTL Gate

tQH
Previous Read Data Valid

after change of Address
40 ns

and CL = 100pF.

WRITE CYCLE

Symbol Parameter Min. x Ml
Typ. Max. Unit Test Conditions

tWC Write Cycle 170 ns

tAW Write Delay 20 ns t
r , t

f
= 20ns

tew Chip Enable To Write 150 ns Input Levels = 0.8V or 2.0V

tow Data Setup 150 ns Timing Reference = 1.5V

tDH Data Hold ns Load = 1 TTL Gate

tW p Write Pulse 150 ns and CL = 100pF.

tWR Write Recovery ns

t DS Output Disable Setup 20 ns

[2]

CAPACITANCE ta = 25°c, f = 1 MHz

Symbol Test
Limits (pF)

Typ.lD Max.

CIN Input Capacitance

(All Input Pins) V,N = 0V
4 8

Qdut Output Capacitance Vqut = 0V 8 12

WAVEFORMS
READ CYCLE WRITE CYCLE

3RESS V

(COMMON I/O] l41

\' ADDRESS \(

\

/Z
\

:x

/

/
w -"— (COMMON I/O) '4 I

NOTES: 1. Typical values are for TA = 25° C and nominal supply voltage.

2. This parameter is periodically sampled and is not 100% tested.

3. top is with respect to the trailing edge of CE-|,CE2,
or OD, whichever occurs first.

)C

V

/

::nx

J

J

4. OD should be tied low for separate I/O operation.
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2101A FAMILY

2101A (350 ns ACCESS TIME)

A.C. CHARACTERISTICS
READ CYCLE TA = 0°C to 70°C, Vcc = 5V ±5%, unless otherwise specified.

Symbol Parameter Min. T t11
Typ. Max. Unit Test Conditions

tRC Read Cycle 350 ns

tA Access Time 350 ns t
r , t

f
= 20ns

tco Chip Enable To Output 240 ns
Input Levels = 0.8V or 2.0V

tfDD Output Disable To Output 180 ns
Timing Reference = 1.5V

tDF [2] Data Output to High Z State 150 ns Load = 1 TTL Gate

tQH
Previous Read Data Valid

after change of Address
40 ns

and C L - 100pF.

WRITE CYCLE

Symbol Parameter Min. Typ. Max. Unit Test Conditions

twc Write Cycle 220 ns

*AW Write Delay 20 ns t
r , t

f
= 20ns

tew Chip Enable To Write 200 ns Input Levels = 0.8V or 2.0V

tDW Data Setup 200 ns Timing Reference = 1.5V

tDH Data Hold ns Load = 1 TTL Gate

tWP Write Pulse 200 ns andC L = 100pF.

%R Write Recovery ns

^S Output Disable Setup 20 ns

2101A-4 (450 ns ACCESS TIME)

A.C. CHARACTERISTICS
READ CYCLE TA = 0°C to 70°C, Vcc = 5V ±5%, unless otr erwise specified.

Symbol Parameter Min. Typ. Max. Unit Test Conditions

tRC Read Cycle 450 ns

tA Access Time 450 ns t
r , t

f
= 20ns

tco Chip Enable To Output 310 ns Input Levels = 0.8V or 2.0V

lOD Output Disable To Output 250 ns Timing Reference = 1.5V

tDF I2J Data Output to High Z State 200 ns Load = 1 TTL Gate

tQH
Previous Read Data Valid

after change of Address
40 ns

and C L = 100pF.

WRITE CYCLE

Symbol Parameter Min. T [11
Typ. Max. Unit Test Conditions

lWC Write Cycle 270 ns

tAW Write Delay 20 ns t
r , t

f
= 20ns

tew Chip Enable To Write 250 ns Input Levels = 0.8V or 2.0V

tDW Data Setup 250 ns Timing Reference = 1.5V

tDH Data Hold ns Load = 1 TTL Gate

tWP Write Pulse 250 ns and C L = 100pF.

tWR Write Recovery ns

tDS Output Disable Setup 20 ns

NOTES: 1 . Typical values are for TA = 25° C and nomina[ supply voltage.

2. tQF is with respect to the trailing edge of CEi , CE2, or OD, whichever occurs first.
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inur

2111A
256 x 4 BIT STATIC RAM

2111A-2 250 ns Max.

2111A 350 ns Max.

2111A-4 450 ns Max.

Common Data Input and Output

Single +5V Supply Voltage

Directly TTL Compatible: All Inputs and
Output

Static MOS: No Clocks or Refreshing
Required

Simple Memory Expansion: Chip Enable
Input

Fully Decoded: On Chip Address
Decode

Inputs Protected: All Inputs Have Pro-
tection Against Static Charge

Low Cost Packaging: 18 Pin Plastic Dual
In-Line Configuration

Low Power: Typically 150 mW
Three-State Output: OR-Tie Capability

The Intel® 21 1 1 A is a 256 word by 4-bit static random access memory element using N-channel MOS devices integrated on a

monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. The data is

read out nondestructively and has the same polarity as the input data. Common input/output pins are provided.

The 2111A is designed for memory applications in small systems where high performance, low cost, large bit storage, and
simple interfacing are important design objectives.

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Separate chip enable (CE) leads allow

easy selection of an individual package when outputs are OR-tied.

The Intel® 21 1 1 A is fabricated with N-channel silicon gate technology. This technology allows the design and production of

high performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either

conventional MOS technology or P-channel silicon gate technology.

Intel's silicon gate technology also provides excellent protection against contamination. This permits the use of low cost

plastic packaging.

PIN CONFIGURATION LOGIC SYMBOL

a 3 [Z 1

A 2 [Z

Ao[Z

A 5C
A 6 (Z 6

A7[Z

GND
|

Vcc

Z1a4

Ir/w

Z]CE,

Z]l/04

Z]i/o 3

I] I/O,

ZJCEj

PIN NAMES

A -A 7 ADDRESS INPUTS

OD OUTPUT DISABLE

I R/W READ/WRITE INPUT

CHIP ENABLE 1 '

CE 2 CHIP ENABLE 2

l/O-t-l/04 DATA INPUT/OUTPUT :

BLOCK DIAGRAM

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED
O INTEL CORPORATION, 1979
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2111A FAMILY

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias -10°Cto 80°C

Storage Temperature -65°C to +150°C

Voltage On Any Pin

With Respect to Ground -0.5V to +7V

Power Dissipation 1 Watt

*COMMENT:

Stresses above those listed under "Absolute Maximum
Rating' may cause permanent damage to the device. This

is a stress rating only and functional operation of the de-

vice at these or at any other condition above those indi-

cated in the operational sections of this specification is

not implied. Exposure to absolute maximum rating con-

ditions for extended periods may affect device reliability.

D.C. AND OPERATING CHARACTERISTICS
Ta = C to 70°C, Vrjc = 5V ±5% , unless otherwise specified.

Symbol Parameter Min. Typ.tU Max. Unit Test Conditions

"LI Input Load Current 1 10 MA V| N = to 5.25V

'loh I/O Leakage Current 1 10 //A Output Disabled, V|/Q = 4.0V

lol I/O Leakage Current -1 -10 MA Output Disabled, V|/o =0.45V

cci Power Supply 21 11 A, 21 11A-4 35 55
mA

V|N = 5.25V

Current 2111A-2 45 65 l|/0 = 0mA, TA = 25°C

'CC2 Power Supply 21 11 A, 211 1A-4 60
mA

V,N = 5.25V

Current 2111A-2 70 l|/O = 0mA, TA = 0°C

V|L Input Low Voltage -0.5 0.8 V

V|H Input High Voltage 2.0 Vcc V

Vol Output Low Voltage 0.45 V l0L = 2.0mA

VqH
Output High 21 11 A, 211 1A-2 2.4 V Iqh = -200/iA

Voltage 2111A-4 2.4 V IOH =-150mA

OUTPUT SOURCE CURRENT VS.

OUTPUT VOLTAGE
OUTPUT SINK CURRENT VS.

OUTPUT VOLTAGE
!

I

j

AMBIENT TE

\ \VL—-"i~ 26°c

\ vt —-*- 70°c

I

MPERATURE

\\ Vcc - 4.75V

\\ OUTPUT "HIGH" TYPICAL

" ^J t

NOTE: 1. Typical values are for TA = 25° C and nominal supply voltage.
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2111A FAMILY

A.C. CHARACTERISTICS FOR 2111A-2 (250 ns ACCESS TIME)

READ CYCLE TA = 0°C to 70°C, Vcc = 5V ±5%, unless otherwise specified.

Symbol Parameter Min. T [11
Typ. Max. Unit Test Conditions

tRC Read Cycle 250 ns

tA Access Time 250 ns t
r , tf = 20ns

tco Chip Enable To Output 180 ns Input Levels = 0.8V or 2.0V

tOD Output Disable To Output 130 ns Timing Reference = 1.5V

tDF I3J Data Output to High Z State 180 ns Load = 1 TTL Gate

tfJH
Previous Read Data Valid

after change of Address
40 ns

and C|_- 100pF.

WRITE CYCLE

Symbol Parameter Min. T t1]
Typ. Max. Unit Test Conditions

twc Write Cycle 170 ns

Uw Write Delay 20 ns t
r , tf

= 20ns

tew Chip Enable To Write 150 ns Input Levels = 0.8V or 2.0V

tow Data Setup 150 ns Timing Reference = 1.5V

*DH Data Hold ns Load = 1 TTL Gate

tWP Write Pulse 150 ns andCL = 100pF.

tWR Write Recovery ns

tos Output Disable Setup 20 ns

[2]

CAPACITANCE ta = 25°c,f = 1MHz

Symbol Test
Limits (pF)

TypJH Max.

CIN Input Capacitance

(All Input Pins) V,N = 0V
4 8

C|/0 I/O Capacitance V|/D = 0V 10 15

WAVEFORMS
READ CYCLE WRITE CYCLE

IX
CHIP
ENABLES
(CTJ.CE5)

:x

)C
/i

IX
CHIP
ENABLES
(CE,.CE

2 )

OUTPUT
DISABLE_J

y

«DS

::t:iDK+-•

•wc

)C

\

/

)c:

/ -HVB-

NOTES: 1. Typical values are for TA = 25°C and nominal supply voltage.

2. This parameter is periodically sampled and is not 100% tested.

3. tQF 'S with respect to the trailing edge of CEi , CE2, or OD, whichever occurs first.
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2111A FAMILY

2111A (350 ns ACCESS TIME)

A.C. CHARACTERISTICS
READ CYCLE TA = 0°C to 70°C, Vcc = 5V ±5%, unless otherwise specified.

Symbol Parameter Min. T [1)
Typ. Max. Unit Test Conditions

lRC Read Cycle 350 ns

tA Access Time 350 ns t
r , t

f
= 20ns

tCO Chip Enable To Output 240 ns Input Levels = 0.8V or 2.0V

tfJD Output Disable To Output 180 ns
Timing Reference = 1.5V

tDF [2l Data Output to High Z State 150 ns
Load = 1 TTL Gate

tQH
Previous Read Data Valid

after change of Address
40 ns

and CL - 100pF.

WRITE CYCLE

Symbol Parameter Min. Typ. Max. Unit Test Conditions

%c Write Cycle 220 ns

tAW Write Delay 20 ns
t
r , t

f
- 20ns

tew Chip Enable To Write 200 ns
Input Levels = 0.8V or 2.0V

tDW Data Setup 200 ns
Timing Reference - 1.5V

Load - 1 TTL Gate

and CL = 100pF.
lDH Data Hold ns

tW P Write Pulse 200 ns

tWR Write Recovery ns

t DS Output Disable Setup 20 ns

2111A-4 (450 ns ACCESS TIME)

A.C. CHARACTERISTICS
READ CYCLE TA = 0°C to 70°C, VCc = 5V ±5%, unless otherwise specified.

Symbol Parameter Min. Typ. Max. Unit Test Conditions

tRC Read Cycle 450 ns

tA Access Time 450 ns
t
r , tf

= 20ns

tco Chip Enable To Output 310 ns
Input Levels = 0.8V or 2.0V

tOD Output Disable To Output 250 ns
Timing Reference - 1.5V

tDF I 2 ' Data Output to High Z State 200 ns
Load - 1 TTL Gate

and CL
= 100pF.

tQH
Previous Read Data Valid

after change of Address
40 ns

WRITE CYCLE

Symbol Parameter Min. Typ. Max. Unit Test Conditions

twe Write Cycle 270 ns

tAW Write Delay 20 ns
t
r , tf - 20ns

tew Chip Enable To Write 250 ns
Input Levels = 0.8V or 2.0V

tow Data Setup 250 ns
Timing Reference - 1.5V

Load = 1 TTL Gate

and CL = 100pF.
*DH Data Hold ns

tW P Write Pulse 250 ns

twR Write Recovery ns

t DS Output Disable Setup 20 ns

NOTES: 1 . Typical values are for TA = 25°C and nominal supply voltage.

2. tQF is witn respect to the trailing edge of CEi , CE2, or OD, whichever occurs first.
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intel

2316E

16K(2Kx8) ROM

Fast Access Time— 450 ns Max.

Single +5V±10% Power Supply

Intel MCS 80 and 85 Compatible

Three Programmable Chip

Selects for Simple Memory
Expansion and System Interface

- EPROM/ROM Pin Compatible for

Cost-Effective System
Development

Completly Static Operation

Inputs and Outputs TTL
Compatible

Three-State Output for Direct

Bus Interface

The Intel® 2316E is a 16,384-bit static, N-channel MOS read only memory (ROM) organized as 2048 words by 8 bits. Its

high bit density is ideal for large, non-volatile data storage applications such as program storage. The three-state outputs and

TTL input/output levels allow for direct interface with common system bus structures. The 2316E single +5V power supply

and 450 ns access time are both ideal for usage with high performance microcomputers such as the Intel MCS™ -80 and

MCS™ -85 devices.

A cost-effective system development program may be implemented by using the pin compatible Intel 2716 16K UV
EPROM for prototyping and the lower cost 2616 PROM and 2316E ROM for production. The three 2316E programmable
chip selects may be defined by the user and are fixed during the masking process. To simplify the conversion from
2716 prototyping to 2316E production, it is recommended that the 2316E programmable chip select logic levels be
defined the same as that shown in the below data sheet pin configuration. This pin configuration and these chip select

logic levels are the same as the 2716.

PIN CONFIGURATION

A, C 1
^"^ 24 3 v t(

A6 C 2 23 3 A8

AbC 3 22 J A9

A4 C 4 21 3 cs 3

A3C 20 3 csi

*?c 6 19 D A,

AlC 7 18 3 cs 2

A() C 8 3 U,

l>0 C 9 16 3 I>6

«iC 10 15 3 "!,

»?c 11 14 3 U4

i;nuC 12 13 3 03

PIN NAMES
Ao A10 ADDRESS INPUTS

D7-D0 DATA OUTPUTS

CSl CS3 CHIP SELECT INPUTS

BLOCK DIAGRAM

Do Dl D 2 D3 04 D5 D6 D7

OUTPUT BUl T t HS

IT
DtCODf K 1 OF 16 . I

t t

id TH4 HI 1

111 "A1RD

i_i_t

CHIP

SELECT
PROG

t t t

SELECT
INPUT

3Uf f ERS

IHTa CORPORATION ASSUMES NO RESPONSBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED
© INTEL CORPORATION, 1979 7_g



2316E

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias -10°C to 80°C

Storage Temperature -65°C to +150°C

Voltage On Any Pin With Respect

to Ground -0.5V to +7V
Power Dissipation 1 .0 Watt

'COMMENT: Stresses above those listed under "Absolute Maxi-

mum Ratings" may cause permanent damage to the device. This is a

stress rating only and functional operation of the device at these or

at any other conditions above those indicated in the operational

sections of this specification is not implied. Exposure to absolute

maximum rating conditions for extended periods may affect device

reliability.

D.C. AND OPERATING CHARACTERISTICS

TA = 0°C to +70°C, Vcc = 5V ±10%, unless otherwise specified.

SYMBOL PARAMETER
LIMITS

UNIT TEST CONDITIONS
MIN. TYP.< 1 » MAX.

I LI Input Load Current

(All Input Pins)

10 HA V|N = to 5.25V

'loh Output Leakage Current 10 JiA Chip Deselected, Vout = 40v

•lol Output Leakage Current -20 MA Chip Deselected, V ut = 0.4V

•cc Power Supply Current 70 120 mA All Inputs 5.25V Data Out Open

V|L Input "Low" Voltage -0.5 0.8 V

V|H Input "High" Voltage 2.4 VCC+1.0V V

Vol Output "Low" Voltage 0.4 V I l = 2.1 mA

V H Output "High" Voltage 2.4 V Iqh =-400/iA

NOTE: 1 . Typical values for TA = 25°C and nominal supply voltage.

A.C. CHARACTERISTICS

TA = 0°C to +70°C, Vcc = +5V ±10%, unless otherwise specified.

SYMBOL PARAMETER
LIMITS

UNIT
MIN. MAX.

tA Address to Output Delay Time 450 ns

*CO Chip Select to Output Enable Delay Time 120 ns

tDF Chip Deselect to Output Data Float Delay Time 10 100 ns

CONDITIONS OF TEST FOR
A.C. CHARACTERISTICS

Output Load 1 TTL Gate and C L = 100 pF

Input Pulse Levels 0.8 to 2.4V

Input Pulse Rise and Fall Times (10% to 90%) 20 ns

Timing Measurement Reference Level

Input 1V and 2.2V

Output 0.8V and 2.0V

:(2)CAPACITANCE*' TA = 25°C, f = 1 MHz

SYMBOL TEST
LIMITS

TYP. MAX.

Cin All Pins Except Pin Under

Test Tied to AC Ground

5pF 10 pF

Cout All Pins Except Pin Under

Test Tied to AC Ground

10 pF 15pF

NOTE: 2. This parameter is periodically sampled and is not 100%
tested.
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A.C. Waveforms

OUTPUT VALID

Typical System Application (8K x 8 ROM Memory)

ADDRESS BUS

MCS80
SYSTEM
BUS

CONTROL BUS

Al2 /' /' An

CHIP
SELECT
DECODER
(INTEL
8206)

<3 CSi

a csl

CS3

-~C CS2

CS3

7\

\Z
CS2

CS3

XT
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iny 2708
8K AND 4K UV ERASABLE PROM

Max. Power Max. Access Organization

2708 800 mW 450 ns 1Kx8

2708L 425 mW 450 ns 1Kx8

2708-1 800 mW 350 ns 1Kx8

2704 800 mW 450 ns 512x8

Low Power Dissipation — 425 mW
Max. (2708L)

Fast Access Time — 350 ns Max.
(2708-1)

Static — No Clocks Required

Data Inputs and Outputs TTL
Compatible during both Read and
Program Modes

Three-State Outputs — OR-Tie
Capability

The Intel" 2708 is a 8192-bit ultraviolet light erasable and electrically reprogrammable EPROM, ideally suited where

fast turnaround and pattern experimentation are important requirements. All data inputs and outputs are TTL com-
patible during both the read and program modes. The outputs are three-state, allowing direct interface with common
system bus structures.

The 2708L at 425 mW is available for systems requiring lower power dissipation than from the 2708. A power
dissipation savings of over 50%, without any sacrifice in speed, is obtained with the 2708L. The 2708L has high input

noise immunity and is specified at 10% power supply tolerance. A high-speed 2708-1 is also available at 350 ns for

microprocessors requiring fast access times. For smaller size systems there is the 4096-bit 2704 which is organized as

512 words by 8 bits. All these devices have the same programming and erasing specifications of the 2708. The 2704

electrical specifications are the same as the 2708.

The 2708 family is fabricated with the N-channel silicon gate FAMOS technology and is available in a 24-pin dual in-line

package.

PI IM CONFIGURATION BLOCK DIAGRAM

A?C 1

A([!

As[3

A4C 4

A3C 5

A*C 6

AiQ 7

(LSB) AoC 8

(LSB) Oo C 9

Old 10

O? C 11

'*sC 12

3*>

3 A9 ' 1 '

[]cS/WE

3*00

3 PROGRAM

3 °7 (MSB!

3 °6

Ho5

3 04

D03

DATA OUTPUT
O0-O7

I

NOTE 1: PIN 22 MUST BE CONNECTED
TO VSS FOR THE 2704.

PIN NAMES

cs/vv
CHIP SELECT
LOGIC OUTPUT BUFFERS

>
—

*

DECODER v GATING
A3

X
DECODER

64 X 128

ROM ARRAY

INPUTS

A
6 T

A 7

A

A0-A9 ADDRESS INPUTS

Oi-0» DATA OUTPUTS/INPUTS

C5/WE CHIP SELECT/WRITE ENABLE INPUT

PIN CONNECTION DURING READ OR PROGRAM
PIN NUMBER

1

ADDRESS 1

DATA I/O INPUTS

9 11, 18. VSs PROGRAM vD0 CS/WE vBB Vcc
MODE 13 17 22. 23 12 18 19 20 21 24

I READ Dout Ain GND GND +12 VlL -5 +5

DESELECT HIGH IMPEDANCE DON'T CARE GND GND +12 V|H -5 +5

1

PROGRAM

i

Din Ain GND
1

1

PULSED

26V

+12 V|HW -5 +5

SlStttcoSoSJnwwra
"° RESroHSBIllTYmm "* "m C"CU,TR,' OTHER ™*N CRCUITRV lmxm m AN INTEL PR0DUCT

'
n° oiher ci«cu|t p«ent licenses are implied.
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2708 FAMILY

PROGRAMMING
The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section.

Absolute Maximum Ratings*

Temperature Under Bias -25°C to +85°C -COMMENT

Storage Temperature -65 C to +125 C Stressesabove those listed under "Absolute Maximum

VDD With Respect to VBB +20V to -0.3V Ratings" may cause permanent damage to the device.

Vcc and Vss With Respect to VBB +15V to -0.3V This IS a s,ress ra,in9 on,v and functional operation

... . _ of the device at these or any other conditions above
All Input or Output Voltages With Respect .. . , . ,. „„„ „-„„„i r^,,nn . n , th ,r r- 3 i those indicated in the operational sections ot this

to VBB During Read +15V to -0.3V specification is not implied. Exposure to absolute

CS/WE Input With Respect to VBB maximum ratingconditionsfor extended periods may

During Programming +20V to -0.3V affect device reliability.

Program Input With Respect to VBB +35V to -0 3V

Power Dissipation 1.5W

DC and AC Operating Conditions During Read

2708 2708-1 2708 L

Temperature Range 0°C - 70°C 0°C - 70°C 0°C - 70°C

Vcc Power Supply 5V + 5% 5V ± 5% 5V± 10%

VDD Power Supply 12V ±5% 12V ± 5% 1 2V ± 1 0%

Vbb Power Supply -5V ± 5% -5V ± 5% -5V ± 1 0%

READ OPERATION
D.C. and Operating Characteristics

Parameter

2708. 2708-1 L imits 2708L Limits

UnitsSymbol

Mm. TVP.'
21

Max. Min. Tvp.
12 ' Max.

Test Conditions

'LI AddTess and Chip Select Input Sink Current 1 10 1 10 mA V| N = 5.25V or V|N = V| L

"LO Output Leakage Current 1 10 1 10 mA vOUT = 5.5V, CS/WE = 5V

lDDi3] VDD Supply Current 50 65 21 28 mA Worst Case Supply Currents'

ICCl3) Vcc Supply Current 6 10 2 4 mA All Inputs High;

lBBl3I Vbb Supply Current 30 45 10 14 mA CS/WE = 5V;TA = 0°C

VlL Input Low Voltage vss 0.65 vss 0.65 V

V|H Input High Voltage 3.0 VCC+ 1 2.2 VCC+ 1 V

Output Low Voltage 0.45 0.4 V
l 0L - 1.6mA (2708, 2708-1)

vOL
l0L = 2mA (2708L)

VOH1 Output High Voltage 3.7 3.7 V Iqh =-100»iA

vOH2 Output High Voltage 2.4 2.4 V lOH = -1 mA

Power Dissipation

800 325 mW TA = 70°C

PD 425 mW TA = 0°C

1. Vbb musT oe applied prior to Vcc and V DD- V BB must also De the last power supply switched off

2. Typical values are for T^ = 25°C and nominal supply voltages.

3. The total power disiipation is not calculated by summing the various currents Odd- 'CC- anc* 'BB* multiplied by their respective vol-

tages since current paths exist between the various power supplies and V§S- The IqD- 'CC- and 'BB currents should be used to deter-

mine power supply capacity only.

4. Iqq for the 2708L is specified in the programmed state and is 18 mA maximum in the unprogrammed state.

2708 L

RANGE OF SUPPLY CURRENTS
VS. TEMPERATURE

2708 AND 2708-1

RANGE OF SUPPLY CURRENTS
VS. TEMPERATURE

TA ro

ACCESS TIME VS. TEMPERATURE

1TTL LOAD 1(K of
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2708 FAMILY

A. C. Characteristics

Symbol Parameter
2708-1 Limits

Min. Typ. Max.

2708, 2708L, Limits

Min. Typ. Max.
Units

Ucc Address to Output Delay 280 350 280 450 ns

tco Chip Select to Output Delay 60 120 60 120 ns

tDF Chip Deselect to Output Float 120 120 ns

tfJH Address to Output Hold ns

CAPACITANCE 11
' TA = 25°C, f = 1 MH2

Symbol Parameter Typ. Max. Unit. Conditions

C|N Input Capacitance 4 6 pF V|N = ov

COUT Output Capacitance 8 12 PF Vqut = 0V

A.C. TEST CONDITIONS:

Output Load: 1 TTL gate and C L = 100 pF
Input Rise and Fall Times: <20 ns

Timing Measurement Reference Levels: 0.8V and

2.8V for inputs; 0.8V and 2.4V for outputs.

Input Pulse Levels: 0.65V to 3.0V

Note: 1. This parameter is periodically sampled and is not 100% tested.

Waveforms

x

DATA OUT INVALID

ERASURE CHARACTERISTICS form Intel which should be placed over the 2708 window
to prevent unintentional erasure.

The erasure characteristics of the 2708 family are such that

erasure begins to occur when exposed to light with wave-
lengths shorter than approximately 4000 Angstroms (A). It

should be noted that sunlight and certain types of fluores-

cent lamps have wavelengths in the 3000—4000A range.

Data show that constant exposure to room level fluores-

cent lighting could erase the typical device in approxi-

mately 3 years, while it would take approximately 1 week
to cause erasure when exposed to direct sunlight. If the

2708 is to be exposed to these types of lighting conditions
for extended periods of time, opaque labels are available

The recommended erasure procedure (see Data Catalog

PROM/ROM Programming Instructions Section) for the

2708 family is exposure to shortwave ultraviolet light

which has a wavelength of 2537 Angstroms (A). The inte-

grated dose (i.e., UV intensity X exposure time) for erasure

should be a minimum of 15 W-sec/cm 2 . The erasure time

with this dosage is approximately 15 to 20 minutes using an

ultraviolet lamp with a 12000 /iW/cm 2 power rating. The
device should be placed within 1 inch of the lamp tubes

during erasure. Some lamps have a filter on their tubes

which should be removed before erasure.
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iny
2716

16K (2K x 8) UV ERASABLE PROM
Fast Access Time
— 350 ns Max. 2716-1

— 390 ns Max. 2716-2
— 450 ns Max. 2716

Single + 5V Power Supply

Low Power Dissipation

— 525 mW Max. Active Power
— 132 mW Max. Standby Power

Pin Compatible to Intel® 5V ROMs
(231 6E, 2332A, and 2364A) and 2732
EPROM

Simple Programming Requirements
Single Location Programming
Programs with One 50 ms Pulse

Inputs and Outputs TTL Compatible
during Read and Program

Completely Static

The Intel
5
' 2716 is a 16,384-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2716

operates from a single 5-volt power supply, has a static standby mode, and features fast single address location program-

ming. It makes designing with EPROMs faster, easier and more economical. For production quantities, the 2716 user can

convert rapidly to Intel's pin-for-pin compatible 16K ROM (the 2316E) or the new 32K and 64K ROMs (the 2332A and

2364A respectively).

The 2716, with its single 5-volt supply and with an access time up to 350 ns, is ideal for use with the newer high performance

+5V microprocessors such as Intel's 8085 and 8086. The 2716 is also the first EPROM with a static standby mode which

reduces the power dissipation without increasing access time. The maximum active power dissipation is 525 mW while the

maximum standby power dissipation is only 132 mW, a 75% savings.

The 2716 has the simplest and fastest method yet devised for programming EPROMs — single pulse TTL level programming.

No need for high voltage pulsing because all programming controls are handled by TTL signals. Program any location at any

time—either individually, sequentially or at random, with the 271 6's single address location programming. Total programming

time for all 1 6,384 bits is only 1 00 seconds.

PIN CONFIGURATION

2716 2732'

tRefer to 2732

data sheet for

specifications

PIN NAMES

A0- A10
ADDRESSES

CE/PGM CHIP ENABLE/PROGRAM

OE OUTPUT ENABLE

°0-°; OUTPUTS

MODE SELECTION

\-. PINS

MODE ^-.

CE/PGM

(18)

OE
(201

Vpp

121)

vcc
(24)

OUTPUTS
(9-11, 13-17)

Read V|L VlL +5 +5 DOUT

Standby V|H Don't Care +6 +5 High Z

Program Pulsed V| L to V|H V|H +25 +5 D|N

Program Verity VlL VlL +25 +5 DouT

Program Inhibit VlL V|H +25 +5 High Z

BLOCK DIAGRAM

OUTPUT ENABLE
CHIP ENABLE AND

PROG LOGIC

AO-Alb
ADDRESS
INPUTS

OUTPUT BUFFERS

INTEL CORPORATION ASSUMES NO RESP0NSBUTY FOR THE USE OF ANY CRCUTRY OTHER THAN CRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.

e INTEL CORPORATION, 1979
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2716

PROGRAMMING
The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section.

Absolute Maximum Ratings*

Temperature Under Bias -10°Cto+80°C
Storage Temperature -65°C to +125°C
All Input or Output Voltages with

Respect to Ground +6V to -0.3V
Vpp Supply Voltage with Respect

to Ground During Program +26.5V to -0.3V

*COMMENT: Stresses above those listed under "Absolute Maxi-

mum Ratings" may cause permanent damage to the device. This is a

stress rating only and functional operation of the device at these or

any other conditions above those indicated in the operational sec-

tions of this specification is not implied. Exposure to absolute

maximum rating conditions for extended periods may affect device

reliability.

DC and AC Operating Conditions During Read

2716 2716-1 2716-2

Temperature Range 0°C - 70°C 0°C - 70°C 0°C - 70°C

Vcc Power Supply 11 '21 5V ± 5% 5V±10% 5V ± 5%

Vpp Power Supply '2 ' v Cc vCc Vcc

READ OPERATION

D.C. and Operating Characteristics

Symbol Parameter
Limits

Unit Conditions
Min. Typ.

[31 Max.

Ili Input Load Current 10 MA V,N = 5.25V

Ilo Output Leakage Current 10 IJiA Vqut = 5.25V

Ippi [2] Vpp Current 5 mA V Pp
= 5.25V

icci
[2] Vcc Current (Standby) 10 25 mA CE = V, H ,OE = V 1L

l CC2
[2] Vqc Current (Active) 57 100 mA 0"E = CT = V, L

V, L Input Low Voltage -0.1 0.8 V

V,H Input High Voltage 2.0 Vcc+1 V

Vol Output Low Voltage 0.45 V l L
= 2 - 1 mA

Voh Output High Voltage 2.4 V I O h = -400juA

NOTES: 1. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.

2. Vpp may be connected directly to Vcc except during programming. The supply current would then be the sum of Ice ar,d I PP1

3. Typical values are for T/\ = 25°C and nominal supply voltages.

4. This parameter is only sampled and is not 100% tested.

Typical Characteristics

lCC CURRENT
vs.

TEMPERATURE

^
CC2 ACTIVE CURRENT

CE=V| L
Vrr=5V

- -

ICCI ST/1 NOBV
Cl-V
vcc

CURRENT
IH
SV

I
1

10 20 30 40 50 60 70 80

TEMPERATURE I CI

ACCESS TIME
vs.

CAPACITANCE

100 200 300 400 600 600 700 800

C L IpF)

7-17

ACCESS TIME
vs.

TEMPERATURE

600

500

vcc «5V

1 400

u

200

100

10 20 30 40 50 60 70 80

TEMPERATURE CO



2716

A.C. Characteristics

Symbol Parameter
2716 Limits 2716-1 Limits 2716-2 Limits

Unit
Test

ConditionsMin Typ Max [3]
Min Typ Max Min Typ Max

lACC Address to Output Delay 450 350 390 ns CE = OE = V|L

tCE CE to Output Delay 450 350 390 ns OE = V, L

*OE Output Enable to Output Delay 120 120 120 ns CE = V, L

tDF Output Enable High to Output Float 100 100 100 ns CE = V| L

tQH Output Hold from Addresses, CE or

OE Whichever Occurred First

ns CE = OE = V| L

Capacitance [4] TA = 25°C, f =
1 MHz

Symbol Parameter Typ. Max. Unit Conditions

C IN Input Capacitance 4 6 pF V|N = 0V

COUT Output Capacitance 8 12 pF VOUT = 0V

A. C. Waveforms [1.

ADDRESSES X ADDRESSES
VALID

«CE

\
[5]

[5]

OUTPUT «

A.C. Test Conditions:

Output Load: 1 TTL gate and C L = 100 pF

Input Rise and Fall Times: <20 ns

Input Pulse Levels: 0.8V to 2.2V

Timing Measurement Reference Level:

Inputs 1Vand2V
Outputs 0.8V and 2V

X

tQH

VALID OUTPUT

[6]

tDF

HIGH Z

NOTE: 1. VfjC m ust be applied simultaneously or before Vpp and removed simultaneously or after Vpp.

2. Vpp may be connected directly to Vqc except during programming. The supply current would then be the sum of \qq and lpp-|.

3. Typical values are for TA = 25°C and nominal supply voltages.

4. This parameter is only sampled and is not 100% tested.

5. OE may be delayed up to t/^CC _ lOE after tne fa |lin 9 edge of CE without impact on t^cc-

6. tQF is specified from OE or CE, whichever occurs first.

7-18



2716

TYPICAL 16K EPROM SYSTEM

• This scheme accomplished by using CE (PD) as the primary decode. OE (CS) is now controlled by previously unused
signal. RD now controls data on and off the bus by way of OE.

• A selected 2716 is available for systems which require CE access of less than 450 ns for decode network operation.

• The use of a PROM as a decoder allows for:

a) Compatibility with upward (and downward) memory expansion.

b) Easy assignment of ROM memory modules, compatible with PL/M modular software concepts.

8K, 16K, 32K, 64K 5V EPROM/ROM FAMILY
PRINTED CIRCUIT BOARD LAYOUT

GND <BN-*>i

+5 * •
|
CfO

4 Cl e COMPONENT SIDE

• o e o ©_ © © © © ©
00 0,02 03 011 4 05 6 7 CE2
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2716

ERASURE CHARACTERISTICS

The erasure characteristics of the 2716 are such that erasure

begins to occur when exposed to light with wavelengths

shorter than approximately 4000 Angstroms (A). It should

be noted that sunlight and certain types of fluorescent

lamps have wavelengths in the 3000—4000A range. Data

show that constant exposure to room level fluorescent

lighting could erase the typical 2716 in approximately 3

years, while it would take approximatley 1 week to cause

erasure when exposed to direct sunlight. If the 2716 is to

be exposed to these types of lighting conditions for ex-

tended periods of time, opaque labels are available from

Intel which should be placed over the 2716 window to

prevent unintentional erasure.

The recommended erasure procedure (see Data Catalog

PROM/ROM Programming Instruction Section) for the

2716 is exposure to shortwave ultraviolet light which has

a wavelength of 2537 Angstroms (A). The integrated dose

(i.e., UV intensity X exposure time) for erasure should be

a minimum of 15 W-sec/cm 2
. The erasure time with this

dosage is approximately 15 to 20 minutes using an ultra-

violet lamp with a 12000 juW/cm 2 power rating. The 2716
should be placed within 1 inch of the lamp tubes during

erasure. Some lamps have a filter on their tubes which

should be removed before erasure.

DEVICE OPERATION

The five modes of operation of the 2716 are listed in Table

I. It should be noted that all inputs for the five modesare at

TTL levels. The power supplies required are a +5V Vcc arid

a Vpp. The Vpp power supply must be at 25V during the

three programming modes, and must be at 5V in the other

two modes.

TABLE I. MODE SELECTION

\. PINS

MODE ^s.

CE/PGM

1181

OE
(201

Vpp

(21)

vcc
(241

OUTPUTS
(9 11. 13-171

Read VlL VlL +5 +5 DOUT
Standby V|H Don't Care +5 +5 High Z

Program Pulsed V| L to V| H V|H +25 +5 D|N

Program Verify V|L VlL +25 +5 DOUT
Program Inhibit VlL V|H +25 +5 High Z

READ MODE
The 2716 has two control functions, both of which must be

logically satisfied in order to obtain data at the outputs.

Chip Enable (CE) is the power control and should be used

for device selection. Output Enable (OE) is the output

control and should be used to gate data to the output

pins, independent of device selection. Assuming that
addresses are stable, address access time (t^cc) is equal to

the delay from CE to output (tCE ). Data is available at

the outputs 120_ns (toE> after the falling edge of OE,
assuming that CE has been low and addresses have been

stable for at least t^cc —
t-OE-

STANDBY MODE
The 2716 has a standby mode which reduces the active

power dissipation by 75%, from 525 mW to 132 mW. The

2716 is placed in the standby mode by applying a TTL high

signal to the CE input. When in standby mode, the outputs

are in a high impedence state, independent of the OE input.

OUTPUT OR-TIEING

Because 271 6's are usually used in larger memory arrays,

Intel has provided a 2 line control function that accomo-

dates this use of multiple memory connections. The two

line control function allows for:

a) the lowest possible memory power dissipation, and

b) complete assurance that output bus contention will

not occur.

To most efficiently use these two control lines, it is recom-

mended that CE (pin 18) be decoded and used as the

primary device selecting function, while OE (pin 20) be

made a common connection to all devices in the array and

connected to the READ line from the system control bus.

This assures that all deselected memory devices are in their

low power standby mode and that the output pins are only

active when data is desired from a particular memory
device.

PROGRAMMING

Initially, and after each erasure, all bits of the 2716 are in

the "1" state. Data is introduced by selectively program-

ming "0's" into the desired bit locations. Although only

"0's" will be programmed, both "1's" and "0's" can be

presented in the data word. The only way to change a
"0"

to a "1" is by ultraviolet light erasure.

The 2716 is in the programming mode when the Vpp power
supply is at 25V and OE is at V| H . The data to be pro-

grammed is applied 8 bits in parallel to the data output

pins. The levels required for the address and data inputs are

TTL.

When the address and data are stable, a 50 msec, active

high, TTL program pulse is applied to the CE/PGM input.

A program pulse must be applied at each address location

to be programmed. You can program any location at any

time — either individually, sequentially, or at random.

The program pulse has a maximum width of 55 msec. The

2716 must not be programmed with a DC signal applied to

the CE/PGM input.

Programming of multiple 2716s in parallel with the same

data can be easily accomplished due to the simplicity of

the programming requirements. Like inputs of the paral-

leled 2716s may be connected together when they are pro-

grammed with the same data. A high level TTL pulse

applied to the CE7PGM input programs the paralleled

2716s.

PROGRAM INHIBIT

Programming of multiple 2716s in parallel with different

data is also easily accomplished. Except for CE/PGM, all

like inputs (including OE) of the parallel 2716s may be

common. A TTL level program pulse applied to a 2716's

CE/PGM input_with VPP at 25V will program that 2716.

A low level CE/PGM input inhibits the other 2716 from

being programmed.

PROGRAM VERIFY

A verify should be performed on the programmed bits to

determine that they were correctly programmed. The verify

may be performed wth Vpp at 25V. Except during pro-

gramming and program verify, Vpp must be at 5V.
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5101 FAMILY

256 x 4 BIT STATIC CMOS RAM

P/N Typ. Current @ 2V

(MA)

Typ. Current @ 5V

(MA)

Max Access
(ns)

5101L 0.14 0.2 650
5101L-1 0.14 0.2 450
5101L-3 0.70 1.0 650

Single +5V Power Supply

Ideal for Battery

Operation (5101 L)

Directly TTL Compatible:

All Inputs and Outputs

Three-State Output

The Intel® 5101 is an ultra-low power 1024-bit (256 words X 4 bits) static RAM fabricated with an advanced ion-implanted

silicon gate CMOS technology. The device has two chip enable inputs. Minimum standby current is drawn by this device when
CE2 is at a low level. When deselected the 5101 draws from the single 5-volt supply only 10 microamps. This device is ideally

suited for low power applications where battery operation or battery backup for non-volatility are required.

The 5101 uses fully DC stable (static) circuitry; it is not necessary to pulse chip select for each address transition. The data is read

out non-destructively and has the same polarity as the input data. All inputs and outputs are directly TTL compatible. The 5101

has separate data input and data output terminals. An output disable function is provided so that the data inputs and outputs may
be wire OR-ed for use in common data I/O systems.

The 5101L has the additional feature of guaranteed data retention at a power supply voltage as low as 2.0 volts.

A pin compatible N-channel static RAM, the Intel® 2101 A, is also available for low cost applications where a 256 X 4 organiza-

tion is needed.

The Intel ion-implanted, silicon gate, Complementary MOS (CMOS) process allows the design and production of ultra-low power,

high performance memories.

PIN CONFIGURATION

*
3 CZ 1

A
2 [Z

A,

*0

As

A6

GND QZ

LOGIC SYMBOL

ZKc
21 Z] A4

20 fU R/W

ceT

OD

CE2

16 M DO,

15 ZD Dl„

14 IlDOj -

13 Z2 Dl3

12 Z2 D°
2

TRUTH TABLE

Ao

A,

A
7

A
3

Aa

A
5

A
6

A
7

Dl, DO

Dl
?

DO

Dl, DO
Dl

4 DO

OD

R/W CE2 CE1mr
CE, CE 2 OD R/W Din Output Mode

H X X X X HighZ Not Selected

X L X X X HighZ Not Selected

X X H H X HighZ Output Disabled

L H H L X HighZ Write

L H L L X OlN Write

L H L H X Dqut Read

BLOCK DIAGRAM

CELL ARRAY
32 ROWS

32 COLUMNS

©
~x>

COLUMN
A~BLE) SELECT

BUFFERS

oSt>*- ^=Cr
A5

A
6 A

7

©0©

- )S2 r.GN

—N^ODO,

L__^oD03

'-[>®odo4

O " PIN NUMBERS

Wia CORPORATION ASSUMES NO RESPONSBHITV FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY
e INTEL CORPORATION, 1979

EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
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5101 FAMILY

Absolute Maximum Ratings
*

Ambient Temperature Under Bias -10°C to 80°C

Storage Temperature -65°C to +150°C

Voltage On Any Pin

With Respect to Ground .... -0.3V to Vcc +0.3V

Maximum Power Supply Voltage +7.0V

Power Dissipation 1 Watt

D. C. and Operating Characteristics
TA = 0°C to 70° C, Vcc = 5V ±5% unless otherwise specified.

*COMMENT:

Stresses above those listed under "Absolute Maximum
Rating may cause permanent damage to the device. This

is a stress rating only and functional operation of the device

at these or at any other condition above those indicated in

the operational sections of this specification is not implied.

Exposure to absolute maximum rating conditions for ex-

tended periods may affect device reliability.

Symbol Parameter

5101 Land 5101 L-1

Limits

Min. TypJ 1
! Max.

5101L-3

Limits

Min. Typ.Ml Max. Units Test Conditions

l L2 [2] Input Current 5 5 nA

IIloI'2 ' Output Leakage Current 1 1 juA CE1=2.2V, V ut=
to VCC

'cci Operating Current 9 22 9 22 mA V IN=VCC/ Except

CE1 < 0.65V,

Outputs Open

'CC2 Operating Current 13 27 13 27 mA V| N =2.2V, Except

CET< 0.65V,

Outputs Open

"CCJ2 ! Standby Current 10 200 /uA CE2<0.2V,TA =

70° C

V|L Input Low Voltage -0.3 0.65 -0.3 0.65 V

V| H Input High Voltage 2.2 VCc 2.2 VCC V

Vol Output Low Voltage 0.4 0.4 V IO l=2.0 mA

Voh Output High Voltage 2.4 2.4 V IOh=-10 mA

Low Vcc Data Retention Characteristics (For 5101 L, 5101 L-1 and 5101 L-3) TA = 0°C to 70°

C

Symbol Parameter Min. Typ.m Max. Units Test Conditions

VDr Vcc f° r Data Retention 2.0 V

CE2<0.2V
'CCDR1 5101 L or 5101 L-1 Data Retention

Current

0.14 10 MA VDR =2.0V,

TA =70°C

'CCDR2 5101 L-3 Data Retention Current 0.70 200 ma VDR =2.0V,

TA=70°C

tCDR Chip Deselect to Data Retention Time ns

tR Operation Recovery Time tRC [3 ' ns

NOTES:

1

.

Typical values are TA = 25°C and nominal supply voltage.

2. Current through all inputs and outputs included in IcCL measurement.

3- tRC = Read Cycle Time.
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Low Vec Data Retention Waveform Typical IcCDR Vs. Temperature

SUPPLY

VOLTAGE (Vcc )

CHIP ENABLE (CE2)

® 4.75V

© VDR

® V,H

® 0.2V

I !

i

Vcc = 2V

Vw = 2V i

\S

i
j

i i

20 30 40 50

TEMPERATURE (°C)

A.C. Characteristics TA = 0°C to 70°C, VCC = 5V ±5%, unless otherwise specified.

READ CYCLE

Symbol Parameter

5101 L-1

Limits (ns)

Min. Max.

5101 Land

5101L-3

Limits (ns)

Min. Max.

tRC Read Cycle 450 650

tA Access Time 450 650

t-coi Chip Enable (CE 1) to Output 400 600

tC02 Chip Enable (CE 2) to Output 500 700

tOD Output Disable to Output 250 350

tDF Data Output to High Z State 130 150

tOH1 Previous Read Data Valid with

Respect to Address Change

tOH2 Previous Read Data Valid with

Respect to Chip Enable

WRITE CYCLE

t-wc Write Cycle 450 650

*AW Write Delay 130 150

tcwi Chip Enable (CE~1) to Write 350 550

T-CW2 Chip Enable (CE 2) to Write 350 550

tow Data Setup 250 400

t-DH Data Hold 50 100

t-WP Write Pulse 250 400

t-WR Write Recovery 50 50

*DS Output Disable Setup 130 150

A. C. CONDITIONS OF TEST

Input Pulse Levels: +0.65 Volt to 2.2 Volt

Input Pulse Rise and Fall Times: 20nsec

Timing Measurement Reference Level: 1.5 Volt

Output Load: 1 TTL Gate and C L - 100pF

NOTES: 1. Typical values are for TA = 25° C and nominal supply voltage.

2. This parameter is periodically sampled and is not 100% tested.

Capacitance
2

r 25 C, f = 1MHz

Symbol Test
Limits (pF)

Typ. Max.

C|N Input Capacitance

(All Input Pins) V, N = 0V
4 8

Cqut Output Capacitance Vqut = 0V 8 12

7-23



5101 FAMILY

Waveforms

READ CYCLE

ex

1
(COMMON I/O) 111 \

:x

WRITE CYCLE

y ADDRESS \f

X
ca
Jf

NOTES:

1

.

OD may be tied low for separate I/O operation.

2. During the write cycle, OD is "high" for common I/O and

"don't care" for separate I/O operation.

)C

\ /

~_4 )c:::::

7
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8205

HIGH SPEED 1 OUT OF 8 BINARY DECODER

I/O Port or Memory Selector

Simple Expansion— Enable Inputs

High Speed Schottky Bipolar

Technology— 18ns Max. Delay

Directly Compatible with TTL Logic
Circuits

Low Input Load Current— .25 mA
max., 1/6 Standard TTL Input Load

Minimum Line Reflection— Low
Voltage Diode Input Clamp

Outputs Sink 10 mA min.

16-Pin Dual-ln-Line Ceramic or

Plastic Package

The 8205 decoder can be used for expansion of systems which utilize input ports, output ports, and mem-
ory components with active low chip select input. When the 8205 is enabled, one of its eight outputs goes

"low", thus a single row of a memory system is selected. The 3 chip enable inputs on the 8205 allow easy

system expansion. For very large systems, 8205 decoders can be cascaded such that each decoder can drive

eight other decoders for arbitrary memory expansions.
®

The Intel 8205 is packaged in a standard 16 pin dual-in-line package; and its performance is specified over

the temperature range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to

obtain fast switching speeds results in higher performance than equivalent devices made with a gold diffu-

sion process.

PIN CONFIGURATION LOGIC SYMBOL

AoC 1 16 ^K
A, CI 2 15 Z]0

A 2 CZ 3 14 ZDo,

E,LI 4

8205

13 Z]o2

e 2 L_ 5 12 _Jo3

E 3 C= 6 11 Z]o4

o 7 (Z 7 10 Z]05

grd| 8 9 Z]o6

PIN NAMES

A A2 ADDRESS INPUTS

Ei E 3 ENABLE INPUTS
j

O O^ DECODED OUTPUTS

ADDRESS ENABLE OUTPUTS
A A, A 2 E, E 2 E 3 1 2 3 4 5 6 7

L L L L L H L H H H H H H H
H L L L L H H L H H H H H H
L H l_ L L H H H L H H H H H
H H L L L H H H H L H H H H
L L H L L H H H H H L H H H
H L H L L H H H H H H I H H
L H H L L H H H H H H H I H
H H H L L H H H H H H H H LXXX L L L H H H H H H H HXXX H L L H H H H H H H HXXX L H L H H H H H H H HXXX H H L H H H H H H H HXXX H L H H H H H H H H HXXX L H H H H H H H H H HXXX H H H H H H H H H H H

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANV CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED
© INTEL CORPORATION, 1979
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FUNCTIONAL DESCRIPTION

Decoder

The 8205 contains a one out of eight binary decoder. It ac-

cepts a three bit binary code and by gating this input, creates

an exclusive output that represents the value of the input

code.

For example, if a binary code of 101 was present on the A0,

A1 and A2 address input lines, and the device was enabled,

an active low signal would appear on the 05 output line.

Note that all of the other output pins are sitting at a logic

high, thus the decoded output is said to be exclusive. The

decoders outputs will follow the truth table shown below in

the same manner for all other input variations.

Enable Gate

When using a decoder it is often necessary to gate the out-

puts with timing or enabling signals so that the exclusive

output of the decoded value is synchronous with the overall

system.

The 8205 has a built-in function for such gating. The three

enable inputs (El, E2, E3) are ANDed together and create

a single enable signal for the decoder. The combination of

both active "high" and active "low" device enable inputs

provides the designer with a powerfully flexible gating func-

tion to help reduce package count in his system.

ENABLE GATE

£>

ADDRESS ENABLE OUTPUTS
A A, A 2 El E 2 E 3 1 2 3 4 5 6 7

L L L L L H L H H H H H H H
H L L L L H H L H H H H H H
L H L L L H H H L H H H H H
H H L L L H H H H L H H H H
L L H L L H H H H H L H H H
H L H L L H H H H H H L H H
L H H L L H H H H H H H L H
H H H L L H H H H H H H H LXXX L L L H H H H H H H HXXX H L L H H H H H H H HXXX L H L H H H H H H H HXXX H H L H H H H H H H HXXX H L H H H H H H H H HXXX L H H H H H H H H H HXXX H H H H H H H H H H H
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APPLICATIONS OF THE 8205

The 8205 can be used in a wide variety of applications in

microcomputer systems. I/O ports can be decoded from the

address bus, chip select signals can be generated to select

memory devices and the type of machine state such as in

8008 systems can be derived from a simple decoding of the

state lines (SO, SI. S2) of the 8008 CPU.

I/O Port Decoder

Shown in the figure below is a typical application of the

8205. Address input lines are decoded by a group of 8205s

(3). Each input has a binary weight. For example, A0 is as-

signed a value of 1 and is the LSB; A4 is assigned a value of

16 and is the MSB. By connecting them to the decoders as

shown, an active low signal that is exclusive in nature and

represents the value of the input address lines, is available at

the outputs of the 8205s.

This circuit can be used to generate enable signals for I/O

ports or any other decoder related application.

Note that no external gating is required to decode up to 24

exclusive devices and that a simple addition of an inverter

or two will allow expansion to even larger decoder net-

works.

Chip Select Decoder

Using a very similar circuit to the I/O port decoder, an ar-

-O El

ray of 8205s can be used to create a simple interface to a

24K memory system.

The memory devices used can be either ROM or RAM and

are 1K in storage capacity. 8308s and 8102s are the devices

typically used for this application. This type of memory de-

vice has ten (10) address inputs and an active "low" chip

select (CS). The lower order address bits A0-A9 which come

from the microprocessor are "bussed" to all memory ele-

ments and the chip select to enable a specific device or group

of devices comes from the array of 8205s. The output of

the 8205 is active low so it is directly compatible with the

memory components.

Basic operation is that the CPU issues an address to identify

a specific memory location in which it wishes to "write" or

"read" data. The most significant address bits A10-A14 are

decoded by the array of 8205s and an exclusive, active low,

chip select is generated that enables a specific memory de-

vice. The least significant address bits A0-A9 identify a

specific location within the selected device. Thus, all ad-

dresses throughout the entire memory array are exclusive

in nature and are non-redundant.

This technique can be expanded almost indefinitely to sup-

port even larger systems with the addition of a few inverters

and an extra decoder (8205).

v*»C :>;

-CSj

I/O Port Decoder 24K Memory Interface
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Logic Element Example

Probably the most overlooked application of the 8205 is

that of a general purpose logic element. Using the "on-chip"

enabling gate, the 8205 can be configured to gate its de-

coded outputs with system timing signals and generate

strobes that can be directly connected to latches, flip-flops

and one-shots that are used throughout the system.

An excellent example of such an application is the "state

decoder" in an 8008 CPU based system. The 8008 CPU is-

sues three bits of information (SO, S1, S2) that indicate the

nature of the data on the Data Bus during each machine

state. Decoding of these signals is vital to generate strobes

that can load the address latches, control bus discipline and

general machine functions.

In the figure below a circuit is shown using the 8205 as the

"state decoder" for an 8008 CPU that not only decodes the

SO, S1, S2 outputs but gates these signals with the clock

(phase 2) and the SYNC output of the 8008 CPU. TheTT

and T2 decoded strobes can connect directly to devices like

8212s for latching the address information. The other de-

coded strobes can be used to generate signals to control the

system data bus, memory timing functions and interrupt

structure. RESET is connected to the enable gate so that

strobes are not generated during system reset, eliminating

accidental loading.

The power of such a circuit becomes evident when a single

decoded strobe is logically broken down. Consider TT out-

put, the boolean equation for it would be:

fl = (S0-S1S2)(SYNC-Phase 2-Ftes7t)

A six input NAND gate plus a few inverters would be need-

ed to implement this function. The seven remaining outputs

would need a similar circuit to duplicate their function,

obviously a substantial savings in components can be

achieved when using such a technique.

tf2 ^_y\_/^__n_/iv_A_v^_n__nL_n_^i^^
nc rn_|r-T_4r-L_fpT_|p-u^^-L^r-Uv—\-4.

~w
SYSTEM RESET

Stata Control Coding

s s, s
2

STATE

1 T1
1 1 Til

1 T2
WAIT

1 T3
1

1

1

1 ,

STOP
T4

1 1 TS
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias. Ceramic

Plastic

Storage Temperature

All Output or Supply Voltages

All Input Voltages

Output Currents

-65°C to H25°C

-65°C to +75°C

-65°C to+160°C

-0.5 to +7 Volts

-1.0 to +5.5 Volts

125mA

'COMMENT
Stresses above those listed under "Absolute Maximum Rat-

ing" may cause permanent damage to the device. This is a stress

rating only and functional operation of the device at these or at

any other condition above those indicated in the operational

sections of this specification is not implied. Exposure to absolute

maximum rating conditions for extended periods may affect

device reliability.

D.C. CHARACTERISTICS TA = 0°C to +75°C, Vcc = 5.0V ±5%

8205

PARAMETER
LIMIT

UNIT TEST CONDITIONSSYMBOL MIN. MAX.

'f
INPUT LOAD CURRENT -0.25 inA Vrp = 5.25V, V

F
= 0.45V

'r
INPUT LEAKAGE CURRENT 10 uA V

cc
= 5.25V, V

R
= 5.25V

v
c

INPUT FORWARD CLAMP VOLTAGE -1.0 V V
cc

= 4.75V, l

c
= -5.0 mA

V OUTPUT "LOW" VOLTAGE 0.45 V Vcc
= 4.75V. IQL

= 10.0 mA

VOH OUTPUT HIGH VOLTAGE 2.4 V Vcc =4
-75V ''0H

= -
1 -5mA

V INPUT "LOW" VOLTAGE 0.85 V VCC = 5-0V

V
IH

INPUT "HIGH" VOLTAGE 2.0 V Vcc = 5.0V

'sc
OUTPUT HIGH SHORT

CIRCUIT CURRENT

-40 -120 mA Vcc
= 5.0V.VOUT =0V

vox OUTPUT "LOW" VOLTAGE
@ HIGH CURRENT

0.8 V Vcc^w-W 40^

'cc
POWER SUPPLY CURRENT 70 mA Vcc = 5.25V

TYPICAL CHARACTERISTICS

OUTPUT CURRENT VS.

OUTPUT "LOW" VOLTAGE
OUTPUT CURRENT VS.

OUTPUT "HIGH" VOLTAGE DATA TRANSFER FUNCTION

! ! !

-
.

J
- +- -

1
- +

vcc 5 °v

li j \-

TA = 0°C

;

^st—
! 1-—

I \
-

TA = 25 C- V

i v ^-Mi
__

\ \

i - i
:

i

OUTPUT "LOW" VOLTAGE (VI OUTPUT HIGH" VOLTAGE (V)

2 4 6 .8 1.0 1.2 1.4 1.6 1.8 2.0

INPUT VOLTAGE IV)
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8205 SWITCHING CHARACTERISTICS

CONDITIONS OF TEST:

Input pulse amplitudes: 2.5V

Input rise and fall times: 5 nsec

between 1V and 2V

Measurements are made at 1.5V

TEST LOAD:

71
1

Ziu^n
All Transistors 2N2369 or Equivalent. CL

= 30 pF

TEST WAVEFORMS

ADDRESS OR ENABLE
INPUT PULSE / \

A.C. CHARACTERISTICS TA = 0°C to +75°C, Vcc = 5.0V ±5% unless otherwise specified.

SYMBOL PARAMETER MAX. LIMIT ! UNIT | TEST CONDITIONS

t + +

ADDRESS OR ENABLE TO
OUTPUT DELAY

18 ns |

t_ + 18 ns

t + _ 18

18

ns

t__ ns

C (1!

^IN INPUT CAPACITANCE P8205

C8205

4(typ.) pF f = 1 MHz, VCC = 0V

5(typ.) pF VBIAS = 2.0V.T a -25°C

1. This parameter is periodically sampled and is not 100% tested.

TYPICAL CHARACTERISTICS

ADDRESS OR ENABLE TO OUTPUT
DELAY VS. LOAD CAPACITANCE

cr. S 10

go

50 100 150

LOAD CAPACITANCE IpFI

ADDRESS OR ENABLE TO OUTPUT
DELAY VS. AMBIENT TEMPERATURE

5.0V

30 pF

AMBIENT TEMPERATURE l°C)
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8212
8-BIT INPUT/OUTPUT PORT

Fully Parallel 8-Bit Data Register and Buffer

Service Request Flip-Flop for

Interrupt Generation

Low Input Load Current — .25mA Max.

Three State Outputs

Outputs Sink 15mA

3.65V Output High Voltage for

Direct Interface to 8008, 8080A, or

8085A CPU
Asynchronous Register Clear

Replaces Buffers, Latches and
Multiplexers in Microcomputer Systems

Reduces System Package Count

The 8212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device selection

logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor.

The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the

principal peripheral and input/output functions of a microcomputer system can be implemented with this device.

PIN CONFIGURATION

^*r~
dsiC 1 24 J VCC

Mor 2 23 Hint

D'iL 3 22 J DI
8

doiC 4 21 Jdo8

D .

2 r 5 20 Hdi
7

do
2 l

D '

3 L
6

7
8212

19

18

Jdo7

JDI 6

D0
3 L 8 17

d D°
6

oi
4 r 9 16 3 DI

5

do„l 10 15 Ido,

stbT 11 14 JCLR
gndP 12 13 3 DS

2

PIN NAMES

Dl, Die

DOvDOb

1

DATA IN

1~bATAOUT "

"~~

OSi DS2 DEVICE SELECT

MD
STB

J_MODE
^STROBE

INT
!
INTERRUPT (ACTIVE LOW)

CLR
|

CLEAR (ACTIVE LOW)

DEVICE SELECTIO

_\
[T>DS1-op-

V

[n> ns?—I J

[T> MD

(T£> STB—.

LOGIC DIAGRAM
SERVICE REQUEST FF

\
N [7X>^

L3>D.,-

rX> Di 2-

[T>QI
3
-

[9>DI 4
-

[?6>DI 6
-

(18>DI 6
-

[20>DI
7

-

[22>D1 8
-

[T?>CLR-

DATA LATO

-T) ^y°- iNTrn>

:tive lowi I •

^n"""
~i OUTPUT

SUFFER

DO, [4>

--[^4D02 [6>

-f-j--(^-|
D03^>

D0 4 fj£>

-T -J^-D05 [T|>

-[>+D06 [T7>

— I

—|^y D°7 Ei>

D0 8 [f?>

J I

INTEL CORPORATION ASSUMES NO RESTONSMUTV FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.

© INTEL CORPORATION, 1979
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FUNCTIONAL DESCRIPTION

Data Latch

The 8 flip-flops that make up the data latch are of a "D"
type design. The output (Q) of the flip-flop will follow the

data input (D) while the clock input (C) is high. Latching

will occur when the clock (C) returns low.

The latched data is cleared by an asynchronous reset

input (CLR). (Note: Clock (C) Overrides Reset (CLR).)

Output Buffer

The outputs of the data latch (Q) are connected to3-state,

non-inverting output buffers. These buffers have a

common control line (EN); this control line either enables

the buffer to transmit the data from the outputs of the data

latch (Q) or disables the buffer, forcing the output into a

high impedance state. (3-state)

The high-impedance state allows the designer to connect
the 8212 directly onto the microprocessor bi-directional

data bus.

Control Logic

The 8212 has control inputs DS1, DS2, MD and STB.
These inputs are used to control device selection, data
latching, output buffer state and service request flip-flop.

DS1, DS2 (Device Select)

These 2 inputs are used for device selection. When DS1 is

low and DS2 is high (DS1 • DS2) the device is selected. In

the selected state the output buffer is enabled and the

service request flip-flop (SR) is asynchronously set.

MD (Mode)

This input is used to control the state of the output buffer

and to determine the source of the clock input (C) to the

data latch.

When MD is high (output mode) the output buffers are

enabled and the source of clock (C) to the data latch is

from the device selection logic (DS1 • DS2).

When MD is low (input mode) the outpu t buffer state is

determined by the device selection logic (DS1 • DS2) and
the source of clock (C) to the data latch is the STB
(Strobe) input.

STB (Strobe)

This input is used as the clock (C) to the data latch for the

input mode MD = 0) and to synchronously reset the

service request flip-flop (SR).

Note that the SR flip-flop is negative edge triggered.

Service Request Flip-Flop

The (SR) flip-flop is used to generate and control

interrupts in m icrocomputer systems. It is asynchron-

ously set by the CLR input (active low). When the (SR) flip-

flop is set it is in the non-interrupting state.

The output of the (SR) flip-flop (Q) is connected to an
inverting input of a "NOR" gate. The other input to the

"NOR" gate is non-inverting and is connected to the

device selectionjogic (DS1 • DS2). The output of the

"NOR" gate (INT) is active low (interrupting state) for

connection to active low input priority generating circuits.

SERVICE REQUEST FF

DEVICE SELECTION ^>^fe,

[T3> ns?—I J

\Ty md —

[TT> STB—.- i£W
Dn

gj
^o- INT[23>

LI>D'3-

d>ui 4
-

[H>D'S-

[18>DI 6
-

da>Di 7
-

(22>D1 8
-

[T4>cTr-

DATA LATCH

(ACTIVE LOW

"|>fDO, G>

-J"|>4d02 [6>

(ACTIVE LOW!

OUTPUT
BUFFER

"|^4d°3[]E>

-(^f D04 [?0>

-[>^do6 [T|>

—|--[^-r- D06[lI>

--[>— do
7 QI>

STB MD IDS,DS2 > DATA OUT EQUALS
3STATE
3STATE
DATA LATCH
DATA LATCH
DATA LATCH
DATA IN

1 1 DATA IN11 1 DATA IN

CLR - RESETS DATA LATCH
SETSSR FLIP FLOP
(NO EFFECT ON OUTPUT BUFFER)

CLR IDSvDS2 ) STB •SR INT
|

1 1 j

1 1 i

1 1
-

\

I

1 1 1

1

1 1

1

1

1 1

1

•INTERNAL SR FLIP FLOP
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Applications of the 8212 — For

Microcomputer Systems

I Basic Schematic Symbol
II Gated Buffer

III Bi-Directional Bus Driver

IV Interrupting Input Port

V Interrupt Instruction Port

VI Output Port

VII 8080A Status Latch

VIM 8085A Address Latch

1. Basic Schematic Symbols

Two examples of ways to draw the 8212 on system

schematics — (1 ) the top being the detailed view showing

pin numbers, and (2) the bottom being the symbolic view

showing the system input or output as a system bus (bus

containing 8 parallel lines). The output to the data bus is

symbolic in referencing 8 parallel lines.

BASIC SCHEMATIC SYMBOLS
INPUT DEVICE OUTPUT DEVICE

SYSTEM
INPUT

II. Gated Buffer (3-State)

The simplest use of the 8212 is that of a gated buffer. By
tying the mode signal low and the strobe input high, the

data latch is acting as a straight through gate. The output

buffers are then enabled from the device selection logic

DS1 and DS2.

When the device selection logic is false, the outputs are 3-

state.

When the device selection logic is true, the input data from

the system is directly transferred to the output. The input

data load is 250 micro amps. The output data can sink 15

milli amps. The minimum high output is 3.65 volts.

GATED BUFFER
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III. Bi-Directional Bus Driver

A pair of 8212's wired (back-to-back) can be used as a

symmetrical drive, bi-directional bus driver. The devices

are controlled_by the data bus input control which is

connected to DS1 on the first 8212 and to DS2 on the

second. One device is active, and acting as a straight

through buffer the other is in 3-state mode. This is a very
useful circuit in small system design.

BI-DIRECTIONAL BUS DRIVER

n^

IV. Interrupting Input Port

This use of an 8212 is that of a system input port that

accepts a strobe from the system input source, which in

turn clears the service request flip-flop and interrupts the

processor. The processor then goes through a service

routine, identifies the port, and causes the device

selection logic to go true— enabling the system input data

onto the data bus.

INTERRUPTING INPUT PORT

TO PRIORITY CKT
(ACTIVE LOW)

L^y— TO CPU
INTERRUPT INPUT

V. Interrupt Instruction Port

The 8212 can be used to gate the interrupt instruction,

normally RESTART instructions, onto the data bus. The
device is enabled from the interrupt acknowledge signal

from the microprocessor and from a po rt selection signal.

This signal is normally tied to ground. (DS1 could be used

to multiplex a variety of interrupt instruction ports onto a

common bus).

INTERRUPT INSTRUCTION PORT

RESTART I N
INSTRUCTION

^
\

(RSTO— RST 7) ^

—

V

(DSD PORT SELECTION

INTERRUPT ACKNOWLEDGE

—5h
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VI. Output Port (With Hand-Shaking)

The 821 2 can be used to transmit data from the data bus to

a system output. The output strobe could be a hand-

shaking signal such as "reception of data" from the device

that the system is outputting to. It in turn, can interrupt the

system signifying the reception of data. The selection of

the port comes from the device selection logic.(DS1 • DS2)

OUTPUT PORT (WITH HAND-SHAKING)

SYSTEM
INTERRUPT

OUTPUT STROBE

SYSTEM OUTPUT

SYSTEM RESET

PORT SELECTION
- (LATCH CONTROL)
(DS1-DS2)

VII. 8080A Status Latch

Here the 8212 is used as the status latch for an 8080A

microcomputer system. The input to the 8212 latch is

directly from the 8080A data bus. Timing shows that when
the SYNC signal is true, which is connected to the DS2
input and the phase 1 signal is true, which is a TTL level

coming from the clock generator; then, the status data will

be latched into the 8212.

Note: The mode signal is tied high so that the output on the

latch is active and enabled all the time.

It is shown that the two areas of concern are the bi-

directional data bus of the microprocessor and the control

bus.

- DATA BUS

T1 T2

01

f\ v^BASIC , r
[\CONTROL

SYNC r
,

v—
-1

DATA

STATUS :c
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8212

VIM. 8085A Low-Order Address Latch

The 8085A microprocessor uses a multiplexed address/
data bus that contains the low order 8-bits of address
information during the first part of a machine cycle. The
same bus contains data at a later time in the cycle. An
address latch enable (ALE) signal is provided by the

8085A to be used by the 821 2 to latch the address so that it

may be available through the whole machine cycle. Note:

In this configuration, the MODE input is tied high, keeping
the 8212's output buffers turned on at all times.

Do

Di

D2

D3

D4
D5

D6

D7

— DATA BUS

Vcc

111

Dh STB Dd

8212

CLR
DS, MD DS,

4 A
b A,
8 *A2
IP A3 LOW ORDER
lb

t A4 ADDRESS BUS
17 -AR
19 -A6
21

1 A7

113 T
vcc
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ABSOLUTE MAXIMUM RATINGS 4

8212

Temperature Under Bias Plastic 0° C to +70° C
Storage Temperature -65°C to +160°C
All Output or Supply Voltages -0.5 to +7 Volts

All Input Voltages -1 .0 to 5.5 Volts

Output Currents 100mA

"COMMENT
Stresses above those listed under "Absolute Maximum Ratings" may cause
permanent damage to the device. This is a stress rating only and functional

operation of the device at these or any other conditions above those

indicated in the operational sections of this specification is not implied.

Exposure to absolute maximum rating conditions for extended periods

may affect device reliability.

D.C. CHARACTERISTICS ta = o°c to +75° c, vCc = +5V ±5%

Symbol Parameter
Limits

Unit Test Conditions
Min. Typ. Max.

If Input Load Current, ACK, DS2, CR,

DI1-DI8 Inputs -.25 mA Vf = .45V

If Input Load Current MD Input -.75 mA Vf = -45V

If Input Load Current DS1 Input -1.0 mA Vf = .45V

Ir Input Leakage Current, ACK, DS, CR,

DI1-DI8 Inputs 10 HA Vr < Vcc

Ir Input Leakage Current MO Input 30 mA Vr < Vcc

Ir Input Leakage Current DS1 Input 40 mA Vr < Vcc

Vc Input Forward Voltage Clamp -1 V lc = -5mA

Vil Input "Low" Voltage .85 V

Vih Input "High" Voltage 2.0 V

Vol Output "Low" Voltage .45 V Iol = 15mA

Voh Output "High" Voltage 3.65 4.0 V lOH = -1mA

isc Short Circuit Output Current -15 -75 mA Vo = 0V, Vcc = 5V

Hoi Output Leakage Current High

Impedance State 20 fiA Vo = .45V/5.25V

Ice Power Supply Current 90 130 mA
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TYPICAL CHARACTERISTICS

8212

INPUT CURRENT VS. INPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT "LOW" VOLTAGE

-50

100
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vcc
= +5 ov
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T.-»c ^TA =25C
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-- --

1

250

.100
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i

1 i
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VCC
1

+5.0V

80

<
E

60a
cc ! .

~> TA = 75 Cs A

40
Ta = 25C\^V

D

20

jys a -o°c

INPUT VOLTAGE (V) OUTPUT "LOW" VOLTAGE (V)

OUTPUT CURRENT VS.
OUTPUT "HIGH" VOLTAGE

DATA TO OUTPUT DELAY
VS. LOAD CAPACITANCE

! 1 !

Vcc * +5-°V
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*- -t
^'^

^^
i

I

i

i

OUTPUT "HIGH" VOLTAGE (V)

50 100 150 200 250 300

LOAD CAPACITANCE (pF)

DATA TO OUTPUT DELAY
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WRITE ENABLE TO OUTPUT DELAY
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A.C. CHARACTERISTICS ta = o°c to +70°c, vCc = +5V ± 5%

Symbol Parameter
Limits

Unit
Min. Typ. Max.

tpw Pulse Width 30 ns

tPD Data to Output Delay 30 ns Note 1

tWE Write Enable to Output Delay 40 ns Note 1

tSET Data Set Up Time 15 ns

tH Data Hold Time 20 ns

tR Reset to Output Delay 40 ns Note 1

ts Set to Output Delay 30 ns Note 1

tE Output Enable/Disable Time 45 ns Note 1

tc Clear to Output Delay 55 ns Note 1

CAPACITANCE* F = 1MHz, Vbias = 2.5V, Vcc = +5V, Ta = 25°C

Symbol Test
Limits

Typ. Max.

ClN DSi MD Input Capacitance 9pF 12pF

ClN DS2, CK, ACK, DI-i-DIb

Input Capacitance 5pF 9pF

COUT DOi-DOs Output Capacitance 8pF 12pF

*This parameter is sampled and not 100% tested.

SWITCHING CHARACTERISTICS
Conditions of Test

Input Pulse Amplitude = 2.5V

Input Rise and Fall Times 5ns

Between 1V and 2V Measurements made at 1.5V

with 15mA and 30pF Test Load

Note 1:

Test Load
15mA & 30pF

VCC

Test CL
*

Ri R2

tPD, tWE, tR, ts, tc 30pF 3oon 60on

tE, ENABLE! 30pF ioko iKn

tE, ENABLE t 30pF 30on 60on

tE, DISABLEt 5pF 3oon 60on

tE, DISABLEl 5pF ioKn iKn

'Includes probe and jig capacitance.

D.U.T. T

•INCLUDING JIG & PROBE CAPACITANCE
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TIMING DIAGRAM

STB or DSi . DS2

DSt • DS2

^ '^ /
X 1,5V

tpw

\1.5V

*WE-

X
•J
I

X
(SEE NOTE BELOW)

v_
h— *D

—

A
.5V

J_W=- VOH

s>r
h 1pw

-j— v0L

A /

X

STB or DS-] . DS2

DS
1

. DS2

1.5V

f
X1.5V

lSET

J
tH 'J

lPD

X
tpw

NOTE: ALTERNATIVE TEST LOAD

Vcc

«R "*j

1.5V

1.5V

1cl =: > IK

I
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intel
8214

PRIORITY INTERRUPT CONTROL UNIT

i 8 Priority Levels

ii Current Status Register

i Priority Comparator

Fully Expandable

High Performance (50 ns)

24-Pin Dual In-Line Package

The Intel* 8214 Is an 8-level priority interrupt control unit (PICU) designed to simplify interrupt-driven microcomputer
systems.

The PICU can accept 8 requesting levels; determine the highest priority, compare this priority to a software controlled

current status register and issue an interrupt to the system along with vector information to identify the service

routine.

The 8214 Is fully expandable by the use of open collector interrupt output vector information. Control signals are also

provided to simplify this function.

The PICU is designed to support a wide variety of vectored interrupt structures and reduce package count in interrupt-

driven microcomputer systems.

'Note: The specifications for the 3214 are identical with those for the 8214.

PIN CONFIGURATION LOGIC DIAGRAM

£c
SGSQ

INT Q
clk£

inteQ

GNOC

8214

24 D vcc

23 ^ici

22 3^
21 3*>

20 3«>

19 3*.

18 3«,

17 3*,

16 3",

15 1]^

14 ^ ENLG

13 3 ETLG

PIN NAMES
INPUTS

REQUEST LEVELS IR; HIGHEST PRIORITY)

CURRENT STATUS

s3s STATUS GROUP SELECT

ECS ENABLE CURRENT STATUS

INTE INTERRUPT ENABLE

CLK CLOCK (INT FF)

ETB ENABLE LEVEL READ
ETLG ENABLE THIS LEVEL GROUP

OUTPUTS

Ao-A,

iST

REQUEST LEVELS "1 OPEN
INTERRUPT (ACT. LOW) J COLLECTOR

ENLQ ENABLE NEXT LEVEL GROUP

QT> ELR

[13>ETLG

(T> INTE

|T> 5LK

IMTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED
C INTEL CORPORATION, 1979
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8214

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias 0°C to 75°C
Storage Temperature -65°C to +160°C
All Output and Supply Voltages -0.5V to +7V
All Input Voltages -1.0V to +5.5V

Output Currents 100 mA

"COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating

only and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specifi-

cations is not implied. Exposure to absolute maximum ratings for extended periods may affect device reliability.

D.C. AND OPERATING CHARACTERISTICS
TA = 0°C to +70°C, Vcc = 5V ±5%.

Symbol Parameter
Limits

Unit Conditions
Min. Typ.Ml Max.

vc Input Clamp Voltage (all inputs) -1.0 V lc=-5mA

If Input Forward Current: ETLG input

all other inputs

-.15

-.08

-0.5

-0.25

mA
mA

VF =0.45V

Ir Input Reverse Current: ETLG input

all other inputs

80

40

MA
ma

VR =5.25V

Vil Input LOW Voltage: all inputs 0.8 V VCC=5.0V

V,H Input HIGH Voltage: all inputs 2.0 V VCC=5.0V

cc Power Supply Current 90 130 mA See Note 2.

Vol Output LOW Voltage: all outputs .3 .45 V l0L = 1 5mA

Voh Output HIGH Voltage: ENLG output 2.4 3.0 V lOH =-1mA

•os Short Circuit Output Current: ENLG output -20 -35 -55 mA VOs=0V,Vcc=5.0V

'CEX Output Leakage Current: INT and A0-A2 100 HA VCEx=5.25V

NOTES:
1

.

Typical values are for T/\ = 25° C, Vqc = 5.0V.

2. Bg-B2, SGS, CLK, R0-R4 grounded, all other inputs and all outputs open.
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A.C. CHARACTERISTICS ta = o°c to +70°c, vcc = +5V ±5%

Parameter

Limits

Symbol Min. Typ.Ml Max. Unit

*CY CLK Cycle Time 80 50 ns

tpw CLK, ECS, INT Pulse Width 25 15 ns

tiss INTE Setup Time to CLK 16 12 ns

tlSH INTE Hold Time after CLK 20 10 ns

tETCS 121 ETLG Setup Time to CLK 25 12 ns

tETCHf21 ETLG Hold Time After CLK 20 10 ns

tECCS121 ECS Setup Time to CLK 80 25 ns

tECCH 131 ECS Hold Time After CLK ns

tgCRS 131 ECS Setup Time to CLK 110 70 ns

tECRH 131 ECS Hold Time After CLK

t£CSS l2] ECS Setup Time to CLK 75 70 ns

*ECSH 121 ECS Hold Time After CLK ns

tDCs 121 SGS and B^-B^ Setup Time to CLK 70 50 ns

tDCH 121 SGS and B^-B^ Hold Time After CLK ns

tRCS [31 R~0-R7 Setup Time to CLK 90 55 ns

tRCH [3] Ro-R~7 Hold Time After CLK ns

tics INT Setup Time to CLK 55 35 ns

tci CLK to INT Propagation Delay 15 25 ns

tRIS 141 R0-R7 Setup Time to fNT 10 ns

tRIH l4] FVR7 Hold Time After INT 35 20 ns

*RA R0-R7 to A0-A2 Propagation Delay 80 100 ns

*ELA ELR to A -A2 Propagation Delay 40 55 ns

*ECA ECS to A0-A2 Propagation Delay 100 120 ns

*ETA ETLG to A0-A2 Propagation Delay 35 70 ns

tDECS 141 SGS and B^-B^ Setup Time to ECS 15 10 ns

tDECH t4] SGS and B^-§7 Hold Time After ECS 15 10 ns

tREN R^-R~7to ENLG Propagation Delay 45 70 ns

tETEN ETLG to ENLG Propagation Delay 20 25 ns

*ECRN ECS to ENLG Propagation Delay 85 90 ns

lECSN ECS to ENLG Propagation Delay 35 55 ns

CAPACITANCE^

Parameter

Limits

Symbol Min. Typ.IU Max Unit

C IN Input Capacitance 5 10 pF

CquT Output Capacitance 7 12 PF

Test Conditions: VB |AS = 2.5V, Vcc = 5V, TA = 25°C, f = 1 MHz

NOTE 5. This parameter is periodically sampled and not 100% tested.
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WAVEFORMS

8214

)C^X

NOTE!!

(1)

<2> Red

(3)

<«> Red

SGS. B„-B2

Typical values are for T^ = 25° C ,Vcc = 5.0V.

uired for proper operation if ISE is enabled during next clock pulse.

The!se times are not required for proper operation but for desired change in interrupt flip-flop.

uired for new request or status to be properly loaded.

Test Conditions

Input pulse amplitude: 2.5 volts.

Input rise and fall times: 5 ns between 1 and 2 volts.

Outpi t loading of 15 mA and 30 pf.

Speed measurements taken at the 1.5V levels.

Test Load Circuit
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iny
8216/8226

4-BIT PARALLEL BIDIRECTIONAL BUS DRIVER

Data Bus Buffer Driver for 8080 CPU

Low Input Load Current — 0.25 mA
Maximum

High Output Drive Capability for

Driving System Bus

3.65V Output High Voltage for Direct

Interface to 8080 CPU

3-State Outputs

Reduces System Package Count

The 8216/8226 is a 4-bit bidirectional bus driver/receiver. All inputs are low power TTL compatible. For driving MOS, the

DO outputs provide a high 3.65V V0H , and for high capacitance terminated bus structures, the DB outputs provide a
high 50 mA I l capability. A non-inverting (8216) and an inverting (8226) are available to meet a wide variety of applica-

tions for buffering in microcomputer systems.

•Note: The specifications for the 3216/3226 are identical with those for the 8216/8226.

INN CONFIGURATION LOGIC DIAGRAM
8216

LOGIC DIAGRAM
8226

PIN NAMES

OB DBj
DATA BUS
BIDIRECTIONAL

°W°h DATA INPUT

0O„DOj DATA OUTPUT

DIEN DATA IN ENABLE
DIRECTION CONTROL

a CHIP SELECT

Dl
3 o-

-£

*=

£=-
=*
£=

ft_6

-O DB

D'oO-

Dl, O-

Dlj o-

DOjO-

=*

&
^̂
='

^^̂
'=^

IT II

-O DB„

-O DB
3

™TEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE Of ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
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8216/8226

FUNCTIONAL DESCRIPTION

Microprocessors like the 8080 are MOS devices and are

generally capable of driving a single TTL load. The same is

true for MOS memory devices. While this type of drive is

sufficient in small systems with few components, quite often

it is necessary to buffer the microprocessor and memories

when adding components or expanding to a multi-board

system.

The 8216/8226 is a four bit bi-directional bus driver specif-

ically designed to buffer microcomputer system components.

Bidirectional Driver

Each buffered line of the four bit driver consists of two

separate buffers that are tri-state in nature to achieve direct

bus interface and bi-directional capability. On one side of

the driver the output of one buffer and the input of another

are tied together (DB), this side is used to interface to the

system side components such as memories, I/O, etc., be-

cause its interface is direct TTL compatible and it has high

drive (50mA). On the other side of the driver the inputs

and outputs are separated to provide maximum flexibility.

Of course, they can be tied together so that the driver can

be used to buffer a true bi-directional bus such as the 8080

Data Bus. The DO outputs on this side of the driver have a

special high voltage output drive capability (3.65V) so that

direct interface to the 8080 and 8008 CPUs is achieved with

an adequate amount of noise immunity (350mV worst case)

.

Control Gating DIEN, CS

The CS input is actually a device select. When it is "high"

the output drivers are all forced to their high-impedance

state. When it is at "zero" the device is selected (enabled)

and the direction of the data flow is determined by the

DIEN input.

The DIEN input controls the direction of data flow (see

Figure 1) for complete truth table. This direction control

is accomplished by forcing one of the pair of buffers into its

high impedance state and allowing the other to transmit its

data. A simple two gate circuit is used for this function.

The 8216/8226 isadevicethat will reduce component count

in microcomputer systems and at the same time enhance

noise immunity to assure reliable, high performance op-

eration.

(a) 8216

(b) 8226

=fc

-=^

£

£^
=fc

QTX LI

*£
^^
^=-^̂
=^

<->
IT 11

DIEN CS

Dl DB
1 DB • DO

1

hHIGH IMPEDANCE
1 1

Figure 1. 8216/8226 Logic Diagrams
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8216/8226

WAVEFORMS

A.C. CHARACTERISTICS
TA = 0°C to +70°C, VCC = +oV ±5%

Parameter

Limits

UnitSymbol Min. Typ.m Max. Conditions

Tpdi Input to Output Delay DO Outputs 15 25 ns C L=30pF,R 1
=300n

R 2 =600fi

TpD2 Input to Output Delay DB Outputs

8216 19 30 ns C L=300pF, R!=90n

8226 16 25 ns R 2 = 180J2

TE Output Enable Time

8216 42 65 ns (Note 2)

8226 36 54 ns (Note 3)

TD Output Disable Time 16 35 ns (Note 4)

Test Conditions:

Input pulse amplitude of 2.5V.

Input rise and fall times of 5 ns between 1 and 2 volts.

Output loading is 5 mA and 10 pF.

Speed measurements are made at 1.5 volt levels.

Test Load Circuit

CAPACITANCES

Parameter

Limits

Symbol Min. Typ.m Max. Unit

CIN Input Capacitance 4 8 PF

COUT1 Output Capacitance 6 W pF

CquT2 Output Capacitance 13 18 pF

Test Conditions VBIAS = 2.5V, Vcc = 5.0V, TA = 25°C, f = 1 MHz.

NOTES: 1. Typical values are for TA - 25°C, Vqq = 5.0V.

2. DO Outpuw, CL » 30pF, Rj - 300/10 Kn, R2 - 180/IKfi; DB Outputs, C L = 300pF, R, = 90/10 Kn, R2 = 180/1 Kn.
3. DO Outputs, CL = 30pF, R, - 300/10 Kn, R2 = 600/1 K; DB Outputs, CL =300pF, R, = 90/10 Kn, R2 = 180/IKfi.
4. DO Outputs, Cl = 5pF, Rj = 300/10 Kn, R2 = 600/1 Kn, DB Outputs, CL = 5pF, Rt = 90/10 Kn, R2 = 180/1 Kn.
5. This parameter is periodically sampled and not 100% tested.
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8216/8226

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias 0°C to 70°C

Storage Temperature -65°C to +150°C

All Output and Supply Voltages -0.5V to +7V

All Input Voltages -1.0V to +5.5V

Output Currents 125 mA

'COMMENT: Stresses above those listed under "Absolute

Maximum Ratings" may cause permanent damage to the

device. This is a stress rating only and functional opera-

tion of the device at these or any other conditions above

those indicated in the operational sections of this specifi-

cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device

reliability.

D.C. AND OPERATING CHARACTERISTICS

TA = 0°C to +70°C,VCC=+5V±5%

Parameter

Limits

UnitSymbol Min. Typ. Max. Conditions

>fi Input Load Current DIEN, CS -0.15 -.5 mA VF = 0.45

<F2 Input Load Current All Other Inputs -0.08 -.25 mA VF = 0.45

'ri Input Leakage Current DIEN, CS 80 juA VR = 5.25V

r2 Input Leakage Current Dl Inputs 40 MA VR = 5.25V

vc Input Forward Voltage Clamp -1 V lc = -5mA

Vil Input "Low" Voltage .95 V

V,H Input "High" Voltage 2.0 V

Hol
Output Leakage Current DO
(3-State) DB

20
100

MA V = 0.45V/5.25V

8216 95 130 mA
•cc Power Supply Cut rent

8226 85 120 mA

V L1 Output "Low" Voltage 0.3 .45 V DO Outputs l |_=15mA

DB Outputs lOL=25mA

VOL2
8216 0.5 .6 V DB Outputs lOL=55mA

8226 0.5 .6 V DB Outputs lOL=50mA

VOH1 Output "High" Voltage 3.65 4.0 V DO Outputs Iqh = -1mA

VOH2 Output "High" Voltage 2.4 3.0 V DB Outputs Iqh = -10mA

'os Output Short Circuit Current -15

-30

-35

-75

-65

-120

mA
mA

DO Outputs V = 0V,

DB Outputs VCC =5.0V

NOTE: Typical values are for T/\ = 25° C, Vcc = 50V.
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8216/8226

APPLICATIONS OF THE 8216/8226

8080 Data Bus Buffer

The 8080 CPU Data Bus is capable of driving a single TTL
load and is more than adequate for small, single board sys-

tems. When expanding such a system to more than one board

to increase I/O or Memory size, it is necessary to provide a

buffer. The 8216/8226 is a device that is exactly fitted to

this application.

Shown in Figure 2 are a pair of 8216/8226 connected di-

rectly to the 8080 Data Bus and associated control signals.

The buffer is bi-directional in nature and serves to isolate the

CPU data bus.

On the system side, the DB lines interface with standard

semiconductor I/O and Memory components and are com-

pletely TTL compatible. The DB lines also provide a high

drive capability (50mA) so that an extremely large system

can be dirven along with possible bus termination networks.

On the 8080 side the Dl and DO lines are tied together and

are directly connected to the 8080 Data Bus for bi-directional

operation. The DO outputs of the 8216/8226 have a high

voltage output capability of 3.65 volts which allows direct

connection to the 8080 whose minimum input voltage is

3.3 volts. It also gives a very adequate noise margin of

350mV (worst case).

The DIEN inputs to 8216/8226 is connected directly to the

8080. DIEN is tied to DBIN so that proper bus flow is

maintained, and CS is tied to BUSEN so that the system

side Data Bus will be 3-stated when a Hold request has been

acknowledged during a DMA activity.

Memory and I/O Interface to a Bidirectional Bus

In large microcomputer systems it is often necessary to pro-

vide Memory and I/O with their own buffers and at the same

time maintain a direct, common interface to a bi-directional

Data Bus. The 8216/8226 has separated data in and data

out lines on one side and a common bi-directional set on the

other to accomodate such a function.

Shown in Figure 3 is an example of how the 8216/8226 is

used in this type of application.

The interface to Memory is simple and direct. The memories

used are typically Intel® 8102, 81 02A, 8101 or 8107B-4 and

have separate data inputs and outputs. The Dl and DO lines

of the 8216/8226 tie to them directly and under control of

the MEMR signal, which is connected to the DIEN input,

an interface to the bi-directional Data Bus is maintained.

The interface to I/O is similar to Memory. The I/O devices

used are typically Intel 8255s, and can be used for both

input and output ports. The I/O R signal is connected di-

rectly to the DIEN input so that proper data flow from the

I/O device to the Data Bus is maintained.

The 8216/8226 can be used in a wide variety of other buf-

fering functions in microcomputer systems such as Address

Bus Drivers, Drivers to peripheral devices such as printers,

and as Drivers for long length cables to other peripherals or

systems.

SYSTEM
DATA
BUS

Figure 2. 8080 Data Bus Buffer

77

Dl DO

77

DIEN I2ICS
8216
8226 (2)

iz

D-i i7?TR-o BTIn (2)CSO-i
8216
8226 (2)

u
Bl DIRECTIONAL DATA BUS (8)

Figure 3. Memory and I/O Interface

to a Bidirectional Bus
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8253/8253-5 Programmable Interval Time 8-9

8255A/
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8259A Programmable Interrupt Controller 8-41
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8-Bit Microcomputer 8-112



I®my OOCHA*^ 8251

A

PROGRAMMABLE COMMUNICATION INTERFACE
Synchronous and Asynchronous
Operation

Synchronous 5-8 Bit Characters;

Internal or External Character Synchro-
nization; Automatic Sync Insertion

Asynchronous 5-8 Bit Characters;

Clock Rate— 1, 16 or 64 Times Baud
Rate; Break Character Generation; 1,

1 1/2, or 2 Stop Bits; False Start Bit

Detection; Automatic Break Detect
and Handling.

Synchronous Baud Rate — DC to 64K
Baud Single TTL Clock

The Intel® 8251 A is the enhanced version of the industry standard, Intel® 8251 Universal Synchronous/Asynchronous
Receiver/Transmitter (USART), designed for data communications with Intel's new high performance family of
microprocessors such as the 8085. The 8251 A is used as a peripheral device and is programmed by the CPU to operate
using virtually any serial data transmission technique presently in use (including IBM "bi-sync"). The USART accepts
data characters from the CPU in parallel format and then converts them into a continuous serial data stream for

transmission. Simultaneously, it can receive serial data streams and convert them into parallel data characters for the
CPU. The USART will signal the CPU whenever it can accept a new character for transmission or whenever it has
received a character for the CPU. The CPU can read the complete status of the USART at any time. These include data
transmission errors and control signals such as SYNDET, TxEMPTY. The chip is constructed using N-channel silicon
gate technology.

Asynchronous Baud Rate — DC to

19.2K Baud

Full Duplex, Double Buffered, Trans-

mitter and Receiver

Error Detection — Parity, Overrun and
Framing

Fully Compatible with 8080/8085 CPU

28-Pin DIP Package

All Inputs and Outputs are TTL
Compatible

Single + 5V Supply

PIN CONFIGURATION

7 8251A 22

PIN NAMES

BLOCK DIAGRAM

I
RESET - -
CLK

READ'WRITE
C D_ ». CONTROL
RD —o LOGIC

WR_ »-o

5

Dv D Data Bus (8 bits)

C/D Control or Data is co be Written or Read

RD Read Data Command

WR Write Data or Control Command

CS Chip Enable

CLK Clock Pulse ITTLI

RESET Reset

TxC Transmitter Clock

TxD Transmitter Data

RxC Receiver Clock

RxD Receiver Data

RxRDY Receiver Ready lhas character for 8080)

TxRDY Transmitter Ready (ready for char from 8080)
I

DSR

DTR^._

CTS-

RTS . J.

TRANSMIT
BUFFER
(P-S)

.TxRDY

-TxE

_TxC

RECEIVE
BUFFER
(S-P)

RECEIVE
CONTROL

.H«RDY

rTc

. SYNDET

^NTE^G^Ato!? U79
$ ^ RESP0NSB,LITY F0R THE "^ 0F ANY CKmm 0THER THAN CKmm EMB0DIED IN *N INTEL P"°<MT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
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FEATURES AND ENHANCEMENTS
8251 A is an advanced design of the industry stan-

dard USART, the Intel® 8251. The 8251A oper-

ates with an extended range of Intel micropro-

cessors that includes the new 8085 CPU and main-

tains compatibility with the 8251. Familiarization

time is minimal because of compatibility and
involves only knowing the additional features and
enhancements, and reviewing the AC and DC speci-

fications of the 8251 A.

The 8251A incorporates all the key features of

the 8251 and has the following additional features

and enhancements:

• 8251A has double-buffered data paths with

separate I/O registers for control, status,

Data In, and Data Out, which considerably

simplifies control programming and mini-

mizes CPU overhead.

• In asynchronous operations, the Receiver

detects and handles "break" automatically,

relieving the CPU of this task.

• A refined Rx initialization prevents the

Receiver from starting when in "break"

state, preventing unwanted interrupts from
a disconnected USART.

• At the conclusion of a transmission, TxD
line will always return to the marking state

unless SBRK is programmed.

• Tx Enable logic enhancement prevents a

Tx Disable command from halting trans-

mission until all data previously written has

been transmitted. The logic also prevents

the transmitter from turning off in the middle

of a word.

• When External Sync Detect is programmed,
Internal Sync Detect is disabled, and an Ex-

ternal Sync Detect status is provided via a

flip-flop which clears itself upon a status read.

• Possibility of false sync detect is minimized

by ensuring that if double character sync is

programmed, the characters be contiguously

detected and also by clearing the Rx register

to all ones whenever Enter Hunt command is

issued in Sync mode.

• As^ long_a£ the 8251 A is not selected, the

RD and WR do not affect the internal opera-

tion of the device.

• The 8251 A Status can be read at any time

but the status update will be inhibited during

status read.

• The 8251A is free from extraneous glitches

and has enhanced AC and DC characteristics,

providing higher speed and better operating

margins.

• Synchronous Baud rate from DC to 64K.

• Fully compatible with Intel's new industry

standard, the MCS-85.
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When used as an input (external SYNC detect mode), a

positive going signal will cause the 8251 A to start assem-

bling data characters on the rising edge of the next RxC.

Once in SYNC, the "high" input signal can be removed.

When External SYNC Detect is programmed, the Internal

SYNC Detect is disabled.

BREAK DETECT (Async Mode Only)

This output will go high whenever the receiver remains low

through two consecutive stop bit sequences (including the

start bits, data bits, and parity bits). Break Detect may also

be read as a Status bit. It is reset only upon a master chip

Reset or Rx Data returning to a "one" state.

ADDRESS BUS

CONTROL BUS

I/O R I/O W RESET

7S

\7
C/D CS~ D,-D„ RD WR RESET CLK

Figure 4. 8251A Interface to 8080 Standard

System Bus

DETAILED OPERATION DESCRIPTION

General

The complete functional definition of the 8251 A is pro-

grammed by the system's software. A set of control words

must be sent out by the CPU to initialize the 8251 A to

support the desired communications format. These control

words will program the: BAUD RATE, CHARACTER
LENGTH, NUMBER OF STOP BITS, SYNCHRONOUS or

ASYNCHRONOUS OPERATION, EVEN/ODD/OFF PAR-
ITY, etc. In the Synchronous Mode, options are also pro-

vided to select either internal or external character synchro-

nization.

Once programmed, the 8251 A is ready to perform its com-
munication functions. The TxRDY output is raised "high"

to signal the CPU that the 8251 A is ready to receive a data

character from the CPU. This output (TxRDY) is reset

automatically when the CPU writes a character into the

8251 A. On the other hand, the 8251 A receives serial data

from the MODEM or I/O device. Upon receiving an entire

character, the RxRDY output is raised "high" to signal the

CPU that the 8251A has a complete character ready for the

CPU to fetch. RxRDY is reset automatically upon the CPU
data read operation.

The 8251 A cannot begin transmission until the Tx Enable

(Transmitter Enable) bit is set in the Command Instruction

and it has received a Clear To Send (CTS) input. TneTxD
output will be held in the marking state upon Reset.

Programming the 8251

A

Prior to starting data transmission or reception, the 8251A
must be loaded with a set of control words generated by

the CPU. These control signals define the complete func-

tional definition of the 8251A and must immediately fol-

low a Reset operation (internal or external).

The control words are split into two formats:

1. Mode Instruction

2. Command Instruction

Mode Instruction

This format defines the general operational characteristics

of the 8251 A. It must follow a Reset operation (internal or

external). Once the Mode Instruction has been written into

the 8251A by the CPU, SYNC characters or Command In-

structions may be inserted.

Command Instruction

This format defines a status word that is used to control the

actual operation of the 8251 A.

Both the Mode and Command Instructions must conform

to a specified sequence for proper device operation. The

Mode Instruction must be inserted immediately following a

Reset operation, prior to using the 8251 A for data com-

munication.

All control words written into the 8251A after the Mode In-

struction will load the Command Instruction. Command
Instructions can be written into the 8251 A at any time in

the data block during the operation of the 8251 A. To re-

turn to the Mode Instruction format, the master Reset bit

in the Command Instruction word can be set to initiate an

internal Reset operation which automatically places the

8251 A back into the Mode Instruction format. Command
Instructions must follow the Mode Instructions or Sync

characters.

C/D ' 1 MODE INSTRUCTION

C/D = 1 SYNC CHARACTER 1

C/D - 1 SYNC CHARACTER 2

C/D = 1 COMMAND INSTRUCTION

C/D = ; DATA ;

C/D = 1 COMMAND INSTRUCTION

C/D -
; ; DATA '.

C/D = 1 COMMAND INSTRUCTION

The second SYNC character is skipped if MODE instruction

has programmed the 8251A to single character Internal SYNC
Mode. Both SYNC characters are skipped if MODE instruction

has programmed the 8251A to ASYNC mode.

Figure 5. Typical Data Block
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Synchronous Mode (Transmission)

The TxD output is continuously high until the CPU sends

its first character to the 8251A which usually is a SYNC
character. When the CTS line goes low, the first character

is serially transmitted ou t. All characters are shifted out on

the falling edge of TxC. Data is shifted out at the same

rate as the TxC.

Once transmission has started, the data stream at the TxD
output must continue at the TxC rate. If the CPU does not

provide the 8251 A with a data character before the 8251

A

Transmitter Buffers become empty, the SYNC characters

(or character if in single SYNC character mode) will be

automatically inserted in the TxD data stream. In this case,

the TxEMPTY pin is raised high to signal that the 8251A is

empty and SYNC characters are being sent out. TxEMPTY
does not go low when the SYNC is being shifted out (see

figure below). The TxEMPTY pin is internally reset by a

data character being written into the 8251 A.

AUTOMATICALLY 1 NSERTED BY USART

\
TxD DATA DATA SYNC1 SYNC 2 DATA

/ wwww
NOMINAL CENTER OF LAST BIT

Synchronous Mode (Receive)

In this mode, character synchronization can be internally

or externally achieved. If the SYNC mode has been pro-

grammed, ENTER HUNT command should be included in

the first command instruction word written. Data on the

RxD pin is then sampled in on the rising edge of RxC. The
content of the Rx buffer is compared at every bit boundary

with the first SYNC character until a match occurs. If the

8251 A has been programmed for two SYNC characters, the

subsequent received character is also compared; when both

SYNC characters have been detected, the USART ends the

HUNT mode and is in character synchronization. The
SYNDET pin is then set high, and is reset automatically by

a STATUS READ. If parity is programmed, SYNDET
will not be set until the middle of the parity bit instead of

the middle of the last data bit.

In the external SYNC mode, synchronization is achieved by

applying a high level on the SYNDET pin, thus forcing the

8251 A out of the HUNT mode. The high level can be

removed after one RxC cycle. An ENTER HUNT command
has no effect in the asynchronous mode of operation.

Parity error and overrun error are both checked in the same

way as in the Asynchronous Rx mode. Parity is checked

when not in Hunt, regardless of whether the Receiver is

enabled or not.

The CPU can command the receiver to enter the HUNT
mode if synchronization is lost. This will also set all the

used character bits in the buffer to a "one", thus prevent-

ing a possible false SYNDET caused by data that happens

to be in the Rx Buffer at ENTER HUNT time. Note that

the SYNDET F/F is reset at each Status Read, regardless of

whether internal or external SYNC has been programmed.

This does not cause the 8251A to return to the HUNT
mode. When in SYNC mode, but not in HUNT, Sync Detec-

tion is still functional, but only occurs at the "known"
word boundaries. Thus, if one Status Read indicates SYN-
DET and a second Status Read also indicates SYNDET,
then the programmed SYNDET characters have been re-

ceived since the previous Status Read. (If double character

sync has been programmed, then both sync characters have

been contiguously received to gate a SYNDET indication.)

When external SYNDET mode is selected, internal Sync

Detect is disabled, and the SYNDET F/F may be set at

any bit boundary.

CHARACTER LENGTH

1 1

1 1

5

BITS
6

BITS
7

BITS
8

BITS

PARITY ENABLE
(1 = ENABLEI
(0= DISABLE)

EVEN PARITY GENERATION/CHECK
1 = EVEN
0»ODD

EXTERNAL SYNC DETECT
1 = SYNDET IS AN INPUT
= SYNDET IS AN OUTPUT

SINGLE CHARACTER SYNC
1 = SINGLE SYNC CHARACTER
= DOUBLE SYNC CHARACTER

NOTE: IN EXTERNAL SYNC MODE, PROGRAMMING DOUBLE CHARACTER
SYNC WILL AFFECT ONLY THE Tx.

Figure 8. Mode Instruction Format, Synchronous Mode

CPU BYTES (5-8 BITS/CHAR)

DATA CHARACTERS

ASSEMBLED SERIAL DATA OUTPUT (TxD)

SYNC
CHAR 1

SYNC
CHAR 2

DATA CHARACTERS

RECEIVE FORMAT

SERIAL DATA INPUT (RxD)

SYNC
CHAR 1

SYNC
CHAR 2

DATA CHARACTERS

CPU BYTES (5-8 BITS/CHAR)

DATA CHARACTERS

Figure 9. Data Format, Synchronous Mode
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ABSOLUTE MAXIMUM RATINGS'

Ambient Temperature Under Bias 0°C to 70 C

Storage Temperatura -65 C to +150 C

Voltage On Any Pin

With Respect to Ground -0.5V to +7V

Power Dissipation 1 Watt

*COMMENT: Stresses above those listed under "Absolute

Maximum Ratings" may cause permanent damage to the

device. This is a stress rating only and functional opera-

tion of the device at these or any other conditions above

those indicated in the operational sections of this specifi-

cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device

reliability.

D.C. CHARACTERISTICS
TA = 0°C to 70°C; VCc = 5.0V ±5%; GND = 0V

Symbol Parameter Min. Max. Unit Test Conditions

V|L Input Low Voltage -0.5 0.8 V

V|H Input High Voltage 2.2 VCC V

Vol Output Low Voltage 0.45 V Iql = 2.2 mA

Voh Output High Voltage 2.4 V Iqh =-400mA

>OFL Output Float Leakage ±10 ma V UT = VCC TO 0.45V

'lL
Input Leakage ±10 HA Vin = VCC TO 0.45V

•cc Power Supply Current 100 mA All Outputs = High

CAPACITANCE
TA = 25°C; Vcc = GND = 0V

Symbol Parameter Min. Max. Unit Test Conditions

C|N Input Capacitance 10 PF fc = 1MHz

C|/o I/O Capacitance 20 pF Unmeasured pins returned to GND

^SPEC.

^CAPACITANCE (pF)

Figure 16. Test Load Circuit Figure 17. Typical A Output Delay vs. A

Capacitance (pF)
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A.C. CHARACTERISTICS

TA = 0°C to 70°C; Vcc = 5.0V ±5%; GND = 0V

Bus Parameters (Note 1

)

Read Cycle:

SYMBOL PARAMETER MIN. MAX. UNIT TEST CONDITIONS

*AR Address Stable Before R EAD (CS, C/D) 50 ns Note 2

50 nstRA Address Hold Time for READ (CS, C/D) Note 2

tRR READ Pulse Width 250 ns

tRD Data Delay from READ 250 ns 3, CL = 150 pF

tDF READ to Data Floating 10 100 ns

Write Cycle:

SYMBOL PARAMETER MIN. MAX. UNIT TEST CONDITIONS

*AW Address Stable Before WRITE 50 ns

*WA Address Hold Time for WRITE 50 ns

*ww WRITE Pulse Width 250 ns

*DW Data Set Up Time for WRITE 150 ns

*WD Data Hold Time for WRITE 30 ns

tRV Recovery Time Between WRITES 6 tCY Note 4

NOTES: 1. AC timings measured VrjH = 2.0, Vol = 0.8, and with load circuit of Figure 1.

2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses.

3. Assumes that Address is valid before Rd*.
4. This recovery time is for Mode Initialization only. Write Data is allowed only when TxRDY = 1.

Recovery Time between Writes for Asynchronous Mode is 8 tcY ar|d f° r Synchronous Mode is 16 tgY-

Input Waveforms for AC Tests

2.4

0.45 Xp,
TEST
POINTS
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Other Timings:

SYMBOL PARAMETER MIN. MAX. UNIT TEST CONDITIONS

tCY Clock Period 320 1350 ns Notes 5, 6

H Clock High Pulse Width 140 tCY-90 ns

tff Clock Low Pulse Width 90 ns

tR.tp Clock Rise and Fall Time 5 20 ns

tDTx TxD Delay from Falling Edge of TxC 1 Ms

tSRx Rx Data Set-Up Time to Sampling Pulse 2 Ms

tHRx Rx Data Hold Time to Sampling Pulse 2 Ms

fTx Transmitter Input Clock Frequency

1x Baud Rate DC 64 kHz

16x Baud Rate DC 310 kHz

64x Baud Rate DC 615 kHz

tTPW Transmitter Input Clock Pulse Width

1x Baud Rate 12 *CY
16x and 64x Baud Rate 1 *CY

*TPD Transmitter Input Clock Pulse Delay

1x Baud Rate 15 *CY
16xand 64x Baud Rate 3 *CY

fRx Receiver Input Clock Frequency

1x Baud Rate DC 64 kHz
16x Baud Rate DC 310 kHz

64x Baud Rate DC 615 kHz

tRPW Receiver Input Clock Pulse Width

1x Baud Rate 12 *CY
16x and 64x Baud Rate 1 tCY

*RPD Receiver Input Clock Pulse Delay

1x Baud Rate 15 *CY
16x and 64x Baud Rate 3 *CY

tTxRDY TxRDY Pin Delay from Center of last Bit 8 *CY Note 7

*TxRDY CLEAR TxRDY | from Leading Edge of WR 180 ns Note 7

tRxRDY RxRDY Pin Delay from Center of last Bit 24 *CY Note 7

tR xRDY CLEAR RxRDY 4- from Leading Edge of RD 150 ns Note 7

tis Internal SYNDET Delay from Rising

Edge of RxC
24 *CY Note 7

tES External SYNDET Set-Up Time Before

Falling Edge of RxC
16 tCY Note 7

tTxEMPTY TxEMPTY Delay from Center of Last Bit 20 *CY Note 7

*WC Control Delay from Rising Edge of

WRITE (TxEn,DTR, RTS)

8 tCY Note 7

tCR Control to READ Set-Up Time (DSR, CTS) 20 tCY Note 7

5. The TxC and RxC frequencies have the following limitations with respect to CLK.
For 1x Baud Rate , fjx or fRx ** 1/(30 tcY>
For 16x and 64x Baud Rate, f-|-x or fp x < 1/(4.5 \q,\)

6. Reset Pulse Width = 6 tCY minimum; System Clock must be running during Reset.

7. Status update can have a maximum delay of 28 clock periods from the event affecting the status.
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Receiver Control & Flag Timing (ASYNC Mode)

H
41851

vnaQQcaTHmnDQacrumrioacr {

~^Jt

4 X

J '_/ \_

Transmitter Control & Flag Timing (SYNC Mode)

J~l 1 f

EXAMPLE FORMAT = 5 BIT CHARACTER WITH PARITY, 2 SYNC CHARACTERS.

Receiver Control & Flag Timing (SYNC Mode)

EXIT HUNT MODE /
SET SYN DET (STATUS BIT)

SET SYNDET (STATUS BIT)-
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PROGRAMMABLE INTERVAL TIMER

MCS—85™ Compatible 8253-5

3 Independent 16-Bit Counters

DC to 2 MHz

Programmable Counter Modes

Count Binary or BCD

Single + 5V Supply

24-Pin Dual In-Line Package

The Intel® 8253 is a programmable counter/timer chip designed for use as an Intel microcomputer peripheral. It uses

nMOS technology with a single +5V supply and is packaged in a 24-pin plastic DIP.

It is organized as 3 independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are soft-

ware programmable.

PIN CONFIGURATION BLOCK DIAGRAM

D
7 C

CLK0[

OUT0[

GATEOl

GNDl

6 8253 is

C 9

C 10

C 11

C 12

3vcc

Uwr
3rd

3cs

3a,

I!a

UCLK2

3 OUT 2

J GATE 2

DCLK 1

3 GATE 1

DOUT1

PIN NAMES
D

7
D DATA BUS (8 BIT)

CLK N COUNTER CLOCK INPUTS

GATE N COUNTER GATE INPUTS

OUT N COUNTER OUTPUTS

RD READ COUNTER
WR WRITE COMMAND OR DATA

CS CHIP SELECT

A
n
A, COUNTER SELECT

Vcr. 5 VOLTS

GND GROUND

READ/
WRITE
LOGIC

CONTROL
WORD

REGISTER

INTERNAL BUS

COUNTER

CLK

GATEO

OUT0

CLK 1

GATE 1

CLK 2

• GATE 2

•OUT 2

INTEL COKKKATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLffiD.

e INTEL CORPORATION, 1979 g.g 00745A
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FUNCTIONAL DESCRIPTION
General

The 8253 is a programmable interval timer/counter
specifically designed for use with the Intel™ Micro-
computer systems. Its function is that of a general
purpose, multi-timing element that can be treated as an
array of I/O ports in the system software.

The 8253 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 systems software, the programmer configures the
8253 to match his requirements, initializes one of the
counters of the 8253 with the desired quantity, then upon
command the 8253 will count out the delay and interrupt

the CPU when it has completed its tasks. It is easy to see
that the software overhead is minimal and that multiple

delays can easily be maintained by assignment of priority

levels.

Other counter/timer functions that are non-delay in

nature but also common to most microcomputers can be
implemented with the 8253.

• Programmable Rate Generator
• Event Counter
• Binary Rate Multiplier

• Real Time Clock
• Digital One-Shot
• Complex Motor Controller

Data Bus Buffer

This 3-state, bi-directional, 8-bit buffer is used to interface

the 8253 to the system data bus. Data is transmitted or

received by the buffer upon execution of INput or OUTput
CPU instructions. The Data Bus Buffer has three basic

functions.

1. Programming the MODES of the 8253.

2. Loading the count registers.

3. Reading the count values.

Read/Write Logic

The Read/Write Logic accepts inputs from the system bus
and in turn generates control signals for overall device

operation. It is enabled or disabled by CS so that no
operation can occur to change the function unless the

device has been selected by the system logic.

RD (Read)

A "low" on this input informs the 8253 that the CPU is

inputting data in the form of a counters value.

WR (Write)

A "low" on this input informs the 8253 that the CPU is

outputting data in theform of mode information or loading

counters.

AO, A1

These inputs are normally connected to the address bus.

Their function is to select one of the three counters to be
operated on and to address the control word register for

mode selection.

CS (Chip Select)

A "low" on this input enables the 8253. No reading or

writing will occur unless the device is selected. The CS
input has no effect upon the actual operation of the

counters.

h/
DATA
BUS

BUFFER o

READ/
WRITE
LOGIC

CONTROL
WORD

REGISTER

INTERNAL BUS/

o

-CLKO

-GATEO

- OUT

-CLK1

-GATE 1

OUT 1

-CLK2

GATE 2

-OUT 2

Figure 1. Block Diagram Showing Data Bus Buffer and
Read/Write Logic Functions

CS RD WR Ai Ao

1 Load Counter No.

1 1 Load Counter No. 1

1 1 Load Counter No. 2

1 1 1 Write Mode Word

1 Read Counter No.

1 1 Read Counter No. 1

1 1 Read Counter No. 2

1 1 1 No-Operation 3-State

1 X X X X Disable 3-State

1 1 X X No-Operation 3-State
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Control Word Register

The Control Word Register is selected when AO, A 1 are 11.

It then accepts information from the data bus buffer and

stores it in a register. The information stored in this

register controls the operational MODE of each counter,

selection of binary or BCD counting and the loading of

each count register.

The Control Word Register can only be written into; no

read operation of its contents is available.

Counter #0, Counter #1, Counter #2

These three functional blocks are identical in operation so

only a single Counter will be described. Each Counter

consists of a single, 16-bit, pre-settable, DOWN counter.

The counter can operate in either binary or BCD and its

input, gate and output are configured by the selection of

MODES stored in the Control Word Register.

The counters are fully independent and each can have

separate Mode configuration and counting operation,

binary or BCD. Also, there are special features in the

control word that handle the loading of the count value so

that software overhead can be minimized for these

functions.

The reading of the contents of each counter is available to

the programmer with simple READ operations for event

counting applications and special commands and logic

are included in the 8253 so that the contents of each

counter can be read "on the fly" without having to inhibit

the clock input.

8253 SYSTEM INTERFACE
The 8253 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 systems
software as an array of peripheral I/O ports; three are

counters and the fourth is a control register for MODE
programming.

Basically, the select inputs AO, A1 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 systems.

"OO DATA
BUS

BUFFER \

—

V

m
wn »cj READ/

WRITE

CONTROL
WORD K

REGISTER NT
A-

o

o

mm^mmmM/

,J

O

-CLKO

r GATED

-OUT0

- CLK 1

- GATE 1

"•OUT1

r CLK 2

GATE 2

' OUT 2

Figure 2. Block Diagram Showing Control Word
Register and Counter Functions

ADDRESS BUS (16)

CONTROL BUS

A, A„ CS

DATA BUS (8)

iZ A a
"0""7

8253

COUNTER

OUT GATE CLK OUT GATE CLK OUT GATE CLK

Figure 3. 8253 System Interface
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M - MODE:

OPERATIONAL DESCRIPTION

General

The complete functional definition of the 8253 is

programmed by the systems software. A set of control

words must be sent out by the CPU to initialize each
counter of the 8253 with the desired MODE and quantity

information. These control words program the MODE,
Loading sequence and selection of binary or BCD
counting.

Once programmed, the 8253 is ready to perform whatever

timing tasks it is assigned to accomplish.

The actual counting operation of each counter is

completely independent and additional logic is provided

on-chip so that the usual problems associated with

efficient monitoring and management of external,

asynchronous events or rates to the microcomputer
system have been eliminated.

Programming the 8253

All of the MODES for each counter are programmed by the

systems software by simple I/O operations.

Each counter of the 8253 is individually programmed by

writing a control word into the Control Word Register.

(AO, A1 = 11)

Control Word Format

D7 D6 D5 D4 D3 D2 Di Do

SC1 SCO RL1 RLO M2 M1 MO BCD

Definition of Control

SC — Select Counter

SC1 SCO

Select Counter

1 Select Counter 1

1 Select Counter 2

1 1 Illegal

RL — Read/Load:

RL1 RLO

Counter Latching operation (see

READ/WRITE Procedure Section)

1 Read/Load most significant byte only.

1 Read/Load least significant byte only.

1 1 Read/Load least significant byte first,

then most significant byte.

M2 M1 MO

ModeO

1 Mode 1

X 1 Mode 2

X 1 1 Mode 3

1 Mode 4

1 1 Mode 5

BCD:

Binary Counter 16-bits

1
Binary Coded Decimal (BCD) Counter

(4 Decades)

Counter Loading

The count register is not loaded until the count value is

written (one or two bytes, depending on the mode
selected by the RL bits), followed by a rising edge and a
falling edge of the clock. Any read of the counter prior to

that falling clock edge may yield invalid data.

MODE Definition

MODE 0: Interrupt on Terminal Count. The output will

be initially low after the mode set operation. After the

count is loaded into the selected count register, the out-

put will remain low and the counter will count. When ter-

minal count is reached the output will go high and re-

main high until the selected count register is reloaded

with the mode or a new count is loaded. The counter

continues to decrement after terminal count has been
reached.

Rewriting a counter register during counting results in

the following:

(1) Write 1st byte stops the current counting.

(2) Write 2nd byte starts the new count.

MODE 1: Programmable One-Shot. The output will go
low on the count following the rising edge of the gate in-

put.

The output will go high on the terminal count. If a new
count value is loaded while the output is low it will not

affect the duration of the one-shot pulse until the suc-

ceeding trigger. The current count can be read at any
time without affecting the one-shot pulse.

The one-shot is retriggerable, hence the output will re-

main low for the full count after any rising edge of the

gate input.
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MODE 2: Rate Generator. Divide by N counter. The out-

put will be low for one period of the input clock. The

period from one output pulse to the next equals the

number of input counts in the count register. If the

count register is reloaded between output pulses the

present period will not be affected, but the subsequent

period will reflect the new value.

The gate input, when low, will force the output high.

When the gate input goes high, the counter will start

from the initial count. Thus, the gate input can be used

to synchronize the counter.

When this mode is set, the output will remain high until

after the count register is loaded. The output then can

also be synchronized by software.

MODE 3: Square Wave Rate Generator.Similar to MODE
2 except that the output will remain high until one half

the count has been completed (for even numbers) and

go low for the other half of the count. This is accom-

plished by decrementing the counter by two on the fall-

ing edge of each clock pulse. When the counter reaches

terminal count, the state of the output is changed and

the counter is reloaded with the full count and the whole

process is repeated.

If the count is odd and the output is high, the first clock

pulse (after the count is loaded) decrements the count

by 1. Subsequent clock pulses decrement the clock by

2. After timeout, the output goes low and the full count

is reloaded. The first clock pulse (following the reload)

decrements the counter by 3. Subsequent clock pulses

decrement the count by 2 until timeout. Then the whole

process is repeated. In this way, if the count is odd, the

output will be high for (N + 1)/2 counts and low for

(N-1)/2 counts.

MODE 4: Software Triggered Strobe. After the mode is

set, the output will be high. When the count is loaded,

the counter will begin counting. On terminal count, the

output will go low for one input clock period, then will

go high again.

If the count register is reloaded between output pulses

the present period will not be affected, but the subse-

quent period will reflect the new value. The count will be

inhibited while the gate input is low. Reloading the

counter register will restart counting beginning with the

new number.

MODE 5: Hardware Triggered Strobe. The counter will

start counting after the rising edge of the trigger input

and will go low for one clock period when the terminal

count is reached. The counter is retriggerable. The out-

put will not go low until the full count after the rising

edge of any trigger.

Modes

Signal

^Status

Low

Or Going

Low Rising High

Disables

counting

Enables

counting

1 1) Initiates

counting

2) Resets output

after next clock

2 1) Disables

counting

2) Sets output

immediately

high

Initiates

counting

Enables

counting

3 1) Disables

counting

2) Sets output

immediately

high

Initiates

counting

Enables

counting

4 Disables

counting

Enables

counting

5 Initiates

counting

Figure 4. Gate Pin Operations Summary
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MODE 0: Interrupt on Terminal Count

clockjTjTJTjijrijTjxnjxnLJT_n_n_

WFfnHL— F

4

1

3

1

2

l

1

1

OUTPUT (INTERRUPT) 1

(n = 4)

r

I , 1

1

1

1

I

WRm *~l

I

1

GAlb

S
J 1

3 2 1

1

4 1

OUTPUT (INTERRUPT) _l

MODE 3: Square Wave Generator

clock JTJTJTJTJTJTJTJTJTJTJTJ-LTL4242424242424
OUTPUT (n = 4) _J 1 I 1 I 1 f

~

OUTPUT (n = 5)

S4252S4252542
J 1 I J"

MODE 1: Programmable One-Shot

clockJTJIJTJIJTJTJTJTJTJIJXriJI-

WRn~"
| |

TRIGGER |

OUTPUT

TRIGGER
_

OUTPUT

4 3 2 10
(n = 4)

"L

4 3 2 4 3 2 10

MODE 4: Software Triggered Strobe

clock jxnjiJiJijTjTJijijnjTrLrL

OUTPUT

LOAD n
"

GATE

OUTPUT

n = 4 r
4 3 2 10

t r
4 3 2 10

MODE 2: Rate Generator

cLocK_njTjxiXTTJTJTJTJTJTJTXLJTJTJT_

0(3)

OUTPUT (n = 31 "LJ

MODE 5: Hardware Triggered Strobe

clock JTJIJIJTJTJIJIJTJTJTJXJ-LrL.

4 3 2 10
OUTPUT (n = 4)

OUTPUT (n = 4)

4 3 4 3 2 10

Figure 5. 8253 Timing Diagrams
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8253 READ/WRITE PROCEDURE
Write Operations

The systems software must program each counter of the

8253 with the mode and quantity desired. The program-

mer must write out to the 8253 a MODE control word and

the programmed number of count register bytes (1 or 2)

prior to actually using the selected counter.

The actual order of the programming is quite flexible.

Writing out of the MODE control word can be in any

sequence of counter selection, e.g., counter #0 does not

have to be first or counter #2 last. Each counter's MODE
control word register has a separate address so that its

loading is completely sequence independent. (SCO, SC1)

The loading of the Count Register with the actual count

value, however, must be done in exactly the sequence

programmed in the MODE control word (RLO, RL1). This

loading of the counter's count register is still sequence

independent like the MODE control word loading, but

when a selected count register is to be loaded it must be

loaded with the number of bytes programmed in the

MODE control word (RLO, RL1). The one or two bytes to

be loaded in the count register do not have to follow the

associated MODE control word. They can be programmed
at any time following the MODE control word loading as

long as the correct number of bytes is loaded in order.

All counters are down counters. Thus, the value loaded

into the count register will actually be decremented.

Loading all zeroes into a count register wiH result in the

maximum count (2
16 for Binary or 104 for BCD). In MODE

the new count will not restart until the load has been

completed. It will accept one of two bytes depending on

how the MODE control words (RLO, RL1) are program-

med. Then proceed with the restart operation.

MODE Control Word

Counter n

LSB
Count Register byte

Counter n

MSB
Count Register byte

Counter n

Note: Format shown is a simple example of loading the 8253 and

does not imply that it is the only format that can be used.

Figure 6. Programming Format

No. 1

No. 2

No. 3

No. 4

No. 5

No. 6

No. 7

No. 8

No. 9

A1 A0

MODE Control Word

Counter
1

MODE Control Word

Counter 1

1

MODE Control Word

Counter 2
1

Count Register Byte

Counter 1

Count Register Byte

MSB Counter 1

Count Register Byte
LSB _ _

Counter 2
1

.,__ Count Register Byte
MSB _

a
.

y

Counter 2.
1

Count Register Byte

Counter

..„„ Count Register Byte
MSB _

Counter

Note: The exclusive addresses of each counter's count register make
the task of programming the 8253 a very simple matter, and

maximum effective use of the device will result if this feature

is fully utilized.

Figure 7. Alternate Programming Formats
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Read Operations

In most counter applications it becomes necessary to read
the value of the count in progress and make a

computational decision based on this quantity. Event
counters are probably the most common application that

uses this function. The 8253 contains logic that will allow
the programmer to easily read the contents of any of the
three counters without disturbing the actual count in

progress.

There are two methods that the programmer can use to

read the value of the counters. The first method involves
the use of simple I/O read operations of the selected
counter. By controlling the AO, A1 inputs to the 8253 the
programmer can select the counter to be read (remember
that no read operation of the mode register is allowed AO,
A1-11). The only requirement with this method is that in

order to assure a stable count reading the actual operation
of the selected counter must be inhibited either by
controlling the Gate input or by external logic that inhibits

the clock input. The contents of the counter selected will

be available as follows:

first I/O Read contains the least significant byte (LSB).

second I/O Read contains the most significant byte

(MSB).

Due to the internal logic of the 8253 it is absolutely
necessary to complete the entire reading procedure. If two
bytes are programmed to be read then two bytes must be
read before any loading WR command can be sent to the

same counter.

Read Operation Chart

A1 AO RD

Read Counter No.

1 Read Counter No. 1

1 Read Counter No. 2

1 1 Illegal

Reading While Counting

In order for the programmer to read the contents of any
counter without effecting or disturbing the counting
operation the 8253 has special internal logic that can be
accessed using simple WR commands to the MODE
register. Basically, when the programmer wishes to read
the contents of a selected counter "on the fly" he loads the

MODE register with a special code which latches the

present count value into a storage register so that its

contents contain an accurate, stable quantity. The
programmer then issues a normal read command to the

selected counter and the contents of the latched register is

available.

MODE Register for Latching Count

AO, A1 = 11

D7 D6 D5 D4 D3 D2 D1 DO

SC1 SCO X X X X

SC1.SC0— specify counter to be latched.

D5.D4 — 00 designates counter latching operation.

X — don't care.

The same limitation applies to this mode of reading the
counter as the previous method. That is, it is mandatory
to complete the entire read operation as programmed.
This command has no effect on the counter's mode.

CLK

8085

3MHz
2

* 1.5MHz
CLK

8253-5

*lf an 8085 clock output is to drive an 8253-5 clock input, it must be reduced to 2 MHz or less.

Figure 8. MCS-85™ Clock Interface*
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias 0°Cto70°C
Storage Temperature -65°Cto+150°C
Voltage On Any Pin

With Respect to Ground -0.5Vto+7V
Power Dissipation 1 Watt

"COMMENT: Stresses above those listed under "Absolute

Maximum Ratings" may cause permanent damage to the

device. This is a stress rating only and functional opera-

tion of the device at these or any other conditions above

those indicated in the operational sections of this specifi-

cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device

reliability.

D.C. CHARACTERISTICS (ta = oc to ?o°c ; vcc = 5V ±5%)

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS

V|L Input Low Voltage -0.5 0.8 V

V|H Input High Voltage 2.2 VCC +.5V V

Vol Output Low Voltage 0.45 V Note 1

Voh Output High Voltage 2.4 V Note 2

IlL Input Load Current ±10 A/A Vim = Vcc to 0V

'OFL Output Float Leakage ±10 IJ.A Vqut = VCc to 0V

'cc Vcc Supply Current 140 mA
Note 1: 8253, Iql = 16 mA; 8253-5, I l = 2.2 mA.

Note 2: 8253, l0H = -150 fxA; 8253-5, l0H = -400 ,uA.

CAPACITANCE ta = 25°c; vcc = gnd = ov

Symbol Parameter Min. Typ. Max. Unit Test Conditions

C|N Input Capacitance 10 pF fc= 1 MHz

C l/0 I/O Capacitance 20 pF Unmeasured pins returned to Vss
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A.C. CHARACTERISTICS ta = o°c to 70°c ; vcc = 5.ov ±5%; gnd = ov

Bus Parameters (Note 1)

Read Cycle:

SYMBOL PARAMETER

8253

MIN. MAX.

8253-5

MIN. MAX. UNIT

*AR Address Stable Before R EAD 50 30 ns

*RA Address Hold Time for READ 5 5 ns

tRR READ Pulse Width 400 300 ns

tRD Data Delay From R EAD^I 300 200 ns

tDF READ to Data Floating 25 125 25 100 ns

lRV Recovery Time Between READ
and Any Other Control Signal

1 1 AS

Write Cycle:

SYMBOL PARAMETER

82

MIN.

53

MAX.

8253-5

MIN. MAX. UNIT

50 30*AW Address Stable Before WRITE ns

*WA Address Hold Time for WR ITE 30 30 ns

*WW WRITE Pulse Width 400 300 ns

tDW Data Set Up Time for WR ITE 300 250 ns

twD Data Hold Time for WRITE 40 30 ns

1 1tRV Recovery Time Between WRITE
and Any Other Control Signal

MS

Notes: 1. AC timings measuredat Vqh = 2.2, Vol = 0-8

2. Test Conditions: 8253, C[_ = 100pF; 8253-5: C[_- 150pF.

Write Timing:

X

%J

X
X

Read Timing:

X P
^y/////////////////

X

7777777777777777777;
HIGH IMPEDANCE

Input Waveforms for A.C. Tests

2.4

0.45
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Clock and Gate Timing:

SYMBOL PARAMETER

8253

MIN. MAX.

8253-5

MIN. MAX. UNIT

tfJLK Clock Period 380 dc 380 dc ns

tPWH High Pulse Width 230 230 ns

tPWL Low Pulse Width 150 150 ns

tGW Gate Width High 150 150 ns

tGL Gate Width Low 100 100 ns

*GS Gate Set Up Time to CLKt 100 100 ns

tGH Gate Hold Time After CLKt 50 50 ns

*OD Output Delay From CLK-M 1 ' 400 400 ns

tQDG Output Delay From Gatei' 1
! 300 300 ns

Note 1: Test Conditions: 8253: Cl= 100pF; 8253-5: C|_= 150pF.

_,
I>WL-

»<OD—

^\u
X
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8255A/8255A-5
PROGRAMMABLE PERIPHERAL INTERFACE

MCS-85™ Compatible 8255A-5

24 Programmable I/O Pins

Completely TTL Compatible

Fully Compatible with Intel® Micro-

processor Families

Improved Timing Characteristics

Direct Bit Set/Reset Capability Easing
Control Application Interface

40-Pin Dual In-Line Package

Reduces System Package Count

Improved DC Driving Capability

The Intel® 8255A is a general purpose programmable I/O device designed for use with Intel® microprocessors. It has

24 I/O pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first

mode (MODE 0), each group of 12 I/O pins may be programmed in sets of 4 to be input or output. In MODE 1, the second

mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand-

shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8

lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking.

PIN CONFIGURATION

PA3 C W^ 40
~

PA2 C. 39
-|

PAlC 38 I
PAO C 37 Z
RD £ 36 Z
cs C. 6 35 z

GND G 34 z
*'C 8 33 z
ao r 9 32 z
PC7 Q

PC6Q

10

8255A
31

30
E;

PC5 C 12 29
-

PC4
fj 28

pcoC 14 27 n

pci C 15 26 n
PC2 C 16 25 Z
PC3 Q 24 Z
PBOQ 18 J
PB1 C 19 22 3
PP.2C 20 21 z

PIN NAMES

8255A BLOCK DIAGRAM

N V HiiMiN

,z: c
c=^

D7-°0 DATA BUS (Bl DIRECTIONAL)

RESET RESET INPUT

a CHIP SELECT

RD READ INPUT

WR WRITE INPUT

AO. A1 PORT ADDRESS

PA7PA0 PORT A (BIT)

PB7PB0 PORT B (BIT)

«c7*co PORT C (BIT)

Vcc 6 VOLTS

OND 9 VOLTS

z c

e=> :h c

c=^>

f C=>;»

C> :£:

$x

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE Of ANY CIRCUITRY OTHER THAN CRCWTRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.

© INTEL CORPORATION, 1979 8-20
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8255A FUNCTIONAL DESCRIPTION

General

The 8255A is a programmable peripheral interface (PPI)

device designed for use in Intel® microcomputer

systems. Its function is that of a general purpose I/O

component to interface peripheral equipment to the

microcomputer system bus. The functional configura-

tion of the 8255A is programmed by the system software

so that normally no external logic is necessary to inter-

face peripheral devices or structures.

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to interface

the 8255A 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 infor-

mation 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 and Con-

trol busses and in turn, issues commands to both of the

Control Groups.

(CS)

Chip Select. A "low" on this input pin enables the com-
muniction between the 8255A and the CPU.

(RD)

Read. A "low" on this input pin enables the 8255A to

send the data or status information to the CPU on the

data bus. In essence, it allows the CPU to "read from"

the 8255A.

(WR)

Write. A "low" on this input pin enables the CPU to write

data or control words into the 8255A.

(A and A^
Port Select 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

registers. They are normally connected to the least

significant bits of the address bus (A and A^.

8255A BASIC OPERATION
A1 A RD WR CS INPUT OPERATION (READ)

1 PORT A = DATA BUS
1 1 PORT B => DATA BUS

1 1 PORT C=> DATA BUS
OUTPUT OPERATION
(WRITE)

1 DATA BUS =» PORT A
1 1 DATA BUS =» PORT B

1 1 DATA BUS =» PORT C
1 1 1 DATA BUS =- CONTROL

DISABLE FUNCTION

X X X X 1 DATA BUS=> 3-STATE
1 1 1 ILLEGAL CONDITION

X X 1 1 DATA BUS =» 3-STATE

Bt-DWECTiaWAL DATA 6US i

•*<-:=>

UOMTftOl.. S*
" 1,1 """""'"'.

I

C=^>

c=c>

„3"

r£i

*IABUS y, » 8

C > WOfiTC:

K==C> T r
<r

ii

I:

<s

£.&*

I

l/^jW-J

Figure 1. 8255A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Functions
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(RESET)

Reset. A "high on this input clears the control register

and all ports (A, C, C) are set to the input mode.

Group A and Group B Controls

The functional configuration of each port is program-
med by the systems software. In essence, the CPU "out-

puts" a control word to the 8255A. The control word con-

tains information such as "mode", "bit set", "bit reset",

etc., that initializes the functional configuration of the

8255.

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-C0)

The Control Word Register can Only be written into. No
Read operation of the Control Word Register is allowed.

Ports A, B, and C

The 8255A contains three 8-bit ports (A, B, and C). All

can be configured in a wide variety of functional charac-

teristics by the system software but each has its own
special features or "personality" to further enhance the

power and flexibility of the 8255A.

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

data input latch.

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-bit port contains a 4-bit latch and it can be used
for the control signal outputs and status signal inputs in

conjunction with ports A and B.

PIN CONFIGURATION

11-OlRCCTKWAt DATA 8US

•".<C=3
: DATA

SUFFER c

KES8I -

REAO'
•miff

COWTROl
tOOIC

C c=> ™ t=$

c=c> «& c

1

N "Vj lOvveb |>r

I

c=o c

Figure 2. 8225A Block Diagram Showing Group A and

Group B Control Functions

PA3C 1
W 40 Z] PA4

PA2 £ 39 Z\ PA5

PA1 Q 3 38 J PA6

PAOC 4 37 ^} PA7

55 Q 5 36 Z\ wS

cs C 6 35 j RESET

gndC 7 34 >.
AlC 8 33 ^D,
AO C 9 32 D»!
PC7Q

PC6C

10

11 825SA
31

30

bo3

Do.
l>C5 C. 12 29 Do s

PC4C 13 28 >.
PCoT 14 "Jo,
pci {Z 15 Sb nvcr

PC2 C 16 25
-

; pb;

PC3 rj 17 24 J PB6

PBOQ 18 23 ~3 PB5

PB1 [^ 19 22 31 PB4

PB2Q 20 21 31 pB3

PIN NAMES

tECTIONALID, D„ DATA BUS (81 OIF

RESET RESET INPUT

CS
' RD

CHIP SELECT

READ INPU'T

SS

WR
'""

ao/aT'
~ WRITE INPUT

PORT ADDRE
PORT ATBTf)"PA7PA0

PB7PB0 PORTB (BITI

PC7-PC0 PORTC (BITI

I

vCc 5 VOLTS

,
GND 9 VOLTS
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8255A OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can be select-

ed by the system software:

Mode — Basic Input/Output

Mode 1 -Strobed Input/Output

Mode 2 — Bi-Directional Bus

When the reset input goes "high" all ports will be set to

the input mode (i.e., all 24 lines will be in the high im-

pedance state). After the reset is removed the 8255A can

remain in the input mode with no additional initialization

required. During the execution of the system program

any of the other modes may be selected using a single

output instruction. This allows a single 8255A to service

a variety of peripheral devices with a simple software

maintenance routine.
lint;.

The modes for Port A and Port B can be separately defined,

while Port C is divided into two portions as required by the

Port A and- Port B definitions. All of the output registers, in-

cluding 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 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.

ADDRESS BUS

CONTROL BUS

Ji n Ji
RD.WR tVDo A -A,

CS

8255A i

B
C

A

J 8 WO J 4 h/o J 4 M/O 1 8 w
PB

7
-PB„ PC

3
-PC PC

7
-PC

4 PA
7
-PA„

MODE 1 —"T_B_

PB
7
-PB CONTROL CONTROL PA

7
-PA„

OR I/O OR I/O

MODE 2 —

«

J B

I

8 [I/O

PB
7
-PB I/O

A T

8 [BIDIRECTIONAL

J PA,-PA„

Figure 3. Basic Mode Definitions and Bus Interface

CONTROL WORD

o
D7

D
6

D
5

D4 D
3

D
2

D, D„

PORT C (LOWER)
1 = INPUT
= OUTPUT

PORTB
1 = INPUT
= OUTPUT

MODE SELECTION
0= MODE0
1 = MODE 1

^\
PORT C (UPPER)
1 = INPUT
= OUTPUT

PORTA
1 = INPUT
= OUTPUT

MODE SELECTION
00 = MODE
01 = MODE 1

IX = MODE 2

MODE SET FLAG
1 = ACTIVE

Figure 4. Mode Definition Format

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 ap-

proach will surface. The design of the 8255A has taken

into account things such as efficient PC board layout,

control signal definition vs PC layout and complete

functional flexibility to support almost any peripheral

device with no external logic. Such design represents

the maximum use of the available pins.

Single Bit Set/Reset Feature

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.
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CONTROL WORD

XXX

D
5 D„ D

3
D
2

D, D

BIT SET/RESET
1=SET
0= RESET

BIT SET/RESET FLAG
= ACTIVE

Figure 5. Bit Set/Reset Format

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 op-

eration just as if they were data output ports.

Interrupt Control Functions

When the 8255A is programmed to operate in mode 1 or

mode 2, control signals are provided that can be used as
interrupt request inputs to the CPU. The interrupt re-

quest signals, generated from port C, can be inhibited or

enabled by setting or resetting the associated INTE flip-

flop, using the bit set/reset function of port C.

This function allows the Programmer to disallow or allow a

specific I/O device to interrupt the CPU without affecting

any other device in the interrupt structure.

INTE flip-flop definition:

(BIT-SET) - INTE is SET - Interrupt enable

(BIT-RESET) - INTE is RESET - Interrupt disable

Note: All Mask flip-flops are automatically reset during

mode selection and device Reset.

Operating Modes

MODE (Basic Input/Output). This functional configura-

tion 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 specified port.

Mode Basic Functional Definitions:

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

• Any port can be input or output.

• Outputs are latched.

• Inputs are not latched.

• 16 different Input/Output configurations are possible

in this Mode.

V
X

X

/

( X

K
X

>

MODE (Basic Input)

\ J
c

)E
-•WD"

K

X
-'WB -\

K

MODE (Basic Output)
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MODE Port Definition

A B GROUP A GROUP

B

D4 D3 Dl DO PORTA
PORT C

(UPPER)
# PORTB

PORTC
(LOWER)

OUTPUT OUTPUT OUTPUT OUTPUT
1 OUTPUT OUTPUT 1 OUTPUT INPUT

1 OUTPUT OUTPUT 2 INPUT OUTPUT
1 1 OUTPUT OUTPUT 3 INPUT INPUT

1 OUTPUT INPUT 4 OUTPUT OUTPUT
1 1 OUTPUT INPUT 5 OUTPUT INPUT

1 1 OUTPUT INPUT 6 INPUT OUTPUT
1 1 1 OUTPUT INPUT 7 INPUT INPUT

INPUT OUTPUT 8 OUTPUT OUTPUT
1 INPUT OUTPUT 9 OUTPUT INPUT

1 INPUT OUTPUT 10 INPUT OUTPUT
1 1 INPUT OUTPUT 11 INPUT INPUT

1 INPUT INPUT 12 OUTPUT OUTPUT
1 1 INPUT INPUT 13 OUTPUT INPUT

1 1 INPUT INPUT 14 INPUT OUTPUT
1 1 1 INPUT INPUT 15 INPUT INPUT

MODE Configurations

CONTROL WORD #0

°7 D
6 D5 D4 D

3
D
2 D

1
D

CONTROL WORD #1

yi » PA
7
-PA„

7^ PC
7
-PC4

-A— pc,-pc

/ PB
7
PB

/ * PA
7-PAo

/^ -PCj-PC,

CONTROL WORD #2

1

CONTROL WORD #3
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CONTROL WORD #4

D7 D6 D5 D4 D3 D2 D
1

D

10

/ PA7-PA„

7^ *h*C*

/ - re3
-pco

j- PB
7
PB„

CONTROL WORD #8

D, D, Dt D„ D, D, D, D„"1 "6 "5 J 3 "2 "1 "0

10

/ PA
7
-PA„

/-^ PC
7
PC4

7^ pC
3
PC

-/- PB
7
PB

CONTROL WORD #5

D
7 D6 D

5
D4 D3 D2 D, D

10 10 1

CONTROL WORD #9

D7 D6 D5 D4 D3 D2
D

1
D

10

7^ P*7 ,,A

/i PC
7
-PC4

/ PA
7
-PA„

-/ PC
7
-PC

4

7^ PC
3
-PC

/ PB
7
-PB

/^ PC
3
PC

CONTROL WORD #6

D
7 D6 D5 D4 °3 D2 D

1
D

10 10 10

CONTROL WORD #10

D
7

D6 D5 D4
D
3

D
2

D, D

10 10

Z1 PAj-PA,,

7^ PC7
-.

7^ PCj-PC,,

¥ PA
7
-PA„

/ PC
7
-PC4

-F-— pc3-pc

CONTROL WORD #7 CONTROL WORD #11

D7 Dg D5 D4 D
3

D
2

D, Dp

10 10 11
D7 Dg D5 D4 D3 D2

D, D

10 10 11

-/ PA
7
-PA„

A pc7-pc4

* Z1 wyPA,

/-^ PC7-PC4

/ pc
3
-pc

/ pb7 .pb
/ "V^O
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CONTROL WORD #12

D7 D6 D5 D4 D 3
D
2

D
1

D

10 110

-H- PA
7
-PA„

/i PC
3
PC

-f PB7-PB

CONTROL WORD #14

D
7

D
6

D
5 D, D3 D; D, D„

10 110 10

/ PA
7
.PA„

PC
3
PC

CONTROL WORD #13

D7 D6 D5 D4 D3
D
2

D
1

D

CONTROL WORD #15

110
D7

D6 D5 D4 D
3

D2 D, D

10 110 11

/ PA
7
PA„

« / PC
7
-PC4

/ " PA
7
PA„

-/- PCj-PC,

L ^ /± PC
3
-PC

/ PBjPBo / PBjPBo

Operating Modes

MODE 1 (Strobed Input/Output). This functional con-

figuration provides a means for transferring I/O data to

or from a specified port in conjunction with strobes or

"handshaking" 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 Functional Definitions:

• Two Groups (Group A and Group B)

• Each group contains one 8-bit data 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 data port.
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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, an acknowledgement

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 an input device is requesting service. INTR is set by

the 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

Controlled by bit set/reset of PC 4 .

INTEB

Controlled by bit set/reset of PC 2 .

MODE 1 (PORT A)

CONTROL WORD

MODE 1 (PORT B)

CONTROL WORD

D
7

D
6 D5 D4

D3 D
2

D
1
D

RD «-0

PB
7
-PB <^

1 INTE 1

1 B 1

PC2 STBB

r-
J

Q.

PC, " [BFB

INTRb

Figure 6. MODE 1 Input

Figure 7. MODE 1 (Strobed Input)
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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

the specified port. 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 8255A that the data from port A or port B has been ac-

cepted. In essence, a response from the peripheral

device indicating that it has received the data output by

the CPU.

INTR (Interrupt Request). A "high" on this output can be

used to interrupt the CPU when an output device has ac-

cepted 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 PCg.

INTEB

Controlled by bit set/reset of PC 2.

MODE 1 (PORT A)

CONTROL WORD

°7 D6 D5 P4 D3 D2 D
1

D

'-* 1 = INPUT

WR »-0

PA
7
-PA„k>

i inte"! rc „
I A I

6

-or*;—

OBFA

ACK.

MODE 1 (PORT B)

CONTROL WORD

D
7
D6 D5 D4 D

3
D
2 D, D

hMxMxHoM

WR »-0

r -1

1 INTE 1

1 B 1

PBj-PB,,

PC,

PC2

^>

ACKg

Figure 8. MODE 1 Output

Figure 9. Mode 1 (Strobed Output)
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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.

CONTROL WORD

°7 D
6 °5 D

4 D
3
D
2

D
1

D
o

h 1 1 I vol 1 I'M

Z.

PA
7
-PA

PC4

pc5

K
3

PC6 . 7

PB
7
PB

PC,

PC2

PC

2

"

-

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

CONTROL WORD

D
7

D
6

D
5 D4

D
3

D
2 °1 D

o

1 i |o|i o Ivo 1 M
z.

PA
7
-PA

PC
7

8 \

pc3

PC
4.5

2

PB7 -PB <^
PC2 -

PC,

pc„

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

Figure 10. Combinations of MODE 1

Operating Modes Output Operations

MODE 2 (Strobed Bidirectional Bus I/O). This functional

configuration provides a means for communicating with

a peripheral device or structure on a single 8-bit bus for

both transmitting and receiving data (bidirectional bus

I/O). "Handshaking" signals are provided to maintain

proper bus flow discipline in a similar manner to MODE
1. Interrupt generation and enable/disable functions are

also available.

OBF (Output Buffer Ful). 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

tri-state output buffer of port A to send out the data.

Otherwise, the output buffer will be in the high im-

pedance state.

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 inputs and outputs are latched.

• The 5-bit control port (Port C) is used for control

and status for the 8-bit, bi-directional bus port (Port

A).

Bidirectional Bus I/O Control Signal Definition

INTR (Interrupt Request). A high on this output can be

used to interrupt the CPU for both input or output opera-

tions.

INTE 1 (The INTE Flip-Flop Associated with OBF). Con-

trolled by bit set/reset of PC6 .

Input Operations

STB (Strobe Input)

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 in-

dicates that data has been loaded into the input latch.

INTE 2 (The INTE Flip-Flop Associated with IBF). Con-

trolled by bit set/reset of PC4 .
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CONTROL WORD

D7 D„ D5 D4 D3 D
2

D
1

D

1 1 /\/\/\ 1/0 1/0 1/0

—
1 - INPUT
0« OUTPUT

PORTB
1 = INPUT
= OUTPUT

GROUP B MODE
= MODE

1 - MODE 1

Figure 11. MODE Control Word Figure 12. MODE 2

PERIPHERAL
BUS

DATA FROM
CPU TO 82S5A

I "<t_>-
DATA FROM

PERIPHERAL TO 8255A

\ rDATA FROM j
8255A TO PERIPHERAL /

DATA FROM
82SSA TO 8080

Figure 13. MODE 2 (Bidirectional)

NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible.

(INTR = IBF • MASK • STB • RD + OBF • MASK • ACK • WR )
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MODE 2 AND MODE (INPUT)

CONTROL WORD

D7 DB D5 D4 D
3

D
2

D, D„

"R^<r

J

CO

-/— I/O

c

MODE 2 AND MODE (OUTPUT)

CONTROL WORD

D
7

D„ D
5

D4 D3 D2 D, D„

h h MXM °
I

Q H
J

PA,-PAoOO
OBFA

ACKA

-/ " I/O

>

MODE 2 AND MODE 1 (OUTPUT) MODE 2 AND MODE 1 (INPUT)

CONTROL WORD

D7 D6 D
5

D4 D
3
D
2 D, D„

JM

pc
3

PA
7
-PA„

PC
7

PC
6

<^>

PC
4

PC
5

PB
7
PB

PC,

PC2

~r'>
V

PC

CONTROL WORD

D7 D6 D5 D4 D3 D2 D
1
D

h h IXIXIX1 » h C*l

PA
7 -PAo

;

< « >

PC7

N v

" 61FA

pc6

PC4

ACKA

st¥a

PC5

PB7-PB C
^IBFA

8
1

PC,

STBg

" IBFB

pc •- INTR

Figure 14. MODE 2 Combinations
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Mode Definition Summary

PA

PAi

PA2
PA3
PA4
PA5
PA6
PA7

PB

PB1

PB2

PB3

PB4

PB5
PB6

PB7

PC

PC1

PC2

PC3
PC4
PC5

pc6
PC?

MODEO
IN

IN

IN

IN

IN

IN

IN

IN

IN

IN

IN

IN

IN

IN

IN

IN

IN

OUT

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

IN OUT
IN OUT
IN OUT
IN OUT
IN OUT
IN OUT
IN OUT
IN OUT

MODE 1

IN OUT

IN

IN

IN

IN

IN

IN

IN

IN

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

IN

IN

IN

IN

IN

IN

IN

IN

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

INTR B

ibf b

stbb
INTRa

STBa

ibfa
I/O

I/O

INTRb

obf b

ACKB
INTRa

I/O

I/O

ACKa
OBFA

MODE 2

GROUP A ONLY

I/O

I/O

I/O

INTRa

STBA
ibfa
ACKA
OBFA

MODEO
OR MODE 1

ONLY

Special Mode Combination Considerations

There are several combinations of modes when not all of the

bits in Port C are used for control or status. The remaining

bits can be used as follows:

If Programmed as Inputs —

All input lines can be accessed during a normal Port C

read.

If Programmed as Outputs —

Bits in C upper (PC7-PC4) must be individually accessed

using the bit set/reset function.

Bits in C lower (PC3-PC0) can be accessed using the bit

set/reset function or accessed as a threesome by writing

into Port C.

Source Current Capability on Port B and Port C

Any set of eight output buffers, selected randomly from

Ports B and C can source 1mA at 1.5 volts. This feature

allows the 8255 to directly drive Darlington type drivers

and high-voltage displays that require such source current.

Reading Port C Status

In Mode 0, Port C transfers data to or from the peripheral

device. When the 8255 is programmed to function in Modes

1 or 2, Port C generates or accepts "hand-shaking" signals

with the peripheral device. Reading the contents of Port C

allows the programmer to test or verify the "status" of each

peripheral device and change the program flow accordingly.

There is no special instruction to read the status informa-

tion from Port C. A normal read operation of Port C is

executed to perform this function.

INPUT CONFIGURATION

D7 D6 D5 D4 D
3

D
2

D, D

I/O I/O IBFA INTEA INTRA INTEB IBFB INTRB

GROUP A GROUP B

OUTPUT CONFIGURATION

D
7

D6 D
5

D4 D
3

D
2

D, D

OBFA INTEA I/O I/O INTRA INTEB OBFB INTRB

GROUP A GROUP B

Figure 15. MODE 1 Status Word Format

D
7

D
6 D5

D4 D
3

D2 D, D

OBFA INTE, IBFA INTE
2

INTRAXXX
GROUP A ^^___- GROUP B

(DEFINED BY MODE OR MODE 1 SELECTION)

Figure 16. MODE 2 Status Word Format
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APPLICATIONS OF THE 8255A

The 8255A is a very powerful tool for interfacing

peripheral equipment to the microcomputer system. It

represents the optimum use of available pins and is flex-

ible enough to interface almost any I/O device without
the need for additional external logic.

Each peripheral device in a microcomputer system
usually has a "service routine" associated with it. The
routine manages the software interface between the

device and the CPU. The functional definition of the

8255A is programmed by the I/O service routine and
becomes an extension of the system software. By ex-

amining the I/O devices interface characteristics for

both data transfer and timing, and matching this infor-

mation to the examples and tables in the detailed opera-

tional description, a control word can easily be devel-

oped to initialize the 8255A to exactly "fit" the applica-

tion. Figures 17 through 23 present a few examples of

typical applications of the 8255A.

INTERRUPT
REQUEST "

MODE1
(OUTPUT)

MODE1
(OUTPUT)

PAo

INTERRUPT
REQUEST
3

DATA READY

ACK

PAPER FEED

FORWARD/REV

DATA READY

ACK

HIGHSPEED
PRINTER

HAMMER
RELAYS

DATA READY
ACK

PAPER FEED

FORWARD/REV

RIBBON

CARRIAGE SEN.

CONTROL LOGIC AND DRIVERS

Figure 17. Printer Interface

INTERRUPT
REQUEST "

PC3

8255A

MODE 1

(INPUT)

PAo

PA,

PA
2

PA
3

PA4

PAs

PA
6

PA
7

PC„

_PC
5

R

«1

R
2 FULLY

R DECODED
3 KEYBOARD

R4

R
5

SHIFT

CONTROL

STROBE

ACK

PBo

PB,

PB
2

pB3

PB4
pB5

MODE 1 PR
(OUTPUT)

B6

PB,

PC,

PC
2

|

PC
6

PC L?C7

Bo
B,

B BURROUGHS
2 SELF-SCAN

B
3 DISPLAY

B4

B
5

BACKSPACE

CLEAR

DATA READY

ACK

BLANKING

CANCEL WORD

INTERRUPT
REQUEST

ZI

Figure 18. Keyboard and Display Interface

-n
pc3

MODE 1

(INPUT)

8255A

"PAo

PA,

PA
2

PA
3

pA4

PAs

PAe

PA7

PC4

pc 5

pc6

[pc
7

R

«1

R
2

B FULLY
3 DECODED

r4
KEYBOARD

SHIFT

CONTROL

STROBE

ACKNOWLEDGE

BUSY LT

TEST LT

MODE
(INPUT)

P"o

PB,

PB
2

pB3

PB4

PB5

pB6

.
PB

7

tf~~ ">,

<S~ ~"o

TERMINAL
ADDRESS

Figure 19. Keyboard and Terminal Address Interface
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INTERRUPT ^
REQUEST I

MODE
(OUTPUT)

825SA

BIT

SET/RESET

MODE
(INPUT)

PA

PA
1

PA
2

PA
3

PA4
PA

5

PA6
PA7

PC
4

PC
5

PC6

[pc
7

r Pc

PC,

PC
2

pc
3

~~

PB

PB,

PB
2

PB3

PB
4

PB
5

PB
6

PB
7

LSB

12-BIT
DA

CONVERTER
(DAC)

MSB

STB DATA

OUTPUT EN

ANALOG OUTPUT

pc3

MODE 2 -

8255A

MODE
(OUTPUT)

~PA

PA,

PA2

PA3

PA4

PA6

PA6

PA7

PC4

PC
7

^PC6

PC
2

pc

PC,

PB

PBl

PB2

PB3

PB4

PB5

PB6

PB7

°0

°1

°2

D, FLOPPY DISK
CONTROLLER

D4 AND DRIVE
D
5

°6

°7

DATA STB

ACK (IN)

DATA READY

ACK (OUT)

TRACK "0" SENSOR

SYNC READY

INDEX

ENGAGE HEAD

FORWARD/REV.

READ ENABLE

WRITE ENABLE

DISC SELECT

ENABLE CRC

TEST

BUSY LT

SAMPLE EN

STB

LSB
8-BIT

AD
CONVERTER

(ADC)

MSB

-« ANALOG INPUT

"

I"

Figure 20. Digital to Analog, Analog to Digital Figure 22. Basic Floppy Disc Interface

INTERRUPT
REQUEST

'!"PA
o

MODE 1 _j

(OUTPUT) 1

MODE _

(OUTPUT)

INTERRUPT
REQUEST

CRT CONTROLLER
• CHARACTER GEN.

• REFRESH BUFFER
• CURSOR CONTROL

SHIFT

CONTROL

DATA READY

ACK

BLANKED

BLACK/WHITE

ROW STB

COLUMN STB

CURSOR H/V STB

CURSOR/ROW/COLUMN
ADDRESS
H& V

MODE 1

(INPUT)

PA,,

PA5

MODE
(INPUT)

MODE
(OUTPUT)

8 LEVEL
PAPER
TAPE

READER

ACK

STOP/GO

MACHINE TOOL

START/STOP

LIMIT SENSOR (HA/)

OUT OF FLUID

CHANGE TOOL

LEFT/RIGHT

UP/DOWN

HOR. STEP STROBE

VERT. STEP STROBE

SLEW/STEP

FLUID ENABLE

EMERGENCY STOP

Figure 21. Basic CRT Controller Interface Figure 23. Machine Tool Controller Interface
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ABSOLUTE MAXIMUM RATINGS'

Ambient Temperature Under Bias 0°C to 70°C
Storage Temperature -65°C to +150°C
Voltage on Any Pin

With Respect to Ground -0.5V to +7V
Power Dissipation 1 Watt

*COMMENT: Stresses above those listed under "Absolute

Maximum Ratings" may cause permanent damage to the

device. This is a stress rating only and functional opera-

tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-

cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device

reliability.

D.C. CHARACTERISTICS
TA = 0°C to 70°C, Vcc = +5V ±5%; GND = 0V

SYMBOL PARAMETER MIN. MAX. UNIT TEST CONDITIONS

V|L Input Low Voltage -0.5 0.8 V

V,H Input High Voltage 2.0 vCc V

Vol (DB) Output Low Voltage (Data Bus) 0.45 V Iol = 2.5mA

Vol(PER) Output Low Voltage (Peripheral Port) 0.45 V Iol = 1.7mA

Voh(DB) Output High Voltage (Data Bus) 2.4 V lOH = -400mA

Voh(PER) Output High Voltage (Peripheral Port) 2.4 V Ioh = -200/uA

IdarI 1
! Darlington Drive Current -1.0 -4.0 mA R EXT = 750ft;VExT=1-5V

cc Power Supply Current 120 mA

IlL Input Load Current ±10 A<A Vin = VCc to 0V

'OFL Output Float Leakage ±10 fiA Vqut = VCC to 0V

Note 1
: Available on any 8 pins from Port B and C.

CAPACITANCE
TA = 25°C; Vcc = GND = 0V

SYMBOL PARAMETER MIN. TYP. MAX. UNIT TEST CONDITIONS

C IN Input Capacitance 10 pF fc= 1MHz

C|/o I/O Capacitance 20 pF Unmeasured pins returned to GND

X
750n

-^W———o VEXT*

100pF

*VExt is set at various voltages during testing to guarantee the specification.

Figure 24. Test Load Circuit (for dB)
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A.C. CHARACTERISTICS

TA = 0°C to 70°C; VCc = +5V ±5%; GND = OV

Bus Parameters

Read:

NOTE:
The 8255A-5 specifica-

tions are not final. Some
parametric limits are sub-

ject to change.

PARAMETER

8255A 8255A-5

SYMBOL MIN. MAX. MIN. MAX. UNIT

*AR Address Stable Before R EAD ns

*RA Address Stable After READ ns

*RR READ Pulse Width 300 300 ns

tRD Data Valid From READ! 1 ! 250 200 ns

tDF Data Float After READ 10 150 10 100 ns

tRV Time Between READs and/or WR ITEs 850 850 ns

Write:

PARAMETER

8255A 8255A-5

SYMBOL MIN. MAX. MIN. MAX. UNIT

*AW Address Stable Before WRITE ns

*WA Address Stable After WR ITE 20 20 ns

tWW WRITE Pulse Width 400 300 ns

*DW Data Valid to WR ITE (T.E.) 100 100 ns

*WD Data Valid After WRITE 30 30 ns

Other Timings:

PARAMETER

8255A 8255A-5

SYMBOL MIN. MAX. MIN. MAX. UNIT

t\/VB WR = 1 to Output! 1] 350 350 ns

t|R Peripheral Data Before RD ns

*HR Peripheral Data After RD ns

T-AK ACK Pulse Width 300 300 ns

tST STB Pulse Width 500 500 ns

tps Per. Data Before T.E. of STB ns

tPH Per. Data After T.E. of STB 180 180 ns

tAD ACK = 0toOutputl 1 l 300 300 ns

lKD ACK = 1 to Output Float 20 250 20 250 ns

tWOB WR = 1 toOBF = 0l 1 l 650 650 ns

*AOB ACK = 0toOBF = iHl 350 350 ns

tSiB STB = to IBF = 1H1 300 300 ns

tRIB RD = 1 to IBF = 0l 1 ] 300 300 ns

*RIT RD = 0to INTR = 0l 1 ' 400 400 ns

tSIT STB = 1 to INTR = 1I 1 ' 300 300 ns

UlT ACK= 1 to INTR = 1I 1
1 350 350 ns

tWIT WR = 0to INTR = 0l 1 l 850 850 ns

Notes: 1. Test Conditions: 8255A: C|_ = 100pF; 8255A-5: C|_ = 150pF.

2. Period of Reset pulse must be at least 50/us during or after power on.

Subsequent Reset pulse can be 500 ns min.
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J^ TEST POINTS Y
o,8^ ""- ^o,8A

Figure 25. Input Waveforms for A.C. Tests

\
X

X

l
c

—< X

Z3C
>

Figure 26. MODE (Basic Input)

X

\
•ww-

J
c
"• •WD"

K
_tWA-

X
-<WB-

zx

Figure 27. MODE (Basic Output)
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INPUT FROM
PERIPHERAL
—

-c

«ST-

\ _y
i

f\ f«-«R.T—

\

Y

V

/

Figure 28. MODE 1 (Strobed Inut)

Figure 29. MODE 1 (Strobed Output)
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8255A/8255A-5

PERIPHERAL
BUS

DATA FROM
PERIPHERAL TO 8255

Figure 30. MODE 2 (Bidirectional)

NOTE: Any sequence where WR occurs before ACK and STB occu rs before R D is permissible.

(INTR = IBF • MASK • STB • RD + OBF • MASK • ACK • WR )
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intel

8259A
PROGRAMMABLE INTERRUPT CONTROLLER

MCS-86™ Compatible

MCS-80/85™ Compatible

Eight-Level Priority Controller

Expandable to 64 Levels

Programmable Interrupt Modes

Individual Request Mask Capability

Single + 5V Supply (No Clocks)

28-Pin Dual-ln-Line Package

The Intel® 8259A Programmable Interrupt Controller 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 interrupts. 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).

PIN CONFIGURATION BLOCK DIAGRAM

csC

wrC
rdC

D,C

CASOC
CAS1 C

gndC

1 ^"^ 28 =wcc

2 27 3\
3 26 Uinta

4 25 DlR7

5 24 UIR6

6 23 DlR5

7 22
8259A

8 21

UlR4

DlR3

9 20 3 IR2

10 19 UlRI

11 18 UlRO

12 17 J INT

13 16 D SP/EN

14 15 13 CAS 2

PIN NAMES

D
7
D
o

DATA BUS (Bl DIRECTIONAL)

RD READ INPUT

WR WRITE INPUT

\ COMMAND SELECT ADDRESS

cs CHIP SELECT

CAS2 CASO CASCADE LINES

SP/EN SLAVE PROGRAM INPUT/ENABLE

INT INTERRUPT OUTPUT
INTA INTERRUPT ACKNOWLEDGE INPUT
IR0-IR7 INTERRUPT REQUEST INPUTS

READ/
WRITE
LOGIC

CASO

CAS1

CAS 2

CASCADE
BUFFER/

COMPARATOR

INT

f

CONTROL LOGIC

SERVICE
REG
IISRI

c:

INTERRUPT
REQUEST
REG
IIRR)

-IR2

-IR3

-IR4

-IRS

-IR6

I

-N INTERRUPT MASK REG
IIMR)

INTERNAL BUS

^fcOWOMTIMuJra
N° RESP0NSIBIUTY f0R M USE 0F "NY CIRCUITRV 0TH£R THAN CIRCUITRY EMB00IED IN AN 1NTEL ra"0"CT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
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INTERRUPTS IN MICROCOMPUTER
SYSTEMS
Microcomputer system design requires that I/O devices

such as keyboards, displays, sensors and other com-

ponents receive servicing in an efficient manner so that

large amounts of the total system tasks can be assumed
by the microcomputer with little or no effect on through-

put.

The most common method of servicing such devices is

the Polled approach. This is where the processor must

test each device in sequence and in effect "ask" each

one if it needs servicing. It is easy to see that a large por-

tion of the main program is looping through this con-

tinuous polling cycle and that such a method would

have a serious, detrimental effect on system through-

put, 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 it 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 complete, 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 microcomputer to

further enhance its cost effectiveness.

The Programmable Interrupt Controller (PIC) functions

as an overall manager in an Interrupt-Driven system

environment. It accepts requests from the peripheral

equipment, determines which of the incoming requests

is of the highest importance (priority), 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 PIC, after issuing an Inter-

rupt 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 address in a vectoring table and will

often be referred to, in this document, as vectoring data.

8259A BASIC FUNCTIONAL DESCRIPTION

GENERAL

The 8259A is a device specifically designed for use in

real time, interrupt driven microcomputer systems. It

manages eight levels or requests and has built-in fea-

tures for expandability to other 8259A's (up to 64 levels).

It is programmed by the system's software as an I/O

peripheral. A selection of priority modes is available to

the programmer so that the manner in which the re-

quests 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 dur-

ing the main program. This means that the complete
interrupt structure can be defined as required, based on

the total system environment.

i>

<Czzl>i ,/o,n
' i-

i i

Polled Method

\7

Interrupt Method
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INTERRUPT REQUEST REGISTER (IRR) AND
IN-SERVICE REGISTER (ISR)

The interrupts at the IR input lines are handled by two

registers in cascade, the Interrupt Request Register

(IRR) and the In-Service Register (ISR). The IRR is used

to store all the interrupt levels which are requesting ser-

vice; and the ISR is used to store all the interrupt levels

which are being serviced.

PRIORITY RESOLVER

This logic block determines the priorities of the bits set

in the IRR. The highest priority is selected and strobed

into the corresponding bit of the ISR 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 IRR. Masking of

a higher priority input will not affect the interrupt

request lines of lower priority.

INT (INTERRUPT)

This output goes directly to the CPU interrupt input. The

VOH 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 vectoring

information onto the data bus. The format of this data

depends on the system mode (jjPM) of the 8259A.

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 Com-
mand 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.

CONTROL LOGIC

m ' * -'— -
1

' ' ..».;-•-

r-7-%

ft Ai«w»<pwwwwwwm

c

It

NTERRUP^
REOUEST
REG
IIRRI

*-*«

8259A Block Diagram

9H%

Vv

READ'
WRITE
LOGIC

ous t

cotwmuxitc

—mt

V
(HMD

WR (WRITE)

A LOW on this input enables the CPU to write control

words (ICWs and OCWs) to the 8259A.

8259A Block Diagram

RD (READ)

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

This input signal is used in conjunction with WR and RD
signals to write commands into the various command
registers, as well as reading the various status registers

of the chip. This line can be tied directly to one of the ad-

dress lines.

8-43



8259A

THE CASCADE BUFFER/COMPARATOR

This function block stores and compares the IDs of all

8259A's used in the system. The associated three I/O

pins (CASO-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 inter-

rupting 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 INTA pulses. (See section "Cascading the

8259A".)

INTERRUPT SEQUENCE

The powerful features of the 8259A in a microcomputer

system are its programmability and the interrupt routine

addressing capability. The latter allows direct or indirect

jumping to the specific interrupt routine requested

without any polling of the interrupting devices. The nor-

mal sequence of events during an interrupt depends on

the type of CPU being used.

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

1.0ne or more of the INTERRUPT REQUEST lines

(IR7-0) are raised high, setting the corresponding 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

INTA pulse.

4. Upon receiving an INTA from the CPU group, the

highest priority ISR bit is set, and the corresponding

IRR bit is reset. The 8259A will also release a CALL in-

struction 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 from the CPU group.

6. These two INTA pulses allow the 8259A to release its

preprogrammed subroutine address onto the Data

Bus. The lower 8-bit address is released at the first

INTA pulse and and the h igher 8-bit address is re-

leased at the second INTA pulse.

7. This completes the 3-byte CALL instruction released

by the 8259A. In the AEO I mode the ISR bit is reset at

the end of the third INTA pulse. Otherwise, the ISR bit

remains set until an appropriate EOI command is

issued at the end of the interrupt sequence.

The events occurring in an MCS-86 system are the same
until step 4.

4. Upon receiving an INTA from the CPU group, the high-

est priority ISR bit is set and the corresponding IRR
bit is reset. The 8259A does not drive the Data Bus
during this cycle.

5. The MCS-86 CPU will initiate a second INTA pulse.

During 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 second 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.

f)^tdfim

7

CASCADE
BUFFER/
COMPA
RATOFt

hJ]

n#*?

M'wrmm ttft

8259A Block Diagram

ADDRESS BUS 116)

CONTROL BUS

l/OR l/OW INT INTA

CASCADE
LINES

7^

iz
A, D

7
D KB VfR INT INTA

CAS 2 IRQ IRQ IRQ IRQ IRQ IRQ IRQ IRQ
SpiER 7 6 5 4 3 2 1—o

—

4 t t t t I t

8259A Interface to Standard System Bus
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INTERRUPT SEQUENCE OUTPUTS
MCS-80/85 SYSTEM

This sequence is timed by three INTA pulses. During the

first INTA pulse the CALL opcode is enabled onto the

data bus.

Content of First Interrupt

Vector Byte

CALL CODE

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 programmed, while A -

A4 are automatically inserted by the 8259A. When Inter-

val = 8 only A6 and A7 are programmed, while A -A5 are

automatically inserted.

Content of Second Interrupt

Vector Byte

D7 06 OS 04 D3 D2 D1 DO

1 1 1 1 1

IR Interval* 4

D7 D8 OS D4 D3 D2 D1 00

7 A7 A6 A5 1 1 1

6 A7 A6 A5 1 1

5 A7 A6 A5 1 1

4 A7 A6 A5 1

3 A7 A6 A5 1 1

2 A7 A6 A5 1

1 A7 A6 A5 1

A7 A6 A5

IR Interval k 8

D7 D6 D5 04 03 02 01 00

7 A7 A6 1 1 1

6 A7 A6 1 1

5 A7 A6 1 1

4 A7 A6 1

3 A7 A6 1 1

2 A7 A6 1

1 A7 A6 1

A7 A6

During the third INTA pulse the higher address of the

appropriate service routine, which was programmed as

byte 2 of the initialization sequence (A 8 -A 15), is

enabled onto the bus.

Content of Third Interrupt

Vector Byte

D6 OS 04 03 02 D1 00

A14 A13 A12 A11 A10 A8

MCS-86 SYSTEM

MCS-86 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 proc-

essor. The first interrupt acknowledge cycle is similar to

that of MCS-80/85 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 at the end of the INTA pulse. On
this first cycle it does not issue any data to the proc-

essor and leaves its data bus buffers disabled. On the

second interrupt acknowledge cycle in MCS-86 mode
the master (or slave if so programmed) will send a byte

of data to the processor with the acknowledged inter-

rupt code composed as follows (note the state of the

ADI mode control is ignored and As-A^ are unused in

MCS-86 mode):

Content of Interrupt Vector Byte

for MCS-86 System Mode

D7 D6 DS D4 03 D2 D1 00

IR7 A15 A14 A13 A12 A11 1 1 1

IR6 A15 A14 A13 A12 A11 1 1

IR5 A15 A14 A13 A12 A11 1 1

IR4 A15 A14 A13 A12 A11 1

IR3 A15 A14 A13 A12 A11 1 1

IR2 A15 A14 A13 A12 A11 1

IR1 A15 A14 A13 A12 A11 1

IRO A15 A14 A13 A12 A1

1
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PROGRAMMING THE 8259A

The 8259A accepts two types of command words gener-

ated by the CPU:

1. Initialization Command Words (ICWs): Before normal
operation can begin, each 8259A in the system must
be brought to a starting point — by a sequence of 2 to

4 bytes timed by WR pulses. This sequence is

described in Figure 1.

2. Operation Command Words (OCWs): These are the

command words which command the 8259A to oper-

ate in various interrupt modes. These modes are:

a. Fully nested mode
b. Rotating priority mode
c. Special mask mode
d. Polled mode

INITIALIZATION

GENERAL

Whenever a command is issued with AO = and D4 = 1

,

this is interpreted as Initialization Command Word 1

(ICW1). ICW1 starts the initialization sequence during

which the following automatically occur.

a. The Interrupt Mask Register is cleared.

b. IR 7 input is assigned priority 7.

c. The slave mode address is set to 7.

d. Special Mask Mode is cleared and Status Read is set to

IRR.

e. If IC4 = 0, then all functions selected in ICW4 are set to

zero. (Non-Buffered mode*, no Auto-EOI, MCS-80/85
system, non SFNM .

The OCWs can be written into the 8259A anytime after

initialization. 'Not*: Master/Slave in ICW4 is only used in the buttered mode.

Ao 04 D3 RD WR cs INPUT OPERATION (READ)

1

1

1

IRR, ISR or Interrupting Level—»-DATA BUS (Note 1)

IMR-^DATA BUS

OUTPUT OPERATION (WRITE)

1

1

X

1

X

X

1

1

1

1

DATA BUS -»*OCW2

DATA BUS-»-OCW3
DATA BUS -ICWI
DATA BUS-**OCW1, ICW2, ICW3, ICW4 (Note 2)

DISABLE FUNCTION

X

X

X

X

X

X

1

X

1

X 1

DATA BUS — 3-STATE (NO OPERATION)
DATA BUS — 3-STATE (NO OPERATION)

Not**: 1 Selection of IRR, ISR or Interrupting Level is based on the content of OCW3 written before the READ operation.

2 On-chip sequencer logic queues these commands into proper sequence

8259A Basic Operation
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INITIALIZATION COMMAND WORDS 1 AND 2

(ICW1, ICW2)

A5-A 15 : 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 routines will occupy a

page of 32 or 64 bytes, respectively.

The address format is 2 bytes long (A -A 15). When the

routine interval is 4, A -A4 are automatically inserted by

the 8259A, while A5-A 15 are programmed externally.

When the routine interval is 8, A -A5 are automatically

inserted by the 8259A, while A6-A 15 are programmed
externally.

The 8-byte interval will maintain compatibility with cur-

rent software, while the 4-byte interval is best for a com-
pact jump table.

In an MCS-86 system A 15-An 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. A 10-A5 are ignored and AOI (Address
interval) has no effect.

LTIM: If LTIM = 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 interval = 4;

ADI = then interval = 8.

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 (ICW3)

This word is read only when there is more than one

8259A in the system and cascading is used, in which

case SNGL = 0. It will load the 8-bit slave register. The

functions of this register are:

a. In the master mode (either when SP = 1 , or in buffered

mode when M/S=1 in ICW4) a "1" is set for each

slave in the system. The master then will release byte

1 of the call sequence (for MCS-80/85 system) and

will enable the corresponding slave to release bytes 2

and 3 (for MCS-86 only byte 2) through the cascade

lines.

b. In the slave mode (either when SP = 0, or if BUF= 1

and M/S = in ICW4) bits 2-0 identify the slave. The
slave compares its cascade input with these bits and,

if they are equal, bytes 2 and 3 of the call sequence (or

just byte 2 for MCS-86) are released by it on the Data

Bus.

INITIALIZATION COMMAND WORD 4 (ICW4)

BUF:

M/S:

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

programmed.

If BUF= 1 the buffered mode is programmed. In

buffered mode SP/EN becomes an enable outpul

and the master/slave determination is by M/S.

If buffered mode is selected: M/S= 1 means the

8259A is programmed to be a master, M/S =
means the 8259A is programmed to be a slave. If

BUF = 0, M/S has no function.

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

uPM: Microprocessor mode: >iPM = sets the 8259A
for MCS-80/85 system operation, ^PM = 1 sets

the 8259A for MCS-86 system operation.

(SNQL.1)

NO (SNGL-0)

S3

READY TO ACCEPT REQUESTS
IN THE FULLY NESTED MODE

Figure 1. Initialization Sequence
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A
o o, C

« <\ D
4 0, D, D, °0

A, *« S 1 LTIM F S IC4

1 ICW4 NEEDED
0= NO ICW4 NEEDED

1

1 - SINGLE
0- NOT SINGLE

CALL ADDRESS INTERVAL
1 - INTERVAL OF 4

0- INTERVAL OF 8

1 - LEVEL TRIGGERED INPUT
= EDGE TRIGGERED INPUT

A7 - A5OF LOWER
ROUTINE ADDRESS
(MCS 80/8S MODE ONLY)

A D C
C °i c4 3

D
2

D, °b

1 A
,s

A
14

A13 *.2 A
11

A
10 S A

.

UPPER ROUTINE
ADDRESS

ICW3 (MASTER DEVICE)

Ao D 6 °» D4 3 °2 D . °b

1 S, h % S, S3 s, s, So

1 > IR INPUT HAS A SLAVE
' IR INPUT DOES NOT HAVE
A SLAVE

ICW3 (SLAVE DEVICE)

0$ D
4 3

D
2

1 ID, ID, ID

SLAVE IDI'

1 2 3 4 s 6 7

1 1 1 1

1 1 1 1

1 1 1 1

AO D7 06 D5 D4 D3 02 D 1 DO

1 FNM BUF M/S AEOI „FM

1 = MCS 86 MODE
-- MCS 80/85 MODE

1 AUTO EOI
0> NORMAL EOI

- NON BUFFERED MODE
- BUFFERED MODE/SLAVE
- BUFFERED MODE/MASTER

1

X

1 1

1 - FULLY NESTED MODE
NOT F JLLY NESTED MODE

NOTE 1: SLAVED ID IS EQUAL TO THE CORRESPONDING MASTER IR INPUT.

NOTE 2: X INDICATED 'DON'T CARE"

Initialization Command Word Format
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OPERATION COMMAND WORDS (OCWs)

After the Initialization Command Words (ICWs) are pro-

grammed into the 8259A, the chip is ready to accept

interrupt requests at its input lines. However, during the

8259A operation, a selection of algorithms can com-
mand the 8259A to operate in various modes through

the Operation Command Words (OCWs).

OPERATION CONTROL WORDS (OCWs)

m
07 M

OCW1
D5 D4 D3 D2 01 00

|
M7 M6 M5 M4 M3 M2 M1 MO

|

OPERATION CONTROL WORD 1 (0CW1)

0CW1 sets and clears the mask bits in the interrupt

Mask Register (IMR). M 7
- M represent the eight mask

bits. M = 1 indicates the channel is masked
(inhibited), M = indicates the channel is enabled.

OPERATION CONTROL WORD 2 (OCW2)

R, SEOI, 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 Opera-

tion Command Word Format.

L2 , Li, Lq — These bits determine the interrupt level

acted upon when the SEOI bit is active.

m

m

SEOI EOI

SRIS RIS

OPERATION CONTROL WORD 3 (0CW3)

ESMM — Enable Special Mask Mode. When this bit is

set to 1 it enables the SMM bit to set or reset the Special

Mask Mode. When ESMM = the SMM bit becomes a

"don't care".

SMM — Special Mask Mode. If ESMM = 1 and SMM = 1

the 8259A will enter Special Mask Mode. If ESMM = 1

and SMM = the 8259A will revert to normal mask mode.
When ESMM = 0, SMM has no effect.
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A D, C C D, D
3

Dj °1 D„

' M7 M6 M5 M4 M3 M2 Ml MO

INTERRUPT MASK
t MASK SET

= MASK RESET

R SEOI EOI
I

I L, L, L„

BCD LEVEL TO BE RESET
OR PUT INTO LOWEST PRIORITY

1 2 3 4 5 6 7

1 1 1 1

1 1 1 1

1 1 t 1

NON SPECIFIC EOI

SPECIFIC EOI, L0-L2 CODE OF IS FF TO BE RESET

ROTATE AT EOI AUTOMATICALLY {MODE A)

ROTATE AT EOI (MODE Bl. (L0-L2 DEFINES NEW LOWEST PRIORITY)

SET ROTATE A FF

CLEAR ROTATE A FF

ROTATE PRIORITY (MODE B) INDEPENDENTLY OF EOI IL0-L2CODE OF LINE)

NO OPERATION

1

1 1

1 1

1 1 1

1

c

1 1

1 °

\ D, D
6

Dj D
4 3

D, O, Dj

- ESMM SMM 1 P ERIS RIS

READ IN SERVICE REGISTER

READ
IR REG
ON NEXT
RD PULSE

READ
IS REG
ON NEXT
RD PULSE

A HIGH ENABLES THE NEXT RD PULSE
TO READ THE BCD CODE OF THE HIGH
EST LEVEL REQUESTING INTERRUPT

SPECIAL MASK MOOE

RESET
SPECIAL
MASK

Operation Command Word Format
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INTERRUPT MASKS

Each Interrupt Request input can be masked individu-

ally by the Interrupt Mask Register (IMR) programmed
through OCW1. Each bit in the IMR masks one interrupt

channel if it is set (1). Bit masks IRO, Bit 1 masks IR1

and so forth. Masking an IR channel does not affect the

other channels operation.

SPECIAL MASK MODE

Some applications may require an interrupt service

routine to dynamically alter the system priority struc-

ture during its execution under software control. For

example, the routine may wish to inhibit lower priority

requests for a portion of its execution but enable some
of them for another portion.

The difficulty here is that if an Interrupt Request is

acknowledged and an End of Interrupt command did not

reset its IS bit (i.e., while executing a service routine),

the 8259A would have inhibited all lower priority

requests with no easy way for the routine to enable

them

That is where the Special Mask Mode comes in. In the

special Mask Mode, when a mask bit is set in OCW1, it

inhibits further interrupts at that level and enables inter-

rupts from all other levels (lower as well as higher) that

are not masked.

Thus, any interrupts may be selectively enabled by
loading the mask register.

The special Mask Mode is set by OCW3 where:

SSMM = 1, SMM=1, and cleared where SSMM=1,
SMM = 0.

BUFFERED MODE

When the 8259A is used in a large system where bus
driving buffers are required on the data bus and the cas-

cading mode is used, there exists the problem of enabl-

ing buffers.

The buffered mode will structure the 8259A to send an
enable signal on SP/EN to enable the buffers. In this

mode, whenever the 8259A's data bus outputs are ena-

bled, the SP/EN output becomes active.

This modification forces the use of software program-
ming to determine whether the 8259A is a master or a
slave. Bit 3 in ICW4 programs the buffered mode, and bit

2 in ICW4 determines whether it is a master or a slave.

FULLY NESTED MODE
This mode is entered after initialization unless another

mode is programmed. The interrupt requests are

ordered in priority form through 7 (0 highest). When an

interrupt is acknowledged the highest priority request is

determined and its vector placed on the bus. Additional-

ly, a bit of the Interrupt Service register (ISO-7) is set.

This bit remains set until the microprocessor issues an

End of Interrupt (EOI) command immediately before

returning from the service routine, or if AEOI (Automatic

End of Interrupt) bit is set, until the trailing edge of the

last INTA. While the IS bit is set, all further interrupts of

the same or lower priority are inhibited, while higher

levels will generate an interrupt (which will be

acknowledged only if the microprocessor internal Inter-

rupt enable flip-flop has been re-enabled through soft-

ware).

After the initialization sequence, IRO has the hignest

priority and IR7 the lowest. Priorities can be changed, as

will be explained, in the rotating priority mode.

THE SPECIAL FULLY NESTED MODE

This mode will be used in the case of a big system
where cascading is used, and the priority has to be con-

served within each slave. In this case the fully nested

mode will be programmed to the master (using ICW4).

This mode is similar to the normal nested mode with the

following exceptions:

a. When an interrupt request from a certain slave is in

service this slave is not locked out from the master's

priority logic and further interrupt requests from

higher priority IR's within the slave will be recognized

by the master and will initiate interrupts to the proc-

essor. (In the normal nested mode a slave is masked
out when its request is in service and no higher

requests from the same slave can be serviced.)

b. When exiting the Interrupt Service routine the soft-

ware has to check whether the interrupt serviced was
the only one from that slave. This is done by sending
a non-specific End of Interrupt (EOI) command to the

slave and then reading its In-Service register and
checking for zero. If it is empty, a non-specific EOI
can be sent to the master too. If not, no EOI should be
sent.
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POLL
In this mode the microprocessor internal Interrupt

Enable flip-flop is reset, disabling its interrupt input.

Service to devices is achieved by programmer initiative

using a Poll command.

The Poll command is issued by setting P = "1" inOCW3.

The 8259A treats the next RD pulse to the 8259A (i.e.,

RD = 0, C§" = 0) as an interrupt acknowledge, sets the

appropriate IS bit if there is a request, and reads the

priority level. Interrupt is frozen from WR to RD.

The word enabled onto the data bus during R~D" is:

D7 06 05 04 03 02 01 00

W2 W1 WO

W0-W2: Binary code of the highest priority level

requesting service.

I: Equal to a "1"
if there is an interrupt.

This mode is useful if there is a routine command com-
mon to several levels so that the INTA sequence is not

needed (saves ROM space). Another application is to

use the poll mode to expand the number of priority

levels to more than 64.

END OF INTERRUPT (EOI)

The In Service (IS) bit can be reset either automat ically

following the trailing edge of the last in sequence INTA
pulse (when AEOI bit in ICW1 is set) or by a command
word that must be issued to the 8259A before returning

from a service routine (EOI command). An EOI command
must be issued twice, once for the master and once for

the corresponding slave if slaves are in use.

There are two forms of EOI command: Specific and Non-

specific. When the 8259A is operated in modes which

preserve the fully nested structure, it can determine

which IS bit to reset on EOI. When a Non-Specific EOI

command is issued the 8259A will automatically reset

the highest IS bit of those that are set, since in the

nested mode the highest IS level was necessarily the

last level acknowledged and serviced.

However, when a mode is used which may disturb the

fully nested structure, the 8259A may no longer be able

to determine the last level acknowledged. In this case a

Specific End of Interrupt (SEOI) must be issued which

includes as part of the command the IS level to be reset.

EOI is issued whenever EOI = 1 , in OCW2, where L0-L2 is

the binary level of the IS bit to be reset. Note that although

the Rotate command can be issued together with an EOI

where EOI = 1, it is not necessarily tied to it.

It should be noted that an IS bit that is masked by an

IMR bit will not be cleared by a non-specific EOI if the

8259A is in the Special Mask Mode.

AUTOMATIC END OF INTERRUPT (AEOI) MODE

If AEOI = 1 in ICW4, then the 8259A will operate in AEOI

mode continuously until reprogrammed by ICW4. In this

mode the 8259A will automatically perform a non-

specific EOI operation at the trailing edge of the last

interrupt acknowledge pulse (third pulse in MCS-80/85,

second in MCS-86). Note that from a system standpoint,

this mode should be used only when a nested multilevel

interrupt structure is not required within a single 8259A.

To achieve automatic rotation (Rotate Mode A) within

AEOI, there is a special rotate flip-flop. It is set by OCW2
with R=1, SEOI = 0, EOI = 0, and cleared with R = 0,

SEOI = 0, EOI = 0.

ROTATING PRIORITY MODE A (AUTOMATIC
ROTATION) FOR EQUAL PRIORITY DEVICES

In some applications there are a number of interrupting

devices of equal priority. In this mode a device, after

being serviced, receives the lowest priority, so a device

requesting an interrupt will have to wait, in the worst

case until each of 7 other devices are serviced at most
once. For example, if the priority and "in service" status

is:

Before Rotate (IR4 the highest priority requiring service)

IS7 IS6 ISS IS4 IS3 IS2 IS1 ISO

"IS" Status |o|l|o|l|o|o|o|o|

Lowttt Priority Highest Priority

Priority Status 7^6|5|4|3|2| 1 p0~

|
| 1 [ | | | | | |

Highest Priority Lowest Priority

h^ o
[

7+frT|4|3i

After Rotate (IR4 was serviced, all other priorities

rotated correspondingly)

IS7 IS« ISS IS4 IS3 IS2 IS1 ISO

"IS" Status

Priority Status

The Rotate command mode A is issued in OCW2 where:

R = 1 , EOI = 1 , SEOI = 0. Internal status is updated by an

End of Interrupt (EOI or AEOI) command. If R = 1, EOI = 0,

SEOI = 0, a "Rotate-A" flip-flop is set. This is useful in

AEOI, and described under Automatic End of Interrupt.

ROTATING PRIORITY MODE B (ROTATION BY
SOFTWARE)

The programmer can change priorities by programming

the bottom priority and thus fixing all other priorities;

i.e., if IR5 is programmed as the bottom priority device,

then IR6 will have the highest one.

The Rotate command is issued in OCW2 where: R = 1,

SEOI = 1; L0-L2 is the binary priority level code of the

bottom priority device.

Observe that in this mode internal status is updated by

software control during OCW2. However, it is independ-

ent of the End of Interrupt (EOI) command (also exe-

cuted by OCW2). Priority changes can be executed dur-

ing an EOI command or independently.
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LTIM BIT

= EOGE
1= LEVEL

TO OTHER PRIORTY CELLS

EDGE
SENSE
LATCH

y
<

<t
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tec
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SET

3=
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rO-

HI

clr isr

ISR BIT

NON
MASKED
REQ

NOTES

1. MATTER CLEAR ACTIVE ONLY DURING ICW1

2. FREEZE/ IS ACTIVE DURING iHTA/ AND POLL SEQUENCES ONLY

3. TRUTH TABLE FOR O-LATCH

C I D I Q I
OPERATION

Priority Cell — Simplified Logic Diagram

FOLLOW
HOLD

LEVEL TRIGGERED MODE
This mode is programmed using bit 3 in ICW1.

If LTIM ='1', an interrupt request will be recognized by a

'high' level on IR Input, and there is no need for an edge
detection. The interrupt request must be removed
before the EOI command is issued or the CPU interrupt

is enabled to prevent a second interrupt from occurring.

The above figure shows a concep.jal circuit to give the

reader an understanding of the level sensitive and edge
sensitive input circuitry of the 8259A. Be sure to note
that the request latch is a transparent D type latch.

READING THE 8259A STATUS

The input status of several internal registers can be read
to update the user information on the system. The
following registers can be read by issuing a suitable

OCW3 and reading with RD.

Interrupt Mask Register: 8-bit register whose content
specifies the interrupt request lines being masked,
acknowledged. The highest request level is reset from
the IRR when an interrupt is acknowledged. (Not
affected by IMR.)

In-Service Register (ISR): 8-bit register which contains

the priority levels that are being serviced. The ISR is

updated when an End of Interrupt command is issued.

Interrupt Mask Register: 8-bit register which contains

the interrupt request lines which are masked.

The IRR can be read when, prior to the RD pulse, a WR
pulse is issued with OCW3 (ERIS = 1 , RIS = 0.)

The ISR can be read in a similar mode when ERIS= 1,

RIS=1 in theOCW3.

There is no need to write an OCW3 before every status

read operation, as long as the status read corresponds
with the previous one; i.e., the 8259A "remembers"
whether the IRR or ISR has been previously selected by
the OCW3. This is not true when poll is used.

After initialization the 8259A is set to IRR.

For reading the IMR, no OCW3 is needed. The output
data bus will contain the IMR whenever RD is active and
A0=1.

Polling overrides status read when P=1, ERIS=1 in

OCW3.
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SUMMARY OF 8259A

Intt. • Mnemonic AO D7 M DS 04 03 02 01 DO

1 ICW1 A A7 A6 A5 1 1 1

2 ICW1 B A7 A6 A5 1 1 1 1

3 ICW1 C A7 A6 A5 1 1

4 ICW1 A7 A6 A5 1 1 1

5 ICW1 E A7 A6 1 1

6 ICW1 F A7 A6 1 1 1

7 ICW1 G A7 A6 1

J
8 ICW1 H A7 A6 1 1

9 ICW1 I A7 A6 A5 1 1 1 1 >

10 ICW1 J A7 A6 A5 1 1 1 1

11 ICW1 K A7 A6 A5 1 1

12 ICW1 L A7 A6 A5 1 1 1

13 ICW1 M A7 A6 1 1

14 ICW1 N A7 A6 1 1 1

15 ICW1 A7 A6 1 1 t

16 ICW1 P A7 A6 1 1

17 ICW2 A15 A14 A13 A12 A11 A10 A9 A8

18 ICW3 M S7 S6 S5 S4 S3 S2 S1 SO

19 ICW3 S S2 S1 SO

20 ICW4 A

21 ICW4 B 1

22 ICW4 C 1

23 ICW4 1 1

24 ICW4 E 1

25 ICW4 F 1 1

26 ICW4 G 1 1

27 ICW4 H 1 1 1

28 ICW4 I

29 ICW4 J 1

30 ICW4 K 1

31 ICW4 L 1 1

32 ICW4 M 1

33 ICW4 N 1 1

34 ICW4 1 1

35 ICW4 P 1 1 1

36 ICW4 NA

37 ICW4 NB
\

38 ICW4 NC 1 o

39 ICW4 NO 1
)

40 ICW4 NE 1

41 ICW4 NF 1

42 ICW4 NG 1 1

43 ICW4 NH 1 1 1

44 ICW4 Nl

45 ICW4 NJ 1

46 ICW4 NK 1 o >

47 ICW4 NL 1 1

48 ICW4 NM 1

49 ICW4 NN 1 1

50 ICW4 NO 1 1

51 ICW4 NP 1 1 1

/
MO52 0CW1 M7 M6 M5 M4 M3 M2 M1

53 0CW2 E 1

54 0CW2 SE 1 1 L2 u LO

55 0CW2 RE 1 1

56 0CW2 RSE 1 1 1 L2 L1 LO

57 0CW2 R 1

58 0CW2 CR

59 0CW2 RS 1 1 L2 L1 LO

60 0CW3 P 1 1

61 0CW3 RIS 1 1 1

INSTRUCTION SET

Operation Description

Byte 1 Initialization

No ICW4 Required

Byte 1 Initialization

ICW4 Required

Format = 4, single, edge triggered

Format = 4, single, level triggered

Format = 4, not single, edge triggered

Format = 4, not single, level trigcered

Format = 8, single, edge triggered

Format = 8, single, level triggered

Format = 8, not single, edge triggered

Format = 8, not single, level triggered

Format = 4, single, edge triggered

Format = 4, single, level triggered

Format = 4, not single, edge triggered

Format = 4, not single, level triggered

Format = 8, single, edge triggered

Format = 8, single, level triggered

Format = 8, not single, edge triggered

Format = 8, not single, level triggered

Byte 2 initialization

Byte 3 initialization — master

Byte 3 initialization — slave

No action, redundant

Non-buffered mode, no AEOI, MCS-86

Non-buffered mode, AEOI, MCS-80/8b

Non-buffered mode, AEOI, MCS-86

No action, redundant

Non-buffered mode, no AEOI, MCS-86

Non-buffered mode, AEOI, MCS-80/85

Non-buffered mode. AEOI, MCS-86

Buffered mode, slave, no AEOI, MCS-80/85

Buffered mode, slave, no AEOI, MCS-86

Buffered mode, slave, AEOI, MCS-80/85

Buffered mode, slave, AEOI, MCS-86

Buffered mode, master, no AEOI, MCS-80/85

Buffered mode, master, no AEOI, MCS-86

Buffered mode, master, AEOI, MCS-80/85

Buffered mode, master, AEOI, MCS-86

Fully nested mode, MCS-80, non-buffered, no AEOI

ICW4 NB through ICW4 NO are identical to

ICW4 B through ICW4 D with the addition of

Fully Nested Mode

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

ICW4 NF through ICW4 NP are identical to

ICW4 F through ICW4 P with the addition of

Fully Nested Mode

Load mask register, read mask register

Non-specific EOI

Specific EOI. L0-L2 code of IS FF to be reset

Rotate at EOI Automatically (Mode A)

Rotate at EOI (mode B) L0-L2 code of line

Set Rotate A FF

Clear Rotate A FF

Rotate priority (mode B) independently of EOI

Poll mode

Read IS register
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SUMMARY OF 8259A INSTRUCTION SET (Cont.)

AO 07 M D5 D4 03 02 01 DO Operation Description

62 0CW3 RR 1 Read request register

63 0CW3 SM 1 1 Set special mask mode

64 0CW3 RSM 1 Reset special mask mode

Note: 1. In the master mode SP pin = 1, in slave mode SP =

Cascading

The 8259A can be easily interconnected in a system of

one master with up to eight slaves to handle up to 64

priority levels.

A typical MCS-80/85 system is shown in Figure 2. The

master controls, through the 3 line cascade bus, which

one of the slaves will release the corresponding

address.

As shown in Figure 2, the slave interrupt outputs are

connected to the master interrupt request inputs. When
a slave request line is activated and afterwards acknowl-

edged, the master will enable the corresponding slave

to release the device routine address during bytes 2 and 3

of INTA. ( Byte 2 only for MCS-86 >. The IRO input should

not be connected to a slave 8259A unless IR1-IR7 also

have slaves attached.

The cascade bus lines are normally low and will contain

the slave address code from the trailing edge of the first

INTA pulse to the trailing edge of the third pulse. It is

obvious that each 8259A in the system must follow a

separate initialization sequence and can be pro-

grammed to work in a different mode. An EOI command
must be issued twice: once for the master and once for

the corresponding slave. An address decoder is required

to activate the Chip Select (CS) input of each 8259A.

The cascade lines of the Master 8259A are activated for

any interrupt input, even if no slave is connected to that

input.

ADDRESS BUS 1 161

CONTROL BUS

DATA BUS III

7^

iz izJ

7S

<> \>r
CS A, INT

CASO

6259A CAS ,

SLAVE A

CAS 2

SPIEN7 6 S 4 3 2 10
9

f
i i i t ! ! T

7 C 5 4 3 2 1

A t

7S

iz iz
CS A, INT

CASO

82S9A
SLAVES

CAS 2

SP/EN? 6 5 4 3 2 10
T f t t T t t

7 6 5 4 3 2 10

CS A„

CASO

8259A
MASTER

CAS 2

SPIENM7 M6 MS M4 M3M2 Ml MO
<? i 1 i i t i. » 1

3 2 10

Figure 2. Cascading the 8259A

INTERRUPT REQUESTS
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PIN FUNCTIONS
Name I/O Pin # Function

Vcc 28

GND 14

D -7 I/O 11-4

IR0-7 I 18-25

RD

WR

INTA 26

+ 5V supply.

Ground.

Bidirectional data bus, used for:

a) programming the mode of the

8259A (programming is done by

software); b) the microprocessor

can read the status of the 8259A;

c) the 8259A will send vectoring

data to the microprocessor when
an interrupt is acknowledged.

Interrupt Requests: These are

asynchronous inputs. A positive-

going edge will generate an in-

terrupt request. Thus a request

can be generated by raising the

line and holding it high until

acknowledged, or by a negative

pulse. In level triggered mode, no

edge is required. These lines are

active HIGH.

Read (generally from 8228 in

MCS-80 system or from 8086 in

MCS-86 system).

Write (generally from 8228 in

MCS-80 sytem or from 8086 in

MCS-86 system).

Interrupt Acknowledge (generally

from 8228 in MCS-80 system,

8086 in MCS-86 system). The 8228

generates three distinct INTA
pulses when a CALL is inserted,

the 8086 produces two distinct

INTA pulses during an interrupt

cycle.

CS

A0

INT

C0-C2 I/O

SP/EN I/O

1 Chip Select: RD and WR are en-

abled by Chip Select, whereas

Interrupt Acknowledge is Inde-

pendent of Chip Select.

27 Usually the least significant bit of

the microprocessor address out-

put (A1 in MCS-86 system). When
A0=1 the Interrupt Mask
Register can be loaded or read.

When A0 = the 8259A mode can

be programmed or its status can

be read. CS is active LOW.

17 Goes directly to the micro-

processor interrrupt input. This

output will have high V h to

match the 8080 3.3V V,H - INT is

active HIGH.

12 Three cascade lines, outputs in

13 master mode and inputs in slave

15 mode. The master issues the

binary code of the acknowledged
interrupt level on these lines.

Each slave compares this code

with its own.

16 SP/EN is a dual function pin. In

the buffered mode SP/EN isused

to enable bus transceivers (EN). In

the non-buffered mode SP/E"N

determines if this_8259A is a mas-

ter or a slave. If SP= 1 the 8259A

is master; SP = indicates a slave.

ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias - 40 °C to 85 °C

Storage Temperature - 65 °C to + 150°C
Voltage On Any Pin

With Respect to Ground - 0.5V to + 7V
Power Dissipation 1 Watt

D.C. CHARACTERISTICS
TA = 0°C to 70 °C, VCC =5V± 10% (8259- A), VCC =5V± 10% (8259A)

'COMMENT
Stresses above those listed under "Absolute Maximum Ratings" may
cause permanent damage to the device. This is a stress rating only and

functional operation of the device at these or any other conditions above

those indicated in the operational sections of this specification is not

implied.

Symbol Parameter Min. Max. Units Test Conditions

VlL Input Low Voltage -.5 V

V|H Input High Voltage 2.0 VCC +.5V V

Vol Output Low Voltage .45 V l0L = 2.2 mA

Voh Output High Voltage 2.4 V l 0H = -400 MA

VoH(INT)
Interrupt Output High
Voltage

3.5

2.4

c
V

l 0H = -100 MA
l0H = -400 mA

'LI
Input Load Current 10 MA V| N = Vcc to0V

!lol Output Leakage Current -10 MA VOUT =0.45V

'cc Vcc Supply Current 85 mA

'lir IR Input Load Current
-300

10

fA

MA

V,n =

V,n = Vcc
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8259A A.C. CHARACTERISTICS
TA = 0*C to 70X Vcc = 5V ± 5% (8259A-8) Vcc = 5V ± 10% (8259A)

TIMING REQUIREMENTS 8259A-8 8259A

Symbol Parameter Mln. Max. Mln. Max. Units Test Conditions

TAHRL AO/CS Setup to RD/iNTAi 50 ns

TRHAX AO/CS Hold after RD/fNTAt 5 ns

TRLRH RD Pulse Width 420 235 ns

TAHWL A0/C"S Setup toWRi 50 ns

TWHAX AO/CS Hold after WRt 20 ns

TWLWH WR Pulse Width 400 290 ns

TDVWH Data Setup to WRt 300 240 ns

TWHDX Data Hold after WRt 40 ns

TJLJH Interrupt Request Width (Low) 100 100 ns See Note 1

TCVIAL Cascade Setup to Second or Third

INTA! (Slave Only)
55 55 ns

TRHRL End of RD to Next Command 300 160 ns

TWHRL End of WR to Next Command 370 190 ns

Note: 1. This Is the low time required to clear the Input latch m the edge triggered mode.

TIMING RESPONSES 8259A-8 8259A

Symbol Parameter Mln. Max. Mln. Max. Units Test Conditions

TRLDV Data Valid from RD/INTA4 300 200 ns C of Data Bus
TRHDZ Data Float after RD/iNTAt 10 200 100 ns Max. test C = 100 pF

TJHIH Interrupt Output Delay 400 350 ns
Min. test C= 15 pF

TIALCV Cascade Valid from First INTAI
(Master Only)

565 565 ns
C lNT =100pF

Cenable = 15pF
TRLEL Enable Active from RDi or INTAi 160 125 ns

TRHEH Enable Inactive from RDt or INTAt 325 150 ns

TAHDV Data Valid from Stable Address 350 200 ns

TCVDV Cascade Valid to Valid Data 300 300 ns

CAPACITANCE
TA =25*C; Vcc = GNO = 0V

Symbol Parameter Mln. Typ- Max. Unit Test Conditions

Input Capacitance 10 pF fc=1 MHz
I/O Capacitance 20 pF Unmeasured pins returned to Vss

Input and Output Waveforms for A.C. Tests

0.45
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WRITE MODE

ADDRESS BUS

Ae

DATA BUS

READ/INTA MODE
RCMNTA

ro-

es-

ADDRESS BUS

Ae

OTHER TIMING
KD/INTA

WR.

INTA SEQUENCE

\

X

/

X

X
X

\

X

X

\

i

f
X

>

A—trhrl—

A

/

\ /f

/

INT-

JNTA-
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\

v/~^i/~nvi/
to+o-
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PROGRAMMABLE HDLC/SDLC PROTOCOL
CONTROLLER

Programmable NRZI Encode/Decode

N-Bit Reception Capability

HDLC/SDLC Compatible

Frame Level Commands

Full Duplex, Half Duplex, or Loop
SDLC Operation

Up to 64K Baud Transfers

Two User Programmable Modem
Control Ports

Automatic FCS (CRC) Generation and
Checking

Digital Phase Locked Loop Clock
Recovery

Minimum CPU Overhead

Fully Compatible with 8080/8085 CPUs

Single + 5V Supply

40-Pin Package

The Intel® 8273 Programmable HDLC/SDLC Protocol Controller is a dedicated device designed to support the ISO/C-

CITT's HDLC and IBM's SDLC communication line protocols. It is fully compatible with Intel's new high performance

microcomputer systems such as the MCS-85™. A frame level command set is achieved by a unique microprogrammed
dual processor chip architecture. The processing capability supported by the 8273 relieves the system CPU of the low
level real-time tasks normally associated with controllers.

PIN CONFIGURATION BLOCK DIAGRAM

FLAG DET L " 40 3 vcc

Tx INT £ 2 39 3 PB4

CLK C 3 38 2 ^
RESET C 4 37 i*i

TxDACK C 5 36 3 PB7

TxDRQ C 6 35 3 RTS

RxDACK C 7 34 2 pa7

RxDRQ C 8 33 2 PA^

So C 9 32 3 PA,

WR C 10 8273 31 3 CD

Rx INT C " 30 3 5TS

DBO C 12 29 3 TxD

OB1 C 13 28 2 TxC

DB2 C 14 27 2 RxC

DB3 C 15 26 3 RxD

DB4 C 16 25 3 32xCLK

DB5 C 17 24 3 CS

DB6
fj 18 23 1 OPLL

DB7 £ 19 22 3 Al

GND £ 20 21 3 \

PIN NAMES

DBO-DB7
FLAG DET
TxINT
CLK
RESET
Tx DACK
TxDRQ
RB
Bfi
Rx DACK
RxDRQ
RxINT
A0-A1

BFCl

DATA BUS (8 BITS)
FLAG DETECT
TRANSMITTER INTERRUPT
CLOCK INPUT
RESET
TRANSMITTER DMA ACKNOWLEDGE
TRANSMITTER DMA REQUEST
REAO INPUT
WRITE INPUT
RECEIVER DMA ACKNOWLEDGE
RECEIVER DMA REQUEST
RECEIVER INTERRUPT
COMMANO REGISTER SELECT ADDRESS
DIGITAL PHASE LOCKED LOOP

RxC
TxC
TxD
CTS

RTS

CHIP SELECT
32 TIMES CLOCK
RECEIVER DATA
RECEIVER CLOCK
TRANSMITTER CLOCK
TRANSMITTER DATA
CLEAR TO SEND
CARRIER DETECT
GP INPUT PORTS
GP OUTPUT PORTS
REQUEST TO SEND
+5 VOLT SUPPLY
GROUND

REGISTERS

TxINT RESULT COMMAND

RxINT RESULT PARAMETER

TEST MODE STATUS

RESULT

o

-o DATA
BUS

BUFFERo
TxDRQ »-

TxDACK —
RxDRQ »-

RxDACK —

TxINT —
RxINT —

READ/
WRITE
DMA/

CONTROL
LOGIC

IT

INTERNAL DATA BUS

CPU INTERFACE

w

o

TxD

TxC

o RxD

RxC

MODEM INTERFACE

S^o ?^!^™ 8
!!?.

5 "° RESP0NSBILITY™ THE USE OF ANY CBCWTRY OTHER THAN CBCWTRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.C INTEL CORPORATION, 1979 8-59 00743A



8273

A BRIEF DESCRIPTION OF HDLC/SDLC
PROTOCOLS

General

The High Level Data Link Control (HDLC) is a standard

communication link protocol established by International

Standards Organization (ISO). HDLC is the discipline

used to implement ISO X.25 packet switching systems.

The Synchronous Data Link Control (SDLC) is an IBM
communication link protocol used to implement the

System Network Architecture (SNA). Both the protocols

are bit oriented, code independent, and ideal for full

duplex communication. Some common applications

include terminal to terminal, terminal to CPU, CPU to

CPU, satellite communication, packet switching and other

high speed data links. In systems which require expensive

cabling and interconnect hardware, any of the two

protocols could be used to simplify interfacing (by going

serial), thereby reducing interconnect hardware costs.

Since both the protocols are speed independent, reducing

interconnect hardware could become an important

application.

Network

In both the HDLC and SDLC line protocols, according to a

pre-assigned hierarchy, a PRIMARY (Control) STATION
controls the overall network (data link) and issues

commands to the SECONDARY (Slave) STATIONS. The
latter comply with instructions and respond by sending

appropriate RESPONSES. Whenever a transmitting

station must end transmission prematurely it sends an

ABORT character. Upon detecting an abort character, a

receiving station ignores the transmission block called a

FRAME. Time fill between frames can be accomplished by

transmitting either continuous frame preambles called

FLAGS or an abort character. A time fill within a frame is

not permitted. Whenever a station receives a string of

more that fifteen consecutive ones, the station goes into

an IDLE state.

Frames

A single communication element ist;alled a FRAME which

can be used for both Link Control and data transfer

purposes. The elements of a frame are the beginning eight

bit FLAG (F) consisting of one zero, six ones, and a zero,

an eight bit ADDRESS FIELD (A), an eight bit CONTROL
FIELD (C), a variable (N-bit) INFORMATION FIELD (l), a

sixteen bit FRAME CHECK SEQUENCE (FCS), and an

eight bit end FLAG (F), having the same bit pattern as the

beginning flag. In HDLC the Address (A) and Control (C)

bytes are extendable. The HDLC and the SDLC use three

types of frames; an Information Frame is used to transfer

data, a Supervisory Frame is used for control purposes,

and a Non-sequenced Frame is used for initialization and

control of the secondary stations.

Frame Characteristics

An important characteristic of a frame is that its con-

tents are made code transparent by use of a zero bit

insertion and deletion technique. Thus, the user can adopt

any format or code suitable for his system — it may even

be a computer word length or a "memory dump". The
frame is bit oriented that is, bits, not characters in each

field, have specific meanings. The Frame Check
Sequence (FCS) is an error detection scheme similar to

the Cyclic Redundancy Checkword (CRC) widely used in

magnetic disk storage devices. The Command and

Response information frames contain sequence numbers
in the control fields identifying the sent and received

frames. The sequence numbers are used in Error

Recovery Procedures (ERP) and as implicit acknowledge-

ment of frame communication, enhancing the true full-

duplex nature of the HDLC/SDLC protocols.

In contrast, BISYNC is basically half-duplex (two way
alternate) because of necessity to transmit immediate

acknowledgement frames. HDLC/SDLC therefore saves

propagation delay times and have a potential of twice the

throughput rate of BISYNC.

It is possible to use HDLC or SDLC over half duplex lines

but there is a corresponding loss in throughput because
both are primarily designed for full-duplex communi-
cation. As in any synchronous system, the bit rate is

determined by the clock bits supplied by the modem,
protocols themselves are speed independent.

A byproduct of the use of zero-bit insertion-deletion

technique is the non-return-to-zero invert (NRZI) data

transmission/reception compatibility. The latter allows

HDLC/SDLC protocols to be used with asynchronous

data communication hardware in which the clocks are

derived from the NRZI encoded data.
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OPENING
FLAG(F)

ADDRESS
FIELD (A)

CONTROL
FIELD (C)

INFORMATION
FIELD (I)

FRAME CHECK
SEQUENCE (FCS)

CLOSING
FLAG (F)

01111110 8 BITS 8 BITS
VARIABLE LENGTH
(ONLY IN I FRAMES) 16 BITS 01111110

Figure 1. Frame Format

8-60 00743A



8273

FUNCTIONAL DESCRIPTION
General
The Intel® 8273 HDLC/SDLC controller is a microcom-
puter peripheral device which supports the International

Standards Organization (ISO) High Level Data Link

Control (HDLC), and IBM Synchronous Data Link Control

(SDLC) communications protocols. This controller

minimizes CPU software by supporting a comprehensive

frame-level instruction set and by hardware implemen-
tation of the low level tasks associated with frame

assembly/disassembly and data integrity. The 8273 can be
used in either synchronous or asynchronous applications.

In asynchronous applications the data can be program-
med to be encoded/decoded in NRZI code. The clock is

derived from the NRZI data using a digital phase locked

loop. The data transparency is achieved by using a zero-

bit insertion/deletion technique. The frames are automati-

cally checked for errors during reception by verifying the

Frame Check Sequence (FCS); the FCS is automatically

generated and appended before the final flag in transmit.

The 8273 recognizes and can generate flags (01111110),

Abort, Idle, and GA (EOP) characters.

The 8273 can assume either a primary (control) or a

secondary (slave) role. It can therefore be readily

implemented in an SDLC loop configuration as typified by
the IBM 3650 Retail Store System by programming the

8273 into a one-bit delay mode. In such a configuration, a

two wire pair can be effectively used for data transfer

between controllers and loop stations. The digital phase
locked loop output pin can be used by the loop station

without the presence of an accurate Tx clock.

Hardware Description

The 8273 is packaged in a 40 pin DIP. The following is a

functional description of each pin.

Pin Name (No.) I/O Description

Vcc (40) +5V Supply

GND (20) Ground

RESET (4) I A high signal on this pin will force

the 8273 to an idle state. The 8273
will remain idle until a command
is issued by the CPU. The modem
interface output signals are forc-

ed high. Reset must be true for a

minimum of 10 TCY.

I The RD and WR inputs are en-

abled by the chip select input.

I/O The Data Bus lines are bidirec-

tional three-state lines which in-

terface with the system Data Bus.

I The Write signal is used to con-

trol the transfer of either a com-
mand or data from CPU to the

8273.

RD (9) I The Read signal is used to con-
trol the transfer of either a data

byte or a status word from the

8273 to the CPU.
TxINT (2) O The Transmitter interrupt signal

indicates that the transmitter

logic requires service.

RxlNT(H) O The Receiver interrupt signal in-

dicates that the Receiver logic re-

quires service.

CS (24)

DB7-DB0 (19-12)

WR (10)

8-61

TxDRQ (6) O Requests a transfer of data be-

tween memory and the 8273 for a

transmit operation.

RxRDQ (8) O Requests a transfer of data be-

tween the 8273 and memory for a

receive operation.

TxDACK (5) I The Transmitter DMA acknow-
ledge signal notifies the 8273 that

the TxDMA cycle has been

granted.

RxDACK (7) I The Receiver DMA acknowledge
signal notifies the 8273 that the

RxDMA cycle has been granted.

A1-A0 (22-21) I These two lines are CPU Inter-

face Register Select lines.

TxD (29) O This line transmits the serial data

to the communication channel.

TxC (28) I The transmitter clock is used to

synchronize the transmit data.

RxD (26) I This line receives serial data from

the communication channel.

RxC (27) I The Receiver Clock is used to

synchronize the receive data.

32X CLK (25) I The 32X clock is used to provide

clock recovery when an asyn-

chronous modem is used. In loop

configuration the loop station

can run without an accurate 1X
clock by using the 32X CLK in

conjunction with the DPLL out-

put. (This pin must be grounded
when not used).

DPLL (23) O Digital Phase Locked Loop out-

put can be tied to RxC and/or

TxC when 1X clock is not avail-

able. DPLL is used with 32XCLK.

FLAG DET (1) O Flag Detect signals that a flag

(01111110) has been received by
an active receiver.

RTS (35) O Request to Send signals that the

8273 is ready to transmit data.

CTS (30) I Clear to Send signals that the

modem is ready to accept data

from the 8273.

CD (31) I Carrier Detect signals that the

line transmission has started and
the 8273 may begin to sample
data on RxD line.

PA2-4 (32-34) I General purpose input ports. The
logic levels on these lines can be
Read by the CPU through the

Data Bus Buffer.

PB1-4 (36-39) O General purpose output ports.

The CPU can write these output

lines through Data Bus Buffer.

CLK (3) I A square wave TTL clock.
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8278
PROGRAMMABLE KEYBOARD INTERFACE

Simultaneous Keyboard and Display

Operations

Interface Signals for Contact and
Capacitive Coupled Keyboards

128-Key Scanning Logic

10.7 msec Matrix Scan Time for 128

Keys and 6 MHz Clock

8-Character Keyboard FIFO

N-Key Rollover with Programmable
Error Mode on Multiple New Closures

16-Character 7-Segment Display

Interface

Right or Left Entry Display RAM

Depress/Release Mode Programmable

Interrupt Output on Key Entry

The Intel® 8278 is a general purpose programmable keyboard and display interface device designed for use with 8-bit

microprocessors such the MDS-80™ and MCS-85™. The keyboard portion can provide a scanned interface to

128-key contact or capacitive-coupled keyboards. The keys are fully debounced with N-key rollover and
programmable error generation on multiple new key closures. Keyboard entries are stored in an
8-character FIFO with overrun status indication when more than 8 characters are entered. Key entries set

an interrupt request output to the master CPU.

The display portion of the 8278 provides a scanned display interface for LED, incandescent, and other
popular display technologies. Both numeric displays and simple indicators may be used. The 8278 has a
16X4 display RAM which can be loaded or interrogated by the CPU. Both right entry calculator and left en-

try typewriter display formats are possible. Both read and write of the display RAM can be done with auto-

increment of the display RAM address.

PIN CONFIGURATION PIN NAMES BLOCK DIAGRAM

RLC y
40 Dvcc

xi C 2 39 UCLR
X2\2 3 38 HB3

RESET C 4 37 Db2

NCC 5 36 Hb,

CSC 6 35 Hbo

gndC 34 Dkcl

rdC 8 33 ]M6

AoC 9 32 3m5

WR C

SYNCC

10 31
8278

11 30

Dm4

3m3

DoC 12 29 Hm2

D,[I 13 28 Dm,

D2 C 14 27 Dm
D3 C 15 26 DVdd

D«C 16 25 Dnc
D5 C 17 24 3 ERROR

DeL 18 23 DlRQ

D7C 19 22 Dhys

gndC 20 21 Dbp

D7-D DATA BUS
RD.WR READ, WRITE STROBES
CS CHIP SELECT
Ao CONTROL/DATA SELECT
RESET RESET INPUT
X,,X2 FREQ. REFERENCE INPUT
SYNC HIGH FREQUENCY OUTPUT

CLOCK
RL KEYBOARD RETURN LINE
CLR CLEAR ERROR
KCL KEY CLOCK
M6-M MATRIX SCAN LINES

DISPLAY OUTPUTS
ERROR ERROR SIGNAL
IRQ INTERRUPT REQUEST
HYS HYSTERESIS
BP TONE ENABLE

i<»
DATA
BUS

BUFFER
REGISTER

n

O

— I/O y1_K
-. CONTROL C >

1 nfiir NTT'

TT

O

r

H

o
n

CO

-HYSTERESIS

-KEY CLOCK
.SYNC
(400 KHz)

TONE ENABLE
ERROR OUTPUT
CLEAR INPUT

<0
16-DIGIT A N TO

" > DISPLAY
BUFFER v "" DIGITS

PWR-

GND-

INTEl CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
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PIN DESCRIPTION

The 8278 is packaged in a 40-pin DIP. The following is a

brief functional description of each pin.

Signal Pin No. Description

D0-D7 12-19 Three-state, bi-directional data bus

lines used to transfer data and com-

mands between the CPU and the

8278.

WR 10 Write strobe which enables the mas-

ter CPU to write data and com-

mands between the CPU and the

8278.

RD 8 Read strobe which enables the mas-

ter CPU to read data and status from

the 8278 internal registers.

CS 6 Chip select input used to enable

reading and writing to the 8278.

Ao 9 Address input used by the CPU to

indicate control or data.

RESET 4 A low signal on this pin resets the

8278.

X-i, X2 2,3 Inputs for crystal, L-C or external

timing signal to determine internal

oscillator frequency.

IRQ 23 Interrupt Request Output to the

master CPU. In the keyboard mode
the IRQ line goes low with each

FIFO read and returns high if there

is still information in the FIFO or an

ERROR has occurred.

M0-M6 27-33 Matrix scan outputs. These out-

puts control a decoder which scans

the key matrix columns and the 16

display digits. Also, the Matrix scan

outputs are used to multiplex the

return lines from the key matrix.

RL 1 Input from the multiplexer which in-

dicates whether the key currently

being scanned is closed.

HYS 22 Hysteresis output to the analog de-

tector. (Capacitive keyboard config-

uration). A "0" means the key cur-

rently being scanned has already

been recorded.

KCL 34 Key clock output to the analog de-

tector (capacitive keyboard config-

uration) used to reset the detector

before scanning a key.

SYNC 11 High frequency (400 KHz) output

signal used in the key scan to detect

a closed key (capacitive keyboard

configuration).

B0-B3 35-38 These four lines contain binary

coded decimal display information

synchronized to the keyboard col-

umn scan. The outputs are for

multiplexed digital displays.

Signal Pin No. Description

ERROR 24 Error signal. This line is high when-

ever two new key closures are de-

tected during a single scan or when
too many characters are entered

into the keyboard FIFO. It is reset by

a system RESET pulse or by a "1"

input on the CLR pin or by the

CLEAR ERROR command.

CLR 39 Input used to clear an ERROR con-

dition in the 8278.

BP 21 Tone enable output. This line is high

for 10ms following a valid key

closure; it is set high and remains

high during an ERROR condition.

Vcc, Vdd 40,26 +5 volt power input: +5V ± 10%.

GND 20,7 Signal ground.

PRINCIPLES OF OPERATION
The following is a description of the major elements of the

Programmable Keyboard/Display interface device. Refer

to the block diagram in Figure 1.

I/O Control and Data Buffers

The I/O control section uses the CS", Ao, RD, and WR lines

to control data flow to and from the various internal

registers and buffers (see Table 1). All data flow to and

from the 8278 is enabled by CS. The 8-bits of information

being transferred by the CPU is identified by Ao. A logic

one means information is command or status. A logic zero

means the information is data. RD and WR determine the

direction of data flow through the Data Bus Buffer (DBB).

The DBB register is a bi-directional 8-bit buffer register

which connects the internal 8278 bus buffer registerto the

external bus. When the chip is not selected (CS" = 1) the

DBB is in the high impedance state. The DBB acts as an

input when (RD, WR, CS) = (1,0, 0) and an output when
(RD, WR, CS) = (0,1, 0).

CS Ao WR RD Condition

1 Read DBB Data

1 1 Read STATUS

1 Write Data to DBB

1 1 Write Command to DBB

1 X X X Disable 8278 Bus is

High Impedance

Scan Counter

The scan counter provides the timing to scan the

keyboard and display. The four MSB's (M3-M6) scan the

display digits and provide column scan to the keyboard via

a 4 to 16 decoder. The three LSB's (M0-M2) are used to

multiplex the row return lines into the 8278.
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TO TONE GENERATOR

, 8085 OR 8048
MASTER

PROCESSOR

16 DIGIT SCAN

Figure 1. System Configuration for Capacitive-Coupled Keyboard

Keyboard Debounce and Control

The 8278 system configuration is shown in Figure 2. The
rows of the matrix are scanned and the outputs are

multiplexed by the 8278. When a key closure is detected,

the debounce logic waits about 1 2 msec to check if the key
remains closed. If it does.the address of the key in the

matrix is transferred into a FIFO buffer.

FIFO and FIFO Status

The 8278 contains an 8X8 FIFO character buffer. Each
new entry is written into a successive FIFO location and
each is then read out in the order of entry. A FIFO status

register keeps track of the number of characters in the

FIFO and whether it is full or empty. Too many reads or

key entries will be recognized as an error. The status can
be read by a RD with CS low and Ao high. The status logic

also provides a IRQ signal to the master processor

whenever the FIFO is not empty.

Display Address Registers and Display RAM

The display Address registers hold the address of the

word currently being written or read by the CPU and the

4-bit nibble being displayed. The read/write addresses
are programmed by CPU command. They also can be set

to auto increment after each read or write. The display

RAM can be directly read by the CPU after the correct

mode and address is set. Data entry to the display can
be set to either left or right entry.

8080. 8085 OR 8048
MASTER"

PROCESSOR

c -V

TO TONE GENERATOR

ERROR
CLR

.) D -D 7

8278

Jv

-16--- 16 DIGIT SCAN

CONTACT
KEYBOARD
MATRIX

8 OR 16 DIGIT DISPLAY

Figure 2. System Configuration for Contact Keyboard
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8278 COMMANDS
The 8278 operating mode is programmed by the master

CPU using the Ao, WR, and D0-D7 inputs as shown below:

A .CS INVALIDX X

Where Al indicates Auto Increment and A3-A0 is the

address of the next display character to be read out.

Al=1 AUTO increment

Al=0 no AUTO increment

Write Display Command

1 Al A3 A 2 A1 Ao

\-f
XHX

The master CPU presents the proper command on the Do-

D7 data lines with Ao=1 and then sends a WR pulse. The
command is latched by the 8278 on the rising edge of the

WR and is decoded internally to set the proper operating

mode.

COMMAND SUMMARY
Keyboard/Display Mode Set

N E I D K

where the mode set bits are defined as follows:

K — the keyboard mode select bit

— normal key entry mode
1 — special function mode: Entry on key closure and on

key release

D — the display entry mode select bit

— left display entry

right display entry

the interrupt request (IRQ) output enable bit.

enable IRQ output

disable IRQ output

E — the error mode select bit

— error on multiple key depression

1 — no error on multiple key depression

N — the number of display digits select

0—16 display digits

1—8 display digits

NOTE: The default mode following a RESET input

is all bits zero:

1 —
I
—
—

1 —

Read F IFO Command

CODE 1

Read Cdisplay Command

CODE 1 1 Al A3 A2 Ai Ao

Where Al indicates Auto Increment and A3-A0 is the

address of the next display character to be written.

Clear/Blank Command

1 1 UD BD CD CF CE

Where the command bits are defined as follows:

CE = Clear ERROR
CF = Clear FIFO
CD = Clear Display RAM to all High

BD = Blank Display to all High (Display RAM
unaffected)

UD = Unblank Display

The display is cleared and blanked following a Reset.

8278 Status Read

The status register in the 8278 can be read by the master

CPU using the Ao, RD, and D0-D7 inputs as shown below:

A ,C3 X X

\ /

The 8278 places 8-bits of status information on the D0-D7
lines following (Ao, CS, RD) = 1,0,0 inputs from the

master.

Status Format

S3 s2 Si So B KE
1

IBFlOBF

D 7 D 6 D5 D 4 D 3 D 2 D, D

Where the status bits are defined as follows:

OBF = Output Buffer Full Flag

IBF = Input Buffer Full Flag

KE = Keyboard Error Flag (multiple depression)
B = BUSY Flag

S3-S0 = FIFO Status
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Status Description

The S3-S0 status bits indicate the number of entries (Oto 8)

in the 8-level FIFO. A FIFO overrun will lock status at 1 1 1 1

.

The overrun condition will prevent further key entries until

cleared.

A multiple key closure error will set the KE flag and
prevent further key entries until cleared.

The IBF and OBF flags signify the status of the 8278 data

buffer registers used to transfer information (data, status

or commands) to and from the master CPU.

The IBF flag is set when the master CPU writes Data or

Commands to the 8278. The I BF flag is cleared by the 8278
during its response to the Data or Command.

The OBF flag is set when the 8278 has output data ready

for the master CPU. This flag is cleared by a master CPU
Data READ.

The Busy flag in the status register is used as a LOCK-
OUT signal to the master processor during response to

any command or data write from the master.

The master must test the Busy flag before each read

(during a sequence) to be sure that the 8278 is ready with

valid DATA.

The ERROR and TONE outputs from the 8278 are set high

for either type of error. Both types of error are cleared by
the CLR input, by the CLEAR ERROR command, or by a

reset. The FIFO and Display buffers are cleared

independently of the Errors.

FIFO status is used to indicate the number of characters in

the FIFO and to indicate whether an error has occurred.

Overrun occurs when the entry of another character into a

full FIFO is attempted. Underrun occurs when the CPU
tries to read an empty FIFO. The character read will be the

last one entered. FIFO status will remain at 0000 and the

error condition will not be set.

Data Read Sequence

Before reading data, the master CPU must send a

command to select FIFO or Display data. Following the

command, the master must read STATUS and test the

BUSY flag and the OBF flag to verify that the 8278 has
responded to the previous command. A typical DATA
READ sequence is as follows:

J 1_

READ DISPLAY
OR FIFO COMMAND
FROM MASTER

FIRST
DATA BYTE
READY

MASTER NEXT
READS DATA BYTE READY

8278
PROCESSING
NEXT BYTE

After the first read following a Read Display or Read FIFO
command, successive reads may occur as soon as OBF
rises.

8278 Data Write

The master CPU can write DATA to the 8278 Display

buffers by using the Ao, WR and D0-D7 inputs as follows:

A ,CS INVALIDX X

\ f

8278 Data Read

The master CPU can read DATA from the 8278 FIFO or

Display buffers by using the Ao, RD, and D0-D7 inputs as

follows:

A , CS X X

\ /

The master CPU presents the Data on the D0-D7 lines with

Ao=0 and then sends a WR pu lse. The data is latched by
the 8278 on the rising edge of WR.

Data Write Sequence

Before writing data to the 8278, the master CPU must first

send a command to select the desired display entry mode
and to specify the address of the next data byte. Following

the commands, the master must read STATUS and test the

BUSY flag (B) and IBF flag to verify that the 8278 has

responded. A typical sequence is shown below:

<j—L__r

The master sends a RD pulse with Ao=0 and CS=0 and the

8278 responds by outputing data on lines D0-D7. The data

is strobed by the trailing edge of RD.

WRITE DISPLAY 8278 MASTER 8278 8278

COMMAND READY DATA WRITE READY READY
FOR FIRST BYTE
COMMAND
OR DATA

MASTE
NEXTB

R WRITES
YTE
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INTERFACE CONSIDERATIONS
Scanned Keyboard Mode

With N-key rollover each key depression is treated

independently from all others. When a key is depressed

the debounce logic waits for a full scan of 128 keys and
then checks to see if the key is still down. If it is, the key is

entered into the FIFO.

1

ti r x ? r x
n n tl_ji

RL SAMPLED

Figure 3. Keyboard Timing

If two key closures occur during the same scan the

ERROR output is set, the KE flag is set in the Status word,

the TONE output is activated and IRQ is set, and no further

inputs are accepted. This condition is cleared by a high

signal on the CLEAR input or by a system RESET input or

by the CLEAR ERROR command.

In the special function mode both the key closure and the

key release cause an entry to the FIFO. The release is

entered with the MSB=1.

Any key entry triggers the TONE output for 10ms.

The HYS and KCL outputs enable the analog multiplexer

and detector to be synchronized for interface to capacitive

coupled keyboards.

SCAN CYCLE
|

IRQ

KEY 1

DEPRESSED
KEY 1 KEY 1

ENTERED READ BY MASTER
KEY 2 KEY 3

DEPRESSED DEPRESSED

Figure 4. Key Entry and Error Timing
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Data Format

In the scanned keyboard mode, the code entered into the

FIFO corresponds to the position or address of the switch
in the keyboard. The MSB is relevant only for special

function keys in which code "0" signifies closure and "1"

signifies release. The next four bits are the column count
which indicates which column the key was found in. The
last three bits are from the row counter.

KEY CODING

SF M 6

1 FOR SPECIAL FUNCTION
-MODE AND KEY RELEASED
0FOR KEY DEPRESSED

Display

Display data is entered into a 16x4 display register and
may be entered from the left, from the right or into specific

locations in the display register. A new data character is

put out on B0-B3 each time the M6-M3 lines change (i.e.,

once every 0.75ms with a 6 MHz crystal). Data is blanked
during the time the column select lines change by raising

the display outputs. Output data is positive true.

Left Entry

The left entry mode is the simplest display format in that

each display position in the display corresponds to a byte

(or nibble) in the Display RAM. Address in the RAM is the

left-most display character and address 15 is the right-

most display character. Entering characters from position

zero causes the display to fill from the left. The 17th

character is entered back in the left-most position and
filling again proceeds from there.

Right Entry

Right entry is the method used by most electronic

calculators. The first entry is placed in the right-most

display character. The next entry is also placed in the

right-most character after the display is shifted left one
character. The left-most character is shifted off the end
and is lost.

DISPLAY
RAM
ADDRESS

1 2 14 15 0*
1ST ENTRY 1

2 3 15 1

2ND ENTRY 1 2

3 4 1 2

3RD ENTRY 1 2 3

1 13 14 15

16TH ENTRY 1 2 14 15 16

1 2 14 15

17TH ENTRY 2 3 15 16 17

2 3 15 1

18TH ENTRY 3 4 16 17 18

Note that now the display position and register address do
not correspond. Consequently, entering a character to an
arbitrary position in the Auto Increment mode may have
unexpected results. Entry starting at Display RAM address

with sequential entry is recommended. A Clear Display

command should be given before display data is entered if

the number of data characters is not equal to 16 (or 8) in

this mode.

DISPLAY
CHARACTER

~\ / \ / \ / \ / \ / \ / V

Figure 5. Display Timing
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Auto Increment

In the Left Entry mode, Auto Incrementing causes the

address where the CPU will next write to be incremented

by one and the character appears in the next location.

With non-Auto Incrementing the entry is both to the same
RAM address and display position. Entry to an arbitrary

address in the Left Entry — Auto Increment mode has no

undesirable side effects and the result is predictable:

DISPLAY12 3 4 5 6 7-«— RAM
ADDRESS

1ST ENTRY 1

1 2 3 4 5 6 7

2ND ENTRY 1
j

2

1 2 3 4 5 6 7

COMMAND
10010101

1 2

ENTER NEXT AT LOCATION 5 AUTO INCREMENT

12 3 4 5 6 7

3RD ENTRY 1 2 3

1 2 3 4 5 6 7

4TH ENTRY 1 2 3 4

In the Right Entry mode, Auto Incrementing and non

Incrementing have the same effect as in the Left Entry

except that the address sequence is interrupted:

1 2 3 4 5 6 7 0<
DISPLAY— RAM

1ST ENTRY
|

ADDRESS

2 3 4 5 6 7 1

2ND ENTRY
I

1 2

2 3 4 5 6 7 1

COMMAND
10010101 |

1 2

ENTER NEXT AT LOCATION 5 AUTO INCREMENT

3 4 5 6 7 12
3RD ENTRY 3 1 2

4 5 6 7 12 3

4TH ENTRY 3 4 1 2

Starting at an arbitrary location operates as shown below:

COMMAND
10010101

DISPLAY12 3 4 5 6 7*— RAM
ADDRESS

ENTER NEXT AT LOCATION 5 AUTO INCREMENT

1 2 3 4 5 6 7

1ST ENTRY 1

2 3 4 5 6 7 1

2ND ENTRY 1 2

8TH ENTRY 4 5 6 7 8 1 2 3

9TH ENTRY 5 6 7 8 9 2 3 4

Entry appears to be from the initial entry point.

8-69 00227A



8278

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias 0°Cto70°C

Storage Temperature -65°C to +1 50° C
Voltage on Any Pin With

Respect to Ground -0.5Vto+7V
Power Dissipation 1.5 Watt

'COMMENT: Stresses above those listed under "Absolute

Maximum Ratings" may cause permanent damage to the

device. This is a stress rating only and functional

operation of the device at these or any other conditions

above those indicated in the operational sections of this

specification is not implied. Exposure to absolute

maximum rating conditions for extended periods may
affect device reliability.

D.C. CHARACTERISTICS
Commercial: Ta = 0°C to 70° C; Vcc +5V ±5%; Vss = 0V

Symbol Parameter Min. Max. Units Condition

VlL Input Low Voltage (All Inputs

Except X-i, X2

-0.5 0.8 V

Vim Input High Voltage (All Inputs

Except X-i, X2, RESET
2.0 Vcc V

V|H2 RESET High Voltage 3.0 Vcc V

VOL1 Output Low Voltage (D0-D7) 0.45 V lOL = 2.0mA

VOL2 Output Low Voltage (All

Other Outputs)

0.45 V Iol = 1.6mA

Vom Output High Voltage (D0-D7) 2.4 V Ioh = -400mA

VOH2 Output High Voltage (All

Other Outputs)

2.4 V Ioh = -50/uA

IlL Input Leakage Current (All

Inputs Except RESET)
±10 MA Vin = Vcc

lOL Output Leakage Current (D0-D7) ±10 MA Vin = Vss + 0.45V or

Vin = Vcc

Idd + Ice Total Supply Current 135 mA Vcc = 5.5V

Idd Vdd Supply Current 25 mA Vcc = 5.5V

Ili Low Input Source Current (RESET) 0.2 mA Vil = 0.8V

8278 CLOCK OPTIONS

20pF

II •
Xi

8278

x 2

CD

i

"

J_
20pF

Q
X1

1/2

7474

Q

8278

D

1-6 MHz
CRYSTAL

40/ih-130/uh

INDUCTOR
EXTERNAL
CLOCK
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A.C. CHARACTERISTICS
Ta = 0°C to 70° C; Vcc = +5V ±10%; Vss = 0V

Symbol Parameter Min. Max. Units Condition

tAC Address (CS, Ao) Setup to

Control (RD, WR)
ns

tCA Address Hold from Control ns

tec Control Pulse Width 250 ns
D0-D7, Cl = 150pF

tDW Data in Setup to WR T.E. 150 ns

two Data in Hold After WR T.E. ns

tRD RD L.E. to Data Out Valid 150 ns

tDF RD T.E. to Data Out Float 10 100 ns

tMCY Matrix Cycle Time 10.7 ms With 6MHz Crystal

tRV
Recovery Time Between Reads
and/or Writes

1 MS

WAVEFORMS
Read Operation — Data Bus Buffer Register

53 OR A X

\ /

<: DATA VALID- >
Write Operation — Data Bus Buffer Register

CS OR A V X

(READ CONTROLI

(WRITE CONTROL)

X -DATA VALID-E£
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PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE

MCS-85™ Compatible 8279-5

Simultaneous Keyboard Display

Operations

Scanned Keyboard Mode

Scanned Sensor Mode

Strobed Input Entry Mode

8-Character Keyboard FIFO

2-Key Lockout or N-Key Rollover with

Contact Debounce

Dual 8- or 16-Numerical Display

Single 16-Character Display

Right or Left Entry 16-Byte Display

RAM

Mode Programmable from CPU

Programmable Scan Timing

Interrupt Output on Key Entry

The Intel® 8279 is a general purpose programmable keyboard and display I/O interface device designed for use with

Intel® microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix. The

keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the hall effect and

ferrite variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are debounced and strobed in

an 8-character FIFO. If more than 8 characters are entered, overrun status is set. Key entries set the interrupt output

line to the CPU.

The display portion provides a scanned display interface for LED, incandescent, and other popular display

technologies. Both numeric and alphanumeric segment displays may be used as well as simple indicators. The 8279

has 16X8 display RAM which can be organized into dual 16X4. The RAM can be loaded or interrogated by the CPU. Both

right entry, calculator and left entry typewriter display formats are possible. Both read and write of the display RAM
can be done with auto-increment of the display RAM address.

PIN CONFIGURATION

RL 2 C 1
V

40 Uvcc
RL3C 2 39 DHL,

clkC 3 1« DRU
irqC 4 37 ^CNTL/STB

RUC 5 36 J SHIFT

RL5C 6 35 HSL3

RUC 34 HSL 2

RL ? C 8 33 :sl,

resetC

rdC

9 32
8279

10 31

DSLo

3 OUT B

wrC 11 30 DOUT B,

DB„C 12 29 D OUT B 2

DB,r: 13 28 3 OUT B 3

DB
2 C 14 27 1 OUT A

DB3C 15 26 UOUT A,

DB
4 C 16 25 Uqut a2

DB
5 C 17 24 3 out A3

DBjC 18 23 U6T5

DB
7 C 19 22 I]cs

vssC 20 21 Da

LOGIC SYMBOL

PIN NAMES

DB ) I/O DATA BUS IBI DIRECTIONAL!

CLK 1 CLOCK INPUT

RESET 1 RESET INPUT

C? 1 CHIP SELECT

rE 1 READ INPUT

M- -\ WRITE INPUT

Ao 1 BUFFER ADDRESS

IRQ INTERRUPT REQUEST OUTPUT

SU3 SCANUNES
RL07 1 RETURN LINES

SHIFT 1 SHIFT INPUT

CNTL/STB 1 CONTROL/STROBE INPUT

OUT A03 DISPLAY IAI OUTPUTS

OUT B03 DISPLAY IB) OUTPUTS

SB BLANK DISPLAY OUTPUT

<x>

IRQ RL0.7<^

CLK OUT B03

1

>
t>

:>

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.

© INTEL CORPORATION, 1979 3.72 00742A
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HARDWARE DESCRIPTION
The 8279 is packaged in a 40 pin DIP. The following is

a functional description of each pin.

No. Of
Pins Designation Function

SHIFT The shift input status is stored

along with the key position on

key closure in the Scanned

8 DB0-DB7

1 CLK

1 RESET

1 CS

1 Ao

2 RD, WR

1 IRQ

2 Vss Vcc

4 SL0-SL3

8 RL0-RL7

Bi-directional data bus. All data

and commands between the

CPU and the 8279 are trans-

mitted on these lines.

Clock from system used to gen-

erate internal timing.

A high signal on this pin resets

the 8279. After being reset the

8279 is placed in the following

mode:

1) 16 8-bit character display

— left entry.

2) Encoded scan keyboard—

2

key lockout.

Along with this the program

clock prescaler is set to 31.

Chip Select. A low on this pin

enables the interface functions

to receive or transmit.

Buffer Address. A high on this

line indicates the signals in or

out are interpreted as a com-
mand or status. A low indicates

that they are data.

Input/Output read and write.

These signals enable the data

buffers to either send data to

the external bus or receive it

from the external bus.

Interrupt Request. In a keyboard
mode, the interrupt line is high

when there is data in the FIFO/

Sensor RAM. The interrupt line

goes low with each FIFO/

Sensor RAM read and returns

high if there is still informa-

tion in the RAM. In a sensor

mode, the interrupt line goes

high whenever a change in a

sensor is detected.

Ground and power supply pins.

Scan Lines which are used to

scan the key switch or sensor

matrix and the display digits.

These lines can be either en-

coded (1 of 16) or decoded (1 of

4).

Return line inputs which are

connected to the scan lines

through the keys or sensor

switches. They have active in-

ternal pullups to keep them
high until a switch closure pulls

one low. They also serve as an

8-bit input in the Strobed Input

mode.

No. Of

Pins Designation Function

Keyboard modes. It has an

active internal pullup to keep it

high until a switch closure pulls

it low.

CNTL/STB For keyboard modes this line is

used as a control input and

stored like status on a key clo-

sure. The line is also the strobe

line that enters the data into the

FIFO in the Strobed Input mode.

(Rising Edge). It has an active

internal pullup to keep it high

until a switch closure pulls it

low.

These two ports are the outputs

for the 16 x 4 display refresh

registers. The data from these

outputs is synchronized to the

scan lines (SL0-SL3) for multi-

plexed digit displays. The two 4

bit ports may be blanked inde-

pendently. These two ports may
also be considered as one 8 bit

port.

BD Blank Display. This output is

used to blank thedisplay during

digit switching or by a display

blanking command.

OUT Ao-OUT A3

OUT Bo-OUT B3

PRINCIPLES OF OPERATION
The following is a description of the major elements of the

8279 Programmable Keyboard/Display interface device.

Refer to the block diagram in Figure 1

.

I/O Control and Data Buffers

The I/O control section uses the CS, Ao, RD and WR lines

to control data flow to and from the various internal

registers andbuffers. All data flow to and from the 8279 is

enabled by CS. The character of the information, given or

desired by the CPU, is identified by Ao. A logic one
means the information is a command or status. A logic

zero means the information is data. RD and WR determine
the direction of data flow through the Data Buffers. The
Data Buffers are bi-directional buffers that connect the

internal bus_to the external bus. When the chip is not

selected (CS = 1), the devices are in a high impedance
state. The drivers input during WR»CS and output during

RD«CS.

Control and Timing Registers and Timing Control

These registers store the keyboard and display modes and
other operating conditions programmed by the CPU. The
modes are programmed by presenting the proper
command on the data lines with Ao = 1 and then sending
a WR. The command is latched on the rising edge of WR.
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FUNCTIONAL DESCRIPTION

Since data input and display are an integral part of many
microprocessor designs, the system designer needs an

interface that can control these functions without placing

a large load on the CPU. The 8279 provides this function

for 8-bit microprocessors.

The 8279 has two sections: keyboard and display. The
keyboard section can interface to regular typewriter style

keyboards or random toggle or thumb switches. The
display section drives alphanumeric displays or a bank of

indicator lights. Thus the CPU is relieved from scanning

the keyboard or refreshing the display.

The 8279 is designed to directly connect to the

microprocessor bus. The CPU can program all operating

modes for the 8279. These modes include:

Input Modes

• Scanned Keyboard — with encoded (8x8 key

keyboard) or decoded (4x8 key keyboard) scan lines.

A key depression generates a 6-bit encoding of key

position. Position and shift and control status are

stored in the FIFO. Keys are automatically debounced
with 2-key lockout or N-key rollover.

Scanned Sensor Matrix — with encoded (8x8 matrix

switches) or decoded (4x8 matrix switches) scan tines.

Key status (open or closed) stored in RAM addressable

by CPU.

Strobed Input — Data on return lines during control

line strobe is transferred to FIFO.

Output Modes
• 8 or 16 character multiplexed displays that can be or-

ganized as dual 4-bit or single 8-bit (Bq= D , A3= D7).

• Right entry or left entry display formats.

Other features of the 8279 include:

• Mode programming from the CPU.

• Clock Prescaler

• Interrupt output to signal CPU when there is keyboard

or sensor data available.

• An 8 byte FIFO to store keyboard information.

• 16 byte internal Display RAM for display refresh. This

RAM can also be read by the CPU.

CLK RESET

c

DATA
BUFFERS

CS A

I/O CONTROL
FIFO/SENSOR

RAM
STATUS

INTERNAL - DATA BUS (8)

iz
DISPLAY
ADDRESS
REGISTERS ^ 16x8

DISPLAY
RAM

lz
CONTROL AND

TIMING
REGISTERS

FIFO/SENSOR
RAM

KEYBOARD
DEBOUNCE

AND
CONTROL

iz
DISPLAY
REGISTERS

TIMING
AND

CONTROL

\7

7\

SCAN COUNTER

T\

OUT A03 OUT B0.3

\7 SHIFT

RL 7 CNTL/STB
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The command is then decoded and the appropriate

function is set. The timing control contains the basic

timing counter chain. The first counter is a -f- N prescaler

that can be programmed to yield an internal frequency

of 100 kHz which gives a 5.1 ms keyboard scan time and

a 10.3 ms debounce time. The other counters divide

down the basic internal frequency to provide the proper

key scan, row scan, keyboard matrix scan, and display

scan times.

Scan Counter

The scan counter has two modes. In the encoded mode,
the counter provides a binary count that must be
externally decoded to provide the scan lines for the

keyboard and display. In the decoded mode, the scan
counter decodes the least significant 2 bits and provides a

decoded 1 of 4 scan. Note than when the keyboard is in

decoded scan, so is the display. This means that only the

first 4 characters in the Display RAM are displayed.

In the encoded mode, the scan lines are active high

outputs. In the decoded mode, the scan lines are active

low outputs.

Return Buffers and Keyboard Debounce
and Control
The 8 return lines are buffered and latched by the Return

Buffers. In the keyboard mode, these lines are scanned,

looking for key closures in that row. If the debounce
circuit detects a closed switch, it waits about 10 msec to

check if the switch remains closed. If it does, the address

of the switch in the matrix plus the status of SHIFT and

CONTROL are transferred to the FIFO. In the scanned
Sensor Matrix modes, the contents of the return lines is

directly transferred to the corresponding row of the

Sensor RAM (FIFO) each key scan time. In Strobed Input

mode, the contents of the return lines are transferred to

the FIFO on the rising edge of the CNTL/STB line pulse.

FIFO/Sensor RAM and Status

This block is a dual function 8x8 RAM. In Keyboard or

Strobed Input modes, it is a FIFO. Each new entry is

written into successive RAM positions and each is then

read in order of entry. FIFO status keeps track of the

number of characters in the FIFO and whether it is full or

empty. Too many reads or writes will be recognized as an

error. The status can be read by an RD with CS low and

Ao high. The status logic also provides an IRQ signal

when the FIFO is not empty. In Scanned Sensor Matrix

mode, the memory is a Sensor RAM. Each row of the

Sensor RAM is loaded with the status of the correspond-

ing row of sensor in the sensor matrix. In this mode, IRQ is

high if a change in a sensor is detected.

Display Address Registers and Display RAM
The Display Address Registers hold the address of the

word currently being written or read by the CPU and the

two 4-bit nibbles being displayed. The read/write

addresses are programmed by CPU command. They also

can be set to auto increment after each read or write. The
Display RAM can be directly read by the CPU after the

correct mode and address is set. The addresses for the A
and B nibbles are automatically updated by the 8279 to

match data entry by the CPU. The A and B nibbles can be
entered independently or as one word, according to the

mode that is set by the CPU. Data entry to the display can
be set to either left or right entry. See Interface

Considerations for details.

MSB LSB

| |
D D K K K

SOFTWARE OPERATION

8279 commands

The following commands program the 8279 operating

modes. The commands are sent on the Data Bus with CS
low and Ao Ngh and are loaded to the 8279 on the rising

edge of WR.

Keyboard/Display Mode Set

Code:

Where DD is the Display Mode and KKK is the Keyboard

Mode.

DD

8 8-bit character display — Left entry

1 16 8-bit character display — Left entry*

1 8 8-bit character display — Right entry

1 1 16 8-bit character display — Right entry

For description of right and left entry, see Interface

Considerations. Note that when decoded scan is set in

keyboard mode, the display is reduced to 4 characters

independent of display mode set.

KKK

Encoded Scan Keyboard — 2 Key Lockout*

1 Decoded Scan Keyboard — 2-Key Lockout

1 Encoded Scan Keyboard — N-Key Rollover

1 1 Decoded Scan Keyboard — N-Key Rollover

1 Encoded Scan Sensor Matrix

1 1 Decoded Scan Sensor Matrix

1 1 Strobed Input, Encoded Display Scan

1 1 1 Strobed Input, Decoded Display Scan

Program Clock

Code: 1 P

All timing and multiplexing signals for the 8279 are

generated by an internal prescaler. This prescaler

divides the external clock (pin 3) by a programmable

integer. Bits PPPPP determine the value of this integer

which ranges; from 2 to 31 . Choosing a divisor that yields

100 kHz will give the specified scan and debounce

times. For instance, if Pin 3 of the 8279 is being clocked

by a 2 MHz signal, PPPPP should be set to 10100 to

divide the clock by 20 to yield the proper 100 kHz operat-

ing frequency.

Read FIFO/Sensor RAM

Code: 10 Al X= Don't Care

The CPU sets up the 8279 for a read of the FIFO/Sensor

RAM by first writing this command. In the Scan Kev-

"Default alter reset.
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board Mode, the Auto-Increment flag (Al) and the RAM
address bits (AAA) are irrelevant. The 8279 will automati-

cally drive the data bus for each subsequent read (A = 0)

in the same sequence in which the data first entered the

FIFO. All subsequent reads will be from the FIFO until

another command is issued.

In the Sensor Matrix Mode, the RAM address bits AAA
select one of the 8 rows of the Sensor RAM. If the Al flag

is set (Al = 1), each successive read will be from the sub-

sequent row of the sensor RAM.

Read Display RAM

Code:

The CPU sets up the 8279 for a read of the Display RAM
by first writing this command. The address bits AAAA
select one of the 16 rows of the Display RAM. If the Al

flag is set (Al = 1), this row address will be incremented

after each following read or write to the Display RAM.
Since the same counter is used for both reading and

writing, this command sets the next read or write

address and the sense of the Auto-Increment mode for

both operations.

Write Display RAM

Code

1 1 Al A A A A

1 Al A A A A

The CPU sets up the 8279 for a write to the Display RAM
by first writing this command. After writing the com-
mand with A = 1, all subsequent writes with A = will

be to the Display RAM. The addressing and Auto-

Increment functions are identical to those for the Read
Display RAM. However, this command does not affect

the source of subsequent Data Reads; the CPU will read

from whichever RAM (Display or FIFO/Sensor) which
was last specified. If, indeed, the Display RAM was last

specified, the Write Display RAM will, nevertheless,

change the next Read location.

Display Write Inhibit/Blanking

The IW Bits can be used to mask nibble A and nibble B
in applications requiring separate 4-bit display ports. By
setting the IW flag (IW= 1) for one of the ports, the port

becomes marked so that entries to the Display RAM
from the CPU do not affect that port. Thus, if each nibble

is input to a BCD decoder, the CPU may write a digit to

the Display RAM without affecting the other digit being

displayed. It is important to note that bit B corresponds

to bit D on the CPU bus, and that bit A3 corresponds to

bit D7 .

If the user wishes to blank the display, the BL flags are

available for each nibble. The last Clear command issued

determines the code to be used as a "blank." This code
defaults to all zeros after a reset. Note that both BL
flags must be set to blank a display formatted with a

single 8-bit port.

Clear

The CD bits are available in this command to clear all

rows of the Display RAM to a selectable blanking coctei

as follows:

Cp Cp Cq
A I '

X All Zeros (X = Don't Care)

1 AB = Hex 20 (0010 0000)

1 1 Ail Ones

— Enable clear display when =1 (or by Ca = 1

)

During the time the Display RAM is being cleared (~160 ^s),

it may not be written to. The most significant bit of the

FIFO status word is set during this time. When the Dis-

play RAM becomes available again, it automatically

resets.

If the C F bit is asserted (C F =1), the FIFO status is

cleared and the interrupt output line is reset. Also, the

Sensor RAM pointer is set to row 0.

CA , the Clear All bit, has the combined effect of CD and
C F ; it uses the C D clearing code on the Display RAM and
also dears FIFO status. Furthermore, it resynchronizes

the internal timing chain.

End Interrupt/Error Mode Set

Code: 1 1 1 E X X X X X = Don't care.

For the sensor matrix modes this command lowers the

IRQ line and enables further writing into RAM. (The IRQ
line would have been raised upon the detection of a

change in a sensor value. This would have also inhibited

further writing into the RAM until reset).

For the N-key rollover mode — if the E bit is programmed
to "1" the chip will operate in the special Error mode. (For

further details, see Interface Considerations Section.)

Status Word

The status word contains the FIFO status, error, and
display unavailable sig_nals. This word is read by the CF J
when Ao is high and CS and RD are low. See Interface

Considerations for more detail on status word.

Data Read

Data is read when Ao, CS and RD are all low. The source
of the data is specified by the Read FIFO or Read Display

commands. The trailing edge of RD will cause the address

of the RAM being read to be incremented if the Auto-

Increment flag is set. FIFO reads always increment (if no
error occurs) independent of Al.

Data Write

Data that is written with Ao, CS and WR~ low is always
written to the Display RAM. The address is specified by the

latest Read Display or Write Display command. Auto-

Incrementing on the rising edge of WR occurs if Al set by

the latest display command.
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INTERFACE CONSIDERATIONS

Scanned Keyboard Mode, 2-Key Lockout

There are three possible combinations of conditions

that can occur during debounce scanning. When a key is

depressed, the debounce logic is set. Other depressed

keys are looked for during the next two scans. If none

are encountered, it is a single key depression and the

key position is entered into the FIFO along with the

status of CNTL and SHIFT lines. If the FIFO was empty,

IRQ will be set to signal the CPU that there is an entry in

the FIFO. If the FIFO was full, the key will not be entered

and the error flag will be set. If another closed switch is

encountered, no entry to the FIFO can occur. If all other

keys are released before this one, then it will be entered

to the FIFO. If this key is released before any other, it

will be entirely ignored. A key is entered to the FIFO

only once per depression, no matter how many keys

were pressed along with it or in what order they were

released. If two keys are depressed within the debounce

cycle, it is a simultaneous depression. Neither key will

be recognized until one key remains depressed alone.

The last key will be treated as a single key depression.

Scanned Keyboard Mode, N-Key Rollover

With N-key Rollover each key depression is treated

independently from all others. When a key is depressed,

the debounce circuit waits 2 keyboard scans and then

checks to see if the key is still down. If it is, the key is

entered into the FIFO. Any number of keys can be

depressed and another can be recognized and entered

into the FIFO. If a simultaneous depression occurs, the

keys are recognized and entered according to the order

the keyboard scan found them.

Scanned Keyboard — Special Error Modes

For N-key rollover mode the user can program a special

error mode. This is done by the "End Interrupt/Error Mode
Set" command. The debounce cycle and key-validity

check are as in normal N-key mode. If during a single

debounce cycle , two keys are found depressed, this is

considered a simultaneous multiple depression, and sets

an error flag. This flag will prevent any further writing into

the FIFO and will set interrupt (if not yet set). The error flag

could be read in this mode by reading the FIFO STATUS
word. (See "FIFO STATUS" for further details.) The error

flag is reset by sending the normal CLEAR command with

Cf - 1.

Sensor Matrix Mode
In Sensor Matrix mode, the debounce logic is inhibited.

The status of the sensor switch is inputted directly to the

Sensor RAM. In this way the Sensor RAM keeps an image

of the state of the switches in the sensor matrix. Although

debouncing is not provided, this mode has the advantage

that the CPU knows how long the sensor was closed and

when it was released. A keyboard mode can only indicate

a validated closure. To make the software easier, the

designer should functionally group the sensors by row

since this is the format in which the CPU will read them.

The IRQ line goes high if any sensor value change is

detected at the end of a sensor matrix scan. The IRQ line is

cleared by the first data read operation if the Auto-

Increment flag is set to zero, or by the End Interrupt

command if the Auto-Increment flag is set to one.

Note: Multiple: changes in the matrix Addressed by (SL0-3

= 0) may cause multiple interrupts. (SLo = in the Decoded

Mode). Reset nay cause the 8279 to see multiple changes.

Data Format

In the Scanned Keyboard mode, the character entered

into the FIFO corresponds to the position of the switch

in the keyboard plus the status of the CNTL and SHIFT

lines (non-inverted). CNTL is the MSB of the character

and SHIFT is the next most significant bit. The next

three bits an; from the scan counter and indicate the

row the key was found in. The last three bits are from the

column counter and indicate to which return line the key

was connected.

MSB LSB

CNTL SHIFT
I I

SCAN
I

1

1 1

RETURN
.1 , L.

SCANNED KEYBOARD DATA FORMAT

In Sensor Matrix mode, the data on the return lines is

entered directly in the row of the Sensor RAM that

corresponds to the row in the matrix being scanned.

Therefore, each switch postion maps directly to a Sensor

RAM position. The SHIFT and CNTL inputs are ignored in

this mode. Note that switches are not necessarily the only

thing that can be connected to the return lines in this

mode. Any logic that can be triggered by the scan lines

can enter data to the return line inputs. Eight multiplexed

input ports could be tied to the return lines and scanned by

the 8279.

MSB LSB

RL7 UL6 RL5 RL4 RL3 RL2 RL1 RLp
J

In Strobed Input mode, the data is also entered to the FIFO

from the return lines. The data is entered by the rising

edge of a CNTL/STB line pulse. Data can come from

another encoded keyboard or simple switch matrix. The

return lines can also be used as a general purpose strobed

input.

MSB LSB

I RL7
I
RL6 RL 5 RL4 RL3 RL2 RI_1 RL

Display

Left Entry

Left Entry mode is the simplest display format in that each

display position directly corresponds to a byte (or nibble)

in the Display RAM. Address in the RAM is the left-most

display character and address 15 (or address 7 in 8

character display) is the right most display character.

Entering characters from position zero causes the display

to fill from the left. The 17th (9th) character is entered back

in the left most position and filling again proceeds from

there.

8-77 00742A



8279/8279-5

1

1

1

1 2

1

1 2

1

17 2

1

17 18

1st entry

2nd entry

16th entry

17th entry

18th entry

LEFT ENTRY MODE
(AUTO INCREMENT)

Right Entry

Right entry is the method used by most electronic

calculators. The first entry is placed in the right most
display character. The next entry is also placed in the right

most character after the display is shifted left one
character. The left most character is shifted off the end
and is lost.

14 15 0-«-Display

RAM

14 15-«

14 15

14 15

15 16

14 15

15 16

14 15

15 16

-Display

RAM
Address

1 2

1st entry

2 3

2nd entry

3 4

3rd entry

1

6th entry 1 2

17th entry

18th entry

1

15 1

1 2

1 2

1 2 3

13 14 15

14 15 16

Address

1 2

2 3

2 3

3~T^

14 15

15
j

16 17

15 1

16 17 18

RIGHT ENTRY MODE
(AUTO INCREMENT)

Note that now the display position and register address do
not correspond. Consequently, entering a character to an

arbitrary position in the Auto Increment mode may have

unexpected results. Entry starting at Display RAM address

with sequential entry is recommended.

Auto Increment

In the Left Entry mode, Auto Incrementing causes the

address where the CPU will next write to be incremented

by one and the character appears in the next location.

With non-Auto Incrementing the entry is both to the same
RAM address and display position. Entry to an arbitrary

address in the Auto Increment mode has no undesirable

side effects and the result is predictable:

1st entry

2nd entry

Command
10010101

3rd entry

4th entry

1 2 3 4 5 6 7-

1

Display

RAM
Address

1 2 3 4 5 6 7

1 2

1 2 3 4 5 6 7

1 2

Enter next at Location 5 Auto Increment

1 2 3 4 5 6 7

1 2 3

1 2 3 4 5 6 7

1 I 2 I I I I 3 I 4

LEFT ENTRY MODE
(AUTO INCREMENT)

In the Right Entry mode, Auto Incrementing and non
Incrementing have the same effect as in the Left Entry

except if the address sequence is interrupted:

1st entry

2nd entry

Command
10010101

3rd entry

4th entry

1 2 3 4 5 6 7 0-

1

2 3 4 5 6 7 1

[

I

1 2

2 3 4 5 6 7 1

|

1 2

- Display

RAM
Address

Enter next at Location 5 Auto Increment

3 4 5 6 7 1 2

I I

3 1 2

4 5 6 7 1 2 3

3 4 1 2

RIGHT ENTRY MODE
(AUTO INCREMENT)

Starting at an arbitrary location operates as shown below:

1 2 3 4 5 6 7 -«- Display

Command
10010101

1st entry

2nd entry

8th entry

9th entry

RAM
Address

Enter next at Location 5 Auto Increment

1 2 3 4 5 6 7

~r |
1

|

2 3 4 5 6 7 1

j

1
]
2

4 5 6 7 8 1 2 3

5 6 7 8 9 2 3
J4

RIGHT ENTRY MODE
(AUTO INCREMENT)
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Entry appears to be from the initial entry point.

8/16 Character Display Formats

If the display mode is set to an 8 character display, the on

duty-cycle is double what it would be for a 16 character

display (e.g., 5.1 ms scan time for 8 characters vs. 10.3 ms
for 16 characters with 100 kHz internal frequency).

G. FIFO Status

FIFO status is used in the Keyboard and Strobed Input

modes to indicate the number of characters in the FIFO

and to indicate whether an error has occurred. There are

two types of errors possible: overrun and underrun.

Overrun occurs when the entry of another character into a

full FIFO is attempted. Underrun occurs when the CPU
tries to read an empty FIFO.

The FIFO status word also has a bit to indicate that the

Display RAM was unavailable because a Clear Display or

Clear All command had not completed its clearing

operation.

"* *

FjJQstastatus

ition

In a Sensor Matrix mode, a bit is s^*i%tn^

word to indicate that at least one sensor^au/
A

is contained in the Sensor RAM.

In Special Error Mode the S/E bit is showing the|.e«pr*fl^jjy|

and serves as an indication to whether a simutfaj^usfj

multiple closure error has occurred. %^

%

FIFO STATUS WORD
x FIFO Full

a h ii

s/i:

T _ Number of

characters in FIFO

Error-Underrun

Error-Overrun

Sensor Closure/Error Flag for

Multiple Closures

Display unavailable

APPLICATIONS

8-BIT

MICRO DATA
PROCESSOR BUS
SYSTEM

UAIM DUO

{
ADDRESS/

BUS\

CS

KEYBOARD
-J MATRIX

%.RETURN
LINES

8 COLUMNS

8 ROWS

7T

SHIFT CNTL R„_
7

INT

\> 5V

1
IOR

iovv

RESET

CS

A0

CLK

3 - 8 DECODER

~r 7\,

4 - 16 DECODER

BLANK
DISPLAYKY I

Z3
?=>

iz
ADDRESSES
(DECODED)

DISPLAY
CHARACTERS
DATA

*Do not drive the keyboard decoder with the MSB of the scan lines.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature 0°Cto 70°C
Storage Temperature -65°Cto 125°C
Voltage on any Pin with

Respect to Ground -0.5V to +7V
Power Dissipation 1 Watt

*COMMENT: Stresses above those listed undlk 'Absolute

Maximum Ratings" may cause pei

device. This is a stress rating only and fuhk$io%aJ%(fyk^

tion of the device at these or any other conditfwi-abot^Ldb

those indicated in the operational sections of this sp^Hifi-w^

cation is not implied. Exposure to absolute maxirriwH

rating conditions for extended periods may affect device

reliability.

D.C. CHARACTERISTICS
TA = 0°Cto70

o
C, Vss = 0V, VCC = +5V ±5%, VCC = +5V ±10% (8279-5)

Symbol Parameter Min. Max. Unit Test Conditions

V|L1 Input Low Voltage for

Return Lines

-0.5 1.4 V

V|L2 Input Low Voltage for All Others -0.5 0.8 V

V|H1 Input High Voltage for

Return Lines

2.2 V

VIH2 Input High Voltage for All Others 2.0 V

Vol Output Low Voltage 0.45 V Notel

Vom Output High Voltage on Interrupt

Line

3.5 V Note 2

VrjH2 Other Outputs 2.4

l|L1 Input Current on Shift, Control and

Return Lines

+10

-100

/iA

MA
V|N = Vcc
V|N = OV

'lL2 Input Leakage Current on All Others ±10 HA Vin = Vcc to 0V

'OFL Output Float Leakage ±10 MA Vqut = VCc to OV

•cc Power Supply Current 120 mA

Notes:

8279, l0L = 1.6mA; 8279-5, Iol = 2.2mA.

8279, l0H = -100juA; 8279-5, Iqh = -400mA.

CAPACITANCE

SYMBOL TEST TYP. MAX. UNIT TEST CONDITIONS

C in Input Capacitance 5 10 pF Vin=VCC

cout Output Capacitance 10 20 pF V ut
=Vcc
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A.C. CHARACTERISTICS
TA = 0°C to 70°C, Vss = OV, (Note 1

)

Bus Parameters

Read Cycle:

Symbol Parameter

8279

Min. Max.

8279-5

Min. Max. Unit

*AR Address Stable Before READ 50 ns

tRA Address Hold Time for READ 5 ns

tRR READ Pulse Width 420 250 ns

tRD [21 Data Delay from READ 300 150 ns

tAD^l Address to Data Valid 450 250 ns

tDF READ to Data Floating 10 100 10 100 ns

tRCY Read Cycle Time 1 1 Ms

Write Cycle:

Symbol Parameter

8279

Min. Max.

8279-5

Min. Max. Unit

Uw Address Stable Before WRITE 50 ns

%A Address Hold Time for WRITE 20 ns

tWW WRITE Pulse Width 400 250 ns

tow Data Set Up Time for WR ITE 300 150 ns

twD Data Hold Time for WRITE 40 ns

*WCY Write Cycle Time 1 1 MS

Notes:

1. 8279, VCC = +5V ±5%; 8279-5, Vcc = +5V ±10%.
2. 8279, CL = 100pF; 8279-5, C L = 150pF.

Other Timings:

Symbol Parameter

8279

Min. Max.

8279-5

Min. Max. Unit

*0W Clock Pulse Width 230 120 nsec

tCY Clock Period 500 320 nsec

Keyboard Scan Time: 5.1msec

Keyboard Debounce Time: 10.3 msec

Key Scan Time: 80 jusec

Display Scan Time: 10.3 msec

Digit-on Time:

Blanking Time:

Internal Clock Cycle:

480 Msec

1 60 Msec

1 Msec

Input Waveforms For A.C. Tests
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WAVEFORMS

Read Operation

a , cs y

'

\

DATA BUS
(OUTPUT)

HIGH IMPEDANCE\Y
\\\\\\\\\\\\\\\V

X

/ \

v\\\\\\\\\\high impedance
\\\\\\\\\\\\\\\\\\\\\\\\V

(SYSTEM'S
ADDRESS BUS)

(READ CONTROL)

s

Write Operation

** IDC

DATA BUS
(INPUT)

\

DATA
MAY CHANGE

X

X

/

>• DATA VALID -

'WD

X DATA
MAY CHANGE

(SYSTEM'S
ADORESSBUS)

(WRITE CONTROL)

Clock Input

IV / \ /
-«CY"
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8279 SCAN TIMING

SCAN WAVEFORMS

.J L
LSi

ENCODED
SCAN

S2

S3

1

DISPLAY WAVEFORMS

A.

A0-A3 V BLANK V
EHIGH Ji CODE* il

B0-B3 \f
/EHIGH Jl

RL0-RL7

LA

f
80 1

/

X
BLANK \l
cor A

ASSUME INTERNAL FREQUENCY = 100 kHz
SOtCY = 10^S

X BLANK
CODE*

\

I 1-— CONDITIONAL WRITE TO FIFO
W-RLo SELECTED, LATCHED

'BLANK CODE IS EITHER ALL
O'sOR ALL 1'sOR20 HEX

X

I
RLo RL, RL2 RL3 RL4 RL5 RLe RL7 RL RL, RL2 RL3 RL« RL5 Rlj RL7

X
BLANK V
cor a

x

r

BLANK
CODE*

\

)C

RETURN LINES ARE SAMPLED ONE AT A TIME AS SHOWN.

NOTE: SHOWN IS ENCODED SCAN LEFT ENTRY
S2-S3 ARE NOT SHOWN BUT THEY ARE SIMPLY Si DIVIDED BY 2 AND 4
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8291

GPIB TALKER/LISTENER

Designed to Interface Microprocessors

(e.g., 8080, 8085, 8086, 8048) to an

IEEE Standard 488 Digital Interface

Bus

Programmable Data Transfer Rate

Complete Source and Acceptor
Handshake

Complete Talker and Listener

Functions with Extended Addressing

Service Request, Parallel Poll, Device

Clear, Device Trigger, Remote/Local
Functions

Selectable Interrupts

On-Chip Primary and Secondary
Address Recognition

Automatic Handling of Addressing and
Handshake Protocol

Provision for Software Implementation

of Additional Features

1 -8 MHz Clock Range

16 Registers (8 Read, 8 Write), 2 for

Data Transfer, the Rest for Interface

Function Control, Status, etc.

Directly Interfaces to External Non-
Inverting Transceivers for Connection

to the GPIB

Provides Three Addressing Modes,
Allowing the Chip to be Addressed
Either as a Major or a Minor Talker/

Listener with Primary or Secondary
Addressing

DMA Handshake Provision Allows for

Bus Transfers without CPU Intervention

Trigger Output Pin

On-Chip EOS (End of Sequence)
Message Recognition Facilitates

Handling of Multi-Byte Transfers

The 8291 GPIB Talker/Listener is a microprocessor-controlled chip designed to interface microprocessors (e.g., 8048,

8080, 8085, 8086) to an IEEE Standard 488 Instrumentation Interface Bus. It implements all of the Standard's interface

functions except for the controller.

PIN CONFIGURATION BLOCK DIAGRAM

TR/lC 1

TR/2C 2

CLOCK C 3

RESETC 4

TRIGC 5

DMAREQC 6

DMA ACKL" 7

CSt 8

SEC 9

WffC 10

intL" 11

DOC 12

D1C 13

D2C 14

D3C 15

D4C 16

D5C 17

D6C 18

D7C 19

VssC 20

8291

Dvcc
3EOI

NDAC

NRFD

DAV

DI08

DI07

5156

DDI05

DI04

35T03

HDI02

3DI01

3SRQ

DATN

I] REN

JVfc

3RS2

3 RSI

HRS0

o
REGI

3EAD
REGISTERS

c

c

8 WRITE
REGISTERS o

:>

INTERFACE
FUNCTIONS

n
MESSAGE
DECODER

/fc

T/R CONTROL

>

TO NON-INVERTING

BUS TRANSCEIVERS

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.

© INTEL CORPORATION, 1979 3.34 00229A
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PIN DESCRIPTION

Symbol I/O Pin No. Function

D0-D7

RS0-RS2

I/O 12-19

21-23

CS

RD

WR

INT (TNT)

DMA REQ

DMA ACK

TRIG

CLOCK

RESET

I 9

I 10

O 11

O 6

I &

O 5

DIO1-DIO8 I/O 28-35

DAV I/O 36

Data bus port, to be connected

to microprocessor data bus.

Register select inputs, to be con-

nected to three non-multiplexed

microprocessor address bus

lines. Select which of the 8 in-

ternal read (write) registers will

be read from (written into) with

the execution of RD (WR).

Chip select. When low, enables

reading from or writing into the

register selected by RS0-RS2.

Read strobe. When low, selected

register contents are read by the

CPU.

Write strobe. When low, data is

written into the selected register.

Interrupt request to the micro-

processor, set high for request

and cleared when the appropri-

ate register is accessed by the

CPU. May be software config-

ured to be active low.

DMA request, normally low, set

high to indicate byte output or

byte input, in DMA mode; reset

by DMA ACK.

DMA acknowledge. When low,

resets DMA REQ and selects

data in/data out register for

DMA data transfer (actual trans-

fer done by RD/WR pulse).

Trigger output, normally low;

generates a triggering pulse cor-

responding to the GET com-
mand.

External clock input, used for

internal time delays generator.

May be any speed in 1-8 MHz
range.

Reset input. When high, forces

the device into an "Idle" (initiali-

zation) mode. The device will re-

main at "Idle" until released by
the microprocessor.

8-bit GPIB data port, used for

bidirectional data byte transfer

between 8291 and GPIB via non-

inverting external line trans-

ceivers.

Data valid; GPIB handshake
control line. Indicates the avail-

ability and validity of infor-

mation on the DIO lines.

Symbol I/O Pin No. Function

NRFD I/O 37 Not ready for data; GPIB hand-

shake control line. Indicates the

condition of readiness of de-

vice(s) connected to the bus to

accept data.

NDAC I/O 38 Not data accepted; GPIB hand-

shake control line. Indicates the

condition of acceptance of data

by the device(s) connected to

the bus.

ATN I 26 Attention; GPIB command line.

Specifies how data on DIO lines

are to be interpreted.

TFc I 24 Interface clear; GPIB command
line. Places the interface func-

tions in a known quiescent state.

SRQ O 27 Service request; GPIB command
line. Indicates the need for

attention and requests an inter-

ruption of the current sequence

of events on the GPIB.

REN I 25 Remote enable; GPIB command
line. Selects (in conjunction with

other messages) remote or local

control of the device.

EOi I/O 39 End or identify; GPIB command
line. Indicates the end of a

multiple byte transfer sequence

or, in conjunction with ATN,
addresses the device during a

polling sequence.

T/R1 O 1 External transceivers control

line. Set high to indicate output

data/signals on the DIOi-DIOs
and DAV lines and input signals

on the NRFD and NDAC lines

(active source handshake). Set

low to indicate input data/

signals on the DIOi-DIOs and

DAV lines and output signals on

the NRFD and NDAC lines (ac-

tive acceptor handshake).

T/R2 O 2 External transceivers control

line. Set high to indicate output

signals on the EOI line. Set low

to indicate expected input signal

on the EOI line during parallel

poll.

Vcc PS. 40 Positive power supply (5V ±
10%).

GND P.S. 20 Potential ground circuit.

Note: all signals on the 8291 pins are specified with positive logic.

However, IEEE 488 specifies negative logic on its 16 signal lines.
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8291 SYSTEM DIAGRAM

MICROPROCESSOR SYSTEM BUS

IT.
DMA

|

| CONTROLLER '

(OPTIONAL)

DRQ
8291
GPIB

INTERFACE

T/R2

J
DACK T/R1

NON-INVERTING
BUS

TRANSCEIVERS

GENERAL PURPOSE INTERFACE BUS

THE GENERAL PURPOSE INTERFACE
BUS (GPIB)

The General Purpose Interface Bus (GPIB) is defined in

the IEEE Standard 488-1975 "Digital Interface for

Programmable Instrumentation." Although a knowledge
of this standard is assumed, Figure 1 provides the bus
structure for quick reference. Also, Tables 1 and 2

reference the interface state mnemonics and the interface

messages respectively. Modified state diagrams for the

8291 are presented in Appendix A.

GENERAL DESCRIPTION
The 8291 is a microprocessor controlled device de-

signed to interface microprocessors e.g., 8048, 8080,

8085, 8086 to the GPIB. It implements all of the interface

functions defined in the IEEE 488 Standard. If an imple-

mentation of the Standard's Controller function is

desired, it can be connected with an Intel® 8292 to form

a complete interface.

The 8291 handles communication between a microproc-

essor controlled device and the GPIB. Its capabilities in-

clude data transfer, handshake protocol, talker/listener

addressing procedures, device clearing and triggering,

service request, and both serial and parallel polling

schemes. In most procedures, it does not disturb the

microprocessor unless a byte is waiting on input or a

byte sent on output (output buffer empty).

The 8291 architecture includes 16 registers. Eight of these

registers may be written into by the microprocessor. The
other eight registers may be read by the microprocessor.

One each of these read and write registers is for direct data

transfers. The rest of the write registers control the various

features of the chip, while the rest of the read registers

provide the microprocessor with a monitor of GPI B states,

various bus conditions, and device conditions.

. k

111

/\
>.

DEVICE A

ABLE TO
TALK, LISTEN,

AND
CONTROL

(e.g. calculator}

C

1

DATA BUS

DEVICE B

ABLE TO
TALK AND
LISTEN

(e.g. digital

multimeter)

(

'

c

CONTROL

DEVICE C

ONLY ABLE
TO LISTEN

(e.g. signal

generator)

c
N

<

c
C

-- ~-
\

MANAGEMENT
1

DEVICE D

ONLY ABLE
TO TALK

(e.g. counter)

'

.

'

'

•

'

)-DIO 1 ... 8

L*~'*«

ATN
a

nriM

Figure 1. Interface Capabilities and Bus Structure.
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GPIB Addressing

Each device connected to the GPIB must have at least one
address whereby the controller device in charge of the bus

can configure it to talk, listen, or send status. An 8291

implementation of the GPIB offers the user three

addressing modes from which the device can be initialized

for each application. The first of these modes allows for

the device to have two separate primary addresses. The

second mode allows the user to implement a single

talker/listener with a two byte address (primary address +
secondary address). The third mode again allows for two

distinct addresses but in this instance, they can each have

a two-byte address. However, this mode requires that the

secondary addresses be passed to the microprocessor for

verification. These three addressing schemes are deV
cribed in more detail in the discussion of the Address

registers.

TABLE 1.

IEEE 488 INTERFACE STATE MNEMONICS

Mnemonic State Represented

ACDS Accept Data State

ACRS Acceptor Ready State

AIDS Acceptor Idle State

AMRS Acceptor Not Ready State

AFRS Affirmative Poll Response State

AV/NS Acceptor Wait for New Cycle State

J

CACS Controller Active State ,

J

CADS Controller Addressed State |

I
CAWS Controller Active Wait State I

I CIDS Controller Idle State I

I CPPS Controller Parallel Poll State '

I CPWS Controller Parallel Poll Wait State ]

J

CSBS Controller Standby State .

CSNS Controller Service Not Requested State
|

I

CSRS Controller Service Requested State
i

I CSWS Controller Synchronous Wait State I

[_CTRS Controller Transfer State '

DCAS Device Clear Active State

DCIS Device Clear Idle State

DTAS Device Trigger Active State

DTIS Device Trigger Idle State

LACS Listener Active State

LAOS Listener Addressed State

LIDS Listener Idle State

LOOS Local State

LPAS Listener Primary Addressed State

LPIS Listener Primary Idle State

LWLS Local With Lockout State

NPflS Negative Poll Response State

Mnemonic State Represented

PACS Parallel Poll Addressed to Configure State

PPAS Parallel Poll Active State

PPIS Parallel Poll Idle State

PPSS Parallel Poll Standby State

PUCS Parallel Poll Unaddressed to Configure State

REMS Remote State

RWLS Remote With Lockout State

SACS System Control Active State

SDYS Source Delay State

SGNS Source Generate State

SIAS System Control Interface Clear Active State

SIDS Source Idle State

SIIS System Control Interface Clear Idle State

SINS System Control Interface Clear Not Active State

SIWS Source Idle Wait State

SNAS System Control Not Active State

SPAS Serial Poll Active State

SPIS Serial Poll Idle State

SPMS Serial Poll Mode State

SRAS System Control Remote Enable Active State

SRIS System Control Remote Enable Idle State

SRNS System Control Remote Enable Not Active State

SRQS Service Request State

STRS Source Transfer State

SWNS Source Wait for New Cycle State

TACS Talker Active State

TADS Talker Addressed State

TIDS Talker Idle State

TPIS Talker Primary Idle State

The Controller function is implemented on the Intel® 8292.
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TABLE 2.

IEEE 488 INTERFACE MESSAGE REFERENCE LIST

Mnemonic Message Interface Function(s)

LOCAL MESSAGES RECEIVED (By Interface Functions)

*gts go to standby C
ist individual status PP
Ion listen only L, LE
Ipe local poll enable PP
nba new byte available SH

pon power on SH,AH,T,TE,L,LE,SR,RL,PP,C
rdy ready AH

*rpp request parallel poll C
* rsc request system control C
rsv request service SR

rtl return to local RL
*sic send interface clear C
*sre send remote enable C
*tca take control asynchronously C
*tcs take control synchronously AH, C
ton talk only T, TE

REMOTE MESSAGES RECEIVED

ATN Attention SH,AH,T,TE,L,LE,PP,C
DAB Data Byte (Via L, LE)

DAC Data Accepted SH
DAV Data Valid AH
DCL Device Clear DC

END End (via L, LE)

GET Group Execute Trigger DT
GTL Go to Local RL
IDY Identify L.LE.PP

IFC Interface Clear T,TE,L,LE,C

LLO Local Lockout RL
MLA My Listen Address L,LE,RL,T,TE

MSA My Secondary Address TE,LE,RL
MTA My Talk Address T,TE,L,LE

OSA Other Secondary Address TE

OTA Other Talk Address T, TE
PCG Primary Command Group TE.LE.PP

TPPC Parallel Poll Configure PP
t[PPD) Parallel Poll Disable PP
t[PPE] Parallel Poll Enable PP

*PPRn Parallel Poll Response N (via C)

tPPU Parallel Poll Unconfigure PP
REN Remote Enable RL
RFD Ready for Data SH
RQS Request Service (via L, LE)

[SDC] Select Device Clear DC
SPD Serial Poll Disable T, TE
SPE Serial Poll Enable T, TE
*SQR Service Request (via C)

STB Status Byte (via L, LE)

*TCTor [TCT] Take Control C
UNL Unlisten L, LE

"These messages are handled only by Intel's 8292.

tUndefined commands which may be passed to the microprocessor.
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TABLE 2. (Cont'd)

IEEE 488 INTERFACE MESSAGE REFERENCE LIST

Mnemonic Message ** Interface Function(s)

REMOTE MESSAGES SENT

ATN Attention C
DAB Data Byte (via T, TE)
DAC Data Accepted AH
DAV Data Valid SH
DCL Device Clear (via C)

END End (via T)

GET Group Execute Trigger (via C)

GTL Go to Local (via C)

IDY Identify C
IFC Interface Clear C

LLO Local Lockout (via C)

MLA or [MLA] My Listen Address (via C)
MSA or [MSA] My Secondary Address (via C)
MTA or [MTA] My Talk Address (via C)
OSA Other Secondary Address (via C)

OTA Other Talk Address (via C)

PCG Primary Command Group (via C)

PPC Parallel Poll Configure (via C)

[PPDJ Parallel Poll Disable (via C)

[PPE] Parallel Poll Enable (via C)

PPRn Parallel Pol! Response N PP
PPU Parallel Poll Unconfigure (via C)

REN Remote Enable C
RFD Ready for Data AH
RQS Request Service T, TE

[SDC] Selected Device Clear (via C)

SPD Serial Poll Disable (via C)

SPE Serial Poll Enable (via C)

SRQ Service Request SR
STB Status Byte (viaT, TE)

TCT Take Control (via C)

UNL Unlisten (via C)

*AII Controller messages must be sent via Intel's 8292.

8-89 00229A



8291

8291 Registers

A bit-by-bit map of the 16 registers on the 8291 is

presented in Table 3. A more detailed explanation of each
of these registers and their functions follows. The access
of these registers by the microprocessor is accomplished
by using the CS, RD, WR, and RS0-RS2 pins.

Register

All Read Registers

All Write Registers

Don't Care

CS RD WR RS0-RS2

1 ccc
1 ccc

1 X X XXX

TABLE 3. 8291 REGISTERS

READ REGISTERS

DI7 DI6 DI5 DI4 OI3 DI2 Oil OIO

DATA IN

CPT APT GET END DEC ERR BO Bl

INTERRUPT STATUS 1

INT SPAS LLO REM SPASC LLOC REMC ADSC

INTERRUPT STATUS 2

S8 SRQS S6 S5 S4 S3 S2 SI

SERIAL POLL STATUS

ton Ion EOI LPAS TPAS LA TA MJMN

ADDRESS STATUS

CPT7 CPT6 CPT5 CPT4 CPT3 CPT2 CPT1 CPTO

COMMAND PASS THROUGH

X DTO DLO AD5-0 AD4-0 AD3-0 AD2-0 AD1-0

ADDRESS

X DT1 DL1 AD5-1 AD4-1 AD3-1 AD2-1 ADM

REGISTER SELECT
CODE

RS2 RS1 RSO

1

WRITE REGISTERS

1

1 1 1

D07 DQ6 D05 D04 D03 D02 DOI DOO

DATA OUT

CPT APT GET END DEC ERR BO Bl

INTERRUPT MASK 1

DMAO DMAI SPASC LLOC REMC ADSC

INTERRUPT MASK 2

S8 rsv S6 S5 S4 S3 S2 SI

SERIAL POLL MODE

TO LO ADM1 ADMO

ADDRESS MODE

CNT2 CNT1 CNTO COM4 COM3 COM2 COM1 COM0

AUX MODE

ARS DT DL AD5 AD4 AD3 AD2 AD1

ADDRESS 0/1

EC7 EC6 EC5 EC4 EC3 EC2 EC1 ECO

ADDRESS 1 EOS

Data Registers

DI7 DI6 DI5 DI4 DI3 DI2 DM DIO

DATA-IN REGISTER (OR)

D07 DO6 D05 D04 D03 D02 DOI DOO

DATA-OUT REGISTER (0W)

The data-in register is used to move data from the GPIB to

the microprocessor or to memory when the 8291 ;s

addressed to listen. Incoming information is separately

latched by this register, and its contents are not destroyed

by a write to the data-out register. The RFD (Ready for

Data) message is held false until the byte is removed from

the data in register, either by the microprocessor or by

DMA. The 8291 then completes the handshake automati-

cally. In RFD/DAV holdoff mode (see Auxiliary Register

A), the handshake is not finished until a command is sent

telling the 8291 to release the holdoff. In this way, the same
byte may be read several times, or an over anxious talker

may be held off until all available data has been processed.
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When the 8291 is addressed to talk, it uses the data-out

register to move data onto the GPIB. Upon a write to this

register, the 8291 initiates and completes the handshake

while sending the byte out over the bus. When the

RFD/DAV holdoff mode is in effect, data is held until the

release command is issued. Also, a read of the data-in

register does not destroy the information in the data-out

register.

Interrupt Registers

CPT APT GET END DEC ERR BO Bl

INTERRUPT STATUS 1 (1R)

INT SPAS LLO REM SPASC LLOC REMC ADSC

INTERRUPT STATUS 2 (2R)

CPT APT GET END DEC ERR BO Bl

INTERRUPT MASK 1 (1W)

DMAO DMAI SPASC LLOC REMC ADSC

INTERRUPT MASK 2 (2W)

The 8291 can be configured to generate an interrupt to the

microprocessor upon the occurrence of any of 12

conditions or events on the GPIB. Upon receipt of an

interrupt, the microprocessor must read the Interrupt

Status registers to determine which event has occurred,

and then execute the appropriate service routine (if

necessary). Each of the 12 interrupt status bits has a

matching mask bit in the interrupt mask registers. These

mask bits are used to select the events that will cause the

INT pinto be asserted. Writing a logic "1" into any of these

bits enables the corresponding interrupt status bits to

generate an interrupt. Bits in the Interrupt Status registers

are set regardless of the states of the mask bits. The
Interrupt Status registers are then cleared upon being

read or when a local pon (power-on) message is executed.

If an event occurs while one of the Interrupt Status

registers is being read, the event is typically held until after

its register is cleared and then placed in the register.

The mnemonics for each of the bits in these registers and a

brief description of their respective functions appears in

Table 4. This table also indicates how each of the interrupt

bits is set.

TABLE 4. Interrupt Bits

Indicates Undefined Commands

Set by (TPAS+ LPAS)«SCG«ACDS.MODE 3

Set by DTAS

Set by(EOS+EOI)»LACS

Set by DCAS

Set by TACS«nba»DAORFD

TACS^SWNS + SGNS)

Set by LACS.ACDS

Shows status of the INT pin

The device has been enabled for a serial poll

The device is in local lock out state.

(LWLS+RWLS)

The device is in a remote state.

(REMS+RWLS)

SPAS^PAS
LL(fjSO LLO

Remotej-ocal

Addressed Unaddressed

CPT

APT

GET

END

DEC

ERR

BO

SPASC

LLOC

RLC

ADSC

INT

SPAS

LLO

REM

An undefined command has been received.

A secondary address must be passed through

to the microprocessor for recognition.

A group execute trigger has occurred.

An EOS or EOI message has been received.

Device Clear Active State has occurred.

Interface error has occurred; no listeners

are active.

A byte has been output.

A byte has been input.

These are status only. They will not generate

interrupts, nor do they have corresponding

mask bits.

Serial Poll Active State change interrupt

Local lock out change interrupt.

Remote/Local change interrupt.

Address status change interrupt.*

*ln ton (talk-only) and Ion (listen-only) modes, no ADSC interrupt is generated.

8-91 00229A



8291

The BO and Bl interrupts enable the user to perform data

transfer cycles. BO indicates that a byte has been sent to

the GPI B and a new data byte may be written into the Data

Out register. It is set by the occurrence of TACS • (SWNS
+ SGNS). Hence, it is reset when a data byte is written into

the Data Out register, when ATN is asserted on the

GPIB, or when the device stops being addressed to talk.

Similarly, Bl is set when an input byte is accepted into the

8291 and reset when the microprocessor reads the Data In

register. BO and Bl are also reset by pon (power-on local

message) and by a read of the Interrupt Status 1 register.

However, if it is so desired, data transfer cycles may be
performed without reading the Interrupt Status 1 register

if all interrupts except for BO or Bl are masked; BO and Bl

will automatically reset after each byte is transferred.

If the 8291 is used without DMA, the BO and Bl interrupts

may be enabled through the DMA REQ pin. The DMAO
and DMAI bits in the Interrupt Mask 2 register would be the

corresponding mask bits for this feature. Thus, imple-

menting this feature, with BO and Bl masked from the INT
pin, allows for servicing of these interrupts without

reading the Interrupt Status registers.

The ERR bit is set to indicate the bus error condition where
the 8291 is an active talker, tries sending a byte to the

GPIB, but there are no active listeners (e.g., all devices on
the GPIB are in AIDS). The logical equivalent of (nba •

TACS • DAC « RFD) will set this bit.

The DEC bit is set whenever DCAS has occurred. The user

must define a known state to which all device functions

will return in DCAS. Typically this state will be a power-on
state. However, the state of the device functions at DCAS
is at the designer's discretion. It should be noted that

DCAS has no effect on the interface functions which are

returned to a known state by the IFC (interface clear)

message or the pon local message.

The End Interrupt bit may be used by the microprocessor
to detect that a multi-byte transfer has been completed.

The bit will be set when the 8291 is an active listener

(LACS) and either EOS or EOI is received. EOS will

generate an interrupt when the byte in the Data In regis-

ter matches the byte in the EOS register. Otherwise the

interrupt will be generated when a true input is detected at

the EOI pin of the 8291.

The GET interrupt bit is used by the microprocessor to

detect that DTAS has occurred. It is set by the 8291 when
the GET message is received while it is addressed to lis-

ten. The TRIG output pin of the 8291 is also asserted

when the GET message is received. Thus, the basic

operation of the device may be started without involving

the microprocessor.

The APT interrupt bit indicates to the processor that a

secondary address is available in the CPT register for

validation. This interrupt will only occur if Mode 3

addressing is in effect. (Refer to the section on

addressing.) In Mode 2, secondary addresses will be

'recognized on the 8291. They will be ignored in Mode 1.

The CPT interrupt bit flags the occurrence of an unde-

fined command and of all secondary commands follow-

ing an undefined command. The Command pass
through feature is enabled by the BO bit of Auxiliary

register B.

UPC = [UCG + ACG(TADS»PPC
+ LADS»TCT)]»undefined»BO

where:

ACG — Addressed Command Group
UCG — Universal Command Group
SCG — Secondary Command Group

Any message not decoded bythe8291 (not included inthe

state diagrams in Appendix B) becomes an undefined

command. Note from the logic equation that any

addressed command is automatically ignored when the

8291 is not addressed.

Undefined commands are read by the CPU from the

Command Pass Through Register of the 8291. Until this

register is read, the 8291 will hold off the handshake (only

if the CPT feature is enabled).

An especially useful feature of the 8291 is its ability to

generate interrupts from state transitions in the interface

functions. In particular, the lower 4 bits of the Interrupt

Status 2 register, if enabled by the corresponding mask
bits, will cause an interrupt upon changes in the following

states as defined in IEEE 488:

Bit ADSC
Bit 1 RLC
Bit 2 LLOC
Bit 3 SPASC

change in LIDS or TIDS or MJMN
change in LOCS or REMS
change in LWLS or RWLS
change in SPAS

The upper 4 bits of the Interrupt Status 2 register are

available to the processor as status bits. Thus, if one of the

bits 1-3 generates an interrupt indicating a state change
has taken place, the corresponding status bit (bits 5-7)

may be read to determine what the new state is. To
determine the nature of a change in addressed status (bit

0) the Address Status Register is available to be read. And
finally, bit 7 monitors the state of the 8291 INT pin.

Logically, it is an OR of all unmasked interrupt status bits.

One should note that bits 4-7 of the Interrupt Status 2

Register do not generate interrupts, but are available only

to be read as status bits by the processor.

Bits 4 and 5 (DMAI, DMAO) of the Interrupt Mask 2

Register are available to enable direct data transfers

between memory and the GPIB, DMAI (DMA in) enables

the DMA REQ (DMA request) pin of the 8291 to be

asserted upon the occurrence of Bl. Similarly, DMAO
( DMA out) enables the DMA REQ pin to be asserted upon
the occurrence of BO. One might note that the DMA REQ
pin may be used as a second interrupt output pin,

monitoring Bl and/or BO and masked by DMAI and
DMAO. One should note that the DMA REQ pin is not

affected by a read of the Interrupt Status 1 Register. It is

reset whenever a byte is written to the Data Out Register or

read from the Data in Register.

To ensure that an interrupt status bit will not be cleared

without being read, and will not remain uncleared after

being read, the 8291 implements a special interrupt
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handling procedures. When an unmasked interrupt bit is

set in either of the Interrupt Status Registers, the input

of the registers are blocked until the set bit is read and

reset by the microprocessor. Thus, potential problems

arise when interrupt status changes while the register is

being blocked. However, the 8291 stores all new inter-

rupts in a temporary register and transfers them to the

appropriate interrupt Status Register after the interrupt

has been reset. In the Interrupt Status 1 Register and in

ADSC bit, this transfer takes place only if the correspon-

ding bits were read as zeroes. For the other status

change bits in the Interrupt Status 2 Register, the

transfer will always take place. However, even number

of changes in these status bits during blocking time will

cause no interrupt.

Serial Poll Registers

S8 SRQS S6 S5 S4 S3 S2 S1

SERIAL POLL STATUS (3R)

The Serial Poll Mode Register is used to establish the

status byte that the 8291 sends out on the GPIB data lines

when it receives the SPE (Serial Poll Enable) message. Bit

6 of this register is reserved for.the rsv (request service)

local message. Setting this bit to 1 causes the 8291 to

assert its SRQ line, indicating its need for attention from

the controller-in-charge of the GPIB. When service has

been granted, the bit should be cleared by the

microprocessor. The other bits of this register are

available for sending status information over the GPIB.

Sometime after the microprocessor initiates a request for

service by setting bit 6, the controller of the GPIB

sends the SPE message and then addresses the 8291 to

Address Registers

ton Ion EOI LPAS TPAS LA TA MJMN

ADDRESS STATUS (4R)

X DTO DLO AD50 AD4-0 AD3-0 AD20 AD1-0

ADDRESS (6R)

X DT1 DL1 AD5-1 AD4-1 AD3-1 AD2-1 ADM

S8 rsv S6 S5 S4 S3 S2 SI

SERIAL POLL MODE (3W)

talk. At this point, one byte of status is returned by the 8291

via the Serial Poll Mode Register.

The Serial Poll Status Register is available for reading the

status byte in the Serial Poll Mode Register. The processor

may check the status of a request for service by polling bit

6 of this register, which corresponds to SRQS (Service

Request State). When a Serial Poll is conducted and the

controller-in-charge reads the status byte, the SRQS bit is

cleared. The SRQ line is tied to this bit, so that a request for

service is terminated when the 8291 's status byte is read.

The rsv bit of the Serial Poll Mode Register must then be

cleared by the microprocessor.

TO LO ADM1 ADMO

ADDRESS MODE (4W)

ARS DT DL AD5 AD4 AD3 AD2 AD1

ADDRESS 0/1 (6W)

ADDRESS 1 (7R)

The Address Mode Register is used to select one of the five

modes of addressing available on the 8291 . It determines

the way in which the 8291 uses the information in the

Address and Address 1 registers:

—In Mode 1, the contents of the Address Register

constitute the "Major" talker/listener address while the

Address 1 Register represents the "Minor" talker/listener

address. In applications where only one address is

needed, the major talker/listener is used, and the minor

talker/listener should be disabled. Loading an addres via

the Address 0/1 Register into Address Registers and 1

enables the major and minor talker/listener functions

respectively.

—In Mode 2 the 8291 recognizes two sequential address

bytes: a primary followed by a secondary. Both address

bytes must be received in order to enable the device to talk

or listen. In this manner, Mode 2 addressing implements

the extended talker and listener functions as defined in

IEEE 488.

To use Mode 2 addressing the primary address must be

loaded into the Address Register, and the Secondary

address is placed in the Address 1 Register. With both

primary and secondary addresses residing on chip, the

8291 can handle all addressing sequences without

processor intervention.

—In Mode 3, the 8291 handles addressing just as it does in

Mode 1 , except that each Major or Minor primary address

must be followed by a secondary address. All secondary

addresses must be verified by the microprocessor when
Mode 3 is used. When the 8291 is in TPAS or LPAS
(talker/listener primary addresses state), and it does not

recognize the byte on the DIO lines, an APT interrupt is

generated (see section on Interrupt Registers) and the

byte is available in the CPT (Command Pass-Through)

Register. As part of its interrupt service routine, the

microprocessor must read the CPT Register and write one
of the following responses to the Auxiliary Mode Register:

1. 07H implies a non-valid secondary address

2. OFH implies a valid secondary address
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Setting the "ton" bit generates the local ton (talk-only)

message and sets the 8291 to a talk-only mode. This mode
allows the device to operate as a talker in an interface

system without a controller.

Setting the "Ion" bit generates the local Ion (listen-only)

message and sets the 8291 to a listen-only mode. This
mode allows the device to operate as a listener in an
interface system without a controller.

The mode of addressing implemented by the 8291 may be
selected by writing one of the following bytes to the
Address Mode Register:

Register Contents

10000000

01000000
11000000

00000001

00000010
0000001

1

Mode

Enable talk only mode (ton)

Enable listen only mode (Ion)

The 8291 may talk to itself

Mode 1, (Primary-Primary)

Mode 2 (Primary-Secondary)

Mode 3 (Primary/APT-Primary/APT)

The Address Status Register contains information used by
the microprocessor to handle its own addressing. This
information includes status bits that monitor the address
state of each talker/listener, "ton" and "Ion" flags which
indicate the talk only and listen only states, and an EOI bit

which, when set, signifies that the END message came
with the last data byte. LPAS and TPAS indicate that the

listener or talker primary address has been received. The
microprocessor can then use these bits when the

secondary address is passed through to determine
whether the 8291 is addressed to talk or listen. The LA
(listener addressed) bit will be set when the 8291 is in

LACS (Listener Active State) or in LADS (Listener

Addressed State). Similarly, theTA (Talker Addressed bit

will be set to indicate TACS or TADS, but also to indicate

SPAS (Serial Poll Active State). The MJMN bit is used to

determine whether the information in the other bits

applies to the Major or Minor talker/listener. It is set to "1"

when the Minor talker/listener is addressed. It should be
noted that only one talker/listener may be active at any
one time. Thus, the MJMN bit will indicate which, if either,

of the talker/listeners is addressed or active.

The Address 0/1 Register is used for specifying the

device's addresses according to the format selected in

the Address Mode Register. Five bit addresses may be
loaded into the Address and Address 1 registers by
writing into the Address 0/1 Register. The ARS bit is used
to select which of these registers the other seven bits will

be loaded into. The DT and DL bits may be used to disable

the talker or listener function at the address signified by
the other five bits. When Mode 1 addressing is used and
only one primary address is desired, both the talker and
the listener should be disabled at the Minor address.

As an example of how the Address 0/1 Register might be
used, consider an example where two primary addresses
are needed in the device. The Major primary address will

be selectable only as a talker and the Minor primary

address will be selectable only as a listener. This

configuration of the 8291 is formed by the following

sequence of writes by the microprocessor:

Operation CS RD WR Data RS2-RS0

1. Select addressing Mode 1 1 00000001 100

2. Load major address into

Address Register with

listener function disabled.

1 001AAAAA 110

3. Load minor address into

Address 1 Register with

talker function disabled.

1 110BBBBB 110

At this point, the addresses AAAAA and BBBBB are stored

in the Address and Address 1 registers respectively, and
are available to be read by the microprocessor. Thus, it is

not necessary to store any address information elsewhere.
Also, with the information stored in the Address and
Address 1 registers, processor intervention is not required

to recognize addressing by the controller. Only inMode3,
where secondary addresses are passed through, must the

processor intervene in the addressing sequence.

Command Pass Through Register

CPT7 CPT6 CPT5 CPT4 CPT3 CPT2 CPT1 CPTO

COMMAND PASS THROUGH (5R)

The Command Pass Through Register is used to transfer

undefined 8-bit remote message codes from the GPIB to

the microprocessor. When the CPT feature is enabled
(bit B0 in Auxiliary Register B), any message not de-

coded by the 8291 becomes an undefined command.
When Mode 3 addressing is used secondary addresses
are also passed through the CPT Register. In either

case, the 8291 will holdoff the handshake until the

microprocessor reads this register and issues the

VSCMD auxiliary command.

The CPT and APT interrupts flag the availability of

undefined commands and secondary addresses in the

CPT Register. The details of these interrupts are explained

in the section on Interrupt Registers.

An added feature of the 8291 is its ability to handle

undefined secondary commands following undefined

primaries. Thus, the number of available commands for

user definition orfuture IEEE488 definition is significantly

increased; one undefined primary command followed by a

sequence of as many as 32 secondary commands can be
processed. However, it is recommended that users do not

define their own commands since such definition would
violate IEEE 488.

The recommended use of the 8291 's undefined command
capabilities is for a controller-configured Parallel Poll.

The PPC message is an undefined primary command
typically followed by PPE, an undefined secondary
command. For details on this procedure, refer to the

section on Parallel Poll Protocol.
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Auxiliary Mode Register 4-Bit Code

CNT2 CNT1 CNTO COM4 COM3 COM2 COM1 COMO

AUX MODE (5W)

CNTO—2:CONTROL BITS

COMO— :COMMAND BITS

The Auxiliary Mode Register contains a three-bit control

field and a five-bit command field. It is used for several

purposes on the 8291:

1. To load "hidden" auxiliary registers on the 8291.

2. To issue commands from the microprocessor to the

8291.

3. To preset an internal counter used to generate T1,

delay in the Source Handshake function, as defined in

IEEE 488.

Table 4 summarizes how these tasks are performed with

the Auxiliary Mode Register. Note that the three control

bits determine how the five command bits are interpreted.

TABLE 4

CODE
CONTROL

BITS
COMMAND

BITS

COMMAND

000

001

100

101

011

occcc

0FFFF

DDDDD

0DDDD

USP3P2P1

Execute auxiliary command
CCCC
Preset internal counter to

match external clock

frequency of FFFF MHZ
(FFFF - binary representation

of 1 to 8 MHz)

Write DDDDD into auxiliary

register A
Write DDDD into auxiliary

register B
Configure/unconfigure

parallel poll SP3P2P1 as

defined in Std. 488. (Con-

figure if U = 0, Unconfigure if

U = 1 ). This command is the

local poll enable (Ipe)

message when U = 0.

AUXILIARY COMMANDS
Auxiliary commands are executed by the 8291 whenever
0000CCCC is written into the Auxiliary Mode Register,

where CCCC is the 4-bit command code.

4-Bit Code

0000

Description

Immediate Execute pon — This command re-

sets the 8291 to a power up state (local pon
message as defined in IEEE 488).

The following conditions constitute the power

up state:

1. All talkers and listeners are disabled.

2. No interrupt status bits are set.

0010

0011

0100

0101

0110

0111, 1111

0001, 1001

Description

The 8291 is designed to power up in certain

states as specified in the IEEE 488 state dia-

grams. Thus, the following states are in effect

in the power up state: SIDS, AIDS, TIDS, LIDS,

NPRS, LOCS, and PPIS.

The "0000" pon is an immediate execute

command (a pon pulse). It is also used to

release the "initialize" state generated by

either an external reset pulse or the "0010"

Chip Reset command.

Chip Reset (Initialize) — This command has

the same effect as a pulse applied to the Reset

pin. (Refer to the section on Reset Procedure.

)

Finish Handshake — This command finishes a

handshake that was stopped because of a

holdoff on RFD or DAV. (Refer to Auxiliary

Register A.)

Trigger — A "Group Execute Trigger" is

forced by this command. It has the same effect

as a GET command issued by the controller-

in-charge of the GPIB, but does not cause a

GET interrupt.

rtl
1 — This command corresponds to the local

rtl message as defined in IEEE 488. The 8291

will go to a local state if local lockout is

not in effect.

Send EOI — The EOI line of the 8291 may be

asserted with this command. The command
causes EOI to go true with the next byte trans-

mitted. The EOI line is then cleared upon com-
pletion of the handshake for that byte.

Non-Valid/Valid Secondary Address or

Command (VSCMD) — This command in-

forms the 8291 that the secondary address re-

ceived by the microprocessor was valid or

invalid (0111 - invalid, 1111 -valid). If Mode3
addressing is used, the processor must field

each extended address and respond to it, or

the GPIB will hang up. Note that the COM3 bit

is the invalid/valid flag.

The valid (1111) command is also used to tell

the 8291 to continue from the command-pass-
through state (immediate execute command).

Parallel Poll Flag (local "ist" message) — This

command sets (1001) or clears (0001) the

parallel poll flag. A "1" is sent over the

assigned data line (PPR-Parallel Poll Re-

sponse true) only if the parallel poll flag

matches the sense bit from the Ipe local

message (or indirectly from the PPE mess-
age). For a more complete description of the

Parallel Poll features and procedures refer to

the section on Parallel Poll Protocol.

1. Subsequently the 8291 will include "set rtl" and "clear rtl"

commands.
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INTERNAL COUNTER

The internal counter determines the delay time allowed
for the settling of data on the DIO lines. This delay time
is defined as 1^ in IEEE 488 and appears in the Source
Handshake state diagram between SDYS and STRS. As
such, DAV is asserted T, after the DIO lines are driven.

Consequently, T-i is a major factor in determining the
data transfer rate of the 8291 over the GPIB
(T

1
= TWROV2-TWROI5).

When open-collector transceivers are used for connection
to the GPIB, Ti is defined by IEEE 488 to be 2^sec. By
writing 0010FFFF into the Auxiliary Mode Register, the
counter is preset to match a fc MHz clock input, where
FFFF is the binary representation of Nf (1<Nf<8,
Nf=(FFFF) 2 ). When Nf = fc, a 2/usec Ti delay will be
generated before each DAV asserted.

2N F
M(Msec)= j- +*SYNC >

1<N F<8

tSYNC is a synchronization error, greater than zero and
smaller than the larger of T clock high and T clock low.

(For a 50% duty cycle clock, tsYNC is less than half the

clock cycle).

If it is necessary that Ti be different from 2jusec, Nf may
be set to a value other than fc. In this manner, data transfer

rates may be programmed for a given system. In small

systems, for example, where transfer rates exceeding
GPIB specifications are required, one may set Nf < fc and
decrease Ti.

When tri-state transceivers are used, IEEE 488 allows a

higher transfer rate (lower Ti ). Use of the 8291 with such
transceivers is enabled by setting B2 in Auxiliary Register

B.ln this case, setting Nf = fc causes a Ti delay of 2/xsec to

be generated for the first byte transmitted — all

subsequent bytes will have a delay of 500 nsec.

Nf
Ti(High Speed) ^usec = ~ + tsYNC

2tc

Thus, setting N F = 1 using a 4 MHz clock will generate
for a 50% duty cycle clock (tSYNc<125 nsec):

1-^= -yj- + 0.125 = 0.250 Msec = 250 nsec

AUXILIARY REGISTER A

Auxiliary Register A is a "hidden" 5-bit register which is

used to enable some of the 8291 features. Whenever a

100 A4A3A2A1A0 byte is written intothe Auxiliary Register,

it is loaded with the data A4A3A2A1A0. Setting the

respective bits to "1" enables the following features:

Ao — RFD/DAV Holdoff on all Data: If the 8291 is listening,

RFD will not be sent true until the "finish handshake"
auxiliary command is issued by the microprocessor. If the

8291 is talking, DAV is not sent true until the "finish

handshake" command is given. In both cases, the holdoff

will be in effect for each data byte.

A1 — RFD/DAV Holdoff on End: This feature enables the

holdoff on EOI or EOS (if enabled). However, no holdoff

will be in effect on any other data bytes.

A2 — End on EOS Received: Whenever the byte in the Data
In Register matches the byte in the EOS Register, the End
interrupt bit will be set in the Interrupt Status 1 Register.

A3 — Output EOI on EOS Sent: Any occurrence of data in

the Data Out Register matching the EOS Register causes
the EOI line to be sent true along with the data.

A4 — EOS Binary Compare: Setting this bit causes the

EOS Register to function as a full 8-bit word. When it is not

set, the EOS Register is a 7-bit word (for ASCII
characters).

If Ao = A1 = 1 , a special "continuous Acceptor Handshake
cycling" mode is enabled. This mode should be used only
in a controller system configuration, where both the 8291
and the 8292 are used. It provides a continuous cycling

through the Acceptor Handshake state diagram, requiring

no local messages from the microprocessor; the rdy local

message is automatically generated when in ANRS. As
such, the 8291 Acceptor Handshake serves as the

controller Acceptor Handshake. Thus, the controller

cycles through the Acceptor Handshake without delaying
the data transfer in progress. When the tcs local message
is executed, the 8291 is taken out of the "continuous AH
cycling" mode, the GPIB hangs up in ANRS, and a Bl

interrupt is generated to indicate that control may be
taken. A simpler procedure may be used when a "tcs on
end of block" is executed; the 8291 may stay in

"continuous AH cycling". Upon the end of a block (EOI or

EOS received), a holdoff is generated, the GPIB hangs up
in ANRS, and control may be taken.

AUXILIARY REGISTER B

Auxiliary Register B is a "hidden" 4-bit register which is

used to enable some of the features of the 8291 . Whenever
a IOIOB3B2B1B0 is written into the Auxiliary Mode
Register, it is loaded with the data B3B2B1B0. Setting the

respective bits to "1" enables the following features:

Bo — Enable Undefined Command Pass Through: This

feature allows any commands not recognized by the 8291

to be handled in software. If enabled, this feature will

cause the 8291 to holdoff the handshake when an

undefined command is received. The microprocessor
must then read the command from the Command Pass
Through Register and send the VSCMD auxiliary

command. Until the VSCMD command is sent, the

handshake holdoff will be in effect.

B1 — Send EOI in SPAS: This bit enables EOI to be sent

with the status byte; EOI is sent true in Serial Poll Active

State. Otherwise, EOI is sent false in SPAS.

B2 — Enable High Speed Data Transfer: This feature may-
be enabled when tri-state external transceivers are used.
The data transfer rate is limited by Ti (delay time
generated in the Source Handshake function), which is

defined according to the type of transceivers used. When
the "High Speed" feature is enabled, Ti = 2 microseconds
is generated for the first byte transmitted after each true to

false transition of ATN. For all subsequent bytes, Ti = 500
nanoseconds. Refer to the Internal Counter section for an
explanation of Ti duration as a function of B2 and of clock

frequency.
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B3 — Enable Active Low Interrupt: Setting this bit causes

the polarity of the INT pin to be reversed, providing an

output signal compatible with Intel's MCS-48™. Interrupt

registers are not affected by this bit.

PARALLEL POLL PROTOCOL

Writing a OHUSP3P2P1 into the Auxiliary Mode Register

will configure (U=0) or unconfigure (U=1 ) the 8291 for a

parallel poll. When U=0, this command is the "Ipe" (local

poll enable) local message as defined in IEEE 488. The "S"

bit is the sense in which the 8291 is configured; only if the

Parallel Poll Flag ("ist" local message) matches this bit will

the Parallel Poll Response, PPRn, be sent true. The bits

P3P2P1 specify which of the eight data lines PPRn will be

sent over. Thus, once the 8291 has been configured for

Parallel Poll, whenever it senses both EOI and ATN true, it

will automatically compare its PP flag with the sense bit

and send PPRn true or false according to the comparison.

If a PP2* implementation is desired, the "Ipe" and "ist"

local messages are all that are needed. Typically, the user

will configure the 8291 for Parallel Poll immediately after

initialization. During normal operation the micro-

processor will set or clear the Parallel Poll Flag (ist)

according to the device's need for service. Consequently

the 8291 will be set up to give the proper response to IDY

(EOI • ATN) without directly involving the micropro-
cessor.

If a PP1* implementation is desired, the undefined

command features of the 8291 must be used. In PP1, the

8291 is indirectly configured for Parallel Poll by the active

controller on the GPIB. The sequence at the 8291 being

configured is as follows:

1. The PPC message is received true. Being an undefined

command, it is loaded into the Command Pass

Through Register, and a CPT interrupt is sent to the

microprocessor. The handshake is automatically held

off.

2. The microprocessor reads the CPT Register and sends

VSCMD to the 8291, releasing the handshake.

3. Having received an undefined primary command, the

8291 is set up to receive an undefined secondary
command, the PPE message. This message is also

received into the CPT Register, the handshake is held

off, and the CPT interrupt is generated.

4. The microprocessor reads the PPE message and
decodes the SP3P2P1 information. It then sends the

appropriate "Ipe" local message to the 8291 . Finally, the

microprocessor sends VSCMD and the handshake is

released.

*As defined in IEEE Standard 488.

End of Sequence (EOS) Register

EC7 EC6 EC5 EC4 EC3 EC2 EC1 ECO

EOS REGISTER

The EOS Register and its features offer an alternative to

the "Send EOI" auxiliary command. A seven or eight bit

byte (ASCII or binary) may be placed in the register to flag

the end of a block or read. The type of EOS byte to be used

is selected in Auxiliary Register bit A4.

If the 8291 is a listener, and the "End on EOS Received" is

enabled at bit A2, then an End interrupt is generated in the

Interrupt Status 1 Register whenever the byte in the Data-

in Register matches the byte in the EOS Register.

If the 8291 is a talker, and the "Output EOI on EOS Sent" is

enabled at bit A3, then the EOI line is sent true with the

next data byte whenever the contents of the Data Out
Register match the EOS register.

Reset Procedure

The 8291 is reset to an initialization state either by a

pulse applied to its Reset pin, or by a reset auxiliary

command (02H written into the Auxiliary Command
Register). The following conditions are caused by a

reset pulse (or local reset command):

1

.

A "pon" local message as defined by IEEE 488 is held

true until the initialization state is released.

2. The Interrupt Status Registers are cleared.

3. Auxiliary Registers A and B are cleared.

4. The Serial Poll Mode Register is cleared.

5. The Parallel Poll Flag is cleared.

6. The EOI bit in the Address Status Register is cleared.

7. N F in the Internal Counter is set to 8 MHz. This set-

ting causes the longest possible t-i delay to be

generated in the Source Handshake (16 ^sec for 1

MHz clock).

The initiallization state is released by an "immediate

execute pon" command (00H written into the Auxiliary

Command Register).

The suggested initialization sequence is:

1. Apply a reset pulse or send the reset auxiliary

command.
2. Set the desired initial conditions by writing into the

Interrupt Mask, Serial Poll Mode, Address Mode,
Address 0/1 , and EOS Registers. Auxiliary Registers A
and B, and the internal counter should also be

initialized.

3. Send the "immediate execute pon" auxiliary command
to release the initialization state.

4. If a PP2 Parallel Poll implementation is to be used the

"Ipe" local message may be sent, configuring the 8291

for a Parallel Poll Response on an assigned line. (Refer

to the section on Parallel Poll Protocol.)
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Using DMA
The 8291 may be connected to the Intel 8257 DMA Con-
troller for DMA operation. The DMA REQ pin of the 8291
requests a DMA byte transfer from the 8257. It is set by
BO or Bl flip flops, masked by the DMAO and DMAI bits

in the Interrupt Mask 2 Register. (After reading, the INT1
register BO and Bl interrupts will be cleared but not BO
and Bl in DREQ equation.)

The DMA ACK pin is driven by the 8257 in response to the
DMA request. When DMA ACK is true (active low) it sets

CS = RSO = RS1 = RS2 = such that the RD and WR
signals sent by the 8257 refer to the Data In and Data Out
Registers. Also, the DMA request line is reset by DMA
ACK.

DMA input sequence:

1. A data byte is accepted from the GPIB by the 8291.

2. A Bl interru pt is generated and DMA REQ is set.

3. DMA ACK is asserted by the 8257 and DMA REQ is

reset.

4. RD is driven by the 8257 and the contents of the Data In

Register are transferred to MCS bus.

5. The 8291 sends RFD true on the GPIB and proceeds
with the Acceptor Handshake protocol.

DMA output sequence:

1. A BO interrupt is generated (indicating that the Data
Out Register is empty) and DMA REQ is asserted.

2. DMA ACK is asserted by the 8257 and DMA REQ is

reset.

3. WR is driven by the 8257 and a byte is transferred from

the MCS bus into the Data Out Register.

4.The 8291 sends DAV true on the GPIB and proceeds with

the Source Handshake protocol.

It should be noted that each time the device is addressed,

the Address Status Register should be read, and the 8257
should be initialized accordingly. (Refer to the 8257 data

sheet available in Intel's Peripheral Design Handbook.)

System Configuration

Microprocessor Bus Connection

The 8291 is 8080, 8048, 8085 and 8086 compatible. The
three address pins (RSo, RSi, RS2) should be connected to

the non-multiplexed address bus (for example: As, Ag,

A10). In case of 8080, any address lines may be used.

External Transceivers Connection

8291 IEEE bus pins are TTL compatible. For IEEE Std. bus
connection, external transceivers are required. 8291

supplies Transmit/Receive control pins: T/R1 controls

DIO1-8, NRFD, NADC and DAV transceivers,T/R2

controls EOI transceiver. IFC, ATN, REN are always inputs

and SRQ is always an output.

Logically, TR1 = TACS + SPAS + PPAS;
TR2 = TACS + SPAS.

Refer to 8292 Data Sheet for 8291/8292 system
configuration.
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DEVICE ELECTRICAL CHARACTERISTICS

D.C. CHARACTERISTICS
TA = 0°C to 70° C; Vcc = 5V ± 10%

Symbol Parameter Min. Max. Unit Test Conditions

V|L Input Low Voltage -0.5 0.8 V

V|H Input High Voltage 2 Vcc+0.5 V

Vol Output Low Voltage 0.45 V IOL=2mA (4mA for TR1 pin)

Voh Output High Voltage 2.4 V lOH = -400/uA (-1 50mA for SRQ pin
)

VOH-INT Interrupt Output High Voltage 2.4

3.5

V

V

Ioh=-400aiA

IOH=-50/nA

IlL Input Leakage 10 ma Vin=0V to Vcc

Ilol Output Leakage Current -10 MA VOUT=0.45V

Iloh Output Leakage Current 10 MA Vout=Vcc

Ice Vcc Supply Current 180 mA Ta=0°C

A.C. CHARACTERISTICS
Vcc = 5V ± 10%, Commercial: Ta = 0°C to 70°

C

Symbol Parameter Min. Max. Unit

tAR Address Stable Before READ nsecl 1
!

tRA Address Hold After READ nsecl 1
!

250tRR READ width nsec' 2
'

tAD Address Stable to Data Valid 250 nsecl 1
'

tRD READ to Data Valid 100 nsecl 2
'

tRDF Data Float After READ 60l 2
l nsec

tAW Address Stable Before WRITE nsecl 1
!

tWA Address Hold After WRITE

tww WRITE Width 250 nsec' 1
'

tDW Data Set Up Time to the Trailing

Edge of WRITE 150 nsec' 1
1

two Data Hold Time After WRITE nsecl 1
!

tAKRQ DACK1 to DREQJ 130 nsec

200tDKDA6 DACK1 to Up Data Valid nsec

Notes:

1

.

8080 System

2. 8085 System
dmax = 100pF; Ci_min = 15pF; 3 MHz clock.

Cl = 150pF; 4 MHz clock.
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TIMING WAVEFORMS

READ

5S/RSjIX

-*AR-

\
DATA BUS ,

(DATA OUT)

X

r~^\
^ V VALID DATA ^

WRITE

DMA

ZX

DATA BUS
(DATA IN)

X

X
'aw-»-

DATA MAY CHANGE

-tDw -

•-tWA-

*' + tRV »' A
*WD

V VALID DATA if DATA MAY CHANGE

NOTES: 1. tRv IS THE TIME BETWEEN READ OR WRITE OPERATIONS WITH
THE CHIP SELECTED (CHIP RECOVERY TIME).

J K

=

V_
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Symbol Parameter Max. Unit Test Conditions

TEOT13 EOil to TR1t 90 nsec PPSS, ATN=0.45V

TEODI6 EOll to DlO Valid 130 nsec PPSS, ATN=0.45V

TEOT12 EOII to TR1I 130 nsec PPSS, ATN=0.45V

TATND4 ATNI to NDACJ 130 nsec TACS, AIDS

TATT14 ATNI to TR1I 130 nsec TACS, AIDS

TATT24 ATNI to TR2I 130 nsec TACS, AIDS

TDNVD3-C DAVJ to NDACf 350 nsec AH, CACS

TNDDV1 NDACt to DAVt 300 nsec SH, STRS

TNRDV2 NRFD1 to DAV1 300 nsec SH, T1 True

TNDDR1 NDACt to DREQI 350 nsec SH

TDVDR3 DAVl to DREQt 350 nsec AH, LACS, ATN=2.4V

TDVND2-C DAVt to NDACJ 350 nsec AH,LACS

TDVNR1-C DAVt to NRFDt 350 nsec AH, LACS, rdy=True

TRDNR3 RD* to NRFDt 500 nsec AH, LACS

TWRDI5 WR to DlO Valid 200 nsec SH, TACS, RS = 0.4V

TWRDV2 WRt to DAW 760 nsec NRFD = 2.4V, RS = 0.4V, SH,

TACS, High Speed Transfers

Enabled, N F =fc = 8MHz

Notes:

1. All GPiB timings are at the pins of the 8291.
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Appendix A

MODIFIED STATE DIAGRAMS
Figure A.1 presents the interface function state diagrams.
It is derived from IEEE Std. state diagrams, with the
following changes:

A. Controller function omitted.

B. Addressing modes included in T,L state diagrams.

Note that in Mode 3, MSA, OSA are generated only after

secondary address validity check by the microprocessor
(APT interrupt).

C. All remote messages sent true in each state are

indicated.

D. All remote multiline messages decoded are condi-

tioned by ACDS. The multiplication by ACDS is not

drawn to simplify the diagrams.

E. The symbol e
indicates:

1. When event X occurs, the function will return to

state S.

2. X overrides any other transition condition in the

function.

Statement 2 simplifies the diagram, avoiding the explicit

use of X to condition all transitions from S to other states.

SH |

ATN+ F1

(WITHIN t 2 )

F1 = TACS + SPAS

I J

THIS TRANSITION WILL NEVER
OCCUR UNDER NORMAL OPERATION.

F2 - ATN + LACS + LADS

F3 = ATN + rdy

T3' = T3 • CPT • APT

Figure A.1. 8291 State Diagrams (Continued next page)
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ton + MTA • MODE 1

^ MSA TPAS • MODE 1

Figure A.1. 8291 State Diagrams (Continued next page)
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F6= DCL + SDC-LADS

Figure A.1. 8291 State Diagrams

I DC I

I I

I ,_j

I
I

I DT I

I i

Appendix B

IEEE 488 TIME VALUES

Time Value
Identifier* Function (Applies to) Description Value

Ti SH Settling Time for Multiline Messages >2Msf

t2 LC,IC,SH,AH,T,L Response to ATN < 200ns

T3 AH Interface Message Accept Timeij! >0S
t4 T,TE,L,LE,C,CE Response to IFC or REN False < 100ms

t5 PP Response to ATN+EOI < 200ns

T6 C Parallel Poll Execution Time >2^s
T7 C Controller Delay to Allow Current Talker

to see ATN Message
> 500ns

T8 C Length of IFC or REN False > 100MS

T9 C Delay for EOT* >1.5Mstt

* Time values specified by a lower case t indicate the maximum time allowed to make a state transition. Time values specified by an
upper case T indicate the minimum time that a function must remain in a state before exiting.

t If three-state drivers are used on the DIO, DAV, and EOI lines, Ti may be:

1. > 1100ns

2. Or > 700ns if it is known that within the controller ATN is driven by a three-state driver.

3. Or > 500ns for all subsequent bytes following the first sent after each false transition of ATN (the first byte must be sent in

accordance with (1) or (2).

4. Or > 350ns for all subsequent bytes following the first sent after each false transition of ATN under conditions specified in

Section 5.2.3 and warning note. See IEEE Standard 488.

_l_
Time required for interface functions to accept, not necessarily respond to interface messages.

<5 Implementation independent.

**
Delay required for EOI, NDAC, and NRFD signal lines to indicate valid states.

tt S 600ns for three-state drivers.
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Appendix C
THE THREE WIRE HANDSHAKE

X X

ALL READY

DATA TRANSFER
BEGINS

NONE READY

TTT
SOME
ACC

TTTT
SOME
READY

I ALL
[READY

ALL
ACC

TRANSFER
ENDS

Figure C.1. 3-Wire Handshake Timing.
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( START
J C •"" )

SET DAV HIGH

PUT OR CHANGE
DATA ON

DATA LINES

ERROR
CONDITION

( " )

NRFD SIGNAL LINES GOES HIGH

YES ONLY WHEN ALL ACCEPTORS ARE READY

SET DAV LOW
DATA IS VALID AND MAY

NOW BE ACCEPTED

NDAC SIGNAL LINE STAYS LOW UNTIL

SET DAV HIGH

ALL ACCEPTORS HAVE ACCEPTED IT

DATA IS NOT TO BE CONSIDERED
VALID AFTER THIS TIME

J

SET NRFD AND
NDAC LOW

NO S READY
TO ACCEPT
DATA?

SET NRFD HIGH

ACCEPT
DATA BYTE

SET NRFD LOW

SET NDAC HIGH

FLOW DIAGRAM OUTLINES SEQUENCE OF EVENTS DURING TRANSFER OF
DATA BYTE. MORE THAN ONE LISTENER AT A TIME CAN ACCEPT DATA
BECAUSE OF LOGICAL AND CONNECTION OF NRFD AND NDAC LINES.

Figure C.2. Handshake Flowchart.
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Appendix D

FUNCTIONAL PARTITIONS

=&

DEVICE
FUNCTIONS £®tt

3
-ATV
-J-\
:

—v

C@=

=&
-t—i/

-A

DEVICE (APPARATUS)

INTERFACE
FUNCTIONS

(8292 ONLY)

L
OR
LE

3

K®$

£

MESSAGE
CODING c©=

MCS'"
SYSTEM

A - CAPABILITY DEFINED BY THE 488-1975 STANDARD.
B - CAPABILITY DEFINED BY THE DESIGNER.

1 - INTERFACE BUS SIGNAL LINES.

2 - REMOTE INTERFACE MESSAGES TO AND FROM INTERFACE FUNCTIONS.

3 - DEVICE DEPENDENT MESSAGES TO AND FROM DEVICE FUNCTIONS.

4 - STATE LINKAGES BETWEEN INTERFACE FUNCTIONS.

5 - LOCAL MESSAGES BETWEEN DEVICE FUNCTIONS AND INTERFACE
FUNCTIONS (MESSAGES TO INTERFACE FUNCTIONS ARE DEFINED,
MESSAGES FROM INTERFACE FUNCTIONS EXIST ACCORDING TO THE
DESIGNER'S CHOICE).

6 - CONTROL MESSAGES (8292 ONLY).

Figure D.1. Functional Partition Within a Device.
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8292
GPIB CONTROLLER

FEATURES:

Complete IEEE Standard 488 Controller
Function.

Interface Clear (IFC) Sending Capability
Allows for Seizure of Control and/or
Initialization of the Bus.

Responds to Service Requests (SRQ).

Sends (REN), Allowing Instruments to
Switch to Remote Control.

Complete Implementation of Transfer
Control Protocol.

Synchronous Control Seizure Prevents
the Destruction of any Data
Transmission in Progress.

Connects with the 8291 to Form a
Complete IEEE Standard 488 Interface
Talker/Listener/Controller.

The 8292 GPIB CONTROLLER is a microprocessor-controlled chip designed to connect with the 8291
GPIB TALKER/LISTENER to implement the full IEEE Standard 488 controller function, including transfer
control protocol. The 8292 is a pre-programmed UPI-41AlM

PIN CONFIGURATION 8291, 8292 SYSTEM DIAGRAM

<L
MICROPROCESSOR SYSTEM BUS

DMA :

1 CONTROLLER I

I (OPTIONAL) |

/

8291
GPIB

TALKER/
LISTENER

z\

7

8292
GPIB

CONTROLLER

7\

C

iz

GENERAL PURPOSE INTERFACE BUS 7

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.

e INTEL CORPORATION, 1979 g. •( Q8 00741
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PIN DESCRIPTION

Symbol I/O Pin No. Function Symbol I/O Pin No. Function

D -D7 I/O 12-19

I 9

CS I 6

RD I 8

WR I 10

RESET I 4

DAV I/O 37

ATNI 22

CIC O 31

EOi I/O 34

IFC I/O 23

SYC I 24

OBFI O 35

IBFI O 36

8 bidirectional lines used for com-

munication between the central

processor and the 8292's data bus

buffers and status register.

Address Line— Used to select be-

tween the data bus and the status

register during read operations

and to distinguish between data

and commands written into the

8292 during write operations.

Chip Select Input—Used to select

the 8292 from other devices on the

common data bus.

I/O write input which allows the

master CPU to write to the 8292.

I/O read input which allows the

master CPU to read from the 8292.

Used to initialize the chip to a

known state during power on.

DAV Handshake Line— Used only

during parallel poll, configures to

force the 8291 to accept the paral-

lel poll status bits.

Attention In— Used by the 8292 to

monitor the GPIB ATN control line.

It is used during "take control syn-

chronously" execution and during

the transfer control procedure.

Controller In Charge— Controls
the S/R input of the SRQ bus trans-

ceiver. It can also be used to in-

dicate that the 8292 is in charge of

the bus.

End Or Identify—One of the GPIB

management lines, as defined by

IEEE Std. 488-1975. Used with ATN
as Identify Message during paral-

lel poll.

Interface Clear—One of the GPIB

management lines, as defined by

IEEE Std. 488-1975, places all de-

vices in a known quiescent state.

System Controller— Monitors the

system controller switch.

Output Buffer Full—Used as an in-

terrupt to the central processor

while the output buffer of the 8292

is full. The feature can be enabled

and disabled by the interrupt mask
register.

Input Buffer Not Full— Used to in-

terrupt the central processor while

the input buffer of the 8292 is

empty. This feature is enabled and

disabled by the interrupt mask
register.

ATNO O 29

SRQ 21

REN O 38

TCI O 32

SPI O 33

CLTH O 27

IFCR I 1

COUNT I 39

X 1tX2 I 2,3

SYNC 11

VCC P.S. 40

Vss P.S. 7,20

Attention Out— Controls the ATN
control line of the bus through ex-

ternal logic for tcs (take control

synchronously) purpose. (ATN is a

GPIB control line, as defined by

IEEE Std. 488-1975.)

Service Request—One of the IEEE

control lines. Sampled by the 8292

when it is controller in charge, if

true— SPI interrupt to the monitor

will be generated.

The Remote Enable bus signal

selects remote or local control of

the device on the bus. A GPIB bus

management line, as defined by

IEEE Std. 488-1975.

Task Complete Interrupt— Inter-

rupt to the control processor used

to indicate that the task requested

was completed by the 8292 and the

information requested is ready in

the data bus.

Special Interrupt—Used as an in-

terrupt on events not initiated by

the central processor.

CLEAR LATCH Output— Used to

clear the IFCR after recognized by

the 8292. Usually low (except after

hardware Reset ), will be pulsed

low when IFCR is recognized by

the 8292.

IFC Received (latched)—The 8292

monitors the IFC Line (when not

system controller) through this

pin.

Count Input—When enabled by

the proper command the internal

counter will count external events

through this pin. High to low tran-

sition will increment the internal

counter by one. The pin is sampled

once per three internal instruction

cycles (7.5 /^sec when using 6 MHz
XTAL). It can be used for byte

counting when connected to

NDAC line, or for block counting

when connected to the EOI line.

Inputs for a crystal, LC or an ex-

ternal timing signal to deter-

mine the internal oscillator fre-

quency.

8041A instruction cycle syn-

chronization signal; it is an out-

put clock with a frequency of

XTAL- 15.

+ 5V supply input.

Circuit ground potential.
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DATA ENCRYPTION UNIT

Certified by National Bureau of

Standards

80 Byte/Sec Data Conversion Rate

64-Bit Data Encryption Using 56-Bit

Key

7-Bit User Output Port

Single 5V ± 10% Power Supply

Peripheral to MCS-86T* MC8*85™,
MCS-80™ and MCS-48™ Processors

DMA Interface

3 Interrupt Outputs to Aid in Loading
and Unloading Data

Implements Federal Information
Processing Data Encryption Standard

Encrypt and Decrypt Modes Available

DESCRIPTION

The Intel® 8294 Data Encryption Unit (DEU) is a microprocessor peripheral device designed to encrypt and decrypt
64-bit blocks of data using the algorithm specified in the Federal Information Processing Data Encryption Standard.
The DEU operates on 64-bit text words using a 56-bit user-specified key to produce 64-bit cipher words. The operation
is reversible: if the cipher word is operated upon, the original text word is produced. The algorithm itself is perma-
nently contained in the 8294; however, the 56-bit key is user-defined and may be changed at any time.

The 56-bit key and 64-bit message data are transferred to and from the 8294 in 8-bit bytes by way of the system data
bus. A DMA interface and three interrupt outputs are available to minimize software overhead associated with data
transfer. Also, by using the DMA interface two or more DEUs may be operated in parallel to achieve effective system
conversion rates which are virtually any multiple of 80 bytes/second. The 8294 also has a 7-bit TTL compatible output
port for user-specified functions.

Because the 8294 implements the NBS encryption algorithm it can be used in a variety of Electronic Funds Transfer
applications as well as other electronic banking and data handling applications where data must be encrypted.

PIN

CONFIGURATION PIN NAMES BLOCK DIAGRAM

NCC 1

XI C 2

X2C 3

RESET C 4

NCC 5

CSC 6

GNDC 7

RDC 8

AOC 9

WRC II

SYNCC
DOC
D1C
D2C
D3C
D4C
D5C
D6C
D7C

GNDC

3VCC
3NC
3DACK
3DRQ
DSRQ
DOAV
3NC
3P6
3P5
3P4
3P3
DP2
DPI
DPO
DVDD
DNC
3CCMP
DNC
3NC
3NC

PIN NAME FUNCTION

D7D0 DATA BUS
RD.WR READ.WRITE STROBES
CS CHIP SELECT
Ao CONTROL/DATA SELECT
RESET RESET INPUT
X,,X2 FREQUENCY REFERENCE INPUT
SYNC HIGH FREQUENCY OUTPUT
DRQ.DACK DMA REQUEST.DMA ACKNOWLEDGE
SRQ,OAV,CCMP INTERRUPT REQUEST OUTPUTS
P6 Po OUTPUT PORT LINES
Vcc.Vdd.gnd + 5V POWER.GND
NC NO CONNECTION

&
SRQ-^-

OAV-»-

CCMP--

RESET-

SYNC-

POWER -

GND-

DATA
BUS

BUFFER
REGISTERS

CONTROL
AND

INTERRUPT
LOGIC

>
KEY

BUFFER
STORAGE

A ALGORITH
-y TABLE

7-bit

OUTPUT
PORT

-DRQ
-DACK

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
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8295

DOT MATRIX PRINTER CONTROLLER

Interfaces Dot Matrix Printers to

MCS-48™, MCS-80/85™, MCS-86™
Systems

40 Character Buffer On Chip

Serial or Parallel Communication with

Host

DMA Transfer Capability

Programmable Character Density (10 or

12 Chararcters/lnch)

Programmable Print Intensity

Single or Double Width Printing

Programmable Multiple Line Feeds

3 Tabulations

2 General Purpose Outputs

The Intel® 8295 Dot Matrix Printer Controller provides an interface for microprocessors to the LRC 7040 Series dot

matrix impact printers. It may also be used as an interface to other similar printers.

The chip may be used in a serial or parallel communication mode with the host processor. In parallel mode, data

transfers are based on polling, interrupts, or DMA. Furthermore, it provides internal buffering of up to 40 characters

and contains a 7x 7 matrix character generator accommodating 64 ASCII characters.

PIN

CONFIGURATION PIN NAMES BLOCK DIAGRAM

PIN NAME FUNCTION

D0-D7 DATA BUS
RD, WR READ, WRITE STROBES
CS CHIP SELECT
RESET RESET INPUT
X1.X2 FREQUENCY REFERENCE INPUTS
SYNC HIGH FREQUENCY OUTPUT
MOT, PFM MAIN, PAPER FEED MOTOR DRIVES
DRO, DACK DMA REQUEST, ACKNOWLEDGE
SIN, CTS SERIAL INPUT, CLEAR TOSEND
IROfSER INTERRUPT REQUEST, SERIAL GROUND
S1-S7 SOLENOID DRIVE OUTPUTS
PFEEO PAPER FEED INPUT
HOME, TOF HOME, TOPOFFORM INPUTS
STB SOLENOID STROBE OUTPUT
GP1, GP2 GENERAL PURPOSE OUTPUTS
VCC. VDO. gnd + 5V POWER, GND

DACK/SIN

DRQ/CTS

RESET

IRQ/STR

<=

-0

DATA
BUS

BUFFERS

I i

CONTROL

—
I

TIMING

<^>

<^>

^>
• STB

MOT

PFM

- HOME
• PFEEO

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
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A

UNIVERSAL PERIPHERAL INTERFACE
8-BIT MICROCOMPUTER

8-Bit CPU plus ROM, RAM, I/O, Timer
and Clock in a Single Package

One 8-Bit Status and Two Data Regis-
ters for Asynchronous Slave-to-Master
Interface

DMA, Interrupt, or Polled Operation
Supported

1024 x 8 ROM/EPROM, 64 x 8 RAM,
8-Bit Timer/Counter, 18 Programmable
I/O Pins

Fully Compatible with MCS-48™,
MCS-80™, MCS-85™, and MCS-86™
Microprocessor Families

Expandable I/O

ROM Power-Down Capability

Single 5V Supply

The Intel® 8041A/8741A is a general purpose, programmable interface device designed for use with a variety of 8-bit

microprocessor systems. It contains a low cost microcomputer with program memory, data memory, 8-bit CPU, I/O
ports, timer/counter, and clock in a single 40-pin package. Interface registers are included to enable the UPI device to
function as a peripheral controller in MCS-48™, MCS-80™, MCS-85™, MCS-86™, and other 8-bit systems.

The UPI-41A™ has 1 K words of program memory and 64 words of data memory on-chip. To allow full user flexibility the
program memory is available as. ROM in the 8041 A version or as UV-erasable EPROM in the 8741 A version. The 8741

A

and the 8041 A are fully pin compatible for easy transition from prototype to production level designs.

The device has two 8-bit, TTL compatible I/O ports and two test inputs. Individual port lines can function as either in-

puts or outputs under software control. I/O can be expanded with the 8243 device which is directly compatible and has
16 I/O lines. An 8-bit programmable timer/counter is included in the UPI device for generating timing sequences or
counting external inputs. Additional UPI features include: single 5V supply, low power standby mode (in the 8041A),
single-step mode for debug (in the 8741 A), and dual working register banks.

Because it's a complete microcomputer, the UPI provides more flexibility for the designer than conventional LSI inter-

face devices. It is designed to be an efficient controller as well as an arithmetic processor. Applications include key-
board scanning, printer control, display multiplexing and similar functions which involve interfacing peripheral
devices to microprocessor systems.

PIN CONFIGURATION BLOCK DIAGRAM

Tod 1

XlC 2

X2d 3

BESETC 4

SSC 5

CSC 6

EAC 7

RoT 8

AoC 9

WBC
SYNCC
DoC
oi C
02H
D3C
D4E
05 C
D6C

07 C
VSSC

10

14

16

18

8041 A/ 31

8741A an

UVCC
HT1

3P27'6SCK

U P26/0RO

3P25/iBF

^ P24/OBF

HP17

DP18

DP15

HP14

HP13

DP12

I]P11

HP10

Hvdo
Dprog
3P23

DP22

3P21

MASTER
SYSTEM

INTERFACE

7T

sr<±t4

ACCUMULATOR

]o

<=>

» PROM PROGRAM SUPPLY

.. + 5 SUPPLY

» QROUND c=c>

I MULTIPLEXER [

c=#

RANDOM
ACCESS
MEMORY

PROM/ROM
PROGRAM
MEMORY

PORT 4-7

EXPANDER
INTERFACE

C=>!

CONDITIONAL
BRANCH
LOGIC

8-BIT

timer;
event counter

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE Of ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
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FEATURES AND ENHANCEMENTS

UPI-41 UPI-41A

1. Single Data Bus Buffer

NVwl

IVvAV

2. 4 Bits of Status

1 1 1

UNDEFINED Fl F0 IBF OBF

D2 D!

3. RD and WR are level triggered. IBF, OBF, Ft and INT

change internally when RD or WR are low.

\
FLAGS AFFECTED

/
4. P24 and P25 are port pins only.

1. Two Data Bus Buffers, one for input and one for out-

put. This allows a much cleaner Master/Slave pro-

tocol.

D0-D7

INPUT
DATA
BUS

BUFFER
(8)

INTERNAL
DATA BUS

OUTPUT
DATA
BUS

BUFFER
(8) MV

2. 8 Bits of Status

ST7 ST6 ST5 ST4 Fl F IBF OBF

D7 D6 D2

ST4-ST7 are user definable status bits. These bits are

defined by the "MOV STS, A" single byte, single

cycle instruction. Bits 4-7 of the accumulator are

moved to bits 4-7 of the status register. Bits 0-3 of

the status register are not affected.

MOV STS, A Op Code: 90H

10
°0

3. RD and WR are edge triggered. IBF, OBF, F
:
and INT

change internally after the trailing edge of RD or WR.

r FLAGS AFFECTED

Y V
P24 and P25 are port pins or Buffer Flag pins which
can be used to interrupt a master processor. These
pins default to port pins on Reset.

If the "EN FLAGS" instruction has been executed,

P24 becomes the OBF (Output Buffer Full) pin. A "1"

written to P24 enables the OBF pin (the pin outputs

the OBF Status Bit). A "0" written to P24 disables the

OBF pin (the pin remains low). This pin can be used
to indicate that valid data is available from the UPI-

41A (in Output Data Bus Buffer).

8-113 00 188

A



8041A/8741A

UPI-41 UPI-41A

5. P26 and P27 are port pins only.

If "EN FLAGS" has been executed, P25 becomes the

IBF (Input Buffer Full) pin. A "1" written to P25
enables the IBF pin (the pin outputs the inverse of the

IBF Status Bit). A "0" written to P25 disables the fBT

pin (the pin remains low). This pin can be used to indi-

cate that the UPI-41 is ready for data.

r^n—^—'—^~

n^i—r-d-^"

-
|
P24

H P25

-OBF (INTERRUPT REQUEST)

IBF (INTERRUPT REQUEST)

DATA BUS BUFFER INTERRUPT CAPABILITY

EN FLAGS Op Code: 0F5H

1

D7 D„

P26 and P27 are port pins or DMA handshake pins for

use with a DMA controller. These pins default to port

pins on Reset.

If the "EN DMA" instruction has been executed, P26
becomes the DRQ (DMA ReQuest) pin. A "1" written

to P26 causes a DMA request (DRQ is activated). DRQ
is deactivated by DACK • RD, DACK •WR, or execution

of the "EN DMA" instruction.

If "EN DMA" has been executed, P27 becomes the

DACK (DMA ACKnowledge) pin. This pin acts as a

chip select input for the Data Bus Buffer registers

during DMA transfers.

8041 A/

8741

A

DRQ P26

DACK P27 O* O DACK

DMA HANDSHAKE CAPABILITY

EN DMA Op Code: 0E5H

10
D1 °0
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PIN DESCRIPTION

Signal Description

UPI INSTRUCTION SET

Mnemonic Description Bytes Cycles

D -D7 Three-state, bidirectional DATA BUS BUFFER lines

used to interface the UPI-41A to an 8-bit master

system data bus.

p io_p i7 8 -bit
>
PORT 1 quasi-bidirectional I/O lines.

Pon~Po

WR

RD

CS

Ao

X^ X 2

SYNC

EA

PROG

RESET

SS

8-bit, PORT 2 quasi-bidirectional I/O lines. The lower

4 bits (P20-P23) interface directly to the 8243 I/O ex-

pander device and contain address and data infor-

mation during PORT 4-7 access. The upper 4 bits

(P24-P27) can be programmed to provide Interrupt

Request and DMA Handshake capability. Software

control can configure P24 as OBF (Output Buffer

Full), P25 as IBF (Input Buffer Full ), P26 as DRQ
(DMA Request), and P 27 as DACK (DMA
ACKnowledge).

I/O write input which enables the master CPU to

write data and command words to the UPI-41A IN-

PUT DATA BUS BUFFER.

I/O read input which enables the master CPU to

read data and status words from the OUTPUT DATA
BUS BUFFER or status register.

Chip select input used to select one UPI-41A out of

several connected to a common data bus.

Address input used by the master processor to in-

dicate whether byte transfer is data or command.

Input pins which can be directly tested using condi-

tional branch instructions.

T, also functions as the event timer input (under

software control). T is used during PROM program-
ming and verification in the 8741A.

Inputs for a crystal, LC or an external timing signal

to determine the internal oscillator frequency.

Output signal which occurs once per UPI-41A in-

struction cycle. SYNC can be used as a strobe for

external circuitry; it is also used to synchronize

single step operation.

External access input which allows emulation,

testing and PROM/ROM verification.

Multifunction pin used as the program pulse input

during PROM programming.

During I/O expander access the PROG pin acts as
an address/data strobe to the 8243.

Input used to reset status flip-flops and to set the

program counter to zero.

RESET is also used during PROM programming and
verification.

Single step input used in the 8741A in conjunction

with the SYNC output to step the program through
each instruction.

+ 5V power supply pin.

+ 5V during normal operation. Programming supply

pin during PROM programming. Low power standby
pin in ROM version.

Circuit ground potential.

ACCUMULATOR

ADD A,Rr Add register to A

ADD A,@Rr Add data memory to A

ADD A.#data Add immediate to A 2 2

ADDC A,Rr Add immed. to A with carry

ADDC A,@Rr Add immed. to A with carry

ADDC A.#data Add immed. to A with carry 2 2

ANL A,Rr AND register to A

ANL A,@Rr AND data memory to A

ANL A,#data AND immediate to A 2 2

ORL A,Rr OR register to A

ORL A.@Rr OR data memory to A

ORL A.#data OR immediate to A 2 2

XRL A.Rr Exclusive OR register to A

XRL A.@Rr Exclusive OR data memory to A

XRL A,#data Exclusive OR immediate to A 2 2

INC A Increment A

DEC A Decrement A

CLR A Clear A

CPL A Complement A

DA A Decimal Adjust A

SWAP A Swap digits of A

RLA Rotate A left

RLCA Rotate A left through carry

RR A Rotate A right

RRC A Rotate A right through carry

INPUT/OUTPUT

IN A,Pp Input port to A 1 2

OUTL Pp.A Output A to port 1 2

ANL Pp.#data AND immediate to port 2 2

ORL Ppidata OR immediate to port 2 2

IN A.DBB Input DB8 to A, clear IBF 1 1

OUT DBB.A Output A to DBB, set OBF 1 1

MOVD A,Pp Input Expander port to A 1 2

MOVD Pp.A Output A to Expander port 1 2

ANLD Pp.A AND A to Expander port 1 2

ORLD Pp.A OR A to Expander port 1 2

DATA MOVES

MOV A,Rr Move register to A 1 1

MOV A,@Rr Move data memory to A 1 1

MOV A.#data Move immediate to A 2 2

MOV Rr.A Move A to register 1 1

MOV @Rr.A Move A to data memory 1 1

MOV Rr.#data Move immediate to register 2 2

MOV @Rr,#data Move immediate to data memory 2 2

MOV A.PSW Move PSW to A 1 1

MOV PSW.A Move A to PSW 1 1

XCH A,Rr Exchange A and register 1 1

XCH A,@Rr Exchange A and data memory 1 1

XCHD A,@Rr Exchange digit of A and register 1 1

MOVP A,@A Move to A from current page 1 2

M0VP3, A,@A Move to A from page 3 1 2

TIMER/COUNTER

MOV A.T Read Timer /Counter

MOV T,A Load Timer/Counter

STRTT Start Timer

STRT CNT Start Counter

STOP TCNT Stop Timer/Counter

EN TCNTI Enable Timer/Counter Interrupt

OIS TCNTI Disable Timer/Counter Interrupt

8-115 00 188
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Mnemonic Description Bytes Cycles Mnemonic Description Bytes Cycles

CONTROL CLRF1 Clear F1 Flag 1 1

EN DMA Enable DMA Handshake Lines 1 1 CPLF1 Complement F1 Flag 1 1

EN I Enable IBF Interrupt 1 1 MOV STS, A A4-A7 to Bits 4-7 of Status 1 1

OIS I Disable IBF Interrupt 1 1

EN FLAGS Enable Master Interrupts 1 1

SEL RBO Select register bank 1 1 BRANCH
SEL RB1
NOP

Select register bank 1

No Operation

1 1

1 1

JMP addr

JMPP@A
Jump unconditional

Jump indirect

2

1

2

2

REGISTERS DJNZ R.addr Decrement register and skip 2 2

INC Rr Increment register 1 1
JC addr Jump on Carry =1 2 2

INC @Rr Increment data memory 1 1
JNCaddr Jump on Carry = 2 2

DEC Rr Decrement register 1 1
JZ addr Jump on A Zero 2 2

JNZ addr Jump on A not Zero 2 2
SUBROUTINE JTO addr Jump on TO = 1 2 2

CALL addr Jump to subroutine 2 2 JNTO addr Jump on T0 = 2 2

RET Return 1 2 JT1 addr Jump on T1 = 1 2 2

RETR Return and restore status 1 2 JNT1 addr Jump on T1 =0 2 2

FLAGS
JFO addr Jump on F0 Flag = 1 2 2

JF1 addr Jump on F1 Flag= 1 2 2
CLRC Clear Carry 1 1 JTF addr Jump on Timer Flag = 1 , Clear Flag 2 2

CPLC Complement Carry 1 1 JNIBFaddr Jump on IBF Flag = 2 2
CLRFO Clear Flag 1 1 JOBF addr Jump on OBF Flag= 1 2 2
CPLFO Complement Flag 1 1 JBb addr Jump on Accumulator Bit 2 2

APPLICATIONS

TO
} PERIPHERAL
DEVICES

RD

8
m

PORT

BUS

8041 A/
8741

A

to
CO

Dbb

TO
> PERIPHERAL
DEVICES

Figure 1. 808SA-8041A Interface Figure 2. 8048-8041A Interface

8243
EXPANDER

<z

KEYBOARD
MATRIX

8 ROWS

~7Sr

8041A/8741A

DBB CONTROL

DOT MATRIX PRINTER

FORM
PRINT L.F. HOLD SOLENOIDS

z
A

z
i t-

1-

(/)
O

MOTOR 0. SOLENOID
DRIVERS

1-
z
or

O
a.
O

Ill

UJ
DRIVERS

•\
z

7 OR 9

PORT 2 PORT 2

8041A/8741A

PORT 1/PORT 2

DBB CONTROL

CONTROL BUS CONTROL BUS

Figure 3. 8041A-8243 Keyboad Scanner Figure 4. 8041A Matrix Printer Interface

8-116 001 88

A



8041 A/8741

A

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias 0°Cto70°C
Storage Temperature -65°Cto + 150 8C
Voltage on Any Pin With Respect

to Ground 0.5V to +7V
Power Dissipation 1 .5 Watt

'COMMENT: Stresses above those listed under "Absolute Maximum

Ratings" may cause permanent damage to the device. This is a stress

rating only and functional operation of the device at these or any other

conditions above those indicated in the operational sections of this

specification is not implied. Exposure to absolute maximum rating con-

ditions for extended periods may affect device reliability.

D.C. AND OPERATING CHARACTERISTICS
TA = 0°Cto70°C, Vss = 0V, 8041A: VCC =+5V ±10%,8741A: Vcc = +5V ±5%

Symbol Parameter Min. Max. Unit Test Conditions

V,L Input Low Voltage (All Except X-j, X2)
-0.5 0.8 V

2.2 VccV|H1 Input High Voltage (All Except X n , X2 , RESET)

V,H2 Input High Voltage (X 1t X2 , RESET) 3.0 Vcc V

V0L1 Output Low Voltage (D2-D7 , Sync) 0.45 V lOL =2.0 mA

VOL2 Output Low Voltage (All Other Outputs Except Prog) 0.45 V l0L = 1.6 mA

VOL3 Output Low Voltage (Prog) 0.45 V lOL =1.0 mA

VOH1 Output High Voltage (D -D7)
2.4 V l0H = -400 MA

VOH2 Output High Voltage (All Other Outputs) 2.4 V l0H = -50yA

IlL Input Leakage Current (T , T 1f RD, WR, CS, A , EA) ±10 ma Vss<V,N<Vcc

loz Output Leakage Current (D -D7 , High Z State) ±10 ma Vss + 0.45<V| N<Vcc

Ilm Low Input Load Current (P10P17, P20p27 0.5 mA V, L =0.8V

•lI2 Low Input Load Current (RESET, SS) 0.2 mA V| L = 0.8V

•dd VDD Supply Current 1.5 mA

•cc+'dd Total Supply Current 125 mA

A.C. CHARACTERISTICS
TA = 0°Cto70°C, Vss = 0V, 8041A: VCC = VDD = + 5V ±10%,8741A: VCC =VDD = + 5V ±5%

DBB READ

Symbol Parameter Min. Max. Unit Test Conditions

*AR CS, A Setup to RD* ns

*RA CS, A Hold After RDt ns

*RR RD Pulse Width 250 ns tCY =2.5/^s

*AD CS, A to Data Out Delay 225 ns C L =150pF

tRD RD4 to Data Out Delay 225 ns C L =150pF

*RDF RDt to Data Float Delay 100 ns

*RV Recovery Time Between Reads And/Or Write 300 ns

lCY Cycle Time 2.5 15 MS

DBB WRITE

Symbol Parameter Min. Max. Unit Test Conditions

*AW CS, A Setup to WRI ns

*WA CS, A Hold After WRt ns

tWw WR Pulse Width 250 ns

*DW Data Setup to WRt 150 ns

tyVD Data Hold Aftert WRt ns
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A.C. CHARACTERISTICS-PORT 2

TA = 0°Cto70°C ( 8041A: VCC =+5V ±10%,8741A: VCC =+5V ± 5%
Symbol Parameter Min. Max. Unit Test Conditions

lCP Port Control Setup Before Falling Edge of PROG 110 ns

tpc Port Control Hold After Falling Edge of PROG 140 ns

*DP Output Data Setup Time 220 ns

tpF Input Data Hold Time 110 ns

tpp PROG Pulse Width 1400 ns

*PS Input Data Setup Time 700 ns

WAVEFORMS—PORT 2

J V J V

EXPANDER
PORT

OUTPUT

EXPANDER
PORT
INPUT

IX

ZX

A.C. CHARACTERISTICS-DMA
TA = 0°C to70°C, VCC =5V ±10%

Y PORT 2 -3 DATA Y PORT CONTROL \ OUTPUT DATA "/

\ **,„„».
)j
H™rc°....c» V g)T

\ /

Symbol Parameter Min. Max. Unit Test Conditions

Ucc DAC to WR or RD ns

tcAC RD or WR to DACK ns

lACD DACK to Data Valid 225 ns C L=150pF

lCRQ RD or WR to DRQ Cleared 200 ns

WAVEFORMS—DMA
DACK

\ /

\

l^DC

\

Y I

X

X^X
Y
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A.C. TEST CONDITIONS
D7-D Outputs R L = 2.2k to Vss

4.3k to VCc
CL = 100 pF

WAVEFORMS

1. READ OPERATION—DATA BUS BUFFER REGISTER.

55 OR AIX X

/

<: DATA VALID- >

\ {READ CONTROL)

2. WRITE OPERATION-DATA BUS BUFFER REGISTER.

BORA,
/L x

\ / IWRITE CONTROL)

V-« DATA VALID ¥
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PROGRAMMING, VERIFYING, AND
ERASING THE 874IA EPROM

Programming/Verification

In brief, the programming process consists of: activat-

ing the program mode, applying an address, latching the

address, applying data, and applying a programming
pulse. Each word is programmed completely before
moving on to the next and is followed by a verification

step. The following is a list of the pins used for program-
ming and a description of their functions:

Pin Function

XTAL1 Clock input (1 to 6 MHz)

RESET Initialization and address latching

TESTO Selection of program or verify mode

EA Activation of program/verify modes

BUS Address and data input data output during

verify

P20-1 Address input

VDD Programming power supply

PROG Program pulse input

The program/verify sequence is:

1. VDD = 5V, clock applied or internal oscillator

operating, RESET = OV, TEST = 5V, EA a 5V,

BUS and PROG floating.

2. Insert 8741 A in programming socket.

3. TEST = OV (select program mode).

4. EA = 25V (activate program mode).

5. Address applied to BUS and P20-1.

6. RESET = 5V (latch address).

7. Data applied to BUS.

8. VD = 25V (programming power).

9. PROG = OV followed by one 50 ms pulse to 25V.

10. VDD = 5V.

11. TEST = 5V (verify mode).

12. Read and verify data on BUS.

13. TESTO = OV.

14. RESET = OV and repeat from step 5.

15. Programmer should be at conditions of step 1 when
8741 A is removed from socket.

Programming Options

The 8741 A EPROM can be programmed by either of two
Intel products:

1. PROMPT-48 Microcomputer Design Aid.

2. Universal PROM Programmer (UPP-101 or UPP-102)

Peripheral of the Intellec® Development System with

a UPP-848 Personality Card.

BUS AND PROG CAN BE DRIVEN ONLY DURING THIS TIME

< ADDRESS A -A 7 X <

< ADDRESS A8-A9 >

PROG +5V.
+0V

WARNING: An attempt to program a missocketed 8741A will result in severe damage to the part. An indication of a properly socketed part is the

appearance of the SYNC output. The lack of this clock may be used to disable the programmer.

Figure 5. Programming/Verification Sequence
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8741A Erasure Characteristics

The erasure characteristics of the 8741A are such that

erasure begins to occur when exposed to light with

wavelengths shorter than approximately 4000 Ang-

stroms (A). It should be noted that sunlight and certain

types of fluorescent lamps have wavelengths in the

3000-4000A range. Data show that constant exposure to

room level fluorescent lighting could erase the typical

8741 A in approximately 3 years while it would take ap-

proximately one week to cause erasure when exposed
to direct sunlight. If the 8741A is to be exposed to these

types of lighting conditions for extended periods of

time, opaque labels are available from Intel which

should be placed over the 8741A window to prevent

unintentional erasure.

The recommended erasure procedure for the 8741 is

exposure to shortwave ultraviolet light which has a
wavelength of 2537A. The integrated dose (i.e., UV inten-

sity x exposure time) for erasure should be a minimum
of 15 w-sec/cm2

. The erasure time with this dosage is

approximately 15 to 20 minutes using an ultraviolet

lamp with a 12,000 /M//cm 2 power rating. The 8741

A

should be placed within one inch of the lamp tubes dur-

ing erasure. Some lamps have a filter on their tubes
which should be removed before erasure.

A.C. TIMING SPECIFICATION FOR PROGRAMMING
TA = 25°C ±5°C, Vcc = 5V ±5%, VDD = 25V ± 1V

Symbol Parameter Min. Max. Unit Test Conditions

tAW Address Setup Time to RESET t 4tcy

tWA Address Hold Time After RESET i 4tcy

tDW Data in Setup Time to PROG l 4tcy

tWD Data in Hold Time After PROG 1 4tcy

tPH RESET Hold Time to Verify 4tcy

tvDDW Vdd 4tcy

tVDDH Vdd Hold Time After PROG 1

tPW Program Pulse Width 50 60 MS
tTW Test Setup Time for Program Mode 4tcy

tWT Test Hold Time After Program Mode 4tcy

tDO Test to Data Out Delay 4tcy

tww RESET Pulse Width to Latch Address 4tcy

tr, tf Vdd and PROG Rise and Fall Times 0.5 2.0 MS

tCY CPU Operation Cycle Time 5.0 MS

tRE RESET Setup Time Before EA 1 4tcy

Note: If TEST is high, tDO can be triggered by RESET 1.

D.C. SPECIFICATION FOR PROGRAMMING
TA = 25°C ±5°C, Vcc = 5V ±5%, VDD = 25V ± 1V

Symbol Parameter Min. Max. Unit Test Conditions

Vdoh Vdd Program Voltage High Level 24.0 26.0 V

Vddl Vdd Voltage Low Level 4.75 5.25 V

Vph PROG Program Voltage High Level 21.5 24.5 V

VPL PROG Voltage Low Level 0.2 V

Veah EA Program or Verify Voltage High Level 21.5 24.5 V

Veal EA Voltage Low Level 5.25 V

Idd Vdd High Voltage Supply Current 30.0 mA
IPROG PROG High Voltage Supply Current 16.0 mA
lEA EA High Voltage Supply Current 1.0 mA
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iny MODEL 220
INTELLEC SERIES II

MICROCOMPUTER DEVELOPMENT SYSTEM
Complete microcomputer development
system in one package for MCS-80,
MCS-85, and MCS-48 microprocessor
families

Single LSI electronics board with CPU,
32K bytes RAM memory, and 4K bytes
ROM memory

Self-test diagnostic capability

Integral CRT with detachable upper/

lower case typewriter-style full ASCII
keyboard

Integral 250K-byte floppy disk with total

storage capacity expandable to over 2M
bytes

Powerful ISIS-II Diskette Operating

System with relocating macroassembler,
linker, and locater

Eight-level nested, maskable priority

interrupt system

Built-in interfaces for high speed paper
tape reader/punch, printer, and universal

PROM programmer

Standard MULTIBUS with multi-

processor and DMA capability

Compatible with standard Intellec/iSBC

expansion modules

Software compatible with previous

Intellec systems

The Model 220 Intellec Series II Microcomputer Development System is a complete microcomputer development
system integrated into one compact package. It includes a CPU with 32K bytes of RAM memory, 4K bytes of ROM
memory, a 2000-character CRT, detachable full ASCII keyboard with cursor controls and upper/lower case capability,

and a 250K-byte floppy diskette drive. Powerful ISIS-II Diskette Operating System software allows the Model 220 to be
used quickly and efficiently for assembling and debugging programs for Intel's MCS-80, MCS-85, or MCS-48 micro-
processor families without the need for paper tape handling. ISIS-II performs all file handling operations for the user,

leaving him free to concentrate on the details of his own application. When used in conjunction with an optional in-

circuit emulator (ICE) module, the Model 220 provides all the hardware and software development tools necessary for

the rapid development of a microcomputer-based product.

WTELiCORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED
6 InTEL CORPORATION, 1979
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MODEL 220

FUNCTIONAL DESCRIPTION

Hardware Components
The Intellec Series II Model 220 is a packaged, highly

integrated microcomputer development system consist-
ing of a CRT chassis with a 6-slot cardcage, power sup-
ply, fans, cables, single floppy diskette drive, and two
printed circuit cards. A separate, full ASCII keyboard is

connected with a cable.

CPU Cards — The master CPU card contains its own
microprocessor, memory, I/O, interrupt, and bus inter-

face circuitry, fashioned from Intel's high-technology
LSI components. Known as the integrated processor
board (IPB), it occupies the first slot in the cardcage. A
second, slave CPU card, is responsible for all remaining
I/O control, including the CRT and keyboard interface

and floppy disk control. This card, mounted on the rear

panel, also contains its own microprocessor, RAM and
ROM memory, and I/O interface, thus in effect creating a
dual processor environment. Known as the I/O con-
troller (IOC), the slave CPU card communicates with the
IPB over an 8-bit bidirectional data bus, thus leaving the

remaining 5 slots in the cardcage available for system
expansion. A block diagram of the IOC is shown in

Figure 1.

System Components
The heart of the IPB is an Intel NMOS 8-bit microproces-
sor, the 8080A-2, running at 2.6 MHz. 32K bytes of RAM
memory are provided on the board using Intel 16K
RAMs. 4K of ROM is provided, preprogrammed with sys-

tem bootstrap "self-test" diagnostics and the Intellec

Series II System Monitor. The eight-level vectored prior-

ity interrupt system allows interrupts to be individually

masked. Using Intel's versatile 8259 interrupt controller,

the interrupt system may be user programmed to

respond to individual needs.

Input/Output

IBP Serial Channels — The I/O subsystem in the Model
220 consists of two parts: the IOC card and two serial

channels on the IPB itself. Each serial channel is RS232
compatible and is capable of running asynchronously
from 1 10 to 9600 baud or synchronously from 150 to 56K
baud. Both may be connected to a user defined data set

or data terminal. One channel contains current loop
adapters. Both channels are implemented using Intel's

8251 USART. They can be programmatically selected to

perform a variety of I/O functions. Baud rate selection is

accomplished programmatically through an Intel 8253
interval timer. The 8253 also serves as a real-time clock
for the entire system. I/O activity through both serial

channels is signaled to the system through a second
8259 interrupt controller, operating in a polled mode,
nested to the primary 8259.

IOC Interface — The remainder of system I/O activity

takes place in the IOC. The IOC provides interfaces for

the CRT, keyboard, integral floppy disk and standard
Intellec peripherals, including a printer, high speed
paper tape reader/punch, and universal PROM program-
mer. The IOC contains its own independent microproc-

essor, also an 8080A-2. This CPU controls all I/O opera-

tions, as well as supervising communications with the
IPB. 8K bytes of ROM contain all I/O control firmware.

8K bytes of ROM are used for CRT screen refresh stor-

age and the floppy disk buffer. These do not occupy any
space in Intellec Series II main memory since the IOC is

a totally independent microcomputer subsystem.

Integral CRT Display — The CRT is a 12-inch raster

scan-type monitor with a 50/60 Hz vertical scan rate and
15.5 kHz horizontal scan rate. Controls are provided for

brightness and contrast adjustments. The interface to

the CRT is provided through an Intel 8275 single chip,

programmable CRT controller. The master processor on
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Figure 1. I/O Controller (IOC) Block Diagram for the Model 220 Intellec Series II Microcomputer Development System
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MODEL 220

the IPB transfers a character for display to the IOC,

where it is stored in RAM. The CRT controller reads a

line at a time into its line buffer through an Intel 8257

DMA controller and then feeds one character at a time

to the character generator to produce the video signal.

Timing for the CRT control is provided by an Intel 8253

interval timer. The screen display is formatted as 25

rows of 80 characters. The full set of ASCII characters

are displayed, including lower-case alphas.

Keyboard — The keyboard interfaces directly to the IOC

processor via an 8-bit data bus. The keyboard contains

an Intel UPI-41 Universal Peripheral Interface, which

scans the keyboard, encodes the characters, and buf-

fers the characters to provide N-key rollover. The key-

board itself is a high quality typewriter-style keyboard

containing the full ASCII character set. An upper/lower

case switch allows the system to be used for document
preparation. Cursor control keys are also provided.

Floppy Disk Drive

The floppy disk drive is controlled by an Intel 8271

single chip, programmable floppy disk controller. It

transfers data via an Intel 8257 DMA controller between

an IOC RAM buffer and the diskette. The 8271 handles

reading and writing of data, formatting diskettes, and

reading status, all upon appropriate commands from the

IOC microprocessor.

Peripheral Interface

A UPI-41 Universal Peripheral Interface on the IOC board

performs similar functions to the UPI-41 on the PIO

board in the Model 210. It provides interface for other

standard Intellec peripherals, including a printer, high

speed paper tape reader, high speed paper tape punch,

and universal PROM programmer. Communication

between the IPB and IOC is maintained over a separate,

8-bit bidirectional data bus. Connectors for the devices

named above, as well as the two serial channels, are

mounted directly on the IOC itself.

Control

User control is maintained through a front panel con-

sisting of a power switch and indicator, reset/boot

switch, run/halt light, and eight interrupt switches and

indicators, the front-panel circuit board is attached

directly to the IPB, allowing the eight interrupt switches

to connect to the primary 8259, as well as to the Intellec

Series II bus.

MULTIBUS Capability

All Intellec Series II models implement the industry-

standard MULTIBUS. MULTIBUS enables several bus

masters, such as CPU and DMA devices, to share the

bus and memory by operating at different priority levels.

Resolution of bus exchanges is synchronized by a bus

clock signal derived independently from processor

clocks. Read/write transfers may take place at rates up

to 5 MHz. The bus structure is suitable for use with any

Intel microcomputer family.

Expansion

The Model 220 may be expanded to 64K of RAM and up

to 2.25M bytes of on-line diskette storage.

SPECIFICATIONS

Host Processor (IPB)

8080A-2 based, operating at 2.600 MHz.

RAM — 32K, expandable to 64K with iSBC 032 RAM
boards (system monitor occupies 62K through 64K)

ROM — 4K (2K in monitor, 2K in boot/diagnostic)

Bus — MULTIBUS, maximum transfer rate of 5 MHz
Clocks — Host processor, crystal controlled at 2.6 MHz,
bus clock, crystal controlled at 9.8304 MHz

I/O Interfaces

2 Serial I/O Channels, RS232C, at 110-9600 baud (asyn-

chronous) or 150-56K baud (synchronous). Baud rates

and serial format fully programmable using Intel 8251

USARTs. Serial Channel 1 additionally provided with 20

mA current loop. Parallel I/O interfaces provided for

paper tape punch, paper tape reader, printer, and
UPP-103 Universal PROM Programmer.

Interrupts

8-level, maskable, nested priority interrupt network initi-

ated from front panel or user selected devices.

Direct Memory Access (DMA)
Standard capability on MULTIBUS; implemented for

user selected DMA devices through optional DMA
module — maximum transfer rate of 2 MHz.

Memory Access Time
RAM — 585 ns max

PROM — 450 ns max

Diskette

Diskette System Capacity — 250K bytes (formatted)

Diskette System Transfer Rate — 160K bits/sec

Diskette System Access Time
Track-to-Track: 10 ms max
Average Random Positioning: 260 ms max
Rotational Speed: 360 rpm
Average Rotational Latency: 83 ms max
Recording Mode: FM

Physical Characteristics

Width— 17.37 in. (44.12 cm)

Height — 15.81 in. (40.16 cm)

Depth — 19.13 in. (48.59 cm)

Weight - 86 lb (39 kg)
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MODEL 220

Keyboard

Width — 17.37 in. (44.12 cm)

Height — 3.0 in. (7.62 cm)

Depth — 9.0 in. (22.0 cm)

Weight — 6 lb (3 kg)

Electrical Characteristics

DC Power Supply

Volts Amps Typical

Supplied Supplied System Requirements

+ 5 ±5% 30.0 7.5

+ 12 ±5% 2.5 0.2

-12 ±5% 0.3 0.05

-10 ±5% 1.5 0.15

+ 15 ±5% 1.5 1.3'

+ 24 + 5% 1.7 1.2*

'Not available on bus.

AC Requirements
50-60 Hz. 115/230V AC

Equipment Supplied
Model 220 chassis

Integrated processor board (IPB)

I/O controller board (IOC)

CRT and keyboard

250K-byte floppy disk drive

ROM resident system monitor

ISIS-II system diskette with MCS-80/MCS-85
macroassembler

Reference Manuals
9800558 — A Guide to Microcomputer Development
Systems (SUPPLIED)

9800559 — Intellec Series II Installation and Service

Manual (SUPPLIED)

9800306 — ISIS-II System User's Guide (SUPPLIED)

9800556 — Intellec Series II Hardware Reference Man-
ual (SUPPLIED)

9800555 — Intellec Series II Hardware Interface Manual
(SUPPLIED)

9800301 — 8080/8085 Assembly Language Program-
ming Manual (SUPPLIED)

9800605 — Intellec Series II System Monitor Source
Listing (SUPPLIED)

9800554 — Intellec Series II Schematic Drawing
(SUPPLIED)

Reference manuals are shipped with each product only

if designated SUPPLIED (see above). Manuals may be
ordered from any Intel sales representative, distributor

office or from Intel Literature Department, 3065 Bowers
Avenue, Santa Clara, California 95051.

ORDERING INFORMATION

Part Number Description

MDS-220 Intellec Series II Model 220

microcomputer development system
(110V/60 Hz)

MDS-221 Intellec Series II Model 220
microcomputer development system
(220V/50 Hz)
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Intel MODEL 230
INTELLEC SERIES II

MICROCOMPUTER DEVELOPMENT SYSTEM
Complete microcomputer development

center for Intel MCS-80, MCS-85, and
MCS-48 microprocessor families

LSI electronics board with CPU, RAM,
ROM, I/O, and interrupt circuitry

64K bytes RAM memory

Self-test diagnostic capability

Eight-level nested, maskable priority

interrupt system

Built-in interfaces for high speed paper

tape reader/punch, printer, and universal

PROM programmer

Integral CRT with detachable upper/

lower case typewriter-style full ASCII

keyboard

Powerful ISIS-II Diskette Operating

System software with relocating

macroassembler, linker, and locater

1 million bytes (expandable to 2.5M

bytes) of diskette storage

Supports PL/M and FORTRAN high level

languages

Standard MULTIBUS with multiprocessor

and DMA capability

Compatible with standard Intellec/iSBC

expansion modules

Software compatible with previous

Intellec systems

The Model 230 Intellec Series II Microcomputer Development System is a complete center for the development of

microcomputer-based products. It includes a CPU, 64K bytes of RAM, 4K bytes of ROM memory, a 2000-character CRT,

a detachable full ASCII keyboard, and dual double density diskette drives providing over 1 million bytes of on-line data

storage. Powerful ISIS-II Diskette Operating System software allows the Model 230 to be used quickly and efficiently

for assembling and/or compiling and debugging programs for Intel's MCS-80, MCS-85, or MCS-48 microprocessor

families without the need for handling paper tape. ISIS-II performs all file handling operations, leaving the user free to

concentrate on the details of his own application. When used in conjunction with an optional in-circuit emulator (ICE)

module, the Model 230 provides all the hardware and software development tools necessary for the rapid development

of a microcomputer-based product.

if^ifiiSii

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANV CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
o INTEL CORPORATION, 1979
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MODEL 230

FUNCTIONAL DESCRIPTION

Hardware Components

The Intellec Series II Model 230 is a packaged, highly
integrated microcomputer development system consist-
ing of a CRT chassis with a 6-slot cardcage, power sup-
ply, fans, cables, and five printed circuit cards. A
separate, full ASCII keyboard is connected with a cable.
A second chassis contains two floppy disk drives capa-
ble of double-density operation along with a separate
power supply, fans, and cables for connection to the
main chassis. A block diagram of the Model 230 is

shown in Figure 1.

CPU Cards — The master CPU card contains its own
microprocessor, memory, I/O, interrupt and bus inter-

face circuitry fashioned from Intel's high technology LSI
components. Known as the integrated processor board
(IPB), it occupies the first slot in the cardcage. A second
slave CPU card is responsible for all remaining I/O con-
trol including the CRT and keyboard interface. This card,

mounted on the rear panel, also contains its own micro-
processor, RAM and ROM memory, and I/O interface
logic, thus, in effect, creating a dual processor environ-
ment. Known as the I/O controller (IOC), the slave CPU

card communicates with the IPB over an 8-bit bidirec-

tional data bus.

Memory and Control Cards — In addition, 32K bytes of

RAM (bringing the total to 64K bytes) is located on a
separate card in the main cardcage. Fabricated from
Intel's 16K RAMs, the board also contains all necessary
address decoding and refresh logic. Two additional

boards in the cardcage are used to control the two
double-density floppy disk drives.

Expansion — Two remaining slots in the cardcage are
available for system expansion. Additional expansion of

4 slots can be achieved through the addition of an Intel-

lec Series II expansion chassis.

System Components
The heart of the IPB is an Intel NMOS 8-bit microproces-
sor, the 8080A-2, running at 2.6 MHz. 32K bytes of RAM
memory are provided on the board using Intel 16K
RAMs. 4K of ROM is provided, preprogrammed with sys-

tem bootstrap "self-test" diagnostics and the Intellec

Series II System Monitor. The eight-level vectored prior-

ity interrupt system allows interrupts to be individually

masked. Using Intel's versatile 8259 interrupt controller,

the interrupt system may be user programmed to

respond to individual needs.

INTERRUPT
CONTROL

BAUD RATE
GENERATOR A

REAL TIME CLOCK

ii.

T7" Tf
ii.

TT

T> TT
ii.

Tf

Figure 1. Intellec Series II Model 230 Microcomputer Development System Block Diagram

9-6



MODEL 230

Input/Output

IPB Serial Channels — The I/O subsystem in the Model

230 consists of two parts: the IOC card and two serial

channels on the IPB itself. Each serial channel is RS232
compatible and is capable of running asynchronously

from 110 to 9600 baud or synchronously from 150 to 56K
baud. Both may be connected to a user defined data set

or terminal. One channel contains current loop

adapters. Both channels are implemented using Intel's

8251 USART. They can be programmatically selected to

perform a variety of I/O functions. Baud rate selection is

accomplished progammatically through an Intel 8253

interval timer. The 8253 also serves as a real-time clock

for :he entire system. I/O activity through both serial

channels is signaled to the system through a second
8259 interrupt controller, operating in a polled mode
nested to the primary 8259.

IOC Interface — The remainder of system I/O activity

takes place in the IOC. The IOC provides interface for

the CRT, keyboard, and standard Intellec peripherals

including printer, high speed paper tape reader/punch,

and universal PROM programmer. The IOC contains its

own independent microprocessor, also an 8080A-2. The
CPU controls all I/O operations as well as supervising

communications with the IPB. 8K bytes of ROM contain

all I/O control firmware. 8K bytes of RAM are used for

CRT screen refresh storage. These do not occupy space
in Intellec Series II main memory since the IOC is a

totally independent microcomputer subsystem.

Integral CRT
Display — The CRT is a 12-inch raster scan type monitor

with a 50/60 Hz vertical scan rate and 15.5 kHz horizontal

scan rate. Controls are provided for brightness and con-

trast adjustments. The interface to the CRT is provided

through an Intel 8275 single chip programmable CRT
controller. The master processor on the IPB transfers a

character for display to the IOC, where it is stored in

RAM. The CRT controller reads a line at a time into its

line buffer through an Intel 8257 DMA controller and
then feeds one character at a time to the character gen-

erator to produce the video signal. Timing for the CRT
control is provided by an Intel 8253 interval timer. The
screen display is formatted as 25 rows of 80 characters.

The full set of ASCII characters are displayed, including

lowe r case alphas.

Keyboard — The keyboard interfaces directly to the IOC
processor via an 8-bit data bus. The keyboard contains

an Intel UPI-41 Universal Peripheral Interface, which
scans the keyboard, encodes the characters, and buf-

fers i:he characters to provide N-key rollover. The key-

board itself is a high quality typewriter style keyboard
containing the full ASCII character set. An upper/lower

case switch allows the system to be used for document
preparation. Cursor control keys are also provided.

Peripheral Interface

A UPI-41 Universal Peripheral Interface on the IOC board

performs similar functions to the UPI-41 on the PIO

board in the Model 210. It provides interface for other

standard Intellec peripherals including a printer, high

speed paper tape reader, high speed paper tape punch,

and universal PROM programmer. Communication

between the IPB and IOC is maintained over a separate

8-bit bidirectional data bus. Connectors for the four

devices named above, as well as the two serial chan-

nels, are mounted directly on the IOC itself.

Control

User control is maintained through a front panel, con-

sisting of a power switch and indicator, reset/boot

switch, run/halt light, and eight interrupt switches and

indicators. The front panel circuit board is attached

directly to the IPB, allowing the eight interrupt switches

to connect to the primary 8259, as well as to the Intellec

Series II bus.

Diskette System

The Intellec Series II double density diskette system

provides direct access bulk storage, intelligent control-

ler, and two diskette drives. Each drive provides V2 mil-

lion bytes of storage with a data transfer rate of 500,000

bits/second. The controller is implemented with Intel's

powerful Series 3000 Bipolar Microcomputer Set. The

controller provides an interface to the Intellec Series II

system bus, as well as supporting up to four diskette

drives. The diskette system records all data in soft sec-

tor format. The diskette system is capable of performing

seven different operations: recalibrate, seek, format

track, write data, write deleted data, read data, and verify

CRC.

Diskette Controller Boards — The diskette controller

consists of two boards, the channel board and the inter-

face board. These two PC boards reside in the Intellec

Series II system chassis and constitute the diskette

controller. The channel board receives, decodes and
responds to channel commands from the 8080A-2 CPU
in the Model 230. The interface board provides the

diskette controller with a means of communication with

the diskette drives and with the Intellec system bus. The
interface board validates data during reads using a

cyclic redundancy check (CRC) polynomial and gener-

ates CRC data during write operations. When the disk-

ette controller requires access to Intellec system mem-
ory, the interface board requests and maintains DMA
master control of the system bus, and generates the

appropriate memory command. The interface board also

acknowledges I/O commands as required by the Intellec

bus. In addition to supporting a second set of double
density drives, the diskette controller may co-reside

with the Intel single density controller to allow up to 2.5

million bytes of on-line storage.

MULTIBUS Capability

All Intellec Series II models implement the industry

standard MULTIBUS. MULTIBUS enables several bus
masters, such as CPU and DMA devices, to share the

bus and memory by operating at different priority levels.

Resolution of bus exchanges is synchronized by a bus
clock signal derived independently from processor

clocks. Read/write transfers may take place at rates up
to 5 MHz. The bus structure is suitable for use with any
Intel microcomputer family.
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MODEL 230

SPECIFICATIONS

Host Processor (IPB)

RAM — 64K (system monitor occupies 62K through 64K)
ROM — 4K (2K in monitor, 2K in boot/diagnostic)

Diskette System Capacity (Basic Two Drives)

Unformatted

Per Disk: 6.2 megabits
Per Track: 82.0 kilobits

Formatted

Per Disk: 4.1 megabits
Per Track: 53.2 kilobits

Diskette Performance
Diskette System Transfer Rate — 500 kilobits/sec

Diskette System Access Time
Track-to-Track: 10 ms
Head Settling Time: 10 ms
Average Random Positioning Time — 260 ms
Rotational Speed — 360 rpm
Average Rotational Latency — 83 ms
Recording Mode — M 2FM

Physical Characteristics

Width — 17.37 in. (44.12 cm)

Height — 15.81 in. (40.16 cm)

Depth — 19.13 in. (48.59 cm)

Weight — 73 lb (33 kg)

Keyboard

Width — 17.37 in. (44.12 cm)

Height — 3.0 in. (7.62 cm)

Depth — 9.0 in. (22.86 cm)

Weight — 6 lb (3 kg)

Dual Drive Chassis

Width — 16.88 in. (42.88 cm)

Height — 12.08 in. (30.68 cm)

Depth — 19.0 in. (48.26 cm)

Weight — 64 lb (29 kg)

Electrical Characteristics

DC Power Supply

Volts Amps Typical

Supplied Supplied System Requirements

+ 5 ±5% 30 14.25

+ 12±5% 2.5 0.2

-12 ±5% 0.3 0.05
-10 ±5% 1.5 15

+ 15 ±5% 1.5 1.3

+ 24 ±5% 1.7

'Not available on bus.

AC Requirements — 50/60 Hz, 115/230V AC

Environmental Characteristics

Operating Temperature — 0° to 35 °C (95 °F)

Equipment Supplied

Model 230 chassis

Integrated processor board (IPB)

I/O controller board (IOC)

32K RAM board

CRT and keyboard

Double density floppy disk controller (2 boards)

Dual drive floppy disk chassis and cables

2 floppy disk drives (512K byte capacity each)

ROM-resident system monitor

ISIS-II system diskette with MCS-80/MCS-85
macroassembler

Reference Manuals

9800558 — A Guide to Microcomputer Development

Systems (SUPPLIED)

9800560 — Intellec Series II Installation and Service

Guide (SUPPLIED)

9800306 — ISIS-II System User's Guide (SUPPLIED)

9800556 — Intellec Series II Hardware Reference Man-
ual (SUPPLIED)

9800555 — Intellec Series II Hardware Reference Man-
ual (SUPPLIED)

9800301 — 8080/8085 Assembly Language Program-
ming Manual (SUPPLIED)

9800292 — ISIS-II 8080/8085 Assembler Operator's Man-
ual (SUPPLIED)

9800605 — Intellec Series II Systems Monitor Source
Listing (SUPPLIED)

9800554 — Intellec Series II Schematic Drawings
(SUPPLIED)

Reference manuals are shipped with each product only
if designated SUPPLIED (see above). Manuals may be
ordered from any Intel sales representative, distributor

office or from Intel Literature Department, 3065 Bowers
Avenue, Santa Clara, California 95051.

ORDERING INFORMATION
Part Number Description

MDS-230 Intellec Series II Model 230

microcomputer development system
(110V/60 Hz)

MDS-231 Intellec Series II Model 230
microcomputer development system
(220V/50 Hz)
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INTELLEC PROMPT 48

MCS-48 MICROCOMPUTER DESIGN AID

Complete low cost design aid and
EPFIOM programmer for revolutionary

MCS-48 single component computers

Simplifies microcomputing, allowing user

to enter, run, debug, and save machine

language programs with calculator-like

ease

Utilizes two removable 8-bit MCS-48
CPUs
— 3748 CPU with erasable, reprogram-

mable on-chip program memory
— 8035 CPU with off-chip program

memory

1K-byte erasable, reprogrammable on-

chip (8748), expandable program mem-
ory, 1K-byte RAM in PROMPT system

64 bytes RAM on-chip, expandable

register memory

256 bytes expandable RAM data memory
in PROMPT system

27 on-chip TTL compatible expandable

I/O lines

On-chip clock, internal timer/event

counter, two vectored interrupts, eight

level stack control

Single + 5V DC system power
requirement

Integral keyboard and displays (no tele-

typewriter or CRT terminal required)

Extensive PROMPT 48 monitor, allowing

system I/O, bus, and memory expansion

Includes comprehensive design library

The Intellec Prompt 48 MCS-48 Microcomputer Design Aid is a low cost, fully-assembled design aid for the revolu-

tionary 8748 single component microcomputer. PROMPT 48 simplifies the programming of MCS-48 systems — pro-

grams may be entered and debugged with calculator-like ease on the large, informative display and keyboard panel.

The comprehensive design library with tutorial manual is ideal for newcomers to microcomputing. PROMPT 48's

panel connector allows easy access to I/O ports and system bus. Thus users can expand program memory beyond the

1K bytes provided internally.

INTEL C0RI"0RATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE MPLED.
o INTEL CORPORATION, 1979
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FEATURES

Single Component Computer
The 8748 is the first microcomputer fully integrated on
one component. All elements of a computing system are
provided, including CPU, RAM, I/O, timer, interrupts, and
erasable, reprogrammable nonvolatile program memory.

Programming Socket
PROMPT'S programming socket programs this revolu-

tionary "smart PROM" — the 8748 — in a highly
reliable, convenient manner. A fail-safe interlock en-

sures the device is properly inserted before applying
programming pulses. Each location may be individually

programmed, one byte at a time. A read-before-write
programming algorithm prevents device damage by in-

advertently programming unerased memory.

MCS-48 Processors
The execution socket accepts either an 8035 or an 8748
MCS-48 processor. Both are supplied with each
PROMPT 48, and either can serve as heart of the
PROMPT system. There are no processors within the
PROMPT 48 mainframe, which instead contains monitor
ROM and RAM, user RAM, peripherals, drivers, and
sophisticated control circuitry. Once a processor is

seated in the execution socket and power is applied, the

PROMPT system comes to life. Various access modes
may be selected such as program execution from
PROMPT system RAM, or from on-chip PROM. Thus pro-

grams may first be executed from PROMPT RAM with

the 8035 processor. When debugging is complete, the

8035 (execution socket) processor can program the 8748
(programming socket) processor. Finally, a pro-

grammed 8748 processor may be exercised by itself

from the execution socket. The execution socket pro-

cessor runs either monitor or user programs.

System Monitor
The system reset command initializes the PROMPT
system and enters the monitor. The monitor interrupt

command exits a user program gracefully, preserving

system status and entering the monitor. The user inter-

rupt command causes an interrupt only if the PROMPT
system is running a user program. A comprehensive
system monitor resides in four 1K-byte read only

memories. It drives the PROMPT keyboard and displays

and responds to commands and functions. The top 16
bytes of on-chip program memory must be used by the

PROMPT system to switch between monitor and user

programs. It requires one level of the MCS-48 eight-level

stack.

Commands
PROMPT 48's commands are grouped and color-coded

to simplify access to the 8748's separate program and
data memory. Registers, data memory, or program mem-
ory, may be examined and modified with the examine
and modify commands. Then either the next or previous

register and memory locations may be accessed with

one keystroke. Programs may be exercised in three

modes. The go no break (GO NO BREAK) runs in real

time. The go with break (GO WITH BREAK) mode is not

real time — after each instruction the MCS-48 program
counter is compared against pending breakpoints. If no
break is encountered, execution resumes. The go single
step (GO SINGLE STEP) mode exercises one instruction
at a time. Commands are like sentences, with param-
eters separated by NEXT. Each command ends with

EXECUTE/END. In addition to the PROMPT basic
commands, thirteen functions simplify programming.
Each is started merely by pressing a hex data/function
key and entering parameters as required, as shown in

Table 1.
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Cable Interface

An optional cable, PROMPT-SER, directly connects the

PROMPT system to virtually any terminal via a rear

access slot.

Key Function

Port 2 map

Program EPROM
Byte search

(with optional

mask)

Word search

(with optional

mask)

Hex calculator

8748 program
for debug

Compare

Move memory

Access

Operation

a Breakpoint

® Clear

® Dump

® Enter

m Fetch

Allows specification of direction of each pin

on port 2. Port 2 is multiplexed to address

external program memory and expand I/O.

Thus it must be buffered; the P2 map com-

mand establishes the direction of buffering.

Programs 8748 EPROMs.

Sweeps through register, data, or program

memory searching for byte matches. Start-

ing and ending memory addresses are spe-

cified.

Sweeps through register, data, or program

memory searching for word matches. Start-

ing and ending memory addresses are spe-

cified.

Computes hexadecimal sums and differ-

ences.

Similar to program EPROM, but ensures that

the top of program memory contains moni-

tor re-entry code for debugging.

Verifies any portions of EPROM program

memory against PROMPT memory.

Allows blocks of register, data, or program

memory to be moved.

Specifies one of six access modes for PRO-

MPT 48. For example EPROM, PROMPT
RAM, or external program memory, and a

variety of input/output options may be

selected.

Allows any or all of the eight breakpoints to

be set and cleared.

Clears portions of register, data, or program

memory.

Dumps register, data, or program memory to

PROMPT'S serial channel: for example, a

teletypewriter paper tape punch.

Enters (reads) register, data, or program

memory from PROMPT'S serial channel.

Fetches programs from EPROM to PROMPT
RAM.

Table 1. PROMPT 48 Commands and Functions

Access

Easy access to the pins of the executing processor is

provided via the I/O ports and bus connector. Only the

EA external access, SS single step, and X1, X2 clock

inputs are reserved for the PROMPT system.

Expansion

Program or data memory may be expanded beyond that

provided on-chip or in the PROMPT system. I/O ports

may be expanded, as with the 8243, or peripheral con-

trollers may be memory-mapped. The I/O ports and Bus

connector allows the execution socket processor to be

directly interfaced to prototype systems, yet be con-

trolled from the PROMPT panel.

Control

The command/function group panel keyboard and dis-

plays completely control PROMPT 48—a teletypewriter

or CRT terminal is not needed. A hyphen prompting

character appears whenever a command or function can

be entered. Addresses and data are shown whenever

examining registers and memory. Parameters for com-

mands and functions are also shown.
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FUNCTIONAL DESCRIPTION
"PROMPT" stands for PROgraMming Tool. It is a pro-
grammer for 8748 EPROMs, and a versatile aid for
debugging MCS-48 programs. Programs can be entered
via its integral panel keyboard, programming socket, or
serial channel. Almost any terminal can be interfaced to
the serial channel, including a teletypewriter, CRT, or an
Intellec microcomputer development system. Intellec
PROMPT 48 simplifies the programming of MCS-48
systems. Like the 8748 it is radically new, highly in-

tegrated, and expandable. Like the MCS-48 family, it is

low cost, and ideal for small applications and programs.
It is a design aid, not a development system with
sophisticated software and peripherals.

MCS-48 Processors
PROMPT 48 comes complete with two of Intel's revolu-
tionary MCS-48 processors: an 8748-4 Single Compo-
nent 8-Bit Microcomputer and and 8035-4 Single Compo-
nent 8-Bit Microcomputer. Advances in n-channel MOS
technology allow Intel, for the first time to integrate into
one 40-pin component all computer functions:

8-bit CPU
1Kx 8-bit EPROM/ROM program memory
64 x 8-bit RAM data memory
27 input/output lines

8-bit timer/event counter

Performance — More than 90 instructions — each one
or two cycles — make the single chip MCS-48 equal in

performance to most multi-chip microprocessors. The
MCS-48 is an efficient controller and arithmetic pro-

cessor, with extensive bit handling, binary, and BCD
arithmetic instructions. These are encoded for

minimum program length; 70% are single byte opera-
tion codes, and none is more than two bytes.

Flexibility — Three interchangeable, pin-compatible
devices offer flexibility and low cost in development and
production, as follows:

8748 — with user-programmable and erasable EPROM
program memory for prototype and pre-productions
systems.

8048 — with factory-programmed mask ROM memory
for low-cost, high volume production.

8035 — without program memory, for use with external
program memories.

Circuitry — Each MCS-48 processor operates on a
single + 5V supply, with internal oscillator and clock
driver, and circuitry for interrupts and resets. Extra cir-

cuitry is in the 8048 ROM processor to allow low power
standby operation. The 64 x 8 RAM data memory can be
independently powered.

Compatibility — For systems requiring additional com-
patibility, the MCS-48 can be expanded with the new
8243 I/O expander, 8155 I/O and 256-byte RAM, 8755 I/O

and 2K-byte EPROM, or 8355 I/O and 2K ROM devices.
MCS-48 processors readily interface to MCS-80/85
peripherals and standard memories.

Memory Capacity
PROMPT 48 is a complete, fully assembled and powered
microcomputer system including program memory, data
memory, I/O, and system monitor beyond that available
on MCS-48 single component computers. 1K bytes of
PROMPT system RAM serve as "writable program mem-
ory" — a ROM simulator for the program memory on
each MCS-48 computer. 256 bytes of PROMPT system
RAM serve as "external data memory," beyond the 64
register bytes on each MCS-48 computer. Users may fur-

ther expand program or data memory via the panel I/O

ports and bus connector.

Programming
Programs written first in assembly language, are
entered in machine language and debugged with
calculator-like ease on the large, informative display
and keyboard panel. Most MCS-48 operations can be
specified with only two keystrokes. Once entered,
routines can be exercised one instruction (single step)
or many instructions at a time. The principal MCS-48
register — the accumulator — is displayed while single
stepping. Programs can be executed in real time (GO
NO BREAK) or with as many as eight different break-
points (GO WITH BREAK).

Control

PROMPT 48 can be fully controlled either by the panel
keyboard and displays, or remotely by a serial channel.
Thus a teletypewriter or CRT can be used but neither is

required.

Access
The PROMPT panel I/O ports and bus connector allow
easy access to all MCS-48 pins except those reserved
for control by the PROMPT system, namely EA external

access, SS single step, and X1, X2 clock inputs.

Optional Expansion
PROMPT 48 may be expanded beyond the resources on
both the MCS-48 single component computer and the
PROMPT system. External program and data memory
may be interfaced and input/out ports added with the

8243 I/O expander.
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Documentation

The PROMPT 48 manual includes chapters for the

reader with little or no programming experience. Topics

treated range from number systems to microcomputer

hardware design. A novel, unifying set of tutorial

diagrams — MICROMAPS — simplify microcomputer

concepts. PROMPT'S handy, pocket-sized reference

cardlet can be affixed to the mainframe. Programming

pads aid in the organization and documentation of pro-

grams. These features, plus a comprehensive design

library of manuals, articles, and application notes,

make the Intellec PROMPT 48 ideal for the newcomer to

microcomputing.

SPECIFICATIONS

Timing

Basic Instruction — 2.5 ms

CycUi Time — tCY = 2.5 ^s

Clock -6 MHz ± 0.1%

Memory Bytes

The 8748 contains 64 bytes of register memory, no ex-

ternal data memory, and 1024 bytes of RAM program

memory. The PROMPT system provides 256 bytes of ex-

ternal data memory, and 1024 bytes of RAM program

memory. PROMPT RAM program memory can be used

in place of the on-chip EPROM program memory; thus

programs less than 1024 bytes may be designed. For

larger programs additional memory can be directly in-

terfaced to the MCS-48 bus via the PROMPT panel I/O

ports and bus connector.

Memory Configuration

Memory Maximum On Chip In PROMPT 48

Register

Data

Program

64

3328

4096

64

1024 EPROM
256

1024 RAM

I/O Ports

All MCS-48 I/O ports are accessible on the PROMPT
pane connector.

Bus — A true bidirectional 8-bit port with associated

strobes. If the bidirectional feature is not needed, bus

can serve as either a statically latched output port or a

non-latching input port. Input and output lines cannot

be m xed.

Ports 1 and 2 — Data written to these 8-bit ports is

latched and remains unchanged until written. As inputs

these lines are not latching. The lines of ports 1 and 2

are called quasibidirectional. A special output structure

allows each line of port 1 and half of port 2 to serve as an

input, an output, or both. Any mix of input, output, and

both lines is allowed.

TO, Til, and INT — Three pins that can serve as inputs. TO
can be designated as a clock output. Input/output can

be expanded via the PROMPT panel connector with a

special I/O expander (8243) or standard peripherals.

Reset and Interrupts

Reset — initializes the PROMPT system and enters the

monitor.

Monitor Interrupt — exits a user program gracefully,

preserving system status and entering the monitor.

User Interrupt — causes an interrupt only if the

PROMPT system is running a user program.

The processor traps to location 3 16 . The MCS-48 timer/-

event counter is not used by the PROMPT system and is

available to the user. Either timer flag or interrupt will

signal when overflow has occurred. The timer interrupt

can be used only in the go-no-break (real time) mode.

EPROM Programming
PROMPT 48 provides a programming socket to directly

program 8748s. Programs are loaded into the PROMPT
RAM program memory via keyboard. EPROM, teletype-

writer, or other serial interface. A fail-safe interlock

ensures programming pulses are applied only if the

device is properly inserted. Inadvertant reprogramming

is prevented by a read-before-write programming algo-

rithm. Each location may be individually programmed,

one byte at a time.

Panel I/O Ports and Bus Connectors

All MCS-48 pins, except five, are accessible on the I/O

ports and bus connector. The five reserved for PROMPT
system control are EA external access, SS single step,

X1, X2 crystal inputs, and 5V. Due to internal buffering

of the MCS-48 bus, access times will be negligibly

degraded by the PROMPT system. Since MCS-48 pro-

cessors do not communicate internal address gate

status, bus data must be driven out if neither PSEN nor

RD is asserted.

System Devices

Both user programs and the PROMPT monitor enjoy ac-

cess to system devices: serial I/O, panel displays, and

keyboard. These are memory-mapped to program

memory addresses beyond 2K.

Serial I/O— The serial I/O port (data 820 16 , control 821 16 )

is defined by software and jumpers for 110 baud, 20 mA
current loop, but can easily be jumpered for other baud
rates and RS232C levels. Asynchronous or synchronous
transmission, data format, control characters, and par-

ity can be programmed.

Panel Displays — Eight display ports (data 810-817 16)

allow each of the panel displays to be written from user

programs. Data written on a display device will time out

after a fixed interval. Displays must be refreshed on a

polled or interrupt-driven basis. User programs can call

software drivers which provide this capability.
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Keyboard — Software is used to debounce the panel
keyboard (data 810 16 ). The monitor's input routines (see

Software Drivers) provide this debouncing and can be
called from user programs.

Go

Commands
Single step

With break

No break

I

Register

Data

Program

Open previous/clear/entry HI Next

Functions

Memory

Execute/End

Port 2 map
Program EPROM (8748)

Search (R, D or P)* memory for 1 byte, optional

mask
Search (R, D or P) memory for 2 bytes, optional

mask
Hexadecimal calculator + ,

-

8748 program EPROM for debug
Compare EPROM with memory
Move memory (R, D or P)

Access
Breakpoint

Clear memory (R, D or P)

Dump memory (R, D or P)

Enter (read) memory (R, D or P)

Fetch EPROM program memory

Panel I/O Ports and Bus Connector — 3M 3425 Flat

Crimp. A complete cable set including wirewrap header
for prototyping is included with each PROMPT.

Equipment Supplied
PROMPT 48 mainframe with two MCS-48 processors
(8748, 8035), display/keyboard, EPROM programmer,
power supply, cabinet, and ROM-based monitor.

110 V AC power cable

110 or 220 V AC
Fuse
Panel I/O ports

Bus connector cable set

Physical Characteristics

Height — 5.3 in. (13.5 cm) max
Width - 17 in. (43.2 cm)
Depth — 17 in. (43.2 cm) max
Weight — 21 lb. (9.6 kg)

Electrical Characteristics

Pe- er Requirements — either 115 or 230V AC (± 10%)
may be switch selected on the mainframe. 1.8 amps
max current (at 125 V AC).

Frequency — 47-63 Hz

Environmental Characteristics

Operating Temperature — 0"C to +40°C
Non-Operating Temperature — 20 °C to +65°C

Note

*R, D, or P is register, data, or program.

Software Drivers

Panel Keyboard In — KBIN, KDBIN
Panel Display Out — DGS6, DGOUT, HXOUT, BLK,
REFS, ENREF
Serial Channel — CI, CO, Rl, PO, CSTS

Connectors
Serial I/O — 3M 3462-0001 Flat Crimp/AMP 88106-1 Flat

Crimp/ Tl H312113 Solder/AMP 1-583485-5 Solder.

Reference Manuals
9800402 — Intellec PROMPT 48 User's Manual
(SUPPLIED)

9800270 — MCS-48 User's Manual (SUPPLIED)

9800255 — MCS-48 and UPI-41 Assembly Language
Programming Manual (SUPPLIED)

Reference manuals are shipped with each product only

if designated SUPPLIED (see above). Manuals may be
ordered from any Intel sales representative, distributor

office or from Intel Literature Department, 3065 Bowers
Avenue, Santa Clara, California 95051.

ORDERING INFORMATION
Part Number
PROMPT-48 or

PROMPT-48-220V

PROMPT-SER

Description

Intellec PROMPT 48 MCS-48 micro-
computer design aid. Complete with

two MCS-48 processors (8748 and

8305), EPROM programmer, integral

keyboard, displays, and system
monitor in ROM.

Serial cable for connecting PROMPT
to TTY, CRT
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MCS-48 IN-CIRCUIT EMULATOR
Emulates 8049, 8048, 8748, 8039, 8035, and 8021 * Microcomputers

Extends Intellec microcomputer develop-

ment system debug power to user con-

figured system via external cable and

40-pin plug, replacing system MCS-48
device

Emulates user system MCS-48 device in

real time

Shares static RAM memory with user

system for program debug

Provides hardware comparators for user

designated break conditions

Eliminates need for extraneous debug-

ging tools residing in user system

Collects bus, register, and MCS-48
status information on instructions

emulated

Provides capability to examine and alter

MCS-48 registers, memory, and flag

values, and to examine pin and port

values

Integrates hardware and software efforts

early to save development time

The ICE-49 MCS-48 In-Circuit Emulator module is an Intellec-resident module that interfaces with any MCS-48 system.

The MCS-48 family consists of the 8049, 8048, 8748, 8039, 8035, and 8021 microcomputers. The ICE-49 module inter-

faces with an MCS-48 system through a cable terminating in an MCS-48 pin-compatible plug which replaces the

MCS-48 device in the sytem. With the ICE-49 plug in place, the designer has the capability to execute the system in

real time while collecting up to 255 instruction cycles of real-time trace data. In addition, he can single step the system

program to monitor more closely the program logic during execution. Static RAM memory is available through the

ICE-49 module to emulate MCS-48 program and data memory. The designer can display and alter the contents of data

and replacement RAM control memory, internal MCS-48 registers and flags and I/O ports. Powerful debug capability is

extended into the MCS-48 system while ICE-49 debug hardware and software remain inside the Intellec system. Sym-

bolic reference capability allows the designer to use meaningful symbols rather than absolute values when examining

and modifying memory, registers, flags, and I/O ports in this system.

*EM1 emulator board is also required.

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.

© INTH CORPORATION, 1979 g. 1 5



ICE-49

FUNCTIONAL DESCRIPTION

Debug Capability Inside User System
The ICE-49 module provides the user with the ability to

debug a full prototype or production system without
introducing extraneous hardware or software test tools.

The module connects to the user system through the
socket provided for the MCS-48 device in the user
system. Intellec memory is used for the execution of the
ICE-49 software. The Intellec console and file handling
capabilities provide the designer with the ability to com-
municate with the ICE-49 module and display informa-
tion on the operation of the prototype system. The
ICE-49 module block diagram is shown in Figure 1.

Batch Testing

In conjunction with the ISIS-II diskette operating
system, the ICE-49 module can run extensive system
diagnostics without operator intervention. The designer
or test engineer can define a complete diagnostic exer-

cise, which is stored in a file on the diskette. When acti-

vated with an ISIS-II submit command, this file can
instruct the ICE-49 module to execute the diagnostic
routine and store the results in another file on the
diskette. Results are available to the designer at his con-
venience. In this way, routine diagnostics and long term
testing may be done without tying up valuable man-
power.

Integrated Hardware/Software Development
The user prototype need consist of no more than an
MCS-48 socket and timing logic to begin integration of
software and hardware development efforts. Through
the ICE-49 module mapping capabilities, Intellec system
resources can be accessed to replace prototype mem-
ory. Hardware designs can be tested using the system
software to drive the final product. Thus, the system in-

tegration phase, which can be costly when attempting
to mesh completed hardware and software products,
becomes a convenient two-way debug tool when begun
early in the design cycle.

Real-Time Trace

The ICE-49 module captures trace information while the
designer is executing programs in real time. The instruc-

tions executed, program counter, port values for bus 0,

port 1 and port 2, and the values of selected MCS-48
status lines are stored for the last 255 instruction cycles
executed. When retrieved for display, code is disassem-
bled for user convenience. This provides data for deter-

mining how the user system was reacting prior to emu-
lation break, and is available whether the break was user
initiated or the result of an error condition. For more
detailed information on the actions of internal registers,

flags, or other system operations, the user may operate
in single or multiple step sequences tailored to system
debug needs.
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Figure 1. ICE-49 Module Block Diagram
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Memory Mapping

The 8049, 8748 and 8048 contain internal program and

data memory. Both program and data memory can be

expanded using external memory devices.

Internal Memory — When the MCS-48 microcomputer is

replaced by the ICE-49 socket in a system, the ICE-49

module supplies static RAM memory as a replacement

for the internal microcomputer memory. The ICE-49

module has enough RAM memory available to emulate

up to the total 4K control memory capability of the sys-

tem. The ICE-49 module also provides for up to 320

bytes of data memory.

External Memory — The ICE-49 module separates

replacement control memory into sixteen 256-byte

blocks. Replacement external data memory consists of

one 256-byte block. Each block of memory can be de-

fined separately as supplied by the user system or sup-

plied by the ICE-49 module. The user may assign ICE-49

equivalent memory to take the place of external memory
not yet supplied in his system.

Symbolic Debugging

ICE-49 software provides symbolic definition of all

MCS-48 registers, flags, and selected MCS-48 pins.

Symbolically defined pseudo registers provide access

to the sense of MCS-48 flip flops which enable time,

counter, interrupt, and flag-0/flag-1 options. In addition,

the user may reference locations in program and data

memory, or their contents, symbolically. The user sym-

bol table generated along with the object file during a

program assembly may be loaded to Intellec memory for

access during emulation. The user is encouraged to add

to this symbol table any additional symbolic values for

memory addresses, constants, or variables he may find

useful during system debugging. Symbols may be sub-

stituted for numeric values in any of the ICE-49 com-

mands. Symbolic reference is a great advantage to the

system designer. He is no longer burdened with the

need to recall or look up those addresses of key loca-

tions in his program that can change with each assem-

bly. Meaningful symbols from his source program may
be used instead. For example, the command:

GO FROM .START TILL XDATA. RSLT WRITTEN

begins execution of the program at the address refer-

enced by the label START in the designers assembly
program. A breakpoint is set to occur the first time the

microprocessor writes to the external data memory
location referenced by RSLT. The designer does not

have to be concerned with the physical locations of

START and RSLT. The ICE-49 software driver supplies

them automatically from information stored in the

symbol table.

Hardware
The ICE-49 module is a microcomputer system utilizing

Intel's 8049 or 8048/8748 microcomputer as its nucleus.

The 8049 provides the 8049, 8039 emulation character-

istics!. The 8048/8748 provides the 8748/8648/8035/8021

emulation characteristics. The ICE-49 module uses an

Intel 8080 to communicate with the Intellec host pro-

cessor via a common memory space. The 8080 also con-

trols an internal ICE-49 bus for intramodule communica-

tion. ICE-49 hardware consists of two PC boards, the

controller board, and the emulator board, all of which

reside in the Intellec chassis. A cable interfaces the

ICE-49 boards to the MCS-48 system. The cable ter-

minates in a MCS-48 pin compatible plug which

replaces any MCS-48 device in the user system. The

ICE-49 module block diagram is shown in Figure 1.

Real-Time Trace

Trace Buffer — While the ICE-49 module is executing

the user program, it is monitoring port, program

counter, data, and status lines. Values for each instruc-

tion cycle executed are stored in a 255x44 real-time

RAM trace buffer. A resetable timer resident on the con-

troller board counts instruction cycles.

Controller Board

The ICE-49 module talks to the Intellec system as a

peripheral device. The controller board receives com-

mands from the Intellec system and responds through

the parameter block. Three 15-bit hardware breakpoint

registers are available for loading by the user. While in

emulation mode, a hardware comparator is constantly

monitoring address and status lines for a match to ter-

minate an emulation. The breakpoint registers provide a

signal when a match is detected. The user may disable

the emulation break capability and use the signal to syn-

chronize other debug tools. The controller board returns

real-time trace data, MCS-48 register, flag, and pin

values, and ICE-49 status information, to a control block

in the Intellec system when emulation is terminated.

This information is available to the user through the

ICE-49 interrogation commands. Error conditions, when
present, are automatically displayed on the Intellec

system console. The controller board also contains

static RAM memory, which can be used to emulate

MCS-48 program and data memory in real time. 4K of

memory is available in sixteen 256-byte pages to emu-

late MCS-48 PROM or PROM program memory. A 256-

byte page of data memory is available to access in place

of MCS-48 external data memory. The controller board

address map directs the ICE-49 module to access either

replacement ICE-49 memory or actual user system ex-

ternal memory in 256-byte segments based on informa-

tion provided by the user.

Emulator Board

The emulator board contains the 8049* and peripheral

logic required to emulate the MCS-48 device in the user

system. A software selectable 6 MHz or 3 MHz clock

drives the emulated MCS-48 device. This clock can be

disabled and replaced with a user supplied TTL clock in

the user system.

*Use 8048 with internal monitor program when emulating 8748/8048/

8035/8021.
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ICE-49

Cable Card

The cable card is included for cable driving. It transmits
address and data bus information to the user system
through a 40-pin connector which plugs into the user
system in the socket designed for the MCS-48 device.

Software

The ICE-49 software driver is a RAM-based program
which provides the user with an easy to use command
language (see Table 1, Table 2, and Table 3) for defining
breakpoints, initiating real-time emulation or single step
operation, and interrogating and altering user system
status recorded during emulation. The ICE-49 command
language contains a broad range of modifiers to provide
the user with maximum flexibility in defining the opera-
tion to be performed. The ICE-49 software driver is

available on diskette and operates in 32K of Intellec

RAM memory.

Command Operation

Enable

Go

Step

Interrupt

Activates breakpoint and display regis-

ters for use with go and step com-
mands.

Initiates real-time emulation and allows

user to specify breakpoints and data
retrieval.

Initiates emulation in single instruction

increments. Each step is followed by
register dump. User may optionally

tailor other diagnostic activity to his

needs.

Emulates user system interrupt.

Command Operation

Display

Change

Map

Base

Suffix

Prints contents of memory, MCS-48
device registers, I/O ports, flags, pins,

real-time trace data, symbol table, or

other diagnostic data on list device.

Alters contents of memory, register,

output port, or flag. Sets or alters break-

points and display registers.

Defines memory status.

Establishes mode of display for output
data.

Establishes mode of display input data.

Table 2. ICE-49 Interrogation Commands

Command Operation

Load Fetches user symbol table and object
code from input device.

Save Sends user symbol table and object

code to output device.

Define Enters symbol name and value to user

symbol table.

Move Moves block of memory data to another
area of memory.

List Defines list device.

Exit Returns program control to ISIS-II.

Evaluate Converts expression to equivalent

values in binary, octal, decimal, and
hex.

Remove Deletes symbols from symbol table.

Reset Reinitializes ICE-49 hardware.

Table 1. ICE-49 Emulation Commands Table 3. ICE-49 Utility Commands

SPECIFICATIONS

ICE-49 Operating Environment

Required Hardware

Intellec microcomputer development system

System console

Intellec diskette operating system

ICE-49 Module

Required Software

System monitor

ISIS-II

Equipment Supplied

Printed circuit boards (control board, emulator board)

Interface cables and buffer module

ICE-49 software, diskette-based version (single density

or double density)

8048 with internal monitor program

System Clock

Crystal controlled 6.0 MHz internal, 3.0 MHz internal or

user supplied TTL external: software selectable.

Physical Characteristics

Width — 12.00 in. (30.48 cm)
Height — 6.75 in. (17.15 cm)
Depth — 0.50 in. (1.27 cm)
Weight — 8.00 lb. (3.64 kg)

Electrical Characteristics

DC Power Requirements

Vcc = + 5V ± 5%
|cc = 10A max; 7.0A typ

VDD = +12V ±5%
Idd = 79 mA max; 45 mA typ

V Bb = -10V ±5%
l BB = 20 mA max
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ICE-49

Input Impedance — ©ICE-49 user socket pins:

V| L = 0.8V (max), l| L = -1.6 mA,

V| H = 2.0V (min), l,H = 40 MA

For Bus:

V, L = 0.8V (max), l, L = -250 MA
V,H = 2.0V (min), l, H = 20 ^A

Output Impedance — ©ICE-49 user socket pins:

P1, P2:

Vql = 0.5V (max), l
i_
= 16 mA

Voh = Vcc (10Kpullup)

For Bus:

V0L = 0.5V (max), I l = 25 mA
V H = 3-65V (min), I h = -1 mA

Others:

Vql = 0.5V (max), I l = 16 mA
Vqh = 2.4V (max), Iqh = -400 ^A

Environmental Characteristics

Operating Temperature — 0°C to 40 °C (Room Tem-

perature)

Operating Humidity — Up to 95% relative humidity

without condensation

Reference Manuals

9800632 — ICE-49 Operator's Manual (SUPPLIED)

Reference manuals are 'shipped with each product only

if designated SUPPLIED (see above). Manuals may be

ordered from any Intel sales representative, distributor

office or from Intel Literature Department, 3065 Bowers

Avenue, Santa Clara, California 95051.

ORDERING INFORMATION

Part Number
MDS.-49-ICE

MDSi-498

Description

8049, 8048, 8039, 8748, 8035, 8021

CPU in-circuit emulator. Cable

assembly and interactive diskette

software included

Assembled kit to upgrade ICE-48 to

ICE-49 capability. ICE-49 emulator

board, 8049/8048 CPU components
with internal monitor program,

ICE-49 firmware and diskette soft-

ware included.
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EM1
8021 EMULATION BOARD

EPROM functional equivalent of 8021 —
single component 8-bit microcomputer

Based on 8748 — user programmable/
erasable EPROM 8-bit computer

Operates with ICE-49™ to provide full

in-circuit debugging of 8021 prototype
system

Connects to prototype system through
8021 pin compatible plug

On-card 3.0 MHz or external TTL driven
clock

Portable 4" x 7" microcomputer circuit

assembly

The MDS-EM1 emulator board is a ready-to-use 4" x 7" microcomputer circuit assembly that emulates the Intel 8021
microcomputer. A 12-inch flat-cable assembly connects the board to the 8021 socket in a prototype system. The board
is designed so that it can be mounted either as a stand-alone unit or within the prototype assembly.

The 8021 microcomputer has 1Kx8 mask programmable ROM program memory and 64x8 RAM data memory. The
EM1 is controlled by an Intel 8748, with 1 K of EPROM program memory and a 64-byte data memory. The EPROM can be
programmed and erased repeatedly during hardware and software development. The EM1 has several ancillary circuits
that perform the following functions which are specific to the 8021:

Zero crossing detector

Crystal controlled clock/buffer

Port simulator

For prototype debugging, the 8748 can be removed from its socket and replaced with a cable to an Intel ICE-49. When
used with the EM1

,
ICE-49 emulates the 8021 in real time, or single steps the 8021 program at the user's command. A

full range of capabilities for examining and modifying 8021 memory and status are supplied through ICE-49.

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE WPLIED.

e INTEL CORPORATION, 1979 g_2g



EM1

HARDWARE
The EM1 emulation board uses the 8748 to perform the

emulation.

PO Simulator

Port of the 8021 is a quasi-bidirectional* port. The PO

simulator converts the data bus of the 8748 into a quasi-

bidirectional port.

Crystal Control Clock Buffer

The EM1 allows the user to select an on-board oscillator

or a TTL clock driven from the 8021 user's prototype

system via a Cambion Suitcase jumper.

Jumper

W1

Position

A-B
C-D

State

On-Board
External

TTL Clock

*A bidirectional port which serves as an input port, output port, or both,

even though outputs are statically latched.

Zero Cross Detection Simulator

The zero cross detection simulator enables the 8748's

T1 input to detect zero-crossings. The circuitry provides

a high level signal on a positive crossing and a low level

signal on a negative crossing of zero to the T1 input of

the 8748.

Reset Buffer

The 8021 resets on a logic HIGH level signal. However,

the 8748 resets on a logic LOW level, thus an inverter is

provided on the MDS-EM1 to make the two chips com-

patible.

Optional Pull Ups

Resistors are provided to simulate the optional pull-up

resistors on T1 input and port of the 8021. A removable

resistor pack is used on port 0. The T1 input pull up can

be installed by soldering in a 50K resistor.

SOFTWARE
When emulating the 8021 with

observe the 8021 instruction set.

EM1 the user must

40

LINES

CABLE TO
ICE-49

8748
OR

40-PIN

PLUG

^>
PORT /-

SIMULATOR y-

P10-P17
P20-P28

CRYSTAL
CONTROL
CLOCK

CROSSING
DETECTION
SIMULATORS

| OPTIONAL I

| PULL UP I

I I

It

<3

}

RESET BUFFER

8021

CABLE
PLUG

28
LINES

12 INCHES
FLAT CABLE

J___

,

ON CARD
CLOCK i

' OPTION j

28-PIN

,
J n SOCKET

| OPTIONAL I

PULL UP !

L J

EM1 FUNCTION DIAGRAM
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EM1

SPECIFICATIONS

Operating Environment

Stand-Alone Required Hardware

EM1 emulation board

In-Circuit Emulation Required Hardware

EM1 emulation board

Intellec Microcomputer Development System config-

ured to support ICE-49

Equipment Supplied

EM1 printed circuit board

12" long flat cable terminating in 28-pin plug, pin com-
patible with 8021

EM1 Operator's Manual

System Clock

Crystal controlled 3.0 MHz on board or user supplied

TTL external clock: hardware jumper selectable

Physical Characteristics

Width: 7.0 in. (17.78 cm)

Height: 4.0 in. (10.16 cm)

Depth: 0.75 in. (1.91 cm)

Weight: < 1.0 lb (0.45 kg)

Electrical Characteristics

DC Power

VCC = 5V ±5%
Ice = 300 mA (max)

Environmental Characteristics

Operating Temperature—0°C to 55 °C

Operating Humidity— Up to 95% relative humidity with-

out condensation

ORDERING INFORMATION

Part Number Description

MDS-EM1 8021 Emulation Board
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EM2
8022 EMULATION BOARD

Portable 4.25" x 2.75" microcomputer
circuit assembly

Connects directly into prototype system
through Intel® 8022* pin compatible
socket

Provides Intel® 8755A — 2K x 8 EPROM

EPROM functional and electrical

equivalent of Intel® 8022 — single

component 8-bit computer

The EM2 emulator board is a ready-to-use 4.25" x 2.75" microcomputer circuit assembly that emulates the Intel® 8022

single chip microcomputer. The emulator board is designed to plug directly into the 8022 socket. No interfacing and
interconnection cables are necessary. Power is obtained from the user's system.

The E:M2 emulator board provides the user a full EPROM functional and electrical equivalent of the 8022 single compo-
nent 8-bit microcomputer.

The IEM2 emulator board consists of an Intel® 8022 emulator chip and an Intel® 8755A, providing the EM2 emulator

board with a 2Kx8 EPROM program memory which can be programmed and erased repeatedly during hardware and
software development.

The 8022E emulator chip is a modified version of the 8022 intended for use in design support systems. Instead of

using resident ROM memory as the 8022, the 8022E uses an external 2K EPROM 8755A memory for program storage,

allowing easy program modification.

"See Intel® 8022 Data Sheet.

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED
© INTEL CORPORATION, 1979



EM2

40-PIN SOCKET CONFIGURATION EM2 BLOCK DIAGRAM

P26 C 1

P27 C 2

AVcc C 3

Varef C 4

AN1 C 5

ANO C 6

AVss C 7

TO C 8

Vth C 9

POO C 1<

P01 C 1'

P02 C i:

P03 C i:

P04 C 1'

P05 C 1!

P06 C 1<

P07 C i;

ALE C H

T1 [I 1«

Vss C 2C

EM2 31

TOP VIEW 30

3 vcc

3 P25

U P24

3 prog

D P23

3 P22

U P21

U P20

3 P17

H P16

HP15

3 P14

H P13

3 P12

H pn

ZJP10

3 RESET

D XTAL2

^ XTAL1

3 SUBST

CLOCK
64 WORDS DATA

MEMORY

2048
EPROM
MEMORY

I I O
8-BIT CPU

A I I

(,—\
<> O

8-BIT

TIMER-EVENT
COUNTER

/lJ 26

DIGITAL
I/O LINES

TWO CHANNEL
8-BIT A/D

CONVERTER
V 8755A

\l

8022 EMULATOR CHIP

U PIN 1

SQUARE SOLDER PAD

PIN DESCRIPTION

Desig-

nation Pin# Function

Vss 20 Circuit GND potential.

Vcc 4 +5V circuit power supply.

PROG 37 Output strobe for Intel® 8243 I/O ex-

pander.

P00-P07 10-17 8-bit open-drain port with comparator

Port inputs. The switching threshold is set

externally by VTH . Optional pull-up re-

sistors may be added via ROM mask
selection. (The emulator board has

switch selection of this option.)

VTH 9 Port threshold reference pin.

P10-P17 25-32 8-bit quasi-bidirectional port.

Port 1

P20-P27 33-36 8-bit quasi-bidirectional port.

Port 2 38-39 P20-P23 also serve as a 4-bit I/O ex-

1-2 pander for Intel® 8243.

TO 8 Interrupt input and input pin testable

using the conditional transfer instruc-

tions JT0 and JNT0. Initiates an inter-

rupt following a low level input if inter-

rupt is enabled. Interrupt is disabled

after a reset.

T1 19 Input pin testable using the JT1 and

JNT1 conditional transfer instructions.

Can be designated the timer/event

counter input using the STRT CNT in-

struction. Also serves as the zero-cross

detection input to allow zero-crossover

sensing of slowly moving AC inputs.

Optional pull-up resistor may be added

via ROM mask selection.

Desig-

nation Pin# Function

RESET

AVc

AV f

ANO,

AN1

ALE

XTAL1

XTAL2

24 Input used to initialize the processor

by clearing status flip-flops and setting

the program counter to zero.

7 A/D converter GND potential. Also

establishes the lower limit of the con-

version range.

3 A/D + 5V power supply.

SUBST 21 Substrate pin used with a bypass capa-

citor to stabilize the substrate voltage

and improve A/D accuracy.

VAREf 4 A/D converter reference voltage. Estab-

lishes the upper limit of the conversion

range.

6,5 Analog inputs to A/D converter. Soft-

ware selectable on-chip via SEL ANO
andSELAM instructions.

18 Address Latch Enable. Signal occur-

ring once every 30 input input clocks

(once every single cycle instruction),

used as an output clock.

22 One side of crystal, inductor, or re-

sistor input for internal oscillator. Also

input for external frequency source.

(Not TTL compatible.)

23 Other side of timing control element.

This pin is not connected when an ex-

ternal frequency source is used.
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EM2

On the EM2 Board:

The Intel® 8755A EPROM can be programmed using any

of the modules listed in Table 1.

Module Description

UPP-103

PROMPT-48

PROMPT-80/85

Universal PROM Programmer.

Requires UPP-955, which in-

cludes 8755A Personality Card

with 40-pin adapter socket.

Intellec® MCS-48 Microcom-
puter Design Aid. Requires

PROMPT-475 Programming
Adapter.

Intellec® 8080/8085 Microcom-

puter Design Aid. Requires

PROMPT-975 Programming

Adapter.

Table 1. 8755A Proramming Module

The 8755A EPROM is erased when exposed to light with

wavelengths shorter than approximately 4000 Ang-

stroms (A). Sunlight and certain fluorescent lamps have

wavelengths in the 3000A to 4000A range. If the 8755A is

to be exposed to sunlight or room fluorescent lighting

for extended periods, then opaque labels should be

placed over the window to prevent unintentional

erasure.

The recommended erasure procedure is exposure to

ultraviolet light which has a wavelength of 2537A. The

integrated dose (UV intensity multiplied by exposure

time) for erasure should be a minimum of 15W-sec/cm.

The erasure time with this dosage is approximately 15 to

20 minutes using an ultraviolet lamp with a 12,000p

W/em2 power rating. Place the 8755A within one inch of

the lamp during erasure. Some lamps include a filter

which should be removed before erasure.

SPECIFICATIONS

Operating Environment

Intel09 8755A EPROM Programming

UPP-103

PROMPT-48
PROMPT-80/85

Intellec Microcomputer Development System

Software

8048 Assembler
ISIS-II Diskette Operating System

Equipment Supplied

EM2 Printed Circuit Board

EM2 Reference Manual

Physical Characteristics

Width: 2.75 in. (6.98 cm)

Height: 4.25 in. (10.79 cm)

Depth: 1.5 in. (3.81 cm)

Weight: 0.5 lb (0.23 kg)

Electrical Characteristics

DC Power

VCC = 5V ±5%
lcc = 300 mA (maximum)

Environmental Characteristics

Operating Temperature — to 55 °C

Operating Humidity — Up to 95% relative humidity

without condensation

ORDERING INFORMATION

Part Number Description

MDS EM2 8022 Emulation Board
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UPP-103*

UNIVERSAL PROM PROGRAMMER
'Replaces UPP-101, UPP-102 Universal PROM Programmers

Intellec development system peripheral
for PROM programming and verification

Provides personality cards for program-
ming all Intel PROM families

Provides zero insertion force sockets for

both 16-pin and 24-pin PROMs

Universal PROM mapper software pro-

vides powerful data manipulation and
programming commands

Provides flexible power source for

system logic and programming pulse
generation

Holds two personality cards to facilitate

programming operations using several
PROM types

The UPP-103 Universal PROM Programmer is an Intellec system peripheral capable of programming and verifying the
following Intel programmable ROMs (PROMs): 1702A, 2704, 2708, 2716, 3601, 8702A, 8704, and 8708. In addition, the
UPP-103 programs the PROM memory portions of the 8748 microcomputer and the 8755 PROM and I/O chip. Program-
ming and verification operations are initiated from the Intellec development system console and are controlled by the
universal PROM mapper (UPM) program.

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.

O INTEL CORPORATION, 1979
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UPP-103

FUNCTIONAL DESCRIPTION

Universal PROM Programmer

The basic Universal PROM Programmer (UPP) consists

of a controller module, two personality card sockets, a

front panel, power supplies, a chassis, and an Intellec

development system interconnection cable. An Intel

4040-based intelligent controller monitors the com-

mands from the Intellec System and controls the data

transfer interface between the selected PROM persona-

lity card and the Intellec memory. A unique personality

card contains the appropriate pulse generation func-

tions for each Intel PROM family. Programming and veri-

fying any Intel PROM may be accomplished by selecting

and plugging in the appropriate personality card. The

front panel contains a power-on switch and indicator, a

reset switch, and two zero-force insertion sockets (one

16-pin and one 24-pin or two 24-pin). A central power

supply provides power for system logic and for PROM
programming pulse generation. The Universal PROM
Programmer may be used as a table top unit or mounted
in a standard 19-inch RETMA cabinet.

Universal PROM Mapper

The Universal PROM Mapper (UPM) is the software pro-

gram used to control data transfer between paper tape

or diskette files and a PROM plugged into the Universal

PROM Programmer. It uses Intellec system memory for

intermediate storage. The UPM transfers data in 8-bit

HEX, BNPF, or binary object format between paper tape

or diskette files and the Intellec system memory. While

the data is in Intellec system memory, it can be dis-

played and changed. In addition, word length, bit posi-

tion, and data sense can be adjusted as required for the

PROM to be programmed. PROMs may also be dupli-

cated or altered by copying the PROM contents into the

Intellec system memory. Easy to use program and com-

pare commands give the user complete control over pro-

gramming and verification operations. The UPM elimi-

nates the need for a variety of personalized PROM pro-

gramming routines because it contains the program-

ming algorithms for all Intel PROM families.

Optional Versions

There are two versions of the UPM: one that runs under

the Intellec system monitor (paper tape system), and

one that runs under ISIS-II, the Intellec diskette operat-

ing system (diskette-based system). The paper tape ver-

sion is included with the Universal PROM Programmer.

The diskette-based version of the UPM is available on all

ISIS-II system diskettes.

SPECIFICATIONS

Hardware Interface

Data — Two 8-bit unidirectional buses

Commands — 3 write commands, 2 read commands,
one initiate command

Physical Characteristics

Width — 6 in. (14.7 cm)

Height — 7 in. (17.2 cm)

Depth — 17 in. (41.7 cm)

Weight — 18 lb (8.2 kg)

Electrical Characteristics

AC Power Requirements — 50-60 Hz; 115/230V AC: 80W

Environmental Characteristics
Operating Temperature — 0°C to 55 °C

Optional Equipment
Personality Cards

UPP-361: 3601 personality card

UPP-8;16: 2716 personality card

UPP-848: 8748 personality card with 40-pin adaptor
socket

UPP-855: 8755 personality card with 40-pin adaptor
socket

UPP-865: 3602, 3622, 3602A, 3622A, 3621, 3604, 3624,

3604A, 3624A, 3604AL, 36046-6, 3605, 3625, 3608, 3628

UPP-872: 8702A/1702A personality card

UPP-878: 8708/8704/2708/2704 personality card

PROM Programming Sockets

UPP-501: 16-pin/24-pin socket pair

UPP-502: 24-pin/24-pin socket pair

UPP-562: Socket adaptor for 3621, 3602, 3622, 3602A,

3622A

UPP-555: Socket adaptor for 3604AL, 36046-6, 3608, 3628

UPP-565: Socket adaptor for 3605, 3625

Equipment Supplied
Cabinet

Power supplies

4040 intelligent controller module

Specified zero insertion force socket pair

Intellec development system interface cable

Universal PROM Mapper program (paper tape version —
disk-based version available on ISIS-II diskettes)

Reference Manuals
9800133 — Universal PROM Programmer Hardware
Reference Manual (SUPPLIED)

9800554 — Intellec Series II Schematics Drawings
(SUPPLIED)

9800236 — Universal PROM Mapper Operator's Manual
(SUPPLIED)

ORDERING INFORMATION
Part Number Description

UPP-103 Universal PROM programmer with

16-pin/24-pin socket pair and
24-pin/24-pin socket pair
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APPENDIX 1

PACKAGING INFORMATION

Intel

Product

Number
Standard

Package Type

Number
of

Pins

Microcomputers 8021

8022

8048
8049
8748
8035
8039

P

P

D P

D P

C
D P

D P

28

40

40
40
40
40
40

Memory and I/O

Expanders
8355
8755A

8155/8156

D P

C
D P

40

40

40

I/O Expander 8243 D P 24

Standard ROMs 8308
2316E

D P
C D P

24

24

Standard EPROM 2708
2716

B D
B

24

24

Standard RAMs 2111A-4
2101A-4
5101

D P

D P
D P

18

22

24

Standard I/O 8212
8255A
8251

D P
D P
D P

24

40
28

Standard Peripherals 8205
8214
8216
8226
8253
8259
8278
8279

D P

D P
D P
D P
D P
D P
D P

D P

16

24

16

16

24

28

40

40

Universal Peripheral

Interface

8041

8741

D P
C

40
40

B = Black Ceramic C = Ceramic D = Ceramic DIP P = Plastic
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PACKAGING INFORMATION All dimensions in inches and (millimeters)

16-LEAD PLASTIC DUAL IN-LINE

PACKAGE TYPE P

.325
«— MAX.~

(8.255)

.110 (2.794)

.090 (2.286)

015 MIN.
(0 381)

020 (0.508)

016 (0.406)

.010 TYP
(0.254)

zfc

i .350

h— (8.890) -J

16-LEAD HERMETIC DUAL IN-LINE

PACKAGE TYPE D

18-LEAD PLASTIC DUAL IN-LINE
PACKAGE TYPE P

.200(5.080)

MAX.

PLANE
.125(3.1751

MIN.

.255 (6.467)

.245 (6.223)

.325

MAX.-
(8.255)

£ .015 MIN.

(0.381)

.010 TYP
(0.254)

zfe=

.110 (2.794)

.090 (2.286)

I .350 I

U— (8.890) J
.350

i.890)-
REF.
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PACKAGING INFORMATION All dimensions In inches and (millimeters)

18-LEAI) HERMETIC DUAL IN-LINE

PACKAGE TYPE D

fllfff'

.310 (7.874)

.265(6.731)

.325

MAXMAX. —»1

(8.255)

1
'

''

.010 TYP
(0.254)

^1^15°

.376

-19.525)-

REF.

22-LEAID PLASTIC DUAL IN-LINE

PACKAGE TYPE P

015 MIN.

(0.381)

.020 (0.508)

.016 (0.406)

.010 TYP
(0.254)

.425

- MAX. -

(10.795)

-h -Jkii

I

4S0
IIt—(11.430)—*\

22-LEAD HERMETIC DUAL IN-LINE

PACKAGE TYPE D

.200(5.080)

MAX.

—iP.110(2.794) ^ |^_

.425

-MAX.
C-MAX.—

^

110.795)

f_.015MIN.

||

(0.381)

-JU- .020 (0.508)

016 (0.406)

.010 TYP
(0.254)

.475

-(12.065)-

REF.
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PACKAGING INFORMATION All dimensions in inches and (millimeters)

24-LEAD PLASTIC DUAL IN-LINE
PACKAGE TYPE P

.010 TYP
(0.254)

.625

- MAX. -

(15.8751

-fflU
.110 ( 2.794)

.090 (2.2861

|

.650
jU— (16.510)—

M

24-LEAD HERMETIC DUAL IN-LINE
PACKAGE TYPE D

1.285 (32.639)

28-LEAD PLASTIC DUAL IN-LINE
PACKAGE TYPE P

.625

h«— MAX. -

(15.875)

.125 (3. 175) J
MIN.

.110 (2.794)

T090 (2.2861

.010 TYP
(0.254)

±

L 650
116.510)-
REF.
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PACKAGING INFORMATION All dimensions in inches and (millimeters)

28-LEAD HERMETIC DUAL IN-LINE

PACKAGE TYPE D

40-LEAD PLASTIC DUAL IN-LINE

PACKAGE TYPE P

.200 (5.080)

MAX.

.625

- MAX.
(15.875)

.010 TYP
(0.254)

|
I

I .650 I

«—(16.S10)—"J

.650

-(16.510)-
REF.

40-LEAD HERMETIC DUAL IN-LINE

PACKAGE TYPE D

2.080 (52.832)
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PACKAGING INFORMATION All dimensions in inches and (millimeters)

24-LEAD HERMETIC DUAL IN-LINE
PACKAGE TYPE C

1.215 (30.861)

<\\\\\N
.145 MAX

OKilAU)
(3683)

.070(1.778) I I

.022 (0.558) i
.625

j-»<I-*--ct nram L '15.875)_*|

T.010 TYP
.020 MIN (0.254)

°1
|V10°

1.558 )

.015 (0.381)

40-LEAD HERMETIC DUAL INLINE
PACKAGE TYPE C

2.020 (51.308) .

2)

PIN 1^

1.980 (50.29

L-020 MIN.

il (0.508)

li_J>22 10 558)

.015 (0.381)

.010 TYP
(0.254)

I

625
I

|—— (15.875)—
»^
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ORDERING INFORMATION

Semiconductor components are identified as follows:

Example:

M 1 1

Four or five characters

per device type

Package Type
B — Hermetic Package, Type B

C — Hermetic Package, Type C
D — Hermetic Package, Type D
M — Metal Can Package

P — Plastic Package

X — Unpackaged Device

M — Indicates Military Operating

Temperature Range

Up to three character

modifier for power,

speed, processing, etc.

Examples:

P5101L CMOS 256 X 4 RAM, low power selection, plastic package, commercial temperature range.

C8080A2 8080A Microprocessor with 1.5 us cycle time, hermetic package Type C, commercial

temperature range.

MD2I604/C 512 X 8 PROM, hermetic package Type D, military temperature range, MIL-STD-883 Level

C processing.*

MC8080A/B 8080A Microprocessor, hermetic package Type C, military temperature range, MIL-STD-883
Level B processing.*

Kits, boards and systems may be ordered using the part number designations in this catalog.

The latest Intel OEM price book should be consulted for availability of various options. These may be

obtained from your local Intel representative or by writing directly to Intel Corporation, 3065 Bowers
Avenue, Santa Clara, California 95051.

*On military temperature devices, B suffix indicates MIL-STD-883 Level B processing. Suffix C indicates MIL-STD-883 Level

C processing. "S" number suffixes must be specified when entering any order for military temperature devices. All orders

requesting source inspection will be rejected by Intel.
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CUSTOMER EPROM
ORDER FORM

A

Company

Company Contact,

P.O. #

Phone #_

Date

Intel Device P/N

All custom MOS EPROM orders must be submitted on this form. Programming information
should be sent per the formats described in the Programming Instruction section of the Intel

Data Catalog. Additional forms are available from Intel.

MARKING

The marking will consist of the Intel Logo, the product and package type (B1702A), the
4-digit Intel pattern number (WWWW), an internal manufacturing traceability code (XXYY),
and the customer part number (Z....Z). The customer part number is limited to a maximum
of 9 digits or spaces.

1702A/4702A/8702A Family

2708/8708/2704 Family

2716, 2758, 8741, 8748, 8755

For Intel Use Only

s#_

STD_

APP_

Date.

1702A MARKING
EXAMPLE

D

B1702A

XXYY

WWWW
Z....Z

FLOPPY DISK

Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk
sent should also be indicated by checking one of the appropriate boxes:

Single Density D Double Density

CUSTOMER PART NUMBER

Customer P/N

(Please Fill-in)

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Floppy Disk File Name
(Please Fill-in)

l l l I l I I l l l l

l I l I I l l I I I I

I l I l I I I l l I I

I I I I I I I i l l [

I I I I I I I l I l l

I I I I I I I I I l I

I I I I l l I I I I I

I l I I

I l I l I I I I I l l

I l l l l I l I I I I

I l l l I I I l I I I

l l I I l l l I I I I

l l I l l l l I l l l

I l l l I I I l l I l

I I l I l l I l I I I

I i i I i i i i i i i

I I l I l l I l l I I

i i i i i i

I i i I I I l I i i i

Intel Pattern Number
(Please Do Not Use)

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
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CUSTOMER 8041, 8048 ROM
ORDER FORM

C

8041,8048

Company Phnrie #
S#

STD

APP

Date

For Intel Use Only

Company Contact Date

P.C.# PackaaeTvDe: Plastic D CerdiD

All custom 8041 and 8048 orders be submitted on this form. Programming information

should be sent per the formats described in the Programming Instruction section of the Intel

Data Catalog. Additional forms are available from Intel.

MARKING

All devices will be marked as shown at the right figure. The marking will consist of the Intel

Logo, the product and package type (P8048), the 4-digit Intel pattern number (WWWW), a

date code (XXYY), and the customer part number (Z....Z). The customer part number is

limited to a maximum of 9 digits or spaces.

P8048

XXYY
WWWW
Z....Z

1

P8048 MARKING EXAMPLE

FLOPPY DISK

Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input

medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk

sent should also be indicated by checking one of the appropriate boxes:

Single Density Double Density

CUSTOMER PART NUMBER

Customer P/N

(Please Fill-in)

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

J 1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Floppy Disk File Name
(Please Fill-in)

Intel Pattern Number

(Please Do Not Use)

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

J
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iny INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, California 95051 (408) 987-8080

CUSTOMER 8021 ROM
ORDER FORM

I

Company

Company Contact

P.O. No.

Phone No.

Date

Package Type: Plastic a Cerdip

All custom 8021 orders must be submitted on this form. Programming information should be

sent in the form of computer punched cards or punched paper tape per the formats described

in the Programming Instruction section of the Intel Data Catalog. 8748's may also be used to

input programming information for the 8021. Additional forms are available from Intel.

For Intel Use Only

SNo.

STD.

APP_

DATE

MARKING

All devices will be marked as shown at the right figure. The marking will consist of the Intel

Logo, the product and package type (P8021), the 4-digit Intel pattern number (WWWW), a

date code (XXYY), and the customer part number (Z....Z). The customer part number is

limited to a maximum of 9 digits or spaces.

I

P8021

XXYY

WWWW

Z....Z

P8021 MARKING EXAMPLE

CUSTOMER PART NUMBER

Customer P/N

(Please Fill-in)

I I L J I L

Intel Pattern Number
(Please Do Not Use)

I I L

I/O Mask Options

Specify the desired connection for each I/O line on Port and for the T1 input by marking only one box for each pin.

OPTIONAL PULLUP RESISTOR

Port 0: ?

Option 1 deletes the pullup resistor on the I/O line <
providing true open drain outputs.

J

Option 2 includes the pullup resistor on the I/O line L
providing a quasi-bidirectional line. 1 Q

PIN OP1

1

HON
2

POO 4

P01 5

P02 6

P03 7

P04 8

P05 9

P06 10

P07 11

T1 13

T1:

Option 1 deletes the pullup resistor for use as a zero

cross detection input.

Option 2 includes the pullup resistor for use with an

external switch or standard TTL.

—

I

OPTIONAL PULLUP RESISTOR
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iny INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, California 95051 (408) 987-8080

CUSTOMER 8022 ROM
ORDER FORM

J

Company

Company Contact

P.O. No.

Phone No.

Date

Package Type: aplastic Cerdip

All custom 8022 orders must be submitted on this form. Programming information should be

sent in the form of computer punched cards or punched paper tape per the formats described

in the Programming Instruction section of the Intel Data Catalog. 8755's may also used to

input programming information for the 8022. Additional forms are available from Intel.

For Intel Use Only

SNo.

STD_

APP_

DATE

MARKING

All devices will be marked as shown at the right figure. The marking will consist of the Intel

Logo, the product and package type (P8022), the 4-digit Intel pattern number (WWWW), a

date code (XXYY), and the customer part number (Z....Z). The customer part number is

limited to a maximum of 9 digits or spaces.

I

P8022

XXYY

WWWW

Z....Z

P8022 MARKING EXAMPLE

CUSTOMER PART NUMBER

Customer P/N

(Please Fill-in)

L_l I I I I I .

Intel Pattern Number

(Please Do Not Use)

I I I I I I I L

I/O Mask Options

Specify the desired connection for each I/O line on Port and for the T1 input by marking only one box for each pin.

OPTIONAL PULLUP RESISTOR

PIN OP1

1

ION

2

POO 10

P01 11

P02 12

P03 13

P04 14

P05 15

P06 16

P07 17

T1 19

Port 0:

Option 1 deletes the pullup resistor on the I/O line

providing true open drain outputs.

Option 2 includes the pullup resistor on the I/O line

providing a quasi-bidirectional line.

Option 1 deletes the pullup resistor for use as a zero

cross detection input.

Option 2 includes the pullup resistor for use with an

external switch or standard TTL.

OPTIONAL PULLUP RESISTOR
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I. PROM AND ROM INPUT FORMATS
A. Acceptible Formats

Intel can accept programming and masking information for PROMs, EPROMs, or ROMs in the form of floppy disk, punched
paper tape, a master device from which to copy, or computer punched cards. The allowable formats are given in Table 1. The
preferred formats for the paper tape and computer card input media are the Intel Intellec Hex and BPNF since these formats
are defined to allow detection of errors.

It is desirable that two, preferably different, input media for each customer code be sent so Intel can perform a code verifica-
tion to detect any errors between the two inputs. This procedure, if followed, can avoid errors due to a mispunched tape/card
or sending a defective or improper master device.

All orders must be accompanied by a customer PROM/ROM order form. A copy of the form is contained in this section and
additional copies are available from Intel Literature Department, 3065 Bowers Ave., Santa Clara, California 95051.

Table I. Acceptable Formats

Floppy Disk Paper Tape Computer Card Master Device

• Intel Microcomputer • Intellec Hex • Intellec Hex • Same Density and
Development System Pin Compatible
Single or Double • BPNF • PN to Device which
Density Disk is to be Pro-

• Hex grammed.

A1. Logic Levels

All data field for Intel's EPROMs/PROMs/ROMs are positive logic. The only exceptions are the 4001 and 4308 ROMs which
use negative logic. For the 4001/4308, an "0" is a high output and a "1" is a low output. Consequently, because the BPNP
format specifies the voltage level at the output of the device, it is necessary to input an "0" and "1" in the 4001/4308 in-

struction code as a "P" and "N" respectively. However, for the Hex format, the 4001/4308 input should be specified accord-
ing to the instruction code logic state, i.e., a "1" or "0." The below example shows the corresponding input for 4001 instruc-

tion codes. For comparison, the input for an 8080A is also given as an example.

1. 4001 Instruction Code

4001

Instruction

Mnemonic

4001

Instruction

Code

Intellec Hex
Or Non-1 ntellec

Hex Input

BPNF
Input

NOP 0000 0000 00 BPPPPPPPPF

WRM 1110 0000 E0 BNNNPPPPPF

2. 8080A Instruction Code

Instruction

Mnemonic
Instruction

Code

Intellec Hex

Or Non-lntellec

Hex Input

BPNF
Input

JMP 1100 0011 C3 BPPNNNNPPF

Push D 1101 0101 D5 BPPNPNPNPF
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B. Paper Tape Format

The paper tape which should be used is 1" wide paper using 7 or 8-bit ASCII code (such as a Model 33 ASR Teletype pro-

duces). The three paper tape formats which should be sent are described in Sections B1 through B3.

B1. Intellec Hex Paper Tape Format

In the Intel Intellec Hex Format, a data field can contain either 8 or 4-bit data. Two ASCII hexadecimal characters must be

used to represent both 8 and 4-bit data. In the case of 4-bit data, only one of the characters is meaningful and must be

specified on the Intel PROM/ROM Order Form.

Preceding the first data field and following the last data field there must be a leader/trailer length of at least 25 null charac-

ters. Comments (except for a colon) may be placed on the tape leader.

The format described below is readily generated by the Intel Intellec Microcomputer Development System or by systems

programmed by the user.

1. RECORD MARK FIELD: Frame

The ASCII code for a colon (:) is used to signal the start of a record.

2. RECORD LENGTH FIELD: Frames 1 and 2

The number of data bytes in the record is representated by two ASCII hexadecimal digits in this field. The high-order

digit is in frame 1. The maximum number of data bytes in a record is 255 (FF in hexadecimal). An end-of-file record

contains two ASCII zeros in this field.

3. LOAD ADDRESS FIELD: Frames 3-6

The four ASCII hexadecimal digits in frames 3-6 give the address at which the data is loaded. The high-order digit is in

frame 3, the lower-order digit in frame 6. The first data byte is stored in the location indicated by the load address;

successive bytes are stored in successive memory locations. This field in an end-of-file record contains zeros or the start-

ing address of the program.

4. RECORD TYPE FIELD: Frames 7 and 8

The two ASCII hexadecimal digits in this field specify the record type. The high-order digit is in frame 7. All data

records are type 0; end-of-file records are type 1. Other possible values for this field are reserved for future expansion.

5. DATA FIELD: Frames 9 to 9+2*(record length)~1

A data byte is represented by two frames containing the ASCII characters 0—9 or A—F, which represent a hexadecimal

value between and FF (0 and 255 decimal). The high-order digit is in the first frame of each pair. If the data is 4-bit,

then either the high or low-order digit represents the data and the other digit o* the pair may be any ASCII hexadecimal

digit. There are no data bytes in an end-of-file record.
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B3. IMon-lntellec Hex Paper Tape Format

For the non-lntellec Hex Format, a data field can contain either 8 or 4-bit data. Two ASCII hexadecimal characters must be
used to represent both 8 and 4-bit data. In the case of 4-bit data, only one of the characters is meaningful and must be
specified on the Intel PROM/ROM Order Form.

Parity is allowed; however, it is not checked. Preceding the first data field and following the last data field there must be a
leader/trailer length of at least 25 null characters or rubout punches.

The format requirements are as follows:

1. The start of the first data field is indicated by a colon. After the last data field, a semicolon must be punched to indi-
cate the end. All data fields are to be punched in consecutive order, starting with data field 00H (all addresses low).

2. Two hex characters must be used to represent the data field of both N word x 8-bit and N word x 4-bit devices. For an
8-bit data field, the high order data is represented by the left justified character of the pair. Either character of the pair
may be used to represent the word field of a N word x 4-bit device, however, it must be consistent throughout the word
field. The other character may be any hex character.

A field of "don't care" data is allowed. Data after a field of "don't care" will be programmed starting at an address
location enclosed in parentheses. In the following example, data is entered in addresses 00H to 05H , followed with
"don't care" from addresses 06 H to 25H , data being entered again starting at address location 26h, and followed with
"don't care" data to the last address location.

|:|
j70F2145100FF

||
(26)

l|
7B0890F1

| |
;,

?
Start Character Data Fields from

Address 00h to 05h

Address Location

where Data is to be

Programmed

Data Fields from
Address 26h to 2Ah

End Character

3. The x character may be used to rubout any erroneous character(s). The # character may be used to rubout an entire

line up to the previous carriage return.

4. Spaces are allowed only between separate word fields.

5. After each 72 characters, a carriage return followed by a line feed should be punched to allow a print-out of the tape.

6. Comments must be placed only between the tape leader and the start of the first data field.

C. Computer Punched Card Format

The following general format is applicable to the programming information sent on computer punched cards:

1. An 80 column Hollerith card (interpreted) punched on an IBM 026 or 029 keypunch should be submitted.

2. A single deck must consist of a Title Card followed by the data cards. There will be N/8 or N/14 data cards for N words
x 8-bit and N words x 4-bit devices, respectively, in the PN format.

For the Intellec Hex format, there will be N/32 data cards for both N words x 8-bit and N words x 4-bit devices, and
one end of file card.

CI. Intellec Hex Computer Punched Card Format

Two hex characters must be used to represent data for both a N word x 8-bit and N word x 4-bit device. For the latter, only
one of the characters is meaningful and must be specified on the Intel PROM/ROM Order Form. The entire data field for all

bits must be punched even if it is "don't care".

i ii i

I HI III

|iiii|||ioiii|:igti|:iiin

innmnlillnmnl)

CUSTOMER'S
DIVISION OR CUSTOMER'S
LOCATION P/N

DECIMAL NUMBER INDICATING
THE TRUTH TABLE NUMBER

NO OF OUTPUTS

INTEL
P/N

I I I I I II II

I I I I I

Column Data

1 Punch a T
2-3 Blank

4-28 Customer Con- pany Name
29-30 Blank

31-50 Customer's Company Division or location

51-52 Blank

53-61 Customer Part Number
62-63 Blank

64-72 Punch the lot 1 4-digit basic part number and

in ( 1 thenumber ot output bits, e.g., 2708

(8), 2316 (81. or 3605 (41

73-74 Blank

75-76 Chip number for ROMs with programmable

chip select inputs If not applicable, leave

blank

77-78 Blank

79-80 Punch a 2-digit decimal number to indicate

truth table number. The first truth table

will be 00. econd 01. third 02, etc
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a. N word x 8-bit device

Column Data

1 Record mark: A colon is used to signal the

start of a record.

2-3 Record length: This is the count of the actual

data bytes in the record. Column 2 con-

tains the high order digit of the count,

Column 3 contains the low order digit. A
record length of zero indicates end of file.

All frames containing data will have a

maximum record length of 10hex bytes

(16 decimal).

4—7 Load address: The four characters starting

addresses at which the following data will

be loaded. The high order digit of the load

address is in Column 4 and the low order

digit is in Column 7. The first data byte is

stored in the location indicated by the load

address. Successive data bytes are stored in

successive memory locations. ROMs con-

taining more than 16 bytes of data will use

two or more records or cards to transmit

the data. Although the load address for the

beginning record need not be 0000, each

subsequent load address should be "10h"
(16 decimals) greater than the last.

8-9 Record type: A 2-digit code in this field speci-

fies the type of this record. The high order

digit of this code is located in Column 8.

Currently, all data records are type 0. End-

of-file records will be type 1; they are dis-

tinguished by a zero RECORD LENGTH
field (see above). Other possible values for

this field are reserved for future expansion.

10-73 Data

75—75 Checksum: Same as paper tape format.

76-78 Blank

79—80 Punch same 2-digit decimal number as in Title

Card.

b. N word x 4-bit device

This format is identical to the previously documented 8-bit hexadecimal format with the following exceptions:

Column Data

10—73 Each memory location is represented by two
columns containing the characters 0—9,

A— F. Since this is 4-bit data, the user must

indicate which character of each pair is to

be used as valid data. A single deck must be

submitted without mixing first and second

characters of the pair.
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C2. PN Computer Punched Card Format

A word field consists of only P's and N's. A punched P will result in an output high level and a punched N in an output low
level. The B and F characters, unlike the paper tape format, are illegal characters. The entire data field for all bits must be
punched even if it is "don't care". The data field must begin in consecutive order, starting with address (all addresses
logically low).

TITLE CARD
DESIGNATION

CUSTOMER'S
COMPANY NAME

CUSTOMER'S
DIVISION OR CUSTOMER'S
LOCATION P/N

DECIMAL NUMBER INDICATING
THE TRUTH TABLE NUMBER

NO. OF OUTPUTS
4 or 8

INTEL
P/N

r.v*?

I II II I

I III III

I e 1 1 1 J f. N 1 T 1 1 1 1 1 n

I I I I I II II I

I I I I I

D 1 J 1 Dl P u n H 1 « ' ! '
' ? (I D J I! e U r ' I ' » C t C »f 5 1

1

i i i i i i i i i ; M i : :
':

i i
: i > i i ' ; i

'
; : i n i

1
1 r 1 1 i i| !| ! : 1 1 i i

; i i : i

'

1
1 1 h ; i i l i i i i !

i
; m : i i : i

? ; 7 ; 7 n ; 77 ? 7 ; 7 ? ; ;n I 7 7 2 ; ; 2 ? 7 ; 2 1 u ; 1 7 ; 7 2 7 2 2 7 7 7 7 ;;i: i 77777 r 7 7 I ; ; i ; r 7 7 7 r 7 7 7 2 n 7 2 7? 7

13! :.' 3 3 33.'IWM !B|3 3|33 3313133 113333|!3||33?.'|; 13)3333! !!?3| 3333! '||133 3351' ! 33

HliltlH4niHUHUilUHIUnHHlHIHIIIJHIIfininllU|Jn(li((|ltil({Jil

SSSSMSSS|S|SSSS|iSSSSi5SSSSSSSSSSSS|lS5SSSSS jSSSSlSMiliiSSSJIllSSM. ;s|S|\ :.ss>s

l(lMS«mtl(H|6tH(8|Mi«f(lUl8(tltlSSS(tft(US|S((SS«H^'.i';Sttt'SS( c 6Miilt(

;: 1 1 :li ; n i ;!;;;;; n : i n%n i n I n I :: 1 1 1 1 n 1 1 n 1 1 1 1 n i ; n ; i n ;: i ; i ; i ;:; i ; 1 1 i ;i ; i

;

>>rwl|M!li«Ill!Pl||||l!IM!llll!llllllillll!llt>MIIMI"",'- li'> : >!|||i>i|«'

l.l'..ii|!l:'.i<|ii|iii|||ti!)l<t||>llll!!!<!|!!;il|<1l" , !" , ' : '''''"'"l''' ,11 <''''

Column Data

1 Punch a T
2-3 Blank

4-28 Customer Company Name
29-30 Blank

31-50 Customer's Company Division or location

51-52 Blank

53-61 Customer Part Number
62-63 Blank

64-72 Punch the Intel 4-diqit basic part number and
in ( ) the number c>l output bits; e.g., 2708

(8), 2316 (8), n. 3605(4)
73-74 Blank

75-76 Chip number foi ROMs with programmable

chip select inputs. H not applicable, leave

blank.

77-78 Blank

79-80 Punch a 2-diqit decimal i-'imber to indicate

truth table number. The first truth tabic

will be 00, second 01. third 02. etc.

Title Card Format.

For a N words X 4-bit organization only, cards 2 and

those following should be punched as shown. Each card

specifies the 4-bit output of 14 words.

DECIMAL WORD
ADDRESS BEGINNING
EACH CARD

, I , .,

MSB—]

14 DATA FIELDS

t r.t liUNh f-f-f-f H*F F'F'Iti tr-f'H H.

DECIMAL NUMBER
INDICATING THE

TRUTH TABLE NUMBER

X
hU( fHh! tfn; uuu-

mi mi mi mi mi mi mi mi nn mi mi mi mi mi
lllll r> ' o

i

r 1 ' '• * ? " o " "

»

''• * o it o o o i)

o
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Column Data

1-5 Punch the 5 digit decimal equivalent of the

binary coded location which begins each
card. The address is right justified, '.c..

00000, 00014, 00028. etc.

6 Blank
7-10 Data Field

11 Blank
12-15 Data Field

16 Blank

17-20 Data Field

21 Blank

22-25 Data Field

26 Blank

27-30 Data Field

31 Blank

32-30 Data Field

36 Blank

37-40 Data Field

41 Blank
42-45 Data Field

46 Blank

47-bO Data Field

51 Blank

52-55 Data Field

56 Blank

57-60 Data Field

61 Blank

62-65 Data Field

66 , Blank

67-70
|
Data Field

71
j
Blank

72-75 1 Oa»a Field

76-78 B lank

79-80 Punch same 2 digit decimal number as In

title cant.
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For a N words X 8-bit organization only, cards 2 and

those following should be punched as shown. Each card

specifies the 8-bit output of 8 words.

LSB —

i

MSB —

i

DECIMAL WORD
ADDRESS BEGINNING
EACH CARD 8 DATA FIELDS

DECIMAL NUMBER
INDICATING THE

TRUTH TABLE NUMBER
1 rH

rrr-—M,n,i,t.i,ii c-fffnuhf fn.nr.hfh F-FFuriFF-it 't-nhhFF' nhhmiFFF- huffwihF l-Nnf-Fhi* uu

llllllll 11111111 llllllll llllllll llllllll lll'lllll llllllll llllllll

lllll 1 ! DO D 1 1 1 ) D 10 D D II D 1 D 1 1 II

J i ii i i i 1 1 1 1 1 ii'i 1 1 ill i'i i'i'm ii'n i'":'"]" i" m'i Ti'i'i iTiTi'i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1

jnuuiiiiiiininiiiuiniinniiniiinuuiiiiniuiiiunmiiitininiini

3 ] 3 3 )) 3 ] 3 1 j 3 3 3 3 33 3 3 3 3 3 3 1 3 ? J J J 1 3 3 3 J 3 J 3 J 3 3 3 ) 3 3 3 3 J ) 3 3 3 J 1 3 1 3 3 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 3 3 3 J 3

MM t I t M M I M M Ml

smssililllllsmslll'.sisllll , : , I , . 1 5J I = 1 1 1 • I : i , 1 1 I
H

", - = = ^

; b t s S U t b 1 b f, i b S S 1 1 [ S (

(

i i C b t b t b it i S i I J I i 1 i S 1 1 S 1 » i i i S I i S i i i S i i i i i i i i S S S ( i i 1 1 U 6 6 i

i IP llll I II II III II II III III II II II •

H I S I 1 1 f I P :. t 1 1 1 H I I ! ! 1 1 1 I fm 1 1 I f ! 1 1 1 1 1 • I I 1 1 f I I I i S ( I M I i ! i I I S I ( i I I ! I i ! E ! I i II 8 S ! i

il,..i-,-,nnu,'.-,niu!i-,v.HHnijj)5!i!nlst))! ,'ii"' ,I ' ; '-'"''''M!'<liinii))H

Column Data

1-5 Punch the 5 digit decimal equivalent of the

binary coded location which begins each

card. The address Is right justified, i.e..

00000. 00008, 000 1 6, etc.

6 Blank

7-14 Data Field

15 Blank

16-23 Data Field

24 Blank

25-32 Data Field

33 Blank

34-41 Data Field

42 Blank

43-50 Data Field

51 Blank

52-59 Data Field

60 Blank

61-68 Data Field

69 Blank

70-77 Data Field

78 Blank

79-80 Punch same 2 digit decimal number as in

title card. |

D. Custom PROM/ROM Order Forms

All orders for PROMs/ROMs which are to be electrically or mask programmed at Intel must be submitted with the order

forms shown on the following pages. Additional forms are available from Intel Literature Department, 3065 Bowers Ave.,

Santa Clara, California 95051.

The order forms for the individual PROMs/ROMs are listed in Table II below.

Table II

PROM/ROM Order Form

Part Number Number

MOS EPROMs A
8741, 8748,8755 A

2316E, 8316A, 8316AL, 2616 B

2332, 2364 B

8041,8048 C

2608, 8308 D

8355 E

Bipolar PROMs F
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II. MOSEPROMs
A. Erasure Procedure

As stated in the EPROM related data sheets, the recommended erasure procedure to use with EPROMs is to illuminate the
window with a UV lamp which has a wavelength of 2537 Angstroms (A). The data sheets specify a distance of 1 inch and
erase times of 10-45 minutes, depending on the type of device and UV lamp. Actually, the amount of time required to erase
a device can be concisely stated in terms of the amount of UV energy incident to the window, expressed in Watt-seconds per
square centimeter (W-sec/cm2 ). Table III lists the required integrated dosgae (UV intensity X exposure time) for the EPROMs
currently in production by Intel.

Table III. Required Erase Energy for Device Types

Device Type 2537A Erase Energy

1702A/4702A 6 W-sec/cm 2

2708/8708 15 W-sec/cm 2

2716 15 W-sec/cm 2

8748 15 W-sec/cm 2

8755 15 W-sec/cm 2

The erase energy expressed in Table III includes a guardband to ensure complete erasure of all bits. It is not sufficient to

monitor "first bit" erasure to determine erasure time, as some other bits in the array may not be erased.

A1. UV Sources

There are several models of UV lamps that can be used to erase EPROMs (see Table IV). The model numbers in the table refer

to lamps manufactured by Ultra Violet Products of San Gabriel, California. In addition, there are several other manufacturers,
including Data I/O (Issaquah, Wash.), PROLOG (Monterey, Calif.). Prometrics (Chicago, III.), and Turner Designs (Mt. View,
Calif.). The individual manufacturers should be consulted for detailed product descriptions. Also shown in the table are

typical erase times for various combinations of Intel PROMs and lamp intensities.

Table IV.

Model Power Rating

Minimum Erase Time for Indicated Dosage

Without a Filter Over the Bulb

6 W-sec

1702A,

4702A

15 W-sec

2708, 8708, 8755

2716, 8748

R-52 13000/iW/cm 2 7.7 min 19.2 min

S-52 12000/nW/cm2 8.3 min 20.7 min

S-68 12000MW/cm2 8.3 min 20.7 min

UVS-54 5700 /iW/cm 2 17.5 min 43.8 min

UVS-11 5500 /iW/cm2 18.2 min 45.6 min

According to the manufacturers, the output of the UV lamp bulbs decrease with age. The output of the lamp should be
verified periodically to ensure that adequate intensities are maintained. If this is not done, bits may be partially erased which
will interfere with later programming and/or operation at high temperature.

For lamps other than those listed, the erase time can be determined by using a UV intensity meter, such as the Ultra Violet

Products Model J-225. When a meter is used, the intensity should be measured at the same position (distance from the lamp)

as the EPROMs to be erased. This will require careful positioning to insure that the sensor will receive the same amount of

UV light that the window of the EPROM will receive.

The sensors used with most UV intensity meters show reduced output with constant exposure to UV light. Therefore, they

should not be permanently placed inside the erasure enclosure, they should only be used for periodic measurements.
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3065 Bowers Avenue
Santa Clara, California 95051

Tel: (408) 987-8080
TWX: 910-338-0026

TELEX: 34-6372

ALABAMA
Intel Corp.
3322 S. Parkway, Ste. 71

Holiday Office Center
Huntsville 35802
Tel: (205) 883-2430

Glen White Associates
3502 9th Avenue
Huntsville 35805
Tel: (205) 883-9394

tPen-Tech Associates, Inc.

Holiday Office Center
3322 S. Memorial Pkwy.
Huntsville 35801
Tel: (205) 533-0090

ARIZONA
Intel Corp.
8650 N. 35th Avenue, Suite 101

Phoenix 85021
Tel: (602) 242-7205

tBFA
4426 North Saddle Bag Trail

Scottsdale 85251
Tel: (602) 994-5400

CALIFORNIA
Intel Corp.
7670 Opportunity Rd.

Suite 135
San Diego 92111
Tel: (714) 268-3563

Intel Corp.*
1651 East 4th Street

Suite 105
Santa Ana 92701

Tel: (714) 835-9642

TWX: 910-595-1114

Intel Corp.*
15335 Morrison

Suite 345
Sherman Oaks 91403
(213) 986-9510
TWX: 910-495-2045

Intel Corp.*
3375 Scott Blvd.

Santa Clara 95051
Tel: (408) 987-8086
TWX: 910-339-9279

TWX: 910-338-0255

Earle Associates, Inc.

4805 Mercury Street

Suite L
San Diego 92111
Tel: (714) 287-5441

Mac-I
2576 Shattuck Ave.

Suite 4B
Berkeley 94704
Tel: (415) 843-7625

Mac-I
P.O.Box 1420
Cupertino 95014
Tel: (408) 257-9880

Mac-I
P.O. Box 8763
Fountain Valley 92708
Tel: (714) 839-3341

Mac-I
20121 Ventura Blvd., Suite 240E

Woodland Hills 91364
Tel: (213) 347-5900

COLORADO
Intel Corp.*

6000 East Evans Ave.

Bldg. 1, Suite 260

Denver 80222
Tel: (303) 758-8086
TWX: 910-931-2289

tWestek Data Products, Inc.

27972 Meadow Drive

P.O. Box 1355
Evergreen 80439
Tel: (303) 674-5255

Westek Data Products, Inc.

1322 Arapahoe
Boulder 80302
Tel: (303) 449-2620

CONNECTICUT
Intel Corp.
Peacock Alley

1 Padanaram Road, Suite 146

Danbury 06810
Tel: (203) 792-8366
TWX: 710-456-1199

FLORIDA
Intel Corp.
1001 N.W. 62nd Street, Suite 406

Ft. Lauderdale 33309
Tel: (305) 771-0600
TWX: 510-956-9407

Intel Corp.
5151 Adanson Street, Suite 203
Orlando 32804
Tel: (305) 628-2393
TWX: 810-853-9219

U.S. AND CANADIAN SALES OFFICES

FLORIDA (cont.)

tPen-Tech Associates, Inc.

201 S.E. 15th Terrace, Suite F

Deerfield Beach 33441

Tel: (305) 421-4989

tPen-Tech Associates, Inc.

111 So. Maitland Ave., Suite 202

Maitland 32751

Tel: (305) 645-3444

GEORGIA
tPen-Tech Associates, Inc.

Suite 305 C
2101 Powers Ferry Road
Atlanta 30339
Tel: (404) 955-0293

ILLINOIS
Intel Corp.*
900 Jorie Boulevard
Suite 220
Oakbrook 60521
Tel: (312)325-9510
TWX: 910-651-5881

INDIANA
Electro Reps Inc.

941 E. 86th Street, Suite 101

Indianapolis 46240
Tel: (317) 255-4147

TWX: 810-341-3217

Electro Reps Inc.

3601 Hobson Rd.

Suite 106
Ft. Wayne 46815
Tel: (219) 483-0518

IOWA
Technical Representatives, Inc.

St. Andrews Building

1930 St. Andrews Drive N.E.

Cedar Rapids 52405
Tel: (319) 393-5510

KANSAS
Technical Representatives, Inc.

8245 Nieman Road, Suite i100

Lenexa 66214
Tel: (913) 888-0212, 3, & 4

TWX: 910-749-6412

KENTUCKY
tLowry & Associates, Inc.

3351 Commodore
Lexington 40502
Tel: (606) 269-6329

MARYLAND
Intel Corp.*
7257 Parkway Drive

Hanover 21076
Tel: (301) 796-7500
TWX: 710-862-1944

Glen White Associates

57 W. Timonium Road, Suite 307

Timonium 21093
Tel: (301) 252-6360

tMesa Inc.

11900 Parklawn Drive

Rockville 20852
Tel: Wash. (301) 881-8430

BaltO. (301) 792-0021

MASSACHUSETTS
Intel Corp."
187 Billerica Road, Suite 14A
Chelmsford 01824
Tel: (617)667-8126
TWX: 710-343-6333

tComputer Marketing, Inc.

257 Crescent Street

Waltham 02154
Tel: (617)894-7000

MICHIGAN
Intel Corp.
26500 Northwestern Hwy.
Suite 401
Southfield 48075
Tel: (313) 353-0920
TWX: 910-420-1212
TELEX: 2 31143

tLowry & Associates, Inc.

135 W. North Street

Suite 4
Brighton 48116
Tel: (313)227-7067

MINNESOTA
Intel Corp.
8200 Normandale Avenue
Suite 422
Bloomington 55437
Tel: (612)835-6722
TWX: 910-576-2867

tDytek North
1821 University Ave.

Room 163N
St Paul 55104

• Tel: (612) 645-5816

MISSOURI
Technical Representatives, Inc.

320 Brookes Drive, Suite 104

Hazelwood 63042
Tel: (314)731-5200
TWX: 910-762-0618

NEW JERSEY
Intel Corp.
1 Metroplaza Office Bldg.

505 Thornall St.

Edison 08817
Tel: (201) 494-5040

TWX: 710-480-6238

NEW MEXICO
BFA Corporation
P.O. Box 1237
Las Cruces 88001
Tel: (505) 523-0601

TWX: 910-983-0543

BFA Corporation

3705 Westerfield, N.E.

Albuquerque 871 11

Tel: (505) 292-1212

TWX: 910-989-1157

NEW YORK
Intel Corp."

350 Vanderbilt Motor Pkwy.

Suite 402
Hauppauge 11787
Tel: (516) 231-3300
TWX: 510-227-6236

Intel Corp.

80 Washington St.

Poughkeepsie 12601

Tel: (914) 473-2303

TWX: 510-248-0060

Intel Corp.
474 Thurston Road
Rochester 14619
Tel: (716)328-7340
TWX: 510-253-3841

tMeasurement Technology, Inc.

159 Northern Boulevard

Great Neck 11021

Tel: (516) 482-3500

T-Squared
4054 Newcourt Avenue
Syracuse 13206
Tel: (315)463-8592
TWX: 710-541-0554

-;T-Squared

2 E. Main
Victor 14564
Tel: (716)924-9101
TELEX: 97-8289

NORTH CAROLINA
tPen-Tech Associates, Inc.

1202 Eastchester Dr.

Highpoint 27260
Tel: (919) 883-9125

Glen White Associates
4021 Barrett Dr.

Suite 12
Raleigh 27609
Tel: (919) 787-7016

OHIO
Intel Corp.*
8312 North Main Street

Dayton 45415
Tel: (513) 890-5350
TWX: 810-450-2528

Intel Corp.*
Chagrin-Brainard Bldg. #201
28001 Chagrin Blvd.

Cleveland 44122
Tel: (216) 464-2736

Lowry & Associates, Inc.

24200 Chagrin Blvd.

Suite 320
Cleveland 44122
Tel: (216) 464-8113

tLowry & Associates, Inc.

1524 Marsetta Drive

Dayton 45432
Tel: (513) 429-9040

tLowry & Associates, Inc.

1050 Freeway Dr., N.

Suite 209
Columbus 43229
Tel: (614) 436-2051

OREGON
ES/Chase Company
4095 SW 144th St.

Beaverton 97005
Tel: (503) 641-4111

PENNSYLVANIA
Intel Corp.*

275 Commerce Dr.

200 Office Center
Suite 212
Fort Washington 19034
Tel: (215)542-9444
TWX: 510-661-2077

tLowry & Associates, Inc.

Seven Parkway Center

Suite 455
Pittsburgh 15520
Tel: (412) 922-5110

tQ.E.D. Electronics

300 N. York Road
Hatboro 19040
Tel: (215) 674-9600

TENNESSEE
Glen White Associates

Rt. #12, Norwood S/D
Jonesboro 37659
Tel: (615)477-8850

Glen White Associates
2523 Howard Road
Germantown 38138
Tel: (901) 754-0483

Glen White Associates
6446 Ridge Lake Road
Hixon 37343
Tel: (615)842-7799

TEXAS
Intel Corp.*
2925 L.B.J. Freeway
Suite 175
Dallas 75234
Tel: (214) 241-9521
TWX: 910-860-5487

Intel Corp.*
6776 S.W. Freeway
Suite 550
Houston 77074
Tel: (713) 784-3400

Mycrosystems Marketing Inc.

13777 N. Central Expressway
Suite 405
Dallas 75243
Tel: (214) 238-7157
TWX: 910-867-4763

Mycrosystems Marketing Inc.

6610 Harwin Avenue, Suite 125

Houston 77036
Tel: (713) 783-2900

Mycrosystems Marketing Inc.

Koger Executive Center
Suite 207
San Antonio 78228
Tel: (512) 735-5073

UTAH
tWestek
3788 Brockbank Drive

Salt Lake City 84117
Tel: (801) 278-6920

VIRGINIA
Glen White Associates
P.O. Box 1104
Lynchburg 24505
Tel: (804) 384-6920

Glen White Associates
Rt. #1, Box 322
Colonial Beach 22443
Tel: (804) 224-4871

WASHINGTON
Intel Corp.
300 120th Avenue N.E.
Bldg. 2, Suite 202
Bellevue 98005
Tel: (206) 453-8086

E.S./Chase Co.
P.O. Box 80903
Seattle 98198
Tel: (206) 762-4824
TWX: 910-444-2298

WISCONSIN
Intel Corp.
4369 S. Howell Ave.

Milwaukee 53207
Tel: (414) 747-0789

CANADA
Intel Corp.
Suite 233, Bell Mews
39 Highway 7, Bell Corners
Ottawa, Ontario K2H 8R2
Tel: (613) 829-9714
TELEX: 053-4419

Intel Corp.
6205 Airport Rd.
Bldg. B, Suite 205
Mississauga, Ontario
L4V 1 E3
Tel: (416) 671-0611
TELEX: 06983574

Multilek, Inc.*

15 Grenfell Crescent
Ottawa, Ontario K2G 0S3
Tel: (613) 226-2365
TELEX: 053-4585

"Field application location
tThese representatives do not offer Intel Components,
only boards and systems.
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3065 Bowers Avenue U.S.
Santa Clara, California 95051
Tel: (408) 987-8080
TWX: 910-338-0026
TELEX: 34-6372

AND CANADIAN DISTRIBUTORS

ALABAMA
tHamilton/Avnet Electronics
4692 Commercial Drive
Huntsville 35805
Tel: (205) 837-7210

Pioneer
1207 Putman Drive NW
Huntsville 35805
Tel: (205) 837-9300

ARIZONA
fHamilton/Avnet Electronics
2615 South 21st Street
Phoenix 85034
Tel: (602) 275-7851

t Liberty/Arizona
8155 N. 24th Avenue
Phoenix 85021
Tel: (602) 249-2232
TELEX: 910-951-4282

CALIFORNIA
fAvnet Electronics

350 McCormick Avenue
Costa Mesa 92626
Tel: (714) 754-6111

fHamilton/Avnet Electronics
1175 Bordeaux Drive
Sunnyvale 94086
Tel: (408) 743-3355

fHamilton/Avnet Electronics
8917 Complex Drive
San Diego 92123
Tel: (714) 279-2421

fHamilton Electro Sales
10912 W. Washington Boulevard
Culver City 90230
Tel: (213) 558-2121

tLiberty Electronics
124 Maryland Street
El Segundo 90245
Tel: (213) 322-5059
TWX: 910-348-7140

fLiberty/San Diego
8284 Mercury Court
San Diego 92111
Tel: (714) 565-9171
TELEX: 910-335-1590

fElmar Electronics

2288 Charleston Road
Mountain View 94040
Tel: (415) 961-3611
TELEX: 910-379-6437

Hamilton/Avnet Electronics
17312 Eastman Street
Irvine 92714
Tel: (714) 979-6864

COLORADO
tElmar/Denver
6777 E. 50th Avenue
Commerce City 80022
Tel: (303) 287-9611
TWX: 910-936-0770

fHamilton/Avnet Electronics
5921 No. Broadway
Denver 80216
Tel: (303) 534-1212

CONNECTICUT
fCramer/Connecticut
12 Beaumont Road
Wallingford 06492
Tel: (203)265-7741

fHamilton/Avnet Electronics
643 Danbury Road
Georgetown 06829
Tel: (203) 762-0361

fHarvey Electronics

112 Main Street
Norwalk 06851
Tel: (203)853-1515

FLORIDA
Arrow Electronics
1001 N.W. 62nd Street
Suite 402
Ft. Lauderdale 33309
Tel: (305) 776-7790

Arrow Electronics
115 Palm Bay Road, NW
Suite 10
Palm Bay 32905
Tel: (305) 725-1480

fHamilton/Avnet Electronics
6800 Northwest 20th Ave.
Ft. Lauderdale 33309
Tel: (305) 971-2900

fPioneer
6220 S. Orange Blossom Trail

Suite 412
Orlando 32809
Tel: (305) 859-3600

Hamilton/Avnet
3197 Tech. Drive N.

St. Petersburg 33702
Tel: (813) 576-3930

GEORGIA
Arrow Electronics
3406 Oak Cliff Road
Doraville 30340
Tel: (404) 455-4054

fHamilton/Avnet Electronics
6700 I 85, Access Road, #11
Norcross 30071
Tel: (404) 448-0800

ILLINOIS

fCramer/Chicago
1911 So. BusseRd.
Mt. Prospect 60056
Tel: (312) 593-8230

fHamilton/Avnet Electronics
3901 No. 25th Ave.
Schiller Park 60176
Tel: (317) 849-7300

Pioneer/Chicago
1551 Carmen Drive
Elk Grove Village 60006
Tel: (312)437-9680

INDIANA

fPioneer/lndiana
6408 Castleplace Drive
Indianapolis 46250
Tel: (317) 849-7300

Sheridan Sales
8790 Purdue Road
Indianapolis 46268
Tel: (317)297-3146

KANSAS
fHamilton/Avnet Electronics
9219 Quivira Road
Overland Park 66215
Tel: (913)888-8900

MARYLAND
fHamilton Avnet
P.O. Box 647,
BWI Airport

7235 Standard Drive
Hanover 21076
Tel: (301) 796-5684

fPioneer/Washington
9100Gaither Road
Gaithersburg 20760
Tel: (301)948-0710
TWX: 710-828-0545

MASSACHUSETTS
tCramer Electronics Inc.

85 Wells Avenue
Newton 02159
Tel: (617) 969-7700

MASSACHUSETTS (continued)

fHamilton/Avnet Electronics
50 Tower Office Park
Woburn 01801
Tel: (617)273-7500

MICHIGAN
fSheridan Sales Co.
24543 Indoplex Circle

Farmington Hills 48024
Tel: (313)477-3800

f Pioneer/Michigan
13485 Stamford
Livonia 48150
Tel: (313) 525-1800

fHamilton/Avnet Electronics
32487 Schoolcraft Road
Livonia 48150
Tel: (313) 522-4700
TWX: 810-242-8775

MINNESOTA
t Industrial Components
5280 West 74th Street
Minneapolis 55435
Tel: (612)831-2666

fCramer/Bonn
5424 Edina Industrial Blvd.
Edina 55435
Tel: (612)835-7811

fHamilton/Avnet Electronics
7449 Cahill Road
Edina 55435
Tel: (612)941-3801

MISSOURI
fHamilton/Avnet Electronics
364 Brookes Drive
Hazelwood 63042
Tel: (314) 731-1144

Sheridan Sales
220 S. Hwy67, Suite 10
Florissant 63031
Tel: (314)837-5200

NEW JERSEY
Arrow Electronics
Pleasant Valley Avenue
Moorestown 08057
Tel: (215) 928-1800

Arrow Electronics
285 Midland Avenue
Saddlebrook 07662
Tel: (201) 797-5800

fHamilton/Avnet Electronics
10 Industrial Road
Fairfield 07006
Tel: (201) 575-3390
TWX: 710-994-5787

fHarvey Electronics
45 Route 46
Pinebrook 07058
Tel: (201) 227-1262

fHamilton/Avnet Electronics
113 Gaither Drive
East Gate Industrial Park
Mt. Laurel 08057
Tel: (609)234-1233
TWX: 710-897-1405

NEW MEXICO
Alliance Electronics Inc.

11728 Linn Ave., N.E.
Albuquerque 87123
Tel: (505) 292-3360

fHamilton/Avnet Electronics
2524 Baylor Drive, S.E.
Albuquerque 87119
Tel: (505)765-1500

fMicrocomputer System Technical Demonstrator Centers
"Microcomputer Systems Spares Order Point
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3065 Bowers Avenue U.S.
Santa Clara, California 95051

Tel: (408) 987-8080
TWX: 910-338-0026
TELEX: 34-6372

NEW YORK
Harvey Electronics

P.O. Box 1208
Binghampton 13902
Tel: (607)748-8211

Arrow Electronics

900 Broad Hollow Road
Farmingdale 11735
Tel: (516) 694-6800

tCramer/Rochester
3000 South Winton Road
Rochester 14623
Tel: (716) 275-0300

fHamilton/Avnet Electronics

167 Clay Road
Rochester 14623
Tel: (716) 442-7820

fCramer/Syracuse
6716 Joy Road
East Syracuse 13057
Tel: (315)437-6671

fHamilton/Avnet Electronics

16 Corporate Circle

E. Syracuse 13057
Tel: (315)437-2641

fHamilton/Avnet Electronics

70 State Street

Westbury, L.I. 11590
Tel: (516)333-5800
TWX: 510-222-8237

fHarvey Electronics

60 Crossways Park West
Woodbury 11797
Tel: (516)921-8700

NORTH CAROLINA
Pioneer/Carolina
2906 Baltic Avenue
Greensboro 27406
Tel: (919) 273-4441
TWX: 510-925-1114

fHamilton/Avnet Electronics

2803 Industrial Drive
Raleigh 27609
Tel: (919) 829-8030

Arrow Electronics

1377-G S. Park Drive

Kernersville 27284
Tel: (919) 996-2039

OHIO
fSheridan Sales Co.
2501 Neff Road
Dayton 45414
Tel: (513) 223-3332

Sheridan Sales Co.
23224 Commerce Park Road
Beachwood 44122
Tel: (216) 831-0130

fHamilton/Avnet Electronics

954 Senate Drive

Dayton 45459
Tel: (513)433-0610
TWX: 810-450-2531

f Pioneer/Dayton
1 900 Troy Street

Dayton 45404
Tel: (513) 236-9900

fSheridan Sales Co.
P.O. Box 37856
Cincinnati 45222
Tel: (513) 761-5432
TWX: 810-461-2670

f Pioneer/Cleveland
4800 E. 131st Street

Cleveland 44105
Tel: (216) 587-3600

fHamilton/Avnet Electronics

761 Beta Drive, Suite E
Cleveland 44143
Tel: (216) 461-1400

AND CANADIAN DISTRIBUTORS

OHIO (continued)

fSheridan Sales Co.
701 Beta Drive

Mayfieldville 44143
Tel: (216) 461-3300

OKLAHOMA
fComponents Specialties, Inc.

7920 E. 40th Street

Tulsa 74145
Tel: (918) 664-2820

OREGON
fAlmac/Stroum Electronics

4475 S.W. Scholls Ferry Rd.

Portland 97225
Tel: (503) 292-3534

PENNSYLVANIA
fSheridan Sales Co.
4297 Greensburgh Pike, Suite 3114
Pittsburgh 15221

Tel: (412) 351-4000

Pioneer/Pittsburgh
560 Alpha Drive

Pittsburgh 15238
Tel: (412) 782-2300

Pioneer/Delaware Valley

141 Gibraltar Road
Horsham 19044
Tel: (215) 674-4000
TWX: 510-665-6778

TENNESSEE
fSheridan Sales Co.

6900 Office Park Circle

Knoxville 37919
Tel: (615) 588-5836

TEXAS
Component Specialties Inc.

8330 Burnett Road, Suite 101

Austin 78758
Tel: (512)459-3308

fCramer Electronics

13740 Midway Road
Dallas 75240
Tel: (214)661-9300

fHamilton/Avnet Electronics

4445 Sigma Road
Dallas 75240
Tel: (214) 661-9300

fHamilton/Avnet Electronics

3939 Ann Arbor
Houston 77063
Tel: (713) 780-1771

fComponent Specialties, Inc.

10907 Shady Trail, Suite 101

Dallas 75220
Tel: (214) 357-6511

fComponent Specialties, Inc.

8585 Commerce Park Drive, Suite 590
Houston 77036
Tel: (713)771-7237

UTAH
fHamilton/Avnet Electronics

1585 West 2100 South
Salt Lake City, 84119
Tel: (801) 972-2800

WASHINGTON
fHamilton/Avnet Electronics

14212 N.E. 21st
Bellevue 98005
Tel: (206)746-8750

fAlmac/Stroum Electronics
5811 Sixth Ave. South
Seattle 98108
Tel: (206) 763-2300

WASHINGTON (continued)

fLiberty Electronics

1750 132nd Avenue NE
Bellevue 98005
Tel: (206) 763-8300

WISCONSIN
Arrow Electronics

434 W Rawson Avenue
Oak Creek 53154
Tel: (414) 764-6600

fHamilton/Avnet
2975 Moorland Road
New Berlin 53151
Tel: (414) 784-4510

CANADA

ALBERTA
fL. A. Varah Ltd.

4742 14th Street N.E.

Calgary T2E 6L7
Tel: (403) 276-8818
Telex: 13 825 89 77

BRITISH COLUMBIA
fL.A. Varah Ltd.

2077 Alberta Street

Vancouver V5Y 1C4
Tel: (604)873-3211
TWX: 610-929-1068
Telex: 04 53167

Zentronics
8325 Fraser Street

Vancouver V5X 3X8
Tel: (604) 325-3292
Telex: 04-5077-89

MANITOBA
L. A. Varah
1-1832 King Edward Street

Winnipeg R2R 0N1
Tel: (204) 633-6190

ONTARIO
fL.A. Varah, Ltd.

505 Kenora Avenue
Hamilton L8E-3P2
Tel: (416) 561-9311

TELEX: 061-8349

fHamilton/Avnet Electronics

3688 Nashua Drive, Units G & H
Mississauga L4V IM5
Tel: (416) 677-7432
TWX: 610-492-8867

fHamilton/Avnet Electronics

1735 Courtwood Cresc.

Ottawa K2C 3J2
Tel: (613) 226-1700
TWX: 610 562-1906

fZentronics
141 Catherine Street

Ottawa, Ontario K2P 1C3
Tel: (613) 238-6411

fZentronics
99 Norfinch Dr.

Downsview, Ontario M3N 1W8
Tel: (416) 635-2822
Telex: 02-021694

QUEBEC
fHamilton/Avnet Electronics

2670 Paulus Street

St. Laurent H4S1G2
Tel: (514)331-6443
TWX: 610-421-3731

Zentronics
8146 Montview Road
Town of Mt. Royal
Montreal H4P 2L7

fMicrocomputer System Technical Demonstrator Centers
'Microcomputer System Spares Order Point



HEXADECIMAL INSTRUCTION CODES
ACCUMULATOR

•ADD A,R
r 6*

• ADD A,@R0 60
R1 61

• ADD A,#data 03
• ADDC A,R

r
7*

• ADDC A,@R0 70

R1 71

• ADDC A,#data 13

ANL A,R
r 5*

ANL A,@RO 50
R1 51

ANL A,#data 53
ORL A,R

r
4*

ORL A,@R0 40
R1 41

ORL A,#data 43
XRL A,R

r D*
XRL A,@R0 DO

R1 D1
XRL A,#data D3
INC A 17

DEC A 07

CLR A 27

CPL A 37
RL A E7

• RLC A F7
RR A 77

• RRC A 67

• DA A 57

SWAP A 47

DATA MOVES

MOV A,R r F*

MOV A, fa RO F0

R1 F1

MOV A,#data 23
MOV R r , A A.

MOV @R0,A A0
R1,A A1

MOV R
r
,#data B*

MOV @R0,#data B0
R1,#data B1

XCH A,R
r

2*

XCH A,@R0 20

R1 21

XCHD A,@R0 30
R1 31

MOV A.PSW C7
• MOV PSW.A D7
MOVX A,@R0 80

R1 81

MOVX @R0,A 90

R1.A 91

MOVP3 A,@A E3

MOVP A,@A A3

REGISTER

INC R r

DEC R r

INC @R0
R1

DJNZ R
r

, addr

FLAGS

•CLR C
•CPL C
CLR F0

CPL F0

CLR F1

CPL F1

BRANCH

JMP addr

JMPP @A
DJNZ R

r
,addr

JC addr

JNC addr

JZ addr

JNZ addr

JT0 addr

JNTO addr

JT1 aadr

JNT1 addr

JFO addr

JF1 addr

JTFaddr
JNI addr

JBO addr

JB1 addr

JB2 addr

JB3 addr

JB4 addr

JB5 addr

JB6 addr

JB7addr

TIMER

MOV A,T

MOV T,A

STRT T

STRT CNT
STOP TCNT
EN TCNTI
DIS TCNTI

1*

c*

10

11

E*

97

A7
85

95

A5
B5

t4

B3
E*

F6

E6

C6
96

36

26

56

46

B6
76

16

86

12

32

52

72

92

B2
D2
F2

42

62

55

45

65

25

35

CONTROL

EN I 05

DIS I 15

SEL RBO C5
SEL RB1 D5
SEL MBO E5
SEL MB1 F5

ENTO CLK 75

SUBROUTINE

CALL addr f4
RET 83

RETR 93
° RETI 93

NO OP

NOP 00

input/output:

IN A,P1 09

OUTL P1,A 39

ANL P1,#data 99

ORL P1, #data 89

IN A, P2 OA
OUT L P2, A 3A
ANL P2, #data 9A
ORL P2,#data 8A

INS A, BUS 08

OUTL BUS, A 02

ANL BUS, #data 98

ORL BUS, #data 88

movda.pp o:

MOVD Pp,A 3*.

ANLD Pp,A 9*.

ORLD Pp,A 8*.

° OUTL Po,A 90
° IN A, Po 08

A/D

° SEL AN0 85
° SEL AN1 95
° RAD 80

= Carry Flag Affected

= See Table 1

= 8021 or 8022 only

See Table 2

See Table 3



TABLE 1 . REGISTER ACCUMULATOR.

Rr MOV A.R MOV R.A XCH A,R MOV R, #DATA INC R DEC R DJNZ R ADD A.R ADDC A.R ANL A.R ORL A.R XRL A.R

RO F8 A8 28 B8 18 C8 E8 68 78 58 48 D8

R1 F9 A9 29 B9 19 C9 E9 69 79 59 49 D9

R2 FA AA 2A BA 1A CA EA 6A 7A 5A 4A DA

R3 FB AB 2B BB 1B CB EB 6B 7B 5B 4B DB

R4 FC AC 2C BC 1C CC EC 6C 7C 5C 4C DC

R5 FD AD 2D BD 1D CD ED 6D 7D 5D 4D DD
R6 FE AE 2E BE 1E CE EE 6E 7E 5E 4E DE

R7 FF AF 2F BF 1F CF EF 6F 7F 5F 4F DF

TABLE 2. INPUT/OUTPUT.

Port IN OUT AND OR

BUS 08 02 98 88

P1 09 39 99 89

P2 0A 3A 9A 8A

P4 OC 3C 9C 8C
P5 OD 3D 9D 8D
P6 OE 3E 9E 8E

P7 OF 3F 9F 8F

TABLE 3. BRANCH.

Page JMP CALL

04 14

1 24 34

2 44 54

3 64 74

4 84 94

5 A4 B4

6 C4 D4

7 E4 F4

Page = 256 bytes

MCS-48™ DATA TRANSFER INSTRUCTIONS

EXPANDER
I/O PORTS '

PROGRAM
MEMORY
l-dtti)

MOVO
ANLO
ORLO

a
DATA

MEMORY

WORKING REG

a
<±

ADO
MOV
MOVP
M0VP3
ANL
ORl
XRL

MOV
ADO
ANL
ORL
XRL
XCH

7%

1Z

<n

MOV
ADD
ANL
ORL
XRL
XCH
XCHD

ik
ACCUMULATOR

TIMER
COUNTER

ANL
ORL

:>

7^

±Z

PROGRAM
STATUS WORD

ON CHIP I/O

PORTS 1.2. BUS

EXTERNAL
MEMORY
AND
PERIPHERALS

(8) llll II) _J

DATA RAM

I*

STACK FORMAT
PROGRAM

STATUS WORD (PSW)

LOW (EVEN)

LOCATION

PSW
7

I

PSW

I

4
PC11

1

PCI

I

PC 7

1 1 1

PCO

1 1 ,.1. ,..,

SAVED IN STACK STACK POINTER

C AC FO BS 1 s 2 Si So

C CARRY
AC AUXILIARY CARRY
FO FLAGO
BS REGISTER BANK SELECT



NOTES:



intel

Sanla CU.a. O.-I-IO."

Tel: (ioe; 9B?-i;:'! :
::-

'vex- 9-; -1:15-0026

TELEX: 34-637 3.

INTERNATIONAL SALES AND MARKETING OFFICES I
@

EUROPEAN MARKETING OFFICES

BELGIUM
nEol Inlernel.onal Corp.. S.A."

Rou du Moilkl a F-sc-ie' 51

Boite 1

D-1160 arussels
Tel: .021 660 30 10

TELFX: 24S14

FRANCE
n;ol Co:pufal in. S A.H/.

"

5 Place da la Baiar.cc

Sili t-223
: i:.:-:l Rungia :...:

Tel: (01) 667 22 21

TELEX: 270475

ORIENT MARKETING OFFICE

JAPAN
Intel Jap;n CflipQfalion"

r- ov.-Cf Hil.-Sl.iia.acl.i ins: 6ldg.

1-23-B, sninnvacJii, Setagsya-iw

Tokyo 154

Tal: (03! 426-92«1

TELEX. 78 1 -234 26

K QH Eft

Koram Digital

Room 411 AMI Bidg.

494 2-GA Hoahyun-Dong.
Chung-Ku Seoul

Tel: E3-iia
-c-=.X.HANSINTX23542

ISRAEL
I -I'! I So. i

' .-:.-- "d i::!>:>r ! I:.
:

.

PO Boy 1659

Mk
Tel- jre/459 4261
TFLEX- 92246M1

NETHERLANDS
n'ljl Ri>:r.k£.|idJClor Nr-ttrl.vitj B.V.

CometongebOuW
.Vcs'b:*akloa
301:2 Km Rultakdam
I8I-(10)H9122
TELEX; ?2IS3

SCANDINAVIA
Intel Denmark A/K'
Lyngbirve| 32 2nd Floor

\:k-9\*" C:>pe Tiacen East

Tel: «i) if Kt 00

TELEX: v«j*T

Intel Sweden AP,"

Hon 20O92
Fn"ghe1±vacien. £

S-lfl1!0Bmmma
Swnden
T*l: (BBJSS 53 90
TELEX: 1 2261

INTERNATIONAL. DISTRIBUTORS

AUSTRALIA
AJ.F Sytlema & Components
PTV. LTD.
44 Prospect Rd.

Prospect 5062
Soain AualnU 17005
Tal: 2*8-1244
TELEX: 82635

AJ.F. Syatems a\ CoT>ponens
PTY LTD.
89 DmrlHi SI.

Ruin. NSW. 3112
Te«. 10?| S07-6B7S
TELEQ: 24906

A.J.F. Syslema * Component*
PTV Lie.
:;';• Queen Si. Me bournr,
Victoiu 300:-

Tel: |'03| 679-702
TELEX; 302 70

Wsrburion Fianki {Sydney! Pty. Lid

l99Parran>a1laRrMd
Ac-burn, N.S.W. 2111

Tel: 648-1711, 640-1341

TFLEX: WARFFHAN AA 222*5

Warh.irhsn Frank. InduStnea
|Mel»DUrne| Ply. Lid.

720 Park S1rae1

Soum MiUwiiriVj vicicria32*S

Tel 899-4999

TELEX: WAflFRAN ftft 31370

WarPurton Frsnki. Plf. Ltd.

322 <jr?nn? Roac. Kidman Pa#k

sol 1
1

''..
: \'i j M2S

Tel 358-7333
TELEX: WARFHAN AA 42908

Wartsunon Tranki (Perth) Ply. Ltd.

98 .(>? D-elgravia 31., Be .men I

vVe.-.lau. A..!:\r.i i j 6" *!

Tel: 346-7000

TELEX: WAR FRAN AA 92905

Warbuflor. Frankl (Brisbane) Ply. Ltd.

13 Chester 51., F-jniiude Valley

Queensland 4006
TELEX: WAHrHAS AA 4-05.3

Warburdloe 0't)£M>n*ll Limited

372 .Ls-E:c-r .;! ley Way
C-alswonrf New f>;julti Wales ZDIi'

Tel: 4013J61
TELES' AA 21299

AUBTHIA
yart-rr ne^t.-ei-i^L-he ceiaetc CrnrMI

flotertrnuigasse 26
A 1IJO Vienna
Tel: IC222) 33 63 96
TELEX: (Otr 153?

flefc-rsr-h Eloktronik Ge.ra.ele GmbH
_:Chtcnslcinr,lr:.n=c 97
A 10^0 VirTno
Tel: |22S) 34 .'616

TELEX: 747S9

BELGIJM
helco Belgium S.A.

Avenue Val CLthesti, 3
R-11B9Druasela
Tel: (0?t 6W 00"
TELEX: 2644

1

BRAZIL
ICDtron S.A.

0S11O-AV. Uulinga 2*50
6 ftndar

"iriiiiba-Sao Hajlo
TBI; 2B1-0211
TELEX: (Oil) 222 ICO BB

COLOMBIA
Video National
^hi.::: "1. H 1. 3-62
":...-::.:. Ad9V6P 27599
Sognla
Tel; M-J7
TFLEX- H3439 VI NAT

DENMABK
I y:fjs:j K0i?p0.1-"l ft'^

"i^f^f^Qn 1

DK-;S« Soborg
Tel- i0,i 67 QO 77
TELE.*: ZZ9»
Suandinayian SemJCon^iucinT

Supply A/a
Nanna&sade i9

P-; ?':~ C::;.in ::i ;0n N
Tel: (01) 63 SO 90
TFI FX: 19037

FINLAND
Oy Finhnnic AH
Lofl n nrc-l inkatu 35D
SF0019D
Helsinki -5.

Tel. (B0;. 501155
TFLCX:1231D7

Oy Soflplnn AB
Erollajankjlu 9A
SH'-CCIOO liuhir.ki. TO
Tel: 60-644306
TELEX: 12»79

FRANCE
Crlci-;

53 R.M! C:;!rf>S F-eiiil

J-;:;..,.) Oe- !:ily

if. if' uu.;-; -j-'! i Jjiiri

rELE-X:ZOtl4.95.F

MelrOl^g:e
La Tour dAinleres
1. Avenue Lauranl Cely
r'?r,^r,-fts-ii««s

T«t: 731 44 41
TELEX: Sit 449 F

Trtkelee AirlfuniC

CiLe dea aiuyenas
Rue Carle Ver/iet

lei. (lio-if 75 36
TELEX. 2D4552:

QEIRM4NV
Alfie-3 N-7V0 Fn^rnch.-iik finibH

Sihillarslrflsae 14

7: ?:.'!::: C:
,i.'iil,lPr---H^ Jnr; u iri

rel:-i04106) 6121

TEiLtX.Df-'Ji«

E or.:i-'.:-;ie
'"00 Vim .- eb-, "i-iib-

r'edrna'kief Suas^n 7#
n anoo Muei- cns.i eo
Tel |*99) 4^4b61
ILLL>: bfibei

Jprmyn fimbH
l-osn'ar- ' TO
OOS7T kamoarg
Te I : IOB43.4) 5D05
TEIE*:iB44JS

htanie
MauplslrasM flB

D-6364 schmitten 2
Tol: I««a212543
TELEX: 416335

HONG KONQ
n-i! nd: S Co.
JB./F Wing ofl Cenlar
Hong Kong
"e-: '5-i50266

TELEX: 747841 Sehmc Hi

INDIA
Mirra Eleclrofiics Imemationai
i
:- s JM.--1MA

Sr.^nrir.agF'

Hyderabad J&MfJ
r.Mi^.::' Mi.zC"SC-HVOERBAD

SCANDINAVIA (L-uiil.niPti;.

Intel Suandinavia A/5
P.O BOX 1SS
N-2O40
Kiofta, Norway
Tel- 47 Z.-98.1CT*

TFLEX; 18014

Intel Scandinavia A/8
'.? lox-T
Scoli-rikitja, 3

i --;:;«;:;

Hfilsink .
Finlpnd

Tel: 3SS 0/55 85 31

TELEX. 123333

ENGLAND
Ir.tsl Corporalion (U.K. I Lid."

R-oadfield Hpuaa
4 Between Towns Hdfid
C-.Milfiy. Oilr..c: C^-1 3M3
Tel: (0B65I 77 1131
TELEX. B372D3

Intel Cl>:n:;;r,i: On I U.K.) Ltd.

5 Hosphal SI reel

Naniwlcn. Chnsh.re CVS 5LJ
Tel : POf701 *2 6S 60
TELEX: 356?b

ISRAEL
basiror.iss Ltd

"

11 Hr>zania buoot
P.O BOX 39300
Tol Aviv 61 390
rer- 47S151
TELEX: 3»3»

ITALY
Eledra JSS.P.A."
Via.e Elvei-a, IB
y;rU v.\ an,

re-(OJ) 349304

1

TELEX: 3933J

Eledra 3SS.P.A.*
Via Paulo Oa.dano. 141 D
10137 Tptino
IEI. ;CH| 3097 T-=7 -30 SI 114

TELEX. Zl«3!
F.ediaaSS.P.A.'
V a Giuseppe Valmarana. 63

C0 139 Hone. Italy

Tn- (06) FJ' 27 290 -81 2" 3JJ

TELFX: 912051

JAPAN
T-:ikyO c'OCtrC" I abp. I::c.

No, 1 HigaariKaia-*4aohi

Midori-Ku vsknnaiT.a 22*

Tel. |045| 4,
• 1-88 11

TRLFX: 761-4773

Flyoyo Ele^lnr Corp.
;.. v-.-i eidg.
1-12-22. Isuklji. 1-Cbnme
Chug-Ku. Tskya 104

lei: (03! 543.771

1

Ni|jp<-:'- t.t cid QoTtp.ile- C:>. Ltd.

Mulsumi Hldg. 4-5-21 Koiiniaehi

:^h y.r.tl.^ <u Tu^yu 102

Tel. (03) 230-0041

KOREA
I t:e-,ve::=d HtO--'L:.l|.: r cl. in.-:

C.P.O. Ro» 4046
-^--ii. Sa«:-j-:;;m$

C!h.i:-(i-KL. Sec. 1
1 'b:..

Te!- 23-5927
CABLE- "LEEWOOD' 1 Sooul

NETHEHLANOS
C.N. Rood HV
Cod Vender
linderalraal. 13
Peslbus 4?
Bi swiix 22 so AA
Tel- 070-996360
TELEX: J1I3fl

InelcQ Neder'and
AFD Elektroiic

Joan Mdyakenweg 22

NL-'09S Amslerdam
Te". IO20I 9348J4
TELEX: 1152Z

NEW ZEALAND
W. K. McLean Ltd.

103 -j
= H:.-.i l-Li:di.!,v Aveii-jft

Glenn I .
- A . ' \ 8

T»l:5S7-037
TELEX: N22763 KOSI-V

NORWAY
Nnrdiak Elikl-oll.k INirOel A/S
Mj^lgds Vei 1

N-Oslo 2
Tab (021 55 24 85
TFLEX: 16983

PORTUGAL
Dilrsra

CrTipnn:!--!!!-: F i: i-.-.re-ic.l -Lift

\i. U-guel Rombji-da. tJH
LisPca 1

re t: 1 19 4S-aia

ITALV
Intel CsrpDTiiio.i Hal a, 3.P.A.

Corse Sempicme 3B
-20145 Vilanp
Tel: 39/2/34.93.1 SF
TELEX: 31IST1

GERMANY
Intel Semico.^ duclor GmiiH'
SeidltliessB 27
gooo Wuenehen 2

Tel. lOBBI aa-81 41

TELEX: 523 17?

.1-.: S::n ;.^ii-JlCI.O- GfTnll

ftt:ruli.in Li"C0h o'-iGrn 30

8200 Wlettbaden 1

Tel: .06121) 74855
TELEX. 04186163

Inlal Semicofiduciar GntBH
Wenerslraaae 67
P.O. Boi 14(H)

7012 Fell bach
Tel: [071 11 580062
TELEX; 7254826

Intel StmicinduetlSr- QMIBH
I li : 1 1-,: i..u ge ii. -jSae 28/29
.i:r: [•cnucvo'
Tel: 10511) 8*20*1
TELEX: 923825

SINGAPORE
General Engineer! AflBJOOfalBa

B k3, 1U03-1008
P.S.A. Mulli -Story CnmplSl
Telok Blenga*i/Pasir Panjang
Si -:j,i:::jre 5

Tel- J7--3163
CABLE; GENEERCORP

SOUTH AFRICA
" i.ilre -ie Lu Idii.t; Eleven:?

P.O. Bok 4609
Pretoria

Tel: 78 92 2 I

IELEX: 30161

SPAIN
inteTfftce'

Honda Sai Padiu !2

Ba ^elota. 10

TBI: 30' 73 51
TELEX: 51506 IFCE E
.TT SE5A
Mioual Angel 16

Madrid 10

rah PI 410 2954
TELFX: 27707/27461

SWEDEN
klordiak Elacironi* Ad
Sandhamnsga'an 71

S-102 54 Slockhcln-
Tel- (08;. 635043
TELEX; 10547

SWITZERLAND
I nd astride AG
Gen>aenstres3e ?.

PnalsliBckao - 2fl90
CH-6021 Zcrich
Tifl '011 6T.22 30
TFLFK 5fi73S

TAIWAN
T alwan A si tomal on C ?.

'

2nd FIAOr. 224
V.-.i.-. --:j Eaai Rnad
Seolion 3

Te :

. (02) 7710940-3
TELEX: 11942 TAIAUTO

UNITED KINODOM
G.F.C. S«micondue1(jriLld.

Eeal Lane
Norm Wembley
Middleaei HA9 ~pr
Tel: 101 1 904-9303/908-4111
TELEX- 923492

Jermyn Industrieg

Veslry Estate
Sevenuaita, KerL
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