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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 Memaory
64 x 8 RAM Data Memory

27 1/Q 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

microprocessaers. The 8048 is, however, a
true “low-cost” microcomputer. Asingle 5V
supply requirement for all MCS-48 com-
ponents assures that "low cost” also
applies to the power supplyin 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 ¢ost 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
§048. The 8035 and 8039 are compatible
processors without internal program mem-
ory. The B039 contains twice the data
memory of the 8035. '

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

8040 8048 8021 FEATURES
v v v 8 8IT CPU
2Kx 8 1Kx 8 1Kx 8 PROGRAM MEMQRY
128 8 64x8 64 x 8 DATA RAM
27 27 21 1/0 LINES
v v v TIMER COUNTER
N V Vi QSCILLATOR AND CLOCK
Ny v v RESET CIRCUIT
v < INTERRUPT

ON CHIP FEATURES
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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
protetype development. The 8748 is essen-
tially a single chip microcomputer “bread-
board” which can be modified over and aver
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 vehicle for temporary field
updates while new ROMs are being made.

SPECIAL FEATURES
* SINGLE 5V SUPPLY

# 40 PIN DiP OR 28 PIN DIP

= PIN COMPATIBLE ROM AND EPROM

e 25, 5.0 AND 10.0 yusec CYCLE VERSIONS
* ALL INSTRUCTIONS 1 OR 2 CYCLES

s SINGLE STEP

* BLEVEL STACK

* 2 WORKING REGISTER BANKS

* RC, 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
memaeries and peripherals. An efficient low
cost means of 1/0 expansion is provided by
either the 8243 |/O Expander or standard
TTL or CMOS circuits. The 8243 provides
16 1/O lines in a 24 pin package. For sys-
tems with large I/0 requirements, multiple
8243s can be used.

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 83565 and 8155 memories that afso
include programmable 1/0 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/0 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
pragram memory requirements exactly by
using a wide variety of external
memories. The 8035 and 8039 aliow 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 aliows the user to
directly set and reset individual lines within
its |/0 ports as well as test individual bits
within the accumulator. A targe 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 2.0K 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,

*The 8021 is code compatible but not pin compatible with the 8748.

1-2
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FUNCTION PART DESCRIFTION COMMENTS
NUMBER
Microcomputers a0 1K RDM Program Memary Compatiole versions of
8048 1K ROM Program Memory the single chip microcom-
8048 2K ROM Program Memary puters grovide mask
8035 No Program Memory G4 x 8 RAM programmed, light erasable,
BO35L 8035 with Power Down Maode or na internal program
En B03S8 MNe Program Memory 128 x 8 RAM MEMOry.
= 8048-8 1K ROM Program Memory
A §748.8 1K EPROM Program Memary
2 80358 No Program Memory
Memory and [/O 8365 2K % B ROM with 16 /D Lines Compatible devices allow
Expanders 8755A 2K % § EPRONM with 18 110 Lines direct expansion of
8155/66 256 x 8 RAM with 22 (/O Lines end Timer MCS-48 functions with
no additional external
componants.
1/ Expander 8243 16 Line |/0 Expander Low Cast 1/0 Exapnder
Standard HOMs 8308 1K = B 450 ns Allowe law cost external
2316E 2Kx2 450ns expansion of Pragram
Memory. The B308 is
interchangeable with
8708 and the 2316E with
the 2716,
Stapdard EPROM 8708 1K x 8 450 ng Light Erasable User programmable and
27186 2K % B 450 ns Light Erasable erasablz.
Standard RAMs 8111A4 266 x 4 450 ns Comman 10 Data memory can be easily
2101A-4 256 x 4 450 ng Separste 1/O expmanded using standard
o 5101 266 x 4 6ED ns CMOS NMOS RANs, The 5101
§ CKMOS equivalent reduces
g standby power to
£ 75 nW/bit
EU Standard /O Bz BBit 1JO Port Seryes as Address Latch or
[ 1/0 port.
& 82554 Pragrammable Peripbieral Imerface Three Bhit programmahle
:‘g 110 ports.
g B251A Programmable Communicating Interface Serial Communications
™, Receiver/ Transmitter
=)
‘E Stanfard Peripherals 8205 1 of B Binary Decoder MCS-80 peripheral devices
E 8214 Priarity Intenupt Controller are compatible with the
8 8216 Bi-direciianal Bus Driver MCS-48 allowing easy
8226 Bi-direclional Bus Driver {Inverting) addition of such
§252 Programmable [nteeval Tirmer specialired inlerfaces as
8259 Programmable Interrupt Controller the 8279 Keyboard/Display
8279 Pragrammable Keyboard/Display Interface, Future MCS-
Interface 164 Keys) B80/85 deviges will aiso be
8278 Programmable Keyhoard/Display compatible.
Interface {128 Keys}
Unlversal Peripheral | 8041 ROM Program Memory User programmable 1o
interface 8711 EPROM Program Memory perform any custam 1/0

and contrel functions.

MCS-48™ MICROCOMPUTER COMPONENTS
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384

8049
8155

320

4048
&155

DATA MEMORY {RAM)

138}

128

(38]

Ba49
8155
B35H

8045
#3585
B1E5

{53) 153}

8043

o4

g4

124)

(24}

8048
8355

BOag
4355

(28) [28)

2K

3K 4K

PROGRAM MEMORY {ROM}

THE EXPANDED MCS-48™ SYSTEM

[ I NUMBER OF AVAILAELE
1O LINES

The chart above shows the expansion
possibilities using the 8048 and 8049 in
variocus combinations with the Intel® 8355/
8755 Program Memory and |/O Expander
and the 8155 Data Memory and 1/0
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 8355/8755incom-
bination with the 8048 or 8049. If all external
memory is desired, the 8035 or 8039 can he
substituted for the 8048 and 8049,



INTRODUCTION

1.1 The Function of a Computer

This chapter introduces certain basic com-
puter concepts. It provides hackground
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 (1/0) ponts

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 ussful
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
ohe 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 Quiput
Ports that permit the CPU to communicate
the result of its processing to the outside
waorld. The output may goto adisplay, 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
cutput ports together permit the processorto
communicate with the outside world.

The CPLU 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. |t must
also be able to reference memory and 1/0
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-
RUFT requests. The junctional units within a
CPU that enable it to perform these functions
arg 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 (ALL)
Control Circuitry '

Registers are temporary storage units within
the CPU. Some registers, such as the
program counter and instruction register,
have dedicated uses. Otherregisters, suchas
the accumulator, are for more general
purpose use.

Accumulator

The accumulator usually stores one of the
gperands to be manipulated by the ALU. A
typical instruction might direct the ALU to
add the contents of some other registerto 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 usedto
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 l[ocation 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 instrucg-
tion).

The programmer therefore stores his instruc-
tiens 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
locatian, 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

1-6

this kind of jump, the processor is requiredto
“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 ariginal 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 retuwrn addresses, and the
logical provision for doing so. In other words,
the maximurmn 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-
commaodated.

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 parailel
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
B-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 pravide this capability.

Each operation that the processor can
perform is icentified 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.

Tne 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 bvte 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 B-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 ¢an 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-
hits can convey.

One example of this is when the instruction
references a memory location. The basic
instruction code identifies the operationto 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-
mabile, (i.e., if there areinstructions 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 (ie., 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
hinary 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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processcr 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 boclean
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 1o 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 &
special routine if the carry bit is set following
an additicnal instruction.

Control Circuitry

The control circuitry is the primary functional
unit within & 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 basicto
almost any computer. A sound understand-
ing of these basic operations is a necessary
prerequisite to examining the specific
operations of a particular computer.

Timlng

The activities of the central processor are
cyclical. The processor fetches an instruc-
tion, performs the operations required,

1-8

fetches the next instruction, and so on. This
orderly sequence of events requires precise
timing, and the CPU therefore requires afree
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 GPU 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. I 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 ¢ycle. The instruc-
tion may call for a data memory read or write,
an input or output and/cr 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-
tien register).
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Memory Write

A memory write operation is similarto 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/Quiput

Input and Output operations are similar to
memory read and write operations with the
exception that an 1/0 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 /O consists
of transferring all bits in the word atthesams
time, ene bit per line. Serial 1/Q consists of
transferring one bit at a time on a single line.
Naturally serial I/C is much slower, but it
requires considerable less hardware than
does parallel 1/0.

Interrupts

interrupt provisions are included on many
central processors, as a means of improving
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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 asingle 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
camputer, the CPU can output a data byte
then return to data processing. When the
printer is ready to accept the nexi 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 similartoa
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 Memary. The processor
fetches these instructions one at a time and
perfarms 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
irt Program Memory. To execute a multi-byte
instruction, the processor must execute
multiple fetches of program memory before
performing the instruction. Because muilti-
byte instructions take more Program Mem-
ory and take longer to execute than single
byte instructions their use is usually kepttoa
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 8bit words in from an 1/Q 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 Explanaticn
0 1041 1000 Load decimal 32 in
1 0G10 0000 register RO
2 1011 1010 Load decimaf 5 in
3 0000 0101 register R2
4 0000 1001 Load Port 1 to accu-
) mulator
5 1111 000C Transfer contents of
accumulator to reg-
ister addressed by
register 0
6 D001 1000 Increment RO 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 if 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 atotal of 16 different characters. Each
hexadecimal “digit” can represent 16
values or the equivatent 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
0 0] 0000
1 1 0001
2 2 0010
3 3 0011
4 4 o100
5 5 0101
& 6 0110
7 7 0111
8 B 1000
9 9 1001
10 A 1010
11 B 1011
12 Cc 1100
13 D 1101
14 E 1110
15 F 1111
Our machine i{anguage program then
becomes:
Step Hex Code
V] =13}
1 20
2 BA
3 05
4 0o
5 FO
5} 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 {afew hundred
lines of code} however, it does have two
major limitations in larger programs:

1. Hex coding is not self-documenting, that
i3, 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
eisewhere in the program. In the example
above steps 7 and 8 reference step (or
address) 4. If the program were to be moved,
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step 8 would have to be changed to refer to
the new address of step 4.

1.2.2 Assembly Language Pragramming

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 contenis of
register 0 becomes INC R0 instead of the hex

18, giving the user at a glance the meaning of

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

Step No. Hex Code Assembly Code

0 B8 MOV RO, #32
1 20

2 BA MOV R2, #05
3 05

4 09 INP:  INA, P1

5 FO MOV @R0, A
8 18 INC RO

7 EA DJNZ R2, INP
8 04

The first statement can be verbalized as
foltows: Move to Register 0 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 assembier will accept
either form. Netice 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 lable which is delineated by a
colon. This lable 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 lable 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 jurmp addresses be
changed,.

The next instructicn MOV @RO0, A can he
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 Q orregister 1 acts as a pointer
to the data memory location to be operated
on.

The last instruction is a Decrement and Jump
it 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 ancther input operation.
The fifth time thru the loop the result is zero
and execution falfs 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 MC5-48 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.
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2. Conditional Assembly - Conditional as-
sembly allows the programmer to select only
certain portions of his assembly language
(scurce) 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 & symbol which is recognized by the
assembler to represent a specific sequence
of several standard instructions. A macrois 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 R0 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.

Cnce 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 MCS3-48™ 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. Fora 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 3-day training
courses which give basic instruction in the
MC3-48 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 “feef”
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 /0 routines,
delays, counting functicns, 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
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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 1/0, output drive
capability, and input impedance. The num-
ber of words of RAM storage required for
intermadiate 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
unti! 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 processar 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, efc.)
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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
ceonsisting of. an 8748 processor to execute
programs, control gircuitry 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, ane for programming the 8748 and one in

which a programmed 8748 execules 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; orto run
at full speed and stop the processor at
predetermined breakpoints. PROMPT 48
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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 irternal
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 fermat 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 opticnal 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 to be
provided is in-circuit emuiation capahility
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 1o write and edit
his programs in assembly language and then
generate the machine language outiput
necessary to program the 8748 EPROM. The
availability of a high speed CRT and a
diskette operating system eliminates the
laboricus 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 conversicn 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 conients 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
immaediately replace the 8748 EPROMSs.
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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, B8048/8049 ROM and 8035/8039
single component microcomputers. Unless
otherwise noted, details within these
sections apply to all versions. Sections 2.5
through 2.11 describe the operation of the
8021. This chapter is limited to those
functions usefui in single-chip implemen-
tations of the MCS-48. Chapter 3 discusses
functions which allow expansion of pro-
gram memory, data memeory, and input-
output capability.

2.1 Architecture

The following sections break the 8048 into
funciional 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: , lithmetic Logic Unit (ALU)
Accumulator
Carry Flag
Instruction Decoder

In a typicat 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 1/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.
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Arithmetic Logic Unit

The ALU accepts 8-hit 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 hit) a Carry Flag
is set in the Program Status Word.

Accumulator

The accumulator is the single most important
cata register in the processor being one of the
sources of input to the ALU and often the
destination of the result of operations per-
formed in the ALW. Data to and from 1/O ports
and memory aiso normally passes through
the accumulater.

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 RCM which is mask program-
mable at the factory, while the 8035/8039
has no internal program memory and is
used with external devices. Program code
is completely interchangeable among the
various versions. See Section 2.3 for
EPROM programming techniques.
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SINGLE COMPONENT SJSTEM

There are three locations in Program Memaory
of special importance:

LOCATION O
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,

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

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 0 and 1 of the register array. In
addition, the first 8 locations (G-} 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 regisiers in place
of tocations 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
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subroutines allowing the registers of Bank 0
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 (R0’ and Rt') 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/Qutput

The 8048 has 27 lines which can be used for
input or cutput 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 conditicnal
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 nen laiching, 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 laiched. The
figure shows the circuit configuration in detail.
Each line is continuously pulfed up to +5v
through a resistive device of relatively high
impedance (~50K{). This pullup is sufficient
to provide the source current for a TTL high
level yet can be pulled low by & standard TFL
gate thus allowing the same pin to be used for
both input and output. To provide fast switching
tirmes in a “0” to “1" fransition a relatively low

ORL, ANL
LN
5V
0 J= -
INTERNAL E5K =50K
BUS D 1
D o
FLIP : FIN
FLOP ;i PORTI
‘I awD2
ctk @ —]
WRITE
PULSE =
INPUT
BUFFER

N

"QUASI] BI DIRECTIONAL” PORT STRUCTURE



SINGLE COMPONENT SYSTEM

impedance device {~5K{}) is switched in
momentarily (~500ns) whenever a "1" is
written to the line. When a “0” is written to the
line a low impedance (~3000) 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 t0 any line which is to be

sk

allows input ana 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
ouiput 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-
lions 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 iestable
with the conditional jump instruction. These
are TO, 71, and INT. These pins allow inputs

25

to cause program branches without the neces-
sity to load an input port into the accumulator.
The T0O, 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 the Program 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 feiches.
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 cne 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 Ward {PSW).
Data RAM locations B 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 ccunter contents being
transferred to locations 8 and 9 of the RAM
array. The stack peointer 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 HETR), causes
the Stack Pointer to be decremented and the
contents of the resulting register pair to be
transferred to the Program Counter.



SINGLE COMPONENT SYSTEM

I‘“n Aml"‘s|A3|A?lAﬁJAsl‘“alAalAzlAi]Au

T

Conventienal Program Counler
* Counts BOOH io ¥FFH
= Ovcrllows TFFH la DOOH

PROGRAM COUNTER

SAVED I[\I STACK STACK POINTER
1
I 1 T 1

oY AC Fo BS 1 Sz BT 8p

M5B L5B

cy CARRY

AC AUXILLARY CARRY

FO FLAGD

B3 REGISTER BANK SELECT

PROGRAM STATUS WORD (PSW)

PCINTER r
1 : R23
22

—
N 21

110 '
N 20

L]
19

101 4
) 18
17

100 $
X 16

]
15

o011 }
. 14
K 13
010 . 12
\ 1

001 }
: 10

L]
PSW PCs. 9

000 $ 1
PCaz R PCoz RE
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 seguence.

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 BETR instruction.
The RET return instruction does not update
PSW.

The PSW hit definitions are as follows:

Bits 0 - 2:  Stack Pointer bits (So, S4, S.)
Bit 3: Not used {"1” level when
read)
Bit 4: Working Register Bank Switch
Bit (BS)
0= Bank 0
1 = Bank 1
Bit 5: Flag 0 bit {FO) user controlled

flag which can be comple-
mented or cleared, and tested
with the conditional jump in-
struction JFO.

Bit 6: Auxiliary Carry (AC) carry bit
generated by an ADD instruc-
tion and used by the decimal
adjust instruction DA A,

Bit 7: Carry (CY) carry flag which
indicates that the previous
operation has resulted in over-
flow of the accumuiator.

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
jurp instruction the following conditions can
effect a change in the sequence of the
program execution.
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Jump Conditicns

2.1.9 Interrupt

An interrupt sequence is initlated by applying
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not all

Accumulator All zeros Zeros

Accumulator Bit — 1

a low “0” level input to the INT pin. Interrupt is
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and Program Status word are saved in the
stack. For a description of this operaticn 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 | and
DIS | 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 routing
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

2-8

1o 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.

21.10 Time.r,"Counter

The 8048 contains a counter 1o aid the user in
counting external events and generating ac-
curate time delays without placing a burden
on the processor for thase functions. In both
modes the counter operation is the same, the
only difference being the source of the input
1o 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
ftag 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 cr 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
oceur 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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pending timer interrupt is reset by the Cail
to location 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 7.5use¢ 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 counier 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 usec
(assuming 8 MHz XTAL). Various delays
between 80 usec 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-

28

tiple overflows in a register under software
conirol. For time resolution less than 80 usec
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
8MHz. 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.

State Counter

The putput.of.the.oscillator, is.divided by 3.in
the State Counter to create a clock which
defines the state times of the machine {CLK).
CLCK can be made available on the external
pin TO by executing an ENTO CLK instruction.
The output of CLK on T0 is disabled by Reset
of the processor.

Cycle Counter

CLK is then divided by § in the Cycle Counter
to provide a clock which defines a machine
cycle consisting of 5 machine states. This
clock iz called Address Latch Enable (ALE)

_ because of its function in MCS-48 systems

with external memaory. 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 pid capacitor
provides an internal reset pulse of sufficient
length to guarantee all circuitry is reset. If the
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reset pulse is generated externally the reset
pin must be held at ground (.5V) for at least
50 milliseconds after the power supply is
within tolerance. Only 5 machine cycles
12.5us @ 6 MH2) are required if power is
already on and the oscillator has stabilized.

EXTERNAL RESET

ACTIVE
FULLLIP

Reset performs the following functions:

Sets program counter to zero.

. Sets stack pointer to zero.

. Selects register bank 0.

. Selects memory bank 0.

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

. Sets Ports 1 and 2 to input mode.

. Disables interrupts (timer and external)

. Stops timer.

. Clears timer flag.

. Clears FO and F1.

. Disables clock output from TO.

2113 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 8S is shown. The BUS buffer
contents are lost during single step, however,
a latch may be added to re-establish the lost
170 capability if needed. (See 2.4.1).

mBwWN =

0o~ &

1
1

= O
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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. S 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 8S must be brought low again as soon
as ALE goes low. If S5 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 he
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

L

MOMENTARY
PUSHBUTTON
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Y
0K

DEEQUNCE

LATCH

1427400

SINGLE % 10K

5TEP

PRESET
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oV

CLOCK

CLEAR

T—Q— ALE

127474

SINGLE STEP TIMING

4]

PCO7

regat

ACTIVE CYCLE

STOP CYELE 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.
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Voo serves as the 5V supply pin for the bulk
of 8048 circuitry while the Vpp pin supplies
only the RAM array. In normal operation both
pins are at 5V while in standby Voo is at
ground and only Vpp 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 can-
not be inadvertently altered as power is
removed from Ve -
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FOWER SUPRLY

PUWE Il SUFPLY MORMAL
FAIL $IGNAL | ______ POVER ON
I 1 SEQUENCE
| | . FOLLOWS
RESET f | .

DATA SAVE
ROUTINE
EXECUTED

ACDESE 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 Ve 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 Vpp 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 Vg
is at ground level.

Recovery from the Power Down maode 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 user to

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 useiul in
system test and debug because it allows the
user to disable his internal applications pro-
gram and substitute an external program of
his cheice—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 an 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 sach 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.

FROGRAM
PROM

)

—]
KT&L-[
—

RESET —»O)
SINGLE STEP —=Ci
EXTERNAL ]

PORT
8048

MEM, 8045
—] O+ READ
TEST
e (o= WRITE
INTERRUPT —»=O) PROGRAM

STGRE ENABLE

|- » ADDRESS
LATCH ENABLE

BUS

8048 LOGIC SYMBOL
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Designation

Pin
Number

Function

VSS
VDD

VCC

PROG

P10-P17
(Port 1)

P20-P27
{Port 2)

Do-D7
(BUS)

20
26

40

25

27-34

21-24
35-38

12-19

39

Circuit GND potential

Programming power supply; +25V during program,
+ 5V during ¢peration for both ROM and PROM. Low
power standby pin in 8048 ROM version

Main power supply; +5V during operation and
8748 programming.

Program pulse (+25V} input pin during 8748
programming.
Output strobe for 8243 /O expander.

8-bit quasi-bidirectional port. {Internal Pullup = 50K}

B-hit quasi-bidirectional port. {Internal Pullup = 50KQ)

P20-P23 contain the four high order program counter
bits during an external program memory fetch and serve
as a 4-bit I/Q expander bus for 8243.

True bidirectionai port which can be written or read syn-
chrenousty 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
stare instruction, under control of ALE, BD, 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)

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

QOutput 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 neqative edge of ALE strobes address into external

Program Store Enable. This output occurs only during a
fetch 10 external program memory. (Active Low}

Single step input can be used in conjunction with ALE
to “single step” the processor through each instruction.
{Internal pullup = 300KV

External Access input which forces all program memory
fetches to reference extarnal memory. Useful for emula-
tion and debug, and essential for testing and program
{Internal pullup = 10M0N
on 8048/8049, 8035L, 8039 only)

One side of crystal input for internal oscillator. Also input

Pin

Designation | Number | Function
RESET 4

{(Internal pullup = 200K
WR 10
ALE 11

data and program memory.
PSEN 9
55 5

(Active Low)
EA 7

verification. (Active High)
XTALA 2

for external source.
XTALZ 3 Other side of crystal input.

Unless otherwise stated inputs do not have internal pullup resistors,

2.3 Programming, Veritying and
Erasing EPROM

The internal Program Memory of the 8748
may be erased and reprogrammed by the user
as explained in the following sections:

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:

2-18

Pin Function

XTAL 1 Clock tnput (1 to 6MHMz)

Reset Initialization and Address
Latching

Test 0 Selection of Program or
Verity Mode

EA Activation of Program/Verify
Modes

BUS Address and Data Input
Data Output During Verify

P20-1 Address Input

Vob Pregramming Power Supply

PROG Program Pulse Input
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+BY

RESET
o
j+———— BUS AND PROG CAN BE DRIVEN DNLY DURING THIS TIME — :
+5v |
TEST 0 [ |
? !
+25V :
EA |
+5V
BUS { ADDRAESS Ag-A7 DATA DATA OUT
-
PREVIOUS
P20-21 _
20-2 ADDRESS X ADDRESS Ag-Ag
+26Y
vVpo I |
+5Y
+25V -
PROG +ov_f.l'_°£_\ | [ o FLOAT

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

WARNING: An attempt to program a mis-socketed 8748 will rasuit in severg damage to the part. An indication of a properly sockated part
is the appearance of tha ALE clock putput. The lack of 1his clock may ke used 1o disable the pragrammer.

PROGRAMMING/VERIFY SEQUENCE

8748 Erasure Characteristics

The erasure characteristics of the 8748 are
such that erasure begins to occur when
exposed 1o light with wavelengths sharter
thar approximately 4000 Angstroms (A). It
should be noted that sunlight and certain
types of iluorescent lamps have wave-
lengths in the 3000-4000A range. Data
show that constant exposure to room ievel
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 B748 is to be exposed to these types of
lighting conditions for extended periods of
time, opaque labels are avaiiable from Intel
which should be placed over the 8748 win-
dow to prevent unintentional erasure.
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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 (&), The integrated doseli.e., UV
intensity X exposure time) for erasure
should be a minimum of 15W-sec/cmz2. The
erasure time with this dosage is approxi-
mately 15 to 20 minutes using an ultraviolet
lamp with a 12000uW/cmZ power rating.
The 8748 should be placed within one inch
from the famp 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. Vpp = 5v, Clock applied or internal

oscillator operating, Reset =0v Test0=
5v, EA = 5v, BUS and PROQG floating

. Insert 8748 in programming socket

. Test 0 = Qv {Select Program Mode)

. EA = 25v (Activate Program Mode)
. Address applied to BUS and P20-1
. Reset = 5v (Latch Address)

. Data applied to BUS

Vpp = 25v (Programming Power)

. PROG = Qv followed by one 50ms pulse
to 25v

Vpp = 5v

TEST 0 = 5v (Verify Mode)

Read and Verify Data on BUS
TEST 0 = Ov

Reset = Ov and repeat from Step 5

Programmer should be at conditions of
Step 1 when 8748 is removed from sacket.

O W N R G AW

10.
1.
12.
13.
14,
15.

2.4 Test and Debug

Several MCS-48 features described in the
previous sections are discussed here to
emphasize their use in iesting 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 cyclegs
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

2-18

P23
P22
P21
P20
oB?
DB —
DBS — Ag
DB4
DB3
Dp2
DBl
Deq

ADDRESS QUTPUT DURING SINGLE STEP

This aliows the user to step through his
program and note the sequence of instruc-
tions being executed.

While the processor is stopped, the /0
information on BUS and the 4-bits of port 21is,
of course, not available. I/O information is,
however, valid at the leading edge of ALE and
can be latched externally using this signal if
necessary,

2.4.2 Disabling Internal Program Memory

Applying +8V 1o the EA (external access) pin
of the MCS-48 microcomputers aflows 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 diaghostic
routine to exercise the processor, the internal
RAM, the timer, and the [/O lines. EA should
be switched only when the processor is in
RESET.

2.4.2 Reading Internal Program Memory

Just as the processor may be isolated from
internal program memory using EA, program
memary 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 (+25V for the
8748, +12V for the 8048/8049) tc the EA pin
and +5V to the TO (8748 only!} input pin.
RESET must be at 0V when voltage is
applied to EA. The address of the location
to be read is then appiied 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” tao “1"
transition on RESET and a high level on
RESET causes the contenis of the program
memory location addressed to appear on
the eight lines of BUS.

Atp
P22 Ayg [B049 only)
A
P21 2 A
A
20 il ag
by Ja—— A
Ay, 3 7
DB? 170, Iy [o—— Ag
A,
AglDg b 5
DB6 110, g A
Al g216 Ozf—— B o
a5 1o, o, |— £
NE——
A,0D, O o
DB4 110, Oy b—s Ca
2048
8748 AqgiDy EN
[#]: :l:
/0 | DATA
Ds2 ol = ouT
A, /D
pel A
8410, O —= D3
DBO 110, Oy fo—w D,
o0, b—-= o,
r."Oz Oc ———— DEI -
g218 3 |=——— A3
RESET 1o, 1y fo——a,
Iy [— a,
EA 110, g [+—— &,
N 33
TO I L
+25Y {B748)
+12V {2048)
+BY {8748}
NG (B048)
sV
RESET 0
+12Y (+25v)
EA o |

&y
BUS _—.—< ADDRESS
0

DATA

Van i

B

P20-21 —<
0

ADDRESS

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 8dynamic RAM is located on chipfor
data storage. All locations are indirectly
addressable and eight designated locations
are directly addressable. Also, included in
the memeory 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 11 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.

Ragisters 0 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 memeory 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
exacution 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
processor to keep track of the return
addresses generated from CALL instruc-
tions. A 3-bit stack pointer (SP)supplies the
address of the locations to be loaded with

2N

the next return address generated. The SP
to this pushdown stack is incremented by
one after a return address is stored, and
decremented by one before an address is
fetched during a RET. A total of 8 levels of
nesting is possible. The 8P is initialized to
location 8 upon RESET. Since each
address is 10-hits long, two bytes must be
used 10 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 require 8
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
locations 14-83 can be used for data
storage. The unincremented program
counter address is stored in the address
stack. The stack contents is incremented
before being loaded into the program
counter during a return from subroutine.

LOC 2452

IKDIRECTLY
ADDRESSABLE }

By
IRARD OR 1 Loc 823

CAN BE USED
FOR ADDRESS
ETACK

DIRECTLY
ADDRESSABLE

LIRS o R

IRAR 1
IRAR 0

FIGURE 1. INTERNAL RAM ORGANIZATION
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2.7 Oscillator and Clock

The 8021 contains its own onboard
oscillator and clock circuit, requiring only
an external timing control element. This
control element can be a crystal, inductor,
resistor, or clock in. The capacitornormally
required in resistor or inductor timing
control operation is integrated onto the
8021. Allinternaltime slots are derived from
the external element, and all cutputs are a
function of the oscillator frequency. Ping
XTAL1 and XTAL2 are used to input the
particular control element. An instruction
cycle consists of 10 states, and each stateis
a time slot of 3 oscillator periods. (See
Figure 2) Therefore, to obtain a 10 usec
instruction cycle, a3 MHz crystal should be
used. An oscillator frequency of 3 MHz may
also be obtained by connecting a 10K}
resistor between XTAL1 and XTAL2. Note
that the required resistance may vary from
10K, and should be adjusted as neces-
sary.

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
ocour,

2.8 Timer/Event Counter

The 8021 has internal timer/event counter
¢ircuits 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. Thecounteris stoppedbya
RESET or STOP TCNT instruction and
remains stopped until started as atimerbya
STRT T instruction or as an event counter
by a S8TRT CNT instruction. Once started,

CYCLE I-_

Twes 1 % 4,5, 8 78,08

Y DS

1

1IJ|'I

L 2.8 4, 8

ALL

DATA
[y}

PO, PT, P2

X

DATA GUT

ALL PORTS FOR [N AND QUTL 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 2 STOP TCNT
instruction or BESET. The increment from
maximum count to zero (overflow) sets an
averflow fiag. The state of the overflow flag
is testable with the conditicnal jump in-
struction JTF. The flag is reset by JTF or by
executing a RESET. .

By a MOV T,A instruction, the contents of
the accumulator are loaded to the timer. At
the STRT T command aniniernal prescaler
is zeroed and thereafter increments once
each 30 input clocks (once each single
cycle instruction, twice each double cycle
instruction). The prescaleris a'divide by 32.
At the (11111} to (00000) transition the timer
is incremented. The timer is 8-bits and an
overflow (FFH) to (0CH) timer flag is set. A
conditional branch instruction JTF) is
available for testing this flag, the fiag being
reset each test. Total count capacity for the
timer is 28 x 25=8192 or 81.9 msec ata 10
usec cycle time. Contents of the timer are
moved to the accumulator by the MOV AT
instruction without disturbing the counting
process. The timer stops upeon 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 cycies (@0us for a 3 MHz
oscillator). There isnominimum 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 /O ceonfigurations 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) ¢an
be wused for input, output, or both,
depending on the configuration.

All ports are quasi-bidirectional to facili
tate stand-alone use. A simplified sche-

-2:23

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 foad. 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
PO0-PO7 may be deleted on any pin
providing a true open drain output. This is
usefulin driving analog circuits and certain
loads, such as keyboards.

INTERNAL
aus

WRITE 1D
PFORT

HPUT 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 fotlowing functions:

s Event Counter (external input}
* Test input for branch instructions
* Zero voltage crossing detection

The operation of T1 as an input tc the Event
Counter is described in the Timer/Event
Counter section. When used as a testinput,
the JT1 and JNT1 instructions test for 1 and
0 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%, then the voltage is coupled through
a 1.0uf capacitor. Maximum inputvoltage 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

fa} ZERQ CROZS DETECT

EXTERNAL
CAPACITOR

(b} OPTIDNAL PULLUP RESISTOR

EXTERKAL

SWITCHJ—

minimizing external parts required to do
high power control. P10 and P11 have been
designated high drive outputs capable of
sinking 7mA at Vss + 2.5 volts. (For clarity,
thisis 7mAto Vgs with a2.5 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 1/0O

The 8021 can be used with the 8243 I/0
expander chip, which provides additional
I/0 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; ANLDP,A;and ORLD P,Afor 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
hefore 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 [/O lines. An
example is shown in the Applications
section.

8021 8243
@
P20 m P20.3 / 2y
PROG PROG

FIGURE 4. TEST 1 PIN

FIGURE 5. 1/0 EXPANDER INTERFACE
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PROG

ADDRESS
UATAIN X CODE / FLOAT

18 BITS)

OATA
IN

14 BITS!

CATA OUT ADDHESS
{PZ0-PE3} CODE

QATA
QuT

14 BTS)
BITS 0.1 BITS 2.3
007 READ
01 WRITE
10 0R
1] anp

00]

at | PORT
107 ADDRESS
1]

14 BITS)

POAT 2 FOR EXPANDED /0 WITH B243

FIGURE 6. EXPANDED ¥/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 conditicnal branch iogic 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.

Jump Jump
Test Condition  Instruetions
Accumulator A=0 A=) JZ UJNZ
Carry Flag 0 1 JNC, JC
Timer Overflow Flag — 1 JTF
Test Input-T1 a1 JNTA, JTH

2.11 Reset

A positive-going signal to the RESET input
resets the necessary miscellanesous flip-
ftops and sets the program counter and
stack pointer to zero.

2:25

The 8021 may see poorly regulated and
noisy power supplies. A useful featureis to
sense when the power supply dips anddoa
RESET to prevent continued operation with
incorrect data. This feature may be
implemented on the 8021 by connecting a
dicde between the RESET node and
ground, See Figure 7.

A RESET wili then be forced if the supply
drops approximately 1.5 volts and rapidly
recovers. One instruction cycle will RESET
the 8021 to the initialized state.

By removing the diode and using only the
capacitor, voltage drops in Vgc will not
cause a RESET.

Voo

TpF 1o
vy T

RESET

M
VI

FIGURE 7. POWER ON RESET
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3.0 Summary

if the capabilities resident on the single-
chip 8048/8049, 8748, or 8035/8039 are not
sufficient for your system reguirements,
special on-board circuitry allows the
addition of a wide variety external memory,
I/0, or special peripherals you may require.
The processors can be directly and simply
expanded in the following areas:

¢ Program Memory to 4K words

e Data Memory to 320 words (384 words
with 8049}

s /O by unlimited amount

e 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 /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 ot the MCS-
80/88 microcomputer family.

‘MCS-48 systems can be configured using
either or hoth 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.
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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
oceur:

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 accepis its 8 bit
contents as an instruction word.

All instruction fetches including internal
addresses can be forced to he external by
activating the EA pin of the 8048/8049. The
8035/8039 processors without program
memory always operate in the external
program memary mode (EA=5V).

3.1.2 Extended Program Memory
Addressing (Beyond 2K)

Far programs of 2K words or less, the
8048/8049 addresses program memory in
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ALE | l I L
PFEEN | |
BUIS FLOATIN(X X FLOATING

Fd
ADDAESS

FLOATING

INSTRUICTION

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 MB0. 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 userfrom
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 ilip-ffop 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 wili 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 hit
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 therefare be contained

3.2

I""-n Aml“g-l‘\al“?i“s‘“sl"‘al"a]“z}"ll%

T

Convenllonal Program Counter

* Counis 000H to YFFH

+ Oyerilows FFFH 1o DDOH
JMP or CALL Instracii i {ents of
internal fllpllop to &4y

* Flipflop set by SEL MB 1

* Flipflop resed by SEL MBO

or by RESET

Durlng interrupl service routing
Aqq Is foreed to 0"

All 12 bits are saved in stack

PROGRAM COUNTER

entirely in the lower 2K words of program
memeory. 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 fower half of Port 2 is used to
output the four most significant bits of address
during an external program memory fetch,
the 1/O information is still outputed during
certain portions of each machine cycle. 1/O
information is always present on Port 2 lower
at the rising edge of ALE and can be sampled
or laiched at this time.

3.1.4 Expansion Examples

The accompanying figure shows the addition
of three 2708 1K X 8 EPROMs or three 8308
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 hali
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

4 a 2708/
ODECODER b 1K-2K
PART 2y, 10F4 o, 8308
e o T e
: ]
ALE d
g212 10 ALDRESS
LATCH

8048

L

2708/
8308 2K - 3K

—. . ] paTa
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) ADDRESS

BSEN

USING 1K x 8 FROM/ROM

| S 2708/ 3K - 4K

8303

DATA
18 our

EXPANDING MCS-48™ PROGRAM MEMORY USING STANDARD MEMORY PRODUCTS

Also shown is the addition of 2K words of
program memory using an 8316A 2K x 8
ROM to give a total of 3K words of program
memary. 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 1/O interfaces directly to
the 8048 without the need for an address
latch. The B755/8355 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 HO
lines addressable as two 8-bit ports. These
ports are addressed as external RAM; there-

11> ADDRESS
2316

ROM

DATA
auy

3
PORT 20-22
B048 ALE
8212
@ LATCH
BUS <3
FSEN P —qcs
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 /O expansion explains
the operation of the 16 1/O lines.

ALE ALE 2K X8
PEEN ]
WA oW

8048 D s L

PROM -

win K36 > w0
BUS Ay, 1O
pzopza| 4 AagAgcs

TEST o]
INPUTS

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.

3.21 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 RO 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 I

L

BUS FLOAT[NGXADDHESS* x DATA x FLOATING

/
FLOATING

WRITE TO EXTERNAL DATA MEMORY

ALE |

L

BUS FLOATING X ADDRESS x FLOATING x DATA X FLOATING

3-4
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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
contenis 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 cutput 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 tow
power CMOS equivalent, the 5101. An 8212
serves as an address tatch 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 uniess
additional pages of BAM are required. Also
shown is the expansion of data memory using
the 8155 memory and /O expanding device.
Since the 8155 has an internal 8-bit address
latch it can interface directly 1o 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 /O
lines and a 14 bit timer. See the following sec-
tion on /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 /O
expansion with the 8048: one using a
special low cost expander, the 8243;

BUS <lL 8
) L “
Di -8 w14 o 1014 81
ALE D52 4212 PO! A 211172101552 jg: o a 211172101682 jj_—
8048 Lo pos 7 5101 - 7 5101 -
—}wmp
iy oD R/W oD RAY
¢ [
o 1 |
RO T
WR
BUS < 8 > ADg 7
ALE ALE g155 .
266 X 8 <1—>"°
apag TR wa POl rmer

L .« TIMER OUT

RD

TEST
INPUTS

R

10,4

8048 INTERFACE TO 256 X 8 STANDARD MEMORIES
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another using standard MCS-80/85 1/O
devices; and a third using the combination
memory/l/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 /O Expander Device

The most efficient means of O expansion for
small systems is the 8243 1/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 1/ ports
which serve as extension of the on chip /O
and are addressed as ports #4-7. The follow-
ing operations may be performed on these
ports:

1. Transter 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 nibbtes:

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 i 0 3 2 1 0
I Il A]A d|d|d|d
Instruction Port data

Code Address

1] AA

00 Read 00—~Port #4

01 Write 01—Port #5

10 OR 10—Port #6

11 AND 11—Port #7

EXPANDER INTERFACE

CHIP SELECT CONMECTION IF MORE
—_ THAN ONE EXPANDER 15 USED

10

PROG

PROG

TEST
8048 INPUTS
] G S—

DATAIN

S
1o

e
8243
110

P2

THHE

[Fia}

OUTPUT EXPANDER TIMING

PROG \

BITS 0.1 BITS 2,3

W | ADORESS R
1 AND

P20-P23 —( X

/ 1, 1 I o0~ READ
01 _ PORT o WRITE

10

>__ "

ADDRESS [4-BITS)
AND OPCODE

DATA {4-BITS}
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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 hit
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 1/O Expansion with Standard
Peripherals

Standard MCS-80/85 type 1/0O devices may
be added to the MCS-48 using the same bus
and timing used for Data Memaory expan-
sion. |/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 iollowing 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 /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 1/Q
Expanders

As mentioned in the sections an program and
data memory expansion the 8355/8755 and
8155 expanders also contain 1/O capability.

8355/8755: These two parts are ROM and
EPROM equivalents and therefore contain
the same /O structure. l/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
gither 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: /0O on the 8155/8156 is config-
ured as two 8-bit programmable [/O ports
and one B-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

KEYBDARD
_ INFUTS
INT'<—-0<I-—INT
P20 —Jen +—SHIFT
+—— CNTL
8279 T\ SoAN
8048 KEYBOARD QUTFUTS
AD RS DISPLAY
- {A) DISPLAY
wh WA 4 Douteut
DATA
BUS 8 {BIDISPLAY

KEYBOARD/DISPLAY INTERFACE
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data sheet in the Chapter 6 for details, Also
included in the 8155 is a 14-bit programmable
timer. The clock input to the timer and the
timer overflow output are available on exter-
nal pins. The timer can be programmed 1o
stop on terminal count or to continuously re-
load itself. A square wave or pulse output on
terminal count can also be specified.

I/Q Expansion Examples
{See Also Chapter 5)

The accompanying figure shows the expan-
sion of 1/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 two
inverters could also be used to address the
four chips. Large numbers of 8243's would
require a chip select decoder chip such asthe
8205 to save 1/QO pins.

Also shown is the 8048 interface to a stan-
dard MCS-80 peripheral; in this case, the
8255 Programmable Periphera) Interface, a
40 pin part which provides three 8-bit pro-
grammable 1/C 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 contral logic and the address inpuls
used 1o select various internal registers.

&
T
PROGRAMMABLE
PERIPHERAL
goas  ALE INTERFACE «» PORT
(53 A B
e "
sy
¢
BUS o7
&
OPTION #1
P20 Ay
P2 A goss “ 'l
PROGAAMMABLE
PERIFHERAL
5048 INTERFACE “ PORT
7] AD
WR R POIHT
¢
T

OPTION #2

INTERFACE TO MCS-80 PERIPHERALS

e

Lokl
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FEEY
198y

PROG P20-3

0243

PROG P2D-3
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H243 az43
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BO48

i

i

I

PORT 2

R

FROG I

LOW COST I/O EXPANSION
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interconnection to the 8048 is 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 CS. 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 Jines 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 /O ports. Note that in this configuration
address lines Ay, and Ay, 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 1/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 A,, connected
directly to the CE (instead of CE) input of the
8355; however, this would create a 1K word
“hole” in the program mermory by causing the
B355 to be active in the 2K to 4K range in-
stead of the normal 1K to 3K range.

8156/8355

ALE  B355/

=7 8755

RD  Rom

+|iGR EPROM

8048

AB

RD
WR p1s6
ce RAM

Ag

THE THREE COMPONENT MCS-48 SYSTEM
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MCS-48 EXPANSION CAPABILITY

in this system the various locations are ad-
dressed as follows:

Data RAM—Addresses 0 to 255 when Port
2 Bit 0 has been previously set = 1 and Bit 1
set=20

RAM I/O—Addresses 0 to 3 when Port 2
Bit0 =1andBit1 =1

ROM |/O—Addresses 0 to 3 when Port 2
Bit2orBit3d =1

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 memeory and /O
locations directly addressable by the pointer

3-10

registers RO 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 hit to an output
port before accessing memory ar /0 in the
riew 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, asoftware “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 1/O line or lines as bank
enable signals. These enables are ANDed
with normal memory and /O chip select
signals to activate the proper bank.

3.6 Control Signal Summary

The following table summarizes the in-
structions which activate the wvarious
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 AF ANLD P,A

MOVD P.A ORLDP.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 1/0O port, as a bi-
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directional bus port, or as a program
memory address output when external
memory is used. The BUS port lines are
either active high, active low, or high
impedance (floating). The latched mode
(INS, OUTL!}is intended forusein the single
chip configuration where BUS is not being
used as an expander port. OUTL and MOVX
instructions can be mixed if necessary.
However, a previously latched output will
be destroyed by executing a MOVX
instruction and BUS will be ieft in the high
impedance state. QUTL should never_be
used in a system with external program
memaory, since latching BUS can cause the
next instruction, if external, to be fetched
improperly.

Port 2 Operations

The lower half of Port 2 can be used inthree
different ways: as a quasi, bi-directional
static port, as an 8243 expander port,andto
address external program memory. In all
cases outputs are driven lew by an active
device and driven high momentarily by an
active device and held high by a 50K0
resisior to +5V.

The port may contain latched |/0 data prior
10 its use in another mode without affeciing
operation of either. |f lower Port 2 (P20-3) is
used to output address for an external
program memory fetch the /O informaticn
previously latched will be automaticalty
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, previoustly
latched I/O information will be removed
and not restored. After an input from the
8243 Pap-3 will be left in the input mode
(floating). After an output to the 8243 P2o-3
will contain the value written, ANDed, or
ORed to the 8243 port.
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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 ane or two
cycles (2.5usec or 5.0usec 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 1/0 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 contraol 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

DATA
| |
: MOV
{#data) !
WORKING REG
ADD MOV MOV
MOV ADD ADD \
MOVF ANL ANL
MOVF3 ORL QRL
ANL XRL XRL \
ngg ORL XCH XCH
XRL ACHD
ORLD MOWVX EXTERNAL
EXPANDER L MEMORY
1/0 PORTS 4) __V> ACCUMLILATOR BUS 8} AND
a4-7 PERIPHERALS
N
Mo ouTL MOV
TIMER PROGRAM
COUNTER STATUS WORD
ANL
ORL 8048
ON CHIP 1fO 8049
PDRTS 1,2, BUS B748
B035* *NO PROGRAM
8039+ MEMORY

l— ————— @ ﬂ@ﬂ

DATA TRANSFER INSTRUCTIONS
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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 RO or R1 ofthe active
working register bank. RO and R1 are also
used to indirectly address externzl 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 Ilower 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.
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Finally, the accumulator can be: incre-
mented. decremented, cleared, or comple-
mented and can berotated 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 constraints from
program memory. In addition, they can be
incremented or decremented or used as loop
counters using the decrement and skip, if not
zero instruction, as explained under branch
instructions,

All Data Memaory including working registers
can be accessed with indirectinstructions via
R(® and R1 and can be incremented.

Flags

There are four user accessible flags in the
8048: Carry, Auxillary Carry, FO, and F1.
Carry indicates overflow of the accumutlator,
and Auxillary Carry is used to indicate
overflow between BCD digits and is used
during decimal adjust operation.Both Carry
and Auxillary Carry are accessible as part of
the program status word and are stored on
the stack during subroutines. FG 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. FQ 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 criginal 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

T1_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 skip if not zero
instruction comhbines 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
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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 jurnp 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 ASCIl 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 ¢an be started as a timer with an
internal clock scurce 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.

Contro! 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
312 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 ariginal 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 T0O. This clock
can be used as a general purpose clock inthe
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/Qutput Instructions

Ports 1 and 2 are 8-bit static /0 poris which
can be lpaded 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 alfows “masks”
stored in program memory to selectively set
or reset individual bits of the I/C ports. Ports 1
and 2 are configured to aillow 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 cutputs, however, unlike ports 1
and 2, all eight lines of BUS must be treated
as either input or ocutput 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 1/0 poris can be
expanded via a 4-bit expander bus using half
of port 2, |/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/0 devices can also be added externally
using the BUS port as the expansion bus. [n
this case the I/0 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
mast significant bit (7) to theleft and two byte
instructions are represented with the first
byte on the left. The assembly language
examples are formufated as follows:

Arbitrary
Label: Mnemonic, Operand;

See section 1.22 for a description and
example of an assembly language program.

Descriptive Comment
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INSTRUCTION SET SUMMARY

Mramenic Description Bytes Cyele Mnemenic Description Bytes Cycles
ADD A, R Add register 1o A 1 1 % CALL Jump to subrouting 2 2
ADD A R Add data memary o A 1 1 g RET Return 1 2
ADD A, Fdata Add immediate to A 2 2 .'g' AETR Return and reslore status 1 2
ACDDC A, R Add register with carry 1 1 A
ADDC A, @R Add data memory with carry 1 1
ADDC A, ndata  Add immediate with carry 2 a. CLR C Clear Carry 1 1
ANL A, R And register ta A 1 V ., CPLC Complement Carry 1 1
ANL A, BR And data memary 1o A 1 1 g CLARFO Clear Flag & 1 1
ANL A, #data  And immediate to A 2 2 L CPL FO Complement Flag O 1 1
OAL AR Or register to A 1 1 CLA F1 Clear Flag 1 1 1
8 ORL A, ®R Or data memary to A 1 1 CPLF1 Complement Flag 1 1 1
S ORLA, #data  Or immediate to A 2 2
5 XAL A, R Exclusive OF register to A 1 1 MOV A R Mave register to A ] |
o XRL A @R Exclusive or data memary to A 1 1
< . . ) MOV A, BR Mave data memary to A 1 1
XAl A, adata Exclusive of immediate ta A 2 2 MOV A sdata  Move immediate 1o A o 2
INC A lncrement A 1 1 -7 fmmediate 1o
DEC A Decremant A 1 1 MOV R, A Mave A to register 1 1
CLE A Clear A 1 1 MOV &R, A Mave A ta da_tﬂ megrnary 1 1
CPL A Complement A 4 1 " MOV B, #data Mave immediate to register 2 2
DA A Decimal Adjust A 1 1 E MOV @R, 2data Move immediate to data memary 2 2
SWAP A Swap nibbles of A 1 1 S MOVA PSW  Move PEW 10 A 1 !
RLA Rowte A left 1 . E MOV PSW, A Move A to PSWY 1 1
RLC A Rotatg A left through carry 1 1 o XCHA,R Exchangs A and register ! !
. ®CHA, @R Exchange A and data memary 1 1
RR A Rotate A right 1 1 . .
RRC A Ratate & right through carry 1 1 XCHD &, @R Exchange nibble of A and register 1 1
MOVX A, @R Move external data memory to A 1 2
MOVX @R, & Move A to external data memary | 2
IN &, P Input port to A 1 - MOVP A, @A Move to A from current page 1 2
OUTLF, A Output A to port 1 2 MOVPI A, @4  Move to A frorm Page 3 1 2
ANL P, sdata And immediale to port 2 2
‘."3_ ORLP, ydata Or immediate 1o port 2 2 MOV A, T Read Tirmer/Counter 1 1
a INS A, BUS Input BUS © A ! 2 E MOVT. A Load Timer/Caunter 1 1
= DUTL BUS A Qutput A to BUS 1 2 o . ) 1
S ANL BUS,#dste  And immediate to BUS 2 2 § STRTT Start Timer !
£ ORL BUS,#data Or immediate to BUS 2 2 © STRTCNT  Start Counter 1 !
MOVD A, P Imput Expander port ta A 1 2 i ETNOICL?:'T §‘°‘;r‘$e”cfé‘“‘e’ N : 1
MOVD P. A Quiput A to Expander port ! 2 F DISTGNTI  Dissbie TmerfGounter |:r:rrrli=2: 1 1
ANLD P, A And A to Expander port 1 2
QRLD P, A Qr A 10 Expander port 1 2
EMI Enable external interrupt 1 1
; INC R Increment register q 1 _ oigsi Disable ex_ternal interrept 1 1
B Inc @R fncrement data memary 1 1 £ SELREBO Select register bank 0 ! !
& DECR Decremant register < SEL RE1 Seleet register bank 1 1 1
O SEL MBO Select memory bank 1 1
SEL MBI Select memory bank 1 1 1
IMP addr Jump unconditional 2 2 ENTO CLK Enabla Clock output on TG 1 1
IMPF @A Jump ingi: ect 1 2
DINZ R, addr Decremant register and skip 2 2 .
JC addr Jump an Carry =1 2 2 nae Mo Operation 1 1
JNC addr Jump on Carry = 0 2 2
J Z addr Jump on A Zero 2 2
JNZ addr Jump on A not Zero Fi 2
-Fé JT0 addr Jump on TO =1 2 2
S JMNTO addr Jumpon TG=0 2 2
B UT1 addr fumpon T1 =1 2 2
JNT1 addr JumponT1=0 2 2
JF0 addr Jumpon FO=1 2 2
JF 1 addr JumponFi=1 2 2
JTF addr Jumg on timer flag 2 2
INE addr Jumpon INT=0 2 2
JBb addr Jump on Accumulator Bit 2 2

Mnemonics copyright Iptel Corporation 1576.



Accumulator

InputfQutput

Registers

8021
INSTRUCTION SET SUMMARY

Mnemonic Drescription Bytes Cycle Mnemanic Description Bytes Cycla
ADD AR Aded register 10 A 1 1 JrpE addr Jump uncenditional 2 2
ADD  A©R Add data memory 1 A 1 1 PP A Jumyp indirect 1 2
ADD  A.sdata Add immediate to A 2 3 DINEZ  R,addr Decrement register angd Jump z 2
abDc AR Add with carry 1 1 an B not zero
ADDC ABR Add with carry 1 1 £ K addr Jump on Carry = 1 2 2
ADDC A,sdata  Add with carry 2 2 £ JNC  addr Jump on Carry = 0 2 z
ANL AR And register to A 1 1 o 2 addr Jump on A Zero 2 2
ANL  AGR And data memory 1o A 1 1 JNZ - adde Jump on A not Zero 2 2
ANL A #data  And immediste 10 A 2 2 AT addre dump on T1 =1 2 2
ORL AR Or register to A 1 1 INTT adde Jump on T1 =0 2 2
OfL  A®LR Qr data memory to A 1 i = JTF adde Jurnp on tirmer flag 2 2
ORL  Agddaie Orammediate o A 2 2 s -
¥AL AR Exclusive Or register to & 1 1 & CALL Jump to suliroutine 2 2
XRL A@R Exelusive or data memory 1a A 1 1 g RET Feturn 1 2
XRL A #data  Exclusive orimmediate to A 2. 2 «
INC A Ingrement A 1 1 w CLR C Clear Carry 1 1
DEC A Decremant A 1 1 ®» CPL C Camplement Carry 1 1
CLR A Clear & 1 1 w
crL 4 Complemant & 1 1 MOV AR Move register 1a A 1 1
[N A Cecirmal Adjust & 1 1 MOV A GR Move data memary ta A 1 1
SWAP A Swap nitbles of A 1 1 MOV A pdata Move immediate to & 2 2
RL a Hotate A& left 1 1 ?:S MOV RA Move 210 reqister 1 1
fLE A Rotate A lefl through carry 1 1 £ MOV BRA Move A to data memory ! 1
RR a Ratate A right 1 1 E MOV R.tdata Move immediate 10 register 2 2
ARG A Rotate A right through carry 1 1 = MOV @R #data Move immediate to dota memary 2 2
O XCH AR Exchange A and register 1 1

XCH  AER Exchange A and data memary 1 2
LY AF Input port to A 1 2 XCHD A ®R Excharige nibble of A and register 1 1
ouTL PA Qutput A ta port 1 2 MOVP  AFA Move to & from current page 1 2
MOVD &P Input Expander port to A 1 rs -
MOVD PA Quiput A to Expander port 1 2 ‘E MOV AT Aead Timer/Counter 1 1
ANLD PA And A to Expander port 1 2 g MOV T.A Load TimerfCounter 1 1
CRLD PA Or A to Expander port 1 2 O STAT T Start Timer 1 1
e E STAT CNT Start Cawner i 1
NS A Increment register 1 1 £ STOP TCNT Stop Timer!Counter i 1
INC @R Increment data memory 1

NEOP MNa Operation 1 1

Insiruction Set — The following instructions, which are
found in the 8748, have been deleted from the 8021
instruction set.

Drate Moves Registars Branch Tirmar Contral Inpu it/ Output
MW APSW | DEC R JTO  adde | EN TCMTI [ EN | ANL P #data
MoV PEW. & JNTO sdr | DIS TCHNTY | OIS | ORL  P#daie
Mavy AEA Flam JFD addr SEL RBO |INS A BUSH
MOWX G&RA LA FQ JF1 agdr | Subroutine SEL FMA1 |QUTL BUSA =
MDVAT A @A CPL FQ I addr RETR $EL  WBO [ANL 8US edata

JEE  ador SEL W31 | ORL  BUS #dara
GLR Py : EMTO CLKE
AL FY

*These Instructions have been

IN A, PO and OUTL POA respectively,
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réplaced in the B02] by



AC
addr
Bb
BS
BUS

CLK
CNT

data
DBF
FO, Fi

PC
Pp
PSW

MCS-48™ INSTRUCTION SET

SYMBOLS AND ABBREVIATIONS USED

Accumulator

Auxillary Carry

12-Bit Program Memory Address
Bit Designator (b=0-7}

Bank Switch

BUS Port

Carry

Clock

Event Counter

Mnemonic for 4-Bit Digit (Nibble)
8-Bit Number or Expression
Memory Bank Flip-Flop

Flag Q, Flag 1

Interrupt

Mnemonic for “in-page” Operation
Pragram Counter

Port Designator (p=1, 2 or 4-7)
Program Status Word

Register Designator {r=0, 1 or 0-7)
Stack Pointer

Timer

Timer Flag

Test 0, Test 1

Mnemaoni¢ for External RAM
Immediate Data Pretfix

Indirect Address Prefix

Current Value of Program Counter
Contents of X

Contents of Location Addressed by X
Is Replaced by

Mnemonics copyright Intel Corporation 1976,
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ADD A,Ry Add Register Contents to Accumuiator
|0110|1rrr]

The contents of register ‘I’ are added to the
accumulator, Carry is affected.

{A) = (A) + (Rr) r=0-7
Example: ADDREG: ADD A,R6 ;ADD REG 6 CONTENTS
;TO ACC
ADD A,@R, Add Data Memory Contents to Accumulator
lo110]oo0o0r]|

The contents of the resident data memory location
addressed by register ‘I’ bits @-5*are added io
the accumulator. Carry is affected.

{A)==(A} + ((Rr}) r=0-1

Example: ADDM: MOV RO, #01FH ;MOVE ‘1F' HEX TO REG 0
ADD A, @RO _ ;ADD VALUE OF LOCATION
7 147 TO ACC

ADD A #idata Add Immediate Data to Accumulator
[0000]o011] [d7dgdsds|dgdydidg]

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
JADDER' TO ACC

ADDC AR, Add Carry and Register Contents to Accumulator

[0111]1rrr]

The content of the carry bit is added to accumulator
location 0 and the carry bit cleared. The contents

of register ‘v are then added to the accumulator,
Carry is affected.

(A) == (A)+(Rr)+(C) r=0-7

Example: ADDRGC: ADDC A,R4 ;ADD CARRY AND REG 4
;CONTENTS TO ACC

Mnemonics copyright Intel Corporation 1976, *0-6 for B39/8045
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ADDC A,@R; Add Carry and Data Memory Contents to Accumulator
[o111]0007r]

The content of the carry bit is added to accumulator
location 0 and the carry bit cleared. Then 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)+((R)+(C) r=0-1

Example: ADDMC: MOV R1,#40 'MOVE '40' DEC TO REG 1
ADDC A,@R1 ;ADD CARRY AND LOCATION 40
;CONTENTS TC ACC

ADDC A,#data Add Carry and Immediate Data to Accumulator
[0001]0011]| [d7dsdsds | da d2 dqdp]

This is a 2-cycle instruction. The content of the
carry bit is added to accumulator location 0 and
the carry bit cieared. Then the specified data is
added to the accumulator. Carry is affected.

{(A)=—~ (A)+data+(C)

Example: ADDC A #225 JADD CARRY AND ‘225 DEC
TG ACC
ANL AR, Logical AND Accumulator With Register Mask
(0101 1rrr]

Data in the accumulator is logically ANDed with the
mask contained in working register r',

(A)=— (A) AND (Rr) r=0-7
Example: ANDREG: ANL A,R3 VAND ACC CONTENTS WITH MASK
JIN REG 3
ANL A,@R, Logical AND Accumulator With Memory Mask
[o0101]000r]

Data in the accumulator is logically ANDed with the
mask contained in the data memory location referenced
by register ‘', bits 0-5°

(A)=— (AY AND {{(Rr)) r=0-1
Example: ANDDM: MOV RO #03FH ;MOVE ‘3F HEX TO REG 0

ANL A, @RO  JAND’ ACC CONTENTS WITH
JMASK IN LOCATION 63

Mnemonics copyright Intel Corporatien 1978, “0-6 far 8030/8049
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ANL A #data Logical AND Accumulator With Immediate Mask
[0101[0011] |d7dgdsds|dzdsdqidg]

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  ;AND" ACC CONTENTS
SWITH MASK 10107111
ANL A #3+X/Y  ;AND' ACC CONTENTS

iWITH VALUE OF EXP
F3EXY

ANL BUS,#data Logical AND BUS With Immediate Mask (Not in 8021}
|1001]1000]| [dydgdsds | dgdpdqdp]

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)

|[1001]10pp| [d7dgdsds | dady didg]

This is a 2-cycle instruction. Data on port 'p’ is
logically ANDed with an immediately-specified mask.

{Pp)= (Pp) AND data  p=1-2

Example: ANDP2: ANL P2,#0FOH ;'AND’ PORT 2 CONTENTS
:WITH MASK ‘FO' HEX
:(CLEAR P20-23)

ANLD Pp,A Logical AND Port 4-7 With Accumulator Mask
[1001]11pp]

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 (A0-3) p=4-7

Mremomes copynight Inlel Corparation 1976,
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Note: The mapping of port ‘p’ to opcode bits 0-1
is as follows:

—
]
0
o

-

_;_Aool

—- O =2 o
"*JO'JU‘\-Ih-l

Example: ANDP4: ANLD P4,A FAND' PORT 4 CONTENTS
‘WITH ACC BITS 0-3

CALL address Subroutine Call

‘8.10393.81'01001 1a7a635a4la3a23130|

This is a 2-cycle instruction. The pregram 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.

Execution continues at the instruction following the
CALL upon return from the subroutine.

{{8P)} — (PC), (PSW 4.7
{5P) — {SP)+1

{PCg-10) — {addrg.1p)
{PCo-7) — addrg.7

(PC41) — DBF

Example: Add three groups of two numbers. Put subtctals in
tocations 50, 51 and total in location 52.

MOV RO.#50 MOVE '50' DEC TO ADDRESS

JHEG O
BEGADD: MOV AR ;MOVE CONTENTS OF REG 1
;TO ACC
ADD AR2 ;ADD REG 2 TO ACC

CALL SUBTOT;CALL SUBROUTINE 'SUBTOT’
ADD A R3 ;ADD REG 3 TO ACC

ADD A,R4 ;ADD REG 4 TO ACGC
CALL SUBTOT ;CALL SUBROUTINE ‘SUBTOT’
ADD AR5 ;ADD REG 5 TO ACC
ADD AR6 ;ADD REG 6 TO ACC

CALL SUBTOT ;CALL SUBROUTINE 'SUBTOT

SUBTOT: MOV @R0,A ;MOVE CCNTENTS OF ACC TO
;LOCATION ADDRESSED BY

;REG 0
INC RO JINCREMENT REG ©
RET ;RETURN TO MAIN PROGRAM

Mnemenics copyright Intel Corporation 1376,
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CLR A Clear Accumulator
loo10{0111]
The contents of the accumutator are cleared to zero.
A= 0

CLR C Clear Carry Bit

[1001]0111]

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-20
CLR F1 Clear Flag 1 {(Not in 8021)
[1010{0101]|

Flag 1 is cleared to zero.
(F1}=0

CLR FO0 Clear Flag 0 {(Not in 8021)
11000/0101]
Flag 0 is cleared to zero.
(FO)=- 0

CPL A Complement Accumulator
10011]0111]

The contents of the accumulator are complemented.
This is strictly a one’s complement. Each ¢ne is
changed to zero and vice-versa.

(A)= NOT (A)

Example: Assume accumulator contains 01101010,

CPLA: CPL A JACC CONTENTS ARE COMPLE-
'MENTED TO 10010101

CPL C Complement Carry Bit
11010]0111]

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.

CTO1: CLR C ;C 1S CLEARED TC ZERO
CPLC ;G IS SET TO ONE

Mnemanics copyright Intel Corporation 1978.
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CPL F0O Complement Flag 0 (Not in 8021)
[1001]0101]

The setting of flag 0 is complemented; one is
changed to zero, and zero is changed to one.

FO-=— NOT (FO)
CPL F1 Complement Flag 1 (Not in 8021)
[1o011]0101]|

The setting of flag 1 is complemented; one is
changed to zero, and zero is changed to one.

{F1)=— NOT (F1)
DA A Decimal Adjust Accumulator

(0101]0111]

The 8-bit accumulator value is adjusted to form two
4-bit Binary Coded Decimal {(BCD) digits foliowing
the binary addition of BCD numbers. The carry bit
C is atfected. 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 yACG ADJUSTED TO 00000001
iWITH C SET
C AC 7 4 3 0
00 1001 1011
0110 ADD SIX TO BITS 0-7

00 1010 0001

0110 ADD SIX TO BITS 4-7
10 0000 CcO001 OVERFLOW TO C

DEC A Decrement Accumulator

[0000]0111]

The contents of the accumulator are decremented by one.
(A)=— (A)-1

Mnemonics copyright Intel Corporation 1976,
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Example: Decrement contents of external data memory location 63.

MOV RO,#3FH :MOVE ‘3F HEX TO REG 0
MOVX A,@R0 'MOVE CONTENTS OF LOCATION 63
;TO ACC
DEC A :DECREMENT ACC
MOVX @R0D,A :MOVE CONTENTS OF ACC TO
JLOCATION 63 IN EXPANDED
‘MEMORY
DEC R, Decrement Register (Not in 8021)
[1100[1rrr]|
The contents of working register 'r’ are decremented
by one.
{Rr)=— {Rr)-1 r=0-7
Example: DECR7T; DEC R1 DECREMENT CONTENTS OF REG 1

DIS | Disable External Interrupt (Not in 8021)
looo1lo0101]|

External interrupts are disabled. A low signal on
the interrupt input pin has no effect.

DIS TCNTI Disable Timer/Counter Interrupt (Not in 8021)
[o011]0101]

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 Ry, address Decrement Register and Test

11110L1FI"I’| _|a7a5a5a4’a3aza1a0]

This is a 2-cycle instruction. Register 'r' 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 r=0-7
If Rr not 0
(PCp.7)=— addr
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MNote: A 12-hit 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 memaory locations 50-54.
MOV RO, #50 :MOVE '50° DEC TO ADDRESS
‘REG 0
MOV R3,45 MQOVE '5' DEC TO COUNTER
;REG 3
INCRT: INC @RO JINCREMENT CONTENTS QF
) LOCATION ADDRESSED BY
‘REG 0
INC RO JINCREMENT ADDRESS IN REG 0
DJNZ R3, INCRT ;DECREMENT REG 3 — JUMP TO
VINCRT IF REG 3 NONZERO
NEXT — NEXT ROUTINE EXECUTED
:IF R3 1S5 ZERO

EN | Enable External Interrupt {(Not in 8021)
10000/0101]

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)
10010{0101]

Timer/counter interrupts are enabled. An overflow
of the timer/counter initiates the interrupt sequence.

ENTO CLK Enable Clock Output {Not in 8021)

X

The test 0 pin is enabled 1o act as the clock ouiput,
This function is disabled by a system reset.

Example: EMTSTO: ENTO CLK JENABLE TO AS CLOCK QUTPUT
IN A,Pp Input Port or Data to Accumulator

[oo00]10pp]

Thisis a 2-cycle instruction. Data present on port ‘p’
is transferred {read) to the accumulator. In the 8021
IN A,P2inputs P2o-P23 to Ag-A3z while Aj-A7is set
tozero.

{A)=— (Pp) p=1-2
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Example: [INP12:IN A,P1 JINPUT PORT 1 CONTENTS
;TO ACC
MOV R6.A ‘MOVE ACC CONTENTS TO
;REG 6
IN A,P2 ANPUT PORT 2 CONTENTS
;TO ACC
MOV R7.A MOVE ACC CONTENTS TOREG 7

INC A Increment Accumulator
[0001[0111]

The contents of the accumulator are incremented
by one.

(A} (A)*1

Example: Increment contents of location 100 in external
data memory.

INCA: MOV RO,#100 :MOVE 100 DEC TO ADDRESS
;REG O
MOVX A,@R0 :MOVE CONTENTS OF LOCATION
;100 TO ACC
INC A JINCREMENT A

MOVX @RO,A MOVE ACC CONTENTS TO
;LOCATION 100

INC R; Increment Register
\ 0001 | 1rrr J

The contents of working register 'r' are incremented

by one.
(Rr) = (Rr)+1 r=0-7
Example: JNCRO: INC RO /INCREMENT ADDRESS REG 0
INC @R, Increment Data Memory Location
(00071]/000r]

The contents of the resident data memory location
addressed by register 'r’ 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 LOCATICN 63
Mnemonics copyright Intel Corporation 1976, "0-6 for 8038/8049
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IN AP0 Input of Port 0 Data to Accumulator

Same as INS A,BUS except no RD pulse generated.
INS A BUS Strobed Input of BUS Data to Accumulator

joooo[1000]

This is a 2-cycle instruction. Data present on the
BUS port is transferred {read) to the accumulator
when the RD pulse is dropped. (Refer to seciion on
programming memory expansion for details).

(A)= (BUS)

Example: INPBUS: INS A,BUS /INPUT BUS CONTENTS
TO ACC

JBb address Jump If Accumulator Bit is Set (Not in 8021)
[b2b1bg1[00710] [a;agasa, [azasaqag]

This is a 2-cycle instruction. Control passes to the
specified address if accumulator bit 'b’ is set

to one.
(PCp-7)=— addr If Bb=1
(PC} = (PC)+2 If Bb=0
Example: JB4I1S1: JB4 NEXT WJUMP TO ‘NEXT ROUTINE

JF ACC BIT 4=1
JC address Jump If Carry Is Set

(1111|0110 [ayagasay|agasa;ag]

This is a 2-cycle instruction. Control passes to the
specified address if the carry bit is set to one.

(PCq.7)=— addr if C=1
(PC) = (PC)+2 If C=0
Example: JC1:;JC OVFLOW WJUMP TO 'OVFLOW ROUTINE
JIF C=1

JFO address Jump If Flag 0 Is Set (Not in 8021)

b011|0110| b7353534'633231301

This is a 2-cycle instruction. Control passes to the
specified address if flag 0 is set to one.

{PCq.7)=— addr If FO=1
(PC) = (PC)+2 If FO=0

Example: JFOIS1: JFO TOTAL WUMP TO ‘“TOTAL' ROUTINE
;IF FO=1
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JF1 address  Jump If Flag 1 Is Set (Not in 8021)

Example:

[o111]o110] [a7agasasfagazajag)

This is a 2-cycle instruction. Control passes to the
specified address it flag 1 is set to one.

(PCp.7) = addr If F1=1
(PC) = {PC)+2 IF F1=0
JF1S1: JF1 FILBUF WJUMP TO 'FILBUF

;ROUTINE IF F1=1

JMP address Direct Jump Within 2K Block

(8108985 0[]0 100] [asagasay]agasaiag

This is a 2-cycle instruction. Bits 0-10 of the program
counter are replaced with the directly-specified
address. The setting of PC kit 11 is determined by
the most recent SELECT MB instruction.

(PCg.10) = addr 8-10
(PCg-7) = addr 0-7
(PC11]"|— DBF

Example: JMP SUBTOT :JUMP TO SUBROUTINE ‘SUBTOT’
JMP $-6 _ JUMP TO INSTRUCTION SIX LOCATIONS
;BEFORE CURRENT LOCATION
JMP 2FH JUMP TO ADDRESS 2F' HEX
JMPP @A Indirect Jump Within Page
[1011]Jo011]

Example:

This is a 2-cycle instruction. The contents of the
program memory lgcation pointed to by the accumulator
are substituted for the ‘page’ portion of the program
counter (PC bits 0-7).

(PCo.7) = ((A))

Assume accumulator contains OFH.

JMPPAG: JMPP @A WUMP TO ADDRESS STORED IN
;LOCATION 15 IN CURRENT PAGE

JNC address Jump If Carry Is Not Set

‘1110'0110' [87358584183828130J

This is a 2-cycle instruction. Control passes to the
specified address if the carry bit is not set, that
is, equals zero.
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(PCg-7) = addr If C=0
(PC) = {PC)+2 IF C=1

Example: JCO: JNC NOVFLO WHJUMP TO "NOVFLO' ROUTINE
M C=0

JNI address Jump If Interrupt Input is Low (Not in 8021)

[1000[0110]| |asagasas|agazasag)|

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 signai initiates an interrupt
service sequence if the external interrupt is enabled.)

(PCg.7) = addr If 1=0
(PC) = (PC)+2 It 1=1

Example: LOC 3: JNI EXTINT JUMP TG ‘EXTINT ROUTINE
11 1=0

JNTO address Jump I Test 0 Is Low (Not in 8021)

i0010|0110| |a?asa5.a4133323130|

This is a 2-cycle instruction. Control passes to the
specified address, if the test 0 signal is low

{PCq-7)~- addr If TO=0
(PC) = (PC)+2 If TO=1
Example: JTOLOW; JNTO 80 WJUMP TO LOCATION 80 DEC
;IF TO=0

JNT1 address Jump If Test 1 Is Low

[0100]0110]| [a7agasay[agapayag]

This is a 2-cycle instruction. Control passes to the
specified address, if the test 1 signal is low.

{(PCp-7)—— addr If T1=0
{PC) = (PC}+2 If T1=1

JNZ address Jump If Accumulator Is Not Zero

[1001]o110] [azagasas|agzagayag

This is a 2-cycle instruction. Conirol pases to the
specified address if the accumulator contents are
nonzero at the time this instruction is executed.

(PCq.7}~— addr If A0
{PC) = (PC)+2 If A=0
Example: JACCNO: JNZ 0OABH WJUMP TO LOCATION *AB HEX
. , , ;IF ACC VALUE I3 NONZERO
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JTF address Jump H Timer Flag Is Set

L0001‘0110| |a7a6a5a4|a33231a0

This is a 2-cycle instruction. Control passes to the
specified address if the timer flag is set {o 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-pverflow interrupt is enabled.)

(PCg.7) = addr If TE=1
(PC) = (PC)+2 If TF=0

Example: JTF1: JTF TIMER :JUMP TO ‘TIMER' ROUTINE
IF TF=1

JTO address  Jump If Test 0 Is High (Not in 8021)

[oo11]o110] [ajagasas|azapajag]

This is a 2-cycle instruction. Control passes to the
specified address if the test 0 signal is high (=1}.

(PCp.7) = addr If TO=1
(PC) = (PC}+2 If TO=0

Example: JTOHI: JTO 63 JJUMP TO LOCATION 53 DEC
JAF TO=1

JT1 address Jump If Test 1 Is High

|_0101|011o| [a7agasay |azapaqag)|

This is a 2-cycle instruction. Control passes to the
specified address if the test 1 signal is high (=1).

(PCq-7) = addr If T1=1
(PC) = (PC)+2 If T1=0

Example: JT1HI: JT1 COUNT WUMP TO 'COUNT' ROUTINE
JAF Ti=1

JZ address Jump If Accumulator Is Zero

|1100‘0110‘ |a7a5a5a4|33a231a0|

This is a 2-¢ycle instruction. Control passes to the
specified address it the accumulator ¢ontains all
zeros at the time this instruction is executed.

(PCg.7)~— addr It A=0
(PC) = (PC)+2 It AZ0
Example: JACCO: JZ 0A3H :JUMP TO LOCATION ‘A3' HEX

;IF ACC VALUE IS ZERO
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MOV A,#data Move Immaediate Data to Accumulator

[o0t10]o011] [drdgdsds [dgdadidp]

This is a 2-cycle instruction. The 8-bit value
specified by ‘data’ is loaded in the accumulator.

(A)=— data
Example: MOV A #0A3H MOVE ‘A% HEX TO ACC
MOV A PSW Move PSW Contents to Accumulator (Not in 8021)
[1100]0111]

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 APSW  :MOVE PSW CONTENTS TO ACC
JB4 RB1SET  ;JUMP TO ‘RB1SET' IF ACC
BIT 4=1

MOV ARy Move Register Contents to Accumulator

(1111 1rrr|

8-bits of data are moved from working register '’
inte the accumulator.

(A)==— (Rr) r=0-7
Example: MAR:; MCV AR3 MOVE CONTENTS OF REG 3
TO ACC

MOV A,@R, Move Data Memory Contents to Accumulator
[1111]000r]

The contents of the resident data memory location
addressed by bits 0-5%cf register ‘r’ are moved to
the accumulator. Register r' contents are unaffected.

(A} ((Rr)) r=0-1
Example: Assume R1 contains 00110110,
MADM: MOV A,@R1 ‘MOVE CONTENTS OF DATA MEM

JLOCATION 54 TO ACC
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MOV A,T Move Timer/Counter Contents to Accumulator
lot1oofo010]

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,

TIMCHK: MOV AT ‘MOVE TIMER CONTENTS TO
ACC
JB6 EXIT WHJUMP TO 'EXIT IF ACC BIT
;6=1

MOV PSW,A Move Accumulator Contents to PSW (Not in 8021)

[1101]0111]

The contents of the accumulator are moved into the
program status word. All condition bits and the
stack peinter are affected by this move.

(PSW)=— (A)
Example: Move up stack pointer by two memaory locations,

that is, increment the pointer by one.

INCPTR: MOV A,PSW  ;MOVE PSW CONTENTS TO ACC
ING A JINCREMENT ACC BY ONE
MOV PSW,A  :MOVE ACC CONTENTS TO PSW

MOV Ri,A Move Accumulator Contents to Register

[1010]1rrr ]
The contents of the accumulator are moved to
register ‘r’.
{Rr)=— [A) r=0-7
Example: MRA: MOV RO,A :MOVE CONTENTS OF ACC TO

:REG 0
MOV Rp#data Move Immediate Data to Register

| 1011 1raryrg| [d7dgdsds [ dadp didp]

This is a 2-¢ycle 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 ;THE VALUE OF THE SYMBOL

“HEXTEN’ 1S MOVED INTO
:REG 4

MIR 5: MOV R5,#PI"(R*R});THE VALUE OF THE
‘EXPRESSION PI*(R'R)
:1S MOVED INTO REG 5

MIR 6: MOV RS, #0ADM ;'AD’ HEX IS MOVED INTO
;REG 6

MOV @R;,A Move Accumulator Contents to Data Memory
|1010]000 |

This is a 2-cycle instruction. The contents of the
accumulatorare moved to the resident data
memaory location whose address is specified by bits
0-5* of register ‘r'. Register ‘r contents are
unaffected.

({Rr})-=— {A) r=0-1

Example: Assume RO contains 00000111,

MDMA: MOV @RO,A  ;MOVE CONTENTS OF ACC TO
:.LOGATION 7 (REG 7)

MOV @R, #data Move Immediate Data to Data Memory
[1011]000r | [d7dgdsds | dadydidg]

This is a 2-cycle instruction. The 8-hit value
specified by ‘data’ is moved to the resident data
memery location addressed by register ‘r’, bits 0-57

{{Rr))=— data r=0-1

Examples: Move the hexadecimal value AC3F to locations 62-63.

MIDM: MOV RO,#62 'MOVE ‘62" DEC TC ADDR REG 0
MOV @RO,#0ACH ;MOVE 'AC’ HEX TO LOCATION 62
INC RO ;INCREMENT REG 0 TO ‘63
MOV @RO0,#3FH ;MOVE '3F HEX TC LOCATION 63

MOV T,A Move Accumulator Contents to Timer/Counter
(0110]0010]

The contents of the accumulator are moved to the
timer/event-counter register.

(T)-= {A)
Example: Initialize and start event counter.
INITEC: CLR A :CLEAR ACC TO ZEROS
MOV T,A MOVE ZEROS TO EVENT COUNTER
STRT CNT ;8TART COUNTER
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MOVD A,Pp Move Port 4-7 Data to Accumulator

[ooo0[11pp]

This is a 2-¢ycle instruction, Data on 8243 port
‘p' is moved (read) to accumulator bits 0-3.
Accumutator bits 4-7 are zeroed.

(0-3) = (Pp) p=4-7
(4-7)=0

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 0 Port
00 4
01 5
10 5]
11 7

Example: INPPT5: MOVD AP5 ;MOVE PORT 5 DATA TO ACC
;BITS 0-3, ZERO ACC BITS 4-7

MOVD Pp,A Move Accumulator Data to Port 4-7

j0011]11pp|

Thisis 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) = (Ag.3) p=4-7

Example: Move data in accumulator to poris 4 and 5.
OUTP45: MOVD P4,A ;MOVE ACC BITS 0-3 TO-PORT 4
SWAP A ;EXCHANGE ACC BITS 0-3 AND 4-7
MQOVD F5,A :MOVE ACC BITS 0-3 TO PCRT &

MOVP A, @A Move Current Page Data to Accumulator
[1010/0011]

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

(PCo-7) = (A)
(A}== ((PC))
Note: This is a 1-byte, 2-cycle instruction. If it appears

in location 258 of a program memory page, @A addresses
a location in the following page.
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Example: MOQOV128: MOV A #128 MOVE '128 DEC TC ACC
MOVP A,@A ;CONTENTS OF 128th LOCATION
;IN CURRENT PAGE ARE MOVED TO
ACC

MOVP3 A,@A Move Page 3 Data to Accumulator (Not in 8021)

[1110]0011]

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.

(PCy.7)«(A)
(PCg.11)4-0011
(A)=-((PC))

Example: Look up ASCH equivalent of hexadecimal code in table
contained at the beginning of page 3. Note that ASCI|
characters are designated by a 7-bit code; the eighth
bit is always reset.

TABSCH: MOV A#0B8H ;MOVE 'B8' HEX TO ACC (10111000)
ANL A#7FH  ;LOGICAL AND ACC TO MASK BIT
:7 (00111000}
MOVP3 A,@A ;MOVE CONTENTS OF LOCATLON
;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, Move External-Data-Memory Contents to Accumulator
[1000]0007] (Not in 8021)

This is a 2-cycle instruction. The contents of the
external data memory location addressed by register
' are moved to the accumulator. Register ‘r' contents
are unatfected.

{A)=— ((Rr)) r=0-1
Example: Assume Rt contains 01110110.
MAXDM: MOVX A,@R1 ;MOVE CONTENTS OF LOCATION
;118 TO ACC
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MOVX @R,,A Move Accumulator Contents to External Data Memory

[1001[0o00r] (Not in 8021)

This is a 2-cycle instruction. The contents of the
accumulator are moved to the external data memory
location addressed by register ‘r'. Register 'r’
contents are unaffected.

{(Rr) = A

Example; Assume RO contains 11000111.
MXDMA: MOVX @RO,A 'MOVE CONTENTS OF ACC TO
;LOCATION 199 IN EXPANDED
;DATA MEMORY

NOP The NOP Instruction
loooo[cooo0]

No operation is performed. Execution continues with
the following instruction.

ORL A,R; Logical OR Accumulator With Register Mask
[0100]1rrr]

Data in the accumulator is logically ORed with the
mask contained in working register v,

(A)=— (A) OR (Rr) r=0-7

Example: ORREG: ORL A,R4 “OR’ ACC CONTENTS WITH
;MASK IN REG 4

ORL A,@R; Logical OR Accumulator With Memory Mask
[o100]000r]

Data in the accumulator is logically ORed with the mask
contained in the resident data memory location referenced by
register ‘r, bits 0-5*

(A)=— (A) OR ((R")) r=0-1
Example: ORDM: MOV RO,43FH :MOVE ‘3F’ HEX TO REG 0
ORL A,@R0 “OR’ ACC CONTENTS WITH MASK

.IN LOCATION 63
ORL Aidata Logical OR Accumulator With Immediate Mask

[0100[0011] [d7dsdsds | dzdadidg]

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' 'OR’ ACC CONTENTS WITH MASK
;01011000 (ASCI VALUE OF “X)
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ORL BUS,#data Logical OR BUS With Immediate Mask (Not in 8021)
[1000]1000]| [d7dgdsds [d3dydidg]

This is a 2-cycle instruction. Data an 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: CRBUS: ORL BUS#HEXMSK ;'OR’ BLUS CONTENTS WITH
JMASK EQUAL VALUE OF SYMBOL

'HEXMSK'’
ORL Pp, #data Logical OR Port 1 or 2 With Immediate Mask {(Not in
e 8021)
[1000[10pp]| [d7dgdsds |dadadidg

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 FF HEX ( SET PORT 1
;TO ALL ONES)

ORLD Pp,A Logical OR Port 4-7 With Accumulator Masl

[1o00f11pp]

Thisis a2-cycle instruction. Data on port‘p'is
logically ORed with the digit mask contained in
accumulator bits 0-3.

(Pp)=— (Pp) OR (Ag g) p=4-7

Example: ORP7: ORLD P7,A 'OR” PORT 7 CONTENTS
\WITH ACC BITS 0-3

QUTL PO,A Output Accumulator Data to Port 0 (8021 only)

[1001[{0000]
OUTL BUS,A Qutput Accumulator Data to BUS (Not in 8021)

[ocoo]oo10]

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 QUTL instruction. Any other instruction Does not
requiring use of the BUS port {except INS) destroys the apoly for
contents of the BUS latch. This includes expanded PRl

memory operations (such as the MOVX instruction). I?’UU;\-L
Logical operations on BUS data (AND, OR) assume the of '8021
OUTL BUS,A instruction has been issued previously.
{(BUS) = {A)

Example: OUTLBP: OUTL BUS,A ;OUTPUT ACC CONTENTS TO BUS
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OUTL Pp,A Output Accumulator Data to Port 1 or 2
l0011]{10pp]|

Thisisa2-cycle instruction. Data residingin the
accumulator is transferred (written) to port ‘p* and

latched.
(Pp) = (A) p=1-2
Example: OUTLP: MOV A RY ‘MOVE REG 7 CONTENTS TO ACC
QUTL P2,A ;OUTPUT ACC CONTENTS TO PORT 2
MOV ARG ‘MOVE REG 6 CONTENTS TO ACC
OUTL P1,A OUTPUT ACC CONTENTS TO PORT 1
RET Return Without PSW Restore
[1000]0011]| -

This is a 2-cycle instruction, The stack painter

{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))

RETR Refurn With PSW Restore (Not in 8021)
[1001]0011]

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 ot be used within the interrupt service

routine as it signals the end of an interrupt routine.

(SP)= (SP)-1
(PC)=— ((SP))
(PSW 4-7)=— ((SP))

RL A Rotate Left Without Carry
[1110]0111]

The contents of the accumulator are rotated teft one
bit. Bit 7 is rotated into the bit 0 position.

{AN+1)=- {An)

{AQ)=— (A7) n=0-6
Example: Assume accumulator contains 10110001.
RLNC: RL A iINEW ACC CONTENTS ARE 01100011,
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RLC A Rotate Left Through Carry
[1111]0111]

The contents of the accumulator are rotated left one
bit. Bit 7 replaces the carry bit; the carry bit is
rotated into the bit 0 position.

{AN+1)—— {An)

n=0-6
(AQ) = (C)
(C) = (A7)

Example; Assume accumulator contains a 'signed’ number;
isolate sign without changing value.

RLTC: CLR C :CLEAR CARRY TO ZERQ
RLC A ;ROTATE ACC LEFT, SIGN
:BIT (7) IS PLACED IN CARRY
RR A ;ROTATE ACC RIGHT — VALUE

(BITS 0-6) 1S RESTORED,
;CARRY UNCHANGED, BIT 7
;18 ZERO

RR A Rotate Right Without Carry
[0111]0111]

The contents of the accumulator are rotated right
one hit. Bit 0 is rotated into the bit 7 position

{An) = {AN+1) n=0-6
{A7)=— (AQ)
Example: Assume accumulator contains 10710001.
RRNC: RR A :NEW ACC CONTENTS ARE 11011000

RRC A Rotate Right Through Carry
' [o110]0111]

The contents of the accumulator are rotated right one
bit. Bit 0 replaces the carry bit; the carry bit is
rotated into the bit 7 position,

{An)=— (An+1) n=0-6
(A7} (C)
(Cy=—)AQ)
Example: Assume carry is not set and accumulator contains
10110001.
RRTC: RRC A ;CARRY IS SET AND ACC

;CONTAINS 01011000
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SEL MBO Select Memory Bank 0 (Not in 8021)

[1110]0101]

PC bit 11 is set to zero on next JMP or CALL instruction.
All references to program memory addresses fafl within
the range 0-2047.

(DBF)= 0
Example: Assume program counter contains 834 Hex,
SEL MBO ;SELECT MEMORY BANK 0
JMP $+20 WJUMP TO LOCATION
;48 HEX
SEL MB1 Select Memory Bank 1 (Not in 8021)
l1111[0101]

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 RBO Select Register Bank 0 (Not in 8021)

[1100][0101]

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)= 0
SEL RB1 Select Register Bank 1 (Not in 8021)
([1101]0101]

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,
LOGC3: JNI INIT WJUMP TO ROQUTINE 'INIT IF
(INTERRUPT INPUT IS ZEROD

Mnemonics copyright Intel Corporation 1976
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INSTRUCTION SET

INIT: MOV R7,A ;MOVE ACC CONTENTS TO
;LOCATION 7
SEL RBE1 ;SELECT REG BANK 1

MOV R7,#0FAH :MOVE ‘FA' HEX TO LOCATION 31

SEL RBO ;SELECT REG BANK 0

MOV A,R7 ‘RESTORE ACC FROM LOCATION 7
RETR :RETURN — RESTQRE PC AND PSW
STOP TCNT Stop Timer/Event-Counter
(0110]0101]

This instruction is used to stop both time accumuiation
and event counting.

Example: Disable interrupt, but jump to interrupt routine after
eight overflows and stop timer. Count overflows in

register 7.

START: DIS TCNTi ;DISABLE TIMER INTERRUPT
CLR A JCLEAR ACC TO ZEROS
MOV T,A ;MOVE ZEROS TO TIMER
MOV R7.A MOVE ZEROS TO REG 7
STRT T 'START TIMER

MAIN:  JTF COUNT WJUMP TO ROUTINE ‘COUNT’
iIF TF=1 ANE CLEAR TIMER FLAG

JMP MAIN 'CLOSE LOOP
COUNT: INC R7 IINCREMENT REG 7
MOV A,R7 ;MOVE REG 7 CONTENTS TO ACC
JB3 INT WJUMP TO ROUTINE INT' IF ACC
BIT 3 1S SET (REG 7=8)
JMP MAIN ;OTHERWISE RETURN TO RCUTINE
iMAIN

INT: STOP TCNT STOP TIMER
JMP 7H WNUMP TO LOCATION 7 (TIMER)
JINTERRUPT ROUTINE

Mnemonics copyright Intst Corporation 1976,
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INSTRUCTION SET

STRT CNT Start Event Counter
10100[0101]

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.

Example: Initialize and start event counter. Assume overflow
is desired with first T1 input.

STARTC: EN TCNTI {ENABLE COUNTER INTERRUPT
MOV A #0FFH ;MOVE ‘'FF HEX (ONES) TO
JACC
MOV T,A ;MOVE ONES TO COUNTER

STRT CNT {ENABLE T1 AS COUNTER
JINPUT AND START

STRT T Start Timer
[o101]0101]

Timer accumulation is initiated in the timer register.
The register is incremented every 32 instruction cycles.
The prescaler which ¢ounis the 32 cycles is cleared
but the timer register is not.

Example: Initialize and start timer.

STARTT: CLR A ;CLEAR ACC TO ZEROS
MOV T,A ;MOVE ZEROS TC TIMER
EN TCNTI ;ENABLE TIMER INTERRUPT
STRT T START TIMER

SWAP A Swap Nibbles Within Accumulator
jo100]0111]

Bits 0-3 of the accumulator are swapped with bits
4-7 of the accumulator,

(A7) 5 (Ag-3)

Example: Pack bits 0-3 of lccations 50-51 inte location 50.

PCKDIG: MOV RO, #50 ;MOVE ‘50 DEC TO REG 0
MOV R1, #51 ;MOVE '51' DEC TO REG 1
XCHD A,@RD ;EXCHANGE BITS 0-3 OF ACC
;AND LOCATION 50

SWAP A ;SWAP BITS 0-3 AND 4-7 OF ACC

XCHD A,@R1 ;;EXCHANGE BITS 0-3 OF ACC AND
;LOCATION 51

MOV @RG,A  ;MOVE CONTENTS OF ACC TO
;LOCATION 50

Mremaonics copyright Intel Corparation 1976
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INSTRUCTION SET

XCH A,R, Exchange Accumulator-Register Contents

[0010[1rrr]

The contents of the accumulator and the contents of
working register 'r' are exchanged.

(A) % (RR) r=0-7

Example: Move PSW contents to Reg 7 without losing
accumulator contents.

XCHAR7: XCH A,R7 ;EXCHANGE CONTENTS OF REG 7
JAND ACC
MOV A, PSW MOVE PSW CONTENTS TO ACC
XCH AR7 JEXCHANGE CONTENTS OF REG 7

:AND ACC AGAIN
XCH A,@R, Exchange Accumulator and Data Memory Contents
[bo10foo0r)

The contents of the accumulator and the contents of
the resident data memory lecation addressed by bits
0-5%of register ‘v’ are exchanged. Register '’
contents are unaffected.

(M) 5 = ((Rr) r=0-1

Example: Decrement contents of location 52.
DECS52: MOV RO, #52 ;MOVE '62' DEC TO ADDRESS

REG 0
XCH A,@R0 ;EXCHANGE CONTENTS OF ACC
;AND LOCATION 52
DEC A :DECREMENT ACC CONTENTS
XCH A,@R0 ;EXCHANGE CONTENTS OF ACC

;AND LOCATION 52 AGAIN
XCHD A,@R, Exchange Accumulator and Data Memory 4-Bit Data
[0011]{000¢]

This instruction exchanges bits 0-3 of the accumulator
with bits 0-3 of the data memory location addressed by
bits 0-5"0f register 'r'. Bits 4-7 of the accumulator,

bits 4-7 of the data memory location, and the contents
of register ‘v’ are unaffected.

(Ag-3} %> ({Rr0-3}) r=0-1

Mnemonics copyright Intel Corporation 1978, *0-6 for 8039/8049
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INSTRUCTION SET

Example: Assume program counter contents have been stacked in
locations 22-23.

XCHNIB; MOV R0O,#23 ;MOVE 23 DEC TOREG 0
CLR A {CLEAR ACC TO ZEROS
XCHD A,@R0 ;;EXCHANGE BITS 0-3 OF ACC
JAND LOCATION 23 (BITS 8-11
;OF PC ARE ZERQED, ADDRESS
;REFERS TC PAGE 0)

XRL A,R; Logical XOR Accumulator With Register Mask
[1101]1rrr]

Data in the accumulator in EXCLUSIVE ORed with the mask
contained in working register ‘r'.

(A) = (A) XOR (Rr) r=0-7

Example: XORREG: XRL A,R5 'XOR' ACC CONTENTS WITH
;MASK IN REG 5

XRL A,@R; Logical XOR Accumulator With Memory Mask
[1101[000r]|

Data in the accumulator is EXCLUSIVE ORed with the mask
contained in the data memaory location addressed by
register 'r’, bits 0-57

[A)=— (A) XOR ({Rr)) r=0-1
Example: XORDM: MOV R1, #20H :MOVE ‘20 HEX TO REG 1
‘ XRL A,@R1 V' XOR ACC CONTENTS WITH MASK

JIN LOCATION 32
XRL A#data Logical XOR Accumulator With immediate Mask
[1101]|0011]| [d7dgdsds|d3dpdidg]

This is a 2-¢ycle 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
VHEXTEN'

Mnamonics copyright lntel Corporation 1976, *0-6 for B030/8049
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APPLICATION EXAMPLES

5.0 Introduction

The following chapter is organized in two
sections, Hardware and Scoftware. 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

+BYy
1K
2 2

T XTAL 1 XTAL 1 KTAL 1
20pf I “a 5V

- 1K

3 3

T XTAL 2 XTAL 2 XTAL 2
20pt TTL

I GATE

= 16 MHz T L=1sont=smuz , of 16 MHz

— L= 404h (=5 MHe) 2 &
ITY COLOR BURST XTAL 1
CAN BE USED) f.—;zﬂm £ =10-15pf
CRYSTAL Lc EXTERNAL

NOTE:
ASTANDARD SERIES RESOMNANT XTAL SUCH
ASCTS KNIGHTS MPOG0 OR CRYSTEK CYGE
WILLPROVIDE BETTER THAN .1% FREQUEN -
CY ACCURACY.
IF HIGHER ACCURACY IS REQUIRED A NOTE: SEE PAGE 5-3 FOR B)21
FARALLEL RESONANT XTAL SHOULD BE FREQUENCY REFERENCES.

SPECIFIED WHICH WILL OPERATE WITH A
LOAD CAPACITANCE OF 20.25pf. FOR MORE
INFORMATION ON XTALS SEE INTEL AP-
PLICATION NOTE AP-35.

FREQUENCY REFERENCE OPTIONS

51



APPLICATION EXAMPLES

+5Y GND
'40 lze |zn
¥ec VYoo Ves
20pf N P10 % -
s s L P11
(O] T -
& MHz [ 5 p13 )30 INPUT
[S——— P YV pia)EL. FPORTI AND
'—‘I i 7 OUTPUT
20pl ! a3
4 P16 T
[} RESET p172=—
Tufd
7 P20 :;— =
EA P21 o5 —
8048 P
= 5 8048 o [ INPUT
= — 8748 35 | PORT2 AND
NG ——+{55 P24l — OUTFUY
(71
p2g 21—
pz7f38 |
! 12
—=|T0 DEO|S— -
13
39 [#]:3] T
— B2} —
INPUT 333 15 INPUT
sl __ 16 - BUS PORT AMND
-—|INT Do — QUTPUT
e T
[#]:13) 1—9—“—'
N pe7 b= A
ALE PSEN PROG WR RD

’11 ‘g 125 |1u |s

HC NC

¢ All inputs and outputs standard TTL compatible
* P1 and P2 outputs drive 5V CMOS directly others
require 10 to 50K{) pullup for CMOS compatibility

XTAL: Series Resonant CTS Knights MP060
1to 6 MHz Crystek CY6B
or or equivalent
Parallel Resonant or standard 3.58 MHz
for higher TV Color Burst XTAL
accuracy

THE STAND ALONE 8048/8049
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APPLICATION EXAMPLES

454 GND

15 FOD

=15Kil

WPUT |
16 PO3 !
| [ bod PORT 0 { AND

OUTP U"Jj

EERREA

o

il

&
-
=]

g
[ =
e —

+BY

1uldJ_ 18
v 17 PO e —
RESET P11

INPUT
PORT 1 | AND
oUTPUT,

DIODE 8021 P13
OPTIONAL P1a
P15
= P16
P17

L] L]

13
INPUT —=| TY

P20
P21 INPUT
pa2 PORT 2 AND

QUTPUT
P23

-

‘JIMIN
ma [ | e

ALE PROG

|12 ‘3

+5Y

Xy XTAL

TTL
GATE

|[H

X2 XTAL 2

NG

L

ALTERNATE FREQUENCY REFERENCE OPTIONS
{COMPONENT VALUES TQ BE DETERMINED])

LC CRYSTAL EXTERNAL

THE STAND ALONE 8021
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APPLICATION EXAMPLES

OPEN

COLLECTOR
INVERTERS

DEVICE >° 5V
1

10K

_ . T 8049
048
DEVICE 8748
2 [>>o 8035
8039
2r
P10
8 ANY
P11 UNDEDICATED
29 FPORT LINES
DEVICE P12 CAN BE USED
3 Dc 30
P13

DEVICE
4 DG

¢ All devices equal priority
o Processor polls Port 1 to determine interrupting device

MULTIPLE INTERRUPT SOURCES

5.4



APPLICATION EXAMPLES

]
1] P87
5] o2
DB3
10 WE
12 |3 |a |23
Bg By Bj SGSECS
8049
15 | — 8048
— R0 8742
— /1 8039
18| B2 ~ |& 7 8039
INTERAUPT | —o=1R3 o, Kof5 el P10
TNPUTS 207 ¢ Ale |t
TN As Az P12
T 5 6
— ol R7 INT A 5 o] INT
ELTG INTE ELR CLK o n &
13 |7 [11 %o
RS FLIF FLOP
ey 1 ALE

o<

o Processor polls Port 1 to determine interrupting device
© Processor sets priority level by writing 4-bits to 8214

MULTIPLE INTERRUPTS WITH PRIORITY LEVELS

E-B



APPLICATION EXAMPLES

+5Y GMND
h l WY #4125V GND
45V BND
a0 jzs |2 l2a |12 24 19 |2| 112
Voo Voo Vs pal?? Voo GHD Voo Voo Vee Vi
3 27
28
_”T" HTAL P 8212 L]
79 22
P77 M= LATCH A8
3 pafdl
—| —1——{x1aL2 P14 g; : oy b, : ;_ a7
PTE-‘:m—- 71012 +1sF) & g L
psf2 ] ol
ol [ o gl ¥ e ET 4]
————| |——|resFT Ll oy Do, 24
B . 15 5
olg Dels A3
P20l L Dog L flaz
A TN pa1 {22 20 g:s po; |2 EA
8049 23 22|V DO? 21 E] [y
P G 8048 :;; 24 14 gll_ln 4 4708
e ——e| 5z 8743* pza EN . MKx8
8035 - T DSz MD O, EPROM
B8039* 37
PYG 1l 2J_"
paz |2~ —
1 +5¥
—=| 10 DBO :2 ! 13 a1
a na1 2 0z
—ln . 7 ] e
& DB3 1': :: od
—] T DE4 o5
pash? | 15 e
nasl® | 16] -
o7 1 LEd P -
ALF FSEN pROG VT AT £5WE
11 |8

25 |1u \s 2

*E4 - B FOR 8035/3038

° 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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45V GND
a0 {26 {20
Vo Voo Vs
2 LI R
p——p——r|xmaL: ST B
przfe2
- 20
4 P12
L—I —3—]x7aL2 a2l | VO
32
pisj3E.
2 (] B
—{ |——={reEser P73
+5Y GND
7 r20)21
EA 8049 P21 5 .
1 8048 p2zfL
= [ 8748 P23 ? 40 |5 20 I
NC —=]58 3035: P2 — Voo Yoo Vs CE 24
8039 PI5f - T 1O 1 pAgIE— 7
P26 [ o PA1 ;6
P27 — Al PA2 .E_}__
1 eazksl—
— DEO :; :; ADD PA4 %—
35 081 12 ans pas|
NPUT | —=fT1 B2 :; e p,qe.%_
6 pa3p> 15 AD3 PAT P —
—|INT peaH 15 AD4 1o
DES 17 1}' ADS 8355 PEO 32
pesps Bl ans 87654 P
pa7f 12 apz 2Kx 38 [y
ALE PSEN PROG WR RB ROM B i
Bl —
1 g |25 10 l_s_——l——— oR PB4 %—
pes 22—
10 __ H
oW i
of paz 22— |
)
1
ALE
*EA = 5V FOR 8035/8039 v —2]ce
CAN BE SUPPLIED BY SYSTEM RESET
RESET OR POAT LINE OF 8048
1 s
= NG N

¢ External 1/0 parts are addressed as data memory PA=00 PB=01

e |f the 8048’s 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 1/0 EXPANDER
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APPLICATION EXAMPLES

+BY GND
40 {26 420
Vec Voo Vs 27
2 PIOLS —
’—ﬂ——_t—--xmu PHIE—
Pz
A i
+—— }l—---xmr_z pial 31—
P1G 2—.
4 (AT X
E fTESET CSF] =g N
7 P20 |2l
EA pa1 b2 +5Y GND
2049 23
L g048 o FTNN !
= Bl 8748 P23 ? 40 20
NG —=[58 8035+ Paafos— Vee Vs 2
4039* Gle el 2
PG ] pal |ES—
o TR paz 22
1 12 12 PASIS
[ —=}T0 DEQ 1 3 ADO Pa4 56
i3 o i T3 A0t paS [ —
INPUTS { —=| T1 e 151402 PAB [
p DB3ES 11403 ra7 F2—
—emae | {RT DB4 AD4
g5 17| sps o] ELA
o [ 18 8155 18
D&6 ADE ro1EE—
19 12 266x 8 39
DR7 AD7 pcz —
ALE PSER PROG W D RAM peat—
11 ]g Izs 10 [8 10/M pCa -——:
Pes2—
a| —
Ro 28
w|_ P00
—| @5 Pe1 [
1 PBZ -—3?-—
ALE FB3 —3—3——
el PB4 L—
*EA =5V FOR 8035/8039 L ol
CAN BE SUPPLIED BY SYSTEM — 2| et TR TIMER L.
RESET OR PORT LINE OF 2048 ouT N Pe7
16 Ia
h__'____l
TIMER

¢ Both I/0O and RAM are addressed as data memory
e Writing a bit to P27 determines whether RAM or 1/O is

to be accessed

- 110

ADDING A DATA MEMORY AND I/0 EXPANDER
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+5Y +6Y GND GND
4 |5 |2n 1

Veo Voo Vs CF
Ll P YY)y L B
22] na P L
23 a0 PAZ —:?
. pasl—
,.—————-;3 ADD pas|=—
1 13 A PAS 20
| ————¢]A0? pag
[ ———— o] A02 pa7 P
— 1 D 170
,————-—-——q'l ADS 8355 RO %;——
YRR} 87564 E
N aor 2K x 8 Pzl
B ROM PR3 3-3_
10R PB4 [T
10 PBS F
10w e e
g pE7 20—
OPTIONAL GATE AD
TOPRCVINT 4| -
"HOLE™ 1l “w\ﬁ ALE
15y GND  PROGRAM
MEMORY "j > 2 ce
4
—{ AESET
40 26 J20
7 |3 |6
Voo Voo Vs 27 i |
2 [31)] CL.
— ———|xtracs P11 %—- = NC NG
7A | S
1a
b ] xrace 7] kL 1
pig}32_
4 S LES
1 RESET P73t
; P20 i;
E
g :;; 23 +5y GND
= 5l gg:g P23 ;; a0 20
NG —=]85 P2s=— [ Vee Vis
8748 38 21
P25 FAD
bl ¥ - 17 |22 '|
par 2| |- PA2 %3—-—-
1 PAI
——| T Dea 12 - :; ADD g ;:
9 Y :i - ] A01 Pas =2
INPUTS { —=]| T1 [o:3d L 151402 pas kS
6 DB3 :: £ b par]éld
— pEarS v AD# 5
pes :"' ADE 5158 Pea 3—7—
oespS B nos PCl »3—:‘—
e Wi 19| apr 256 x 8 Pz |
ALE FSETN PROG WR RD , RAM peafl— '
2
1 [s | o |s - 10/ peaf—
s PCsp——
=~ A0
29
1o RO 0
WA PE1
3
1 PB2 ?2—
ALE sRa |
i
q 3=%) e
CE PEG o
35
4 o pBE| =
+—<lreseT TiMER TMER  pe7 |
ouT 1N
Ie ra
CAN BE SUPPLIED BY SYSTEM
RESET OR PORT LINE QF 5048
TIMER

¢ This configuration is explained in section 3.4

THE THREE CHIP SYSTEM
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1/Q Expansion Techniques

The following are several examples of how
the basic 1/0 capability of the MCS-48™
microcomputers can be easily expanded

expander device or standard logic circuits.
These techniques can be used whenever
the combination memory/IO expanders
illustrated on the preceeding pages are not

externally using either the 8243 /0 required.
+BY GND 5y GND
‘24 112
[ GND
40 126 120 e P40 %— 7
Voo Voo Vs 27 ::; 4
2 i P 5
[y o Pes
P22 —
w k] P13 30 PEO 1_
L——{'l—F-XTALZ P14 g; 1o P31 %
P15} 52 8243 Pozfor—
l 4 & /O paaf—
| 34 R
d RESET P17 EXPANDER reof20 /o0
7 P20 2; 11(: P20 il '%
EA 8049 P21 23 He21 Pe2f—
pz| P22 [ LA
P 23048 P23 24 8 P23
= 5 8748 25 13
NG —=] 55 2035 Paaf=— . prof—
o PROG [ 2] L
8039 i a7 P72 15
sl
by |38 = prafle— |
o S L
39 DBe1 I?“—
INPUT o —=|T1 ORZp—
15
B pazf—
——=] T DB4 %?—
DBS I
DB& -1-9—
pe7p—
ALE PSEN PROG WR RD

|11 ia

75 |1u ‘8

ADDING AN /O EXPANDER



APPLICATION EXAMPLES

+5V

1yt

10V 17

Do
OPTIONAL

13
INPUT —=

+5Y GND
28 14
Veo Wsg 4
POG 5
XTAL 1 POI [
P02 [——
PO3 5
XTaL 2 Poa f2—
PO5 {0 —
POS f———
poz |11 +BY GND
’> 1o
22 e
RESET P11 [22 me perer ,
P12 raof 5
8021 F13 57— P41 5
P14 (55— Paz 5
Pi5 [ P43
PIBI
P17 b= | PO —;-3—
Sl o
8243 el EXI
(13 !
n EXPANDER  ,_{x
pzo |22 ez es12—
p21 2: 3] P2t PE2f——
P22 P22 PG3 -
pzz|-2 BYpea
ALE PROG Py L
’12 3 7lprOG P71 —1;;—
5 Ged Eru
o5 [ F5] L.

110

ADDING AN I/O EXPANDER TO THE 8021
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+5W GND

40 26 20

I —

Voo Voo Vas

KTALA

[ 3
-—-“——_I——uxmLz
I 4
1
7
L
= 5

INPUT

RESET

ea 8049
8048
8748

= 8035
8039
8021

Ta

m

INT

ALE PSEN PROG WR RD

‘11 19

25 110 Is

45V GND
24 12
Voo GHD s
Pad 5
Pa1 [ —
P10l Paz ;—
2P - PaspE—
e ,
p1gf3 PEO|—
pafa- oo e
P15 53~ 8243 P52 57
3] =i 7 7] CLE.
3] E=
EXPANDER reo |22
P20 ;; :; P20 P61 —]:
e21 P21 PE2f—
P22 2: N paz o3
p2l2 81 p2s
35 13
i 7 PIO LT
[ PROG P
37 15
P26 T 6 P2 e
P27 [ prl—
DBO %-
+]:7] T
Doz
oes 16 10
D84~ +5V GND
sl P
DBS 24 12
OB? 13 Yoo GND 3
paotE—
pa1fE—
Paz|=
paz |
1
P50 f——
po1 |2
ps2|22..
8243 a1
1o [1:5] Loa
\ EXPAMDER - 12:
:0 F20 il ir
P21 PE2|—
I p2z [ AL
8lpoz "
7 ] T
—| PROG 1] Lea
15
[ P7211E
s PRI—

*PIN NUUMBERS ARE DIFFERENT FOR 8021

170

- 1/0

ADDING MULTIPLE I/O EXPANDERS



APPLICATION EXAMPLES

-8y GHND
. \ " The bus is normally used as an qutputport. To
140 120 42 use it as an input port the bus is put inthe high
N ol impedance state using the MOVX instruction
—fxTaL P11 %‘;— and then read using the INS instruction, The
Mz — resistor value chosen is a function of the
3 rarz ela output loading and the characteristics of the
55 :; input signals.
. P1G
. 3
—= Al ELT P17
7 a0 fE—
—lEA £21 _22..:_
P22 [2a
5 PRI ——
—]as 8049 Pzags—
8pag P25 ?:—
8748 P2 [Z—
#27
DED m:::
1 DB1 13 ouT N2
—| T pezft ouTz W3
i o] AL ouT3
—Im 8 T N4
[} CE4 LT
ING
Nt oes P2 auTs NE
pes |2 ouTe
oer[12 ouT? N7
ALE PEEN PROG WH RO
|11 ‘9 |25 ||1D |a
ADDING 8 INPUT LINES
Sy MO
L, - |2U Individual bits of the 74LS525% sight-bit
T Von Ve addressable latch can be set or reset using the
2 #10 % QUTL instruction. During the CUTL operation
—=fxTAL1 e11 52— bit zero of the accumulator is written into the
, AN T bit of the lateh spacified by bits 1 through 3 of
J— T pra the accumulator. In this configuration DBg-
P15-33—§— DB7 will be momentarily disturbed while the
A _ :]fT exlernal latch is loaded,
—=}neseT =
7 P20 2—;-—
—w|Ea F21 :3
2049 oot P12
5 8048 o E l
— 35 8748 P24 32
Past— CLR ol f—oo
PEE— ar b—
parfE— a6 f—»
1 s S
—|m GEO :; — D 118 G4 —
2 oB! ﬁ_f:— a afp—
—|T1 Dez2 B 02 3+—=
& paaflls = l¢ s all—
—=]INT pagfe
IJHh’?
DBBT
_ __ __ Dar
ALE PSEN #ROG 'WR RO

|11 |9 .25'. ro 18

ADDING 8 OUTPUT LINES
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1hW GND
140 426 420
Voo Vop Ves
2
—=| XTALY
3
—|xTaL
4 —
—= | RESET
; 8049
w|EA 8048
8748
5 = go21*
8035
8039
1
2
T
B
—=1HWT

al)
F11

P12
sk}
Rd
M5
[l
[ak]

pag

ra|3|z|ti

=4

b
o

L
]

|

m
4

i —

22 —

FZ1

+

23—

P22

o —

Pra
P24
(]
P26 |
P27

DER,
DBl
DBZ
OR3,
DB4
NG5
DBE
Du?

ALE FEEN PRAOG WR AD
1 |5 I?b ’10 |E

m
kil
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Normal I/O port is used to select an address
for the 156-to-1 multiplexer, The output of the
multiplexer is brought into a test input. Eight
inputs could be added with a 74L.5151 8-to-1
multiplexer using the same structure.

Note: If external program memory is being
addressed, use P24-P27 instead of P20-P23.

"FIN HUMBERS ARE DIFFERENT FOR 2021

ADDING 16 INPUT LINES

45V GNO
]au £26 LJ
Vee Voo Vs
2 P10 —-—;‘:;
—=lxTaL RIS —
PzfEE—
3 P13 :“
—=|xrAL2 il
msl32
. PlU-gj—
— e 3]
EA 8049 e
. 8048 b P
—=| 58 8748 o £
36
pas S —
s ] ‘_—33
P27 p——
)
|10 peof 2= T4
13 13
39 oer|s -
—im oezfo = =
6 oesl — .
—lmr o4 ?'?7'_‘:_—3-
oBSE —
DOE ?
D7
ALE FSEN PROG WR KD

|n Ig [25

10 's

ML
118)

60
50
40

20
10

T

The latch can be loaded with the QUTL
instruction. After the latch is loaded the BUS
output state can be modified with the ANL
BUS, # DATA and the ORL BUS, # DATA, The
QUTL generates a WR strobe; ANL and ORL
do not. In this configuration BBg-DBr will be
momentarily disturbed while the external latch
iz [oaded.

ADDING 6 OUTPUT LINES
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This is most useful when the outputs of the
74L5164 eight-bit shift register will be used to
scan adisplay and/or keyboard. Inthis casean
ANLD P7, A with A = OFFH can be used to load
the initial “1" and an ANLD P8, A with A =0FEH
can be used to move it down the shift register.

ADDING QUTPUT FOR KEYBOARD/DISPLAY SCANNING
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8049 EMULATCR CIRCUIT DESCRIPTICN

The following Is an explanation of a clrcuit 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
extarnal program memary, but doing so requires the use
of the bus and Pss-P2g to access this memary.

The circuit shown may be used to resiore the normal
functioning of these twelve VO pins. The circuit con-
sists of an 85039 CPU, 2716 EPROM, two B216 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 2 system undergo-
ing design or testing. Alternatively, a pattern of forty
ping 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 equlvalent of an 8049 in every legal operating
moda. (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 pragram memaory, 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 emuiated with additional logic_in-
clude the rest of Port 2, DB-DBy, *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 sa all in-
struction fetches are made from the 2716. Two 74LS75
four-bit latches gated by the buffered ALE signal are
used to hotd 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 naxt instruction fetch, Two 74L.8174 laiches
are used to retain the output data when a bus write is
executed. These latches are triggered by the tralling
edge of the WR pulse, so thelr outputs are glitch free.
Since Ingical operations to the bus do not generate a
WR strobe, the “ANL BUS.#" and “QORL 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 conlents to the DB pins of the virtual
8049. Whan an “INS A,BUS" instruction is executed,
they buffer the input signals on to the emulaler data
bus. Thus, the circuit is designed to use the Bus for both
latched cutput and strobed input. $f DB;90B, of the
8049 are to be used solely for input data, J2 and J3 may

be changed fraom what is shown in the Figure, so that
0B;-DBy act as high impedance inpuls and the 8216s
are enabled only when the read cperation is performed.
If the bus is to be used only for latched output, the
8216s can be omitted entiraly.

Bi-directional data transfers which raquire the transfer
of address information as well as data, such as to and
fram external data memaory, require removal of the
8216s and replacement with 16-pin jumper blocks on
which the DB, pins are connected with the respective
DOy pins.

The lower four bils of Port 2 are also used in fetching in-
structions from the 2716, in addition to their use as in-
put or cutput pins in the user’'s system. In configuring
the emuiator for a particular application, the user must
dedicate each of these as gither an input ar output pin
and connect jJumper set J1 accordingly. Any mix of input
and output pins is allowed. At the beginning of each in-
struction fetch, the last data writien to P2 wiil be pre-
sent on Pas-Pyp at the rising edge of ALE and will be
latched by a 74LS174. The iatched data may be con-
nacted through the jumpers to those pins which will be
used as oulputs on the 8049. Emulator pins used as in-
puts should be pulled above 2.0V for a logic “one”. (f
this is not the case, i.e., If switches to Ground are to be
read, 50K pullup resistors should be added to the circuit
an each input. They were omitted from the diagram ta
minimize input icading.

Pins which will be used as inputs may be connected to
the input of an OR gate formed of inverters and open-
callector NAND gates. The inpul signals will be relayed
directly to the 8029 and will be read by an "IN A,P2" in-
struction. But when PSEN is low, the NAND outputs are
farced off, allowing the 8039 pins to be used for high-
order program adressing, Open-collector outputs are
|maf-:ded i¢ prevant line contention when PSEN is not
ow.

If 8243s will be be used in the final system, the low arder
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 1o 1he outputs. The
NANDSs 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, fore-
ing an ofi-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, DBy
DBy may not be used for normal Q. The 82165 and
74LS5174 must be replaced with jumper blocks and the
open collector NAND gates disabled, as explained
abave. The same changes are required to operate the
board in single step mode,
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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

RX0 = RO
AEX = R2

AX0

A @RXD
RX0

A AEX
A @RX0
A,AEX

DOUBLE SUBTRACT

DMIN:  DEC
CPL
ABD
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

RX0
A
A,@RX0
A

RX0
A,AEX
A
A,@RX0
A
A,AEX

RX0
A,@RX0
RX0
AAEX
A,@RX0
AAEX

RX0
@RX0,A
RX0

A AEX
@RX0,A
AAEX

'GET LOW BYTE AND ADD TO A

iGET HI BYTE AND ADD TO AEX

;RETURN

;GETLOWBYTEAND SUB FROM A

;GET HIBYTE AND SUB FROM AEX

;RETURN

JGET LOW BYTE AND PLACE IN A

;GET HI BYTE AND PLACE IN AEX

'RETURN

;MOVE A INTO LOW BYTE

'MOVE AEX INTO HIGH BYTE

JRETURN
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DOUBLE EXCHANGE

DEX: DEC  RXO ;EXCHANGE A AND LOW BYTE
XCH  A,@RX0 '
INC RX0 ;EXCHANGE AEX AND HIGH BYTE
XCH  AAEX
XCH A @RX0
XCH  AAEX
RET '-RETURN
DOUBLE LEFT LOGICAL SHIFT
LLSH: RLC A SHIFT A
XCH  AAEX SHIFT AEX
RLC A
XCH  AAEX
RET ‘RETURN
DOUBLE RIGHT LOGICAL SHIFT
RLSH: XCH  AAEX ;SHIFT AEX
RRC A
XCH  AAEX
RRC A SHIFT A
RET :RETURN
DOUBLE RIGHT ARITHMETIC SHIFT
RASH: CLR C .SET CARRY
CPL C
XCH  AAEX  :IF AEX|7]<>1 THEN
JB7 $+3
CLR ¢C :CLEAR CARRY
RRC A :SHIFT C INTO AEX
XCH  AAEX
RRC A :SHIFT A
RET :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 foltows:

ACC —0

R1 — Multiplier

R2 — Multipticand

R3 — Loop Counter {=8)
The Accumulator and register R1 are
treated as a register pair when they are
shifted right (see Step 2)

. The Accumulator and R1 are shifted
right one place, thus the LSB of the
multiplier goes into the carry.

The multiplicand is added to the
accumulator if the carry bitis a ‘one’. No
action if the carry is a ‘zero’.

Decrement the loop counter and loop
(return to Step 2) until it reaches zero.
Shift the result right one last time just
before exiting the routine

*The result will be foundin the Accumulator
(MS Byte) and R1 (LS Byte}).
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BINARY MULTIPLY

BMPY: MOV  R3,#08H ;SET COUNTER TO 8
CLR A ;CLEAR A
CLR c ;CLEAR CARRY BIT
BMPI: RRC A ;DOUBLE SHIFT RIGHT ACC & R1
XCH AR (INTO CARRY
RRC A
XCH AR
JNC BMP3 ;IF CARRY=1 ADD, OTHERWISE DON'T
“ADD  AR2 ;ADD MULTIPLICAND TO ACCUMULATOR
BMP3: DJNZ R3,BMPI ;DECREMENT COUNTER AND LOOPIF O
RRC A ;DO A FINAL RIGHT SHIFT AT THE
XCH ARt ;END OF THE RCUTINE
RRC A
XCH  AR1

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 ward. At the end of the
interrupt the state of the machine is restored

and interrupts are enabled again.

INTRPT: SEL RB1 (SAVE WORKING REGISTERS
MOV @ROA ;RO IN ALTERNATE REGISTER
:BANK CONTAINS SACC
;POINTER FOR SAVING
ACCUMULATOR
: I {INTEF{HUPT SERVICE
I I ROUTINE
MOV R0,SACC :RESTORE SACC
MOV A,@RO :RESTORE ACCUMULATQR
RETR ;:RESTORE WORKING REGISTERS

;RESTORE PSW AND
;RE-ENABLE INTERRUFTS
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2 BYTE PROCESSING SYSTEM

A suggested model of a processing routine
takes two single byte inputs from different
poris, compares them, and performs the
following, depending on the result of the

(If Equal) Sets Flag and Exits
(if Not Equal) Resets Flag and Cutputs the
Larger to a Third Port

comparison:

INPUT FIRST OPERAND
INPUT SECOND OFERAND

ECUAL

SETF0

COMPARE

NOT EQUAL

LARGER?

QUTPUT ZND

QUTPUT 15T

|

RESET FOQ

C>

PROCESS: CLR FO ‘CLEAR FO BIT (INITIALIZE)
IN A,P1 ;READ FIRST INPUT, STORE IN RO
MOV  ROA
IN A,P2 :READ SECOND INPUT, STORE IN R1
MOV  R1,A
CPL A :SUBTRACT SECOND FROM FIRST
INC A :(2's COMPLEMENT AND ADD)
ADD  ARO
JNC  EQUL  ;BRANCH IF THEY ARE EQUAL
JB7 SECOND :IF NEGATIVE, SECOND WAS LARGER
MOV  A,RO :ELSE, OUTPUT FIRST
OUTL BUSA
Jmp DONE  EXIT

SECOND: MOV ART :OUTPUT SECOND
OUTL BUS,A
JMP DONE  EXIT

EQUL: CPL FO 'SET FO

JMP DONE  EXIT
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A/D CONVERTER

An A/D converter can be constructed from a
D/A converter, a comparator op-amp and a
short software routine that performs succes-
sive approximation.

The processor sends 8-bits of data out to the
DAC via an output port. The output of the
DAC is compared to the analog input being
converted. The result ¢f the comparison (0if

lower, 1 if higher) then goes back into the
processor for handling either via an input
port or an input line that sets a flag. This all
allows the processor to estimate the proper
digital representation of the analog input by

~ first typing the MSB — and keeping it if the

input says too low still' or dropping it if the
input says ‘too high now'. From there each bit
in order of significanceis tried and either kept
or discarded.

MOV R7,#08H ;COUNTER R7=8

CLR A ;CLEAR A, R5, R6

MOV R5A

MOV R6,A

CLR G SET CARRY

CPL C
LOOP; MOV AR5 {MOVE TEST BIT RIGHT

RRC A :FROM MSB TC LSB

MOV R5,A

ORL ARG ;ADD IT TO PRESENT VALUE IN R6

OUTL. P1,A

JTO NOPE ;TEST THAT NEW VALUE

;IF FLAG IS HIGH NEW VALUE TOO LARGE

MOV R6,A JIF FLAG LOW, NEW VALUE RETAINED

NOPE: DJNZ R7,LOOF ;GO ON TO NEXT BIT
Pl
Vin
7 D/A
8048 Ve
OP-AMP OUTPUT
BIFV, <Viy

TD

1iF Va > Vg
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8048 ROM Microcomputer ................ 6-1
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8748 EPROM Microcomputers ............ 6-1
8035 Microcomputers ............... ..., 6-1
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| 8048/8648/8748/8035 e
SINGLE COMPONENT 8-BIT MICROCOMPUTER

¢ 8048 Mask Programmable ROM

* 8648 One-Time Factory Programmable EPROM
* 8748 User Programmable/Erasable EPROM

¢ 8035 External ROM or EPROM

| 3-Bit CPU, ROM, RAM, 1/0 in m 1K x 8 ROM/EPROM
Single Package 64 x 8 RAM

B Interchangeable ROM and EPROM 271/0 Lines
Versions ® Interval Timer/Event Counter

& Single 5V Supply ® Eas{ly Expandable Memory and 1/0

| 2.5 usec and 5.0 usec Cycle Versions: m Compatible with 8000 Series Peripherals
All Instructions 1 or 2 Cycles B Single Level Interrupt

B Over 90 Instructions: 70% Single Byte

The Intel® 8048/8648/8748/8035 |5 & totally self-sufficient B-bit parallel computer fabricated on a single silicon chip
using Intels N-channel silicon gate MOS process.

The 8048 contains a 1K x Bprogram memary, a 54 x B RAM data memory, 27 1/Q tings,and an 8-bittimer/countar in addition
to onbeard ascillater and clock circuits. For systems that require extra capability, the 8048 can be expanded using
standard memories and MCS-80™ (BOB0OA! peripherals. The 8035 is the equivalent of an 8048 without program memory,
The 8235L has the RAM power down mode of the 8048 while the 8035 does neot.

To reduce devslopment problems to a minimum and provide maximum flexibility, three interchangeable pin-compatible
versions of this single camponent microcomputer exist: the 8748 with user-programmable and erasable EPROM program
memory for prototype and preproduction systems, the 8048 with factary-programmed mask ROM program memary for
low cost, high volume praduction, and the 8035 without program memary for use with external program memories.

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8048 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 congisting mostly of single byte instructions and no instructions over 2 bytes in length.

PIN CONFIGURATION LAGIC SYMBOL BLOCK DIAGRAM
—
ol 4 Ve
xras 1) « En — e
= LOCK 1024 WORDE G4 WORDS
xrat 200 2 s [rz7 RTAL PROGRAM DATA
AESET[] 4 e L MEMORY MEMORY
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8048/8648/8748/8035

PIN DESCRIPTION

Designation

Pin #

Function

Vss
Voo

PROG

P10-P17
Port 1
P20-P27
Part 2

DB,-DB,

BUS

T0

T

INT

20
26

40

25

27-34

21-24
356-38

1219

38

Circuit GND potential

Programming power supply; 1256V
during program, +5Y during oper-
atian for both ROM and PROM.
Law power standby pin in 8048
ROM version.

Main power supply; +5V during
operation and programming.

Program pulse [+25V) input pin
during 8748 programming.

Qutput strobe for §243 110
expander,

8-bit quasi-bidirectional port.

8 -bit guasi-bidirectional port.

P20-P23 contain the four high
order program counter bits during
an external program memaery fetch
and serve as a 4-bit 1/O expander
bus for 8243,

True bidirectional part which can
be written or read synchronously
using the ﬁ), WR strobes. The

part can also be statically latched.

Contains the 8 low arder 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, under
contral of ALE, RD, and WR.

Input pin testable using the con-
ditional transfer instructions JTO
and JNTO. TO can be designated as
a clock output using ENTO CLK
instruction. T is also used during
programming.

Input pin teslable 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)

Designation

Pin #

Function

RD

RESET

ALE

PSEN

EA

XTAL1

XTAL2

6-2

8

1

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 exterpal

data memory. [Active low)

Input which is used to initialize the
processar, Also used during PROM
programming verification, and
power down. (Active low}

{Non TTL V|H J

Qutput strobe during a bus write.
{Active |ow)

Used as write strobe to external
data memory.

Address latch enabfe. This signal
oceurs once during each cycle and
it useful as a clock autput.

The negative edge of ALE strobes
address into external data and pro-
grarm memory.

Program store enable, This output
ocecurs only during a fetch to exter-
nal program memory. {Active fow)

Single step input ¢an be used in con-
junetion with ALE to “single step”
the processor through each in-
struction, {Active low)

External access input which forges
all pragram memory fetches to re-
ference external memory. Useful
for emulation and debug, and
essential for testing and pragram
verification, {Active high}

One side of crystal input for inter-
nal oscillator. Also input for exter-
nal source, {Non TTL V| }

Other side of crystal input.



8048/8648/8748/8035

INSTRUCTION SET

Mremeonic Description Bytles Cycla Moema nic Description Bytes Cyclas
]
ADD A R Add register to A 1 1 <§ CALL Jump to subrouting 2 2
ADD A, @R Add data memary to A 1 1 g RET Return 1 2
ADD A, idata Add immediate 1o A 2 2 '.g' RETR Return and restore status 1 2
ADDOC AR Add repister with carry 1 1 L]
ADDC A, @R Add data memory with carry 1 1
ADDC A, #data Add immediate with carry 2 2 CLR G Clear carry 1 1
ANL A, R And register ta A 1 1 . CPLC Camplement carry ! 1
ANL A, @R And data memory to A 1 1 g CLRTO Clear 1lag 0 t 1
ANL A, #data And immediate to A 2 2 i GPL FO Complement flag O t 1
_ ORLA,R O+ register to A 1 1 CLAF1 Ctear flag 1 ¥ 1
5 ORL A, @R Or data memory to A 1 1 CPL F1 Complement flag 1 1 1
'é ORL A, irdata Or immediate to A 2 2
3 XRL AR Excluslwe ar repister o & 1 1 MOV A, R Move register to A 1 1
o XRLA @R Exclusive or data memory to A 1 i
L . o - MOV A, ER Move datz memory to A 1 1
XRL A, #data Exclusive ar immediate to A 2 2 . . .
MOY A, =data Move immediale {0 A 2 2
INC A Inerement A 1 1 .
MOV R, A Move A to register 1 1
DEC A Decrement A 1 1 .
CLR A Cloar A 1 1 MOV &R, A Move A to data memory 1 1
CPL A Complement A 1 1 " MO R, w#data  Move immediate o register 2 2
DA A Dec]:1:l a:'ust A 1 ) 2 MOV @R, #data Move immediate to data memory 2 2
SWAP A o nibbfem n 1 ) 2 MOV A, PSW Move PSWta A 1 1
P r MOV PESW, A Move A& o PSW 1 1
AL A Ratate A left 1 1 = .
RLC A Retate A left throwgh carr 1 1 a XCHA.R Exchange A and register 1 !
BR A A A vigh 9 ¥ 1 1 XCHA &R Exchange A and data memary 1 1
RAG A o e o ) k XCHD A, @R Exchange nibble of A and register 1 1
otate A rig ough carry MOVX A, @R  Mowve external data menuny to A 1 2
KMOVX @R, A Moave A to external data mamery 1 2
MOVE A, @A Move to A from current page 1 7
INA P Input port to A 1 2
QUTLP, A Cutput A to port 1 2 WOVPZ A, @A Move to 4 from paogo 3 1 2
ANL P, #data And immediate to port 2 2
5 DRL P, #data Or immediate to port 2. 2 MOV A, T Read Limer/counter 1 1
3 INS A, BUS Iagut BUS (o A ! 2 E MOVT, A Load timer/caunter 1 1
© OuTLBUS.A  Cutout Ato BUS 1 2 € tRTT Start timar ) ;
a AMNL BUS, sdata  And immediate ta BUS 2 2 g
5 . . O STRT CNT Start caunter 1 1
Z ORL BUS, mdata Or immediate to BUS 2 2 = \
5 STOP TCNT Stop timerfcountar 1 1
MOVD A, P Input expander port to A L 2 £ - 5
Z ENTCWTI Enable timer/counter interrupt 1 1
MOVD P, A Queput A to expander port ! 2 ® DisTeNTI Disable timer/counter interrupt 1 1
ANLDP, A And A to expander port 1 2 I e
QRLD P, A Or A to expander port 1 2
ENI Enable external interrupt 1 1
® INCR Ingroment register 7 1 DIs1 Disablg external interrupt 1 1
% - i
% INnceR Increment data memory 1 1 g SELREBD Select renister bank O ! 1
£ DEcR Decrement ragister ] 1 £ SEL RB1 Salect register bank 1 1 1
2 SEL MBO Select memory bank O 1 1
SEL MB1 Select memory bank 1 1 1
JMP addr Jump unconditional 2 2 ENTO CLK Enable clock output on TO 1 1
JMPP @A Jumiz indirect 1 2
DJUNZ R, addr Decrement register and skigp 2 ? )
1 1
JC addr Jump on carry = 1 2 2 NoP No cperation
JNEC addr Jump onearry =0 2 2
J Z addr Jump on A zero 2 2
JINZ addr Jump on A not zera . 2 2
§ JTO addr JumpenTO=1 2 z
3 JNTO addr Jump on TO=10 \ 2 2
B T4 addr Jumpon T1=1 |2 2
INT1 addr JumpenT1=0 e 2
JFD addr Jump on FO=1 2. 2
JF1 addr Jumpan F1 =1 2 2
JTF addr Jump on timer Tlag 2 2
JNI addr Jump on INT = & 2 2
JBb addr Jurmnp on accumulater bit 3 3

fMnemonics copyright [ntel Corparation 1876
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8048/8648/8748/8035

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ........... 0°C to 70°C "COMMENT:
Storage Temperalure ..o rieienrnrs -65°C 1o +150°C Strasses above those fisted under "Absolute Maximum Ratings”
- . may cause permanant damage 1o tha gevice, THis is a strass rating
Voltage On Any Pin With Respect only and functional operation of the device al these or any other
to Ground ... -0.5V 1o +7V candilions above those inthcated in the operational sections of this
Pawer Dissipation .. ...t i 1.5 Watt specitivanon Is not wmpligg,
D.C. AND OPERATING CHARACTERISTICS T, = 0°C to 70°C, V¢ = Vpp = 45V #10%", Vgg= OV
T
' Limits
Symbol P i i 2 iti
ymbo arameter TMin. TYp. Max, Unit Test Conditions
ViL i+ Input Low Voltage i. -5 .8 v
Vin Input High Yoltage !
1AIl Except XTAL1,XTAL2,RESET) 20 Vee M
Vi1 Input High Voltage (RESET, X1, X2} 3.8 Vee A4
VoL Dutput_Lmﬁoltage _
(BUS, RD, WR, PSEN, ALE) A8 v L 2.0mA
Vora Qutput Low Voltage P
{All Other Qutputs Except PROG) 45V loL = 1.6mA
Yooz Qutput Low Voltage (PROG) .45 v lpL = 1.0mA
Vou Outpu1 High Voltage ]
4 v =
(BUS, RD, WR, PSEN, ALE} 2 lon =~100uA
Yout Output High Voltage -
{All Other Outputs) 24 v lon = ~50KA
| Input teakage Current
I it * Veg SV SV,
{T1, INT) 0 BA ssSViINSVee
I QOutput Leskage Current {BUS, TO}
oL P g ' £10 A +
{High Impedance State| H Ves*45<VinsVee
loo Voo Supply Current 10 20 mi.
lpp * lgg| Tetal Supply Current 65 135 maA
*Standard 8748 and 8035 + 5%, + 10% available.
WAVEFORMS

Instruction Fetch From External Pragram Memaory

v

——

I I L
e ——ten - =

—* fLa |
FLOATING X

|
~itay e | \
IKSTRLUICTION

ALE

FSEM

—*| tap |

Bus

FLOATING ¥ X FLOATING X
nunnrm"
S

|‘_ "np—=
fap

64

Read Fram External Data Memory

ALE I [ I |
—
] l I
Tape —= “'—' — "7‘011
FLOATING
BUS  FLOATING |ﬂDDREBS @ FLOATING

i | tag+

-ty =
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Write to External Data Memary

=
WR |

. Yow ““7“|- - taw

BUS FLOATIN(XJ’\DDHESS FLGJ’\TINEX DATA X FLOATING

-

gy —— =

A.C. CHARACTERISTICS 7, = 0°C to 70°C, Voo = Vpp = BV $10%", Vgg= OV

8048
Symbal Parameter a?ﬁjggsﬁfgn%}a g;gg: Unit Conditions (Nate 1)
Min. | Max, Min. [ Max.
tLL ALE Pulse Width 400 600 ns
taL Address Setup to ALE 150 150 ns
LA " Address Hold from ALE 80 80 ns
teg Cantrol Pulse Width {PSEN, RD, WR) 700 1500 s
tow Data Setup before WR 500 640 ns
two Data Hold After WR 120 120 ns | Cp = 20pF
toy Cyele Time 25 [ 15.0 4,17 |15.0 145 6 MHz XTAL
{3.60MHz XTAL for -8}
toR Data Hold D | 200 0 |200 ns
tRD PSEN, RD to Data In 500 750 ns
taw Address Setup 1o WR 230 260 ns
taD Address Setup 1o Data In 9560 1460 ns
taFC Address Float 1o RD, PSEN 0 0 ns

Mote 1: Contral ouiputs: CpL=80pF
BUS Cutputs: Cp=1680pF, toy = 2.5us
Mowe 2; The 8648 is a one-time programmatie {at the factory) 8748 which can be ordered as the fivst 256 pieces of a new 8048 ADM order.
The substitution of 8648 for 50485 allows for very {ast turnaround for initfal code verification and evaluation units, The 8648, like
the 8748, is electrically and functianally interchangeable with the B4R with tha exception of the powerdawn mode which the 3648

docs net sepport and +5% supply Tolarance instead of +10%.

A_.C. CHARACTERISTICS (PORT 2 TIMING)
Ta =0°C to 70°C, Voo = 6VE10%

*Standard 3748 and 8035 +5%, £ 10% available.

Symbol Parameter Min. Max. Unit Test Condllions
[{ol) Part Control Setup Before Falling

Edge ol PROG 110 ns
trc FPaort Contrel Hold After Falling

Edge of PROG 140 ns
tpR PROG to Time P2 Input Must Be Valid 810 ns
toe Cutput Data Setup Time 220 ns
teD Qutput Data Hold Time B85 ns
teF Input Data Mold Time 0 150 ns
tpp FROG Pulse Width 1510 ns
teL Part 2 /O Data Setup 400 ns
tLe Port 2 150 Data Hold 150 ns

66
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PORT 2 TIMING

ALE ’ \

EXPANDER
pa—— Pl L - - tor | D
PORT "] "
b
OUTPLIT PCH FORT 2.5 DATA x PORT CONTROL x OUTPFUT DATA

EXPANDER , wor .
PORT \

INAUT fCH PONT 23 DATA ) PORT CONTROL g‘:yg

| tep trp

Fﬁ Tre
FROG

Programming/Verification Sequence

PROGRAMMING, VERIFYING, AND

ERASING THE 8748 EPROM nrser Y3V
T RS -
0y T -
. e . TEST 1 DURING THIS TIME |
Programming Verification e [
Fa ey 1
In brief, the programming process consists of:  activating BUs —————— ADDRISs Agay X DATA p»———patanud
the program ‘mode, applying af1 address, Iatc.hmg the pon21 m
address, applying data, and applying a pregramming pulse.
. i vy HEOY
Each word is programmed completely before moving on to BT ey i 1
the next and is followad by a verification step. The follow- PHOG oy '””f_|_,_______
—_

ing is a list of the pins used for pregramming and a descrip- i

tion of their functions: The Program/Verify sequence is:

T Vpp = Bv, Clock applied or internal oscillalor operating,
RESET = (v, TEST 0= By, EA = Sv, BUS and FROG

floating.
Pin Function 2 Insert 8748 in programming socket
XTALA Clock laput {1 to 6MHz) 3,  TEST 0= Ov {select program mad el
Reset Initizlization and Address Latching 4. EA =I5y {activate program made!
Test 0 Selection of Program of Verify Made 5.  Address applied to BUS and P20-1
EA Activation of Program/Verify Modes & RESET = 5v atch address)
BUS Address and Data Input Data Output 7. Data applied to BUS
During Verify 8, Vpp = 25v {programming power}

P20-1 Address Input 8. PROG = tv followed by one §0ms pulss 1o 26v
Vop Pragramming Power Supply _

10. Vpp=5v
PROG Program Pulse Input 1. TEST 0 =5v iverify mode)

12,  Read and verify data on BUS

WARNING:

13, TESTO=0v

An attempt to program a missocketed 8748 will result in severg

damage to the part, An indication of a properly socketed part is the

14,

appearance of the ALE clock autput, The lack of this clock may 1B,

beé used 1o disable the programmer.

66

RESET = Qv and repeat from step &

Programmer should be at conditions of step T when 8748

is removed from socket,
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AC TIMING SPECIFICATION FOR PROGRAMMING
Ta=25°C £ 5°C, Voo = 5V £ 5%, Vpp = 25V £ 1V

Symbol Parameter Min. Max. Unil Test Condlttons. "
taw Address Setup Time to RESET 1 dicy o
twa Address Mold Time After RESET 1 ey

tow Data in Setup Time to FROG 1 4icy

two Data in Hold Time After PROG | dicy

ter RESET Hold Time to Verify 4icy

tvDow Voo dicy

tvODH Voo Hold Time Atter PROG | 0

trw Program Pulse Width 50 680 MS

tTw Tast 0 Setup Time for Program Mode 4cy

twT Test 0 Hald Time After Program Mode dicy

tpa Test 0 to Data QOut Delay 4oy

tww RESET Pulse Width to Latch Address ey

tr, t Voo and PROG Rise and Fall Times 0.5 2.0 Tt}

tcy CPU Operation Cycle Time 5.0 JTc]

tRE RESET Setup Time Befgre EA t, qicy

Note: If Test O is high tog can be triggered by RESET 1.

DC SPECIFICATION FOR PROGRAMMING
Ta =25°C £ 5°C, Ve = 5V £ 5%, Vpp = 25V = 1V

Symbot Parameter Min. Max. Unit Test Condlitions
VDOoH Voo Program Voltage High Level 240 268.0 v

VoD Voo Voltage Low Level 475 5.25 v

Ver PROG Program Vollage High Level 215 245 ¥

VeL PROG Voltage Low Level 0.2 v

VEAH EA Program or Verity Yoltage High Level 21.5 245 v

VEAL EA Voitage Low Level 5.25 v

oD Vpp High Voltage Supply Current 30.0 ma

lFAOG PROG High Voltage Supply Current 16.0 A

lEA EA High Veoltage Supply Current 1.0 mA

&7
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WAVEFORMS FOR PROGRAMMING

COMBINATION PROGRAM/VERIFY MODE (EPROM'E ONLY)

FROGRAK

PROGHAM

- Uy ———]

TO

VERIFY

—

J )

!_

Eaye —'.-———u--—-r- tya

| \___ /S

L.—- tun

ADDRESS DATA TO BE DATA MEXT ADDR
08,p-n6;y {0-7) VALID FROGRAMMED WALID - w\un VALID
LAST NEXT
PPy AChbass X ADDRESS {8-9} VALID | X ADDRESS
typow wonu
wr
125 —_—
Vop *
tow Tty
+23
PROG /
V — —_——
1 —\__.._._____.J i — = f _\——...—-._.—....—._—.

VERIFY MODE {ROM/EPROGMI

TO.RESET

ADDRESS
o-7h walil

DATA OUT

DEo-DEr WALID

—
_ X

2 N A N
»--<

NEXT DATA
aOuT vaLlbD

HNEXT
ADDORESS

YRR )-- -~~~

Pao-Fq ADDRESS {8-9) VALID

MEXT ADORESS vALID

y

—
D

1. PROG MUST FLOAT IF EA 15 LOW fie, # 26¥1, OA IF TO- &Y FOR THE 8748
FOR THE B0<B FROG MUST ALWAYS FLOAT
2 Wian FOR BD48= 114% MIN, 126V MAX.
3. THE FOLLOWING SENDITIGNS MUST BE MET:
CE=TTL 1
AD=TTLD
THIS CAN BE DONE USING 10K RESISTORS TO Vee, Vog PESPECTIVELY.
4. My AND ¥y ORIVEN BY 3 MH; CLOCK WILL GIVE Sysec toy. THIS 1S G2Q0
FOR -8 PARTS A5 WELL &S NON =8 PARTS,

The 8748 EPROM can be programmed by either of two
Intel products:

1. PROMPT-48 Microcomputer Design Afd, or

2. Universal PROM Programmer (UPP-101 or UPP-102)
paripheral of the Intellec® Development System with a
UPR-848 Parsonality Card.

Note: See Appendix 2 for 8048 ROM ordering procedures, To min-
mize turnaroaund time on the first 25 pieces 8648 may be specified
on the RCM arder.



intgl
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, /O in o 2K x 8 ROM
Single Package 128 x 8 RAM
u Single 5V = 10% Supply 27 1Q Lines
a 1.36 usec Cycle; All Instructions m Interval Timer/Event Counter
1 or 2 Cycles o Easlly Expandable Memory and 11O
m Ovar 90 Instructions: 70% Single Byte o Compatible with MCS Memory and /O
a Pin Compatible with 8048/8748 a Single Level Interrupt

The Inlel® B049/B039/8039-6 is a totally self-sufficient B-bit parallel computer fabricated on a single sllicon chip using
Intel's N-channel silicon gate MCS process.

The 8049 contalns a 2K x B program memory, a 128 x 8 RAM data memory, 27 IO lines, and an 8-bit timerfcounter in
addition to on board osclllator and clock circuits. For sysiems that require extra capabilily, the 8049 can be expanded
using standard memories and MCS-80"™MCS-85™ peripharals. The 8039 is the equivalent to an 5049 without program
memaory. Tha B039-6 is a lower spead (6MHz) version of tha g039.

To reduce development problems to a minimum and provide maximum flexibility, iwe interchangeable pin-compatible
versions of this single component microcomputer exist: the 8049 with factory-programmed mask ROM program
mernory for low-cost high volume production, and the B039 without program memory for use with external program
memorles in prototype and preproduction systems.

This microprocessor is designed to be an efflclent controller as well as an arithmetic processor. The 8049 has exten-
sive bit handling capabillity as well as facilitias 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

o0
®TaL 1[]
xraL 2[]
AESET ]

&0

i

eal]

&b

FEENC]
wal}
aLe(]
ey []

o8,

b, ]

D&, ]

on, (]

g,

iy []

D&y
Vs

FPHOGHAM DATA
MEMERY REMORY

“ PURT
HESET vmree I

SINGLE
ETEF == READ

EXTEANAL -
ELT
Mem, 2049 o <_1
fot WHITE
TEST ] L
— PROGAAM
| s1iae

PORT
p— B
. xmL'—|: bl - CLOCK 2043 WORDS 120 WOHLSE

ENARLF
INTERRLUAT —=|

ADDRESS
Wy o e
ENABLE .

EVENT COUNTER
BUS FORT

[+ EXPANDER
STRORE

F-r
/0 LINES

60



8049/8039/3039-6

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias

0°Cte70°C

Storage Temperature  ............... -85°Cto-150°C

Valtage on Any Pin With :
RespecttoGround ... .. ... -0.5Vio -7V
Power Dissipation ..............ccoiiiien 1.5 Watt

D.C. AND OPERATING CHARACTERISTICS

*COMMENT: Stresses above those listed under "Absolute
Maximum Ratings"” may cause permanent damags (o the
device. This is a stress rating onfy and functional
operation of the device al these or any other conditions
above those indicated in the operational sections of this
specification is not impfied. Exposure to absofute
maximum raling conditions for extended perigds may
affact gevice refiability.

Ta =0"Cto 70°C, Voo = Vpp = 5V £10%, Vgg = OV

Limits
Symbot Parameter Min. Typ. Max. Unit Test Conditions
VL Input Low Yoliage -0.5 0.8 v
U™ Input High Yoltage

{All Except XTALT, XTAL2, RESET) 2.0 Vee v
Vigr Input High Voltage (RESET, X1, X2) 3.8 Ve W
VoL Qutput Low Voltage

{BUS, RD, WR, PSEN, ALE} 0.45 v IoL = 2.0mA
Vori Quiput Low Voltage

{All Other Outputs Except PROG) 0.45 v loL = 1.6mA
Yarz Output Low Voltage (PROG) 0.45 W lgL = 1.0mA
Vou Output High Voltage

{BUS, RD, WR, F5EN, ALE) 24 v lgH = - 100LA
VoHi Cutput High Voltage

{All Other Qutputs} 2.4 v Ion =-50pA
LiL Inpul Leakane Current

(T1, INT) 10 HA Vss%\fwg\fcc
lgL Output Leakage Current {Bus, TO)

{High Impedance State} 0 o Vgg + 045 < Viy < Voo
lop Power Daown Supply Current 25 50 mA Ta =25°C
loo*lcc | Total Supply Current 100 170 mA Ta=25C

A.C. CHARACTERISTICS 71, =0°Cto 70°C, Vg = Vpp = +5V £10%, Vgg = OV
B8049/8039 8039-6
{Note 1)
Symbol Parameler Min. Max. | Min. | Max. | Unll | Conditions {Note 2}
L ALE Pulse Width 150 400 ns
laL Address Setup to ALE 70 150 ns
tLa Address Hold from ALE 50 80 ns
toe Control Pulse Width {PSEN, RD, WR) 300 700 ns
tow Data Set-lUp Before WR 250 500 ns
two Data Hold After WR _‘| 40 | 120 ns G =20pF
toy Cycle Time 1.36 15.0 25 1540 LS 1T1MHz XTAL
{6MHz XTAL for -6)
tor Data Hold a 100 0 200 ns
thD PSEM, RD to Data !In 200 500 ns
taw Address Setup to WR 200 230 ns
1an Address Setup to Data In 400 950 ns
tarc Address Float to RD, PSEN -0 Q ns

Notes: 1. 80396 specifications are alse valld tor 804918039 operating ar §MHz.
2. Control Oulputs: C) = BOpF

BUS Outputs:

G =150pF

6-10
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WAVEFORMS

INSTRUCTION FETCH FROM EXTERNAL PROGRAM MEMORY

| toy ’r

-— .,.|

ALE I
L

|
—PJ tAFC""—(cC_‘_"‘

— N
PSEN : I I

J

— tLA —
-‘ tAL - || | tpp |—
BUS FLOATING >< >< FLOATING X x FLoaTivg X
ADDRESS/_% l«—tao—  InsTRUCTION
I"__"_'__t.ﬂD

READ FROM EXTERNAL DATA MEMORY

l<—‘cc——""

RD
tapg—>| = - le—tor
FLOATING |
BUS FLOATING XADDRESSX DATA FLOATING
|*‘RD*'
= Lo -]

WRITE TO EXTERNAL DATA MEMORY

ALE -J—I |__—_L
]
WR | '

tow — twn

BUS  FLOATI N(XADDR ESSXF LOATINGX DATA X FLOATING

tAW‘J
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8049/8039/8039-6

A.C. CHARACTERISTICS
Ta=0°C to 70°C, Yoo =5V + 10%

8049/803% 8039-8
Symbeol Paramater Min. | Max. | Min. | Max. | Unit | Conditlons (Note 2)
lcp Port Control Setup Before Falling
Edge of PROG 100 110 ns
tpe Part Control Hold After Falling Edge
of PROG 60 140 ns
tpR PROG to Time P2 Input Must Be Valid 850 810 ns
tpp Qutput Data Setup Time 200 220 ns
ten Qutput Data Hold Time 20 65 ns
tpr Input Data Hold Time 4 150 o 150 ns
tee PROG Puise Width 700 1510 ns
ta Port 2 110 Data Setup 150 400 ns
tp Part 2 /O Data Hold 20 150 ns
WAVEFORMS

PORT 2 TIMING

l
ALE ’ \ !
—

EXPANDER
PORT

ouTPUT

EXPANDER
PORT

INPLIT

X

LJ

pr-—— L =]

ot 11, P

FCH

PORT 203 DATA

x PORAT CONT

AQL QUTRFUT DATA

PR tre.

FCH

POAT 25,5 DATA

—
PORTCONTAOL X x

INPUT
CATA

i tOp e tpg

trP

PROG
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8049/8039/8039-6

PIN DESCRIPTION

Designation  Pin #  Function Designation  Pin # Functian
Vg 20 Circuit GND potential AD 8 Output strobe activated during a
Yoo 26 +5Y during aperation. Low powar BUS read, Can be used to enable
standby pin. data onto the BUS from an external
Yeo 40 Main power supply; +5V during device.
operatian. Used as a Read Strobe to External
Data Memory. {Active low]
PROG 25 Output strobe for 8243 1/0 —_— L . .
expander. RESET 4 Input which is used to initialize the
PID-F17 2734  Bbit quasi-bidirectional port. processor. Also used during verif-
Part 1 cation, and pawer down. {Active
P20-P27 2124  8hit quasi-bidirectianal port. _ low) (Non TTL Viu}
Port 2 3538 p2p.p23 contain the four high WR 10 Output sirobe during a BUS write.
otder program counter bits during {Active low
an external program memory fetch Used as write strobe to External
and serve as a 4-hit 1/0 expander Data Memory.
bus for 8243 ALE 11 Address Latch Enable. This signal
DO-D7 1219 True bidirectional port which can oceurs once during each cyele and
BUS be_writtenir read synchronously is useful as a clock output.
uf:::cgc::a?sgfb“: 2::;;??5'|;:Ee d The negative edge of ALE strobes
p ¥ ' addrass into external data and pro-
Contains the 8 lew order program garam memaory,
counter bits during an external o .
program memoty fetch, and receives PSEN ¢ gr;aram Slm;e ﬁmbl?c:—:'iszmu:
the addressed instruction under the nal ‘;500'1:1 r:er:grd {a:.cti\.rc | LI
cantrol of PSEN. Also contains the _ . prog ¥. v
address and data during an external S8 5 Single step input can be used in con-
RAM dats store instruction, under junction with ALE to “single step”
cantroi of ALE, RD, and WAH. the pracessor through each in-
T0 1 Input pin testable using the con- struction. {Active low)
ditional transfer instructions JTQ EA 7 External Access input which forces
and JNTO. TO can be designated as all program memory fetches to re-
a clock sutput using ENTO CLK ference external memory. Useful
instruction. for emulation and debug, and
. . essential for testing and program
T1 39 Input pin t‘estable using the JT1, verification. {Active high)
and JNT1 instructions. Can be des- . ) .
ignated the timer/counter input using XKTALT 2 One su;!e of crystal Enput for inter-
the STRT CNT instruction. nal oscillator. Also input for exter-
— & . nal source. {Not TTL Compatible}
INT Interrupt input, Initiates an inter- . .
XTALZ 3 Qther side of crystal input.

rupt if interrupt is enabled. Inter-
rupt is disabled after a reset. Also
testahle with conditional jump
instruction, {Active low)

B-13
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INSTRUCTION SET

Mpemanic Descriptian Bytes Cycle Mnemonic Descriptinn Bytes Cycles
o
ADDA, R Add register to A 1 1 § CALL Jump to subroutine 2 2
ADD A, @R Add data memaory to A 1 1 3 RET Return i 2
ADD A, #data Add immediate to A 2 2 .§ RETH Return and restore status 1 2
ADDC AR Adddd register with carry 1 1 L
ADDC A, BR Add data memory with carry 1 i
ADDC A, #data  Add immediate with carry 2 2 CLR © Clear Carry ! !
ANLA, R And register to A 1 1 . CPLC Complement Carry 1 1
ANL A, @R And data memory ta A 1 1 g CLRFO Clear Ffag 0 1 1
ANLA, #data  And immediate to A 2 2 v CPL FO Complement Flag 0 1 1
. oRLA, R Or register 1o A 1 1 CLR F1 Clear Frag i 1 1
§ ORLA, @R Or data memory to A 1 1 CPLFi Complement Flag 1 1 1
3 ORLA, #data  Or immediats 10 A 2 2
g XRLA R Exclusive Or register to A 1 1 MOV A R fove register to A 3 4
g3 XRLA, @R Exclusive ar data memary o & 1 i ! '
< : ) ) . MOV A, @R Move data memory to A 1 1
XRL A, #data Exclusive or immediate to A 2 2 . )
INC A Increment A ] ] MOV A, sdata  Move immedinte 1o A 2 2
DEC A Decremant A ) ] MOV R, A Maowve A 1o remister 1 1
CLR A Clear A 3 1 MOV @R, A Move A o data memory 1 3
CPLA Complement A 1 1 - MOV R, #data Move immediate to register 2 2
DA A oo et A ) X £ MOV @R, ¥data Move immediale to data memary 2 2
p 2 Move A, PSW  Move PSW 1o A 1 1
SWAF A Swap nibbles of A 1 1
RLA Rotate A loft 3 3 g MO PSW, A Move A to PSW 1 1
RLC A Rotate A left through carry 1 1 o XCHA.R Exchange A and register ! !
HA A Rotale A 1 iuht 1 ) KCH A, BR Exchange A and data memory 1 1
i 1
RRG A Rm::: A rli:rl( hrough carry . . 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 Mave A to external data mamary 1 2
IM &, P Input port to A 1 2 MOVP A, 84 Mave to A from current page 1 2
QUTLF, A Cuiput A to part 1 z MOVP3 &, @A Move to & from Page 3 i r
AMNL P, #dala And immediate to port 2 2
-
2 ORLP, #data Or irmediate to port 2 2 .
E INS A, BUS Input BUSI o A P 1 2 MOV A, T Read Timer/Counter i 1
3 OUTLBUS.A  Output A to BUS . . £ MOVT. A Load Timer/Counter 1 1
= , .
2 AMNL BUS,#data  And immediate 10 BUS 2 2 3 ::gl ENT :‘a” Z"“er : ;
E ORL BUS, #dala  Or immediate to BUS 2 2 T erorToNT S“"“T,"““‘féo X \
MOVD A, P Input Expander port ta A i 2 £ tap Timer/lounter
MOVD P A Output A to Expander port 1 3 e EN TCNTI Enable Timer/Counter Intarrupl 1 1
ANLD P 'A And A to Expander port 1 5 DISTCNTI Dimhbia Timer{Caunter Interrupt 1 1
ORLOP, A Or A to Expander port 1 2
EN | Enable external nlerrupt 1 1
2 INCH \nerement register 1 1 _ Dt Disable ex_ternal interrupt 1 1
E Inc @R Increment data memory 1 1 ¢ SELRBO Select register bank 0 1 1
o t -
& oece Decrement register 1 1 £ SEL RB1 Select register bank 1 1 1
2 SEL MBO Select memory bank O 1 1
SEL MB1 Select memory bank 1 1 1
IMP addr Jump unconditional 2 2 ENTOQ CLK Enabls Clock autput an TO 1 1
JMPP @4, Jumnp indirect 1 2
DJUNZ R, addr DCecrement register and skip 2 2 )
JC addr Jump en Carry =1 2 2 NGP Na Operation 1 !
JNC addr Jump on Carry = 0 2 2
J 7 addr Jump an A Zero 2 2
JNZ addr Jump on A not Zero 2 2
f:; JTO addr JumponTO=1 2 2
8 INTO addr Jump onTO=0 2 z
D JT1 adde JumpenTl=1 2 2
JNT 1 addr Jumpon T1 -0 2 2
JFO addr Jump on FO=1 r 2
JF 1 addr Jumgon FT1 =1 2 2
JTF addr Jump on timer flag 2 2
JNI addr Jump on INT = 0 2 z
JBb addr Jump on Accumulator Bit 2 2
M ics copyright Intal Corporalion 1976, 1977, 1978
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SINGLE COMPONENT 8-BIT MICROCOMPUTER .~ -

o 8.Bit CPU, ROM, RAM, IO in Single o 1K x 8 ROM
28-Pin Package 64 x 8 RAM
_ 21110 Lines
o Single 5V Supply (+4.5V 10 6.5V) O Interval Timer/Event Counter
o 10 gesec Cycle; All Instructions o Clock Generated With Single Resistor
1 or 2 Cycles or Inductor
a Instructions —8748 Subset a Zero-Cross Detection Capability
o High Current Drive Capability-—2 Pins o Easily Expandable /O

The tntel® 8021 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon ehip using Intel’s N-channel
silicon gate MOS process. The features of the B021 include a subset of the 8048 aptimized for low cost, high volume appli-
cations, plus additional 1O flexikility and power,

The B021 contains a 1K X 8 pragram memory, a 64 X 8 data memary, 21 1/0 lines, and an 8-bit timer/event counter, in addi-
tian te on-board oscillatar and clock circuits, For systems that require extra 1/0 capability, the 8021 can be expanded using
the 8243 or discrete logic,

This microprocessor 15 designed Lo be an efficient controller as well as an arithmatic progessor, The 8021 has bit handling
capability as well as facilities for both binary and BCD arithinetic, Efficient use of program memory results from an instruc-
tign set consisting mostly of single byte instructions and no instructions aver lwo bytes in [ength.

To minimize development prablams and maximize flexibility, an 8021 system can be easily designed using the 8021 emula-
tion board, EMB-21. The EMB-21 contains a 40-pin socket which can accammodate pither the 8748 shipped with the board
or an ICE-48 plug. Alsa, the necessary discrete logic to reproduce the 80214 additional 1/0 features is included,

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM

P22
P23
PROG
FGQ
PO
Po2
Fi3

10MWORDS 4 WOARS

” FOAT CLOCK PROGRAY BATA

=1 MEMORY MEMORY
FCRAT

suH =2

Po4 I
POS ADDRESS |
Pas - Latem i
Pu7 ENABLE - A

ALE PORT CRU

[— = EXFANDER
STRDBE

2BIT
TINERS
EVENT COUNTER

Fil
10 LINES
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ABSOLUTE MAXIMUM RATINGS*

. R o *COMMENT: S5trosses above those listed undd 'Abso?ute Ma)u
Ambient Temperature Under Bias. . . ... ... 0FCw0C mum Rating” may cause permanent damage 1o the dewce This fsa
Storage Temperature . . .. ... ....... -6500 to +1 SDOC stress rating only and functional operation of the dewce at. theu r.u'-'-

| . . any other conditions abova those [ndicated in the operatlorfal sec»
VoHtage on Any Pin with tions of this specification is not implizd. Exposurs 1o absu?ute

CSDl‘f‘CtItO Qruund --------------- -0.5V to +7V maximum rating conditions for extended periods may sffect de\rlce
Power Dissipation . .. ..... e e e e 1w reliability,

D.C. AND OPERATING CHARACTERISTICS
Ta=0°Ct070°C, Veg= 5.5V 21V, Vgg =0V

Limits
Symbhol Patamator iin, Ty Max. Unit Test Conditions
Vi Input Low Voltage (All except XTALI1, XTAL2Z) -0.5 0.8 \'
ViR Input High Voltage {All except XTAL1, XTAL2) 2.0 Veo v Vee = 5.0V £10%
ViHy Input High Voltage {All except XTAL1, XTAL2) 3.0 Ve v Yoo = 5.5V 21V
VoL Output Low Voltage 0.45 A loL = 1.6 mA
Vo, Gutput Low Voltage (P10, P17} 25 v lo, =7 mA
Vo Qutput High Voltage {All unless Open Drain) 2.4 \Y low = BO uA
loL :‘)::tpgit Leakage Current {Open Drain Qption — £10 A Vs + 045 < Viy < Vg
lcc Ve Supply Current 60 mA
A.C. CHARACTERISTICS
Ta=0"Cto 70°C, Vee = 5.5V 21V, Vgg =0V
Symbol Parameter Min. Max. Unit Tast Conditians
toy Cyele Time 10.0 50.0 psec | 3 MHz XTAL = 10 pssc
AF Qscillator Freguency Variation -Resistor Mode -20 +20 % F=2% MHz

A.C. TEST CONDITIONS
Control Qutputs: Cp = 80 pF



Accumulater

Input/Dutput

Branch Registers

8021

PIN DESCRIPTION

Designation  Pin # Function Designation  Pin # Function
Vss 14 Circuit GND potential crossover sensing of slowly mow
Vee 28 +bV power supply ing AC inputs.
PROG 3 Dutput stroba for 8243 1/O Ex- RESET 17 Input used to initialize the proces-
pander sor by clearing status flip-Tlops
. e and setting program counters to
POO—PO7 4-11 8-bit quasi-bidirectional port 9 prog
zera,
Part @
) L ALE 12 Address Latch Enable. Signal oo
P10-P17  18-25 B-bit quasi-bidirectianal port ‘ & olg
Port 1 curing once every 30 input clocks,
used as an cutput clack.
220::23 2?_? ‘;Zb(;t ?’;g’svllaldlrecuonal pir;_t 110 XTAL1 15 One side of crystal, inductor, or
or - a_ p ; sofser;;:; a 4-bi resistar input for internal oscilla-
r R
expander bus for tor. Also input for external source,
T1 13 Input pin testable using the JT1 (Mot TTL compatible.}
and JNT1 instructions, Can be . -
N ) XTAL2 16 Other side of timing caontrel
designated the timer/event count- elerment.
er input using the STRT CNT
instruction.  Also  allows zero
INSTRUCTION SET
Mnemanic Desctiption Bytes Cycle Mremonic Dascription Bytes Cycle
ADD AR Add register to A 1 1 = addr Jump on Carry = 1 2 2
ADD A BR Add date memory 10 A 1 1 g JNC peldr Jurmp an Carey = 0 2 2
ADD  Awdata  Add immediale 1o A 2 2 c’.-; 1z addr Jump on A Zero 2 2
ADDC AR Add with carry ] 1 JNZ addr Jump on & not Zera 2 2
ADDC AFR Add with carry 1 1 JT1 addr Jumpan T1 =1 z 2
ADDC A xdara Add with carry 2 2 JMTT1 O addr Jumpaon T1=10 2 2
ANL AR And-ragistor 10 A 1 1 v JTF addr Jump on timer flag 2 2
ANL  A@R And data memory to A 1 1 £
AML A sdata  And immediate to & 2z 2 3 CALL Jump 12 subrguting 2 2
ORL AR Or register 10 A 1 1 8 RET Return 1 2
ORL AGR Qr data memary to A 1 1 3
QAL A#data  Orimmediate 1o A 2 2 w GLR C Clear Garry 1 1
XAL AR Exclusive Or register to A 1 1 E LPL C Complement Carry 1 1
XRL A B8R Exclusive or data memory to A 1 1 w
XRL  A.xdatw Exclusive or immediate to & 2 2 MOV AR Mowe register 1o A 1 1
1NG A Increment A 1 1 MOV AZR Move data memory 1o A 1 1
DEC A Decrement & 1 1 MOV A sdata Move immediate to s 2 2
CLR A Clear A 1 1 g MOV RA Wiove A Lo register } 1
CPL A Complement A 1 1 2 MOV ER.A Move A 10 data memory 1 1
Da A Decimal Adjust A 1 1 = MOV RB.wdats  Move immediate to register 2 2
SWAP A Swan nibbles of A 1 1 % MOV ER,t#data Move immediate todata memory 2 2
RL A Ratate A laft 1 1 O XCH AR Exchange A and regster i 1
RLC A Rotata A left through carry ] 1 XCH  ABR Exchange A and dala memory 1 1
AR A Rotate & right 1 1 ¥CHD A PR Exchangs nibbla of A and register 1 1
RRC A Fotata A right through carry 1 1 MOVE A EA Mave 1o A from current page 1 2
IN AR Input port 1o A 1 2 £ MOV AT Read Timer!/Counter 1 1
QuTL F.A Qutput A 1o port 1 ? 3 MOV T,.A Luad Timer/Counte: 1 1
MOVD AP Input Expander port to A 1 2 9 STRT T Start Timer 1 1
MOVD PA Oulput A to Expander port 1 2 & STRT CNT Start Caunter ] 1
AMLD P.A And A to Expander part 1 2 E STOP TCNT Swop TimarfCounter 1 1
ORLD P.A Qr A to Expander port 1 2
NOP Mo Operation 1 1
ING A Increment register 1 1
ING @R Increment data memory 1 1
JraP addr Jump uncaaditional 2 2
JMPP 3A Jump indirect 1 2
DJNZ  R,addr Decrement register and Jump 2 2

on R nat zerg
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FUNCTIONAL SPECIFICATIONS

The following is a functional description of the major cle-
ments of the B021.

Program Memory

The 8021 contains 1K X § of mask programmable ROM.
No external ROM expansion capability is provided,

Data Memory

A B4 ¥ 8 dynamic RAM is located on chip for data storage.
All lacations are indirectly addressable and eight designated
locations are directly addressable. Also, included in the
memaory is the address stack, addressed by a 3-bit stack
painter.

Memory is organized as shown in Figure 1, The least signi-
ficant 8 addresses, 0—7, are directly addressable by any of
the 11 direct register instructions. The locations are readily
accessible for a variety of operations with the least number
of instruction by tes required for their manipulation.

Registers O and 1 have yet 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 cspecially useful for repeti-
tive-type operations on adjacent memory locations. The
indirect register instruction specifies which IRAR 1o use,
and the contents of the IRAR is used to address a location
in RAM. The contents of the addressed Ipcation is used
during the execution of the instrugction, and may be modi-
fied. A wvalue larger than 63 should not be preset in the
IRAR when selected by an indirect register instruction.
IRAR' may point to addresses G—7, il desired.

Locations 8—23 may be used as the address stack, The
address stack enables the processor to keep track of the
return addresses generated from CALL instructions. A 3-bit
stack pointar (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 decremented by one before an
address is fetched during a RET. & total of & levels of
nesting is possible. The SP is initialized to logatien B upon
RESET. Since each address is 10 bits long, two bytes must
be used to store a single address, The 5P is ineremented
and decremented by ane, but each increment or decrement
moves the address pointed to by two. Therefore, anty even
numbered addresses are pointad to,

If a particular application does not require Blevels of nest-
ing, the unused portion of the stack may be used as any
other indirectly addressable scratchpad location. Far
example, if only 3 levels of subroutine nesting are used,
then onty lecations 8—15 need be reserved for the address
stack, and lpcations 16—63 can be used for data storage.
The attual program counter address is not stored in the
address stack. & separats register_retains its value.
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LOC 24 87
INOIRESTLY !
ADDI BLE
ey CAN BE YSED FOR
IRARG OR 1 L0¢ 823 ADDRLSS STACK
7
]
B y
4 . DIRECTLY
_____ El ADORESSABLE
~z
(BAH 1
IMaR 1

Figure 1. Internzl RAM Cryanization

Oscillator and Clock

The 8021 contains its own onboard oscillator and clack
circuit, requiring anly an externg! timing contrei element.
This control element can be a crystal, inductor, resistor, or
clock in. The capacitor normally reguired in resistor or
inductor timing control operation is integrated onto the
8021, All internal time slots are derived from the external
element, and all cutputs are a function of the oscillator
frequency. Pins X1 and X2 are used to input the particular
control element. An instruction cycle consists of 10 states,
and each state is 4 time slot of 3 pscillator periods, There-
fare, to obtain a 10 usec instruction cycle, a 3 MHz crystal
should be used.

Timer/Event Counter

An interval timer is available to enable the user te keep
track of time elapsed or number of events occurred, during
nermal program execution and flow.

By @ MOV T,A instruction, the contents of the accumulator
are loaded to the timer. At the STRT T command an inter-
nal prescaler is zeroed and thereafter increments once each
30 input clocks {once each single cycle instructian, twice
each double cycle instruction}. The prescaler is a divide by
32, At the (11111} to (00000) transition the timer is incre-
mented. The timer is 8 bits and an overflow {FFH| to
{00H] timer flag is set. A conditional branch 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 2
10 psec cycle time. Contents of the timer are moved to the
aceurnulatar by the MOV AT instruction without disturb-
ing the counting process,

The timer may alsp be used as an event counter. After a
STRT CNT command, the chip will respond te a high to
low transition on the Test 1 pin by incrementing the timer,
Transitions can occur no faster than one each three instruc-
tion cycles.

The timer and event functions are exclusive, Counting or
timing may be started or stopped {STOP TCNT) at will.
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Input/Output Capabilities

The B021 1/O configurations are highly flexible. A number
of different configurations are possible, tailoring an 8021 1o
a given task. Other than the power supply and dedicated
pins, all ather pins {20) can be used for input, output, or
both, depending on the configuration,

P20—P23 and P10—P17 are quasi-bidirectional, and Test 1
is directly testable through pragram contrel. A simplified
schematic of the quasi-bidirectional interface is shown in
Figure 2. This configuration allows buffered outputs, and
also allows external input. When writing a ‘0" or low value
to these ports, the large pulldown device sinks an extarnal
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 situtation, an input
device capable of overriding the small amount of sustaining
turrent supplied by the pullup davice can be read. {Alterna-
tively, 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 outpui pins, with a minimum of
external camponents.

Port 00—07 is also guasi-bidirectional, except there is no
larga pullup device. As outputs, this port is essentially
open drain,

By mask option the small pullup devices on POO—PD7 may
be deleted on any pin providing a true open drain output,
This is useful in driving analog circuits and certain ioads,
such as keyhoards.

Also available is the 8243 /O expander chip, which pro-
vides additicnal 1/0 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—F23, which provide address and data. These
parts can be written with a MOVD P, A; ANLD PA,; and
ORLD PA for Ports 4—7. A nigh 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 last. Therefore, when using an
output expander P20—P22 are not useful for general
inputfoutput. Reading is via the MOVD AJP. This circuit
configuration is shown in Figure 3.

The Test 1 pip has a special bias input that allows zero-
crossover sensing of slowly moving inputs. This is especially
useful in SCR control of 60 Hz power and in developing
time of day routines, As a ROM mask aption there is a
pullup resistor that is useful fer switch contact input or
standard TTL. See Figure 4.
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INTERMAL .
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WHRITE T __|
FORT
<1
INPUT EUFFER

Figure 2. Quasi-Bidirectional Part Structure

JHHI

8021 az43
P03 4 P20-3
FROG FRMG

I

Figure 3, 1/0 Expander |nterface
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EXTERNAL
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Figure 4. Test 1 Pin
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CPU

The 8021 CPU has arithmetic and logical capability, A wide
variaty of arithmetic and logic instructions may be exer-
cised, which affect the contents of the accumulator, andfor
direct or indirect scratchpad locations. Provisions have been
made for simptified BCD arithmetic capability through the
use of the DAA, SWAP A, and XCHD instructions, In
addition, MOVP A,@A allows table locokup for display
formating and constants. Jump conditions such as zero,
not zaro refer to the accumulater contents at the time of
the condition,

Reset

The B021 may see poorly regutated and noisy power sup-
pliss. A useful feature is to sense when the power supply
dips and do a reset 1o prevent continued ocperation with
incorrect data, This feature may be implemented on the
8021 by connecting a diode between the RESET node and
ground. See Figure 5.

A reset will then be forced if the supply drops approxi-
mately 1.5 wvolts and rapidly recovers, Cne instruction
cycle will reset the 8021 to the initialized state,

By removing the diode and using only the capacitor, voltage
drops in Ve will not cause a RESET.

Yoo

1k
v

RESET

FIGURE 5. POWER ON RESET

Differences Between the 8021 and the 8748

Although the 8021 is basically an electrical and functional
subset of the 8748, there are some differences:

6-20

1, Pin Out — As the BO21 iz a 28-pin DIP, seme form
of adapter must be used to interface thea BO21
socket to [CE-48. An emulation board, EMB-21, has
been designed to perfarm this function, The
EMB-21 also accounts for the increased flexibility
of some 8021 1/0 lines.

. Instruction Time — The BD21 instruction cycle is 30
clock cycles fang, the 8748 instruction cycle is 15
clacks long. Where exact timing is impartant the
8748 breadboard part should be operated at half the
8021 clock rate.

. Test 7 — To facilitate developing time of day rou-
tines from 60 Hg, and for SCR control, the Test 1
pin without the pullup resistor cption will datect
zero crossing of a capacitively coupled AC input.

. Quasi-Bidirectional Ports — All 8021 ports are gquasi-
bidirectional to facilitate stand-alone use. Port 0 has
open drain outputs and by mask option it may or
may nat have pullup resistors,

. Osciitator — The 8021 has on-chip oscillator that is
aptimized for the single resistor mode, External
connection will differ from the B748.

. Dynamic RAM and Logic — The B021 utilizes
dynamic RAM and some dynamic logic, Input
clocking must be maintained above the minimum
rate or improper operation may result.

. High Current Dutputs — Very high current drive is
desirable for minimizing external parts required to
do high power contral. P10 and P11 have been
designatad high drive outputs capable of sinking
7 mA at Vgg +2.5 volts. (For clarity, this is 7 mA to
Vgg with a 2.6 volt drop across the buffer.) These
pins may, of course, be paralleled for 14 mA drive if
the cutput logic states are always the same.

. ARaser — Reset has been modified on the 8021, as
previously noted. & reset will be forced if the power
supply draps approximately 1.5 volts and rapidly
recovers, if a diode is used Tn the reset circuit. This
prevents continued operation with incorrect data
caused by a poorly regulated and/or noisy power
supply,

. instruction Set — The following instructions, which
are found in the 8748, have been deleted from the
8021 instruction set.

Data Morss | Regicters | Branch Timwr | Contral | InpuvQuiput
MEt APSW | GEC B | JTO sdas | BN TCNTI [ EM 1 |AML P et
MOV PEWA JNTO edd- | DIS TCNTI © DIS | GRL Pt
MOVE AGR | Flag | JFD sgor SEL RBO |[ING  ABUS#+
MOVX BRA [Trmpg ] JF1 atdr | Subroutine | SEL RE1 [ DUTL BUS A #
MOVES a.@A4 | ot fo | UMD wadi [T oo SEL MBO | ANL BUS edata

JBb  addr SEL MBT |GAL  BUS#dets
CLA 1 ENTO CLK
LFL F3

*These Instructions have been replaced in the BO21 by
IN A PG and OUTL POA respectively.



8022
SINGLE COMPONENT 8-BIT MICROCOMPUTER'
WITH ON-CHIP A/D CONVERTER

m 8-Bit CPU, ROM, RAM, VO in Single o 2K x 8 ROM, 64 x 8 RAM, 28 l/O Lines,
40-Pin Package O

o 10 usec Cycle; All Instructions 1 or 2

o On-Chip 8-Bit A/D Converter; Two Input Cycles
Channels
o 8 Comparator Inputs (Port 0) o Insiructions — 8048 Subset
m Zero-Cross Detection Capability n Interval Timer/Event Counter
a Single 5V Supply (4.5V to 6.5V) a Clock Generated with Single Resistor,
o High Current Drive Capability — 2 Pins Inductor, or Crystal
o Two Interrupts — External and Timer o Easily Expandable /O

The Intal® 8022 is the newest member of the MCS-48"™ family of single chip 8-bit microcomputers. It is designed 1o
satisfy the requirements of low ¢ost, high volume applications which involve analog signals, capacitive tauchpana!l
keyboards, andior large ROM space. The 8022 addresses these applications by integrating many new functions gn-
chip, such as A/D conversion, comparaior inpuls and zero-cross deteclion.

The featuras of the 8022 include 2K bytes of program memory (RCM), 64 byies of data memory (RAM), 28 IO Iines, an
on-chip 8-bit A/D cenverter with two input channals, an B-bit port with comparator inputs for interfacing to low voltage
capacitiva touchpanels or other non-TTL interfaces, external and timer interrupts, and zero-cross detection capability.
In addition, it contains the B-bit interva! timerfevent counter, on-board oscillator and clock circuitry, single 5V power
supply requirement, and easily expandable IfO structure commen to all members of the MC5-48 family.

The 8022 is designed to be an efficient controller as well as an arithmetic processor. It has bit handling capability plus
facilitles for both binary and BCD arithmetic. Efficient use of program memory results from using the MCS-48 instruc-
tion set which consists mostly of single byte instructions and has extansive 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 simplifias Interfacing to analog signals.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
Veg Vg
|
PORTD
—_— > l— THRESHOLD
P28 [! 1 40 [ Yeo ¥TAL | REF E
par [z WP 2048 WORDS 54 WORDS
avee [{2 1[5 paa cLOCk PROGRAAM DATA
Vaner [] 4 37 [ PROG RESET | Ca:> PORTD MEMORY MEMGRY
a1 [ s 3t [ P23
ano e [0 Pz
avss 7 W TEST 0| !
wis I <E>PORTI '
a0z
Y 9 2787 TEST 1] BT .
oo C}10  poa: 3 E Fi5 CFi) T
pot O 11 R pcnrz
Poz [] 12 2913 P1a J
an !
poa []13 #LIPS L crencE
puaé 14 i [ P12 :
pPes Cf 15 26 [ P11
pes O] 18 25 P10 ADORESS
po7 [J a7 24 [ RESET AND = LATCH
EMABLE
ALE [] 18 23] xraLz
XTAL1 TWO GHANNMEL
g zH TIMEREVENT oiaaL 4BiT AD
ves [ o 21 [} suBST A SORT COUNTER O LINES CONVEATER
|———=ExXPANDER
STROSE

AD A0 SUBSTRATE
Voo Ves
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PIN DESCRIPTION

Designation Fln #

Funetion

Vss

Veo
PROG

POO-PO7
Port 0

V1
P10-P17
Part 1

P20-F27
Port 2

TQ

T

20
40
37

10-17

25-32

33-36

38-39
1-2

Circuit GND potential,
+ 5V circuit power supply.

Output strobe lor Intel® 8243 110
expander.

8-bit open-drain porl with com-
parator inputs. The switching
threshold is sat externally by Vyg.
QOptional pull-up reslstors may be
added via ROM mask selection.

Port 0 threshold reference pin.
B-bit quasi-bidirectional port.

8-bit quasi-bidirectional port.

P20-23 also serve as a 4-hit HO
expander for Intel® 8243,

Interrupt input and input pin test-
able using the conditional trans-
fer instructions JTQ and JNTO. In-
itlates an interrupt following a
low level input if interrupt is en-
abled. Interrupt is disabled after
areset.

Input pin testable using the JT1
and JNT1 conditional transfer in-
structions. Can be designated
the timerfevent counter input
using the STRT CNT instruction.
Alsoc serves as the zero-cross
detection input to aliow zero-
crossover sensing of slowly moy-
ing AC inputs, Qptional pull-up
res|stor may be added via ROM
mask selection,

Designation

Pin# Function

RESET

AVgs

AVee
SUBST

Vanrer

ANO, AN1

ALE

XTALA

XTAL 2

24

21

6,5

18

22

23

Input used to initialize the proc-
ess0r by clearing slatus flip-flops
and setting the program counter
to zero.

A/D converter GND Potential.
Also establishes the lower limit
of the conversion range.

AfD +5Y power supply.

Substrate pin used with a bypass
capacitor to stabilize the sub-
sirate voltage and improve A/D
ACCUracy.

AID converter raference voltage,
Establishes the uppar limit of the
Conversion range.

Analog inputs to A/D converier.
Software selectable on-chip via
SEL ANC and SEL AN1 instruc-
tions,

Address Latch Enable. Signal oc-
curring once every 30 Input
clocks {once every single cycle
instruction}, used as an output
clock.

One side of crystal, inductor, or
resistor Input for Internal oscll-
lator. Also input for exiernal fre-
quency source. (Not TTL com-
patible.)

Other side of timing control ele-
ment. This pin is not cennected
when an external frequency
source is used.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Undar Bias
Siorage Temperature
Voltaga on Any Pin with

Respect to Ground
Fower Dissipation

D.C. AND OPERATING CHARACTERISTICS

To=0°C o 70°C, Vop=5.5V = 1V, Vgg=0V

“COMMENT. Stresses above those listed under “Absolutes Maximum
Fatings" may cause permenent damage to the device. This is a stress
rating only and functional operation of the device a1 these or any ather
conditions above those indicated in the operalional sections al this
specilicalion is not implied, Exposure 10 absalute maximum rating con-
dions for extended periods may atlect device reliabllity.

e — T T ol
Symbol Parameter i, Typ. Max. Unit Test Condilions
Input Law Voltage {(All except XTAL 1,
v -0.5 0.8 %
I XTAL 2, Porl 0)
Vi Input Low Valtage (Port & -0.5 Voy—0.1 v
Vin Input High Yoltage (All except XTAL1, 2.0 Vee v Vee=50V £10%
XTAL 2, RESET, Port 0)
Input High Voltage (All except XTAL 1, =
v 2.4 V V Voe=6.0V £0.5V
M1 | XTAL 2, RESET, Port 0} ce ¢
ViHz Input High Vohtage (Fort 0) Vrr+ 01 Voo Y
ViHz Input High Yoltage (RESET, XTAL 1) 3.0 Veo v
VTl Port 0 Threshold Reference Voltage 0 Veel2 Y
Voo Qutput Low Voltage 0.45 v lL=18mA
Vot Output Low Voltage (P10, P11} 25 v lg=7 mA
_Oulput High \?bltage (Al unl_ess Oh.en Dré'ln - . . _
¥ 2.4 A lgy =50 uA
Ot Option—Port O OH K
I Input Leakage Current (T1) +10 wA Vin=Veo
Output Leakage Current (Open Drain v ,
| =10 A Viop2V yEVgs + 0.45Y
Lo Option—Port O) B CemYiN=Yes
lee Veo Supply Current 80 mA
V11 Zero-Gross Detection Input (Tt) 1 3 VACpp | Input through a
capacitor
A.C. CHARACTERISTICS
Ta=0°Cto 70°C, Voo=5.5Y =1V, Vgg=0V
Symbol Parameater ’ - - - Min. Max. Unit Test Conditions
foy Cycle Time 10.0 50.0 s 3 MHz XTAL=10us
e ALE Pulse Widih 4.6 HS toy=10 us
Ap Oscillator Freqguency Variation— Resistor Mode =20 +20 % F=25MHz, R=15kQ
Frq Zero-Cross Delection Input Frequency (T1) 0.03 1 kHz |

A.C. TEST CONDITIONS

Gontrol Outputs: G =80 pF
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A.C. CHARACTERISTICS

T4=0°C 10 70°C, Vgg=5.5V = 1V, Vgg=0V

Symbaol Parameter Min. | Max. | Unit Notes
tep Pott Controt Setup Before Falling Edge of PROG | 110 ns
tpe Port Gontrol Hold After Falling Edge of PROG 140 ns
Expander ter PROG to Time P2 Input Must Be Valid 810 ns
Operation tpp Qutput Data Setup Time 220 ns
tep Qutput Data Hold Time 65 ns
ter Input Data Hold Time 014 160 ns
tpp PROG Pulse Width 1510 ns
temL ALE to Time P2 Input Must Be Valid 810 ns
Normal topL Output Data Setup Time 400 ns
Operalion  tap Cutput Data Hold Time 150 ns
tprL Input Data Hold Time 110 | ns

PORT 2 TIMING

S/ 17\

tu

pr——tpPL——=r=lpDL~

Ll

EXPANDER
PORT
GUTPUT

PCRT 2g.3 DATA X POAT CONTROL X

TerL | il

-lpA -

EXPANDER
PORT
INFUT

X PQRT 2p.3 DATA ><

PORT CONTROL

QUTPUT DATA ) 4

—iter

FROG

L
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AID CONVERTER CHARACTERISTICS

Ta=0"Cto 70°C, Vpe=5.5V =1V, Vgg=0V, AVce=55Y 21V, AVge=0V

Unit

Parameter Min. Typ. Max. Comtents
Resolution B Bits
Non-Linearity - I =1 LS8 | (Note 1)
Zero Errar LSB {Mote 2} T,=25°C
.FuII Scala Error LSB {Note 3) Ty=25°C
Quantization Errer E LSB (Note 4)
Absolute Accuracy +1 % {Note 5)
Conversion Range AVgg Vaper v
VaREF AVgpf2 AVcg v
Input Capacitance (AND, AN} i 1 pF
Conversion Time 4 4 toy
Sample Hold Time {t,s) 0.07 toy (Note 6)
Sample Hold Time {t44) . 0.23 toy {Nole 8)
Sample Setup Before Falling Edge of ALE {tge) 0.20 tey
Sample Hold After Falling Edge of ALE {igy) 0.10 toy

ANALOG INPUT TIMING

ALE_/

F——t55—=

X

l—"1s 4

ANALOG
INPUT

fas—™

NOTES:

1. Non-linearity error is Lho maximum deviatlon from a straight line Lthrough the end palnts of the A/D transfer characterlstics,

1AH

2. Zera error |5 the difference between the output of an ideal and the aciual A/D 1or zero input voltage.
3 Fulkscale emar is the difference between the oulput of an ideal and the actual A'D lor lull-scale inpul valtage.
4. Quantizatian erfer is the uncertainty caused by \he converters finlle resalution.
5

. Atzolute accuracy describes the differenco between tha actual input voltage and the full-scale weightad equivalent of the binary output, Included

are quantizing and all other errors.

6. The analog input must be maintained at a constant valtage during the sampling tirma {1ag) and the sample hold tima itg g,
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INSTRUCTION SET Hexadecimal
* Mnemonle Dascriptian Bytes Cycle Cpcode
Hexadacimal
JTO Jump on T0=1 2 2 36
Mnemonic Cescription Bytas Cycle  Opcode INTD Jump on T0=0 a P
40D AR, Add ragister to A 1 1 B3EF JT1 addr JumpenTi=1 2 2 56
ADD AR Add data memory to A 1 1 801 JNT1 addr JumponTi=0 2 2 45
ADD Addata  Add immediale 1o A 2 2 03 JTF addr Jump on timer flag 2 2 15
ADDC AR, Add register with carry 1 1 Ta7F -
ADDC A,gR  Add data memory with 1 TR £ caLL Jump to subroutine 1 2 18,3454,74,
warry 2 94,84, D4,F4
ADDC ANdala Add immadiale with 2 2 13 ‘:3, RET Helurn 1 s 83
camy -
ANL AR, And register o A 1 1 58-5F
ANL AR And data memory to A 1. 1 5081 -
ANL Addata  And immediate 1o A 2 2 53 g CLRC Clgar carry 1 1k 97
ORL 4R, Or register to A 1 1 a8aF L CPLC Gamplement carry 1 1 A7
ORL A, @R Or dala memory to A 1 1 4041
5 OAL A#data  Orimmediate to A 2 2 43 MOV A A, Mave regislar to A 1 1 F&FF
& XAL AR, Exclusive Or register T 1  D8-DF MOV A, A Move data memary g & 1 1 FixF1
E o A MOV Addata  Move immediate to A 2 2 23
= XALAER Exclusive Or data 1 1 Doot MOV ALA Mave A to register 1 1 AB-AF
3 memory to A MOV @HRA Move A lo datamemory 1 1 ADAY
XAL AMdata  Exclusive Orimmediate 2 2 D3 MOV Rp#data Move Immediale to 2 2 EB&BF
to A 2 register
ING A Increment A 1 1 17 & MOV @R ¥data Move immediate to 2 2 BBl
DEC A Decremenl A 1 107 f dala memary
CLR A Clear & 1 127 = XCH AR, Exghange A and 1 1 2832F
CFL A Camplsment A 1 10937 a regisler
DA A Dacimal adjust A 1 1 5F XCH A @R Exchango A and gata 1 1 2021
SWAR A Swap nibbles of A 1 1 47 memaory
RLA Rotate A |elt 1 1 E7 XCHE A,.®R  Exchange nibble of A 1 1 30en
RALG A Rotate A lelt through 1 1 F? and regisler
carry MOVP A @A Move to A from current 1 2 A3
AR A Rotate & right 1 177 page
ARG A Rotate & righi through 1 1 &7
carry -E MOV AT Read timsricounter 1 1 42
IN &, Pp, Input port to A 1 2 080904 5 MOV TA Load limer/caunler 1 1 62
QuT PpA Output A to porl 1 2 90,3934 Q STRATT Slart timar 1 158
3 MOVD AP,  Input expander port 1 2 OCOF g STRT CNT Slart counter i 145
.g 10 A i= STOP TCGHT Slop timerfecounter 1 1 65
£ MOVD PpA Output A to gxpander 1 2 JCOF -
2 port - .
(=% N
E AMLD Fp A And A to expander port 1 2 9COF § RAD Move conversion result 1 2 @
ORALD Pp.A Cr A to expander port 1 2 BCoF z register to A
3 SEL AND Select analog input 1 1 85
e ———— L 2810
=] ]
SEL AN1 Select anal tone 1 1 95
o INCR, Increment regisler 1 1 1BAF 4 © e neut o
= INC &R Increment data memaory 1 1101
@ EN | Enable extetnal 1 1 05
interrupt
JMP addr Jumnp unconditianal 2 2 04,24,33.64, 2 DISE Disable external 1 1 15
84,44,C4 E4 2 interriept
JMPP @& A Jump Inairect 1 2 B3 2 EN TCNTI Enable limerfcounter 1 1 25
S DJNZ Raddr  Decremenl registerand 2 2  EBEF = interrupt
jump on R not zero OIS TCNTI Disable timer/fcounter 1 1 35
oG addr Jurnp on carry =1 2 2 F8 interrupt
JNG addr Jump on carry = ¢ 2 2 EB RET | Return from interrupt 1 2 m
JZ addr Jump an A zero 2 2 Ch& -
JNZ addr Jump an A not zero H 2 95 NOP No oparation 1 1w
SYMBOLS AND ABBREVIATIONS USED
'
P Mnemonic for “in-page” Operation
A Accumulator Pp Port Designator (P=1, 2 or 4-7)
aadr 11-Bit Program Memory Address Rr Register Designator (r=0-7)
ANO, AN1  Analog Input 0, Analog Input 1 T Timer
CNT Event Counter T0, T1 Test Q, Test 1
data 8-Bit Number or Expression # Immediate Data Prefix
1 Interrupt @ Indirect Address Prefix
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FUNCTIONAL DESCRIPTION

PROGRAM MEMORY

The 8022 program memaory consists of 2048 words 8 bits
wide which are addressed by the program counter. The
memory is ROM which is mask programmable at the fac-
tory. No external ROM expansion capability is pravided.
There are three Iggations in program memory of special
importance.

Location 0: Activating the RESET line of the proces-
sor 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
& jump to subroutine.

Location 7: A timetfevent counter interrupt resulting
from a timerfcounter overfllow causes a
jurnp to subiroutine {if timerfcounter inler-
rupt is enabled),

Therefore, the first instruction to be executed after in-
itialization is stored in location @, the first word of an ex-
ternal interrupt service routine Is stored in location 3,
and the first word of a timer/event counter interrupt ser-
vice routine is stored in location 7.

znar

LOCATION 7 =TIMER/COUNTER INTERRURT
YECTORS PROGRAM HERE

T | LOTATION 3—EXTERMAL INTERRURT
VECTORS PROGAAM HERE

&
T
&
a8
4
3
2
1
L]

7 6[5[a[3(2[1]0] RESET YECTURS PADGAAM HERE

PROGRAM MEMORY MAP

Program memory can be used to store constants as well
as program instructions, The MOVP instruction allows
easy table lcokup for constants and display formatting.

DATA MEMORY

On-chip data memory is organized as 64 words sight bits
wide. All locations are indirectly addressable and elght
designated locations are directly addressable. Also in-
cluded 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 11 direct register instructions. These locations
ara readily accessible for a variety of cperations with a
minimum number of instruction bytes required for their
manipulation, Thus, they are usually used to store fre-
guently accessed intermediate resuits, The DJNZ in-

struction makes very efficient use of the working regis-
ters as program loop counters by allowing the pragram-
mer to decrement and lest the register in a single in-
struction.

Registers 0 and 1 have yet another function in thal they
can be used to Indiractly address all locations in the
data memory using the indirect register instructions.
These two RAM pointer registers are especially useful
{or repetitive type operations on adjacent memaory loca-
tions. The indirect register instruction specifies which
pointer register to use and the content of the pointer
register is used to address a location in RAM. The con-
tants of the addressed location are used during the exe-
cution of the instruction and may be modified. The
pointer reglsters may also point to registers 0-7, if
desired.

Locations 8-23 serve a dual role in that they contain the
§-leve! program counler stack, two RAM locations per
level. The program counter stack enables the processor
to kaep track of the return addresses generatad by inter-
rupts or CALL instructions by sloring the contents of
the program counter prior 10 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 loca-
tions 8 and 9. The first subroutine jurnp or interrupt
results in the program counter contents being trans-
ferrad to locations B and 3. The stack pointar is then in-
cremented by one and points to locations 10 and 11 in
anticipatian of ancther CALL. The end of a subrcutine,
which is signaled by a return instructlion (RET or RETI),
cayses the stack pointer to be decremented and the
contents of the resulting regisier pair to be transferred
10 the program countar.

3ince the program counter's addresses are 11 bits long,
two bytes or registers must be used to store a single ad-
dress. Thus, the 16-byte program counter stack parmits
ug to a total of 8 levels of subroutine nesting wilhout
averflowing the stack. If overflow does occur, the
deepest address stored {locations & and 9} will be over-
written and lost since the stack pointer overflows from
111 to 000. It also underflows from 000 to 111_If a parti-
cular application does not require 8 levels of nesting,
tthe unused portion of the pragram counter stack may
be used as any other indirectly addressable RAM loca:
tion. 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.

83
ADDRESSED
u INDIRECTLY
23( 5 LEVEL STACK THROUGH
OR RO OF R1
USER RAM
3 1628
T RESisTERs
DIRECTLY
Bxg - BLE
Al
o RO |

DATA MEMORY MAP
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INPUTIOUTPUT

The 8022 has 26 lines which can be vused for digital Input
or output functions. These lines are organized as 3 poris
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 in-
structions,

Ports 1 and 2 have identical operating characteristics
and areg both guasi-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 preseni until read by an input in-
struction. Inputs are fully TTL compatible and all cut-
puts will drive at least one standard TTL load. Two lines
of port 1 {F10 and P11} are designated as high current
drive lines and have the ability to slnk 7 ma. In addition,
these pins may be paralleled for 14 mA output if the oul-
put logic states are always the same. The high current
output lines eliminate the nasd for discrate transistors
in many applications.

The lines of ports 1 and 2 are quasi-bidirectional
because of their output structure which allows them to
be used as inpuls, outputs, or both, sven though as out-
puts they are statically latched.

=5K2 3 =50Ke
b

1o PIM
PORTS 1
AND 2

o
INTERKRAL B
aus
o
FLIP-
FLOP
ok B
WRITE 1
PULSE

QUASI-BIDIRECTIONAL PORT STRUCTURE

| =305

Each line is continucusly pulled up to + 5V through a
relatively high impedance device (~80 k). 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 both as an Input and
output. When writing a *'0” or low value to these ports, a
low impedance device (~300Q) overcomes the high
pullup and provides TTL current sinking capability.
When writing 2 “1", a large currant is momentarily sup-
plied through a relatively low impedance device {~5kQ}
to allow a fast data transfer. After a short time (less than
one instruction cycle) the low impedance device is shut
off and the small pullup malntains the “1" level indefi-
nitely. In this situation, an inpul device capable of over-
tiding the srmall amount of sustaining current supplied
by the pullup device can be read. (Alternatively, the data
written cn 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
aliows maximum user flexibility in selecting his input or
latched output lines, with 8 minimum of external
components.

PORT 0 COMPARATOR INPUTS

Port ) has been modified from the standard quasi-
bidirestional structure to altow an optlonal open drain
configuration with comparator inputs. The low impsd-
ance pullup device has been eliminated and the high Im-
pedance pullup is optional, Thus, the user can choose
via a mask programmable selection each line of port 0 to
be either guasi-bidirecticnal with a high impedance or
true open-drain. The cpen drain configuration allows the
ling to sink current through the low impedance pulldown
device or 1o float in the high output state. More impor-
tantly, the cpen drain configuration makes port 0 very
easy to drive when it is used as inputs. The input chr-
cuitry for gach line of port ¢ includes a voltage com-
parator which amplifies the voltage difference between
the input port line and the port 0 threshold reference pin
{Vr). The voltage gain of the comparator is sufficient to
sense a 100 mV input differential withn the range Vgg to

Veo/2.
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INTERNAL
BUS b Q@
o
FLIP. O PIN
FLOP FORT 0
gk ©
WRITE
PULSE
COMPARATOR Vo

IN

PORT 0 1O STAUCTURE

If Vo is allowed Lo float, it will bias itself to the digital
switch point of the other ports, and port 0 behaves as a
set of normal digital inputs. However, by biasing Vg,
the switch point can be both tightly controlled and ad-
justed. Common yses for this would include high noise
margin inputs (Vge/2), unusual fogic level inputs as from
a diode isolated keyboard, analog channel expansion,
and direct capacitive touchpanei interface. The compar-
ator action is automatic and the pert is read just as any
cther port,

In addition to the 26 digital /O lines contained on-board
the 8022, a user can obtain additional 1O lines by utiliz-
ing the Intel® 8243 IO expander chlp or standard TTL.
The 8243 interfaces to 4 port lines of the 8022 (lower half
of port 2) and is sirobed by the PROG line of the 8022.

LR

anzz 2243
poe-3K [ N P20-a
PROG PROG

]

10 EXPANDER INTERFACE

The B243 contains four 4-bit 1O ports which serve as ex-
tensions of the en-chip /0 and are addressed as ports
4-7. The following operations may be performed on
these ports:

1. Transfar Accumulatar to Port
2. Transfer Part to Accumulater
3. And Accumulator to Port

4. Or Accumulator to Port

A 4-hbit transfer from a port to the lower half of the ac-
cumulator sets the most signiflcant four bits to zero.
Each transfer consists of two 4-bit nibbles, Tha first
containg the “opcodes” and port address, and the sec-
ond contains the actual 4 bits of data, A high-to-low tran-
sition of the PROG line indicates that address is present
while a low-to-high transition indicates the presence of
data.

TEST AND INTERRUPT INPUTS

In addltion to the 24 general purpese MO lines which
comprise ports 0, 1, and 2, the 8022 has two inputs
which are testable via condltional jump instructions, TO
and T1. These pins allow inputs to cause program
branches without the necessity to load an Input portin-
to the accumulator. TO and T1 have other functions as
wall.

The Test O pin serves as an external interrupt input as
well as a testable input. An interrupt sequence is inlth-
ated by applying a low 0" level input to the TO pin when
extarnal interrupt is enabled, Interrupt is level triggered
and active low to allow “WIRE ORING"” of several intar-
rupt sources at the input pin. When an interrupt Is
detected, it causes a “'jump to subroutine” at location 3
in program memary as soon as all other cycles of the
current instruction are complete. At this time, the pro-
gram counter contents are saved in the program counter
stack, but the remaining status of the processor is nol.
Unfike the 8048, the 8022 does not contain a program
status word. Thus, when appropriate, the carry and aux-
itiary carry flags are saved in software, as the accumu-
lator is. The routine shown below saves the accumulator
and the carry flags in only four bytas.

Commenis

Instrugtions Bytes

MOV RE,A 1 Jsave accumutator

CLR A 1 ;clear accumulater

DA A 1 sconyart camy flags into sives
MOV A7.A 1 ;save stalus ot carry tlags

The end of an interrupt service subroutine is marked by
the executlon of a Return from Interrupt Instruction
{RETI). Prior to returning from the interrupt subroutine
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howevar, the slatus of the accumulator and the carry
flags are restored in software. The following routine
restores the status of the accumulator and the carry
flags, which was previously saved, in five bytes.

Instructlens  Byles Commenis

MOV ART 1 resiore carry llags status to

Add A #0AAH 2 raccumulater and setfclear carry flags
MOV ARG 1 reslore accomulator

RETI 1 return

The intetrupt system s single lavel in that once an inter-
rupt is detected, all further Interrupt requests are ig-
nored until execution of a RETI re-enables the interrupt
input logic, This sequence holds true also for an internal
interrupt generated by timer overflow, If an external in-
terrupt and an internal timer/counter generated Interrupt
are detected at the same time, the external source wili
be recognized. If needed, a second external interrupt
can be created by enabling the timerfcounter interrupt,
loading FFH in the counter (one less than lerminal
count} and enabling the event counter mode. A fow-to-
high transition on the T1 input will then cause an inter-
rupt vector to location 7,

The Test 1 pin, in addition to being a testable input,
serves two other important functions. It can be used as
an input pin to the extarnal event counter, as previously
mentioned, and it can be used to detect the zero cross-
ing point of slow moving AC signals. Execulion of the
STRT CNT instruction puts the T1 pin in the counter in-
put mode by connecting T1 to the counter and enabling
the counter. Subsequent low-to-high transitions 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
gross circuitry. The maximum rate at which the counter
may be incremented is once per three instruction cycles
{every 30 ps when using a 3 MHz crystal) — there is no
minimum frequency.

In addition to serving as a iestable input and as the
counter input, the T1 pin has special circuitry to detect
when an AC signal crosses its average DC level, When
drlven directly, this pin responds as a normal digital in-
put. To utilize the zero cross detestion mode, an AC
signal of approximately 1-3 VAG p-p magnitude and a
maximum frequency of 1 kHz |s couplad through an ex-
ternal capacitor (1 xF} to the T1 pin,

S

|

[10emv |

}OFFSET |

AC SDURCE T 1-3 VAC
| ZERC CROSS P
) =5° |

a0z
INTEAPRETATICH

|
Tl
AC SOURCE—]| T THEVENT COUNTER
1uF I

ZERQ-CROSS DETECTION

The internal digltal state is sensed as a zero until the ris-
ing edge crosses the DC average leval, when it becomes
a one. This is accomplished by the self-biasing high
gain amplifier which is included in the T1 input. This cir-
cuit biases the T1 fnput 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 vatue of T1 remains
a one until the falling edge of the AC input drops approx-
Imatety 100 mY¥Y below the switching pofnt of the rising
edge (160 mV below the zero point, if the digital transi-
tion occurred exactly at the zera point). The 100 my off-
sel I5 created by hysterisis and eliminates chatiering of
the inlernal signal caused by the external noise.

The zero cross detection capability allows the user to
make the 60 Hz power signal the basis for this systern
timing. All timing routines, including lime-of-day, can be
implemented using the zero cross detection capability
of T1 and its conditional jump instructions. In addition,
the zero cross detection feature can be used in conjunc-
tion with the timer interrupt to interrupt processing at
the zero voltage point, This enables the user to control
voltage phase sensitive devices such as triacs and
SCRs, and to use the 8022 in applications such as shaft
speed and angle measurement.

ANALOG TO DIGITAL CONVERTER

The 8022 contains on-chip a complete hardware imple-
mentation of an 8-bit analog 1o digital {(A/D) convertar
with two multiplexed analog inputs. The A/D converter
utilizes a successive approximation technigue to pro-
vide an updated conversion ence every four instruction
cycles (l.e., once every 40 us) with a minlmum of required
software.

The AID convericr consists of four main parts, the input
circuitry, a series string of resistors, a voltage compar-
ator, and the successive approximation logic. The two
analog Inputs are multiplexed on-chip and selected via
software by the SEL AND and SEL AN1 instructfions. Be-
sides selecting one of the analog inputs, these instrue-
tlons restart the converslon sequence which operates
cantinuously. Restarting a conversion sequence deletes
the conversion in progress but does not effect the result
of the previous conversion which is stored in the canver-
sion result reglster. The continuous operation of the A/D
converter saves program space and lime by allowing the

‘user obtain multiple readings from a given input with

only ona selact instruction. To obtain a valld conversion
reading, the user must provide the analog input signal
no later than the beginning of the select instruction
cycle. The analog tnput is then sampled by the A/D con-
verter and maintained internally. This voltage becomes
one Input to the voltage comparator which amplifies the
differenca between the analog input and the voltage tap
on the series resistor string.

The series resistor string is connected between the A/D
reference pin (Vager) and ground [AVge). It Is comprised
of 256 identical resistors which divide the voltage bet.
weaen these two plns into 256 identical voltage steps.
This configuration gives the converter its inherent
monotonicity. The range of Varer in which full 8-bit
resolution can be provided s batween Vog/2 and Veg.
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Thus, the user is given a minimum voltage range from
ground to Vee/2 and a maximum range from ground to
Yo over which 8-bit resolution is insured.

The voltage tap on the series resistor string is selected
by the resistor ladder decoder, This decoder is driven by
the B-bit successive approximation ragister (SAR). Each
bit of the SAR is set in succession M5B to LSB and a
voltage comparison between the selected resistor jad-
der voltage and the analog input veltage is performed
after the setting of each bit. The result of each com-
parison determines whether the particular bit will re-
main set or be reset. All compariscns are performed
automatically by the on-chip A/D hardware. At the end of
8 comparisons the SAR contains a valid digital result
which is then laiched into the conversion result register
(CRR). The RAD instrugtion {read A/D) loads the conver-
sion result from the GRR to the accumutator of the 8022.

As mentioned proviously, the software and time re-
quired to perform an A/D conversion is optimized by the
8022's on-chip A/D converter configuration. Typical soft-
ware for reading two sequential A/D conversions and
storing them In data memory is shown below:

First S5EL ANO “Slarts conversicn ol ANO input
Conversion oy ROK24  ;Set up memory pointer
50 us RAD :Firsl converslon value to accumulalor
4 bytes
Sacond MOV @ A0A  Store first conversion value
Convarsion  INC RO JIneremant memeory location
40 s RAD ;5econd converslon value 1o accumulator
3 bytes

Note that the second conversion oceurs without a sec-
ond select instruction being used. Rather, the con-
tinuous operation of the A/D converter provides an up-
dated digital value 4 instruction cycles after the first.

To insure maximum accuracy from the A/D converter,
separate power supply pins (AVge and AVgg) and a sub-
strate pin (SUBST) have been provided. Supplying the
power supply pins with a well filtered and regulated
voltage supply minimizes the effect of power supply
variance and system noise. The substrate pin should be
bypassed to ground through a 500 pF to 0.001 uF capacl-

tor.
ANALLDG MULTIPLEXER
r— _
| ‘--—r— SEL AND
| SEL ANT1
SAMPLE AND HOLD
[ | mes
| -—}_M-I-}
[am | | T
L] L =1
RESISTIVE
LADGER
VRREF [~ [
Riz | ]
| I COMPARATGR
|

- E I CONTROL
28| |
B | ’

|( ] SAR

AVss ! % Ri2

avee RAD—= ‘

INTERMAL BUS

A/D CONVERTER BLOCK DIAGRAM

hXTAL Y

R
\—‘1- XTAL 2

RA=15K

AESISTOR

I"—T— ATALY
=

%1 MEG2

B3 MHz

F

b XTAL 2

CRYSTAL
FREQUENCY REFERENCE OPTIONS

FATALA

P XTALZ

|L VALUE TC BF DETERMINED)
INDUCTOR

+ 5V
L
GATE K
FXTAL 1

NG —#XTAL 2

EXTERNAL

8:31
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OSCILLATOR AND CLOCK

The 8022 contains its own on-board oscillator and clock
circuit, requiring only an exlernal timing control ele-
meant. This control element can ba a crystal, inductor,
resistor, or clock in. The capacitor normally required in
resistor or inductor timing control operation s inte-
grated onto the 8022, All internal time slots are derlved
from the external element, and all outputs are a function
of the oscillator frequency. Pins X1 and X2 are used to
input the particutar contro! elsment. An instruction
cycle consists of 10 states, and each state is atime slot
aof 3 oscillator periods. Therefore, to oblain a 10 us
instruction cycle, a 3 MHz crystal should be used.

TIMER/COUNTER

An interval timerfcounter Is available to enable the user
to keep track time elapsed or number of events cccurred,
during normal program execution and flow.

By a MOV T,A instruction, the contents of the accumu-
lator are loaded to the limer. At the STRT T command an
internal prescaler is zeroed and thereafter increments
once each 30 input clocks {once each single cycle in-
struction, twice each double cycle instruction}. The pre-
scaler is a divided by 32. At the {11111} to (00000) transi-
tion the timer is Incremented. The timer is 8 bits and an
overflow (FFH) to (OOH} timer flag is set along with the
timer Interrupt, If enabled. A conditional branch instruc-
tion (JTF) is available for testing this flag, the flag being
reset each test. This instruction must also ba used to in-
itialize the timer overflow flag after a RESET instruction,
as RESET does not perform this function. Totai count
capacity for the timer is 205 2528192 or 81.9 ms at a 10
us cycle time. Contents of the timer are maved to the ac-
cumulator by the MOV AT instruction without disturb-
ing the counting process.

The timer may also be used as an eveni counier. Aftera .

STRT CNT command, the 8022 will respond to a low-to-
high transition on the Test 1 pin by incramenting the
timer. Transitions can occur no faster than once each
three instruction cycles.

The timer and eventi functions are exclusive. Counting
or timing may be started or stopped {STOP TCGNT) at wlil.

CPU

The B022 CPU has arithmetic and logical capability. A
wide variety of arithmetic and loglc instructions may be
exercised, which affect the contents of the accumu-
lator, andfor direct or indirect scratchpad locations. Pro-
visions have been made for simplified BCD arithmetic
capability through the use of the DAA, SWAP A, and
XCHOD instructions. fn addition, MOVP A,@A allows
table lookup for display formatting and constants. Jump
conditions such as zero, not zero refer to the accumnu-
lator contents at the time of the condition.

RESET

The 8022 may be usad in systems with poorly regulated
and noisy power supplies. A useful feature is to sense
when the power supply dips and guickly recovers, and
do a raset to prevent continued operation with incorrect
data. Thig featurg may be implemented on the 8022 by
connecting a diode between the RESET node and
ground.

Including the diode in the reset circuitry forces a reset
to ocour if the power supply experiences a very sudden
voltage glitch. Specifically, if the power supply drops
approximately 1.5V and recovers after at least a few
nanoseconds, a reset wlll occur. Without the diode, a
power supply interruption of less than 1 ms will not
cause a power-on reset.

Vee

1uFJ.

10%

8022

RESET

OPTICGHAL
nIopE

POWER ON RESET

Printed in U.8.A/Ti4l/0873/200 DLR
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intel
8355
ROM AND 1/0 EXPANDER

B 2K x 8 ROM B Singte 5V Supply

B 2 Eight Bit 1/0 Ports ® 40 Pin DIP

@ Internal Address Latch @ Completely Interchangeable With B755
B I/0 Lines Individually Assignable as EPROM

Input or Output

The 8355 is designed to expand both ihe program memory and [/O capability of the MCS-48™ single component
microcomputars {the 8748, 8048 and 8035). This expander increases program memory by 2K words and 2dds 16 1/0 lines to
the basic microcomputer without the necessity of any additional components. The completely interchangeable 87551light
erasable EPROM and 8355 mask programmed ROM provide a simple transition from prototype to production. Beth
versions operate from a single 5V supply and are totally speed compatible with the MCS-48 microcomputers.

The 16 [/O lines are addressed as 2 eight kit /0 ports, yet single lines can be individually designated as input or as output
under software contrel. Qutputs are double buffered to prevent any output glitches.

PIN CONFIGURATION BLOCK DIAGRAM
Tt M wPv
ce(]2 = [Jeg, cu(-—~—!
cl.xg 3 32 Mg,
RESET [} # 37 [1PBg READY ser——are——]
N.C. {NOT CONNECTED}[] & 22 e,
rEADY [ & 35 e, AD°‘7<:> _
wRge wupre, PORT A
0A]a 3308, As=|n2:> A PAo__,
RB[] 9 az[re,
w0 ass an[dea, LB MmxE |
ALE[IN nea, CE———= ROM 1
4D, [ 12 nra, 10/ ——m——ar] FORT B
20,013 s [Tea, AR e PB“"
a0y ] 14 Fod m[ [T — |_
2D, 15 26 [JPa, TV et rrted
ap, 18 = [ra, RESET ]
ADg )17 2 Oea, R ———ed
an T11p a4y,
#0; [ 1a 2P, I—v 145v}
cC
v [ 20 na, Vs tov)




8355

8355 FUNCTIONAL FIN DEFINITION

Symbal
ALE

ADg-7

Ag-10

CE

10/M

|

o
=

Function

When ALE (Address Latch Enable) is
high, ADg.7, 10/, Ag_1p, CE, and CE
enter address latched, The signals
(AD, 10/M, Ag_10. CE, CE) are latched
in &l the trailing edge of ALE.

Bi-directional Address/Data bus. The
lower 8-bits of the ROM or /O
address are applied to the bus lines
when ALE is high.

During an 110 cycie, Port A ar B are
selccled based on thelatched value of
ADp. If RD or IOR is low when 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 170
aperations.

Chip Enable Inputs: CE is active ow
and CE is active high. The 8355 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 ADg 7
and READY cutputs will be in a high
impedance state,

If the latched 10/M is high when RD is
low, the oulput data comes from an
110 porl. If it is fow the cutput data
comes from the ROM,

Il the latched Chip Enables are active
when RD goes low, the ADp 7 output
Luffers are enabled and output either
the selected ROM lecation or I/O
port. When both RD and IOR are high,
the ADp.7 output buffers are tri-
gtated.

If the latched Chip Enables are active,
a low on TOW causes the oulput port
pointed to by the latched value of ADg
to be written with the data on ADg 7.
The state of I0/M is ignored.

Symbol
CLK

READY

PAU‘?

PBp-7

RESET

Voo
Vgs

‘634

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 tri-state output controlted
by CE, GE, 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 4).

These are general purpose /O pins,
Their input/output direction is deter-
mined by lhe contenls of Data
Direclton Register (ODR). Port A is
selected for write operations when
the Chip Enables are active and iOW
is low and a 0 was previously Jatched
from ADp.

Read operation is selected by 1OR low
when the Chip is enabled and ADg
low.

Alternately, 10/M high and RD low
may be used in place of IOR when the
chip is enabled and ADg is low to
allow reading from a port.

This general purpcse 1/0Q port is
identical to Port A except that it is
selecled by a 1 latched from ADg.

An input high on RESET causes all
pins in Ports A and B to assume input
mode.

When the Chip Enables are active, a
low on IOR will output the selected
14O port onto the AD bus. IOR low
performs the same function as the
combination 1Q/M high and RD low.

+5 volt supply,
0 volt supply.



8355

FUNCTIONAL DESCRIPTION

Pragram Memaory — The 8356 contains an 8-bit address
latch which allows it to interface directly to MCS-
48 Microcomputers without additional hardware. Program
memory is accessed by applying 11 bits of address to the
Ag - Aqginputs and a low level on the 10/M and CE inputs
then latching ihese inputs with ALE. The CE input serves
to select one of several possible 8353s in a system
and the '0O/M signal indicates that a subseguent read
operation will be from program memory. While ALE is high
the Ag - Ajg, 1O/M, and CE inputs are allowed into the
8355 and when ALE is brought low, these inputs are
latched. if the latched conditions indicate that a program
memaory letch is to ocour, a low level gn RD will cause the
data 10 be culputted on the data bus,

170 Ports — The I/O lines are organized as two §-bit static
parts which can be read or written using the IOR and 1OW
control lines. Associated with each port is an 8-bit Data
Cirection Register (DDR) which serves to define each of
the 8 lines of the port as either an input or an aulput, A"
bitin the DDR sets the corresponding port bitto the output
made while 3 0" designates the input mode. The two least
significant bits of the latched addrass (A, A4) address the
two-1/0 poris and their associated DDR's.

6-35
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8355

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature

Voltage ¢n Any Pin

With Respect to Ground
Power Dissipation

0°Cto+70°C

-65°C 1o +1580°C

RS R<ATA VR FAY
......... 1.5W

*COMMENT: Stresses above those fisted under "Absolute
Maximum Ratings™ may cause permanent damage to the
device, This /s a stress rating onfy and functional opera-
tian of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation s not implied. Exposure o absolute maximum
rating comditions for extended periods may affsct device
refiability.

D.C. CHARACTERISTICS (14 =0°C 1o 70°C; Vo = 5V + 5%)

SYMBOL| PARAMETER MIN, MiA X UrITs TEST CONDITIONS
ViL Input Low Voitage -0.5 0.8 v Ve = 5.0V
Yy Input High Voltage 20 VocH)5 v Vo = 5.0V
Voo Qutput Low Voltage 0.45 [ A oL = 2ma
Viou Gutput High Yoltage 2.4 | v ion = -400uA
L (nput Leakage 10 HA Vin = Vg to OV
lLo Qutput Leakage Current o HA 0.45V <oyt Ve
lec Ve Supply Current 180 mé
A.C. CHARACTERISTICS (1, =0°C10 70°C; Vg = 5V £ 5%)
SYMBOL| PARAMETER MIN. MAX. UNITS TEST CONDITIONS
toye Clock Cycle Time 320 ns
Tq CLK Pulse Width a0 ns CLoap = 150 pF
T2 CLK Pulse Width 120 ns
14,1, CLX Rise and Fall Time 30 ns
taL Address to Latch Set Up Time 50 ns
tLa Address Hold Time after Latch 80 ns
tie Latch to READ/WRITE Control 100 ns
tRo Valid Data Out Delay from READ Cantrol 170 ns
tan Address Stable to Data Qut Valid 400 ns 150 pF Load
tLL Latch Enable Width 100 ns
tROF Data Bus Float after READ G 100 ns
teL READ/MWR ITE Control to Latch Enable 20 ns
toe READ/WRITE Control Width 250 ns
tow Data In to WRITE Set Up Time 150 ns
two Cata In Hold Time After WRITE 10 ns
twe WRITE te Port Qutput 400 ns
teR Part Input Set Up Time 50 ns
trp Part Input Hold Time 50 ns
1RYH READY HOLD TIME 0 160 ns
tapy ADDRESS {CE) to READY 160 ns
IRY Recovery Time between Controls 360 ns
tROE Data Qut Delay from READ Cantrol 10 ns
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CLOCK SPECIFICATION FOR 8355,
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CLK

ANV

I Py

GE=1) » {EE=0} i

WAIT STATE TIMING (READY = 0).

A. INPUT MODE

— ¢

tpq RP
PORT =
INFUT h
DATA®
BUS

8. CUTPUT MODE

s

o]
GLITCH FREE
twp 1+ " QUTPUT
— e — . ——— A
PORT
QUTPUT
DATA®
BUS

*DATA BUS TIMING 15 SHOWN [N FIGURE 3.

110 PORT TIMING.
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8755A
16,384 BIT EPROM WITH 1/O

O 2048 Words x 8 Bits 2 General Purpose 8 bit I/O Ports

o Single +5V Power Supply {(Vcc) 8 Each 1/0 Port Line Individually

B8 U.V. Erasable and Electrically Repro- Programmable as Input or Qutput
grammable B Multiplexed Address and Data Bus

@ Internal Address Latch B 40 Pin DIP

The 8755A is designed to expand both the program memaory and 1/0O capability of the MCS-48™ single component
migcrocomputers tthe 8748, 8048 and 8035, This expander increases program memory by 28 words and adds 161/Q linesto
the basic microcomputer without the necessity of any additional components. The completely interchangeable 87554
light erasable EPROM and 8355 mask programmed ROM provide a simple transition from prototype ta production. Bath
versions operate from a single 5V supgly and are totally speed compatible with the MCS-48 microcomputers.

The 16 1/3 lines are addressed as 2 eight bit 1/0 ports, yet single lines can be individually designaled as input or as output
under software control. Cutputs are doubte buifered to prevent any output glitches,

PIN CONFIGURATION BLOCK DIAGRAM

_ CLE
FRUG AN CE [ @ a7 [ Ve

£E ] 20 Fe,
ek [ 38 [IP8; READY ~— |

2
3

RESET [ 4 37 [1FB, Al

Yoo E] 5 36 [1FE, Po-r )

6
r
B
7

READY [] 35 [ P8y FORT A
10t [} (P, Ag- 1 :> : p%q
jor 13 [1PE,
mE ] az [1°8, CE——— 2K 8 =
iow ] BFELA a1 [JPA, 10/M ———————=} EPROIM )
ALE [ 11 0 [IPA; ALE - PORT &
L BF 29 [JPAg - B Pﬁo_,
Al [ 28 [IPA, .
A0, )4 7 [OPA, ow * L
AD; [ 15 25 [PA, RFSET ]
ADg {118 5 [P TR R e —
ey E RH 24 [JF4y
A= 23 [1 A __T I_
A8, O 19 218, PROG (CE Vg 14591
Ves [ 20 2108, Voo Vgg 10V)
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8755A FUNCTIONAL DESCRIPTION

Symbol
ALE

ADgq.7

Ag.1p

CE/PROG
CE

1G/M

sl
&)

|

0
z

READY

PAg -

Function

When Address Latch Enable goes
high, ADo—7, 10/M, Ag-10, CE, and CE
enter the address latches. The signals
(AD, I0/M, As-10, GEl are latched in at
the trailing edge of ALE.

Bi-directional Address/Data bus. The
lower 8-bits of the PROM or 10
address are apphed 1o the bus lines
when ALE is high.

During an I/0 cycle, Port A or B are
selected based on Lhe latched value of
ADg. If RD or TOR 15 low when the
latched Chip Enables are active, the
output buffers present data oh the
bus.

Thesa are the high order bits of the
PROM address. They do not affect
/0 operations,

CHIP ENABLE INPUTS: CE is active
low and CE is active high. Both chip
enables must be active to permit
accessing the PROM. T 15 also used
as a programming pin {see sectionon
programming}.

If the latched 1O/M is highwhen RD is
low, the output data comes from an
/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 ADg.7 output
buHers are enabled and output either
the selected PROM location or 1/O
port. When both RD and iOR are high.
the ADg.7 output buffers are tri-
stated.

If the latched Chip Enables are active,
a low on TOW causes the output port
pointed to by the latched value of ADp
to be written with the data on ADg.7.
The state of 1Q// is ignored.

The CLK is used to farce the READY
into its high impedance state after it
has been forced low by CE low, CE
mgh, and ALE high.,

READY is a 3-state output controlled
by CE. CE, ALE and CLK. READY is
forced low whenthe Chip Enables are
active during the time ALE is high,
and rermains low until the rising edge
of the next CLK (see Figure 2.},

These are general purpose 170 pins.
Their input/output direction is deter-
mined by the contents of Data
Directian Register (DDR). Fort A is
selected for write operalions when
the Chip Enables are active and TOW
is low and a 0 was previously latched
from ADyg.

640

Read cperation is selected by either
1OR low and active Chip Enables and
ADglow, or {Q/M high, RD low. active
Chip Enables, and ADy low.

This general purpose /O port is

identical to Port A except that it is
selected by a 1 latched from ADg.

PBo.7

RESET th normal gperation, an input high on
RESET causes all pins in Ports A and
B to assume input mode (clear DOR

register).

10R when the Chip Enables are active. a
low on Jd0R will output the selected
1/Q port onto the AD bus. TOR low
performs the same funclion as the
combination of 10/M high and RO
low. When TOR is not used in a
system, IOR should be tied to Vg
{17}

~5 volt supply.

Ground Reference.

oo Vpp is a programming voltage, and
with Lhe §755A il is tied to +5V when
the 8755A is being read.

For programming, a high voltage is
supplied with Vpp. = 25V, typical.

FUNCTIONAL DESCRIPTION
PROM Section

The 8755A contains an 8-bit address lateh which allows it
to interface directly to MCS-48 and MC5-85 Microcom-
puters without additional hardware.

The PROM section of the chip is addressed by the 11-bit
address and CE. The address, GE and CE are letched into
the address latches on the failing edge of ALE. If the
tatched Chip Enables are active and (Q/M is low when RD
goes low, the contents of the PROM location addressed by
the latched address are put out on the ADg 7 lines.

170 Section

The /O section of the chip is addressed by the latched
value of ADg.q. Two 8-bit Data Direction Registers
determine the input/output status of each pin in the
carresponding port. A O specifies an input mode, anda 1
specifies an cutput mode. The table summarizes port and
DDR designation, Contents of the DDR’s cannot be read.

ADy ADg Selection
0 0 FPontA
0 1 PortB
1 0  Port A Data Direction Register (DDR A}
1 1 Port B Data Direction Register (ODR B)




8755A

When IOW goes low and the Chip Enables are active, the
data on the AD is written into /O port selected by the
latched value of ADq.q. During this operation all 1/Q bits of
the selected pontare affected, regardless of their /0 mode
and the state of 10/M. The actual outpul level does not
change until TOW returns high. {glitch tree ouiput).

A port can be read cut when the latched Chip Enables are
active and either RD goes fow with 10/M high, or TOR goes
low. Bath inpul and output mode bits of a selected port will
appear on lines ADg.7.

To clarify the function of the 1I/0 Ports and Data Direction
Registers, the following diagram shows the configuration
of one bitof PORT Aand DDR A. The same logic applies to
PORT B and DDR B.

87554
ONE B/T GF PORT A AND DDR. A:
N DUTPUT !
D ATCH
] o WATEH o ™. Il
CLK |
: oUTPUT
ENABLE 1
= WRITE P !
L] i
oo
g DOR 1
Elew LATCH |
2 o Pig
] CLR ¢ 1 PIN
x |
e
5| meser |
WRITE DDR A l
|
{/BD : ' |

READ PA

WRAITE P4 = [IDW=01 » (CHIF EXANLES ACTIVE) « [PORT A ADDRESS SELECTED
WRITE DDA A « (TOW+01 & [CHIP EWABLES ACTIVEN # {DDA & ADDRESS SELECTED)
AEAD PA = {[[L0'Hic1} o {AO=0]] + (iTA-D) ) » (CHIP ENABLES ACTIVE! = (PORT A ADDRESSSELECTED}

Note that hardware RESET or writing a zero to the DDR
latch will cause the output latch's output buffer to be
disabled, preventing the data in the Qutput Laich from
being passed through to the pin. This is equivalent to
putting the port in the input moade. Note also that the data
can be written tothe Output Latch even though the Output
Buffer has been disabied. This enables a port 1o be

initialized with a value prnor to enabling the output.

The diagram alsc shows that the contents of PORT A and
PORT B can be read even when the ports are configured
as outpuls,

ERASURE CHARACTERISTICS

The erasure characteristics of the 87554 are such that
erasure begins to occur when exposed to light with
wavelengths shorter than approximately 4000 Angstrams
()3\), it should be noted that sunlight and certain types of
fluorescent lamps have wavelengths in the 3000-4000A
range. Data show that constant exposure 1o roam level
flourescent lighting could erase the typical B755A in
approximately 3 years while it would take approximataly 1
week Lo cause erasure when exposed Lo direct sunlight, 11
the 8755A is to be exposad {0 these types of lighting
conditions tor extended periods oftime, opague labels are
available from Intel which should be placed aver the 8755
window ta prevent unintentional erasure.

The recommended erasure procedure (see page 3-55) for
the 8755A is exposure Lo shortwave ultraviolet light which
has a wavelenglh of 2537 Angstroms (R). 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 ultraviolet lamp with a 12000pW/cm?2 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 B755A can be programmed on the Intsl® Univerzal
PROM Programmer (UPP), and the PROMPT™ 80/85 and
PROMFT-48" design aids. The appropriate programming
modules and adapters for use in programming both
BT55A’s and 8755's are shown in the table below.

intal® 8755/8755A Programming Module
Cross Reference

MODULE NAME USE WITH WILL PROGRAM
UPP 855 PP 8755
LIPP 955 urp 87554
UPP UPT UFP 955 8755
UPP P2 UPF 855 B755A
PROMPT ™ a7s PROMPT 80852 8755
PROMPT 875 PROMPT BO/BS 8755A
PROMPT 475 PROMPT 482 B755A

MOTES: 1. frael's Universat PROM Programmer module, described on p, 13-45 of
the Intel 1977 Data Catalog.
2. Detcribed on p. 13-56 of 1377 Data Cetalog

A Desarbed on p. 13-51 of 1977 Data Catalog.

4. Epecial adapior sgokel.




B755A

ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias .............. -10°C to +70°C
Storage Temperature ... ......... -68°Cto +150°C
Voltage on Any Pin

With Respectto Ground  ............... -0.5Vto +7V
PowerDissipation ... ... ... . e 1.5W

D.C. CHARACTERISTICS

‘COMMENT: Stresses above those .-’asred u_r.lder 'Absomre
Maximurmn Ratings™ may cause permanenr damage to- rho
device, This s a stress rating only and funcrronaf apera"
tion of the device at these or any other conditidris gpav
those indicared in the operational sections of this sp'e'"c'iﬁ-'
cation is not rmplied. Exposure to ahsolute maximum
rating conditions for extended periods may affect device
retiabritity.,

(Ta = 0°C to 70°C; Ve = BV % 5%}

SYMBOL| PARAMETER MIN, MAX. UNITS TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 v
Vin Input High Voltage 20 Veo+D.b v
Voo Output Low Woltage 0.45 W lgL = 2mA
ou Output High Voltage 24 v lon = -400gA
he Input Leakage 10 HA Vin = Voo te OV
o Output Leakage Current 10 HA 0.45V <¥Vout SV
lce Vee Supply Current 180 ma
A.C. CHARACTERISTICS (74 =0°Cto 70°C; Vg = 5V * 5%}
SYMBOL| PARAMETER MIN, | MAX, UNITS TEST CONDITIONS
towe Clock Cycle Time 320 ns
T, CLK Pulse Width 80 ns CLoap = 150 pF
T2 CLK Pulse Width 120 ns {See Figure 3)
tet, CLK Rise and Fall Time 30 s
1AL Address to Latch Set Up Time 50 ns
1La Address Hold Time after Latch 80 ns
tLe _L'atch to READ/WRITE Control 100 _ ns
tRo Valid Data Qut Delay from READ Cantrol 170 ns
tap Address Stable to Data Out Valid 400 ns 150 pF Load
e Latch Enable Width 100 ns
trRoF Data Bus Float after READ 0 100 ns
toL READ/WRITE Control to Latch Enable 0 | ns
tee READ/WRITE Cantrol Width 250 | ns
tow Data In to WRITE Set Up Time 150 | ns
twp Data In Hold Time After WRITE 0 ns
twp WRITE to Port Qutput 400 ns
tpn Port Input Set Up Timea 50 ns
tap Port Input Hold Time 80 ns
1RYH READY HOLD TIME 0 160 ns 1
tARY ADDRESS {CE) to READY 160 ns |
tRv Recavery Time between Controls 300 ns ’
tROE Data Qut Delay from READ Control 10 ] ns ]
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FIGURE 3. CLOCK SPECIFICATION FOR B755A.
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FIGURE 4. PROM READ, I/0 READ, AND WRITE TIMING.

Please note that CET must ramain low for the entire cycle.
Thizs is due to the fact that the programming enable
function common {o this pin will disrupt internal data bus
fevels if CE1 is taken high during the read.
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A, INPUT MODE

AD oA 7
IGR ;

teg P—1—"tp
PORT f
INPUT
DATA®
BUS

8. OUTPUT MODE
GLITCH FAEE

oW N,
bwp — " OUTPUT
- e = e me o a— a— 7 ——
PORT
OUTPUT ;

OATA®
BUS

*CATA BUS TIMING IS SHOWN tN FIGURE 4.

FIGURE 5. 170 PORT TIMING.

ALE

tany + e

- tRYH

FIGURE 6. WAIT STATE TIMING (READY = 0).



8155/8156
RAM AND 1I/O EXPANDER

I 256 x 8 Static RAM ® Single 5V Supply
@ 2 Programmable 8-Bit 1/Q Ports £ 40 Pin Dual-In-Line Package
O 1 Programmable 6-Bit I/O Port @ Programmable 14-Bit Timer/Counter

O Internal Address Latch

The 8155 is designed to expand the data memory, 143, and timer capability of the MCS-48™ single component
microcomputers (the 8748, B04B, and B335} This expander increases data memory by 256 wards, adds 22 170 lines, and
adds a 14-hittimer/counter to the basic microcomputer without the necessity of any additional components, The 8156 isan
8155 with an active high chip enable ({CE) input.

The data memory is a 256 % 8 static RAM which is speed compatible with all MCS-48 components. The /0 consists of two
eight-bit ports which can be programmed for either input or output with or without associated handshaking signals and
processor interrupt requests, An additional 6-bit port functions as an input port, as an output part, or as the source of
strobes for the two eight-bit parts in the handshake mode. The 14-bit programmabile timer/counterwhose inputclock and
terminal count output are available to the user externally is programmable for several modes of operation.

PIN CONFIGURATION BLOCK DIAGRAM
roy Ot ~ wp Ve
v, [T 2 ] re, —
TIMER I [] 3 [ e, o PURT &
reser [ 4 w3 Fe, a P.n; 3
pe, (5 . [7 e8,
TWER DO g 5 W e ’<:> G —
LT 32 [0 Py RAM ]
«[= 335‘PE‘ I :PDMB
70 9 2[5 e, AL —————r ) - o
WA Cf12 8165 31[7 re, N
aLe (J11 858 0[] ee, D e _
AD, 12 23 [0 e, w PORT C
an, [z 281 ra, C <I>Pcn\.,
ap, [] 14 71[] pay, RESET — ]
ap, [J1s 260 Pag -
an, (e 5[] #a, ‘I L
apg [ 17 A,y TIMER CLK Voo (Bl
ADg [)1a 23[] PAy TIMER DUT Vgg 1V
ap, 9 223 ea,
vgs [] 20 21[] Pa,

« . B165 = CE, B166 = CE
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8155/8156

8155/8156 FUNCTIONAL PIN DEFINITION

The following describes the functions of all of the 8155/8158 pins.

Symbol

RESET

ADg.7

CE or CE

ALE

10/M

Function

The Reset signal is a pulse provided
by the 8085 to initialize the systern.
Input high on this line resets the chip
and inftializes the three 170 ports to
input mode. The width of RESET
pulse should typically be 600 nsec.
[Two BOBSA clock oycle timesh,
These are 3-state Address/Data lines
that interface with the CPU iower 8-
bit Address/Data Bus. The 8-bit
address is lalched into the addrass
fatch on the falling edge of the ALE.
The address can be either for the
memary section aor the 1/0 section
depending on the polarity of the [O/M
input signal. The 8-bit data is either
written inlo the chip or Read from the
chip depending on the slatus of
WRITE or READ input signai.

Chip Enable: On the 8155, this pinis
CEand is ACTIVELOW. On the 8156,
thiz pin is CE and is ACTIVE HIGH.

Input low on this line with the Chip
Enable active enables the ADg-7
buifers. If 10/M pin is low, the RAM
content will be read outtothe AD bus.
Otherwise the contenl of the selected
140 port will be read to the AD bus.

Input low ¢n this line with the Chip
Enable active causes the data on the
AD lines {0 be written to the RAM or
1/Q parts depending onthe polarity of
10/M.

Address Latch Enable: This control
signal latches both the address on the
ADq-7 lines and the state of the Chip
Enzable and 1Q/M into the chip at the
falling edge of ALE.

1IG/Memory Seiect: This line selects
the mermory if low and selects the 1O if
high.

£48

Symbaol
PAg.7(8)

PBy.7(8)

PCo.5(6)

TIMER IN

TIMER OUT

Vsg

Function

These & pins are general purpose I/0
pins. The infout direction is selected
by programming the Command/
Siatus Register,

These 8 pins are general purpose |/0
ping, The injout direction is selacted
by programming the Command/
Status Register.

These 6 pins can function as either
input port, oulput port, or as control
signals for PA and PB. Programming
is done through the /5 Register.
When PCp.5 are used as control
signals, they will provide the follow-
ing: )

PCO — A INTR (Port A Interrupt)
PC1 — A BF (Port A Buffer full}

PC2 — A STB (Port A Strobe)

PC3 — B INTR {Port B Interrupt)
FC4 — B BF (Port B Buffer Full)
PC5 — B STB (Port B Strobe)

This is the input 1o the counter timer,

This pin is the timer cutput. This
output can be cither a square wave or
a puise depending onthe timer made.

15 voit supply.

Ground Reference.



8155/8156

OPERATIONAL DESCRIPTION

The 8155/8156 includes the following operational The B-bit address on the AD lines, the Chip Enable input,
features: and 10/M are all latched on chip atthe falling edge of ALE.
» 2K Bit Static RAM organized as 256 x 8 A low on the 10/M must be provided to select the memory
*  Two -t /O ports (PA & PB} and one 6-bit /0 port section.
{(PC)

& 14-bit binary down counter

The 1I/O portion contains four registers (Command/
Status, PAg.y, PBp-7. PCps) The |O/M {10/Memory
Select) pin sclects the 1/0 or the memory (RAM) portion.
Celailed descriptions of memoery, 1/0 ports and timer
functions witl follow.

CE (B15S)

)

OR

CE (8156}

y

10

ADg 5

ADDRESS 5 DATA VALID

RO OR WH

Iy
il

|/

KOTE: FOR DETALLED TIMING DIAGRAM INFORMATION, SEE FIGURE 7 AND A C. CHARACTERISTICSE.

FIGURE 1. MEMORY READ/WRITE CYCLE.
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8155/8156

PROGRAMMING OF THE COMMAND/
STATUS REGISTER

The command register consists ol eight latches cne for
gach bit, Four bils {0-3) defina the mode of the ports, fwo
bits (4-5) enable or dizablc the interrupt from port Cwhen
it acts as control porl, and the last two bits (6-7) are forthe
timer.

The C/5 register contenls can be altered at any hime by
using the [0 address XXXXX000 during a WRITE
operation. The meaning of each bil of the command byle
is defined as follows:

READING THE COMMAND/STATUS
REGISTER

The status register consists of sever falches one for each
hit: six {0-5) for the status of the parts and one (6} for the
status of the timer,

The status ofthetimer and the |/ section can be polled by
reading the G/5 Hegister {Address XXXXX000). Stalus
word formal is shown below:

7 6 5 4 3 2 1 o
I—‘rmzlm|| IEBIIEA! P|:¢| Pml PBE pa]

e I
DEFINES PAg,
0= IhPUT
DEFINES PRy, | | OMTRVT
T e ALTH
= ALT 2
DEFINES PCas - (12 ACT2
e ALT &4
o . EKABLE PONT A
INTERRLUPT 1 - ENABLE
ENABLE PORT B 0 = DISABLE
INFERRUPT

NOP — OO WOT AFFECT COUNTER
OPERATION

Q1 - E£TOP — NOP IF TIMER HAS NOT STARTED:
ETOM COUNTING I THE TIMER 15
RUNNIRG

10 = S5TOP AFTER TC — STOP IMMEDIATELY

AFTIR PRESTNT TC 15 RCACHO D {MOP

IF TIMER HAS NOT $TARTED)

START - LOAD MODE AND CNT LEMGTH
AMND START IMMEDIATELY AFTER
LOAGING (IF TIMER 15 KOT PRESENTLY
RUMNNING]. IF TIMER |5 RUNMING, START
THE NI W MOOE AND CNT LENGTH
IMMEGEATELY AFTER PRESENT TL

13 REACHED.

~—=TIMER COMMAND

AD; ADg ADs ADy ADz Al Al Aflg
TimeRINTE] B [INTR[INTE] & TiNTR
B | BF A {BE | &

[ I——— PORT & INTERRUPFT RCAUTET

PORT A BEUFFER FULL/EMPTY
UKPUT/IOUTPUT)

FORT A INTERRUPT ENABLE

FORT B INTERRUPT REQUEST

FUIRT B BUTFEIL FULLEMPTY
UNPUT/QUTPUT)

FORT B INTERRUPT ENABLED

]~ TIAER INTERAUPT (THIS BIT
15 LATCHED HIGH WHEN
TEAMINAL COUNT 15
REACHED. AND |5 RESET TO
LW UFON READING OF THE
CI5 REGISTLR DI STARTING
MEW COUNT,)

FIGURE 2. COMMAND/STATUS REGISTER BIT
ASSIGNMENT,

G-48

FIGURE 3. COMMAND/STATUS REGISTER STATUS
WORD FORMAT.



8155/8156

INPUT/OUTPUT SECTION

The 110 sectlon of the B155/8156 consists af four registers
as described below.

+ Command/Slatus Reglster (C/S) — This register is
assigned the address XXXXX000. The C/S address
serves the dual purpase.

When the C/S register is selected during WRITE
operation, a command is written into the command
register. The c¢onlents of this register are not
accessible through the pins.

When the C/S (XXXXX000) is selected during a READ
operation, the status information of the 1/0 perts and
the timer become available on the ADg.7 lings.

* PA Register — This register can be programmed {o be
either input ar output ports depending on the
status of the contents of the C/5 Register. Also
depending on the command, this part can operate in
eithar the basic mode or the strcbed mode (See timing
diagram}. The /O pins assigned in relalion to this
register are PAg.7. The address of this regisier is
HXXAKXO01.

* PB Regisler — This register functions the same as PA
- Register. The I/Q pins assigned are PBy_7. The address
of this register is XXXXX010.

+« PC Reglster — Thisregister has the address XXXXX011
and contains only 6-bits. The §-bits can be program-
med to be either input ports, output ports or as control
signals for PA and PB by properly programming the
ADo and ADg bits of the C/S register.

When PCpqs is used as a control port, 3-bits are
assigned for Port A and 3 for Port B, The first bit is an
interrupt 1that 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 strabed input mode. See Table 1.

When the 'C’ port is programmed 10 either ALT3 or ALT4,
the control signals for PA and PB are initialized as follows:

CONTROL INPUT MODE OUTPUT MODE
BF Low Low
INTR Low High
S5TB Input Control Inputl Control

TABLE 1. TABLE OF PORT CONTROL ASSIGNMENT.

The following diagram shows how /0 PORTS Aand B are
structured within the 8155 and 8156:

B155,/8156
GNE BIT OF FORT A OR RORT B
FaN OQUTPUT |
LATCH ™~ ]
e g L e I
Kk L£IR
& OUTPUT |
ENAHLE |
L) I
3
@ |
o
g t |
g wate |
E FORT _ _ | — Y
2 |'-mu>c ph MODE! ] o
&
= | 120 . 4_ |
z ( i
= | 131 1
—I L1 | taten [
fs] 3
READ PORT (
CLK 1
- -4
h v
MOTES: st
111 QUTPUT MODE (4 = FOR QUTPUT MODE

MULTIPLEXER

{21 SIMPLE INPUT CONTROL

{3 $TAOBED INPUT
READ PORT = {I0/M=1} » [RD=0} » |[CE ACTIVE} » {PDRT ADDHESS SELECTED]
WaITE PORT = 110:k=1] = {WR=0] « {CE ACTIVE]+ {PORT ADDRESS SELECTED)

=0 FOR INPUT MODE

Note in the diagram that when the I/O parts are
programmed ta be output ports, the contents of the output
ports can still be read by a READ operation when
appropriately addressed.

Note also that the output latch is cleared when the port
enters the input mode. The output lateh cannet 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
ta cutput, the output pins will go low. When the 8155/561{s
RESET, the output latches ars all cleared and all 3 ports
enter the input mode.

When in the ALT 1 gr ALT 2 modes, the bits af FORT 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 pravide unpredictable results.

Pin ALT 1 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 Bufter Fuil)
FG2 Input Port Cutput Port A STE (Fort A Strobe) A STE (Port A Strobe)
PC3 Input Port Cutput Port Cutput Fort B INTR {Fort B Interrupt)
PC4 Input Port Cutput Port Cutput Fort B BF {Port B Buifer Full)
PC5 Input Part Qutput Port Cutput Part B STB [FPort B Strobe)

The set and resat of INTR and BF with respectto STB, WR and BD timing is shown in Figure 8.

To summarize, the registers’ assignmsants are: Address | Pinauts | Funclions Mo. of Bits
NAAXAQDD | Internal | Command/Status Register 8
XXxAX0AY | PAD-7 | Gencral Purpose /0 Porl 8
XXXXXD10 | PB0-7 | General Purpose 170 Port 8
KX XD FCu-s | Genera! Purposc /0 Paort or ]
Conirol Lines
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8155/8156

TIMER SECTION

The timer is & 14-bit down counter that counts the ‘timer
input’ pulses and provides ¢ither a square wave or pulse
when terminal count {TC) is reached.

The timer has the I/0 address XXXXX100 for the low order
byte of the register and the 1/0Q address XXXXX101 for the
high order byte of the register.

To program the timer, the COUNT LENGTH REG is
loaded first, one byte at a time, by selecting the timer
addresses. Bits 0-13 will specify the length of the next
caunt and bits 14-15 will specify the timer cutput mode.
The value loaded into the count lenglh regisier can have
any value from 2+ through 3FFFw in Bits 0-13.

There are four modes to choose from:

0. Puts out low during second half of count.

1. Square wave

2. Single pulse upon TC being reached

3. Repetitive single pulse everytime TG is readied and
autamatic reload of counter upon TC being reached, until
instructed to stop by a8 new command loaded into G/S.

Bits B-7 of Command/Status Register Contents are used
to start and stop the counter. There are four commands to
choose from:

Note: See the further description on Command/Status
Register.

C/87 C/S6

0 0  NOP — Do not affect counter operation.

C 1 STOP — NOP if timer has not starled; stop
counting if the timer is running.

1 0 STOPAFTER TC — Stop immaediately after
present TC is reached (NOP iftimer has not
started)

1 1 START — Lead mode and CNT length and

start immediately after loading {if timer is
not presently running). If tirmer is running,
start the new mode and CNT length
immediately after present TC is reached.

B-50

L I
T
TiMER MODE

Lrfrelu]mfmjwjn]mn]
L I

T
LSB OF CNT LENGTH

] T o] T‘ﬂ

MSB OF CNT LENGTH

FIGURE 4, TIMER FORMAT

M2 M1 defines the limer mode as follows:

M2 M

Q Puts out low during second half of
count.

0 1 Square wave, i.e., the period of the
square wave equals the count
length programmed with auto-
matic reload at terminail count.

1 0 Single pulse upon TC being
reached.

1 1 Automatic reload, i.e., single pulse

everytime TC is reached.

Naote: in case of an asymmetric count, f.e. 8 larger half of
tha count wifl be high, the larger count will stay acfive as
shown in Figure 5.

L

Bl

Mota: 5 and 4 refer to the number of clock cyclas in that
time period.

FIGURE 5. ASYMMETRIC COUNT.

The counter in the 8155 is not initialized to any particutar
mode or count when hardware RESET occurs, but RESET
does stop the counting. Therefare, counting cannot begin
following RESET untila START command isissued via the
/3 register.



8155/8156

ABSOLUTE MAXIMUM RATINGS*

TemperatureUnderBias ................ 0°Cto+70°C
Storage Temperature  ............... -65°Cto+150°C
Voltage on Any Pin

With RespecttoGround ... ........... -0.3Vto -7V
Power Dissipation ... .. .. .. .o 1.5W

"COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating onfy and functional opera-
tion of the device at these or any other conditions above
those indicated in the pperational sections of this speeifi-
cation is not (mplisd. Exposure 1o absolute maximum
rating conditions for extended periods may affect device
refiabifity.

D.C. CHARACTERISTICS (T4 = 0°C 10 70°C; Ve = 6V * 5%|

SYMBOL| PARAMETER MIN. MAX, UNITS TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 V
ViH Input High Voltage 20 Ve H0.5 W
VoL Gutput Low Voltage 0.45 A loL = 2mA
Von Qutput High Voltage 24 v lpn = -400uA
TR Input Leakage *10 HA VN = Vee to OV
ILo Qutput Leakage Current 0 LA 0.48V <Myt <Vee
lec Ve Supply Current 180 mA
liLiCE} | Chip Enable Leakage
8156 +10Q HA Vin = Voo to OV
8166 -100 A
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8155/8156

A.C. CHARACTERISTICS (15 =0°Cto 70°C; Ve = 5V = 5%)

SYMBOL

_FAHAMETER

MIN. MAX, UNITS TEST CONDITIONS

tal Address to Latch Set Up Time 50 ns

LA Address Hold Time after Latch 80 ns

e Latch to READ/WRITE Contro! 100 ng

1RD Valid Data Out Delay from READ Contrel 170 ns

tAD Address Stable to Data Out Valid 400 ns

T Latch Enable Width 100 ns

tRGE Data Bus Float Af;;R EAD 0 100 ns

toL READ/NRITE Contral to Latch Enable 20 [ ns

teo READ/WRITE Control Width 250 I s |

tow Data In to WRITE Set Up Time 150 | oms

two Data In Hold Time After WRITE (i} l ns —\'

tpy Recovery Time Between Controls 300 _]_ ns |

twe WRITE to Port Qutput 400 \ ns |

teR Port Input Setup Time 70 ; ns |

tap | Port Input Hold Time 50 [ Tns | 159pF Load

tspr V Strabe to Buffer Full 400 | ns ]

tes | Strobe Width 200 ! ns |

tRBE : READ to Buffer Empty 400 ns |

tg | Strobe to INTR On 400 s
 tmpi | READ to INTR Off 400 ns |

tpsg | Port Setup Tirne to Strobe Strabe 50 ns —|

TpHg Port Hald Time After Strobe | 120 ns

tsae Strobe to Buffar Empty ] A00 ns

wBF WRITE to Buffer Full i 400 ns

wi WRITE to INTR Off 400 ns

7L TIMER-IN to TIMER-GUT Low 400 ns

T TIMER-IN 1o TIMER-GUT High 400 ns

trRDE Data Bus Enable from READ Contral 10 ns

Mote: Fer Timer Input Specificateon, see Figure 10,
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A. READ CYCLE

4

113 )
1
CE {21561 “S /
1 :
1
| |
10 \ :s:" \
I
o T _ JR— —_ 'AD—f — — ,1
| | ! 1
- . - .
ADy; >€ AUDHESS h x DATA VALID H
u
}..._ pp— i
ALE

!-4- tROE 1-?
] ’ i
&G N o+ —trRD wl | r ﬁ
| minarm 'LC W—A‘-—h[ ! ‘ ‘A‘— ‘CL —-—l-}
[ fee Pl tay —
B. WRITE CYCLE
TE t8158! N 4 \
I
QR | !
CE {2186} 7 F /
L=t | /
:Sk _, N,
; L = X
Dy g ADDRESS >< )( DATA VALID
] y.6 s, o r
H I3
[ tag —*| e T — Tow i oL
. 4
ALE \
= |
LR fle | | twp
Wiz ‘
Tee I Tav

FIGURE 7. 8155/8156 READ/WRITE TIMING DIAGRAMS.
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A. STRDBED INPUT MOGE

tsor —“—j
5TRUBE hi :/ {- i

INTR |

l.. — tpgy —wrm— g

INPUT DATA =
FROM PORT il

]

B. STROBED OUTPUT MGDE

aF J' \ \r
STROBE ' / /

[—
INTR \ /
T .-_-'

-
WA \
“‘—"— tr
OUTPUT DATA

TO FOAT '

1

twar 1t

FIGURE 8. STROBED 1/O TIMING.
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A. BASIC INFUT MODE

Tar

2

INPUIT

DATA DUS* x

B, BASIC OUTPUT MOGE

AUTPUT X

"DATABUS TIMING 15 SHOWRN 184 FIGURE 7.

FIGURE 9. BASIC I/Q TIMING WAVEFORM.

LOAD COUNTER FROM CLR —1 RELOAD COUNTER FROM CLR—‘1
| 2 i 1

5 1 4 | k1 | 2 | 1

TIMER IN

C:

TIMER OUT A Y 4
{PULSE) \ NOTED \.i

| SR
— ll'LI-'— —{ T

v 7
TINEA DUT s
ISQUARE WAVE} \\ (NOTE 1) F \
| Sy —— |
— Iy L— —nLTH
MOTE 1: THE TIMER OUTPUT IS PERIODIC IF IN AN AUTOMATIC COUNTOOWN FROM 5 TO 1
RELQAD MODE (My MODE BIT = 1)
Leve 320 nsaz MIN.
T AND Y S0 nsac MAX.
] B¢ nsap MIN.
t2 120 sz MIN.
tre APty 400 nsac MAX.

FIGURE 10. TIMER OUTPUT WAVEFORM.
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i
o Low Cost

8243
NMCS-48™ INPUT/OUTPUT EXPANDER

8 Simple Interface to MCS-48™ Micro-

computers

8 Four 4-8Bit 1/O Ports

& AND and OR Directly to Ports

o 24-Pin DIP
B Single 5V Supply

o High Qutput Drive

a 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 170 expansion for the
MES-48™ family of single chip microcomputers. Fabricated in § volts NMOS, the 8243 combines low cost, single supply

vollage and high drive current capability.

The 8243 consists of four 4-bit bidirectional static 1/0 ports and one 4-bit port which serves as an interface to the MCS-48
microcomputers. The 4-bit interface requires that only 4 1/0 lines of the 8048 be used for [/Q expansion, and aiso allows

multiple 8243's to be added to the same bus.

The O ports of the 8243 serve a3 a direct exlension of the resident /O facilities of the MCS-48 microcomputers and are
accessed by their own MOV, ANL, and CRL instructions.

PIN CONFIGURATICN

P50 ]
Pag
[N
pa2 [
pa3 O
%0
PROG []
P23 []
P22
F21 [
20 [

GND ]

[ R

I
N - a

8243

[ pst
[dps2
[ p5a
[ P60
[ Ps1
[1re2
[ Pea
P12

P72

P70

rortz (A )

FROG——

BLOCK DIAGRAM

ADORESS
DECODER

INSTRUC.
DECDUEF

LATCH

INPUT
BUF FEH

LATCH

124
F
/ y
CONTROL ANDOR
LG IS
&4

AESET
CIRCINT

INPUT
BUFFER

LATCH

INPUT
BUFFEIL

LATCH

ENFUT
ELIFFER

S R

FOAT 4

FORT &

PORT 6

FONT 7
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8243

PIN DESCRIPTION
Symbol Pin Na.
PROG 7

Function

Clock Input. A high to low
transistion on PROG signifies
that addross and control are
available on P20-P23, and alow
to high transition signifies that
dala is available on P20-23.

Chip Select Input. Ahighon CS
inhibits any change of eutput or
internal status.

P20-P23 11-8 Four-bit bidirectional port con-
tains the address and control
bits on a high to iow transition
of PROG. During a low to high
transition contains the data for
a selected output port if 2 write
operation, or the data from a
selected port before the low to
high transition if a read oper-
ation.

0V supply.

Faur-bit bidirectional 170 ports.
May be programmed to beinput
(during read), low impedance
latched output (after write} or a
tri- state {after read). Data on
pins P20-23 may bs directiy
written. ANDed or ORed with
previous data.

+5V supply.

GND 12

P40-P43 2-5

P50-P353 1,23-21
P&0-PE3 2017
P70-P73 13-16

FUNCTIONAL DESCRIPTION
General Qperation

The 8243 contains four 4-bit I/0 ports which serve as an
extension of the on-chip 1/0 and are addressed as ports 4-
7. The iollowing aperations may be performed on these
ports:

* Transfer Accumulator to Port.
+ Transfer Port to Accumulator.
* AND Accumulator to Porl

« OR Accumulator o Port.

All communigation between the 8048 and the 8243 occurs
over Port 2 {P20-P23) with timing provided by an outpot
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 804B/5748/8035.

Power On Initialization

Initial application of power to the device forces
input/output ports 4, 5,6, and 710 the tri-state and port 2to
the input mode. The PROG pin may be either high ar low
when power is applied. The first high to low transition of
PROG causes device Lo exit power on mode. The powear on
sequence is initiated if Voo drops below V.

P21 P20 Address Code P23 P22 Instruction Code

0 0 Port 4 ¢} 0 Read
0 1 Port 5 0 1 Write
1 0 Port 6 1 0 ORLD
1 1 Port 7 1 1 ANLD

Write Modes

The device has three write modes. MOVD Pi, A directly
writes new dala into the selected port and old data is lost.
CQRLD Pi,A takes new data, OR's it with the old data and
then writes it to the port. ANLD Pl 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 2on
the high to low transition aof the PROG pin. On the low to
high transition of PROG dala on port 2 is transferredtothe
logic block of the specified output port.

After 1he. logic manipulation is perfarmed, the data is
latched and outputed. The ald data remains latched uniil
new valid oulputs 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
cutputs are tri-stated, and the inpul buftfers switched on.
The read operation is terminated by a low 10 high
transition of the PRCG pin. The port {4, 5, 6 or 7) that was
selected is swilched to the tri-stated mode while port 2is
returned to the input mode.

Normaily, 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 shouid beignored, all following
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 pert in a high impedance state.

Nate; The 8243 does not have the same quasi-bidirectional port structure as P1/P2 of the 8048, When a “t* is written ta P4-7
of the 8243 it is a “hard 1" {low impedance to +5V} which cannot be pulled low by an external device. All 4 hits of any port
can be switched from output made to input mode by executing a dummy read which leaves the port in a high impedance {no

pullup or pulldown) state.



8243

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . . ... ... 0'C 10 70°C
Storage Temperature . . ... ......... —65"C 1o +150°C
Yoltage on Any Pin

With Respectto Ground . ., . .. ... ... —0.5V to -7V
Power Dissipation . . ... ... ... . . . .. ..., 1 Watt

D.C. AND OPERATING CHARACTERISTICS
Ta = 0°Cta 70°C, Vg = 5V £10%

‘COMMENT: Stresses above those Hsted under, “Absolute
Maximum Ratings” may cause permariém_'"i:f@:'héyé to the
device. This is & stress rating only and functional -qbera_-
tion of the device at these ar any other conditions above: -
thase indicated in the operational sections of this sb_él:q'f:'
cation 7§ pat implied. Exposure to absolute maxi’r"néim_'_?. .
rating conditions for extended periods may affect device .
relabitity.

Symbol Parameter Min. Typ. ‘ Max. Units Test Conditlons
VL Input Low Yoltage -0.5 [ o8 v
Vin Input High Voltage 2.0 |Vet0.5
Viora Cutput Low Voltage Ports 4-7 0.45 WV lgL =5 mA*
VoLz Output Low Voltage Port 7 1 v Pl =20mA
Vo Cutput High Voltage Ports d-7 | 2.4 v | lon= 2402A
i Input Leakage Ports 4-7 I 10 20 HA | V= Vg 1o OV
iz Input Leakage Port 2, CS, PROG -10 10 HA | Vi Vg to OV
VoLa Cutput Low Voltage Port 2 45 V| loLm068mA
lee Vee Supply Current 10 20 maA
" Vowgz | Output Valtage Port 2 2.4 | ou= 10014
oL Sum of all 1o from 16 Qutputs 100 mA | 5mA Each Pin
*See following graph for additional sink current capakility.
A.C. CHARACTERISTICS
Ta = 0°C10 70°C, Voo = 5V = 10%
Symbaol Parameter Min. Max. Units Test Conditions
ta Code Valid Before PROG 100 ns B0 pF Load
tg Code Valid After PROG 60 ns 20 pF Load
te Data Valid Before PROG 200 ns 80 pF Load
tn | Data Valid After PROG 20 | | 20 pF Load
ty Floating After PROG 0 150 T .ns 20 [;F Load
tk PROG Megative Pulse Width 700 ns
ics CS Valid Before/After PROG 50 ns
tpo Parts 4-7 Valid After FROG 700 ns 100 pF Leoad
tiet Ports 4-7 Valid Before/After PROG 100 rs
tace Port 2 Valid After PROG 650 ns 80 pF Load
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PROG
M /
ty -
I-n— 15— --tﬂ->i r‘—— tg — o ’4—
POAT 2 INSTRUCTION FLOAT DATA X . FLDAT
ot tapy ———————|
L
ouTPUT
PORT 2 VALID
gy ———tee
—
PORTS 4.7 PREVIOUS OUTPUT VALID QuTPUT
VALID
hp  e— —e! e
FORTS 4-7 INPUT VALID
trg e 15
5]
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126

75

50

25

TOTAL SINK CURRENT { Z 1 } {mA}

0 ] 1 | | 1

GUARANTEED WORST CASE
CURRENT SINKING
CAPABILITIES OF ANY {/O
PORT PIN vs. TOTAL SINK
CURRENT OF ALL PINS

1

1 1 1 | | |

o 1 2 3 4 5

6

y 8 9 10 11 12 13

MAXIMUM SINK CURRENT ON ANY PIN @.4 {1, )
MAXIMUM | 5, WORST CASE PiN {mA)

Sink Capability

The 8243 can sink 5 mA @ .4V on each of its 16 1/O lines
simultaneocusly. If, however, all lines are not sinking simul-
taneously or all lines are not fully loaded, the drive capa-
bility of any individual line increases as is shown by the
accompanying curve.

For example, if only S of the 16 lines are 1o sink current at
one time, the curve shows that each of those § lines is
capable of sinking 10 mA @ .4V {if any lines are to sink
10 mA the total loL must not exceed 50 mA or five 10 mA
loadsh,

Example: How many pins can drive 5 TTL loads {1.6 mA!}
assuming remaining pins are unloaded?

loL =5 % 1.6 mA =8 mA

elgL = 70 mA from curve

#pins =701 mA +8mA/pIn=875=8

In this case, Blinescansink 8 mAfaratotal af 64
mA. This leaves 6 mA sink current capability
which can be divided in any way amgng the
remaining & 140 lines of the 8243,

Example: This example shows how the use of the 20 mA
sink capability of Port 7 affects the sinking
capability of the other I/0 lines.

An 8243 wilk
simultanegusly,

drive the following loads

2 loads — 20 mA (& 1V (port 7 anly)
8 loads — S mA @ 4V

6 loads — 3.2 mA @ 4V

Is this within the specified limits?

loL=2x20+Bx5 ~bx3.21=88.2mA from
the curve: for oL = 5 mA, ¢lgL = 100 mA since
99,2 mA < 100 mA the [oads are withinspecified
limits.

Although the 20 mA @ 1V loads are used in
caleulating eloL, it is the largest current
reguired @ .4Y which determings the maximum
allowable «loL.

Mote: A 10 to BOK 2 pullup resistor 1o +5Y shauld be added to 8243 cutputs when driving to 5V CMOS directly.
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EXPANDER INTERFACE

FROG

8048

F20-F23

KFm_ywe s
Pa
FROG
S ¥
INFPUTS 6243
-1
DATA IN
PZ
F?

OUTPUT EXPANDER TIMING

PRCG U
s X

)_

ADORESS (4.BITS

DATA {4

BITS]

BATS 3,2

[fle]
[Fi=]
(<]
[La
TS 10
o
Gl—l_ POAT
il ADORESS

LYY

@
8243 B243 ] E 6243 : E §243
4
N PHOG £X.3 !<I> PROG F£20-3 <I> PROG P20-3 <I> PROG P20-2
FORT 1 ] AN
a8
FIRT 2K [ 3
| 1 | |

USING MULTIPLE 8243's
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COMPATIBLE MCS-80™ COMPONENTS

8308 8192 Bit Static MOS ROM  ............o00uus 7-1
2316E 16,384 Bit Static MOS ROM ................. 7-5
8708 8192 TIK x BEPROM ... ... iiiviiiiiinenns 7-9
2716 16K UV Erasable PROM ................... 7-13
8101A-4 1024 Bit Static MOS RAM With

Separatel/O ... e 7-17
8111A-4 1024 Bit Static MOS RAM With

Commonl/Q ... i i 7-21
5101 1024 Bit StaticCMOSRAM . ................. 7-25
8212 Eight-Bit input/QutputPort ................. 7-29
8255A Programmable Peripheral Interface .......... 7-39
8251A Programmable Communication Interface ... 7-61
8205 High Speed 1 Qut of 8 Binary Decoder ........ 7-77
8214 Priority Interrupt ControlUnit  ............... 7-83
8216/8226 4-Bit Parallel Bi-Directional Bus Driver ........ 7-87
8253,8253-5 Programmable Interval Timer ................ 7-93
8259 Programmabie interrupt Controller ......... 7-105
8279,8279-5 Programmable Peripheral Interface ......... 7-121
8278 Programmabie Keyboard Interface ......... 7-133
8041/8741 Universal Peripheral Interface

8-Bit Microcomputers .................. 7-143



8308

8192 BIT STATIC MOS READ ONLY MEMORY

B Fast Access — 450 ns

8 Directly Compatible with 8086 CPU at
Maximum Processor Speed

B Two Chip Select
Memory Expansion

Inputs for Easy

Organization — 1024 Words x 8 Bits

Directly TTL Compatible — All Inputs
and Qutputs

Three State Qutput — OR-Tie
Capability
Fully Decoded

Standard Power Supplies +12V¥ DC, 5V
DC

The Intel® 3308 is an 8,102 bit static MOS mask programmabie Read Only Memory organized as 1024 words by 8-bits, This
ROM is designed for 8080 microcamputer system applications where high performance, large bit storage, and simple inter-
facing are important design objectives. The inputs and outputs are fully TTL compatible.

A pin for pin compatible electrically programmed erasable ROM, the intel® 8708, is available for system development and
small gquantity productian use,

Two Chip Selects are provided — €5, which is negative true, and CS,/CS; which may be programmed either negative or
positive trus at the mask level.

The 8308 read only memory is fabricated with N-channel silicon gate technology. This technology provides the designer with
high perfarmance, easy-to-use MOS circuits,

PIN CONFIGURATION

BLOCK DIAGRAM

S DATADUT1  DATAOUTS
ar [ 24 vee I ______ 1
sz B B — oUTPUT
as[]s 7z [] As 05,135, — BUFFERS
A] 4 2 (v T
a[]s 200 ts, B192 BIT
ROM MATRIX
a:[1E d3os 19 Jveo 11024 X )
a7 18] cs,T5, I
Ao 170706 DECODER
oo 15 Jo; I
o210 151} 0, p—
o, 1 14§ Yo BUFFERS
12 Jo t ""__‘_1
VssE 12 j 4 Ap A As
PIN NAMES
| a8 ADRESS INPUTS |
Oy- Og DATA DUTPUTS |
| €51 cs2 CHIP SELECT INPUTS ]
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bjas . . .. .. -25°C 10 +85°C
Storage Temperature . ............ -85°C to +150°C
Voltage On Any Pin With Respect

To VBB .................... -0.3V to 20V
PowerDissipation . ................... 1.0 Watt
PROGRAMMING

"COMMENT

Stresses above those listed under “Abscelute Maximum Ratings'” may
cause permanent damage to the devies. This is a strass rating only
and functional operation of the device at these or any ather condi-
tions above those indicated in the operatianal sections of this speci-
fication is not implied. Exposure 1o absolute maximurm rating condi-
tiens far extended periods may affect device reliability.

The programming specifications are described in the PROM/ROM Programming fnstructions on page 6-74.

D.C. AND OPERATING CHARACTERISTICS

Ta = 0°C to +70°C, Vop = BV £6%; Vpp = 12V 25%, Vgg = -6V 5%, Vgg = OV Unless Otherwise Specified.

Limits
Symbol Parameter = e —— —1{ Unit Test Conditions
Min. | Typ.I1] Max.
Iy Input Load Current *10 HA Vin=01c b.25V
{All Input Pins Except CS4}
oL Input Load Current on G5, -1.6 mA Viy = 0.45v
ILpe Input Peak Load Current on €5, -4 mA V= 0.8V 10 3.3V
ke Input Leakage Current on CS, 10 LA Vi = 3.3V to 5,25V
lyo Qutput Leakage Current 10 _p'A Chip Deselected
Vi Input "Low™ Voltage Vgs-1 0.8V A4 |
Vi Input “High* Voltage 13 Ve +1.0 v ' i
VoL Output “Low’’ Voltage 0.45 v oL = 2mA
Vo Qutput "High™ Voltage 2.4 A lgy = -4mA
Vouz Output “High" Vaoltage 3.7 A lgn = -1mA
lec Power Supply Current Voo 10 15 mA
Ipo Power Supply Current Vpp 32 6o mA
Ipg Power Supply Current Vigg 10uA, 1 maA
Po Pawer Dissipation 460 240 mY
NQOTE 1: Typical values for Ta = 25°C and nominal supply voltage
D.C. OUTPUT CHARACTERISTICS 0.C. OUTPUT CHARACTERISTICS
¥ - T
Iy =D 70C ’ * i
¢ ; 7 T T
2 el 1 J & - eomire 11|
€ : ,’/ ! — 7 Ps i !
« TYRICAL : « M TYPICAL
T s = Poe—i 1 s ~ -—
a4 s ] z.g ,
B // L & ] M
3 — [ I D
2 }’ . -J/ —_ 3 fi t
lr s SPEC :
1 ;/ ] speC —- -2 I l =
. 1 Ao DL LTSS
B 12 3 4 5 6 7 B 8 W0 174 26 28 20 32 34 36 38 40 42
Vg, WOLTS Vgn WOLTS




8308

A.C. CHARACTERISTICS

“a=0°Cto +70°C, Vg = +5V 26%; Vpp = +12V £5%, Vg = -5V 5%, Vg = OV, Unless Otherwise Specified.

Limits(2)
Symbol Parametar Unit
Min. TYp. Max.
tace Address to Qutput Delay Time 200 450 ns
tcoq i Chip Select 1 1o Cutput Delay Time B85 160 ns
tcoo Chip Select 2 te Qutput Delay Time 125 220 ns
tnF | Chip Deselect to Qutput Data Fleat Time L 126 220 ns

JOTE 2: Refer to conditions of Test for &,.C. Characteristics. Add 50 nanoseconds {warst casel ta specified vplues at

VOH=37V @ gy =-1mA, C|_ = 1G0pF,

CONDITIONS OF TEST FOR
A.C. CHARACTERISTICS

Output Load . . .., ...
Input Pulse Levels

1 TTL Gate, and C pap = 100pF
£5V 10 3.3V

Input Pulse Rise and Fall Times ........... 20 nsec
Timing Measurement Reference Level
.................. 24V V4, Vou; 0.8V VL, VoL

- ——

CAPACITANGCE T,=25°C, f=1MHz, Vgg = -5V, Vpp,
Voo and atl other pins tied to Vgg.

Limits
Symbaol Test

Typ. Max.
Cin Input Capacitance 6pF
Cout Output Capacitance 12pF

ADDRESS
Aghy

e tpmy -

—— ]

- lgp—e-

DATA 0,0y }

¥2

g —
-
£

oara
VALID

i i s -
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TYPICAL CHARACTERISTICS (Nominal supply voltages unless otherwise noted.}

lpp V5. TEMPERATURE A DUTPUT CAPACITANCE
(NOAMALIZED) V5. 4 QUTPUT DELAY
14 T +40
13 : L :
1.2 -
l = +20 v g
19 - &
=
>
1.0 ; a
™ | § o
k] e \
E SPEC
8 5
7 1 [ ?: -20 /
ot
o 1
gy l . L

¢ W 20 W0 A0 S 60 70 B0 90 100 50 ] 60 +100
AMBIENT TEMPERATURE T, {'T] 2 CAPACITANCE {pF|
CS; INPUT Tace V5. TEMPERATURE

CHARACTERISTICS {NORMALIZED)

=3.0 | 14 T
1 } 12

-26 i ;
o | 12
| ;

20 11

I : 10

E-15 | oeere?

z 8

E —

=y / B el
/ ’ —

-6 oA \

0 N, -
o 5 R L oD 10 20 39 40 B0 G0 70 80 90
Vi {WOLTS) AMBIENT TEMPERATURE T, (*CH
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2316E
16K (2K x 8) ROM

a Fast Access Time—450 ns Max.
o Single +5VX 10% Power Supply
a Intel MCS 80 and 85 Compatible

a Three Programmable Chip
Selects for Simple Memory
Expansion and System Interface

s EPROM/ROM Pin Compatible for
Cost-Effective System
Development

s Completly Static Operation

= Inputs and Outputs TTL
Compatible

a 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 B bits, Its
high bit density is ideat for large, non-volatile data storage applications such as program storage, The three-state putputs and
TTL inputfoutput levels allow for direct interface with cammon system bus structures, The 2316E single +5V power supply
and 450 ns access time are bath ideal for usage with high performance microcomputers such as the Intel MCSTM.80 and

MCSTM.85 devicas.

A cost-effective system development program may be implemented by using the pin compatible Intel 2716 16K UV EPROM
for protetyping and the lower cost 2676 PROM and 2316E ROM for production. The 2716 is fully compatible to the 2316E
in all respects, The three 2316E prograrmmable chip selects may be defined by the user and are fixed during the masking pro-
cess. To simplify the conversion from 2716 prototyping to 2316E production, it is recammended that the 2316E program-
mable chip select logic levels be defined the same as that shown in the below data sheet pin configuratian. This pin configura-
tion and these chip select logic levels are the same as the 27186.

PIN CONFIGURATION

BLOCK DIAGRAM

Op Oq b2 Dy Dy Dg Dg D7 v
0V
e} GHD
CS5
A QUTRUT BUFFERS
[ I OECODE
ay — IR
A —— ¥ DECODER | OF "6+ @
4 cHIP
Ay ——i SELECT
i AEEENE eLec
=) o)
g ——t B b
A 3
. -
i E = P ¢4
w— 2 C - 73,
& & ROELEEN
0] — -
3 2 g CE L RATHIR CHIF
o
22 [ 13 SELECT
PIN NAM ES : INELT o
A1 - BUFFERS
Ag-AlD | ADDRESS INFUTS
|n7—uu DATA QUTFUTS | Ap —3 — -— 5y
|c31-cs3 CHIP SELECT sWPUTS | I Ry —




2316E

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. .. ... .. -10°C 1 80°C
Storage Temperature ., . ... ........ —-65°C to +150°C
Voltage On Any Pin With Respect

toGround .. ... ... L e 0.5V ta +7V
Power Dissipation . .« . oo v v v i 1.0 Watt

*COMMENT: Stresses above those lsted under “Absolute Maxi-
mum Ratings”" may cause permanant damage 1o the devica. This is a
stress rating only and functional operation of the davice st these or
at any other conditians above those indicated in the operational
sections af this specification is nat implied. Exposure to absolute
maximum rating conditions for extended periods may atfect davice
reliability.

D.C. AND OPERATING CHARACTERISTICS

Ta=0"Cto+70°C, Voo = 5V £10%, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT TEST CONDITIONS
: MIN. | TYP.D! MAX.
Ity Input Load Current 10 pA Vin = 0 to 5.26V
{Aall Input Pins)
tLoH Qutput Leakage Current 10 HA I Chip Deselected, Vot = 4.0V
ILoL Output Leakage Current =20 nA l_ Chip Deselected, Vgt =04V
lee Power Supply Current 0 120 A All Inputs 5.26V Data Out Cpen
Vi Input *“low™ Voltage -0.5 0.8 V'
Viy Input ““High” Voltage 2.2 Veotl.0v v
Yal Output "Low" Voltage 0.4 v lgL=2.1mA
Vou Qutput “High" Voliage 24 Vv lgy =— 400 pA
NOTE: 1. Typical values for Tg = 25°C and nominal supply voltage,
A.C.CHARACTERISTICS
Ta = 0°C 1o +70°C, Voo = +BV 210%, unless otherwise specified.
LIMITS
SYMBOL PARAMETER UNIT
MIN. MAX.
ta Address to Output Delay Time 450 ns
teg Chip Select ta Qutput Enable Delay Time 120 ns
tor Chip Deselect to Output Data Float Delay Time 10 100 ns
CONDITIONS OF TEST FOR CAPACITANCE® Ta=25°C, i=1MHz
ALC. CHARACTERlSTICS
' LIMITS
Output Lead . ... ... ... 1TTL Gate and € = 106G pF SYMBOL TEST
TYP. | MAX.
Input Pulse Levels . . ... ............... 0.8 to 2.4V - -
Input Pulse Rise and Fall Times {10% to 90%) . .. .. 20 ns Cin All Pm's Except Pin Under 5pF | 10 pF
Timing Measurement Reference Level Test Tied to AC Ground
IMAUE . . e e e 1V and 2.2V Cout All Pins Except Pin Under | 10pF | 15pF
Cutput . ... e 0.8Y and 2.0V Test Tied to AC Ground

NOTE: 2. This parametar is periodically sampled and 1s not 100%
tested.
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C.Waveforms
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intd@ | 8708

8192 BIT ERASABLE AND ELECTRICALLY
REPROGRAMMABLE READ ONLY MEMORY

e 8708 1024x8 Organization

@ Fast Programming — 8 Static — No Clocks Required
Typ. 100 sec. For All 8K Bits = [nputs and Outputs TTL

@ Low Power During Programming Compatible During Both Read

u Access Time—450 ns and Program Modes

= Standard Power Supplies— @ Three-State Output— OR-Tie
+12V, =5V Capability

The Intel® 8708 is a high speed 8192 bit arasable and electrically reprogrammable ROM {EPROM) ideally suited where
fast turn around and pattern experimentation are important reguirements.

The 8708 is packaged in a 24 pin dual-in-line package with transparent lid. The transparent lid allows the user to expose the
chip to ultraviclet light to erase the bit pattern. A new pattern can then be written into the device.

A pin for pin mask programmed ROM, the Intel® 8308, is available for large volume production runs of systems initially
using the 8708.

The 8708 is fabricated with the time proven M-channel silican gate technology,

PIN CONFIGURATION BLOCK DIAGRAM
————— BATA BUTPUT
az ] 24 b\tc 0, Og
J—

LT3 E 2 3 t] Ag T 1

a3 2 g g I [

a [ [ M | |

aLTs wdcm : - CHIF SELECT

s B70B 9 [ oo R e | LoGIS OUTPUT BUFFERS

s 18 [ ] PROGRAM

2y q 3 [Foa B— ¥

os [ o,  —— DECGDER [ L ¥ &aTING

o [ 1wl o A,y

an L W L IANDPES;% | -

g E 17 13 =7 __-__-...: * B4 X 12&
IU— PECODER : AGW ARRAY

PIN NAMES

[ Ag-As | ADDRESS IKPUTS
['01-:04 ) DATE OUTFUTS
L EBAVE [ CHIP SELECT/WRITE ENABLE (NPUT
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8708

PROGRAMMING
The programming specifications are identical to those of the 2708,
pate §-74).
ABSOLUTE MAXIMUM RATINGS*
Temperature Under Bias . ... ........ -25°C to +85°C
Storage Temperature . ............. -65°C to +125°C
Vpp With RespecttoVgg . .. . ...... .. +20V to -0.3V
Vg and Vg With Respect to Vag ... ... +15V to -0.3V
All input or Dutput Voltages With

Respect to Vgg During Read .. ... .., +16V to -0.3V
CSWE Input With Respect to Vgg

During Programming ., . . ... ....... +20% to -0.3V
Program Input With Respect to Vpg ... .. +35V to -0 3V
Power Dissipation .. ...... ... .. .. ... ..., 1.6W

READ OPERATION

{See ROM and PROM Programming Instructions,

*COMMENT: Stresses above those listed under “Absofute

Maximum Ratings” may cause parmanent damage to the
dovice. This is a stress rating anly and functional opera-
tion of e device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absofute maximum
rating conditions for extended periods may affect device
retabifity.

D.C. AND OPERATING CHARACTERISTICS
Ta = 0°C 1o 70°C. Vo = +6V #6%, Vpp = +12V 6%, Vg = -BV 6%, Vgg = OV, Unless QOtherwise Noted.

Symbal Parameter Min.  Typ.N Max. | Unit Conditions
Il Address and Chip Select Input Sink Current 1 10 uh ViR =525V or Viy = V|L
ILo Qutput Leakage Current T i0 HA VouT = 5,25V, CS/WE = 5V
bold | Vo Supply Current ) 65 | mA | Worst Case Supply Currents:
leel@ | Vpe Supply Current g i0 mA All Inputs High
lgg(2! | Vag Supply Current 30 45 mA CS/WE =5V, T, = 0°C
VL Input Low Valtage Vg 0.65 \Y
Vin Input High Voltage 3.0 Vet | ¥ |
VaL Output Low Voltage 0.45 v IpL = 1.6mA
Von; | Output High Voltage 3.7 TV on=-100uA
-V;)H; OﬁGungh—Voltage T ] E A lon = ~1mA
Po | Power Dissipation T _800 ;W T T;-‘ 70°c
NOTES: 1. Typical values are far Tg = 257 C and nominal supply voltages.

TYPICAL D.C. CHARACTERISTICS

T o

2. The total power dissipation of the 8708 Is specified at 800 mW,

It i5 not caleulsbie by summing the various currents

lpp. Ice. and 1ggl multiplied by their respective voltages since current paths exist between the various power supplies and
Vgg. The Ipp. loe, and Igg turrents should Be used to determine power supply capacity only.

MAXIMUM JUNCTION TEMPERATURE
W5, AMBIENT TEMPERATURE

|
By = BTCHY
Vo - 2BV
Vg v 128V
Wiy - 535V

17

|

—

T, I'E

o 0 40 60 7l

SUPPLY CURRENTS [inA)

&1

RANGE OF SUPPLY CUARENTS
V5. TEMPERATURE

QUTPUT SINK CURRENT
VS, OUTPUT VOLTAGE

i 1 T — "
! ., ALLFOSSIRLF OPERATING /
; i COMDITIONS: Vg = 476V
| Vg = 5.25Y | |
! ! | Vpg ™ 128 & i
i Vgt BV —- T, e
'A = 2R C
6 —— Ty = WC P — S
5 ;
— E
=
[ ] [
4 +
!
\ by
AW AN
\'\‘\"\;\1‘ \\(\\\\\\\ W \\ \\‘\\\\\\\\\ -
1 Fler 0 | !
20 a0 &0 ) 100 q 2 4 [] & T
T Yy (VOLTSH
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8708

A.C. CHARACTERISTICS

Tp = 0°C te 70°C, Vo = +5V £6%, Vpp = +12V 5%, Vg = -5V 5%, Vgg = OV, Unless Otherwise Noted.

Symhol Parameter Min. Typ. Max. | Unit

tace Address to Qutput Delay |>_280 450 ns
"o | Chip Select 1o Output Delay T 1760 | 120 | ns
Sor || DeSelt 1o Ot Flam ﬂ ™ [ o

1oH Address to Qutput Hold b} | ns

CAPACITANCE T, =125°C, f= 1MHz

Symbo! Parameter Typ. | Max. | Unit | Conditions
Cin Input Capacitance 4 ] oF | V=0V
Cout | Output Capacitance | 8 12 | pF | VouT=0V

Mote . This parameter i periodically sampled and not 100% tested,

A.C. TEST CONDITIONS

Qutput Load: 1TTL gate and Cp = 100pF
Input Rise angd Fall Times: <20ns

Timing Measurement Reference Levels: 0.8V and 2.8V for inputs; 0.8Y and 2.4V for outputs

Input Pulse Levels: 0.6%Y to 3.0V

WAVEFORMS

ADDRESS

TEwE

DATA
DuT

ERASURE CHARACTERISTICS

The erasure characteristics of the 8708 are such that
erasure begins to occur when exposed to light with
wavelengths shorler than approximately 4000 Angstroms
{A). It should be noted that sunlight and certain types of
fiuorescent lamps have wavelengths in the 3000-40008
range. Data show that constant exposure to room level
flourescent lighting could erase the typical 8708 in
approximately 3 years while it would take approximately 1
week 10 cause erasure when exposed to direct sunlight. If
the 8708 is to be exposed to these types of lighting
conditions for extended periods of time, opaque |abels are
available from Intel which should be placed over the 8708
window to prevent unintentional erasure.

The recommended erasure procedure (see page 3-55) lor
the 8708 is exposure to shortwave ultraviolet light which
has a wavelength of 2537 Angstroms (&). The integrated
dose (i.e., UV intensity X expasure time} for erasure
should be a minimum of 15W-zec/cmZ. The erasure time
with this dosage is approximately 15 to 20 minutes using
an ultraviolet lamp with a 12000uW/cm?2 power rating. The
8708 should be placed withinone inch from the lamp tubes
during erasure. Some lamps have a filier on their tubes
and this filter should be removed before erasure.
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intagl

2716
16K (2Kx8) UV ERASABLE PROM

s Single +5V Power Supply » Pin Compatible To Inte! 2316E ROM

® Simple Programming Reguirements
Single Location Programming
Programs With One 50ms Pulse

= Fast Access Time: 450ns Max.

s Low Power Dissipation w Inputs and Qutputs TTL

525mW Max. Active Power Compatible During Read
132mW Max. Standby Power And Program

The intel® 2716 is a 16,384-bit ultraviclet erasable and electrically programmable read-only memory (EPROM). The 2716
operate$ from a single 5-volt power supply, has a static power down mode, and features fast single address location program-
ming. It makes designing with EPROMs faster, easier and maore economical. For production quantities, the 2716 user can
convert rapidly te Intel’s new pin-for-pin compatible 16K AOM, the 2316E.

Since the 450-nsec 2716 operates from a single B-volt supply, it is ideal for use with the newer high performance +54% micro-
processars such as Intel's 8085 and 8048, The 2716 is also the first EPROM with a static power dowr mode which reduces
the power dissipation without incraasing access time. The maximum active power dissipation is 525 mW while the maximum
standby power dissipation is only 132 mWV, a 75% savings.

The 2716 has the simplest and fastest method yet devised for programming EPROMs — single pulse TTL level programming.
Mo need for high voltage pulsing because all programming controls are handled by TTL signals. Now, it is possible to program
on-board, in the system, in the field. Program any |pcation at any time — either individually, sequentially ar at random, with
the 2716% single address location pregramming, Total programming time for all 18,384 bits is only 100 seconds.

MODE SELECTICN

- PINS | soram | GE  vps | 1 outeuts
Cps | Wge | OUTRUTS
PIN CONFIGURATION )‘Mﬂl;:\""* I| 8 | e fan Ch Dt 13
T Tl e e
1 Desalect : Dar t Care L - T ’ H:,-‘hz
Powen Digwn ' Wiu ; DonyCave © o6 5 . Hoys 2
— —— - - -
! Progoem p o Paied Wy 1mVie o W to+l% -5 D
— BN e TtV PR e
i Program Veety | Wi Wy -¥5 -5 Daar
oz |nh-n-|:'l_ il R Wanz
BLOCK DIAGRAM
DaTaDUTPUTS
VOGO Op-03
GHD Do T i 1
[ CHIP SELECT,
! POWE R DOWH. AND
PIN NAMES FRiPH PROG LOGIC QUTPUT BUFFERS
Ag-A10 | ADDRESEES —] ogc;nzn H ¥ GATING
PD/PGM | POWER DOWN/PROGRAM Agmarg -
s ACDRESS —
cs | CHIP SELECT INPUTS | =] . : S
Op-07 ; OUTPUTS — DECCDER L] CELL MATREX
L]
-
}—
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2716

PROGRAMMING

The programming specifications are described in the PROM/ROM Programening Instructions on page 3-55. :

Absolute Maximum Ratings*

Temperature Under Bias. ... . ... .. ...-10°Cto +80°C
Storage Temperature . .. .. ... .. ... .-65°C10+125°C
All Input or Output Valtages with

Respect to Ground . . ......... .... +6V to -0.3V
Vep Supply Voltage with Respect

toGround . . ... L +28V to -0.3V

READ OPERATION

D.C. and QOperating Characteristics

CCOMMENT. Stresses above those listed under “Absolute Maxi-
mum Ratings’ may cause permanent damage 1o the device, Thisis a
stress rating only and functional cperation of the device at these or
any other conditions above those indicated in the pperational sec-
rions of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device
refiability.

Ta=0°Cto 70°C, Veo!l2! = +6v £8%, vppl2! = vog z0.6vI3

Symbal p Limits Unit Conditi
mhbo arameter " ni onditions
Y Min, | Typ.l4l | max.
N} Input Load Current 10 HA Vin = 5.25V
ILo Output Leakage Current iD 179 Vour = 5.25V
Ipp‘|{2| Vep Current B mA Ypp = 5.86V
leet!? | Vee Current (Standby) 10 25 mA | PO/PGM ~ V1, C5 = VL
|Cczl2-‘ Vep Current [Active} 57 100 ' mA CS = PD/PGM = ViL
VL Input Low Voltage -0.1 o | v
Vi Input High Woltage 2.2 Veet+l v
VoL Output Low Voltage 0.45 3 Ig, = 2.1 mA
Viau Qutput High Voltage 2.4 v lgn = -400 uA
NQOTES: 1. Vpg must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.
2. Vpp may be connected directly 1o Voo excent dunng programeaing. The supply current would ther be the sum ¢l Ige and Ipp.
3. The tolerance of 0.8V allows the use of a driver circuit Far switching the Vpp supgly pin from Yep in read 1o 26Y for program:
ming.
4. Typicaf values are for Ty = 25°C and morminal supply voliages.
5. This parameter is only sampled and 15 not 100% tested,
8. tapeyzis relerenced to PR/PGM or the addresses, whichever occurs last.

Typical Characteristics

icc CURRENT

v
TEMFERATURE

|

oz ACTHVE EUEHENT

PO/PGM = ¥
Vgg =&

g (mAL

TCC 1 S TANDEY CURRERT
PEHPGM = Vi

! =

bl o a0 -] 8 0 Bd
TEMFERATLIRE I°C}

TACE fral

oo

il

e

300

20a

ACCESS TIME ACCESS TIME
Vi, v,
CAPACITANCE TEMPERATURE
700 ™" T T
7 | | [
t % 1 600 ! ]
—I [ | I | X |
AL__..._.'_ —~ 00 I ! .
: ' I I '|_ \.r.—_cr-sv
| L i

L ) i
e

K
| T
’ o] | : ] i
~f = 00 }

/'1"‘

O NS
C o +
I .
i | : i
! 100 h
| ' l 1 |
; L | o 3 N |
oMb 200 200 40 S0) 600 704 BOO 0 W 3 3w s E0 &0 70 89
CoL Infl TEMPEMATURE {°CI
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2716

A.C. Characteristics
Ta=0°Cto 70°C, Vel = +6V 8%, Vepl?l = Ve +0.6v (3]

Limits .
Symbol Parameter Min. Tvp.[‘” Max. Unit Test COnditinn.s
tacct Address 1o Qutput Delay 250 as0 ns PD/PGM = C§ = VL
tacc? POH/PGM ta Qutput Delay 280 450 L ns o Vi
tco Chip Select to Quiput Delay 120 [ ns FO/PGM = VL
tpr PD/PGM to Output Float 0 190 | ns | G5=v
tor Chip Deselect to Qutput Float 0 100 ns PO/PGM =V
oM Address to Quiput Hald o} ns PD/PGM = CS = Vi
Capacitance™ T, - 25°C, 1= 1MH: A.C. Test Conditions:
Symbol Parameatar Typ. | Max. | Unit | Conditions Qutput Load: 1 TTL gateand C| = 100 pF
- Input Rise and Fall Times: <20 ns
C | t Capacit 4 G F ol Wy =0V
IN nput Lapacitance P =0 Input Pulse Levels: 0.8V o 2.2V
Cour Qutput Capacitance B_J 12 pF | Vout =0V Timing Measurement Reference Level:
NOTE: Please refer 10 page 2 for nates. Inputs 1V and 2V
Outputs 0.8V and 2V
WAVEFORMS
A. Read Mode
PD/PGM = VL
s
ADGRESS
N
e pp—
s
. II
] ‘o —— - tE—al
p—— facca |

HIGH 2 /
QuTPUT \ DATA DUT Y ALID

B. Standby Mode
Cs=v L

AOORESS ADORESE N ADNRESS M+m

STANLEY MOGE ACTIVE MOCE

PO/PGM

5
Ior arc2
Mate g

HIGH £
QUTPUIT DATA VALID FOR ADDRESS N DATA VALID FOR ADDRESS Mem
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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 Angstraoms {A). It should
be noted that sunlight and certain types of fluorescent
lamps have wavelengths in the 3000—4Q00A range. Data
show that constant exposurg to room level fluorescent
lighting could erase the typical 2716 in appraximately 3
years, while it would take approximatiey 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, opague labels are available fram
Intel which should be placed over the 27186 window to
prevent unintentional erasure,

The recommended erasure procedure ({see page 3.55) for
the 2715 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 erasurs should
be a minimum of 15 W-sec/em2. The erasure time with this
dosage is appraximately 15 to 20 minutes using an ultra-
violet lamp with a 12000 gW/cm< power rating. The 2718
should be placed within 1 inch of the lamp tubes during
erasure, Some lemps have a filter on their tubes which
should be removed before erasure.

DEVICE OPERATION

The six modes of operation of the 2716 are listed in Table
1. it should be noted that alt inputs for the six modes are at
TTL levels. The power supplies required are a +5V Ve and
a Vpp. The Vpp power supply must be at 25V during the
three programming modes, and must be at 5V in the other
three modes,

TABLE 1. MODE SELECTION

: T —
., Fhs PD/RGM G Vee | Voo | OUTRUTS
MOBE : B} Zor (21 | 241 | a9
]
Read ! Vi VL ve 5 | danr
Deteler Lor 1 Care Win +4 +& High Z
Powerr Dgen I| Yin DortCae | +5 +5 High Z
Frogram I Pulsed Wy ta Vg Wik +25 +5 Ihy
Program ety W Vi vis [ 4e FauT
Peogram Infabat Wi Ve +35 5 Hagh Z
READMODE

Data is available at the outputs in the read mode. Data is
availsble 450 ns {tacc) from stable addresses with CS low
or 120 ns {tep) from CS with addresses stable.

DESELECT MODE

The outputs of two or more 27165 rnay be OR tied to-
gether an the same data bus. Only one 2?15shwld hava its.

outputs selected {CS low) to prevent data bus’ contentlon;;__-
between 2718s in this configuration, The outputs of the -
other 2716s should be deselected with the CS input ata -

high TTL level.

POWER DOWN MODE

The 2716 has a power down mode which reduces the active
power dissipation by 75%, from 525 mW to 132 mW.
Power down is achieved by applying a TTL high signal to
the PD/PGM input. In power down the _Qutplits are in &
high impedance state, independent of the CS input.

PROGRAMMING

Initially, and after each erasure, zll bits of the 2718 are in
the 1" state. Data is introduced by selectively program-
ming "'0's” into the desired bit locations. Although only
“U's" .will be programmed, both 15" 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 pragramming mode when the Vpp power
supply is at 25V and C5 is at V. 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 addresses and data are stable, a 80 msec, active
high, TTL program pulse is applied to the PD/PGM input.
A program pulse must be applied at each address |ocation
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
2718 must nat be programmed with a DC signal applied to
the PR/PGM input.

Programming of multiple 2716s in parallel with the same
data can be easily accomplished due to the simplicity of
the programming reguirements. Like inputs of the paral-
leled 27165 may be connected together when they are pro-
grammed with the same data. A high level TTL pulse
applied 1o the PD/PGM input programs the paralleled
2718s.

PROGRAM INHIBIT

Programming of muitiple 27165 in parallel with different
data is also easily accomplished. Except for PO/PGM, all
like inputs (including C3) of the paraliel 27185 may be
common, A TTL level program pulse applied to a 2716
PO/PGM input with Vpp at 28V will program that 2716,
A low level PG/PGM input inhibits the other 27165 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 BV,




8101A-4
1024 BIT STATIC MOS RAM
WITH SEPARATE 1/0

* 450 nsec Access Time Maximum
* 256 Word by 4 Bit Organization

B Single +5V Supply Voltage 8 Powerful Qutput Drive Capability
& Directly TTL Compatible; All Inputs and B Low Cost Packaging: 22 Pin Plastic Dual
Qutputs In-Line Configuration

m Static MOS: No Clocks or Refreshing B Low Power: Typically 150mwW

Required Three-State Qutput: OR-Tie Capability
B Simple Memory Expansion: Chip Enable g gutput Disable Provided for Ease of Use
Input in Common Data Bus Systems

The Intal® 8101A-4 is a 256 word by 4-bit static random access memary 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 nondestruclively and has the same pelarity as the input data.

The 8101A-4 is designed for memory applications where high performance, low cost, large bit storage, and simple
interfacing are important design objectives.

1t is directly TTL compatible in all respecis: 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/0 systems. The output disable function eliminates the need for bi-directional logicin a common
1/0 system. :

The Intel® B101A-4 is fabricated with N-channel silicon gate technolegy. This technology allows the design and
production of high perfermance, easy-to-use MOS circuits and provides a higher functional density on a mongclithic chip
than either ¢conventional MOS technology or P-channel silicon gate technology.

Intel's silicon gate technology also provides excellent protestion against contamination. This permits the use of low cost
plastic packaging.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
A
a1 2 Vep . a
5 [C]: 21 [ 4, — 5 60, f=— @ @
iy | Jm—
—_ A — Ve
A 3 Fol A, T o [—
G ) o i bo, | R o o
Lo » ] &, A )] ROW CELL ARRAY
i Ay —=—=—LF ] <Fler 32 ROWS
= 210144 o =h ] awm-:m3 [ “:h—D:G) oo
I T o7 [ —_— A ’ G —1
. oo, f— e P —
' e [ oo, 7 ‘ & T ]
ane s 15[ Jo, —] o, Riw — ] COLUMN 110 CIRCUITS
o —
—Jor 2]
o, []e 16 | ] oo, o ol
—] Oy : AR
oo, [] 10 3l Jo, —J o, oy —P B D)
o, ] 1 12 oo, oly —F—] 00,
Aay CEX CE1 oI Be,
[ i 5o
PIN NAMES e @ ¢
o1y.[H, DATA INPUT CE;, CHIF ENABLE 3 né - (Cr- PIN NUMBERS
[agdy INPUTS PD  QUTFUT DISABLE @
KW READMRITE INPUT | DD,.DQ, BATA DUTPUT
[TE, ~ CHIP ENABLE 1 Voo POWER (¥5V)
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8101A-4

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias . . . . . -10°C to 80°C

Storage Temperature -B5°C to +150°C

Voltage On Any Pin

With Respect to Ground -0.5V to +7V

1 Watt

Power Dissipation

*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-
vige 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 reliabifity.

D.C. AND OPERATING CHARACTERISTICS

Ta = 0°C to 70°C, Ve = BV +5% unless otherwise specified.

Symbol Parameter Min. Tvp.“] Max. Unit Test Conditions
L1 Input Current 1 10 A Vi = 0to 5.26V
I oH 1/0 Leakage Current(2] 1 10 LA Output Disabled, Vg r=4.0V
"oL IO Leakage Current!2] -1 -10 uh | Output Disabled, Vpyr=0.45Y
leer Fower Supply 15 5§ A Vg = 5.25V, I = OmA
. ___ 1 _Current Jaz25°C_ -
loes Pawer Supply 60 A Viy ~ 5.28Y, I = DmA
| Current Ts =0°C
ViL || input “Low" Voltage -0.5 +.8 v
Yin . Input “High* Voltage 2.0 Vee v
Vau Qutput “Low” Vaoltage +0.45 Ay lpy = 2.0mA
Vou Output “High” T
Voltage 2.4 v loy = ~400uA
TYPICAL D.C, CHARACTERISTICS
OUTPUT SOURCE CURRENT V3, QUTPUT SINK CLURRENT V5.
QUTPUT VOLTAGE OUTPUT VOLTAGE
.ﬂMBI‘ENT 'IE[II'PERAlTUN'E AMEIENT 'l[_lanFFlAlTURE -ll)"‘y//,

2E4C

skl
\\ '_"::._rrw'c
-\

\ i
-5 \ Vg 4 7Y -
QUTPUT “HIGH” TYFICAL
[ \ l
F]

1 2

g dmAp

Vg IVOLTS]

) A
yavd

T 21
IRy2ZunEN
/

Ly tmat

DUTPUT “LOW TYPICAL

o 05 10 15
Vye IVOLTSH

MOTES: 1. Typicalvalyes are for Ta = 25°C and nominal supply voltage.

2. Input and Quiput tied togather,

7-18



8101A-4

A.C. CHARACTERISTICS
READ CYCLE T, =0°C to 70°C, Ve = BV #5%, unless otherwise specified,

Symbaol Parameter Min, Tw:!.” Max. Unit Test Conditions
thc Read Cycle 450 ns
14 Access Time 450 s
oo Chip Enable To Qutput 310 ns
100 Output Disable To Output 250 ns {See Below)
toe 121 Data Output to High Z State 1] 200 O
Previous Read Data Valid
foH after change of Address 40 . —ns_ L o 3
WRITE CYCLE
[
Symbol Parameter Min. T\rp[.l' Max Unit Test Conditions
Wwe Write Cycle 270 ns
taw Write Delay 20 [ s
tow Chip Enable To Writ 250 I s
tow Data Setup ] 20 ns {See Below)
tOH Data Hold 0 ns
twp Write Pulse T 1w T T T T s
WR Write Recovery 0 ns
thg Quitput Qisable Setup 20 ns
31
A.C. CONDITIONS OF TEST CAPACITANCE 71,=25°C f=1MHz
L 20ns Svmbol Test Limits (pF)
Iﬂ.pl.ft Levels . ................. 0.8V or 2.0V ymbo es Typ 1] Max.
Timing Reference .. .......... ..., 1.5Y ¢ 0 c tan
load .. ..vveen... 1 TTL Gate and Cy_ = 100 pF I nput Sapacriance 4 8
@ - P (All Tnput Pins) Vyy = OV
Cout Qutput Capacitance Vgt =~ 0V 8 12
WAVEFORMS
READ CYCLE WRITE CYCLE
I e — e LS ——-—-——-‘r
ADDRESS ’L )I ADDAERS a( x‘
fe——teq ——{ I
CE1 || / CEl
— \ /
i
CEZ cLz /_
] S N\l 1 /
L [————— o
ton —= e
IEOMMON |?<:E; il _\[‘__ fow—r [+— iCoOMMON gg: - E
h— " J— .._twl:"_. —= g - | — |
oata | T )(11_—- omn—_m_y DATA b Tt
OUT_- N VALID . IN—--..-— | STHHELE _-l_-_
N |:_ _,WDFN—-'—‘M —
) - 4 |
TNOTES: 1. Typical valuesare for Ta = 25°C and nominal supply voltage. l'l \

2

3.

tpF is with respect to the trailing edge of EE1, CE3, or OO,

whichever oceurs first.

4. QD should be tied low lor separate 1/Q aperation.

This perameter is periodically sampled and is not 100% 1ested,
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Intel

8111A-4
1024 BIT STATIC MOS RAM
WITH COMMON 1/0

* 450 nsec Access Time Maximum
* 256 Word by 4 Bit Organization

g Single +5V Supply Voltage o Powerful Qutput Drive Capability

@ Directly TTL Compatible: All Inputs 0 Low Cost Packaging: 18 Pin Piastic Dual
and Quiputs In-Line Configuration

O Static MOS: Ne Clocks or Refreshing 0 Low Power: Typically 130mW
Required O Three-State Output: OR-Tie Capability

R Simple Memory Expansion: Chip Enable 7 g, tput Disable Provided for Ease of Use
Input in Common Data Bus Systems

The Intel® 8111A-4is a 256 word by 4-bit static random access memory element using N-channel MOS devices integrated
on a manolithic array. It uses fully DC slable {static} circuitry and therefore requires no ¢locks orrefreshing to operate.
The datais read out nondestructively and has the same polarity asthe input data. Commaon input/output pins are provided.

The 8111A-4 is designed for memory applications in small systems where high performance, 1ow cost, large bit storage,
and simple interfacing are important design objectives.

Itis directly TTL compatible in all respecis:inputs, outputs, and a single +5Y supply. Separate chip enable (ﬁi) leads allow
easy selaction of an individual package when outputs are OR-tied.

The Intel® 8111A-4 is fabricated with N-channel silicon gate technology. This technology atllows 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 silican gate technology also provides excellent protection against contaminalion. This permits the use of low cost
plastic packaging.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
——
a3 18 Jvee —ia @
aget Ty N
a2 17T 4 —1a, vo, ° @ ! || ® Vee
B &,
a3 [ mLr —]a, vo, |— @ | row MEMORY ARRAY ano
fe=—fE ] scleer ;zﬁ?ﬁ'ﬁm
a4 i Ay oy fee Q_py—] ‘
BlAS 911144 s ||
ay s 1 Juo, — 170, Aae'-@——t'i“
ag_]s 1u[ia, A i ! L
H.'an_’—E' - | COLUMNIZD CIRCUITS
a7 12 ’:’uo; — A o0 f— . [ COLUMNSELECT
) NPUT
cun []e 1" F_]l,m 2, 1oy — cara —F]— !
CONTROL . ' ca
el whJee, AN CE, CEy 10t k! @)l ®l E
| .i, T . 1. Ay A Ay 1!
104
/
PIN NAMES | —t _Irg
em, sopsesuwirs ] oD
oo OUTFUT D1SaBle | cE
TR READMVAITE iNPUT ? @
—.ﬂ_-_ CHIPEMABLEY o > () * PIN NUNBERS
“CE;  CHIPENABLE?
DO, Gy DATA INPUT/OUTPUT @
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8111A-4

ABSOLUTE MAXIMUM RATINGS*

-10°C to 80°C
-65°C to +150°C

Ambient Temperature Under Bias

Storage Temperature

Voltage On Any Pin

With Respect to Ground =05V 1o +7V

1 Watt

Pawer Dissipation

*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 ather condition ahove 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 10 70°C, Vg = 5V 5% , unless otherwise specified.

Symbaol Parameter Min, |Typ.[1l] Max Unit | Test Conditions
L1 input Load Current 1 |— 0 pA Viy =Dt 5.25V
ILon /O Leakage Current 1 10 LA Qutput Disabled, V=40V
ILoL 1/Q Leakage Current -1 =10 HA Output Disabled, Vi p=0.45V
| P | Vi =5.25Y
o s3] ower Supply 25 56 mA IN .
Current g =0mA, T4 =25C
| Power Suppl Viy = 5.25Y
ce2 eply 60 mA N i
Current ligg=0mA, T =0°C
ViL Input Low Voltage -0.5 0.8 v
Vi Input High Voltage 20 Vec v
VoL Output Low Voltage 0.45 A loL = 2.0mA
v Output High 24 | 4002A
OH Voltage ’ v oH = ~400u
OUTPUT SOURCE CURRENT VS, QUTPUT SINK CURRENT V5.
OUTPUT VOLTAGE QUTPUT VOLTAGE
| .ﬂMENIENT TE]MPER}'ILIRE lMBIlEN' "[_LHPEH;"TUHE »O'C i
B R\ gscr. ® ] o
N2 myAN=
i \\ T /A§ ﬁ
£ E
& \ : &
-5 .______\X Vee® J.wsv : - 5 4 Vee= 475V ]
OUTPUT "DiIGii" TYPICAL QUTPLT “LDW” TYPICAL
b :
0 \ L 0 /
1 2 3 4 L] 05 1.0 15
Wou [WOLTS| VgL IVOLTSH

NOTE: 1. Typical values are for Ta = 25°C and nominal supply voltage.
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A.C. CHARACTERISTICS
READ CYCLE T, =0°C to 70°C, Vcr = 5V 5%, unless otherwise specified.

Symbol Parameter Iliin. Typl.” Mg x Unit o Te_s_t_ Qpnditiuns
tRe Read Cycle 450 ns
ta Agcass Time | 450 ns .
tco Chip Enable To Qutput J10 ns
oo Output Disable To Qutput 250 ns {See Belowl
toe (2] Data Qutput to High Z State 0 200 ns
. Previous Read Data Valid a0 ns
QH after change of Address _
WRITE CYCLE
Symhal Parameter : Min, T'.rp[,1 ][ Max. Unit Test Canditions
twe Write Cycle 270 ! ns
taw Write Delay T || 0 ns
tew Chip Enable To Write | 250 | ! [ ns
tow Data Setup %0 s
T . ! 13ea Below)
toH Data Hold [ 0 | ! | ns
twe Write Pulse T ) [ ns
twR Write Recavery 0 J l s
tps Qutput Disable Setup 20 [ 5 ns
[3]
A.C. CONDITIONS OF TEST CAPACITANCE T,=25°C.f=1MHz
7 20ns Limits |pF}
InputLevels .. ..., ... .o . 0.8V or 2.0V Symbol Test Tvol 1| Max
Timing Reference ... ... ............. 1.5V C Y i YE. -
Load .. ovvnninn 1 TTL Gate and C_ = 100 pF N nput L.apacitance 4 8
- L P {All Input Pins} Vi = OV
Cio 1/0 Capacitance Vijo = 0V 10 15
WAVEFORMS
READ CYCLE WRITE CYCLE
- —_— g — —_— _..! | g —- -]
ADDRESS * * LDORESS * ).
cHIP  — =——'og- - I CHIP ] - R . .__,\ L
oy X | /] s X /"
—tap = 1 i
i . el - R S e
= "'—"i e - oz | tow
R X aw . www | Y~ o |
- Yyp —————"|— g —- ]
we T L\ /

NOTES: 1. Typical values are for T = 25"Cand nominal supply valzge,
2. tgF is with respect to the trailing adge of CEy, CE3, or DD, whichever oceurs first,
3. This parameter is periodically sampled and is not 100% tested.
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5101 FAMILY
256 X 4 BIT STATIC CMOS RAM

P/N Typ. Current @ 2V Typ. Current @ 5V Max Access
(pA) (pA) (ns)
5101L 0.14 0.2 650
5101L-1 0.14 0.2 450
5101L-3 0.70 1.0 650
5101-8 —— 10.0 800

s Single +5V Power Supply
a Ideal for Battery All Inputs and Outputs
Operation (5101L) a Three-State Qutput

The Intel® 5101 is an ultralow power 1024-bit (256 words X 4 bits) static RAM fabricated with an advanced iGn-imptanted
silicon gate CMOS technology. The device has two chip enahle inputs. Minimum standby current is drawn by this device when
CE2 is at a low level, When deselected the 5101 draws fram the single 5-volt supply only 10 microamps. This device is ideally
suited for low power applications where battery operation or battery backup for nan-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
put non-destructively and has the same polarity as the Input data. All inputs and outputs are directly TTL compatible. The 5103
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 comman data 1/0 systems.

o Directly TTL Compatible:

The 5101L has the additions! feature of guaranteed data retention at a power stipply voltage as low as 2.0 volts.

A pin compatible N-channel static RAM, the Intel® 2101A, is also available for low tost 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 LOGIC SYMBO
URA Symaot BLOCK DIAGRAM
J b
a [t 2 Veo .
LM . n ,:l"‘q — Aq — — @ Viee
— 5 A :Zzg' GHD
9 . ¥ ] AW - A' ) | nooREss ROW CELL ARRAY
' ™ & i n"' BUFFERS DECODERS 3233::'-‘LOUWMSNS
1
L7y - ® ] oo —1 A Ay —
— 1 [ENAHLE)
Ty - w [ ce2 :5
b r
A 1 % Do,
= ] oo, — o, oo |—
o s e, o = A B g0,
— — (ENABLE) COLLIMN 1D 5
oL, O] e 1 [ oo, z:’ EE CIRCUITS @0
—] - Do
00, 10 o] = o 1 ||
COLUMN
o, ] 1 12 [ oo, RW CEZ CE1 0Oy
rre COLUMN B:OO"
TRUTH TABLE e, SELECT
1 BUFFERS
CEy | ¢E3| 0D |RW | Dy { Ouipur Mode
H | X | % | % | X |RighZ |tot setected [T}
x| ou | x| x| % [ HighZ | Not Satected ab
| x| H | H | % Highz | Qurput Disanied A, b Ay
LiwpH|L | % |Hehz]wis ielale)]
L H oL | x| ow {vins .
t bl la| x| oo Resa () = PINHUMBERS

7-25



5101 FAMILY

H H * L) .
Absolute Maximum Ratings COMMENT.
. " .
Ambient Temperature Under Bias . . . . . -10°C 10 BO°C }S?rrelssei above thase listed w;der Abso:.rred M?’”";f:?
Storage Temperature « . . . . . . . .| _65°C 1o +150°C Rating ' may cause permanent damage to the device. This
| . is a stress rating only and functional operation of the device
vo ta_ge On Any Pin at these or at any othar condition above those indicated in
With Respect to Ground . ... 0.3V to Ve +0.3V the operational sections of this specification is not implied.
Maximum Power Supply Veltage . ... ... .. +7.0V Exposure to absolute maximum rating conditions for ex-
Power Dissipation .., . ............... 1 Watt tended periods may affect device reliability.

D. C. and Operating Characteristics
Ta = 6°C to 70°C, Vg = BV 5% unless otherwise specified,

51071 and S101L1 $101L-3 2101-8
Limits Limits Limits
Symbaol Paramater Min. Typ.[1l Max,|[Min. Typ.I"l Max.|Min. Typl?]l Max.|Units| Test Conditions
1 2121 | Input Current 5 5 5 nA
l1 o I121| Qutput Leakage Current 1 1 2 | pA |CET=2.2V, Voyy=
0to Ver
lecy Operating Current 2] 22 9 22 1 26 | mA |Viy=Veo. Except
CE1 < 0.65V,
Outputs Open
lces | Operating Current 13 27 13 27 15 30 | mA |Viy=2.2V, Except
CET < 0.65V,
Qutputs Open
IccLll | Standby Current 10 200 500 | pA |CE2<0.2V, Ta=
oec
ViL Input Low Voltage -0.3 0.65 (-0.3 0.65]-0.3 065| V
U™ Input High Voltage 2.2 Ve | 2.2 Veo | 2.2 Vee v
VoL Qutput Low Valtage 0.4 0.4 0.4 vV llgL=20mA
Von Output High Voltage 2.4 2.4 24 vV |lgp=-1.0mA

Low Vo Data Retention Characteristics {For 5101L, 5101L-1 and 5101L-3} T, =0°Cto 70°C

Symbol Parameter Min, | Typ.[11 | Max, | Units Test Conditions

Vor Vg for Data Retention 2,0 v

lccort | 5109 L or 5101L-1 Data Retention 0,14 10 A Vpr=20V,
Current CE2<c0.2v | Ta=70°C

lceprz | 5101L-3 Data Astenticn Current D.70 200 LA Vpg=2.0V,

Ta=70°C
tcor Chip Deselect to Data Retention Time 0 ns
A Operation Recovery Time trel3l ns
NOTES:

1. Typical values are T4, = 25°C and nominal supply voltage.
2. Current thraudh all inputs and outputs included in Ige) measurement.
3, tgc =Read Cycle Time.
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5101 FAMILY

Low V¢ Data Retention Waveform

Typical lecpr Vs. Temperature

T 1
e = v ‘
DATA RETENTION 100 CEZ=pav . T
MODE . Vim=2v
SUPPLY — @ 0] : = |
VOLTAGE Vgl () a7sv 3
teon g % VoR g |
@ @ @ @ Vin s A
@ ozv o1 l
CHIF ENSBLE ICE2) @ 4 @ 1 | ]
W—m - ——— ————— ——— = — — | I
i
am | | |
B W W M 40 = G0 0
TEMPERATURE [°C)
A.C. Characteristics 1, - 0°c w 76°C, Ve = 5V £5%, unless otherwise specified.
READ CYCLE
5101L and
5101L.-1 S101L-3 5101-8
Limits {ns} Limits {ns} Lirnits (ns)
Symbol Parameter Win, Max. Min, Max. Min. Max.
tRe Read Cycle 450 660 800
ta Access Time 450 660 800
1eo1 Chip Enable {CE T} to Output 400 600 800
teo? Chip Enable {CE 2] ta Output 500 700 850
oo Output Disable to Output 250 350 450
toF [Crata Qutput to High Z State 0 130 0 150 200
tou1 Previous Read Data Valid with D 0
Bespect to Address Change
toH2 Previous Read Data Valid with o o] 0
Respect to Chip Enahle
WRITE CYCLE
twe Write Cycle 450 650 800
taw Write Delay 130 150 200
tow1 Chip Enable (CE 1) to Write 350 550 650
towz Chip Enable {CE 2] to Write 350 550 650
tow Data Setup 250 400 450
toH Oata Hold 50 100 100
twp Write Pulse 250 400 450
tWR Write Recovery 50 50 100
tos QOutput Disable Setup 130 150 200
. 2] .
A.C. CONDITIONS OF TEST Capacnance Ty =257°C, f= 1MHz
Input Pulse Levels: +0.65 Volr 1o 2.2 Volt —
Limits IpF)
Input Pulse Rise and Fall Times: 20nsec Symbal Test Typ, | Max.
Timing Measurernent Referance Level: 1.5 Volt Ciay Input Capacitance 4 8
Qutput Load: 1 TTL Gate and G ~ 100pF tAll tnput Pins) Wy - OV
Cout Cutput Capacitance Vg1 = OV 8 12

NOTES: 1.

Typical values are for Tg = 25" C and nominal supply voltage.

2. This parameter is periodically sampled and is not 100% tested.
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Waveforms

READ CYCLE
‘ac !
ADORESS I(
ooy —— ous
fu 3]
TOHT |
CE2 j
I ‘ooz
00—l tap——
(COMMON 1 f03"!
1y ) [Rpa—
D.\TA- 1T=--==="" DATA QUT
out VALID

NOTES:

1. QD may be tied low far separate |fO aperation.

2. Ouring the write eyele, 0D is “high™ for common 1/Q and
“don't care” for separate 1O operation.

WRITE CYCLE
‘we
ADDRESS >( _)(
[ | Tewe
= _* Vi
ce2 "f \
— [ \ewz
- oo %
{gomMmoN 11519 /]
—| Tos '
=T vara | DaTA N I
N STABLE
—=| taw [=— ‘ow___-'— Yo —]
Rw /

7-28

N




inter 8212

8-BIT INPUT/OUTPUT PORT

m Fully Parallel 8-Bit Data Register and m 3.65V Qutput High Voltage for Direct
Buffer Interface to 8080 CPU or 8008 CPU
. gzr:g;aetil:::‘quesl Flip-Flop for Interrupt m Asynchronous Register Clear

m Low Input Load Current — .25 mA Max = Replaces Buffers, Latches, and Multi-

2 3-State Outputs plexers in Microcomputer Systems

s Outputs Sink 15 mA a Reduces System Package Count

The Intel® 8212 inputfoutput port consists of an 8-blt 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 cantral of imterrupts to the
MiCIORrOcessor.

The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the
principal parigheral and input/output functions of a microcomputer system can be implemented with this devica.

*Nale: The spacllications far the 3212 ara identlcal with those for the 8212,

PIN CONFIGURATION LOGIC DIAGRAM
SERVICE REQUEST FF
os, [ Ve
mo[] 2 INT UEVICE SELECTION
o, 3 Dlg o -
oo, 4 0o > o8t ! Ealries
' ) .
oI 5 o [E» oz 1ACTIVE LOWY-
= , i
oo, L] Da, [ EllE] \& WA —‘
] ¥ =]
3 [
o> s R
00, 8 DOy : TRUT
o, O e DI l. | | BuREeE
oo, L] 1o oa B |
ST; (T; I 0y s ERE fbb‘f'”“‘t‘g'
. .
DATA LATCH [ g Y | |
GND s, s — | | !
E>o; SN 1 oog [f»
| PS 1 |
O gyt § ‘
T, T IS u ; Tuy [
l.' |
| fa |t
S pc=—1) n i
[y 11+ f 130y
FIN NAMES : el (1]
= 1! I
Dh Dy | DATAIN _ [E» oy, — t 0 oy 00y, 5
| ooy Gog | DatabuT | 7 T T L] , |
| =4 JDAalal . - i K i |
G508, . DEVICE SELECT | |
MG | mODE e o ; o ol b_',
| ste STADBE ey i pa [ T ong (7>
INT | INTERAUPT IACTIVE LOW | Skl !
£in CLEAR IACTIVE LOW) | A
oy, — —— oo b—[m,
| i :
| Ty | |
oy v af4 b oo F0>
i )
—4|—.‘?D.,__j__ L
VACTIVE LD .
4
+ Iniel Corporation, 1578 February, 1978



8212

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 wilt
follow the data input (D) while the clock input (C) is
high. Latching will cccur when the clock (C) returns
low.

The data latch is cleared by an asynchronous reset
input (CLR}, {Note: Clock {C} Overides Reset (CLR}.)

QOulput Bufier

The outputs of the data latch (Q) are connected to
3-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 cutputs of the data latch (Q) or disables the
buffer, farcing the output into a high impedance
state, (3 -state)

This 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 D31, DS2, MD and
STB. These inputs are used to control device selec-
tion, data latching, cutput buffer state and service
request flip-flop.

D51, DS2 {Device Select)

These 2 inputs are used for device selection. When
DS1 is fow and D82 is high (DS1 - DS2) the device is
sglected. In the selected state the output buffer is
enabled and the service request flip-flop (SR} is
asynchronously set.

MD (Mods}

This input is used to control the state of the output
buffzr 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 (DS - DS2).
When MD is low {input mode) the output buffer stale
is determined by the device selection logic (D81 -
D352} and the source of clock {C) to the data latch is
the, 5TB (Strobe} input.

STB (Strobe)

This input is used as the clock (&) to the data latch
for the input mode MD = 0) and to synchronously
reset the service request flip-fiop {SR).

Note that the SR flip-flop is negative edge triggered.

Service Regeust Flip-Flop

The (SR) flip-flop is used to generate and control
interrupts in microcomputer systems. It is asyn-
chronously 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 selection logic (D51 - DS2). The output
of the “NCR" gate (INT} is active low (interrupting
state) for connection to active low input priority
generating circuits.

SERVICE REQUEST FF

"
[3Ew-CE SELECTION o
- = | sk
UL r
DDS'D o>
[T os2 )| ACTIVE LOWE
5D
[2> o WA
-
5Th i— — 17|
ST S 1 i R
| | [ RBUFFLH
|
o, o o+ iy [
DATA LATOH | HEet ]l |
< g B
[Emoy | "o : ooz (87>
l < | t
o1 e e '3—:’30:9
L |
| H
=27 m
IEpt | 0 o+ [o]®
4 )
l +HC e i |
| =T
[ v ol | 295 [(=>
[ & T | |
G l na | Deg
[ | T
| Hr ] |1 !
Ll |
oy T b3} ] | [S1+5)
| e 1 |
a1 | 5 oHH- 00y
® [
sl T
|
—__'—D+_'3; L
IACTIVE LOW!

L 1]

| DATAIN |
DATA I
RESETSDAYA LATCH

SETS SR FLIP-FLOP
i EFFECT DN DUTPUT BUFFERY

5TR MD  (0S:DS) | DATAOUTEaual® |[cur (B%;08.) STB "SR INT |
¢ D a | 3sTATE [ R R _1
[ [ | RETATE ¢ 0 \ 0
a ° | DATALATCH P ) e T P
[ o . DATALATCH 1 1 ] e’
[ | | DATALATEH ' n T p o 1
[ 1 DATA IN - . .
A ! 1 1 - [
1 t 1

TINTERNAL ER FLIP FLOP

|
|
CiR —

Figure 1. Service Flip-Flop Function
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APPLICATIONS OF THE 8212 — FOR
MICROCOMPUTER SYSTEMS

= Basic schematic symbols

+ Gated buffer

+ Bidiractional bus driver

* Interrupting input port

Basic Schematic Symbaols

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

* |nterrupt instruction port
* Qutput port

80BDA status latch
8085A address latch

as a system bus (bus containing 8 parallel lines).
The output to the data bus is symbolic in referenc-
ing 8 parallel lines.

(NPUT DEVICE QUTPUT DEVICE
—_——n 1 p———
3] STB
—:— DI po}— 2o Do -;—
1] % -T?" s~
2 10 _2 ] nlu
BLE P PR RN IDETAILEDH L S TP B
183 | 17 & | 17 _
20 13 20 149
2z1ctr T |21 22 {161 CRR{ A
2] wmp N[23 23 Mo _ 14
oS, 1 oS, ps, ' OF,
Tr ]z | [ ]z ¥
GND v
INPUT —"] ce OUTRUT
STROBE ] I * FLAG
SYSTEM 1Y MBOILIC) SYSTCM
INPUT §:> 8212 B212 QUTRUT
— iNT P- —} INT  CLR o

R,

I

GND DATA BUS DATA BUS Vee
Figura 2. Basle Sehematie Symbols
Gated Buffer (3-State) v
The simplest use of the 8212 is that of a gated “ ;'TB
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 (NPUT QuUTPUT
from the device selection logic DS1 and DS2. f’z‘;;fim:> e :012;‘;1
When the device selection logic is faise, the outputs sV M
are 3-state, e m— | Y
When the device selection logic is true, the input ., 1
data from the system is directly transferred to the conmou.{ GNO
output. The input data load is 250 micro amps. The 051052

output data can sink 15 milli amps. The minimum
high output is 3.65 volts.

Figura 3. Gated Butler (3-Stats)
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Bidirectional Bus Driver

A pair of 8212's wired (back-to-back} can be used Voo
as a symmetrical drive, bi-directional bus driver. —
The devices are controlled by the data bus input 578
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 bulifer the other is in DATA 4212 DATA
3state mode. This Is a very useful circuit in small BUS BUS
system design.
— LR
DATA BUS
— y I 1
N
{I=R—=L1) +
§TB
B2 K
— CLR
GND

Interrupting Input Port Flgure 4. Bidirectlonal Bus Driver

This use of an 8212 is that of a system input port DATA
that accepts a strobe from the system input source, INFUT BUS
which in turn clears the service request flip-flop STROBE | wll
and interrupts the processar. The processer then STB
goes through a service routing, identifies the port,
and causes the device selection logic to go true — everEm
enabling the system input data onto the data bus. |N§’JTE C> 8212 p,
S —dew
PORT ..._? | —
SELECT'UN{ GnD TO PRIORITY CKT

{DS1-052} |AGTIVE LOW}
oR
TO CPU
INTERRUPT INPUT

Figure 5. Interrupting Input Port

Interrupt Instruction Port

The 8212 can be used to gale the interrupt instruc- Vee DATA
tion, normally RESTART instructions, onio the data BUS
bus. The device is enabled from the interrupt t )
acknowledge signal from the microprocessor and STB
from a port selection signal. This signal is normally
tied 1o ground. (DS1 could be used to multiplex a RESTART
variety of interrupt instruction poris onto a com- (NSTRUCTION C:> anz )
{RST Q- RST 7}
mon bus).
— TR
{DST] PORT SELECTION 7 m-lm T
INTERRUPT ACKNOWLEDGE —b—m—ou-—

Figure 6. Interrupt Instruction Port
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Output Port (With Handshaking)

The 8212 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”
fram the davice that the gystem is outputting to. It
in turn, can interrupt the system signifying the re-
ception of data. The selection of the port comes
from the device selection ftogic. (DS1-DS2)

DATA
BUS

l———*—'— CGUTPUT STROBE

5T
> SYSTEM QUTPUT

O—s—— 5¥STEM HESET

a2

CLR

I ?—_..4—“ PORT SELECTION

Vee - {LATCH CONTROL)
_ DSOS

INT

SYSTEM
INTEARUPT

Figure 7. Qutpul Port (With Handshaking)

8080 Status Laich

Here the 8212 is used as the status latch for an 8080
microcomputer system. The input to the 8212 latch
is directly from the 8080 data bus. Timing shows
that when the SYNC signal is true, which is con-
nected to the DS2 input and the phase 1 signal is
true, which is & TTL level coming from the clock
ganerator; 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
bidirectional data bus of the microprocessor and the
control_bus.

10
Cofg Dy
o[ — o,
e D2
D Dy
s El ol [ OATABUS
'y
8080 o, ; D,
Og [ o,
0y o,
syne P2
pen P2
o1 o2 STATUS
7z ” LATCH B
2y 31, Dy |2 InTa
Al s ——
av S z & sTack
2 10 .54 A N
S our I
1 gz .
2: 17 BASIC o2 AR 7\
19 . [CONTROL J
N BN BUS
€LOCK GEN.  [e1TTLY = i 2 memR senel S A
& DRIVER —g CLR .
18] 0%, MO D, - _——
I13 |2 ?1 DATA ( | —_———
I CHIN |
STATUS A
vcl:

Figure 8. 8080 Status Laich
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8085A Low-Order Address Latch

The 80B5A microprocessor uses a multiplexed address/
data bus that containg the [ow 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 cycie. An
address latch enable {ALE} signal is provided by the 80854
to be used by the B212tolatch 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 autput buffers turned on at all limes.

12

ADg 13

ADi [y

ADz 158

AD3z

ADaf37

BOBSA  AD, 18

ADg

AD;z
30

ALE

Bo
(2]
D2
]
Dy
- Osg
Dg
Voo
19|
g DIy STB DO, ;—-Ao
= Aq
ki 18, Az
9 10, Az
16 ; 15 A,
18 B212 17 Ag
2 19
2| 217 5
~ CLR e
14| DS, MD DS,

113 !z

Voo

-

— DATA BUS

LOW ORDER
ADDRESS BUS

Figure 9. 8085A Low-Order Address Latch
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ABSOLUTE MAXIMUM RATINGS*

Temperature under bias plastic. . ......... 0°C1e75°C
Storage temperature ... ................ 0°C to 75°C

All output or supplyvoltages...........

-0.5Vto +7V

*COMMENT: Siresses above those Nsted under “Absofufe Mawimum
Ratings' may cause permanen! damage to the davice. This is a slress
rating only and {unctfonal operalion of the device at these or al any
other condilion above those §

i in the

0 lonal sections of

Allinputvoltages. .. ................ - 1.0Vto + 55V this sp ion s not implied
OQutputcurrents. . ............ .. oiiiannaan 100 mA
D.C. CHARACTERISTICS
Ta = 0°Cto +75°C V.o = +5V +5%
Symboaol Paramaeter I _L'"Lts—__ — Unit Test Condilions
| Min  Typ. Max. | _
I input Load Current —.25 mA Ve = 45V
ACK, DS,, CR, D1,-Ol, Inputs
le Input Load Current —-.75 mA Ve = A5V
MD Input
I Input Load Current -1.0 mA Ve = 45V
D3, Input
I Input Leakage Current 10 T HA Ve € Vo
ACK, DS, CR, DI,-DI; Inputs |
M Input Leakage Current o | LA Vi €V
MO Input |
Ik Input Leakage Current 40 '| LA Vg € Ve
DS Input |
Ve Input Forward Voltage Clamp -1 I| v lc = =5 mA
Vi Input “"Low™ Voltage .85 ] v
Vi Input “High" Voltage 2.0 | v
Voo Qutput “Low" Voltage 45 | v loo = 15 mA
Ve Output "Bigh™ Voltage 3.65 4.0 \ W le = =1 mA
lse Short Circuit Qutput Current -15 -75 mA Vo = OV, Vo =5.0V
lo Qutput Leakage Current 20 A Vo = 45V/5.25Y
High Impedance State
lee Power Supply Current 90 130 mA
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TYPICAL CHARACTERISTICS

INPUT CURRENT V5. INPUT VOLTAGE OUTPUT CURRENT VS. QUTPUT "LOW" VOLTAGE
o I T . 100 r
Veg - ¥5.0¢ Vo - a0V
|
-50 —-j-_P — T —t
| |
- R <
T -ton . £
2 . 2N e S
= I )/1“ .75 z
Z .50 L. | 4
S | ’ | a
ot
5 | ! 5
Z om0 ———ai L [ s
i | ! o
I
=250 | y—] i
i . !
-200 . i
3 2 ] [} 3] 7 13
INPUIT WOLTAGE (V) OUTPUT "LOW" VOLTAGE (v}
QUTPUT CURRENT ¥5. DATA TO OUTPUT DELAY
OUTPUT “HIGH” VOLTAGE V5, LOAD CAPACITANCE
L] T !
Vi =450V :
T, 25T v
0 ll |
. ! ‘
: |
& a
g [
= z
8 5
|: [+]
£ 2
£
a g
o
3
a0 70 30 a0 50 [} 50 100 10 z00 250 300
DUTPUT “HIGH" VOLTAGE IV} LDAD CAPACITANCE {pF}
DATA TO QUTPUT DELAY WRITE ENABLE TO OUTPUT DELAY
¥S. TEMPERATURE vS. TEMPEARATURE
72 T
Vg = +5.0V | ‘
10 SR - i — E
. . i
£ ' ! 1 o4
b i A o
I R B s et ;
o 1 i 2
= Tt =
TS | — - Q
= N 2]
3 == 2
£ i 2
=4 ! | -
o i H = )
12 | g .
T T
‘ |
S — S —
-5 [} 26 50 S 100 25 [} 2% 50 75 00
TEMPERATURE i*C] TEMPERAT LIRE |}
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TIMING DIAGRAM

f tpw } H -
| i
STB or 05y « D5y 1.5V - { 15V
Lﬁ g —=
OUTPUT x 1.5V
— e e — e Y
DSy = DSy 1.5y 1.5v

- ), — smmnonzrnom o] ¥
auTPUT 4 _l"‘“':‘?_rl
S AT

g
L
B
-
]
<=
L
<

r tc -
| ————
Do Y 15y
S g
ST T T T T T T T T
DATA 1.5 X 1.5V

D51+ DSy | gy

|
Nt \ {15y
|

NOTE: ALTERMATIVE TEST LOAD il

Yoo

> 10K
“

qur i
=

A
hhd
B
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A.C. CHARACTERISTICS
Ts = 0°Cto +75°C, Voo = +5V +5%

Symbol Parameter Limits Unit Test Conditions
Min. Typ. Max.
o Pulse Width 25 ns
toa Data To Qutput Detay 30 ns
;e Write Enable To Cutput Delay 40 Ins
[ Data Setup Time 15 | ns
t, Data Hold Time 20 | ns
t. Reset To Output Delay 40 ns

L, Set To Qutput Delay 30 ns
t Qutput Enable/Disable Time 45 ns

Clear To Output Delay

Fad
[4;]
L5
=
Lir)

CAPACITANCE*
F = 1MHz, Vgias = 25V, Voo = +5V, Ty = 25°C
Symisol Test LIMITS
Typ. Manx.
Cwn B3, MD Input Capacitance 9 pF 12 pF
G DS,, CK, ACK, DI,-DI, §pF  9pF
Input Capacitance
Cour DO -DO; Cutput Capacitance 8 pF 12 pF
“Thig parameter is sampled and;;.rﬂc% tested.
SWITCHING CHARACTERISTICS
Conditions of Test Test Load
Input Pulse Amplitude = 25V 15mA & 30pF

Input Rise and Fall Times 5 ns
Between 1V and 2V Measurements made at 1.5V

with 15 mA & 30 pF Test Load
300

TGO
DT,

30 DFI

600

* [INCLUDING JIG & FROBE CAPACITANCE
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8255A/8255A-5

PROGRAMMABLE PERIPHERAL INTERFACE

a MCS-85™ Compatible 8255A.5 o Direct Bit Set/Reset Capability Easing

o 24 Programmable /O Pins Controt Application Interface

a Completely TTL Compatible a 40-Pin Dual In-Line Package

a Fully Compatible with Intel® Micro-
processor Families

@ Improved Timing Characteristics o Improved DC Driving Capability

m Reduces System Package Count

The Intel® 82554 is a general purpose programmable 1O device designed for use with Intel® micreprocessors. It has
24 {0 pins which may be individnally programmed in 2 groups of 12 and used in 3 major modes of operation. In the first
mods {(MODE 0), each group of 12 11D pins may be programmed in sets af 4 to be input or output. In MODE 1, the second
mode, each group may be programmed to have 8 lines of input or cutput. Gf 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
lings tor a bidirectional bus, and 5 lines, borrowing ane from the other group, for handshaking.

PIN CONFIGURATION 8255A BLOCK DIAGRAM
rad[] 0 NS ol Pas
Fazl]lz F ] Pas l
Far[]a " ras i -
LR 3r[T] Par ot [ o o
wds wf0 S N — I T
il S | e —— s ) ! _:>-.;, Pay
oHD E ’ 34 ’: Do LU LI -
Aa1]a LL N
Aoy nl- e, L
FCI 10 o _‘
ree [ 4255 3 o, . o
o l 1o, - A e K=o e
x‘E‘i 23:05 LTINS TR LY TR - .
oo 1e e o —— e p—/————
e ]1s 260 Yo W) e | -———-\)“”
rezl s [ ] rat e . e .
poz [ 7 7] B T <:_ % B 'C_ >‘(,—' *y
FEQ[ 10 23 _| pet :
Farf s 27]_] roa t
rAz 20 N[ rex [
q—...—____._.. A -— e —=
R — P -
TR, € . et
PIN. NAMES B ot [ e .
RPN — -
BBy DATA BUS {BILOIRECTIONAL | .
AESEY | MESETINPUT 1 t
CHIF SELECT
AD READINPUT
WA WRITEINPUT o __?
AD, A1 PORT ADDRESS

PAT.PAD FORT A BIT}
" PET-PBO POAT B (BIT)
FC7PCO | PORT C{RT)

Yee +5 YOLTS
GND GVOLTS
@ Intel Carporatian, 1878 February, 1375
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8255A FUNCTIONAL DESCRIPTION

General

The 82554 is a programmable peripheral interface (PPI)
device designed for use in Intel® microcomputer
systems. Its function is that of a general purpose IO
component to interface periphsra! eguipment to the
micrecomputer system bus. The functional configura-
tion of the B255A is programmed by the system software
s0 that normally no external logic is necessary 1o inter-
face peripheral devices or structures.

Data Bus Bufier

This 3-state bidirectional 8-bit buffer is used to interface
the 8255A to the system data bus. Data is transmittaed or
received by the huffer upon execution of input or autput
instructicns by the CPU. Control words and status infor-
maticn are also transferred through the data bus buffer.

Read/Write and Contral Logic

The function of this block is 1o manage all of the internal
and external transfers of hoth Data and Contral or Status
words, 1t accepts inputs from the CPU Address and Can-
trol busses and in turn, issues commands to both of the
Cantrol Groups,

(CS)
Chip Select. A “low" on this input pin enables the com-
muniction betwaen the 8255A and the GPU.

(RD}

Read. A “low” on this input pln enables the 8255A to
send the data or status information to the GPU an the
data bus. In essence, it allows the CPU to “read from”

the B255A,

(WR)

Write. A "low" on this input pin enables the CPU to write
data or control words into the B255A.

{Ag and Aq}

Port Select 0 and Port Selact 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
reglsters. They are normally connected to the least
significant bits of the address bus {Ag and Ay

8255A BASIC OPERATION

Ay | Ag | AD | WA | & | INPUT OPERATION (READ)
[ o 1 0 | PORT A =DATABUS
0] 1 ¢ 1 0_| PORT B = DATA BUS
10 ¥ 1 0 | PORTC - DATA BUS

: OUTPUT OPERATION

| l {(WRITE)
o "ol 1 [ o[ ol pajasus—poATa
6 1 1 1 0 : 0 | DATABUS=PORT S
1 0 1 0 | 0 | DATABUS S PORTC
1 1 1 0 | 0 | DATABUS~CONTROL

i DISABLE FUNCTION
X X X | 1 | DATABUS= 3-5TATE

[ 1 Q 1 | 0 | ILLEGAL CONDITION
x| x 1 1 | o | DATABUS=3-STATE

pars

[
RUFER

8255A Block Diﬁgram Showing Data Bus Buffer and ReadiWrite Control Logie Functions

40
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(RESET)

Reset. A “high on this input clears the control register
and all ports (A, C, C) are sset to the input mode.

Group A and Group B Centrols

Tha 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
82585,

Each of the Control blocks (Group A and Group B} accepts
"eammends” from the Read/Write Control Logie, receives
“control words” from the internal data bus and issues the
proper commands to its associated ports,

Control Group A — Part A and Port C upper (C7-C4)
Control Group B — Part B and Port C lower {C3-CO

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 parts (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 B-bit data output Jatch/buffer and one 8-bit
data input latch.

Port B. Cne 8-bit data inpulfoutput latchibuffer and one
8-bit data input buffer.

Part C. One B-bit data cutput Jatchibuffer and cne 8-bit
data input buffer (no latch for input). Thig port can be
divided int¢ two 4-bit ports under the mode conirol.
Each 4-bit port contalns 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

“PaIPAD | PORTABIT)

. L - raafg s av [T paa
. : oL - raz ]2 3 [T eas
A e [ InE] A ras
. . ‘ map[ ]2 a[Jrar
) l L — : . Ael]s [V wa
wl_s 5w K . A coowr e ) ) L% 35 [ RESET
AL [ B T " . GHD ] ? Mo,
asoum Koo e KD i, N ah
EORTRGY C::: o . i L B N . !
S oo o L ao[]B 2o,
O N T N Pcid:n »[= o
L : P e L LI Ty
. '. : * L ] res Tz Ao,
. GROLR LINEH @] o,
K e KD e, T N
: . erea Pt - [ oy
. . : W per )1 8[01 Ve
SDMECTIONAL OATA BUS - - E A . - o J
o > oAt <: > . - ecz s [ 1er
T FAER - V. o ) poa [J1r 24 res
. amT . - N
WrEha . GROUR S rea {10 a7 res
| oaraes - 13 . Jn =
FIAT G
7 R e K, : e
L : B LR PR [ E 217 pe3
T i S e -
" rean: : [EE O TR B . PIN NAMES
e, K= | - S
[T o —. - -
' -} Tiook - (:::} s (: aprg !_97 Oy, DaTp susml-DmEc‘noNAL:]
e : e L T RESET | AESETINFUT 1
AESET =t 1 s B co ,_'.:g _ChiP SELECT |
. - i A I S A0 AEAD INPUT
. - : N : () WRITE {NPUT
: - an, Al PORT ADDRESS
- . f ]

iﬂ??&l PORTB BITS _

PC7PCO_ PORTC@TI |
| ¥ec +5 WOLTS |
|_GND o VOLTS |

Figure 2. 8225A Block Diagram Showing Group A and
Group B Control Functlons
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8255A OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can be select-
ed by the systern software:

Made 0 — Basic Input/Qutput
Made 1 — Strobed lnput/Qutput
Mode 2 — Bi-Directional Bus

When the reset input goes "high” all ports will be set to
the input mede (i.e,, all 24 lines will be in the high im-
pedance state). After the reset is removed the B255A can
remain in the input mode with no additional inittalization
required. Curing 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.

The modes far Port A and Port B can be separately defined,
while Port C is divided into two portions a5 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. Mades may be combined so that their
functional definiticn can be “tallored" tc almost any 1/Q
structure, For instance; Group B can be programmed in
Mode O te monitor simple switch closings or display campu-
tational results, Group A could be pregrammed in Mode 1
to monitar a keyhoard or tape reader on an interrupt-driven
basis,

ADCRESS BUS 1

CONTROL DUS i

- EFaRE
S

Dy Dy Ao;“nJ’
=

22554 n _[

% A0 30

PRy PRy PCyPE, PGy #Ey

[+]
5 |

MODE1 —=] B ———— A T

e T

P, P, CONTROL  CONTROL
JA o OR /O

N R SU

T

PBy PHy [ Bl PA,£A,

CONTROL

Figure 3. Basic Mode Deflnitlons and Bus (nterface

CONTROL WORD

OT DB DS D-t n] DZ DI Dﬂ

GROUP B

PORT C [LOWER|
1= INPUT
0= DUTRUT

PORTB
1= INPUT
0= OUTPUT

MODE SELECTION
1= MODE 0
1= MODE 1

GROUP A

PORT C {UPPER)
1= INPUT
o= OUTPUT

PORT A
1= INPUT
0= OUTPUT

MODE SELECTION
00 = MQDE 0
01 = MODE 1
1% = MODE 2

MODE SET FLAG
1= ACTIVE

Figure 4. Mode Definltion 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 VO ap-
proach will surface. The design of the 8255A has taken
into account things such as efficient PG board layout,
control signal definition vs PC layout and complete
functional flexibllity to support almost any peripheral
davice 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
Oy | D § B | Dp | By | Py | By | By
T I BIT SET/RESET
X kX 1= 5ET
@= RESET
TONT
CARE
BIT SELECT
CMHEEIEIEE
o[ [a[7[e[1[e]7[aq
loo[1"1[o[o[2] [k,
oj¢]ojoj1i1[1}1]a
BIT SET/RESET FLAG
0= ACTIVE

Flgure 5. Bil Se¥Reset Format

When Pert 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 cutput ports.

Interrupt Control Functions

When the 8255A is programmed to operate in mode 1 ar
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 satting or rasetting the associatad INTE flip-
flop, using the bit setireset function of port C.

This function allows the Programmer to disallow or allow a
specific 1/O device to interrupt the CPU without affecting
any other device in the intertupt 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 Resel.

Operating Modes

Made 0 Basic Funetional Definitions:

# Two 8-bit ports and two 4-hit ports.
& Any port can be input or output,
MODE 0 (Basic Input/Qutput). This functional configura- ® Qutputs are latched.
tian provides simple input and output cperations for ® Inputs are not latched.
each of the three ports. No “handshaking” is required, @ 16 different Input/Qutput configuratians are possible
data is simply written to or read from a specified port, in this Mode.
Re {
S /
N 7
e— —lp - —] t+— tyg —=
!
INPUT K
A
|‘—‘na—‘—- tna
5. M1, a0 (
A )
y
e X }——-
tAp o '—"I
MODE 0 {Baslc Input)
Yw
" A -
" \ 7
o g —]
Y
Br o X JK
T twa i
s X A
A
CUTRUT X
-

MODE 0 {Baslc Qutput)
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MODE 0 Port Delinition

A B GROUP A GROUPB
PORT C PORTC

Dy O3 | Dy Og | PORT A (UPPER) # POAT B (LOWER)
0 0 o a QUTPUT QUTPUT a QuUTPUT QUTPUT
Q 0 [H 1 OUTFUT | QUTRUT 1 QUTPUT INPUT

o] ) 1 0 OUTPUT | OUTPUT 2 INPUT SUTPLT
o] 0 1 1 OUTPUT | QUTPUT 3 INPUT INPUT

0 1 D Q QUTPUT INPUT 4 QUTPUT QUTPUT
0 1 Q 1 OUTPUT INPUT o QUTPUT INPUT

a 1 1 a DUTPUT INPUT & INPUT OUTPUT
Q 1 1 1 QUTPUT INPUT 7 INFUT INPUT

1 Q 0 ] INPUT QUTPUT | B | QUTPUT | OUTPUT
1 Q o] 1 INPUT QUTFUT 9 QUTPUT {NPUT

1 0 H 0 INPUT OUTPUT 10 INPUT QUTPUT
1 0 1 1 INPUT QUTFUT 1 INPUT INPUT

1 1 o 0 INPUT INPUT 12 | QUTPUT | DUTPUT
1 1 o 1 INPUT INPUT 13 QUTPUT INPUT

1 1 1 a INPUT INPUT 14 INFUT OUTPUT
1 1 1 1 INFUT INPUT 15 INPUT INPLIT

MODE 0 Configurations

CONTROL WORD 20
O 0 b, D, By D D, D

CONTROL WORD #2
n? DS uE nl DS D! D‘ DQ

Llefelefolofo]o] Llelelelelef o]
A e en A, P8 ot pas
B255A BIS5A
Lt R, LNy
Oy-Dy c«!: Dyl o ~|: .
I L Ey S
a—+t o en, B|l—%— B ey,
CONTROL WORD #1 CONTROL WORD #3
D, O By O, Dy D O, O P O by By 0 0, Dy Oy
Llefefelolole ] Llefefolefef 1]
Py U1 E— PALPAy Af—r - PA,Phy
B255A B255A
——:¢—" PoyPe, ——)LLF* Poy P,
DDy == l:~|: 0,0y &= [ {
-+ Py PC, “_XL PEyPL,
B |—ﬁf—-s FB,-PH, 8 |1 — e, e

T-44
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CONTROL WORD £4
D? DB DE B, DJ D! D,

nonDEonD

At paPa
B255A
e FCy#Ey
DyDy ] c
: 4
% . e e,
afl—% PB,-FO,
CONTROL WORD =6
Oy D, O, O, 0, D Ty Dy

22554

By g

COMTREL WOND =4
D, Db D, B, D D, D,

[T

Afe—rt paye
BS54
4
fb—— 21— peype,
R c
4
iy PC
a
B S L ——_ FIR;-PRy
CONTROL WURD ¥¢
D Dy Dy D D o,

nooponnn

a -—-—/—-—8 P, PR,
82554
4
._/_. PC,.PC,
Op Oy +— c
4
—F——— ey Pe,
gf— % e ra,

CONTROL WORD #8
Oy By By O Dy D By Dy

[LLLLLLT]

| L IS
22564
&4
% ke,
0, Dp +————= <
<2 . pegp,
B [+—+E— peyem,

CONTROL WORD =10
Dy Oy Dy Dy Dy D By 0,

Llefel fele] ]}

8

B [t Pr Pa,
AI55A

L, B [

Dy -0y, A -] [ .
e PGy PG,

8
B |l PB,-PR,

CONTAOL WORD #7
Oy O D05 O, O D D, 0,

Llefelel [el]]

A -—fL—pn,.P.aﬂ

82554
4

f——t PCy-PCy

L —— c

)

B le—7rEl— rp Py,

"745

EONTROL WORD #11
n? DS DE n‘ u:I DZ Di Dﬂ

B255A

D?'BI'I -] [+
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CONTROL WORD #12
D, Dy Dy O, Ty By D, Dy

Dy Dy =

-]
\‘\a
k]
-]
-
k]
-]
o

CONTROL WORD #14
Dy B Dby D Dy D By Dy

Llefel ol [e]

8
b |e—F—— Pajpay

a255A
—_—t
FC, P,
DByDy e —| o

—44——» RFCy-PC,

) N Sy—

CONTROL WORD 12
b, D Dy O, D D; D, DO
T

Clefelefefele]r]

Af—nt Paz PAy

82558
4
~————— FC, PG,
woe——f o]

IR L. - Pey P,

3
8 |——+——= ra, PR,

CONTROL WORD #15
D, Dy Dy O, Uy Dy Dy By

Ly Dhy w——————

Operating Modes

MODE 1 (Strobed Input/Qutput). This functionai con-
figuration provides a means for transferring IfO data to
or from a specified port in conjunction with strobes or
“handshaking' signals. In mode 1, port A and Port 8 use
the lines on port C to generate or accept these “hand-
shaking” signals.

746

Mode T Basic Functional Definitions:

® Two Groups {Group A and Group B)

® Each group contains one 8-bit data port and one 4-hit
control/data port.

& The 8-hit data port can be either input or output.
Bath inputs and outputs are latched.

® The 4-bit port is used for contrel and status of the
8-bit data port,
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Input Control Signal Definition

MODE 1 (FORT Ap
STR {Strobe Input). A “low" on this input loads data into
the Input lateh. Phy P

CONTROL WORD

IBF (Input Butfer Full F/¥) DO D e B BT | Tl [ r
Lfe[ [ PepPPG ) Lo i ™

A "high” on this output indicates that the data has been e s LI

loaded into the input lateh; in essence, an acknowledgement 1:.'NPL,T

IBF is set by STB input being low and is reset by the rising 0= QUTRUT

edge of the RD input. POy fmsmmim INTR,

ET p——

INTR (Interrupt Request) 2

g 3 [+—7F—* uD

A "high” on this output can be used to interrupt the CPU

when an input device is requesting service. INTR is set by MQDE 1 [PORT B
the S5TB is a “one”, IBF is 2 “one” and INTE is a “one™. P b
It is reset by the falling edge of RD. This procedure aflows CONTROL WORD T

an input device to request service from the CPU by simply

N . 0y Dy Dg Oy B3 D, Ny D,
strabing its data into the part.

1 (1

T a_J
INTE A D
----- - FC = INTH

Caontrelled by bit set/reset of PC,
INTEB
Controlled by bit set/reset of PCo.

Figurs 6. MODE 1 Input

toyrqw——

INTR

— N
T .

WNPUT FROM __
PERIPHERAL
— g

Figure 7. MODE 1 (Strobed Inpul}
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Cutput Control Signal Definition

OBF (Qutput Butfer Full FiF). The OBF cutput 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 resel by ACK Input being low.

ACK (Acknowlsdge Input). A “low" on this input informs
the 8255A that the data from port A or port B has been ac-
capted, In essence, a response from the peripheral
device indicating thal it has received the data output by
the CPU.

INTR (Interrupt Requast). A "high' on this output can be
used tointerrupt the CPU when an output device has ac-
cepted data transmitied by the CPU. INTR is set when
ACK isa"one”, OBFisa‘one” and INTE isa “one". [tis
reset by tha falling edge of WR.

INTE A
Caontrolled by bit set/reset of PCg.
INTEB
Controlled by bit set/reset of PC 5.

MOOE 1 {POAT a)

COMNTROL WORD
Dz Op Dy Oy Dy Dy Oy By

LTI T

Phy-PA,

Plas
1= INPUT
o= OUTFUT
W ——
2
PCy.8 [wn
MODE 1 (PORT B}
P PBal 2
CONTROL WORD

Dy D; Oy B, Dy Dy Oy Dy

1 T|a

Py

[+— AW,

~—= INTRg

Figure 8. MODE 1 Output

W N
N F—
)i
P —
INTR />
b twir /
QuUTPUT

Figure 9. Mode 1 (Strohed Qutput)
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Combinations of MODE 1

Port A znd Port B can be individually defined as input or
output in Mode 1 1o support a wide varigty of strobed (/O

applications.

Al ——f

Pa,-PAy

Pey

K]
o sii,

|———= 1BF,

[TRCTH Y
7 ]

—
P —

FCp |l +—— AEK,

CONTROL WORD CONTROL WORD
O, Og by O, O Dy Dy Iy PCy|—=INTR, D; Ug By b, D Dy By Dy PGy [—— INTR,,
|1fo 1 11:0[1 a§| 2 1{a |1 |o]ua| 2
Py 3 |+—pime 113 [P SR I
L PCs 7 PCa 5

1= INPLIT PE, PR 1= INPUT |

0= OUTPUT P8 2 0= QUTPUT Ath] N

WR ———- PC,|—= DBF, RO ——=0f PO |—— 575,

Py |—— Acky

Ty = INTR,

PORT A = (STROBEQ INFUTI
FOAT B — {STAGBED QUTPUTH

Py |——= INTR,

POAT A — [STROBED QUTAUTI
PORT B — {STROBER INPUTI

Figure 10. Combinations of MODE 1

Operating Modes

MOQDE 2 (Sirobed Bidiractional Bus NQ}. This functional
configuration provides a maans for communicating with
a peripheral device ar structure on a single 8-bit bus far
both transmitting and receiving data (bidirectional bus
1/0}. “"Handshaking” signals are provided to maintain
propear bus flow disciplina in a similar manner to MODE
1. Interrupt generation ang enableldisable functions are
also available.

MODE 2 Basic Functional Definitions:

@ Used in Group A only.

& (Jne B-bit, bi-directional bus Port (Port A} and g 5-bit
cantral Port {Port C},

® Both Inputs and outputs are latched.

& The 5-bit contral port (Part C} is used for cantrol
and status for the 8-bit, bi-directional bus part {Port
Al

Bidireclional Bus /O Control Signal Definition
INTR {(Interrupt Requesl). A high con this output can be

used to interrypt the CPU for both input or cutput opera-
tions,
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Output Operations

OBF (Outpul Buffer Ful). The OBF output will go “low”
to indicate that the CPU has written data out to port A.
ACK (Acknowladge). A “low"” on this input enables the
trl-state output buffer of port A to send out the data.
Otherwise, the output buffer will be-in the high im-
pedance state,

INTE 1 (The INTE Flip-Flop Associated with OBF). Con-
trollad by bit setfreset of PCg.

Input Operations

STE (Strobe Input}

STB (Straba [nput). A “'low" on this input loads data into
the input latch.

IBF (Input Buffer Full F/F). A “high” on this output in-
dlcales that data has been loaded into the input latch.

INTE 2 (The INTE Flip-Flop Associated with IBF). Con.
trolled by bit setfreset of PC,.
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CONTROL WORD

O Dg Dy Dy 0, D Oy D

[T XX}

————= iNTR,

Pc?ﬂ

1= INPUT
0= 0LTPUT

————= PORATE

1= INPUT
QrQUTPLT

———— §TB,

1BF,

= GROUP B MODE
a=MIDED
T = MODE 1

3
AD ———=0y PGy, [+—rA—e i

Flgure 11. MODE Control Word Figure 12. MODE 2

DATA FROM

CPU TO 62554
/ T

WA
vd R
e T ) |

- I N / ?

~3_ .

! \ oty —|

b
= 1\ \ P

5T

1

18F f *

r 1

| Ty —ltaplr— —=| %o )

| H
PERWPHERAL __ _ .. 4 | —_——

BUS - ;>- ‘<
/ |ty p—— +— TR
o / /
GATA FROM DATA FROM
FERTPHERAL TC B235A 42554 TG PERIPHERAL
DATA FRDOM
22554 TO 8020

Flgure 13. MODE 2 (Bidirectional)

NOTE:  Any sequence where WR occurs before ACK and STB octurs before RD is permissible.
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MODE 2 AND MODE 0 {INPUT)

CONTAOL WORD
Dy D; Dy Oy Oy Dy Dy Dy

1o PP o] jvef

PCaq
1= INPUT
0= QUTPUT

e, e INTR,

P, f———= 0TBF,

P [+ ack,

#g, [+———— 5T,

oy |——= oF,

Pa,Pey

MODE 2 AND MODE 0 1OUTPUT!

CONTROL WORD
D, Dg Oy B, O, O, O, O

1|1 oo

o
12 INPUT
o= DUTPUT

PayPA,

———e w7,

|~ oF,

-
ACK,

8,

f——— 18F,

= 1

MODE 2 AND MODE 1 [QUTPUT)

COMTROL WO RD

Oy Dg Og Oy Oy Dy O, Dy

L1 DD [o Y]

1
Pa, PA

Py

¥, PB,

PCy

PCy

FCy

| — e TR,

|——— O6F,

b i,

MODE 2 AND MODE 1 {INPUT}

CONTRGL WoRD

Dy Dg Og O, Oy Dy Oy O

Db DDA ] Y]

RD ——e-(

WR ———=q)

FCa
PigPiy
ey

Py

&
PGy
P8, PB,
PGy

PGy

f—— InTR,

5T,

| ——— i5r,,

T8y

——— 1BFy

———=
INTRg

Figure 14. MODE 2 Combinations
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Mode Definition Summary

MODE 0 MODE 1 MODE 2
N ouT 1IN ouT GROUP A ONLY
PAg N | oUT IN out -y
PA IN ouT IN ouT -
PAZ IN ouT N out -
A3 iN out IN out -
PAy IN auT IN ouTt -
PAS N ouT IN ouTt - — -
Pag IN ouUT IN ouT -
PAZ [Iy'] || ouT IN ouT -
PBg N | ouT IN ouT —
PBY IN out N ouT —
PBy IN ouT IN ouT _
PB3 IN ouT N ouT — MODE O
PBy IN ouTt IN ouT — — OR MOGE 1
PBSg IN out IN ouUT —_ ONLY
PBg N ourt N ouT —_
PBE7 IN QuT IN ouT -_—
PCo IN our INTAR INTRp i
PCy IN ouT IBFg 0BFp 1/
PCa IN ouTt 5TBg ACKg Fis}
PC3 IN auT INTR 5, INTR INTR A
PC4 IN ‘ out §TBA 1o 5764
PCs IN ouT IBF 4 o IBF 4
PCs in | our ) ATR A ACRa
PC7 N, ouT 170 OBF 4 OBFa

Speclal Mode Combination Considerations

There are several combinations of modes when not all of the
hits in Port C are used for control or status. The remaining
bits ¢can be used as follows:

If Programmed as Inputs —
AH input lines can be accessed during a2 normal Port C
read,

If Programmed as Qutputs —
Bits in C upper {PC3-PC4) must be individually accessed
using the bit set/reset function.

Bits in C lower (PC3-PCp) 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 sight output buffers, selected randomly from
Ports B and © can source 1TmA 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 ar fram 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 s
executed to perform this function.

INPUT CONFIGURATION
o, Dy B, B 0, B Db Oy

|.fn‘ G | 18F, [INTE, 18F,

INTR,, ; INTE
al

INTRsl

GROUP A GROUF B

DUTPUT CONFIGURATION
B, By Dy Dy Dy B2 Oy Dy

1o 1o

GEF, Lmeﬁl INTR,, | INTE, | GBF, rINTR"I

T
GROUP A GROUP B

Figure 15. MODE 1 Status Word Format

o, D, Dy D, Dy D, B 0o

Lo DA

— e . .

GROUF A - GROLFE

INTE, | 18f, |INTE,

{DEFINED BY MDDE-_O DR MODE 1 SELECTIONE

Figure 16. MODE 2 Status Word Format
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INTERRUFT
REQUEST
APPLICATIONS OF THE 8255A
T, D
The 8255A is a very powerful tool for inlerfacing —— Ry
peripheral equipment to the microcomputer system. it ! pa, f, FULLY
represents the optimum use of available pins and is flex- Paq Ry hwanamn
ible engugh to interface almost any O device without L R,
the need for additional external logic. i D
K . - Pag SHIFT
Each peripheral device in a microcomputer system NPT o CONTROL
usualiy has a “'service routine” assoclaled with it. The !
routine manages the software interface between the e, STROBE
device and the GPU. The funciional definition of the | peg ACK
82554 is programmed by the IfO service routine and -
becomes an extension of the system software. By ex-
amining the IO devices interface characterislics for —
both data transfer and timing, and matching this infor- ¥Ey B
to th les and tables in the detailed il R I
matian to t ee_xamp es and tables in the detailed opera- | rB, 5, BURAOUGHS
tional description, a control word can easily be devel- : PB’ E’ Sg;;;fiﬁ”
oped to initialize the 8255A to exactly “fit” the applica- | og Bi
- . 4
tion, Figures 17 through 23 present a few exampies of 0| S Y
i MODE 1
typlcal applications of the 8255A. . o 8, BACKSPACE
ey CLEAR
|
| PE, DATA READY
INTERRUFT I e, AGK
REQUEET . I’Ca ———| BLANKING
P PG CANCEL WORD
PGy ]
[T+
+ Loa, 7
Pa, INTERRUPT
REQUEST
J Py e HIGH-SPEED
" PAy PRIMTER
| —_— - .\
| PAy . Figure 18. Keyboard and Display Interface
A,
MODE1 . P;‘ )
QUTPUT] -] ERAUFT
Phy | . HAMMER T
- RELAYS REQUEST
i BC, DATA READY
PCg ACK PCa ey Ry
| pey PAPER FEED Pa, R,
PG4 FORWARDYREY oA, ",
B2s5a a FULLY
by |— mone v | PAs 3 DECOCED
{INBUT) KEYBOARD
, PBy J Phy Ry
| PB; | PAg Rg
|P'Ba DATA READY 2554 ! Phg SHIFT
! pa, | ACK Po; CONTROYL
MQDE 1 P‘B;_—. PAPER FEEL
(OUTPUT) |P‘BG FORWARD/REV
PE, HIEBON { PC, STROBE
CARRIAGE 3EN, FC, ACKNOWLEDGE
PC, DATA READY || P BUSY LT
LP':Z ACK | o2, p—r—| TESTLT
e 11 11 r 000 T/ . prmp—
fey TERMINAL
COMTROL LQGIC AND DAIVERS PB. - ADDRESS
INTERRUPT 1 ! _——
REQUEST Fi,
MODE 0 _| M s _ e
Figure 17. Printer Interface (NPUTE ] pB o
[2:8 B
PB, -
| re, & ™o
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INTERRUPT
REQUEST

P LE58 -

Ao FCs | "pag Dy

Piy

P, Pi By

Pa, Phz D,

PAy D, FLOFPY DHSK

PRy Pg o CONTAGLLER
MODED | ray o D-\ AND DRIVE

OUTPUT] | pa, 12T & 5
oA MODE 2 | Pag R
. —= A
; CONVERTER NALOG OUTRUT oy o,
Py = —= {DACH
? P, DATA STR
B PO, [——- ——=| ACK iIN}
a2seA oo, ——-  —=] M5B s
PC, DATA READY
— PC,
Pty |—-————=| sTBDATA L & ACK 1OUTY
8255
PC QUTPUT EN
' 1 P, TRACK “0" SENSOR
Bl
SET/RESET PE, SYNC READY
FC, SAMPLE EM Py INDEX
L PCJ 78

FBy LEE PBy ENGAGE HEAD

be, s "By FOMMARDAIEY,

PB; CONVERTER -—— AMALOG ENPFUT PBz READ ENABLE
MODEQ | Ay fe— ] (ADC] mope o | PR3 WRITE ENABLE
{INPUTE PR, f———— GUTPUTY | PBa DISC SELECT

i PBg | = -—— PDg EMNABLE CRC

PE, [3:3 TEST

-8 M3E LPB; BUSY LY

Flgure 20. Digital to Analog, Analog 1o Digital Figure 22. Basic Floppy Disc Interface
INTERRUPT INTERRUPT
RECUEST REQUEST
PCs "P.aﬁ —— | R Py | pa, Ry
Pay f= | By CRT CONTROLLER Pa, R,
| p R SLEVEL
I Pay 2 + CHARACTER GEN. Phy, Ry PABLE
o o o
i Pa, Ry = CUR: R A, Ry READEMN
P Rg [ R,
I mope 1 | o s
MODE 1 _, PAg SHIFT aneum | P Ag
IOUTPUT  pa, COMTROL P, R,
| o
e, DATA READY PL;, §T
| g ACK Fe; ATK

PE:5 BLANKED PCy STOR/GO

PGy BLACKMWHITE -

B255A _ B255A RMACHINE TOOL
_ _PCQ START/STOP

¥C, ROW STB :‘;‘3;‘&‘: 4 rc, LIMIT SENSOR {H/V)

PC, COLUMMN STB PCy OUT OF FLUID

FC, CURSOR M/V STB -

PB, - PE, CHANGE TOOL
wmope o _ P8y f———| | PG, LEFT/RIGHT
OUTPUT) PE |————— *~ FB; |- ————— —| UM/DOWN

i PRy | SURSGRIAUN/COLUNMN MODE 0 | Py HOR, STEP STROBE
| PE, L HEV outeuT | PR, VERT, 5TEP §TROSE
lppg |——- —| Poig |—— ——=| SLEW/STEP

PE; FBy FLLIM» EMABLE

| Poy [-m-———] P EMERGENCY STOP
Figure 21. Baslc CRT Controller Interface Figure 23. Machine Tool Controller Interface

7.54



8255A/8255A-5

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias, . ... ... . 0°C to 70°C
Storage Temperature . .. .. ... ... ... —65°C to +150°C
Yoltage on Any Pin

With Respect to Ground . ., .. ... ... =0.5V to +7V
Power Dissipation . .. .. .. ... .. 0 cu o 1 Warnt

‘COMMENT: Stresses above those listed under “Absoifute
Maximum Ratings™ may cause permanent damage to the
dovice, This is a stress rating only and functional opera-
tion of the device at these or any other conditions abave
those indicated in the operational sections of this specifi-
cation fs not implied, Exposure to absofute maximum
rating conditions for extended periods may affect device
reliatility.

D.C. CHARACTERISTICS
Ts = 0°C ta 70°C, Vg = +6V 16%; GND = OV

SYMBOL PARAMETER MIN, | MAX. |UNIT TEST CONDITIONS
VIL Input Low Voltage -0.5 | 0.8 v

VW Input High Voltage 20 | Veo W

Vg, {DB] | Qutput Low Voltage {Data Bus) 045 | V | lpL=25mA

Vo L{PER]| Output Low Voltage {Peripheral Port) 0.45 1 loL = 1.7mA

Vg {PB) | Qutput High Voltage (Data Bus} Z4 W lap = -400uA

Vo {PER]| Output High Voltage {Peripheral Port) | 2.4 v loH = -200::A

Iparl!l | Darlington Drive Current -1.0 | -40 | mA Rext = 7505 Vexr= 1.5V
lce Power Supply Current 120 | mA

i Input Load Current 0 | pA Vin = Voo to OV

loFL Qutput Float Leakags 20| pA VouT = Voo to OV

Nete 1: Available on any 8 pins from Port B and C.

CAPACITANCE
Ta =268°C: Voo = GND = OV

SYMBOL PARAMETER MIN. TYP. MAX, UNIT TEST COMDITIONS

Cin Input Capacitance 10 pF fc = 1IMH2z

Cuo 14O Capacitance 20 nF Unmeasured pins returned to GND

500
ouT Ay O Vext®
% 100pF

“YexT is sst al various voltages during testing to guaraniee the speciflcation.

Figure 24. Tesi Load Circuit (for d8)
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A.C. CHARACTERISTICS

Ta = 0°Cto 70°C; Ve = +5V £6%: GND = DV

Bus Parameters
Read:

| Thie ' B2S5A-5 specifica-
. tiens are not tinal; Soame:.
. parametric limifts are sub-".
iject lo-change. - :

82554 L REBAG TV
SYMBOL PARAMETER MIN, MAX. | MIN, | MAX.| UNIT
AR Address Stable Before READ 0 o 0 ns
tra Address Stable After READ V] {] ns
taR READ Pulse Width 300 ns
tRD Data Valid Frem READII 250 200 ns
1oF Data Float After READ 10 150 L30T 100 ns
thy Time Between READs and/or WR ITEs 850 ' ' ns
Write:
82554 U B25BAS. -
SYMBOL PARAMETER MIN. MAX. | MIND | UMAXH| uniT
taw Address Stable Befare WRITE a o ns
twa Address Stable After WRITE 20 ns
tow WRITE Pulse Width 400 ns
tow Data Valid to WRITE {T.E.} 100 ns
Wwo Data Valid After WRITE 30 ns
Other Timings:
8255A
SYMBOL PARAMETER MIN. MAX, UNIT
twe WR =1 to Outputl] 360 ns
tir Peripheral Data Before RD a ns
tHR Peripheral Data After RD Q ns
tak ACK Pulse Width 300 ns
tgT STE Pulse Width 500 ns
tpg Per. Data Before T.E. of STB a ns
tpH Per. Data After T.E. of STB 180 ns
tAD ACK = 0to Output(l] 300 ns
tep ACK = 1 to Output Float 20 250 ns
twor WR = 1 to OBF = 01'] 650 ns
0B ACK = 0 to OBF = 111 350 ns
tg1B STB =010 IBF = 111 300 ns
tria RD=1to 1BF =0l 300 ns
taT RB = 0tc INTR = gl 400 ns
tgiT 5TB =110 INTR =111l 300 ns
taT ACK =110 INTR =101 350 ns
WIT WR =010 INTR =0l 850 ns

Notes: 1. Test Conditions: 8255A: G = 100pF; B266A-5: C) = 150pF.
2. Period of Resst pulsa must be at ieast 50us during or atter power on.
Subseguent Reset pulse can be 500 ns min.
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4

F 70
T vesTroNTs T
a8 el

0.45

Figure 25, loput Wavaforms for A.C. Tests

RD l L

|
)

g ——| P Tg —=
|
INPUT K
A
——

Tap———— o~ tgn .
GE, A1, AD X

I —— B ( ){

)..__._...

Figure 26. MCDE 0 {Basic Input)

. | N "w.,«k

| tan : twa

%, A1, 80 x

y
QUTPUT y
h

tun

Figure 27. MODE 0 {Basic Quipul)
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oty —————

1 T

=— 158 —
18F- \
Tar [T 0
INTR L.—! ‘l

HIT_"] /J"
m 4 / ) A

far— Tppy —a|
INPIJTFHUM____<! ——— i — — ——— — T ————
PERIFHERAL h

Figure 26. MODE 1 [Strobed lnut)

S ——
INTR
[ Ty —= -/
CUTRLT
—Ywo

Figure 29. MODE 1 {Strobed Output)

758



8§255A/8255A-5

CATA FROM

BO&0 T0O 8255
A _—

!

e ]

= | \/ | /1

| ~—twon ——ﬁllll

INTR \- ||| /I !\\
T e
AR \ \\ - i /
tar

togg [e—] I

IBF +
| s —={tap[*— — o [+—
Y y
FERI;CEERIQL __________ _{ J>_____< ——t o — —a o
—= T — = "Rin

ATA FROM DATA FROM
PERIFHERAL TO 8255 8255 TO PERIPHERAL

DATA FROM
B235 TO 8080

Flgure 30. MODE 2 (Bidiractional)

NOTE:  Any sequence where WR occurs betore ACK and STE oceurs before A0 is permissible.
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antea 8251A

PROGRAMMABLE COMMUNICATION INTERFACE«»

L

@ Synchronous and Asynchronous a Error Detection — Parity, Overrfm and”
Operation Framing

a Synchronous 5-8 Bit Characters;

Internal or External Character Synchro- g Fully Compatible with 8080/8085 CPU
nization; Automatic Sync Insertion

a Asynchronous 5-8 Bit Characters; @ 28-Pin DIP Package
Clock Rate—1, 16 or 64 Times Baud
Rate; Break Character Generation; 1,

1%, or 2 Stop Bits; False Start Bit o All Inputs and Qutputs are TTL
Detection; Automatic Break Detect Compatible
and Handling; 19.2K Baud.
s Baud Rate — DC to 64K Baud e Single + 5V Supply
m Full Duplex, Double Buffered, Trans-
mitter and Receiver o Single TTL Clock

The Intel® 82514 is the enhanced version of the industry standard, Intel® 8251 Universal Synchronous/Asynchronous
ReceiverTransmitter {USART}, designed for data communications with Intel’'s new high performance family of
microprocessors such as the 8085, The 8251A is used as a peripheral device and is programmed by the CPU to operate
using virtuatly any serial data transmission technigue presently in use {including IBM *'bi-sync”). The USART accepts
data characters from the CPU in parallel format and than converts them into a continuous serial data stream for
transmisslon. Simultaneously, it can receive serlal 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 GPU can read 1he complete status of the USART at any time. These include data
transmission errors and contro! signals such as SYNDET, TXEMPTY. The chip is constructed using N-channe! silicon
gate technology.

PIN CONFIGURATION BLOCK DIAGRAM

m, T 1Y
n, [ 2 27,
I m 76 [ v, (-L
<Y o [ ReC L, oata (I | TRansmIT '
_— BLuS WUFFrA  |—=TeD
o, O5 2 Jura OBy ] Rurren T H1]
o, s 23 [ Kis
0, O ¢ B2E1A 2z ] DsA '
o= 7 [ pesen |
neQe 2070 cuk '“;E; - e FuREY.
vl o 1w [ T S = HE ADNWAITE hA
y MNEMIT
— [o | . T-E
sOn 16 [ TeEnpTY —| mouTRaL CONTROL
AD [Nalslln
_ . —erd A T
en Oz 17 [ T L p— T
] wiE 16 [ ] SYMDETIED T v
RaRDY ] 14 15[ TarDY ot
D'5R — = o
PIN NAMES -
— PTRa—o | ooEm L | wecewve
Dyl Clate Bus (8 tais] N EE Dira Sai Aeady c'éﬁ?&a < BUFFER  f=—H4D
C/o "Comtrel or Dara s 1a be Wraten or Agadl . oTR Daa Trrmical Ready [ FCp— " 15 P
] Read Data Corwmand SYNDET/D | Syne Detect/ RTS o <l_ ‘I/
WH Wite Cata or Control Cumrmannd Break Datict T T
cs G Enatle ] Request to Send O ) t
CLK Ciogk Puls= (TTL) : RTs eouest to Send Dara |
RLSET Fese! s Liear ta Send Data . H.RDY
Tak Trammutter C'ock TaE Transradier Emoty _
accenve |, A
TaD Transmitter Data Ve +5 Vot Suppv INTHANAL "l conthon
At Fegever Clock anb Grausd AT RIS e SYRDET
A= Recevar Dty .
AxRDY Fecewer Ready (has character lor 30801 L\_’
T=ROY Trammmigr Aeady aacly lor char Iroa BOBDY
@ Intel Corporation, 1878 Fobruary, 1978
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FEATURES AND ENHANCEMENTS

8251A is an advanced design of the industry stan-
dard USART, the Intel® 8251. The 8251A opoer-
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 8251A.

The B251A incorporates atl the key features of
the 8251 and has the following additional features
and enhancements: :

o 8251A has double-buffered data paths with
separate 1/O registers for control, status,
Data In, and Data Qut, which considerably
simplifies control programming and mini-
mizes CPU overhead,

¢ [n asynchronous operations, the Receajver
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,

e At the conclusion of a transmission, TxD
line will always return to the marking state
unless SBRK is programmaed.

7-82

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 middie
of a word.

When External Sync Detect is programemed,
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 as the 8251A is not selected, the
RO and WR do not affect the internal opera-
tion of the device.

The 8251A 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.

¢ Baud rate from DC to 64K.

Fully compatible with Intel’s new industry
standard, the MCS-85,
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8251A BASIC FUNCTIONAL DESCRIPTICN

Genera)

The B251A is a Universal Synchronous/Asynchranous Re-
ceiver/Transmitter designed specifically for the B0/85 Micro-
computer Systems, Like other 1/Q devices in a Microcom-
puter System, its functional configuration is programmed
by the system’s software for maximum flexibility, The
8251A can suppart virtually any seriat data technique cur-
rently in use including bi-sync.

In a communication environment an interface device must
convert parallel format system data into serial format far
transmission and convert incoming serizl format data into
parallel systern data for reception. The interface device must
also delete or insert bits or characters that are functionally
unfgque to the communication technigque. 'n essence, the
interface should appear "“transparent” ta the CPU, a simple
input or output of byte-oriented system data.

Data Bus Buffer

This 3-state, bidirectional, 8-bit buffer is used 1o interface
the 8251A to the systerm Data Bus. Data is transmitted or
received by the huffer upon execution of INput or QUTput
instructions of the CPU. Contral words, Command words
and Status information are also transferred through the
Data Bus Buffer. The command status and data in, and
data out are separate B-bit registers to provide double
buffering.

This functional block secepts inputs from the system Con-
trol bus and generates contro! signals for overall device
aperation. |t contains the Control Word Register and Com-
mand Word Register that store the various control formats
tor the device functional definition.

RESET (Resel)

A "high” on this input forces the 8251A inte an “ldie™
mode. The device will remain at “ldle” until a new set of
control wards is written into the 8251A to program its
functional definition. Minimum BESET pulse width is
& toy [clock must be running),

CLK (Clock)

The CLK input is used to generate internal device timing
and is normally connected ta the Phase 2 [TTL) output of
the B224 Clock Generator. Wo external inputs or outputs
are referenced to CLK but the frequency of CLK must be
greater than 30 times the Receiver or Transmitter data
bit rates,

WR (Write)
A "Mow' on this input informs the B251A that the CPU is
writing data or control words to the 8261A.

AD (Read}

A low' on this input informs the 82514 that the CPU is
reading data or status infarmation from the B251A.
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CID {ControliData)

This input, in conjunction with the WR and RD inputs,
informs the B251A that the word on the Data Bus s either
a data character, control word or status information.

1 =CONTROL/STATUS 0= DATA

€S (Chip Select) _

A “low” on this input selects the B251A. No reading or
writing will oceur unless the device is selected. When CS is
high, the Data Bus in the float state and RD and WH will
have no effect on the chip.

READWRITE [My—y
canTROL
LOGIE

Figure 1. 8251A Block Diagram Showing Data Bus
Buffer and Read/Write Logic Functions

c/D RD WR S
0 o 1 0 82514 DATA —~ DATA BUS
D 1 o 0 DATA BUS = 3251 A DATA
1 0 1 ] STATUS » DATA BUS
1 1 1] a DATA BUS - CONTROL
X 1 1 ¢! DATA BUS= 3-5TATE
x x X 1 DATA BUS = 3-3TATE

Modem Control

The 82514 has a set ol control inputs and outputs that
can be used to simplify the interface to almost any
moadem. The modem control signals are general purpose
in nature and can be used for functions other than
modem control, if necessary.
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DSR (Data Set Ready)

The DER input signal is a general purpose, 1-bit inverting
input port. 1ts condition can be tested by the CPU using a
Status Read operation. The DSR input is normally used to
test modem conditions such as Data Set Ready.

DTR (Data Terminal Ready)’

The BTR cutput signal is a generat purpose, 1-hit inverting
output port. It can be set “low" by programming the ap-
pragriate bit in the Command Instruction word. The DTR
cutput signal is normally used for modem conirol such
as Data Terminal Ready or Rate Selecl.

RTS (Request to Send}

The RTS output signal is a general purpose, 1-bit invarting
ocutput port. It can be set “low"™ by programming the ap-
propriate bit in the Command Instruction word, The RT3
output signal is normally used for Modem control such as
Request to Send.

CTS (Clear to Send)

A "low"” on this input enables the 82B1A to transmit
serfal data if the Tx Enable bit in the Command byie is
set to a “one.” If either a Tx Enable off or CTS off condi-
tion occurs while the Tx is in operation, the Tx will
transmit all the data in the USART, written prior to Tx
Disable command befare shutting down,

Transmilter Bulfer

The Transmitter Buffer accepts parallel data frem the Data
Bus Buffer, converts it to a serial bit stream, inserts the
appropriate characters or bits (based on the communica-
tion technique) and outputs a composite serial stream of
data on the TxD output pin on the falling edge of TxC,
The transmitter will kegin transmission upon being enabled
if CTS = 0. The TxD line will be held in the marking
state immediately upon a master Reset or when Tx Enable/
CTS off or TXxEMPTY.

Transmitrer Control

The transmittar Cantrol manages all activities associated
with the transmission of serial data. |t accepts and issues
signals both externally and internally to accomplish this
function.

TxRDY (Transmitter Ready)

This output signals the CPU that the transmitter is ready to
accept a data character. The TxRDY output pin can be
used as an interrupt to the systern, since it is masked by
Tx Disabled, or, for Polled operation, the CPU can check
TxRDY using a Status Read operation. TxRDY is auto-
matically reset by the leading edge of WR when a data
character is loaded from the CPU.

Nate that when using the Polled aperation, the TxRDY
status bit is fot masked by Tx Enabled, but will only
indicate the Empty/Full Status of the Tx Data Input
Register.

TxE (Transmitter Empty)

When the B281A has no characters to transmit, the TxEMP-
TY output will go “high”. |t resets automatically upon re-
ceiving a character from the CPU. T*EMPTY can be used ta
indicate the end of a transmission made, so that the CPU
"knows” when to "turn the ling around” in the half-
duplexed operational mode, TxEMPTY is independent of
the Tx Enable kit in the Command instruction.

In SYNChronous mode, a “high’” on this output indicates
that a character has not been loaded and the SYNC charac-
ter or characters are about to be cr are being transmitted
automatically as “lillers”. TXEMPTY does not go low
when the SYNC characters are being shifted out, )

TRANSWIT
BUFFER
1]

’ - B T .-

TRANSMIT
CONTRAOL

i RECEIVE.
 BUFFFR -
R e 4

MODEM
CONTROL

RECEIVE.
T SONTROL

Figure 2. 8251A Block Dlagram Showing Modem and
Transmitter Bufer and Control Functions

TxC (Transmitter Clock)

The Transmitter Clock controls the rate at which the char-
acter is to be transmitted. In the Synchronous transmission
mode, the Baud Rate [1x} is equal to the Wfrequencv.
In Asynchronous transmission mode the baud rate is a
fraction of the actusl TxC frequency. A portion of the
mode instruction selects this factor; it can be 1, 116 or
1/64 the TxC.

For Example;

1f Baud Rate equals 110 Baud,
TxC equals 110 Hz {1x)

TxC equals 1.76 kHz (16x}
TxC equals 7.04 kHz (64x).

The falling edge of TxC shifts the serial data out of the
82514,
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Recelver Buifer

The Receiver accepts serial data, converts this serial input
to parallet format, checks for bits or characters that are
unigue to the communication technique and sends an
assernbled” character to the CPU. Serial data is input to
RxD pin, and is clocked in on the rising edge of AxC.

Receiver Control

This functional block manages all receiver-refated activities
which consist of the fallowing features:

The RxD initiglization circuit prevents the 82514 from
mistaking an unused input line for an active low data
line in the “break condition™. Before starting to receive
sgrial characters on the RxD line, a valid 17 must first
be detected after a chip master Reset. Once this has been
determined, a search for a valid low (Start bit} is en-
abled, This feature is only active in the asynchronous
mode, and is only done onee for each mastar Reset.

The False Start bit detection circuit prevents false starts
due to a transient naise spike by first detecting the fall-
ing edge and then strobing the nominal eenter of the
Start bit (RxD = fow}.

The Parity Toggle F/F and Parity Error F/F circuits are
used for parity error detection and set the corresponding
status bit.

The Framing Error Flag F/F is set if the Stop bit is
absent at the end of the data byte (asynchronous mode),
and also sets the corresponding status bit.

RxRDY {Recelver Ready)

This output indicates that the 8251A contains a character
that is ready to be input 1o the CPU., Rx RDY can be con-
nected to the interrupt structure of the CPU or, for Polled
operastion, the CPU can check the condition of RxROY
using a Status Read operation.

Rx Enable off both masks and holds RxRDY in the Reset
Condition. For Asynchronous mode, to set BxADY, the
Receiver must be Enabled to sense a Start Bit and a com-
plete character must be assembled and transferred to the
Data QOutput Register. For Synchronous mede, 1o set
RxRDY, the Receiver must be enabled and a character
must finish assembly and be transferred to the Data OQutput
Register,

Failure 1o read the received character from the Rx Data
Qutput Register prior 1o the assembly of the next Rx Data
charactar will set overrun candition arror and the previous
character will be written over and lost. If the Rx Data is
Leing read by the CPU when the internal transfer is oceur-
ring, overrun error will be set and the old character will be
last,

RAxC (Receiver Clock)

The Receiver Clock controls the rate at which the character
is ta be received. In Synchronaus Mode, the Baud Rate {1x)
is equal to the actual frequency of RxC. In Asvnchﬁnous
Mode, the Baud Rate is a fraction of the actual RxC fre-
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quency. A portion of the mode instruction selects this
factor; 1, 1/16 or 1/64 the RxC.

For Example:

Baud Rate equals 300 Baud, if
RxC equals 300 Hz {1x)

AxC equals 4800 Hz (16x)
RxC equals 19.2 kHz {64x).

Baud Rate equals 2400 Baud, if
RxC equals 2400 Hz {1x}

RxC equals 38.4 kHz [16xI
RxC aquals 163.68 kHz (8431,

Data is sampled into the 8251A an the rising edge of RxC.

NOTE: In most communications systemns, the 82514 will
be handling both the transmission and reception gperations
of a single link. Consequently, the Receive and Transmit
Baud Rates will ba the same. Both TxC and FxT will re-
guire identical freguencies for this aperation and can be
tied together and connected to a single frequency source
{Baud Rate Generator] ta simplify the interface.

SYNDET (SYNC Detect/BRKDET {(Break Detect) }

This pin is used in 5¥NChronous Mode for SYNDET and
may be used as either input or output, programmable
through the Control Word, It is reset to output mode low
upon RESET. When used as an output (internal Sync mode),
the SYNDET pin will go "high’ to indicate that the B261A
has located the SYMNC character in the Receive mode. If the
8251A is programmed to use double Sync charactars {(bi-
synel, then SYNDET will go “high” in the middle of the
last bit of the second Sync character. SYNDET is auto-
matically reset upon z Status Read operation.

RECEIVE
BUFFER
5P

RECEIVE
CONTROL

Figure 3. 3251A Block Diagram Showing Recelver
Buffer and Conirol Funtlions
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When used as an input [external SYNC detect model, a
positive going sighal will cause the 82514 to start assem-
bling data characters on the rising edge of the next RxC.
QOnce in 5YNC, the “high” input signal can be remaved.
the period of BxC. When External SYNC Detect is pro-

grammed, the Internal S¥YNC Detect is disabled.

BREAK DETECT (Async Mode Only)

This output will go high whenever an all zero word of the
programmed length {including start bit, data bit, parity bit,
and one stop bit) is received. Break Detect may also be read
as a Status bit. It is reset only upon a master chip Reset ar
Rx Data returning to a “one™ state.

§ ADORESS BUS - b
An[
{ CONTADL ALS Y
| i At i‘.rﬁﬁ'| ntsnl °2|
L
{ DATA BUS 3

sp—] - —|

¢/ Ty RO WR RESET CLK

HI51A

Figure 4. 8251A Interface to 8080 Standard
System Bus

DETAILED OPERATION DESCRIPTION

General

The complete functional definition of the 8251A is pro-
grammed by the system’s software. A set of control words
must be sent put by the CPL to initialize the B251A to
suppart the -desired communications format. These control
words will program the: BAUD RATE, CHARACTER
LENGTH, NUMBER QF STOP BITS, SYNCHRONQUS or

ASYMNCHRONOUS QOPERATION, EVEN/ODD/OFF PAR-
ITY, etc. In the Synchronous Mode, options are alse pro-
vided to select gither internal or external character synchro-

nizaticn.

Once programmed, the 8251A is ready to perform its com-
munication functions. The TxRDY output is raised “high'
to signal the CPU that the 8251A is ready to receive a data
character from the CPU. This output {TxRDY) is reset
automatically when the CPU writes a character into the
8251A. On the other hand, the B251A receives serial data
fram the MOGEM ar 1/0 device. Upen receiving an entire
character, the RXRDY cutput is raised “high” ta signal the
CPL that the 8251A has a complete character ready for the
CPU to fetch, RxROY is reset automatically upon the CPU
data read operation.

Fhe B251A cannot begin transmission until the Tx Enable
{Transmitter Enable} bit is setin the Command Instruction
and it has received a Clear To Send (CTS) input. The TxD
output will be held in the marking state upon Reset,

Programming the 8251A

Prior to starting data transmission or reception, the 82574
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 externall,

The contral words are split into two formats:

1. Mode Instruction
2. Command Instruction

Mode Instruction

This format defines the general operational characteristics
of the 8251A. It must follow a Reset operation {internal or
externall. Once the Mode Instrustion has been wrillen into
the 8251A by the CPU), SYNC characters or Command In-
structions may be inserted.

Command Instruction

This farmat defines a status word that is used to control the
actual operation of the B251A.

Both the Mede and Command Instructions must conform
to a specified sequence for proper device operation, The
Made Instruction must be inserted immediataly following a
Reset aperation, prior to using the B251A for data com-
munication.

All control wards written into the B251A after the Mode In-
struction will lead the Command Instruction. Command
Instructions can be written into the B251A at any time in
the data block during the operation of the 8251A. 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
B8251A back into the Mode Instruction format. Command
Instructions must follow the Mode Instructions or Sync
characters.

o= WODE INSTAUCTION
(= | LYNLCHARAUTER 1

SYNE MOOE
o1 SYNC CHARACTER 2 omLY

=1 COMMARNG INSTRUCTICN

o -0 DATA

b COMMARNL INSTRUCTION

ch=0 & DATA 1

e/ -1 COVMAND INSTRUCTION

* The second SYNC character isskippad if MOOE instructson
has programmed the 825 1A to single character Inteenal SYMC
Made, Bath 3YNC characters ae skipped if MODE instruction
has pregrammend the B2510 2 ABYNC mode.

Figure 5. Typical Data Block
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Mode Instruction Definition % U6 O Oy By & B 9%
The 8251A can be used for either Asynchronous or Syn- ' 5|5 1 EF [PEN l;! l-i%]j
chranous data communication. To understand how the L S
Maode Instruction defines the functional operation of the L -
82B1A, the designer can best view the device as two sepa- r ‘ ! 1—0 1
rate components sharing the same package, one Asynchro- R A I
nous the other Synchrenous, The farmat definition can be fape | [t E’ 16axt
changed only after a master chip Reset. For explanation [ CHARACTER LERGTH
purposes the twa formats will be isolated, . - e |1
NOTE: When parity is enabled it is not considered as one of ‘ : : : .;
the data bits for the purpose of programming the ward BITS | oS | BaTS | BITS
length. The actual parity bit received on the Rx Data line _— ',":"E',::;L"EAHLOE-. DISABLE
cannot be read on the Qata Bus. In the case of a pro- EVER PARITY GENERATIDN/DHELK
grammed character length of less than 8 bits, the least 1'5:::HEHD;F°;ZPB”S
significant Data Bus bits will hold the data; unused hits are ) : 5 ;
“don’t care” when writing data to the 82514, and will be
“zeras” when reading the data from the 8251 A, i i ! '
mvaLip] it | ai¥s | s
. [NLY¥ EFFECTS Tux; Riw NEVEH
Asynchronous Mode {Transmission} REQUIRES MORE THah ONe
Whenever a data character is sent by the CPU the 8251A
automaticelly adds a Start bit (low level} followed by the Figure 6. Mode Instruection Format, Asynchronous
data bits {least significant bit first}, and the programmed Mode

number of Stop bits 1o each character. Alse, an even or
odd Parity bit is inserted prior to the Stop bitis), as de-
fined by the Mode Instruction, The character is then trans-

mitted as a serial data stream on the TxD cutput. The serial
data is shifted out on the falling edge of TxC at a rate equal
to 1, 1716, or 1/64 that o the TxC, as defined by the Mode Py “é?%??“f"
Instruction. BREAK characters can be continuously sent to TRANSMITTER GUTPUT

. ) PAIRITY
the TxD if commanded to da so . mmml S'B"I':"I DATA TS | ,;ﬁ'T I e |

When no data characters have been [paded into the B251A

OQES NOT APFEAR

the TxD output remains “high’ {marking] unless a Break RECEIVE R INPUT 0Dy ----Dx OH THE NATA BUS
{continuously low) has been programmed. t T . ! .
a0 | s [ oarnons | o | St ‘
Asynchronous Made (Raceive) vl
CHARAZTER
A . . . N - LENGTH

Tl.me RxD line |‘s |r1‘c:rrna|[~.,r high. A fa_lllng edge ‘or‘1 this lln_e TRANSMISSION FORMAT
triggers the beginning of a START bit. The validity of this CPU BYTE (5.8 EITS/CHAR]
START bit is checked by again strobing this bit at its nam- §
inal center {16X or 64X mode only). If a low is detected [ DATA CHARACTER I
again, it is a valid START bit, and the bit counter will !
start counting, The bit counter thus locates the center of ASSEMELED SERIAL DATA DUTPUT (TxB! )
the data bits, the parity bit {if it exists} and the stop bits. I START DATA CHARACTER I PARITY l sro:g

. - - EIT BT BITS
If parity error occurs, the parity error flag is set. Data and t 1
parity bits are sampled on the RxD pin with the rising edge RECEIVE FORMAT
of RxC. If a low level is detected as the STOP bit, the
Framing Error flag will be set. The STOP bit signals the end SERIAL DATA INPUT (Fxll)
of a character. Note that the receiver requires anly one stop Py e A PRRITY P
hit, regardless of the number of stop bits programmed. This BIT ! ur BITS
character is then loaded into the parallel 1/ buffer of the - )

. . . CPUBYTE {68 BITS/EHARI

82514, The RxROY pin is raised to signal the CPU that a { —
character is ready to be fetched. If a previous character has | onn\cuf?acun ]
not been fatched by the CPU, the present character replaces
it in the 1/0 buffer, and the OVERRUN Error flag is raised "MATE: IF CHARACTER LENTTH 1S DEFINED 455, 5 OR 7

N B B1TS TILF LINLUSFR BITE ARCD 5ET VD “£EROD.
{thus the previous character is lost). All of the error flags

can be reset by an Error Reset Instruction. The occurrence
of any of these errars will not affect the operation of the

8251A. Figure 7. Asynchranous Mode
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Synchronous Mode {Transmlission)

The TxD output is continugusly high until the CPU sends
its first character to the B251A which usually is a SYNC
character. When the CTS line goes low, the first character
is serially transmitted out, 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 gt the TxD
output must continue at the TxC rate, I the CPU does not
pravide the 8281A with a data character before the 8251A
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 82514 is
empty and SYNC characters are being sent out, TxEMPTY
does nat go [ow when the SYNC is being shifted out {ses
figure below), The TxEMPTY pin is internally reset by a
data character being written into the 82571 A.

AUTUMATICALLY INSERTED BY USART

£
140 | pATA ] DATA [schrswcz l DATA ‘ _— _—I
/\ NRRARANY

-
NOMINAL CENTER OF LAST BIT

FALLS UPON CPU WRITING A

THEMPTY CHARACTER TO THE USART

Synchronous Mode (Receive)

In thiz mode, character synchronization can be internally
or externally achieved. If the 3YNC 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
8251A has been programmed for twe SYNC characters, the
subsequent received character is also compared; when both
SYMNC characters have baen detected, the USART ends the
HUNT mode and is in character synchronization. The
SYMNDET pin is then set high, and is raset automatically by
a STATUS READ. If perity is programmed, SYNDET
will not be sat 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
8251A out of the HUNT mode. The high level can be
removed after one BxC cycle. An ENTER HUNT command
has no effect in the asynchronous mode of operation.

Parity error and overrun grror 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 nat.

The CPU can command the receiver to enter the HUNT
mode if synchronization is lost. This will alse set ali the
used character bits in the buffer to a “one’’, thus prevent-
ing a possible false SYNDET caused by data that happens
to he in the Rx Buffer at ENTER HUNT time, Note that

the SYNDET F/F is reset at each Status Read, regardless of
whether internal ar extarnal SYNC has been programmed.
This does nat cause the 825TA 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 Fead also indicates SYNDET,
then the programmed SYWNDET characters have been re-
ceived since the previous Status Read. (If double character
sync has been programmed, then both syne characters have
been contiguously received to gate a SYNDET indication.)
When external SYNDET mode is selected, internal Syng
Detect is disabled, and the SYNDET F/F may be set at
any bit boundary.

07 Dﬁ 05 Dﬂ UJ D? Dl DU

Iscs

T
ESD| EF PEN L o0
L

Ll by

\ CHARACTER LENGTH

— o 1 [+] 1

r—] 0 [ 1 1

% ]
BITE BITS

8 7
BITS | BITS

e ————— e PARITY EMABLE
{1« ENABLE}
i@ = DISARLE}

EVEN PARITY GEMERATION/ACHECK
1= EVEN
43000

EXTERNAL S¥YNC DETECT
7= S¥YNDET 15 AN INPUT
0= SYNDET 1% AN QUTPLT

SINGLE CHARALTER BYMC
1 = SINGLE SYNC CHARACTER
0= DOUBLE S¥NE CHARACTER

NDTE: IN EXTERNAL $YNS MODE, PROGRAMMING DOWIBLE CHARACTER
SYNC WILL AFFECT ONLY THE Tx.

Figure 8. Mode Instruction Format

CPUBYTES (S8 BITS/CHAR)

| DATA CHARACTERS I

ASSEMBLED SERIAL DATA QUTPUT (TxD}

SYNC
l AR l DATA CHARACTERS I
RECEME FORR AT

SYNC
CHAR 2

SEAIAL DATA (NPUT (Rxl}

CHAR 1

YN
CHAR 2

SvNe | DATA CHARACTERS |

CPUBYTES (58 BITS/CHAR)

I oaTA CHARACTERS |

Figure 9. Data Format, Synchronous Mode
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COMMAND INSTRUCTION DEFINITION

Once the functienal definition of the B251A has been pro-
grammei by the Mode instruction and the Sync Characters
are laaded (if in Sync Mode} then the device is ready to be
used for data communication. The Command Instruction
controls the actual operation af the selected format. Fune-
tiuns such as: Enable Transmit/Receive, Error Reset and
Modem Controls are provided by the Command Instruction.

Cnce the Mode Instruction has been written into the 8251A
and Sync characters inserted, it necessary, then all further
“control writes’” [C/D = 1} will Inad 2 Command Instruc-
tion. A Reset Operation {internal or external) will return
the 8251A 1o the Mode Instruction format,

0, D, Dy D, DOy Dy

|5H|m]m

0, D,

TeEN

ER ISBRKI RxE I OThR

L TRANSMIT ENABLE
t = enable

0 = dizable

DATA TERMINAL
READY

“high® will lorce OTR
Dutput 18 ZBrd

ARECEIVE ENABLE
1= enahle
B = chizatle

SEND BREAK
CHARACTER
1 = forces TaD “low'
O = mgreeat gperation

ERROR RESET
m—— - ———————————=+] 1 =tezet error Nag

FE, OF, FE

REOUEST TO SEND.
wem s —— oo | “high” wil| force ATS
Qutpul 1o rerg

INTERMAL RESET
cme ] hugh” retarng BISTA
Mode Instruction Farmat

ENTER HUNT MODE®
1 = anzhie wareh lor Syne
Characiers

*{HAS NO EFFECT
TN ASYNE MORE)

Note: Error Reset must be performed whenever RxEnable and
Enter Hunt are programmed,

STATUS READ DEFINITION

In data commupication systems it is often necessary to
examine the “status” of the active device to ascertain if
errors have occurred or other conditions that require the
processor’s attention. The B2G1A has facilities that allow
the programmer to “read” the status of the device at any
time during the functional operation, (The status update is
inhibited during status read).

Anormal “read’” command is issued by the CPU with c/D=1
ta accomplish this function.

Some of the bits in the 5tatus Read Furmat have identical
meanings to external gutput pins so that the 82514 can be
usedt in @ completely Polled environment or in an interrupt
driven environment. TxRDY is an exception,

Mote that status update can have a maximum delay of 28
clock periods from the asctual event affecting the status.

D, Dy [ D, D, D, o, 1,

TzEMPTY| AxROY | TxRDY

[ =

SAME DEFINITIONS A5 1D PING

DsER SYNDET FE OE FE

PARITY ERNOR

Thw PE flag u3 21 when a parity
error 15 dotected, It s reset by
the ER bitot the Command
Instroction PE doos not inhibit
oparation of tha BZS1A.

OVERRUN ERROA

Tha DE flag is ce1 whan the CPU
does not read a character befare
the next one becames availatila.

Bt iz 1eset by the ER bit ol the
Command tnatruction. OF daes
not inhibil operation of the 82514
hovevar, the greviously avertun
character is loat.

FRAMING ERLROR [Async only)
The FE flag is sel when a vabd
Stop b f not deteitad af the
end ol evéry character. It is resel
by the ER bit of the Cammand
lnstrugtion. FE does not inlubit
the operatsan ol the 82514,

.

DATA BET READY Inchcates
thal the D5H is 3t a zerc leval.

Mote 1: TxRDY status bit has different meanings Trom the
TxRDY output pir The former s not condilioned
by CTS and TXEN; the latter is conditianed by bath
CTS and TxEN.

i.e. TXRDY status hit = DB Buffer Cmpiy

TxROY pin out = DB Butfer Empty -ICT3=01-{TxEN=11

Figure 10. Command instruction Format

Fligure 11. Status Read Format
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APPLICATIONS OF THE 8251A
¢ 77 777 TepoRessess 0 T 1
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Figure 12. Asynchronous Serial Interface te CRT Figure 14. Asynchrangus Interface to Telephone Lines
Terminal, DC—9600 Baud
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ABSOLUTE MAXIMUM BATINGS*

Ambignt Temperature Under Bias, . ... .. 0°C 1o 70°C
Storage Temperaturs . .. .. . .. ... ... —65°C 10 +150°C
Yaltage On Any Pin

With Respect to Ground
Pawer Dissipatian

--0.BV to +7V
1 Watt

*COMMENT: Stresses above those listed under “*Absolute
Maximim Ratings” may cause permanent damage to the
device. TAHIS is 2 stress rating only and functional apera-
tion of the device at these or any other conditions ahove
thase indicated in the operational sectfons af this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended peripds may affect device
reliabitity.

D.C. CHARACTERISTICS
Ta = 0°C to 70°C; Ve = 5.0V #5%; GND = OV

Symbol Parameter Min. Max. Unit Teast Conditions
ViL Input Low Woltage -0.5 0.8 v
ViH Input High Voltage 290 Voo A
VoL Cutput Low Voltage 0.45 Y lg = 2.2 mA
VYo Output High Voltage 2.4 v loy = -400 pA
loFL Output Float Leakage 10 HA Vout = Voo TO 0.45V
e Input Leakage *10 MA Vi = Vee TO 046V
] -
fee Power Supply Current 100 maA All Qutputs = High
CAPACITANCE
Ta = 25°C; Voo = GND = oV
Symbol Patarneter Min. Max Unit Test Conditions
Ciy Input Capacitance 10 pF fc = 1MHz
Cyo 1Y0 Capacitance 20 pF Unmeasured pins returned to GND
>
3
a
5
5
o
3514 A L
l
o

-M
100 +50 +100

A CAPACITANCE {pf)

Figure 18. Test Load Circult

Figure 17. Typleal & Oulput Delay vs. &
Capacitance (pF)
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A.C. CHARACTERISTICS

Ta = 0°C ta 70°C; Voe = 5.0V +5%; GND = OV

Bus Parameters {Note 1]

Read Cycle:

SYMBOL PARAMETER VI, MAX. UNIT TEST CONDITIONS
tag Address Stable Before READ {CS, C/D} 4] ns Note 2
tra Address Hold Time for READ (CS, C/D) ] ns Note 2
tRR READ Pulse Width 250 ns
tRD Data Delay from READ 200 rs 3,C_=180pF
tor READ to Data Floating T 10 100 ns
Write Cycle:
SYMBOL PARAMETER MIN, MAX, UNIT TEST CONDITIONS
taw Address Stable Before WRITE a ns
twa Address Hold Time for WRITE W] ns
Tww WRITE Pulse Width 250 ns
ow Data Set Up Time for WRITE 150 ns
two Data Hold Time for WRITE 0 ne
TRy Recovery Time Between WRITES 6 oy Note 4
MOTES: 1. AC timings meassured Vo = 2.0, VoL = 0.8, and wath {oad cireuit of Figure 1.
2. Chip Select (CS) and Command/Data [C/D} are cansidered as Addresses.
3. Assumas that Address 15 valid before Rpd.
4. This recovery time is for Mode Injtfalization only. Write Data is allawed only when TxRDY =1,

Reecovery Time between Writes for Asynchronous Mode is B toy and for Synchronous Mede is 16 oy,

Input Waveforms for AC Tests

2.4

) ‘X 2.0
.45 08

TEST
POINTS

2.0
0.8
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Other TImings:

SYMBOL PARAMETER MIn, MAX, UNIT TEST CONDITIONS
toy Clock Periad 320 1.35 us Notes 5, 6
ty Clock High Pulse Width 120 tov-on ns
13 Clock Low Pulse Width 20 ns
tR. tF Clock Rise and Fall Time 5 20 ns
DT TxD Delay from Falling Edge of TxC 1 M5
1SRy Rx Data Set-Up Time to Sampling Pulse 2 is
tHRxX RAx Data Hold Time to Sampling Pulse 2 is
frx Transmitter Input Clock Frequency

1x Baud Rate DC 64 kHz
16x Baud Rate oC 310 kHz
64x Baud Rate Dc 615 kHz
TR Transmitter Input Clock Pulse Width
1x Baud Rate 12 toy
16x and 64x Baud Rate 1 oy
tTpD Transmitter Input Clock Pulse Delay
1x Baud Rate 13 oy
16x and 64x Baud Rate 3 toy
frx Receiver Input Clack Frequency
1x Baud Rate Dc 64 kHz
16x Baud Rate Dc 310 kHz
64x Baud Rate DC 6156 kHz
tRPW Receiver Input Clock Pulse Width
1x Baud Rate 12 oy
16x and 64x Baud Rate 1 toy
trRpo Receiver Input Clack Pulse Delay
1x Baud Rate 15 toy
16x and 64x Baud Rate 3 toy
iTxRDY TxRDY Pin Delay from Centar of last Bit 8 toy MNote 7
1TxROY CLEAR TxADY | from Leading Edge of WH 150 ns Note 7
iRxRDY AxRDY Pin Delay from Center af last Bit 24 toy Naote 7
tRRDY CLEAR RxRDY | from Leading Edge of RD 150 ns Note 7
t Internal SYNDET Delay from Risin
1S Edge of BxC 4 g 24 try MNote 7
t External SYNDET Set-Up Time Before
= Falling Edge of AxC P 16 ey Note 7
TT<EMPTY TEMPTY Delay from Center of Data Bit 20 oy Note 7
twi Control Delay from Hisinﬁdge of 8 tey Note 7
WRITE {TxEn, DTR, RTS)
teRr Control to READ $et-Up Time (DSR, CTS) 20 tovy Note 7

B. The TxC and AxC frequencies have the following limitations with respect to CLK,

For 1x Baud Rate , I1, or gy = /130 toyd
For 16x and 64x Baud Rate, i1y or tgy = /(4.5 10v]

6. Reser Pulse Width = 6 oy minimum; System Clock must be running during Reset,
7. Status update can have a maximum delay of 28 clock periods from the svent affecting the status.
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WAVEFORMS
System Clock Input

- —

—“LT i

Transmittar Clock & Data

— _tTPW —-——]a—— — JPD —~‘
THT {1x MODE) ]

TaC {16xMODE)

""‘l "_‘nrx

‘nm_“l

T DATA

A

Receiver Clock & Data

{Ax BALID COUNTER STARTS HIERE]

STARTBIT

Ru DATA 4

DATABIT

X atamr

P
HxG {1x MODE}

AxC tremone) Y\

INT SAMPLING

8 KxC PERIODS
6o MODEF

——— — typg———|

e 165 Pl PERIODS |16 MCHD E] r—mr ot

AN
gwwvw%{%

I

FLLSE

l lT-:FEDY CLEAR
. o
& “k
10N —=tas WD
DON'T CARE DON'T CARE
DATA N (D8] {_ DATASTiaLE
1
1 1l
o ™ WA ——
o= AW A

Read Data Cycle (CPU -~ USART)

RAxRDY / Q

taRDY CLTAR

Hd

CATA FLOAT

— |-—'DF

OaTA FLOAT

CATAQUT (DB
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Write Control or Qutput Port Cycle (CPU — USART)

:ﬁ_l?ﬁ —Zl{_
- |-— t\!\lw----i |*
r——-' oW — ~—-| wo
DATA IN{D B { _}“_'—‘
_|: i -i wa
es A - ) rg
= |4—- g |———| s

Read Control or Input Port {(CPU +— USART)

DER. ETS
[NOTE u2]

Rd

DATA GUT

1
.
e

[~ 10

1B

—t-l R

S—

—

|-— toF

[/

HA f"_

b A

s

—_—1\!

tAR

N
/f':__

/A

NOTE #1: Ty, IKCLUDES THE RESFONSE TIMING OF A CONTROL EYTE.
HNOTE #2: T, INCLUDES THE EFFLCT OF CTS ON THE TxENRL CIRCUITRY,

Transmitter Control & Flag Timing (ASYNC Mode)

—
CTE 1
TTXEMRTY —+ |——
TREMPTY T - S
Tx READY )
ETATUS BITH [_l'_? 3 4 f
tTahpye]  f—
TLREATY ' \ T _‘i
e W DATAT WrDATAZ vir DATA 3 Wr DATA L
o Al 3 N, 7}
Wr TaEn We SBRK
W S f'( ANy
Tx DATA
DATA CHAR 1 DATACHAR Z DATACHAR 3 QD'_‘I':‘A'EPT.A%:
Ee
he 2
g 5
EXAMFLE FORMAT = 7 BIT CHARACTCR WITH FARITY & 2 5TOP BITS, ':, =] .1,;
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Recelver Control & Flag Timing (ASYNC Modae)

BREAK DETERT

GULRRL NLRAOR CATA
ISTATULBITH CHAR 2
[Ty L e

Aa ADY T t_

s g S

1 bata |

wir AaEn

Wr EAR

1]

AEn |Wv Gukn 1

¥

T
|
|
1

)

DATACHAERZ

DATACHAR | DATACHAR Y

EXAMPLE FORMAT =7 RIT CHARALTFAAITHPARITY 3 25TOP BITE

Transmitter Control & Flag Timing (SYNC Mode)

e aw

<
co BRESK n
€5

5
£
T z
X
1] H

STORRIT

™ N
Ta EMPTY I (A
-
= v
ETATUS BIT [ } i r
TLMEADY . _‘—'l'_
[ U_%\_‘ | IL
| I| e SO
| SMRK |
cd } i A f B
Ve DETA Wr DATA, T iari WOATA W LLAMANL e GATA
[-aR1 [UARZ CHAR 1 CHAR & SERK Y CHER S
d |
g n
AT, BnTa SWHE Ta bata MERRIMG | SPACING  MARTING oira L
MARAING STATE CHiBA_ g CHAMG | GHAR1 _ SrRCCMARZ % Chafa CHER 4 ATATE § OTATE _ SIATE gHeRS | chan ETC
T4bATA oh-Rekaledl Rekofsksfa) bek- )oY Koy QY Y 1 wh e Y T Yalare

EXAVLE FORMAT 4 § BIT CHARACTER W. THPARITY T S¥NE CHARACTERS

Recelver Control & Flag Timing (SYNC Mode)

SYHNDET
IR KBTE =1
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NGTE
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ROQR DA P CHA . f
ERODRISBI LOST “f
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@0 foenrt iy { TP [ I
wrln ! ]nnmu R CATA R §YAIL Fd CATA
| CHAR 1 CHAR D AR
; y
. T Y S |
| |
= IR IR
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OON'T SYNG BYNC DaTa Data DATA SYHC LaTd fLTa
CAAE aHAR Y CHAR CHAR CHAR 2 CHAR Y CHAR 1__| 3TN EHAR 2 DON'TSARE : CHAR Y CHAR X ETC,
Rz DATo ..nau-n|;:1:}-1z--.u‘;s-..‘:;-.u-::‘.a‘zxu BgUBOHG 0B R880600080
1 v 1l
'—cuu.ass\f BEGINS ! / %::nu?ﬁ ||
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THTEANL 571
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- 8205
HIGH SPEED 1 OUT OF 8 BINARY DECODER
g /O Port or Memory Selector a Low Input Load Current — 0.25 mA
Max, 1/6 Standard TTL Input Load

@ Minimum Line Reflection — Low
Voitage Dicde Input Ciamp

a Simple Expansion — Enable inputs

o High Speed Schottky Bipolar

Technology — 18 ns Max Delay o Outputs Sink 10 mA Min
a Directly Compatible with TTL Logic @ 16-Pin Dual In-Line Ceramic or Plastic
Circuits Package

The Intel® 8205 decader can be used for eaxpansion of systems which utilize input ports, output ports, and memory
components with active low chip select input. When the 8205 is enabled, one of its 8 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
syslems, B205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memory
exXpansions.

The 8205 is packaged in a standard 16-pin dual in-line package, and its performance s specifled over the temperature
range of 0°C to +75°C, ambient, The use of Scholtky barrier dlode clamped transistars to obtain fast switching speeds
results in higher performance than equivalent devices made with a gold diffussion process.

PIN CONFIGURATION LOGIC SYMBOL
b
Y & 161 Jver — A0 ogflo—
w ]2 B o, — o fo—
LP I o, —_— A 0, fo—o
Eq |: 4 13 ___ioz Oy J—
8205
f205
£ : 5 12 303 04 §O—o
e [_|s W Jo, —alE o5 jo—
o; 7 w[Jo. —de, o fp—»
GRD 8 9 Cg £, orfo
ADDRESS ERatLE GUTPUTS
PIN NAMES Ay Ay Aj|Ey E, ES € 1 7 3 4 4% & 7
L L Lt ¢ H]L H H H MM H H H
H L L|L L H|H L H 1 H Y H H
["Ag A; ADDRESS INPUTS L H L L HlH B L Hovw o mon
Rt e — H H LiL L H{H H H L H H H H
E‘.ZE_J _E!&m&EHEPUTS N L L HwfL bt ule H M L M H H
Ty 07 DECODED OUTPUTS H L H|L L Al H A H H L H H
L M HfL L H|H W H H H H L H
H oroale v oB|H 8 H H oK oHow
X ¥ X fL L L|H H H H H A H H
X % X |H L t|H H H H H H H H
X % X JL H L|H H H H H H H H
A X X [H H L|H H H W H H H H
X X A (W L H|H H H W4 H H H H
A X XL M H|H M H H H B H H
X X X [H H HIH H H H H H H H
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FUNCTIONAL DESCRIPTION
Decoder

The 8205 cantains 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 hinary code of 107 was present on the AQ,
A1 and AZ address input lines, and the device was enabled,
an active low signal would appear on the 05 output line.
MNote that all of the ather output pins are sitting at a lagic
high, thus the decoded output is said to be exclusive, The
decoders outputs will follow the truth table shown below in
the sarne 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 s synchronous with the overall
system.

The 8205 has a built-in function for such gating. The three
enable inputs (E1, EZ, E3} are ANDed together and create
a single enable signal for the decoder, The combination of
bath 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.

% P— 3
Ap— ——— 7,
by — O—-O_;,
o &,
BECDDER
h—— &,
b— T,
b—— = 05,
— 0
_ ENABLE GATE
E,
EJ
Flgure 1. Enable Gate
ADDRESS | ENABLE QUTPUTS
Ap Ay Ay|E; Ey ExiD 1 2 3 4 5 & 7
L L L{L L H|{L 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 L
X X XL L LJH H H H H H H H
X X X H L L H H H H H H H H
X X x L H L H H H H H H H H
X X X|H H L|H H H H H H H H
4 X X H L H H H H H H H H H
X X X (L H HiH H H H H H H H
X X X 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. /0 ports can be decoded frem the
address bus, chip select signals can be generated to select
memory devices and the type of machine state such as in
B008 systems can be derived from a simple decoding of the
state lines (S0, S1, 52} of the BOO8 CPU,

I!Q Port Decoder

Shown in the figure below is a typical application of the
8206, Address input lines are decoded by a group of 82055
{3}. Each input has a binary weight. Faor 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 8206s.

This circuit can be used to generate enable signals for 1/Q
ports or any other decoder related application,

Mote that no external gating is required to decode up to 24
exclusive devices and that a simple addition of an jrnverter
or two will allow expansion to even larger decoder net-
works.

Chip Select Decoder

Using a very similar circuit to the 1/O port decoder, an ar-

0 Ay Oy fo—t
a, 4 o, fo——1
By ay Gy f——z
0, fopm—1
#2058
onp—1
Ay el £y O [3—-§
A, —y F, no——=%
ER e e I n—7
— “n O fo— &
&, o po—2
Ay Lp——10
5205 Hp—" | PuRT
u, 2| mumDCRS
—] Ey o, E:u
Eh 0 E; 0, fo——14
Ey a, B—m
N Oy fo——-18
Ay a.p—ar
Ay U,P—m
0, fo——1%
A705
Oy fo——2d
e o E; a,l——21
g &; v fo—— 2
=Y & fe— |

ray of 8205s can be used to create a simple interface to a
24K memaory system.

The memory devices used can be aither ROM or RAM and
are 1K in storage capacity. B308s 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 fower order address hits AQ-AS which come
from the microprocessor are “bussed” to all memary ele-
ments and the chip select to enable a specific device or group
of devices comes from the array of 82055, The cutput of
the 8205 is active low so it is directly compatible with the
memory components,

Basic aperation is that the CPU issues an address to identify
a specific memaory location in which it wishes to “write” or
“read"” data. The most significant address bits A10-A14 are
decoded by the array of §20%s and an exclusive, active low,
chip select is generated that enables a specific memaory de-
vice. The least significant address bits AO0-A9 identify a
specific location within the selected device, Thus, all ad-
dresses throughout the entire mernory 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 {82061,

o
"‘n*gk > MEMURAIES
Ao ] iy [
Ap T % " oy -5
. e U Uy
o Jo—ts,
5l N
o — o5,
fiz —l—_"'o & o[ 05,
gy +* —— E; Dﬁl?—ﬂ"su
Ve l _‘} L Gy pr——rs;
A wp—=
| A, Flo—-cs,
——T —ta, Fp—cs,
| i -
4:p o
. LeHe
SLLECTE
| o f—orT, |
% dif—os,
: — . —
GhD - Iﬁ ]—— - E; Sle— &
T ‘ E, %P L,
‘ L P —
de—da ap—s
L1 &b
Gty
[-H —_
oy D_CS!n
— ap—1=&,
I M
= Ty

Figura 2. 11O Port Decoder

Figure 3. 32K 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”
enahbling 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 cne-shots that are used throughout the system.

An excellent example of such an application is the “'state
decoder” in an 8008 CPL based system. The 8008 CPU is-
sues three bits of information {80, §1, §2) 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, contral bus diseipline and
general maghine fupctions.

In the figure helow a circuit is shown using the 8205 as the
“state decoder” for an 8008 CPU that not only decodes the
50, S7, 52 outputs but gates these signals with the clock
{phase 2} and the SYNC cutput of the 8008 CPU. The T

and TZ 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 contrel the
system data bus, memory timing functions and interrupt
structure, RESET is connected to the enable gate so that
strobes are not generated during systern 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 boolzan equation for it would be:

T1 = (80:51-52)-{SYNC Phase 2-Resat)
A six input NAND gate plus a few inverters would be need-
ed 1o implement this Tunction. The seven remalning cutputs
would need 2 similar eircuit to duplicate their function,
obviously a substantial savings in components can be
achieved when using such a technigue,

5 13 ] 4y Y i,
2 _
s, 2 A Y NN
3 - —
s, |1 A rf LI
003
cry ] S
£ 8205
14 _ slw =
sene 12— o) §p—Ts
5 — —
il f2 £ shE— war
L] 15 ] . RE
Ey 3 pr——— STOF
w201 s
CLOLK
GENERATOR

SYSTEM RESET

DUTPUTS
FROM
BME

State Coantrol Coding

5, | 5, | 5, | BTATE
g1 ieIm
D11 |1
ofo})1 T2
D(o;a(wWaT
1109073

11| @ |3TCR
11|11 !
1|0 (1 |Ts !

Figure 4. 8205 State Decoder Clrcult
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias;  Ceramic  —=85°C 1o +125°C *COMMENT

Plastic —GE°C to +75°C Stresses above those listed under “Absolute Maximum Rat-

ing” may cause permanent damage to the device, This is a stress

Storage Temperawre —85°C o +160°C ra?ing n:IV and ?unctional operatgion of the device at these or at

All Qutput or Supply Valtages =0.6 10 +7 Volts any other condition above those indicated in the aperational

sections of this specification is not implied, Exposure to absolute

All Input Voltages —1.010+5.5 Valts maximum rating conditions for extended periads may affect
Cutput Currents 125 mh 1 device reliahility.

D.C. CHARACTERISTICS
Tp = 0°Cto +75°C, Vg = 5V £5%

8205
5YMBOL PARAMETER LiMIT “ UNIT TEST CONDITIONS
MIN. MAX.
|F INPUT LOAD CURRENT =025 mA VCC =525V, VF = 0.45Y
|F| {IMPUT LEAKAGE CURRENT 10 pA VCC =525V, VR = 5. 2BV
Ve INPUT FORWARD CLAMP VOLTAGE -1.0 v Voo =478V, 1. = -5.0mA
VDL OUTPUT “LOW"” VOLTAGE L 0.45 v VCC = 4,75V, IOL = 10.0mA
VOH CQUTPUT HIGH YOLTAGE 2.4 v VCC =4.78V, lOH ==1.5mA
VIL INPUT “LOW" VO LTAGE 085 v VCC =50V
VIH INPUT “"HIGH” VOLTAGE 2.0 v VCC =50V
lee QUTPUT HIGH SHORT =40 —-120 ma Voo =B.OV. Vg up =0V
CIRCUIT CURRENT
Vox OUTPUT “LOW" VOLTAGE 0.8 v Ve = 5.0V, Igy = 40 mA
@ HIGH CURRENT
lCC POWER SUPPLY CURRENT T 0 mA Vee = 5.25V
TYPICAL CHARACTERISTICS
OUTPUT CURRENT w5, OUTFUT CURRENT V5.
OUTPUT “LOW"” VOLTAGE CUTPUT “HIGH" YOLTAGE DATA TRANSFER FUNCTION
100 —r— 0 — sa " T
! | [T I=75nlc b é . loov 4| [E :(‘x ! O Vg = 5.0V % !
B0 —| ; A 0/ _1g | | SRS a0 . l
g VeSOV Tuoo| l Tas T [ o 1 |
f £ [ o g T, = OFC
Z 60 [— / et =] B 20 g a0 o
& ' = 2 ! G Ew_ o
3 +1/ : g | s P ] g mwoc - :\
= 40— - : - -0 5 20 —
: | : ek PR |
2 Ty - 75°C_ ] T ‘é‘, _I l"' 2 I_—: T k \
20 4 ,, - : f—g— - —an | 1 10 _._.l,. —1
| | — T - 0°C i / __l_Jr i\
. T - 75C - L Lt oL |
(] 2 a 5 a 0 9 10 20 0 40 S0 D 2 4 6 2 10 12 14 16 18 20
OUTPUT "LOW™ YOLTAGE {¥} OUTPUT “HIGH" YOLTAGE {vI INPUT VALTAGE (VT
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SWITCHING CHARACTERISTICS

Vee

Conditions of Test: Test Load

Input pulse amplitudes: 2.5V

Input rise and fall times: 5 nsec
between 1V and 2V

Measurements are made at 1.5V

Teost Waveforms

ADGRESS OR ENABLE
INPUT PULSE

ant ANIPRLI b

T I e ey

QUTRUT

A.C. CHARACTRISTICS

Ta = 0°Cto +75°C, Voo = 5V = 5% unless otherwise specified.

SYMBOL PARAMETER \ MAX, LIMIT UNIT ’ TEST CONDITIONS
s Fs_ 0 ——— . —3 . - o
t,, ! 18 ns |
t, ADDRESS OR ENABLE TO — 18 ns
t, _ i OUTPUT DELAY 3 18 s I
1__ 18 ns |
Co " | INPUT CAPACITANCE  PB205 atyp.t pF | =1 MHL vee - ov
c8205 5{typ.) oF ‘ VgIAS * 2.0V, T4 = 25°C
1. This parameter o5 perradically samped and 13 na1 100% testad,
TYPICAL CHARACTERISTICS
ADDRESS OR ENABLE TO OUTPUT ADDRESS OR ENABLE TO OUTPUT
DELAY VS, LOAD CAPACITANCE DELAY V5, AMBIENT TEMPERATLRE
b “ |
[ Vep = 50V
Ty ® zls--c . "] _ cfc =t
e 15— - ‘::;;:_’_% e 15—
uE g oy wE [
S == 8 [T N S
s2 - el i — - —
e WE——— — % 10
o ¥ [ &
25 _____L,---”"/ g% L
ES 35
ag &2
g 5 . g% s
1
u q
i} 50 100 150 200 a % bl 76
LOaD CAPALCITANCE (pF) AMBIENT TEMPERATURE {"C}
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PRIORITY INTERRUPT CONTROL UNIT

a Eight Priority Levels
o Current Status Register
n Priority Comparator

The 8214 is an eight level priority interrupt control unit designed to simplify interrupt driven microcomputer

systems.

The PICU can accept eight requesting levels; determine the highest priority, compare this priority to a soft-
ware 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 and vector information. Control

H Fully Expandable
A High Performance (50ns)
8 24-Pin Dual In-Line Package

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,

PIN CONFIGURATION

ENGEBLE NEXT LEVEL GROQUFP

— o
) 24 Yee
N zzy ] €cs
Nuf el
s a n{ ]
it [] s w[w
tk[]s 1w[]R,
8214
wre [C] 7 [ ]w
N al uk
i Bul
& [ 1e 15 ] R
eI 1] v
avo Tz 13 ) ena
PIN NAMES
Tipurs —
in,.n, REQUEST LEVLLE ¢A; HIGHEST PRIURITY)
Bg-By  CURREMT 5TATUS
133 ETATUS GROUP SELEET
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8214

D.C. AND OPERATING CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias . ... ... .. i e e 0°C to 70°C
Storage TEMPEEIATUFE . o . o v v v v v v e it s v e et ne bt e s e e it ae et e -85°C 1o +180°C
All Qutput and SUpply Valtages , . . . . . ittt i st et it e e e m e e a e 0.5V 1o +7V
L T T LU T o T T2 -1.0V to +5.5V
LT T T ¢ T 100 mA

*COMMEMNT: Stresses above those listed under “Absclute Maximum Rating™ may cause permanent damage to the device. This is a stress rating
only and functional eperation of the device at thess or at any other condition abave those indicated in the operational sections of this specifi-
cations is not implied, Exposure 1o absolute maximum ratings for extended periods may affect device reliability.

Ta = 0°C to +70°C, Vg = BV +5%.

Symbol Paramater Min. l.l:::l?:] Max, Unit Conditions
Ve Input Clamp Voltage (all inputs} -1.0 v Ic=-BmA
I Input Forward Current;:  ETLG input -5 -0.5 mh Ve=0.45Y
all other inputs -.08 -0.25 | mA
In Input Reverse Current: ETLG input 80 oA VR=5.26Y
all other inputs 40 HA
ViL tnput LOW Voltage: all inputs 0.8 v Vee=5.0V
ViH Input HIGH Voltage: alt inputs 20 v Ve =5.0V
lee Power Supply Current 90 130 ma See Note 2,
VoL Qutput LOW Voltage: all outputs 3 45 W loL=15mA
Vo Qutput HIGH Voltage:  ENLG cutput 24 3.0 v lo=-1mA
los Shart Circuit Qutput Current: ENLG output | -20 -35 -55 mA Vog=0V, Vpc=5.0V
lcex Output Leakage Current: INT and Ag-Ay 100 A Voex=5.25V
MOTES:

1. Typical values are for Tp = w0, Vg = 5.0V,
2. BypBa, 5G5S, CLK, F!_oﬂ grounded, all other inputs and all outputs open,
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8214

A.C. CHARACTERISTICS AND WAVEFORMS T, = 0°C ta +70°C, Ve = +6V 5%

Limits

Symbaol Parameter Min, Typ1] | Max. Unit
toy CLK Cycle Time 80 50 ns
thw CLK, ECS, INT Pulse Width 25 15 ns
Uss INTE Setup Time to CLK 18 12 ns
tisH INTE Hold Time after CLE 20 10 ns
tetesl ETLG Setup Time to CLK 25 12 ns
teten!?) ETLG Hold Time After CLK 20 10 ns
tecesl?) ECS Setup Time to CLK 80 50 ns
teeend) ECS Hold Time After CLK 0 ns
tecrgl?! ECS Setup Time to CLK 110 0 ns
tecrm il ECS Hold Time After CLK 0

teces?] ECS Setup Time to CLK 75 70 ns
teegn (2] ECE Hold Time After CLE 0 ns
tpegl? 5GS and Bg-B Setup Time to CLK - 70 50 ns
tocn!l?! SGS and Bg-B, Hold Time After CLK 0 ns
treslll] Ro-R7 Setup Time to CLK o0 55 ns
trenld! Ry-B7 Hald Time After CLK 0 ns
tics iNT Setup Time to CLK 55 35 | ns
tey CLK 10 INT Propagation Delay 15 25 ns
154! Rg-R7 Setup Time 1o INT [ 10 ] ns
tan (4] Rg-Ry Hold Time After INT 35 20 ns
tRA Rg-R7 to Ag-Ay Propagation Delay 5 B0 |00 ns
tELA ELR to Ag-A; Propagation Delay ‘ 40 55 ns
tECA ECS to Ag-A7 Propagation Delay | 100|120 ns
tETA ETLG to Ag-As Propagation Delay 35 70 ns
tpeesld §GS and By-B; Setup Time to £ - 15 10 ns
togecnq (4] 8GS and By-B2 Hold Time After ECS B 15 10 ns
tREN Rg-R7 to ENLG Propagation Delay a5 70 ns
tETEN ETLG to ENLG Propagation Delay 20 128 L
tEcAN ECS to ENLG Propagation Delay 85 |00 ns
tEcsn ECS to ENLG Propagation Delay 35 65 ns .

CAPACITANCE (5]
Limits

Symbol Parameter Min. { Typ.[1l [ Max Unit
Cin Input Capacitance i 5 P10 pF
Cour Qutput Capacitance i_i 12 oF

TEST CONDITIONS: V3|A3 = 2,5\", Vcc =hV, TA = 2500, £=TMHz

NQTE 5, This parameter is periodically sampled and not 100% 1ested.
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WAVEFORMS
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m Typical values are for Ty, = I5°C Vog = 5.0V.
€2 Required for proper operatian if 1SE is enabled during next clogk pulse.

(3 These times are not required for proper operation but for desired change in interrupt flip-flop.

{4 Required for new request or status 1o be properly loaded.

TEST CONDITIONS: TEST LOAD CIRCUIT

{nput pulse amplitude; 2.5 volts.

fnput rise and fall times: 5 ns between 1 and 2 volts.
Qutput loading of 15 mA and 30 pf.

Speed measurements taken at the 1.5V levels.
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8216/8226

4 BIT PARALLEL BIDIRECTIONAL BUS DRIVER

a Data Bus Buffer Driver for 8080 CPU o 3.865V Qutput High Voltage for Direct
= Low Input Load Current — .25 mA Interface to 8080 CPU

Maximum a Three State Outpuis
= High Output Drive Capabitity for = Reduces System Package Count

Driving System Data Bus

The 8216/8226 is a 4-bit bi-directional bus driver/receiver.

All inputs are low power TTL compatible, For driving MOS, the DO oputputs provide a high 3.65Y Vgy, and for high capaci-
tance terminated bus structures, the DB outputs provide a high 50mA Ig capability.

A non-inverting (8216) and an inverting {8226) are available to meet a wide variety of applications for buffering in micro-
computer systems.

PIN CONFIGURATION LOGIC DIAGRAM LOGIC DIAGRAM
8216 8226
IS0 | Al [ Jvee r
oo, ]2 i ]mEn P 1~ ol 0——;
oe, [ = [ J1oe, Q ¢———0 DBy Q &0 DE,
00, O 00, O—]
o, 34 gaygr 13108 | \
6o, |: 5 8226 12 o o, o Vi K o, I;
oo, []e uy oo ] o o "j | L
) L0, o 1N
' o] ] os, ™~ | 4
ano [ )8 al o, oL o VIE iy & g
;__j »—"=>0 0B, . > D8,
Da, o 4 00, O Q =
PIN NAMES o o '
3 O oy o
o l»—‘l —0 o, < $————0 Db,
DByDB; | B BRECTIONAL ks “J P4 ;&
OOl | DATAINPUT
00,00, DATA GUTPUT
| 5% | Ginecrion contRoL
[=] CHIF SELECT o 5 [+
DIEN OIEN

787



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 memnory devices. While this type of drive is
sufficient in smalf systemswith few compenents, gquite often
it is necessary to buffer the microprocessor and memories
when adding components or expanding to a multi-board
system.

The B216/8226 is a four bit bi-directional bus driver specif-
ically designed to buffer microcomputer system components.

Bi-Directional 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 ocutput of one buffer and the input of another
are tied together (DB), this side is used to interface 1o the
system side components such as memaories, /O, etc., be-
cause its interface is direct TTL compatible and it has high
drive (60mA). On the other side of the driver the inputs
and outputs are separated to provide maximum flexibility,
CH course, they can be tied together so that the driver can
be used to buffer a true bi-directiona! bus such as the 8080
Data Bus, The DO outputs an 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 {350mY worst case).

Control Gating DIEN, CS

The C§ input is actually a device select. When it is “high'
the cutput drivers are all forced 1o their high-impedance
state. When it is at “zaro” the device is selected {enabled)
and the direction of the data flow is determined by the
DIEM input.

The DIEN input controls the direction of data flow [see
Figure 1) for complete truth table, This direction control
isaccomplished 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 is a device that will reduce component count
in microcomputer systems and at the same time enhance
noise immunity 1o assure reliable, high performance op-
eration,

788

——0D8,

0o, ¢

A—I V—l Zk" V—I A—I V—l A—I ‘ﬁ

g
™

[+:3

o DB,

D,

— og,

{a) 8216
Dl &ﬁ
0o, Q
DI, & {i
oo, ]:}
oo, \l}
DQ; -‘qh
DIEM
{b) 8226 L
BiEn | &5
o | loi-ce
1 |0 {re-D0
:J : ; - HIGH IMPEDANCE

Figure 1. 8216/8226 Lagic Diagrams



8216/8226

APPLICATIONS OF 8216/8226

8080 Data Bus Buffer

The 8080 CPU Data Bus is capable of driving a singla TTL
load and is more than adequate for small, single board sys-
tems, When expanding such a system to more than one baard
to increase 1/Q or Memory size, it is necessary to provide a
buffer. The B216/8226 is a device that is exactly fitted to
this application.

Shown in Figure 2 are 3 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 OB lines interface with standard
semiconductor 1/O and Memory companents and are com-
pletely TTL compatible, The DB lines also provide a high
drive capability {S0Om&A) so that an extremely large system
can be dirven along with possible bus termination networks.

On the BDBA side the D! 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
vaoltage output capahility of 3.65 volts which allows direct
connection to the 8080 whose minimum input voltage is
3.3 valts. 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 1/0 Interface to a Bi-directional Bus

In {arge microcomputer systems it is often necessary to pro-
vide Memory and /0 with their own buffers and at the same
time maintain a direct, comman interface to a bi-directional
Data Bus. The B216/8226 has separated data in and data
out lines on one side and a common bi-directional set on the
other to accomedate such a function.

Shown in Figure 3 is an example of how the 8218/8226 is
used in this type of application,

The interface to Memory is simple and direct. The memories
used are typically Intel® 8102, 81024, B101 or 3107B-4 and
have separate data inputs and putputs, The B1 and DO lines
of the B216/8226 tie 1o 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 1/0 is similar to Memory. The /0 devices
used are typically Intel® 5255s, and can be used far both
input and output ports. The I/Q R signal is connected di-
rectiy to the DIEN input so that proper data flow from the
1/Q device ta the Data Bus is maintained.

7.89

The B216/8226 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 lang length cables ta other peripherals or
systems.
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Figure 2, 8080 Data Bus Buffer.
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8216/8226

D.C. AND OPERATING CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS*

Temperatre Under Bias . .. .. ...ttt it te i it et e e et et e e, 0°C 10 70°C
Storage TemMPEIBIIIE . . ... ittt i e ittt et e e e e -65°C to +150°C
All Qutputand Supply Voltages . . .. .ot e i i e e e e e e e 0.5V to +7V
Al IPUL Y alta08S . . . . L . ittt it it e e e e e e e -1.0V to +5.5Y
L TR oY 0T =T 125 ma

*COMMENT: Stresses above those listed under "Absolie Maximum Rating' may cause permanent damage to the device. This is a stress rating
only and functional operation of the deviee at these ar a1 any other candition above those indicated in the operational sections of this specili-
cation is not implied.

Ta = 0°C to +70°C, Vpo=+5V 5%

Limits
Symbol Parameter Min. Typ. Max. Unit Conditians
IFq Input Load Current DIEN, €5 016 | -5 | mA Vg =045
Igs input Load Current Al Other Inputs -0.08 -.25 mA Ve =0.45
lr1 Input Leakage Current BIEN, C§ 20 pA Vg =5.26V
IR Input Leakage Current DI Inputs 110 HA VR =525V
Ve Input Forward Voltage Clamp -1 v lg = -6mA
Vi tnput *‘Low™ Voltage 95 v
ViH Input “High”" Voltage 2.0 \4
lipl Output Leakage Current DO 20 pAa Vo = 0.45V/5.25V
{3-State) D8 100
[ " 8216 9% | 130 | mA
loe Power Supply Current 926 . 120 vy
Yori Output "Low" Voitage 0.3 .45 v DO Outputs lg =15mA
DB Qutputs lg) =25mA
8216 0.5 v DB Outputs g, =55mA
Voz | Qutput "Low” Voltage o o0 05 v DB Outputs lg, =50mA
Vom Qutput “High” Voltage 3.65 44 A4 DO OQutputs Ipy = -1mA
Vou?2 Qutput “High” Voltage 24 3.0 v DB Outputs lgy = -T0mA
los Output Short Circuit Current -16 -35 -66 ma D0 Outputs Vo =0V,
-30 -75 -120 | mA DB Qutputs Veo=5.0V

NOTE: Typical values are for Ty = 25°C, Vo = 5.0V,
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WAVEFORMS

INPUTS

OUTPUT D
ENABLE °

b,
S'F.—_—r "
OUTPUTS 15v Y- )+"_ i
1 Voo
5V
A.C. CHARACTERISTICS
Ta = 0°C to +70°C, Vg = +5V 25%
Limits
Symbol Parameter Min. Typ.l1l Max. Unit Conditions
Teos Input to Qutput Delay DO Qutputs 15 25 ns C=30pF, R4=30052
Ro=600802
Troz Input 10 Qutput Delay DB Outputs
8216 20 o ns C =300pF, R4=9052
8228 16 25 ns Ro = 18082
Te Output Enable Time
8216 45 [515) ns INote 2
8226 s 84 ns {Mote 3}
To Output Disable Time 20 35 rs {Note 4}
W,
TEST CONDITIONS: TEST LOAD CIRCUIT &
Input pulse amplitude of 2.5V. <
Input rise and fall times of 5 ns batween 1 and 2 volts. M

Qutput loading is % mA and 10 pF.
Speed measurements are made at 1.5 volt levels.

Capacitance fel

OuT o

 ———

Limits
Symbol Parameter Min Typ.[11 Max. | Unit
Cin Input Capacitance 4 8 pF
CauTi Output Capacitance 6 10 pF
Cout? Qutput Capacitance 13 18 pF

TEST CONDITIONS: Vg a5 = 2.6V, Vog = 5.0V, T4 =25°C, § = 1 MHz.

NOTES:

. Typical values are for Tp = 25°C, Voo = 5.0V,

. DO Quiputs, O = 30pF, Ry = 300/10 K, Ry = 180/1K12; DB Quiputs, C_ = 3000F, Ry = 90/10 K52, Ry = 180/1 KR.

. DO Cutputs, C = 5pF, Ry = 300/10 Ks2, Ry « 600/1 KS2; DB Outputs, Cp_ = BoF, R = 90/10 K12, Ry = 180/1 K1z,

. This parameter is periodically sampled and not 100% tested.

1
2
3. DO Qutputs, G~ 30pF, Ry = 200/10 KR, Ry = 600/1K; DB Cutputs, C_ = 200pF, Ry =80/10K£, Ra = 180/1 Ka.
4
s
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PROGRAMMABLE INTERVAL TIMER

a MCS—85™ Compatible 8253-5

8253/8253-5

w 3 Independent 16-Bit Counters

o DC to 2 MHz

® Programmable Counter Modes

w Count Binary or BCD

o Single + 5V Supply

@ 24-Pin Dual In-Line Package

The Intel® 8253 is a programmable counterftimer chip designed for use as an Inte! microcompuier 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 18-bit counters, each with a count rate of up to 2 MHz. Ali modes of operation are soft-
ware programmable.

PIN CONFIGURATION
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8253/8253.5

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 /O ports in the system software.

The 8253 solves one of the mosi common problemsin any
microcomputer system, the generation of accurate time
delays under software control. Instead of setting up timing
loops insystems software, the programmer configuresthe
8253 to match his requirements, initiglizes one of the
counters of the 8253 with the desired quantity, then upon
command the 8253 will count oul 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 counterstimer functions that are non-delay in
nature hut also cammaon to most microcomputers can be
impternented with the 8253,

Pragrammable Rate Generator

Event Counter

Binary Rale Multiplier

Real Time Clock

Digital One-Shot

Complex Motar Controller

Data Bus Buffer

This 3-state, bi-directional, 8-bit bufferis used tointerface
the 8253 to the system data bus. Data is transmitted or
raceived by the buffer upon execution of INputor QUTput
CPU instructions. The Data Bus Buffer has three basic
functiens.

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 averall device
operation. It is enabled or disablad by TS so that no
oparation 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 inthe form of modeinfarmation or loading
caountars.

7-94

Figure 1. Block Diagram Showing Data Bus Buffer and

AD, A1

These inputs are normally connected to the address bus.
Their function is to select one of the threa counters to be
operated on and to address the control word register for
made selection.

CS (Chip Select)

A “low" on this input enables the 8253, No reading or
writing will occur unless the davice is selected, The cs
input has no effect upon the actuat operation of the
counters,

oATA

BUS CUU:J:TEH- H
BUFFER : LI
o ppras :
AR I S ol 13 I
READ! Al counrer |
WRITE K eomer | e
LoGIC - LT - :

R et T R

etk

| conrroy; counterd . o
TR S e atez

" FREGISTER

: l ; R

WTERNAL BUS

Ut 2

Read/Wrlte Logic Functions

CS | RD | WR | Ay | Ag

o] 1 o a 1] Load Counter Ma. 0
Q 1 8] 0 1 Load Counter No. 1
0 1 o |1 0 Load Counter No. 2
0 1 D 1 1 Write Mode Word

0 0 1 0| 0 Read Counter No. 0
Q 0 1 0 1 Read Counter No, 1
0 0 1 1 0 Read Counter No. 2
a 4] 1 1 1 Me-Operation 3-State
i X X X X Disable 3-State

Q 1 1 X X Na-Operatien 3-State




8253/8253-5 o

Control Word Registar

The Cantrol Word Register is selected when AG, A1 are 11.
It then accepts information from the data bus buffer angd
slares it in a register. The informalion slored in this
register controls the operational MODE of each counter,
selection of binary ar BCD counting and the ioading of
each count register.

Pdarea RS @ counTER
. BLEFER 1 . -

The Control Word Register can anly be written inlo; no
read operation of ils 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
consisis of a single, 16-bit, pre-settable, DOWN counier.
The counter can operate in gither binary or BCD and its
input, gate and outpul are configured by the selection of
MODES stored in the Control Word Register.

The couniers are [ully independent and each can have
separate Mode configuration and counting operation,
hinary or BCD. Also, there are special features in the
centrol word that handle the loading of the count value so
that software owverhead can be minimized for these
functions.

] counter {0
. - #1

CANTRAL §mat /1Py counten

REGISTER =2

The reading of ihe contents of each counder is available to
the programmer withr simple READ operalions 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.

Figure 2. Block Dlagram Showing Control Word
8253 SYSTEM INTERFACE Register and Counter Functions

The 8253 is a component of the Imel™ Microcomputer
Systems and interfaces in the same manner as all other

peripherals of the family. It is treated by the systems . ADDRESS BUS 116) 3
software as an array of peripherat I/0 ports; thres are ﬂn" [
counters a_nd the fourth is a control register for MODE ¢ e 3
programming. | —T—
Basically, tho select inputs AD, A1 conneet to the A, A1 l L \ HOR |How
address bus signals of the GPU. The CS can be derived § DATA BUS (8t
directly from the address bus using a linear select method. \ |
Qrit can be connected to the output of a decoder, such as
an Intel® B205 for larger systems. [ i
Ay Ay LS Do D FD  WR
8283
COUNTER COUNTER COUNTER
H H :
’OLIT GATE CLKI II:IIJT GATE (2LK1 It'.‘l..lT GATE CLE !

Figure 3. 8253 System Interface
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OPERATIONAL DESCRIPTION

General

The complete functional definition of the 8253 is
programmed by the systems scoftware. & set of conirol
words must be sent out by the CPU 1o 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
complelely independent and additicnal logic is provided
on-chip so that the usval problems associated with
elficienl moniloring 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 1/0 operations.

Each counter of the 8253 is individually programmed by
writing a cantrol word into the Control Word Register.
{AD, A1 =11)

Control Word Format

3 D D1 D

2| mi | mo | Bep |

Dy D Dg By D
[ sct |sco [ RL1 I RLO ‘M

Definitlon of Conirol
5C — Select Counter

sC1 sCo
0 0 Select Counter 0
0 1 Select Counter 1
1 0 Select Counter 2
1 1 Nlegal

AL — Read/lLoad:

HLT RLO
0 0 Counter Latching operation {see
READ/WRITE Procedure Section)
i} Read/Load most significant byte only.
Q Read/Load least significant byte anly.
1 1 Read/Load least significant byte first,
then most significant byte.
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M — MODE:
M2 M1 MO
o 0 0 | ModeO
o 0 1 Mode 1
X ] 0 | Mode 2
X 1 1 Mode 3
1 0 0 | Moded
1 0 1 Mede &
BCD:
[4] Binary Gounter 16-bits
1 Binary Coded Decimal {BCD) Counter
{4 Decades)

MODE Definition

MODE: Interrupt on Terminal Count. The oulput will be
initially low after tha 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-
miral count is reached the output will go high and re-
main high until the selected count register is raloadad
with the mode or a hew count is toaded.

Aeloading a counter register during counting results in
the following:

{1} Load 1st byte stops the current counting.
{2) Load 2nd byte starts the new count.

MODE 1: Programmahle One-Shot. The oulput will go
low on the count following the rising edge of the gate in-
put.

The cutput will go high on the terminal count. If a new
count value is loaded while the cutput is low it will not
affect the duration of the one-shot pulse until the sue-
ceading 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 ¢ounter,. The out-
pul will be low for cne pericd of the input clock. The
period from one cutput pulse to the next equals the
number of input counts in the count register. If the
count register s reloaded between output pulses the
prasent period will not be affected, but the subsequent
period will reflect the new value.

The gate input, when low, will force lhe output high.
Whan 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 cutput will remain high until
after the count register is lpaded. The output then can
also be synchronized by software.

MOBDE 3: Square Wave Rate Gensarator. Similar to MODE
2 except that the outoput will remain high until one half
the count has been completed (for even numbers) and
go low for the other half of the count. If the count is odd,
the output will be high for {N + 132 counts and low for
{N — 12 counts,

If the couniar register is reloaded with a new value dur-
ing counting, this new value will be reflected immedi-
ately after after the output transllion of the current
count.

MODE 4: Software Triggered Strobe. After the mode is
set, the output will be high. When 1he count is loaded,
the counter will begin counting. On terminal count, the
output will go low fer one input clock period, then will
go high again.

If the count register is raloaded hetween output pulses
the present period will not be affecied, but the subse-
quent period will reflect the new value. The count will be
inhibited whila the gate input is low. Reloading the
counter repgister will restart counting beginning with the
new number.

MODE 5: Hardware Triggered Strobe. The counter will
slart counting after the rising edge of the trigger input
and will go low for one clock pericd when the terminal
count is reached. The counter is retriggerable. The oul-
put will nol go low until the full count after the rising
edge of any trigger.

Signal Low
Stalus Qr Going
|Modes Low Rising High
0 Disables — Enables
counting couning
1 -— 11 Intiales —_
caunting

2] Rearls oufput
afler neut clonk

2 1} Disables
counling Initiates Enables
21 Sets output counting counting
immediately
high
3 1} Disablas
caunting Iniales Enabiles
2] Sets oatput counting counhing
immedrately
high
4 Dhsakles _ Enables
counting counting
E) —_ Initiates —_
counllng

Figure 4. Gate Pin Operatlons Summary
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MODE 0

cock LI MNMANMNMN

4 3 1
OUTFUT {INTERRLUPT) :
in=4p |t —n—
1
II )
WA m | | [ 1
1 1}
1 ]
GATE ] SOV gy
B a 3 2 1 0
OUTPUT {INTERRLUPT] i ' I
L] — ———
ks B
A+Bem

MODE 1

- igWgigigigigigigigigigigl
WRn 1 |

TRIGGER
4 3 7 1 O

_— " —

in - 4)

DUTFUT

TRIGGER I _I |- —
4 3 2 4 2z 2 1
——

(1]
————

QUTPUT

MODE 2

erock LML WL i
— ned n=%
wAn — LLZAT

BuTPUT 04 3 2 1

4 3 2 1 gy 1 0

J
o) 3 2 1032 1 oHHZ

I LT LT
ResET T e T

QUTPUT (n = 21

MODE 3
ctock MMM MMM MM ML
Ma) 3 2 1 &) 3 2 1 004 3 2 1
OUTPUT in= 4 [ 1 I 1
OB 4 3 ot 0814 3 2 1 OGN 4 3

DUTPUT in= 5| I

mél 3 2 1

GUTPUT th=a1 " L—J
—_

RESET

MODE 4

Wh n=4
4 2 2 1 0
ouTPUT | |
LOAD n=4
GATE | |
4 4 3 2 1 4
QUTPUT

MODE 5

GATE I

4 3 2 1 0

OUTRT (n= 4} LT
GATE i I l
4 3 4 1 Z 1 0

QUTPUT in = 4)

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 B253 a MODE control word and
the programmed number of count register bytes {1 or 2}
prior to aciually 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 separale address 3o that its
loading is completely sequence independent. (SC0, 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 (RLC, RL1). This
|oading of the counter's count register is still sequence
independent like the MODE control word loading, but
when a selected count register is 1¢ be loaded it must be
loaded with the number of byles programmed in the
MODE control werd (RLO, RL1). The ane 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 leading as
long as the correct number of bytes is loaded in order.

All counters are down counters. Thus, the value loaded
intg the count register will actually be decremented.
Loading all zeroes into a count register will resull in the
maximum ceunt (2' for Binary or 10° for BCD). In MODE D
the new count will not restart until the load has been
complated. it will accept one of two bytes depending on
how the MODE control words (RLO, RL1) are program-
med. Then procesd with the rostart operation.

7-89

MOBDE Cantrol Word

Counter n
Lsa Count Begister byte

Counter n
MSE Count Register byte

Counter n

Mote: Format shown isa simple example of loading the 8253 and
does nol imply that it iz the anly farmat that can be used,

Flgure 6. Programming Format

Al | ADQ
MODE Contral Waord
No.1 Counter D ! !
MODE Control Word
; 1
No. 2 Counter 1 !
MOCE Control Word
No. 3 Coumnter 2 ! !
No.4 | Ls® Cournt Register Byte 0 ]
Counter 1
Count Register Byte 0 1
MNo. & | MSB Counter 1
No. 6 | LsB Count Register Byte 1 0
Counter 2
Count Register Byte
No. 7 | MSB Counter 2 1 a
No.8 | LSB Count Register Byte 0 o
Counter 0
Count Register Byte
. o a
No.$ | MSB Counter

HNote: The exclusve addresses of each counter's count register maka
the task of programming the 8253 a very simple matter, and
maximum effective uze of the devica 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 toread
the valug of the count in progress and make a
computabonal decision based on this quantity. Ewvenl
counters are probably the most common application that
uses this funclion. The 8253 contains logic that will allow
the programmer 1o easily read the contents of any of the
three counters without disturbing the actual count in
progress.

There are two melhods that the programmer can use to
read the value of the counters. The firsl method invelves
the use of simple 170 read operations of the selected
counter. By controlling the AQ, A1 inputs to the 8233 the
programmer can select the counter to be read {remember
that no read operation of the mode register is allowed AD,
A1-11). The only requirement with this method is that in
order to assure a stable countreading the actual operation
of the selected counler must be inhibited either by
controlling the Gate input or by external logic that inhibis
the clock input. The conlents of the counter selected will
be available as follows:

first 10 Read contains the least significant byte {(LSB).

second I/Q Read contains the most significant byte
{MSB).

Due to the internal logic of the 8253 it 15 absolulely
necessary to compiete the entire reading procedure. If two
bytes are programmed to be read then two bytes must be
read before any loading WR coromand can be sentto the
same counter.

Read Operation Charl

Al AD RD
] V] G Read Counter No, D
Q 1 1 Read Counter No. 1
1 W] 0 Read Counter No, 2
1 1 0 lllegal

Reading While Counting

in order for the programmer to read the contents of any
counter without effecting or disturbing the counting
operation the B253 has special inlernal 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 "onthe fly” he loadsthe
MODE register with a special code which latches the
present count value into a storage register so that its
contents contain an accurate, slable gquantity., The
programmer then issues a normal read command 1o the
selected counterandthe contenis of the latched registeris
available.

MODE Register for Latching Count

A0, A1 =11
D7 D6 D | D4 | D3 | D2 | DM Do
SC1H SCO 0 V] X X X J_ X

8C1,5C0 — specify counter Lo be lalched.
Bs,D4
X

The same limitation appligs to this mode of reading 1he
counter as the previous method. That is, 1tis mandatory to
complete the enlire read operation as programmed.

— {0 designates counler laiching operation,
— don't care.

IMHz
CLK —=

* 1.5MHz

—={CLK

8085

82535

*If an 8085 clock oulput |s to drive an §253-5 clock input, it must be reduced 19 2 MHz or less,

Figure 8. MCS-85" Clock Interface®

7-100
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ABSCOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias

Storage Temperature  ..............
WVoltage On Any Pin

With Respect to Ground
Power Dissipation

refiabivty.

D.C. CHARACTERISTICS {7, = 0°C10 70°C; Ve = 5V £5%)

FCto70°C
—85°Cto+150°C
_05VI04TV catfon is not implied, Eiposure to absolute max:"r'lrfam _/
,,,,,,, 1 Watt rating conditions for extended periods may affect device

SYMBOL PARAMETER _T MIN. MAX. UNITS TEST CONDITIONS
ViL Input Low Voltage -0.5 a.8 v
ViH Input High Voltage 2.2 Voot 5V v
VoL Qutput Low Voltage 0.45 v Naote 1
Vou Qutput High Voltage 2.4 A Naote 2
L Input Load Current 10 HA Vin = Vg to OV
laFy Qutput Float Leakage 10 uh VouT = Voo to OV
lee Vee Supply Current 140 mA
Mote 1: 8253, I, = 1.6 mA; 82535, I, = 2.2 mA.
Note 2: B2E3, Iy = ~150 A, 82535, loy = —400 uA.
CAPACITANCE T, =25°C; Voo = GND =0V
Symbol Parameter Min, Typ. Max. | Unit Test Conditions
Cin Input Capacitance Hi pF fc=1MHz
Cio 1/0 Capacitanca 20 pF Unmeasured pins returnad to Vigg

7-101
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A.C. CHARACTERISTICS T4 - 0°C 10 70°C: Ve = 5.0V £5%; GND = oV
Bus Parameters (Note 1)

Read Cycle:

8253
SYMBOL PARAMETER MEN. MAX. MIN.
taR Address Stable Before READ 50 50 ns
tRA Address Hold Time for READ |53 5 ns
tRA READ Pulse Width 400 300 ns
tRp Data Delay From READIZ! 300 200 ns
tor READ to Data Floating 25 125 25 i00 ns
Write Cycle:
8253 8253.5
SYMBOL PARAMETER MIN. MAX. MIN. MAX. UNIT
taw Address Stable Refora WRITE 50 50 ns
wa Address Hold Time for WRTTE 30 30 ns
Ty WRITE Pulse Width 400 300 ns
tow Data Set Up Time for WRITE 300 250 ns
wo Data Hold Time for WRITE 40 30 ns
Ry Recovery Time Betwesn WRITES 1 1 S
MNotes: 1, AC timings measured at Vo = 2.2, Vo = 0.B
2. Test Conditions: 8253, C_ = 100pF; §253-5: C = 1500F.
Write Timing: Read Timing:

Ap_y, €5 X K Ag.q. €5 )_‘

AW d WA, AR

DATABUS X:' ; :X AD

DATA B%% HIGH IMPLDANGE VALID [HIGH IMPEDANCE

E
—t
e

Input Waveforms for A.C. Tests:
2.4
22 22
> TEST POINTS <
0.8 0.8
0.45

7-102
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Clock and Gate Timing:

8253

SYMBOL PARAMETER MIN. MAX.

oLk Cloek Period | 380 de

Tryye High Pulse Width | 230

trwrL Low Pulse Width [ 150

tow Gate Width High , 180 | i

toL Gate Width Low | 00 | ]

tog Gate Set Up Time to CLKT 100 )

tGH Gata Hold Time After CLK? 50 |

ton Output Delay From CLKJIT f—— B T R R

tooG Cutput Detay Fram Gatedl'] ‘ 300 |

Note 1:

Test Conditions: 8253 €| = 100pF; 8253-5: € = 150pF.

GUTPUT O

7-103
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PROGRAMMABLE INTERRUPT CONTROLLER -

o MCS$-85™ Compatible 8259-5
o B-Level Priority Controlier

o Individual Requast Mask Capability

Single + 5V Supply (No Clocks
s Expandable to 64 Levels @ sing upply ( )

o Programmable Interrupt Modes o 28-Pin Dual In-Line Package

The Inlel® 8259 handles up to 8 veclored priority interrupts for the CPU, It is cascadable for up to 64 vectored priority
interrupts, without additional circuitry. it wlll be packaged in a 28-pin plastic DIP, uses nMOS techinology and requires
a single +5Y supply. Circultry |s static, requiring no clock input.

The 8259 is designed to minimize tha software and real time overhead in handling multi-level priority interrupts. It has
several modes, permitting optimization {or a variety of system requirements.

PIN CONFIGURATION BLOCK DIAGRAM

™A INT
[=4m B el vce
WRL]2 27 Ay s
ko] 3 26 [ 1iNTA,
o4 25 [JIR7
DATA
o, s 24 IJIRE Dr-Du<:_—> AT K_—> CONTROL LOSIC
o, s 23 11RS - BUFFER )
0,07 2z 11r4 7
4 82549 H | x
N 21 R3 ! J
0,9 20 [11R2 | | {
o, e 18 [d1R1 T’}l l ‘ﬁ .
o, O i1 Elﬂo ‘ : "o
. - -
casa ]2 7 [qint AD g aeas — R1
i WA —— =) o -
cas1]1z 16 [15F WRITE ,_+ . | Jrurem :gi
LOGIC SERVICE PRICRITY REQUEST |
Gno (e Vo LICAS2 PR REG <:RESOLVEF! | REG  [e—1Ra
| SR RR) «——IRS
- ? | -—— A&
o5 . - ~—1R7
PIN NAMES | N
D,-O, DATA BUS (B DIRECTIONAL}
i AEAD INPUT CASO +— =y | <:> INTERRUPT MASK REG
s - CASCADE LIMR]
WR L WRITENNPUT ] tas1 «—=l BUFFER; |=—
Ay COMPMAND SELEGT ADDRESS COMPARATOR
_— CASZ = —
& CHIP SELECT
CAS)-CASD CASCADE LINES ] }’ .
E SLAVE PROGRAM INPUT 5@ \IMERNM aus
INT INTERRUPT QUTPUT
iNTA INTERRUPT ACKNOWLEDGE INPUT
|RG-IR? INTEARLPT AEQLEST INPUTS

1 Inlel Corporalion, 1978
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INTRODUCTION TO THE USE OF INTER-
RUPTS IN MICROCOMPUTER SYSTEMS

Microcomputer system design requires that 1/0 devices
such as keyboards, displays, sensors and other com-
ponents receive servicing in an efficient method so that
large amounts of the total system tasks can be assumed by
the microcomputer with little or no effect on throughput.

The mostcommon method of servicing such devices isthe
Polled approach. This is where the processor must test
each device in sequence and in effect “ask” each oneif it
needs servicing. It is easy to see that a large portion of the
main program is looping through 1his continuence polling
cycle and that such a method would have a serious,
detrimental effect on system throughput thus limiting the
tasks that could be assumed by the microcomputer and
reducing the cost effectiveness of using such devices.

A more desireable method would be one that would allow
the micraprocessor to be executing its main program and
only stop to service peripheral devices whenitistold todo
50 by the device itzelf. In eifect, the method would provide
an external asynchronous input that would inform the
processor that it should complele whatever instruction
that is currently being executed and fetch a new routine
that will service the requesting device. Oncethis servicing
ts complete however the processor would resume exactly
where it left off.

This method is called Interrupt. It is easy to see that
system tbroughput would drastically increase, and thus
more tasks could be assumed by the microcompuler to
further enhance its cost efiectiveness.

The Programmable Interrupt Controller {PIC) functions
as an overall manager in an Interrupt-Driven system
environmenl. It accepts requests from the peripheral
equipmenl, 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 issuas an Interrupt to
the CPU based on this delermination,

Each peripheral device or structure usually has a special
program or “routine” that is associaled with its specific
functional or operational requirements; this is referred to
as a "service routine”. The PIC, after issuing an Interrupt
to the CPU, must samehow input informationinto the CPU
that can "point” the Program Counter to the service
routing associaled with the requesting device. The PIC
does this by providing the CPU with a 3-byte CALL
instruction.

CPU-DRIVEN
MULTIFLEXOR
CPU
________ .
T
ram <:> ® G (1 »——I
ROM :ﬂ <::> WO t2)
| |
! I
<:'>I o p——
! |
m—a
N
Figure 1. Polled Mathod
cPy INT
G N —
RAM PIC
ADM :>< - o
K 3 o
== J
i |
<:> womy I
1 []
| 1
|

Figure 2. Interrupt Method
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FUNCTIONAL DESCRIPTION

General

The 8259 is a device specifically designed for use in real
time, interrupt driven, microcomputer systems. It man-
ages eight levels ar requests and has built-in features far
expandability to other 8259s (up to 64 levels), It is
programmed by the system's software as an IO
peripheral. A selection of priarity modes is available to the
programmer so that the manner in which the requests are
processed by the 8259 can be configured to match his
system requirements. The priority modes can be changed
or reconfigured dynamically at any time during the main
program. This means thatthe complete interrupt structure
can be defined as required, based on the tatal system
environmant.

Interrupt Request Register (iIRR) and
In-Service Register (ISR}

The interrupts al the IR input lines are handled by two
registers in cascade. the Interrupt Request Register (IRR)
and the In-Service Register {ISR). The {RR is used to store
all the interrupt levels which are requesting service; and
ihe ISR is used to store all the interrupt levels which are
being serviced.

frice

Priority Resolver

This legic 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 puise.

INT {Interrupt)
This output goes directly to the CPU interrupt input, The

Vou level on this line is designed to be fully compatible
with the 8080 input level.

INTA {Interrupt Acknowlaedge}

Three INTA pulses will cause the 8259 to release a 3-byte
CALL instruction onto the Data Hus.

Interrupt Mask Register (IMR)

The MR stores the bits of the interrupt lines ta be masked.
The IMA cperates on the ISA. Masking of a higher prierity
input will not affect the interrupt request lines of lower
priority.

107

WTA INT
A
2,0y
DATA
C; ATA C> CONTROL LOQIC
euFren e
| fri & ifr (
w6 i
) -
R neaos ..._..:;
WRITE [+ N INTERRLPT
LOGK SERVICE PRIAITY REQUEST [*—IRY
o 2N AEG RESOLVER REG  [=—iRd
N5y (113 A I
& j’ bo—ine
ittt
La50
* m—nd AN INTERAURT MASK REG
CABT ERUSFER/ H b
i il SR
* gAS2{ RATDR
il
B - INTER AL BUS.

Figure 5. 8259 Block Diagram Showlng Basic Interrupt

Functions
b ADDRESS BUS (18]
CONTROL BUS
LT W iWTA
DATA BUS {B]
mgg [ -0, AR WR INT INTA
CASCADE
LINES ~|east
—] CAL 2 IRD IHD IRO mu IRCI IRQ IRO IRO
3
sLAvE L
PROG. IN'IEHRUPT
AEQUESTS
Figure 6. 8259 Interface to Slandard System Bus
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Data Bus Buffer

This 3-state, bi-directional, 8-hit buffer is used tointerface
the 8259 to the systamn Data Bus. Control words and status
information are transferred through the Data Bus Buffer.

Read/Write Control Logic

The function of this blockis to accept OUTput commands
from the CPU. It contains the Initialization Command
Word {ICW) registers and Operation Gommand Word
{OCW) registers which store the various control formats
for device aperation. This function block also allows the

status of the 8259 to be transferred onto the Data Bus.

CS (Chip Select)
A “low" an this input enables the 8259, No reading or
writing of the ¢chip will occur unless the device is selected,

WR (Write)
A 'low” on this input enables the CPU to write control
wards (JCWs and OCWs! to the B259.

RD {Read}

A "low” on this input enables the 825910 send the status of
the Interrupt Request Register (IRR), in Service Register
{ISR), the Intarrupt Mask Register {IMR) orthe BCD of the
Interrupt level on to the Data Bus.

Ag

This input signal is used in conjunction with WR and RD
signals to write commands into the various command

PRIORITY

registers as well as reading the various status registers of

the chip. This line can be tied directly to one of the address Flgure 3. 8258 Block Diagram Showing Data Bus Buffer
lines. and ReadiWrite Logic Funetions

Ay D D3 RD WR Ts INPUT OPERATION (READ)
a i} 1 0 IRR, ISR or Interrupting Level = DATA BUS {Note 1)
1 o 1 0 IMR = DATA BUS
OUTPUT OPERATION (WRITE}
0 0 0 1 o 4 DATA BUS = DCW?2
"] "] 1 1 0 © DATA BUS = DCW3
0 1 X 1 [ DATA BUS = ICW1
1 X X 1 0 0 DATA BUS = OCW1, ICW2, ICW3 {Note 2)
DISABLE FUNCTION
X X X 1 1 0 DATA BUS = 3-STATE
X X X X X DATA BUS = 3-8TATE

Note 1:  Setection of IRR, ISR or Interrupting Level is based on the content of OCW3 written before the READ operation,

Naote 2:  On-chip sequencer [ogic queues these commands into proper sequence,

Figure 4. 8259 Basic Operation
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SP (Slave Program)

More than one 8259 can be used in the system to expand
the priority interrupt scheme up to 64 levels. In such case,
one 8259 acls as the master, and the athers actasslaves. A
“high” on the 5P pin designates the 8259 as the master, a
“low” designates it as a slave.

The Cascade/BufferfComparator

This function bleck stores and compares the IDs of all
8259 used in the system. The associated three 1/Q pins
{CAS0-2) are outputs when the 8259 is used as a master
(EP = 1), and are inputs when the 8259 is ysed as a slave
(SP = 0). As a masler. the 8259 sends the |D of the
interrupling slave device onte the CASQ-2lines. The slave
thus selected will send its preprogrammed subroutine
addressed onto the Data Bus during next two consacutive
INTA pulses. {See section "Cascading the 8259".)

crstane|

Flgure 7. 8259 Block Dlagram Showing Cascading
Funciion

OPERATIONAL DESCRIPTION

General

The powarful featuras of the 8259 in a microcomputer
system are its programmability and its utilization of the
CALL instruction to jump intd any address in the memory
map. The normal sequence of svents that the 8259
interacts with the CPU is as follows:

1. Cne or mare of the INTERRUPT REQUEST lines (IR7-
O are raised high, setting the corresponding IRR bitis).

2. The 8259 accepis ihese requests, resolves the
priorities, and sends an INT to the CPU.

7-100

3. The CPL) 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 8259 will also release a CALL
instruction code (11001107 ente the B-bit Data Bus
through its D7-0 pins.

5. This CALL instruction will initiate two more [NTA
pulses to be sent 1o the §25% from the CPLU group.

6. These two INTA pulses allow the 8259 to release its
preprogrammed subroutine address onto the Data Bus.
The lower 8-bil address is released at the first INTA
pulse and the higher §-bit address is released at the
second INTA pulse,

7. This completes the 3-byte CALL instruction released
by the 8259, ISR bit is not reset until the end of the
subroutine when an EQI(End of interrupt) command is
issued to the 8259,

Programming The 8259

The 8259 accepts two types of command words generated
by the CPL:
1. Initialization Command Words (ICWs):
Before normal operation can begin, each 8259 in the
system must be brought to a starting point — by a
sequence of 2 or 3 bytes limed by WR pulses. This
sequence is described in Figure 1.
2. Qperation Command Words [OCWs):
These are the command words which command the
8258 to operate in various interrupt modes, These
modes are:
a. Fully nested mode
b. Rotating priority mode
c. Special mask mode
d. Pelled mode
The QCWs can be written into the 8259 at anytime after
initialization.

o g Aagl Al vl o] FYDos ] o]

Vo As | g | Aa | A2 A | A Ba | Ag g2

SINGLE

YES S=1}

T8 | s s ] s s s S| ow

READY TO ACCEPT REQUESTS
i THE FULLY NESTED MODE

Flgure 8. Inilialization Sequence
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Initialization Command Words 1 and 2 (ICW1 and
ICW2)

Whenever g command is issued with AQ=0and D4 = 1, this
is interpreted as Initialization Command Word 1 (ICW1),
and initiates the initialization sequence. During this
sequence, the following ocour automatically: ’
a. The edge sense circuit is reset, which means that
following initialization, an interrupt reguest (IR}
input must make a low to high transition to generate
an inlerrupt.
b. The interrupt Mask Register is cleared.
c. IR 7 input is assigned pricrity 7.
d. Special Mask Mode Flip-flop and status Read Flip-
flop are reset.
The 8 requesting devices have 8 addresses equally spaced
in memory. The addresses can be programmed at
intervals of 4 or 8 byles; the 8 roulines 1hus occupying a
page of 32 or 64 bytes respectively in memory.

The address format is:

A0-4 are automatically inserted by the 8258, while A15-6
are programmed by HCW1 and ICW2, When interval = 8, AS
iz fixed by the 8259, {f interval = 4, A5 is programmed in
ICW1. Thus, the interrupt service routines can be located
anywhere in the memaory space. The 8 byte interval will
maintain compatibility with current 8080 RESTART
instruction software, while the 4 byte interval is best for
compact jump table.

The address format inserted by the B259 is described in
Table 1.

The bits F and § are defined by ICW1 as follows:
F: Call address interval. F =1, then interval = 4;
then interval = 8.

5: SBingle. S =1 means that this is the only 8259 inthe
system. It avolds the nacesity of programming ICW3.

F=0,

o, O Og D, Oy Oy 0y O
Ay Ag Ag fig Ay By Ay By
e — e oA — 4
DEFINED BY D ; OF 10w AUTOMATICALLY
INSERTED BY B25%
Ag L Py My Ay Adn Ag Ag
, —— ——
DEFINED BY ICWZ
INTERVAL = 4 INTERVAL = 8
LOWER MEMORY ROUTINE ADDRESS
D7 D6 D5 P4 D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DD
IR 7 | A7 A6 A5 1 1 1 0 O A7 A& 1T 1 1 0 © ©
IR 6§ | A7 AB A5 1 1 0 ©0 ¢ A7 A8 1 1 ©0 0 0 O
IR 56| A7 A6 A5 1 0 1 0 0 A7 A6 1 o0 1 0 0 0
IR 4 | A7 A6 AE 1 © 0 0O O A7 A6 1 0 0 O 4@ ©
IR 3 | A7 A6 A5 0 1 1 0 0 A7 AR 0 1 1 0 © ©
IR 2 A7 A6 A 0 1 0 0 O A7 A6 0 1 0 0 0 @
IR 1 A7 AB A5 0 0 1 0 0 A7 AB 0 0 1 0 O O
IR 0 | A7 A6 A5 0 O 0 0 O A7 A6 0 0 0 0 0 1O

Table 1. 8259 Address Format
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Example of Interrupt Acknowledge Sequence

Assume the B259 is programmed with F - 1 {CALL address
interval = 4], and IRS is the interrupting level, The 3 byte
sequence released by the §259timed by the INTA pulsesis
as follows:

Initialization Command Word 3 (ICW3)
This will load the 8-bit slave reg.ster. The functions of Lhis
register are as follows:

a. If the 8259 is the master, a *1" is set lor cacn slave in

the system. The masterthen will release byte 1 of the
CALL sequence and will enable Lhe corresponding

D7 D D5 D4 D3I D2 DI DO | ] b 2 and 3 th h1h d
e EEE . 5 P : ; 5 T CALL slave to release bytes 2 and 3, through the cascade
e ___ coDE lines.
___ LOWER b. M the 8259 is a slave, bits 2 - O identify the slave. The
TAINTA A7 A8 45 1 0 1 @D ROUTINE siave compares its CAS0-2 inpuls (sent ty the
—_— = = master} with these bits. i 1hey are equal, bytes 2 and
HIGHER ;o
IdINTAE A5 Al4 AT3 AI2 Al1l AW AD  AB  ROUTINE d of lhe CALL sequence are released.
ADDRESS If bit Sis setin ICW1, there is no need to program (CW3.
[[n0 0]
T T T T T I T
T 1]

1=SINGLE
0= NOT SINGLE

CALL ADDRESS INTEAVAL
1- INTERVAL 15 4
0- INTERVAL IS &

8. OF LOWER

1Cw2

A Oy B & B

ROUTINE ABDRESS

LT

Mg | Pae

B

Az l Az [ A9 l "‘vn] Aq

ﬂal

LR T

UFFER ROUTINE
ADDAESS

ICW2 INASTLR DrVICE]

hy o By D D O Dy

b, © D

3

5,

« | S

[TT T

Sk

||

|

|

] t= 10 \HPLT HAS A SLAVE

D= IR INFLIT DOES NOT HAVE

A SLAVE
1GW3 (SLAVE BEVICE)
% O B B D 0 0 DB D
] 1 i 0 1 o ] 0 ‘ o | ¢ l:o, IU‘lIDD
| | I T 1
k1
Ly i SLAVE 1D
| o[ [:Ta]<]s]s 7
DONT opr (o110
CARE ofol1]]afo[1[1
ajlojojolrfrfrir

NOTE 1: SLAVE ID 15 EQUAL TO THE CORRESPONDING MASTER IR INPUT,

Figure 9. Inltlalization Command Word Format
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Operation Command Words {OCWs)

After the (nitialization Command Words (ICWs) are
programmed into the 8259, the chip is ready to accept
interrupt requests at its input lines. However, during the
8259 operation, a selection of algorithms can command
the 8253 to operate in various modes through the
Operation Command Words {OCWs). These various
modes and their associated OCWs arg describad below.

Interrupt Masks

Each Interrupt Request input can be masked individually
by tho Interrupt Masked Register (IMRB) programmed
through QCW1.

The IMR operates on the In-Service Register. Note that if
aninterrupt is already acknowledged by the 8259 (an INTA
pulse has pccurred), then the Interrupting level, although
masked, will inhibit the lower priorities, To enable these
lower priority interrupts, one can do one of two things: (1)
Write an End of Interrupt (EQD command (OCW2) fo reset
the ISR bit or (2) Sat the special mask mode using OCW3
(as will be explained later in the special mask mode.}

Fully Nested Mode

The 8259 will operate in the fuily nested mode after the
execution of the initialization sequence without any OCW
tbeing written. In this maode, the interrupt requests are
orderedinprigrities from 0 through 7. Whenan interruptis
acknowledged, the highest pricrity request is delermined
and its address vector plaged on the bus. In addition, a bit
of the Interrupt service register (IS 7-D} is set. This bit
remains set until the CPL) issues an End of Interrupt (ECD
command immediately before returning from the service
routine. White the IS bitis set, all turlher interrupts of lower
pricrity are inhibited, while higher levels will be able to
generate an interrupt {which will only be acknawledged if
the CPU has enabled its own interrupt input through
softwareh.

After the Initiatization sequence, IR0 has the highest

priority and {R7 the lowest. Priorities can be changed, as
will be explained in the rotating priority mode.

Rotating Priority Commands

There are two variations of rotating priarity: auto rotate
and specilic rotate.

1. Auto Rotate — Executing the Rotate-at-ECI {Autol
command, resets the highest priority ISR bit and
assigns that input the lowest pricrity. Thus, a device
requesting an interrupt will have to wait, in the worst
case, unti] 7 other devices are serviced at most once
each, i.e., if the priority and "in-service” status is:

BEFORE RATATE 1S7 156 1S5 154 183 152 IST IS¢

“I8" STATUS g 1 o 1 0 o o 4]

LOWEST FRIORITY HIGHEST FRIORITY

FRIOAITY STATUS 7

7112

AFTER ROTATE 157156 155 154 |83 sz 157 1s@

“IS" 5TATUS o 1 i3 L) 13 4] 4] 43
LOWEST FRICGRITY HIGHEST FRICRITY

PRIGRITY STATUS 4 3 K4 1 q 7 B 5

In this example, the In-Service FF corresponding to
line 4 {the highest priority FF sel) was reset and line 4
became the {owest priority, while all the other priorities
ratated correspondingly.

The Rotate command is issued in QCW?2, where: R =
1, EQi =1, SECI =0.

. Specific Botate — The programmer can change
pricritizs by programming the botiom prigrity, and by
doing this, o fix the highest priority: te., if IRS is
programmed a5 the bhottom priority device, the IRE will
have the highest one. This command can be used with
or without resetting the salected 1SR bit.

The Rotate command is issued in OCGW2 where: R = 1,
SECI=1.L2 L1, LOare the BCD pricrity level codes of the
bottom priority device. If EOl =1 also, the ISR bitselected
by L2-L0O is reset.

Cbsarve that this mode is independent of the End of
Interrupt Command and prigrity changes can be
executed during EQl command or independently from
the ECI command.

End of Interrupt (EQ1) and Specific End ol
Interrupl {(SEOL)

An End of Interrupt command word must be issued to the
82548 before returning from a service routing, to resst the
appropriate 15 bit.

There are two forms of EQI command: Specific and non-
Specilic. When the 8259 is operated in modes which
presarve the fully nesled structure, it can determine which
1S bitto resetan EQI When anon-Specific EQI command
is issued the 825% will automatically reset the highest IS
bit of those that are set, since in the nested mode, the
highest |5 level was necessarily the |ast level acknowl-
cdged and will necessarily be the next routine level
returned from,

However, when a mode is used which may disturb the fully
nested structure, such as in the rotating pricrity case, the
8258 may no longer be able to determine the last level
acknowledged. In this case, aspecific EQ! {SECI) must be
issued which includes the 1S jevel to be reset as part ofthe
command. The End of the interrupt is issued whenaver
EQI ="1"in QCW2. For specific EQI, SEQI ="1",and EQI =
1.L2, L1, LOisthen the BCD level to bereset, As explained
in the Rotate Mode earlier, this can also be the bottomn
priority code. Note that although the Rolate command can
be issued during an EQI = 1, itis not necessarily tied ta it.



8259/8269-5

ocwt
A By Dg D D By D By B
1 M7 M M5 e M3 M2 M1 Mo ]
INTERRUPT MASK
1= MASK SET
0 - MASK RESET
OCwW2
Ay D B 0 O, D 0 O 0Oy
| o | r szmlem' v | o L,‘ L Lnl
BCD LEVEL TO BE RESET
OR FUT INTO LOWEST PRIORITY
o|Yy|2r2)|4}5]|6]|7
of(1]olr]alt]o]
a|ojrfrjofalflr L
ajojo|oftT|1([1]1
NON-SPECIFIC EKD OF INTERRUPT
1=HRESET THE HIGHEST PRIDAITY
BIT OF I5R
0 NQACTION
SPECIFIC END OF INTERRLUIPT
1= Lz, Ly, Lg BITS ARE USED
0= K2 ACTION
ROTATE FRICGRITY
1= ROTATE
0= NOT ROTATE
DCW3
A By By By B By B D O
| ] | == |ESMM| SMM a 1 P ERIEZ | RIS I

DON'T
CARE

AEAD IN-SERVICE REGISTER

1] 1 q 1

o ] 1 1

READ READ
IRREG |ISAEG

ONNEXT | ON NEXT
RD PULSE | RU PULSE

NO ACTION

FOLLING

& HIGH ENABLES THE NEXT AT PULSE
10 HEAD IHE BOU GOOE UF THE HIGH-
EST LEVEL REQGUESTING INTERRLIPT.

SPECIAL MASK MODE

] 1 4] 1
] L] 1 hi
RESET SET
N ACTION SPECIAL | SPECIAL
MASK MasK

Figure 10. Operation Command Word Format
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Special Mask Mode {SMM}

This mode is useful when same bit{s) are set {masked) by
the Interrupt Mask Register {IMR) through CCW1. If, for
some reason, we are currently in an interrupt service
routine which is masked (this could happen when the
subroutine intenticnally mask itself off), it is still possible
to enahle the lower priority lines by setting the Special
Mask mode. In this mode the lower priority lines are
enabled until the SMM is reset. The higher priorities are
not affected.

The special mask mode FF is set by OCW3 where ESMM =
1, SMM = 1, and reset where: ESSM = 1 and SMM = 0.

Polled Mode

in this mode, the CPU must disabla its interrupt input.
Service todevice is achieved by programmer initiative by a
Poll command.

The pall command is issued by setting P ="1"in OCW3
during a WR pulse.

The 8259 treats lhe next RD pulse as an interrupt
acknowledge, sets the appropriate |S Flip-flap, iftheraisa
request, and reads the priority level.

For polling operation, an QCW3 musi be written before
every read.

The word enabled onto the data bus during RD is:

DY D6 05 D4 DI D2 D1 DO
1 - | - - = w2 w | wo
W0 — 2. BCD 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 comman to
several levels — so that the INTA sequence is not
needed fand this saves ROM spacel. Another
application is to use the poll mode to expand the
number of priority levels to more than 84.

A0 D4 D3
ocw1 | 1 M7-M0 IMR [I!‘nterﬂf_pt Mask Register), WR will load it while status can be
read with RD.
[aTedV ] 0 0 R SEQI EQ)
a 0 0 No Action,
0 a 1 Non-specific End of Interrupt.
o 1 0 No Action.
0o 1 i Specific End of Interrupt, L2, L1, LO is the BCD level 10 be reset.
1 0 0 No Action.
1 0 1 Ratate priority at EQI, (Auto Mode)
1 1 0 Rotate priority, L2, L1, LO becomes bottom priority without
Ending of Interrupt,
11 1 Rotate priority at EQJ {Specific Mode), L2, L1, LD becomes
bottom priority, and its corresponding IS FF is reset.
OCW3 (0 0 1 ESMM  SMM
o] a .
0 1 ]— Special Mask not Affected,
1 L] Reset Special Mask.
1 1 Set Special Mask.
ERIS RIS
1] a .
0 7 :|— No Action,
1 4] Read IR Register Status,
1 1 Read 15 Register Status.

Nole: The CPU interrupt input must be disabled during:
1. Initialization sequence for all the 8259 in the systemn.

2 Any contral command executian,

Figure 1%, Summary of Operalion Word Programming
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Rea&lng 8259 Status

The input status of several internal registers can be read
to update the user information on the system. The
{ollowing registers can be read by issuing a suitable
OCW3 and reading with RD.

Interrupt Hequests Register (IRR): B-bit register which
contains the levels requesting an interrupt to be
acknowladged. The highest request level is reset from the
IRR when an interrupt is acknowledged. (Not affected by
iMRI,

In Service Register {ISA): 8-bit register which contains
the priority levels that are being serviced, The 1SR is
updated when an End of Interrupt command is issued.

Interrupt Mask Register: 8-bit regisier which contains the
interrupt request lines which are masked.

The IAA can be read when priot to the RD pulse, an WR
pulse is issued with OCW3, and ERIS = 1, RIS = C.

The ISR can be read in a similar mede, when ERIS =1, RIS
=1

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 8259 “remembers” whether the
IAR or 1SR has been previously selected by the OCW3.

For reading the IMA, 2 WR pulse is not necessary lo
preceed the RD. The cutput data bus will contain the IMR
whenever RD is active and AQ = 1.

Polling overrides status read when P = 1, ERIS = 1 in
OCW3.

Cascading

The B259 can be easily interconnected in a system of one
master with up to eight slaves 1o handle up to 64 priority
levels.

A typical system is shown in Figure 12. The master con-
trols, through the 3 line cascade bus, which one of the
slaves will release the corresponding address.

As shown in Figure 12, the slaves interrupt outputs are
canneacted to the master interrupt request inputs. When a
slave request line is activated and later acknowledged, the
master releases the BOBO CALL code during the first INTA
pulse. From tha trailing edge of this first INTA pulse until
the trailing edge of the third pulse, the CAS lines will
contain the slave address code. Thus, the corrasponding
slave is enabled to release the two-byte service routine
address during the second and third INTA pulses.

Mote that singe the CAS lines default to 000, no slave
should be connected with IR0 on the master unless all
other master request inputs (IR1-1R7) are connected to
slaves, Otherwise, the slave on IRD will attempt to drive the
data bus in conilict with a non-slave interrupt request on
the master.

It is obvious that each 8259 in the system must follow a
separate initialization sequence and can be programmed
to work in a different mode. An EQl command must be
issued twice: once for the master and once for the
corresponding slave. An address decoder is required to
activate the Chip Setect {CS) input of each 8259. The slave
program pin 1SP) must be at a “low” level for a slave tand
then the cascade lines areinputsiand ata“high” level fora
master {and then the cascade lines are outputsh.

{ - ADURESS BUS 1161 ;
[ B O
' ' L |
(' J CONTROL BUS E
i ‘ ! ‘ | | Nwmeo
|
DATA BUS (8} - 0
N/ NS 4 \
= mr LEoay NT
casaq £as0
#259 559
SLAVE casl casl MASTEH
cAB2 ca52
L 2 ' ¢« EP M7 ME NE W4 M3 MI KT MO
e [ ‘ | { | [ Yee L s‘ | | N
? 6 &5 4 10 t e hr e
| -

¥
WWTERRUPT REQUESTS

Figure 12. Cascading the 8258
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INST.

NO. A0 DY D6 D5 D4 D3 D2 D1 DO OPERATION DESCRIPTION

1 ICW1 A 0 AT A6 AR 1 1} 1 1 a Byte 1 initialization, format = 4, single.

2 ICW1T B 0 A7 ABE AL 1 4] 1 0 4 Byte 1 initialization, format = 4, not single.
3 ICW1 C ¥} A7 AB A5 1 0 D 1 1} Byte 1 initialization, format = 8, single,
4 1ICW1 D 0 A7 AB AS 1 0 D 0 [i] Byte 1 initialization, format = &, not single.
5 W2 1 Als Al4 A13 A12 A11 AI0 A9 AB  Byte Zinitializetion {Address No. 2}

B ICW3 M 1 §7 86 55 54 83 S2 81 S0 Byte 3initialization — master.

7 ICW3 S 1 i} 0 0 1] 0 82 51 S0 Byte3initialization — slave.

8 ocwi 1 M7 M6 M5 M4 M3 M2 MT MO Load mask reg, read mask reg.

9 QCW2 E 0 0 0 1 8] 0 o 0 0 MNan specific EQIL.

10 OCW2 SE 0 0 1 1 0 o L2 L1 Lo Specific EQI L2, L1, LD cade of ISFF

ta be reset,
11 OCW2 RE 0 i o] 1 [i] 8] 0 0 b] Rotate at EQI {Auto Mode).
Rotate at ECI {Specific Mode). L2, L1, LD,
12 DCW2 RSE 0 1 1 1 D 0 L2 L1 Lo code of line to be reset and selected as
bottom priority.

13 oCwW2 RS Q 1 1 i} 4] i} L2 L1 L0 L2, L7, LO code of bottom priority line.
14 OCW3P 0 - ] Q 0 1 1 ] [ Poll mode.

15 QOCW3 RIS 0 - 0 0 0 1 0 1 1 Read IS register.

16 CCW2RR 0 - I} a Q 1 Q 1 o Read requests register.

17 QCW3 5M i} — 1 i 4] 1 Q 0 o Set special mask mode.

18 OCW3 R5M a — 1 Q 0 1 o 0 0 Reset special mask mode.

Notes:

1. In the master mode 5P pin = 1, in slave mode 5F = 0.
2. =} =donot care.

Figure 13. 8259 Insiruction Set
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature UnderBias ........ *Cto70°C 'COMMENT:
Storage Temperature ... _........ -65°Cto +150°C Stresses atove those tizled under "Absolute Maximim fatings”
; may cause permanent damage fo the device. Ths is a siress rating™s .

Volte'lge On Any Pin only and functional operation of the device at thase or any piber
With Respectto Ground  .........._... —0.5VIio+7 Y condilrons above those indicated in the aperational sections of fhis
Power Dissipalion ... ... ... ... ..o . 1 Watt specification is nat implied.

D.C. CHARACTERISTICS
{Ta = 0°Cto 70°C; Ve = 5V £5%)

SYMBOL. PARAMETER MIN. MAX. UNITS TEST COMDITIONS
ViL input Low Voltage . -5 8 v
VIH Input High Voltage 2.0 Veot.bY y
VoL QOutput Low Voltage 45 i loL = 2 mA
VoH Qutput High Voitage 2.4 A 1pH = =400 pA
2.4 A | = -400
Vo H-INT Interrupt Cutput High Voltage OH HA
3.5 v lon = -850 pA
Input Leakage Current -300 BA Vi =0V
LiLtiRg.y
for IRp.7 10 HA Vin = Voo
I Input Leakage Current :
10 HA Vin = Voo to DV
for Dther Inputs
loFL Qutput Float Leakage +10 A Vout = 0,45V to Ver
loo Ve Supply Current 100 mA
CAPACITANCE
Ts = 25°C; Vge = GND = OV
SYMBOL| PARAMETER MIN. [ TYP. | MAX. | UNIT | TEST CONDITIONS
Cin Input Capacitance 10 nF fc=1 MHz
Ciio 170 Capacitance 20 33 Unmeasured pins returned to Vg
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A.C. CHARACTERISTICS
{Ta =0°Cto 70°C; Vge = +5Y £5%, GND = 0V)

Bus Parameters

Read:
82608
SYMBOL PARAMETER MIN. MAX. MIN.
tAR CBJAg Stable Before RD or INTA 50 50 ns
tra CS/Ag Stable After RD or INTA 5 30 ns
’R RD Pulse Width 420 300 nis
RO Data Valid Fram RDANTAI ] 300 200 ns
tpr Data Float After RO/INTA 20 200 20 100 ns
Write:
82549 8259-5
SYMBOL PARAMETER N, MAX. MIN. MAX, UNIT
AW Ag Stable Before WR 50 50 ns
twa Ag Stable After WR 20 30 ns
b WR Pulse Width 400 300 ns
tow Data valid to WR {T.E.) 300 250 ns
twp Data Valid After WR 40 30 ns
Other Timings:
T o 8259 8259-5
SYMBOL PARAMETER ‘ MIN, MaX, MIN, MAX. UNIT
twy Width of Interrupt Request Pulse ] 100 100 ns
tNT INT 1 After IR 1 400 350 hs
te Cascade Line SEEEE'W_T_ATFi_TBE_" T 400 | ns

Nete 1:  8258: Cy = 100pF, 8253-5: C|_ = 150pF.

Input Waveforms for A.C, Tests

2.4
2.2 2.2

> TEST POINTS <

Q.8 0.8
045
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WAVEFORMS

Read Timing Write Timing

!*—- Taw - [+ -

I
ERIFSELEET 5‘ Y CHIPSELECT \ 4

4 Tha

—

ADDARESSBUS X - K_ ADDRESS BUS :i X

- Tan - — v o —Tra s Taw - —{Tua -
= - g
ARG T x
o ARG RR CaTh BLIS .
]& d i s
TAp—={ | o Tog |.._ Toyw— == Twp—=

DATA BUS\\\\\ HIGH IMPLEE‘J‘A\I\‘IC\E \\\ \\\\\\\ [l ] Lﬂ ,7

Other Timing

Gy e p—

-
IR
v,

T " f \

e/ TN/ T\ /T
S SMTIGETANNN SRSV NNV S RN ARV S AN

Coz 1 L /

MNote: Interrupt Seguest must remain “HIGH™ (at least) until teading odge of first INTA,

Read Status/Poll Mode

RG | ;———————-—I
DATABUS S/ S AL s K A S bara t I,

7119




7-120



8279/8279-5
PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE;@

a MCS-85™ Compatible 8279-5 o Dual 8- or 16-Numerical Display
o Simultaneous Keyboard Display . .
Operations a Single 16-Character Display
m Scanned Keyhoard Mode o Right or Left Entry 16-Byte Display
g Scanned Sensor Mode RAM
it Strobed Input Entry Mode a Mode Programmable from CPU

m 8-Character Keyhoard FIFQO

o 2-Key Lockout or N-Key Rollover with
Contact Debounce a Interrupt Output on Key Entry

o Programmable Scan Timing

The Intel® 8279 is a general purpose programmable keyboard and display VO interface device designed for use with
Intel® microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix. The
keyboard porlion will alsc 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
ling to the CPU.

The display portion provides a scanned display inlerfage for LED, Incandescent, and olher popular display
technologies. Both numeric and alphanumeric segment displays may bg used as wall as simple indicators. The 8279
has 16XB display FAM which can be organized into duzl 16X4. The RAM can be loaded or intetrogated 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 autc-increment of the display RAM address.

PIN CONFIGURATION LOGIC SYMBOL
T
————1
AL 1 an [Ive,
LT -3 9 FlRL: PIN NAMES ) "o o -
-— o7

ekl 2 29 :HLH
Ll e ] 37 [JCNTLSTR paTA
AL 5 36 [] SHIFT . DATA EUS 1B OIRECTIONAL) “ BUS KEv DATA
RL, B 35 [ 8t . CLOCKINPUY SHIF T s

s E ? 3 2 . PESET ihPUT
AL [] 7 1[5 cuwssieer T~ ] .
RL:[]2 ELY mf READIMPUT

VIRITE tpdT
RESET] 2 a2 [ 5L ]t EUereR ADDHESS T aw CNTLISTS |

An[] 10 M QuT By o T INTERRLFT REQUEST DUTPUT) -
Wit SCAMLINES cry i
Wi n 30 [JOUT By Cirrmes RN LREE T INTERFALE
og, 412 23 []ouT By ik T W T S P

¢ . 1 . CONTAOL/STADBE INPUT 3loa 4 SCAN
oe, [ 13 28 [Jout B3 cut .q“ i “hissiar @houthurs T
ne, ] 14 27 {JouT Ag OuT hos _O_LDLS_I:L.QY B OUTFUTS ap
o8, 15 26 [JouT A, B B | BLANK OISFLAY QUTPUT

OUT Ags ]
e, )% 25 JouT a peser 0.
—_—]

pe, [ 17 24 [QouT a5
og,[] 19 23 [ &0 DISPLAY
pe, [ 12 & L ——+{etk  oUTags ) DATA
Ve ) 20 nag

5%

1N B

¢ Intel Corporation, 1878 February, 1978
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FUNCTIONAL DESCRIPTION

Singe data input and display are an integral part of many
microprocessor designs, the system designer needs an
interface that can cantrol these functions without placing
a large load on the CPU. The 8279 provides this function
for 8-bit microprocessors.

The 8279 has two seclions: keyboard and display. The
keyboard section can interface to regular typewriter styte
keyboards or random ioggle or thumb switches. The
display section drives alphanumeric displays ar a bank of
indicalor lights. Thus the CPLU is religved 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 B279. These modes include:

Input Modes

s Spanned Keyboard — with encoded (B x B x 4 key
keybeard) or decoded (4 x 8 x 4 key keyboard) scan
lines. A key depression generates a 8-bit encoding of
koy position. Pesition and shift and control status are
stored in the FIFD. Keys are automatically debounced
with 2-key lockout or N-kay rollover.

* Scanned Sensor Matrix — with encoded {8 x 8 matrix
switches) or decoded (4 x 8 matrix switches) scan lines,
Key status {open or closed} stored in RAM addressabie
by CPLL

* Strobed Input — Data on return lines during control
line sirpbe is transferred to FIFQ,
Output Modes

= 8 or 16 character multiplexed displays that can be
arganized as dual 4-bit or single B-bit.

* Right entry or left enlry display formats.

Other features of the 8279 include:
* Mode pragramming from the CPU.

* Programmable clock to mateh the 8279 scan times to
the CPU cycle time.

Interrupt autput to signal CPU when there is keyboard
or sensor dala 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.

CLKE RESET DBa-7 AE WR £f  Ag IR
FIFQ/SENSOR
Bl? ,:\FTE?“ 10 CONTHOL s‘rT‘rM .
[V}
INTERNAL - DATA BUS (8) 2
i Hxd
DISFLAY CONTROL AND % A
ADDRESS 1648 TIMING FIFO/SENSOR KEYBOARD
REGISTERS DISPLAY REGISTERS AAM \,,—-—~ uEH.::vu;mE
fam CONTROL
TIMING
ANG I
CONTIROL
CISPLAY
necisters | SCAM COUNTER RETUHN
v EHIFT
OUT Agg OUT Bag .33 ALgz  CNTL/STB
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HARDWARE DESCRIPTION

The 8279 is packaged in a 40 pin DIP. The fallowing is
a functional description of each pin.

No. Of Na. Of
Pins Designation Funclion Pins  Designalion Function
8 'DBo-DB? Bi-directional data bus. All dala Keyboard modes. It has an
and commands between the active internal pullup to keap it
CPU and the 8279 are trans- high until a switch closure pulls
mitted an these lines. it low.
1 CLK Clock from system used to gen- 1 CNTL/STB For keyboard modes this line is
arate internal timing. used as a control input and
1 RESET A high signal on this pin resets stored hke_sta?us on a key clo-
the 8279, sure, The line is also the strobe
—_ line that enters the data into the
1 cs Chip Select. A low on this pin FIFO in the Strobed Input mode.
enables the inlerfact_e functions {Rising Edge). It has an active
to receive or transmit. internal pullup to keep it high
1 Ag Buffer Address. A high gon this until a swilch closure pulls it
{ine indicates the signals in or low.
out are interpreted as a com- 4 OUT Ag-OUT Aax These two ports are the outputs
mand or stalus. A low indicates 4 OUT Bo-OUT Ba for the 16 x 4 display refresh
e that they are data. registers. The data from these
2 RD, WR Input/Qutput read and write. outputs is synchronized to the
These signals enable lhe data acan lines (SLg-SLa) for multi-
buffers to either send data to plexed digit displays. The two 4
the external bus or receive it bit ports may be blanked inde-
from the external bus. pendently. These two ports may
1 IRC Interrupt Request. In a keybeoard als0 be considerad as one 8 bit
mode, the inlerrupl line is high . port.
when there is data in the FIFO/ 1 BD Blank Display. This output is
Sensor RAM. The interrupt line used to blank the display during
goes low with each FIFO/ digit switching or by a display
Sensor RAM read and returns blanking cemmand.
high if there is still informa-
tion in the RAM. In & sensor
mode, the interrupt line goes "I':'hF::ylgxnl.rﬁ:gfd?str'nggﬁ:i?aj’:re[ements ofthe
: i 1
Q;izof?sezzr:;:d change in a 8273 Programmable Keyboard/Display interface device.
. Refer to the block diagram in Figure 1.
2 Vgg, WV Ground and power supply pins.
ss, Tee P nelY P IO Control and Data Buffers
4 SLp-Sla Scan Lines which are used to The /O control section uses the G5, Ao, RD and WR lines
scan the key switch or sensor to F:ontrol data flow to and from the various mterngl
matrix and the display digits. registers and buffers. All data ﬂowtol and fror_n the §2?9 is
These lines can be either en- enabled by C5. The cha}ra;ter o'f‘the information, given or
desired by the CPU, is identified by Ap. A logic one
coded (1.0f 16} ar decoded (1 of means the information is a command or status. A logic
4). zato means the information is data. RD and WR determine
8 RLg-RL7 Return line inputs which are the direction of data flow through the Data Buffers. The
connected to the scan lines Dala Buffers ara bi-directional butfers that conlnef:t the
through the keys ar sensor internal bus to the external bus. When the chip is not
. T selected (CS = 1), the devices are in a high impedance
switches. They have active in- state. The drivers input during WReSS and output during
ternal pullups to keep them RD & CS.
high until a switch closure pulls
one law. They also serve as an Control and Timing Registers and Timing Control
8-bit input in the Strobed Input These registers store the keyboard and display medes and
mode. other gperating conditions programmed by the CFU. The
1 SHIFT The shift input status is stored modes are programmed by presenting the proper

along with the key position an
key closure in the Scanned
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command on the data lines with Ap =1 and then sending
a WH. The command is latched on the rising edge of WR.
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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 counteris a + N prescaler
that can be pragrammed to match the CPU cycle time to
the internal timing. The prescaler is softwareg programmed
to a value between 2 and 31, A value which yields an
internal frequency of 100 kHz 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
gxternally decodad 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, 5o 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 linas are active
{ow outputs.

Return Buiffers and Keyboard Debounce

and Contral

The & return lines are buffered and latched by the Return
Buffers. In the keyboard mode, thesc lines arc 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 swilch remaing closed, If it does, the address
of the switch in the matrix plus the status of SHIFT and
CONTROL are transferred to the FIFQ. In the scanned
Sensar Matrix modes, the contents of the return lines is
directly transferred to the corresponding row of the
Sensor BAM (FIFQ) each key scan time, In Strobed Input
maode, the contents of the return lines are transfarred to
the FIFO on the rising edge of the CNTL/STB ling pulze.

FIFO/Sensor RAM and Status

This block is a dual function 8 x 8 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. FIFQ status keeps track of the
number of characters in the FIFO and whether it is fult or
emply. Too many reads or writes will be recognized as an
error. The status gan be read by an RD with CS low and
Ag high. The status logic also provides ap JRQ signal
when the FIFD iz 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 sansor matrix. Inthis mode, IRQIis
high if a change in a sensar 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 ba set to auto increment afler each read or write. The
Cisplay RAM can be directly read by the CPU after the
correc! mode and address is sel. The addresses for the A
and B nibhles are gutomatically updated by the 8279 to
match data entry by the CPU. The A and B nibhbiles can be
enlered independently or as one word, aceording to the
mode that is set by the CPLU. Data entry to the display can
be set to either left or right entry. See Interface
Considerations for details,
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SOFTWARE OPERATION

8279 commands

The following commands program the 8278 operaling
modes. The commands are sent on the Data Bus with CS
low and Ap highand are loaded to the 8279 an the rising
edge of WR.

Keybeard/Display Mode Set
MSB LSB
[olofopfo (K [K{K]

Code:

Where DD is the Display Mode and KKK is the Keyboard
Mode.

Db

0 D 8 8-bit character display — Left entry

0 1 16 8-bit character display — Left entry”
1 0 8 8-bit character display — Right entry

1 1 18 B-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

0 0 0 Encoded Scan Keyboard — 2 Key Lockout
0 0 1 Decoded Scan Keyboard — 2-Key Lockout
0 1 0 Encoded Scan Keyboard — M-Key Rollover
0 1 1 Decoded Scan Keybaard — N-Key Rollover
1 0 0 Encoded Scan Sensor Matrix

1 ¢ 1 Decoded Scan Sensor Matrix

1 1 0 Strobad Input, Encoded Display Scan

1 1 1 Strobed Input, Decoded Display Scan

Program Clock
[ofolt1]r[r[rlefr]

Where PPPPP is the prescaler value 2 to 31. The
programmable prescaler divides the external clock by
PPFPP to get the basic internal frequency, Choosing a
divisor that yields 100 KHz will give the specified scan and
debounce times. Default after a reset pulse (but not a
program clear} is 31,

Read FIFQ/Sensor RAM

Code:

code: [0]1]0]at|x[Aa]Aa[A]xX = Domtcare

Where Al is the Auto-Increment flag for the Sensor RAM
and AAA isthe row that is going to be read by the CPU. Al
and AAA are used only if the mode is set to Sensor Matrix,
This command is used to specify that the spurce of dala
reads (TS « RD « Ag) by the CPU is the FIFO/Sensor
RAM. No additiona! commands are necessary as long as
‘Defaull after resel.
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data is desired from the FIFQ/Sensor RAM. Another
command is necessary it reading is desired from a
different row than has been selecled. H Alis aone, the row
select counter will be incremented after cach read so the
next read will be from the next Sensor RAM row,

In the Auto Increment mode for reading data from the
FIFQ/Sensor RAM, each read advances the address by
one so that the next read is from the next character, This
Auto Incrementing has no effecl on the display.

Read Display RAM

code:  [o]1[1]a]aTalaa]

Where Al is the Auto-Increment flag for the Display RAM
and AAAMA is the character that the CPU is going to read
next. Since the CPU uses the same counter for reading
and wriling, this command also sets the next write location
and Auto-Increment mode. This command is used to
specify the display RAM as the data source for CPU data
reads. 1f Al is set, the charagter address will be
incremented after each read (or write} so that the next
read (ar write) will be from {to] the next character,

Write Display RAM

code:  [1]ofo]ar]alalala]

Where Al is the Auto-Ingrement flag for the Display RAM
and AAAA is the character that the CPU is going to write
next. The addressing and Auto-Increment are identical to
Read Disptay RAM. The difference is that Write Display
RAM does not affect the source ol SFU reads. The CPU
will read from whichever RAM {Display or FIFG/Sensor)
was last specified. This command will, however, change
the locatian the next Display RAM read will be from if that
source was specified.

Disptay Write Inhiblt/Blanking

[1]o]1 [x]w[w[er]eL]

A B A B

Code:

Where IW is Inhibit Writing {nibble A or B) and BL is
Blanking {nibble A or B). If the display is being used as a
dual 4-bit display, then itis necessary to mask one of the 4-
bit halves so that entries to tha Display from the CPU do
not affect the other half. The |W flags allow the
programmaer to do this. Itis also useful to be able to blank
either half when that half is not to be displayed. The BL
flags blank the display. The next command sets the output
code tobe used as a“blank™. Default after resetis all zeros.
Nate that to blank a display formatted as a single 8-bit
oulput, it is necessary ta set both BL flags to entirely blank
the display. A “1" sets ihe flag. Reissuing the command
with a 0" resets the flag.

Clear

code:  11]1]0]coleplepfceca]

Where Cp is Clear Display, Cf is Clear FIFO Status
{including interrupt}, and C, is Clear All. Cg is used to
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clear all positions of the Display RAM to a programmable
code, All ones, all zeros and hexadecimal 20 are possible.
The 2 least signiftcant bits of Cp, are also used to specify
the blanking code (see below).

Cp Cp Cp
0 X All Zeros {X = Don‘t Care)
10 AB = Hex 2010010 Q000
1 All Ones

Enable elear display when = 1 {or by Ca = 1}

Clearing the display takes approximately 160 us. During
this time the CPU cannot write ta the Display RAM. The
MSB of the FIFO status ward will be set during this time.
Cg set the FIFO status to empty apd resets the interrupt
oulput line. After execution of a clear command with g
sel, the Sensor Matrix mode BAM pointer will hasettorow
0.

C, bas the combined effecl of G and Cp. Cp uses the Cp
clearing code to determine how to clear the Display RAM.
G4 also resets the internal timing chain to resynchronize
it.

End Interrupt/Error Mode Set

code:  [1]1]1]elxIx|x[x] x - Dont care.

For the sensor matrix modes this command lowers the
IRQ line and enakles further writing into RAM. (The IRG
line would have been raised upon the detection of a
change in a senscr valug. This would have also inhibited
further writing into the RAM until reseth,

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 FIFQ status, error, and
display unavailable signals. This word is read by the CPU
when Ap is high and CS and RD are low. See Interface
Considerations for more detail on status word.

Data Read

Data is read when Ay, 6§and RO are all low. The source
of the data is specified by 1he Read FIFO or Read Display
commands. The trailing edge of RD will cause the address
of the RAM being read to be ingremented if the Auto-
Increment flag is set. FIFO reads always increment {if no
error cccurs) independent of Al

Data Write

Data that is written with Ap, CS and WH low is always
writtentothe Display RAM. The address is specified by the
latest Read Display or Write Display command. Auto-
Incrementing an the rising edge of WR oceurs if Al set by
the latest dispiay commang.
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INTERFACE CONSIDERATIONS
Scanned Keyboard Mode, 2-Key Lockout

There are ihree possible combinations of conditions
that can oceur during debounce scanning. When a key is
depressed, the debounce logic is set. Other depressed
keys are looked for during the next two seans, If none
are encountered, it is a single key depression and the
key position is entered into the FIFO along with the
status of GNTL and SHIFT lines. If the FIFQ was emply,
IRQ will be sel 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
encounterad, no entry to the FIFO can occur. If all other
keys are released before this one, then it will be entared
to the FIFC. If this key is released hefore 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 deprassed within the debounce
cycle, It is a simultanepus depression. Neither key will
be recognized unti! one key remains depressed alone.
The last key will be treated as a single key depression.

Scanned Keyboard Mode, N-Key Rollover

With M-key Rollover gach key depressicn is treated
independently from all others. When a key is depressed,
the debounce eircuit waits 2 keyboard scans and then
checks to see if the koy is still down, If it is, the key is
entered inte the FIFQ. Any number of keys can be
depressed and another can be recognrized and entered
into the FIFQ. If a simultansous depression occurs, the
keys are recognized and enlered according to the order
the keyhoard scan found them,

Scanned Keyboard — Special Error Modes

For M-key rollover mode the user can pragram a special
error mgde, Thisisdane by the "End Interrupt/Error Mode
Sot” 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 simultanecus 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}. Theerrorflag
could be read in this mode by reading the FIFQ STATUS
word. {See “"FIFO STATUS" far further details.) The error
flag is reset by sending the normal CLEAR command with
CF -1,

Sensor Matrix Mode

In Sensaor Malrix mode, the debounce logic is inhibited.
The status of the sensar switch is inputled directly to the
Sensor RAM. In this way the Sensor RAM keeps an image
of 1he zlale of the switches in the sensor matrix. Although
debouncing is not provided, this mode has the advantage
that the CFU knows how long the sensor was closad and
when it was releasad, A keyboard mode can only indicate
a validated closure. To mako the software easier, the
designer should functionally group the sensors by row
since this is the format in which the CPU wiii read them.

The IRG 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-Incrament flag is set to one.

Note: Multiple changes in the matrix Addressed by (SLo-a
=0l may cause multiple interrupts. (1SLp :=0inthe Decoded
Mode). Reset may causea the 8279 to see multiple changes.

Data Format

In the Scannad Keyboard mode, the character entered
into the FIFC corresponds to the position of the switch
in the keyboard plus the status of the CNTL and SHIFT
lines {(non-inverted). CNTL is the MSR of the character
and SHIFT is the next most significant blt. The next
three bits are 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 {ine the key
was connected.

MSB L5B
1 1
IENTL‘SHIFT‘ HETURI'\I J
]
SCANNED KEYBOARD DATA FORMAT
In Sensor Matrix made, the dala on the return lines is
entercd directly in the row of the Senscr RAM ihat
corresponds to the row in the matrix being scanned.
Therefore, each switch postion maps directly to a Sensor
RBAM position. The SHIFT and CNTL inputs areignoredin
this mode. Note that switches are not necessarily the only
thing that can be connected to the return lings in this
made. Any logic that can be triggeraed by lhe scan lines
can enter data to the return line inputs. Eight multiplexed

input ports could betied to thereturn lines and scanned by
the 8279,

T T
SCAN
1 1

MSB LSB
IJL?] ALg | Rls | RLs I RLaz ‘ ALz j RLq ‘ HLQJ

In Btrobed Input mode, the datais alsoentered to the FIFO
from the return lines. The data is entered by the rising
adge of a CNTL/STR line pulse. Data can come from
another encoded keyboard or simple switch matrix. The
returin lings can also be used as a general purpose strobed
input.

M5B LSE

‘ RL?] RLg | Rlg | Rlg4 [ RLj | RLZTRL‘I \ RLQJ

Display
Lett Entry

lLeft Entry mode is the simplest display format inthateach
display posilion directly carresponds to 4 byte (or nibble}
in the Display RAM. Address 0 inthe 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
tofill from the feft, The 17th {8th) characieris entered back
in the left mosl position and filling again proceeds from
there,
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g1 _ _ 14 15— Display
. ——— = Addross

2nd entry EE_ T
Q
16th entry 21
1 R —
17th entry |1 12
18th entry I 17 i18 i T

LEFT ENTRY MODE
(AUTO INCREMENTI

Right Entry

Right entry is the method used by most electronic
catculalors. The first entry is placed in the right most
display character. The nextentry is also placed in the right
maost character after the display is shifted left one
character. The left most character 15 shifted off the end
and is lost.

-
M

14 1% O-=Display

- - — Address

2 3 _ _ 15 a 1
iy [ ]

3 4 01 2
sowy (11227 L[]

01 o 13 14 15

12 14150
17th entry 3

23 18 0 1
o

RIGHT ENTRY MODE
{ALUTD INCREMENT)

Mote that now the display position and register address do
not correspond. Consequantly, entering a character to an
arbitrary position in the Auto Increment mode may have
unexpected results. Entry starting at Bisplay RAM address
0 with sequential entry is recammended.

Aute Increment

In the Left Entry mode, Auto Incrementing causes the
address wherg the CPU will next writg 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 arhitrary
address in the Auto Increment mode has no undesirable
side effects and the result is predictable:

01 2 3 4 5 6 7= Display

LLIT T T fos

15t entry

2 3 4 b 8§ 7

I*IZIII L[]

2 3 4 5 6 17

Command ,“2| ‘_L] ‘ |—|

2nd entry

10010101
Enter next at Location 5 Auto Increment
2 3 4 b 6 7
3d entry |1|2| [ | |3| ! |

1 2 3 4 5 86 7

w oo [T LTI

LEFT ENTRY MODE
{AUTS INCREMENTI

In the Right Entry mode, Auto [ncrementing and nen
Incrementing have the same effect as in the Left Entry
except if the address sequence is interrupted:

1 2 3 4 5 & 7 0D-=—Display

1t entry | || l | | | ‘ ! l ::dl\fess
23 456701
2nd entry | | | | | | ! | 2 |

2 345 6 7 01

Command | | 1 2|

10010101

Enter next at Location 5 Auto Increment

i 4 b6 6 701 2

adenry [ [ Ja3] [ti2] ]
456701 23
4th entry 314 12 |

RIGHT ENTRY MODE
(AUTO INCREMENT)

Slarting at an arbitrary location operates as shown below:

91 2 3 4 5 6 V-—Display

Co RAM

Command | [ [ [ 411 1] Ares
Enter next at Location 5 Auto Increment
1 2 3 4 56 7 0

ey (LT 1]
2 3 4 5 8 7 01

2nd entry l l ] |]|2] J | |

gth enry (4 [5{6|7|8(1]2]a]

oth eory [5]ef7|8|e[2]3]a]

RIGHT ENTRY MODE
(AUTQ INCREMENT)
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Entry appears to be from the initial entry point.

8/16 Character DIsplay Formats

If the display mode is sel to an 8 characler disptay, the on
duty-cycle is double what it would be for a 16 character
display fe.g., 5.1 ms scan time for 8 characters vs. 10.3ms
for 16 characters with 100 kHz internal frequency).

G. FIFO Stalus

FIFO status is used in the Keyboard and Strobed Input
modes 1o indicate the number of characters in ihe FIFO
and to indicate whether an error has occourred. There are
two types of errors possible: overrun and underrun.
Cverrun occurs when the entry of another characterinto a
full FIFQ is attempted. Underrun ocours when the CPU
trics to read an empty FIFC.

The FIFQ status word also has a bit to indicate that the
Display FAM was unavailable becguse a Clear Display or
Clear All command had not completed its clearing
operation.

APPLICATIONS

In a Sensor Matrix mode, a bit is set in the FIFO status
word ta indicate that at |east gne sensorclosure indication
ts contained in the Sensor ARAM.

In Special Error Mode the S/E bitis showing the error llag
and serves as an indication to whether a simultaneous
multiple closure error has occurred.

FIFO STATUS WORD
§— FIFO Ful
Loylsre{o [u[r {n]n]w]
P

Humber of
characters in FIFQ
Error-Underrun

Error-Overrun

Sensor Closure/Error Flag for
Multiple Closures

Display unavailable

gurr [ xevmne
CONTROL
] _8 COLUMKS
RIE_lT NL:;?;N B ROWE

BY

INT ISHIFT CNTL Rn_.,
INT Voo
ST DATA BUs Vi
MICRO.  DATA
PROCESSOR  BUS Py
SYSTEM il %
= ioR 2279 -
CONTROLS { L oW
RESEY lneser
C5 —
ADDRESS A Cs
BUS a ap
CLK o _
LK BD
cLock Boy Ao ELANK
DISPLAY
1 ADDRESSES
_I> (DECODED)
DISPLAY
A CHARACTERS
DATA
I pissLAY

"Da nat drive Iha keyboard decodsr with the MSB of the scan lines.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature ..., .. .. ... 0°Cto 70°C
Storage Temperature .. ... 0.0 0. -66Cto126°C
Yaltage on any Pin with

Respeet to Ground . ... ... ...... -0.5V 10 17V
Power Dissipation ... .... ... s oesara. 1 Watt

D.C. CHARACTERISTICS
Ta = 0°C o 70°C, Vss = OV, Note 1

Maximumn Ratings”

*COMMENT. Strasses above thase 'sre:d":;ﬁdér “Absohite

fRay cause permanént thama : Hy
device, This is a stress ruting only and funccfr ! op

tigrr of the device ar these or any other cono‘.r r.-an above
thasa indicated in the operational sections of this’ S,u -
cation is not implied. Exposure to absolute maxinium

rating condivions for exrended periods may affect device
reliabitivy.

Symbol Parametcr Min. Max. Unit Test Conditions
Vi Input Low Voltage for -0.5 1.4 W
Return Lines
ViLz Input Low Yoltage for All Others -0.5 08 W
ViH1 Input High Veltage fer 22 v
Return Lines
YiH2 Input High Yoltage for Ali Others 20 W
VoL Qutput Low Voltage 0.45 1 v Note 2
VoH Qutput High Voltage on Interrupt 3.5 v Note 3
Line
hes input Current on Shift, Control and +10 MA Vin = Voo
Return Lines ~100 MA Viy = 0V
Iz Input Leakage Current on All Others 10 HA Viy = Veg to OV
logL Output Float Leakage 0 HA VouTt = Voo to OV
lee Power Supply Current 120 ma,
Motes:
1. 8278, Voo = +5Y 15%; 8270-5, Voo ~ +5V +10%.
2. 8278, Ig = 1.BmA; B279-5, Ig = 2.2mA.
3. 8279, Igy = ~1001A: 82795, gy = -400RA.
CAPACITANCE
SYMBOL | TEST TYP. MAX. | UNIT TEST COMDITIONS
Cin Input Capacitance [ 10 pF Vin=Vec
Cou Output Capacitance 10 20 pF Yaur=Vee
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A.C. CHARACTERISTICS
TA =0°C to ?OOC, VSS = DV, {Note 1}

Bus Parameters
Read Cycle:
8272
Symbhol Parameter Min. Max Min, Max. Unit
taR Address Stable Before READ 50 Q ns
aa Address Hold Time for READ 5 0 ns
trR READ Pulse Width 420 260 ns
trpl? Data Delay from READ 300 150 ns
tapl2l Address to Data Valid 450 250 ns
tor READ to Data Floating i0 100 10 100 ns
tRey Read Cycle Time 1 1 js
Write Cycle:
8279 82795
Symbol Parametar Min. Max. Min. Nax. Unit
Taw Address Stable Before WRITE 50 V] ns
twa Address Hold Time for WRITE 20 0 ns
twwy WRITE Pulse Width 400 250 ns
tow Data Set Up Time for WRITE 300 150 ns
two Data Hold Time for WRITE 40 0 ns
— . - -
1. 8279, Voc = +5V £5%; 82785, Vpop = 45V £ 10%.
2. 8279, C|_= 100pF; 82795, C = 150pF.
Other Timlngs:
e 5?9 8279.5
Symbol Parameter Min Max. Min. Max. Unit
taw Clock Pulse Width 230 120 nsec
toy Clock Period 500 320 nsec
Keyboard Scan Time: 5.1 msec Digit-on Time: 480 psec
Keyboard Debounce Tima: 10.3 msec Blanking Time: 160 psec
Key Sean Time: 80 psec Internal Clock Cyele: 10 psec
Display Scan Time: 10.3 msec

Input Waveforms For A.C. Tests

24
20 20
> TEST POINTS <
08 o8
045
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WAVEFORMS

Read Operation

A, T3 K 1SYSTEM'S
~ ADORESS BLS)
—1tan *acy f
&R ’-* IRAA..
- \ [READ CONTROL
[ty [ —— | -—— o ——a
tap

s MMM R AN owve oI EERERRENN

Write Operation

o {SYSTEM'S
Ap, CS x X ADDARESS BUS}
l—-— ww —=| } G 4= tye =

wiE IWRITE CONTROL)
tow YWo
DATA BUS DaTa . . DATA
fINPUTH MAY CHANGE X DATAVALID X MAaY CIANGE

Clock Input

ki
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PROGRAMMABLE KEYBOARD INTERFACE

e Simultaneous Keyboard and Display a N-Key Rollover with Programmable
Operations Error Mode on Multiple New Closures

a Interface Signals for Contract and o 16- or 18-Character 7-Segment Display
Capacitive Coupled Keyboards Interface

a 128-Key Scanning Lagic a Right or Left Entry Display RAM
a 10.7 msec Matrix Scan Time for 128
Keys and 6 MHz Clock @ Depress/Release Mode Pregrammable

o 8-Character Keyboard FIFO o Interrupt Output on Key Entry

The Intel® 8278 is a general purpoge programmable keyboard and display interface device designed for use with 8-bit
micropracessors 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 en 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
poputar 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 possihle. Both read and write of the display RAM can be done with auto-
increment of the display RAM address.

FIN CONFIGURATION PIN NAMES BLOCK DIAGRAM
P
ey ~ wp Ve Dy-By i DATA BUS
D, WA READ, WRITE STROBES BLEVEL
]z =l LT cs | cHiP SELECT KEY FIFO
Ap | CUNTRQL/DATA SELECT SCAN
x2[]3 2 B RESET RESET INPUT BUTPUTE
REZET [ 4 77 [Oe; Xy, Xz FRECQ. REFERENCE INPUT ——
SYNC HIGH FREQUENCY QUTPUT DATA Mg
NC (] 5 36 F161 CLOCK pata ATh] Bus <::"> SCAN <:11> A
&s 2 Heg RL KEYBOARD RETURN LINE BUS Rt r COUNTER :
CLR CLEAR ERROA M My
ann ] 7 w Pke KEL KEY CLOCK [t I
&G M8 MATRIX SCAN LINES
RfoLfs b B ByBy. DISPLAY OUTPUTS INTERRUPT RETURN
TN ] M ERROR ERROA SIGNAL REQUEST - KEY LINE
o= /G " INTERRUPT REQUEST
WA 110 e o a AYS \ HYSTERESIS ® DE‘LECT |+ HYSTERESIS
synz (1 3[0m, &P | TONE ENABLE DEBOUNCE |—= KE¥ CLOCK
) LOGIC
FD ) SYNE
Dy [] 12 23 O, ﬁa CONTROL <:> [~ 1400 kHat
pais LOGIC
]2 28 [ 1M, 3 TINING
o] 12 27 [ Mg ag =} IN
2215 2 (Voo mesEr TONE & ERROR [T TOUE ENABLE
oy 18 75 [dKe LoGIC [*— CLEAR INPUT
o, [ 17 za [ ERRGR
oe [ 18 o Xq —1
Dz [ 19 22 JAVS mmine |our 1MGIT <:Z’|>w
— ] CISPLAY DISPLAY
aub [ 20 210 er ¥3— BUFFER DIGITS
INTERNAL
B —* aus
27—
GND—-
® Intel Carporation, 1978 February, 1978
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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 Signal Pin No. Descripllon
Do-D7 12-19 Three-state, bi-directional data bus ERROR 24 Error signal. This line is high when-
lines used to transfer data and com- ever two new key closures are de-
mands between the CPU and the tected during a single scan or when
8278. too many characters are entered
WR 10 Write strobe which enables the mas- into the keyboard FIFO. Itis reset“b?:
ter CPU to write data and com- a system RESET pulse or by a ™1
ds between the CPU and the input on the CLR pin or by the
gorg | een CLEAR ERROR command.
RD 8  Read strobe which enablesthemas-  CLR 39 Input used to clear an ERROR con-
ter CPU to read data and status from dition in the 8278.
the 8278 internal registers. BP 21 Tone enable output. Thislineis high
cs 3] Chip select input used to enabla for 10m§ ‘fO”OWII"'Ig & valid k‘ey
reading and writing ta the 8278, closure; it is set high and remains
high during an ERRCR condition.
Ap 9 Address input used by the CPU to
indicate contrel or datya. Vce, Voo 40,26 +5 volt power input: +5V £ 10%.
RESET 4 A low signal an this pin resets the GND 20,7 Signal ground.
8278,
X1, Xz 2.3 Inputs for crystal, L-C or external PRINCIPLES OF OPERATION
timing signal to determing internal
oscillator frequency. The tollowing is a description of the major elements of the
IRQ 29 Interrupt Request Output to the Programmable Keyboard/Display interface device. Refer
master CPU. In the keyboard mode ~ '© the block diagram in Figure 1.
the IRQ line goes low with each g Control and Data Buffers
FIFQ read and returns high if there _ . .
is still information in the FIFO oran The 170 control section uses the C3, Ag, RD. and WR [ines
ERROR has ocourred. to contral data flow to and from the various internal
) -~ . _ registers and buffers {see Table 1). All data fiow to and
Mo-Ms 27-33 Matrix scan outputs. These aut from the 8278 is enabled by GS. The B-bits of information
puts control a decoder which scans ) [ e .
the key matrix columns and the 16 being transfarred by the CPU is identified by Ap, A logic
displa ydi its. Also, the Malrix scan ane means information is command or sﬂus,mogiczero
out‘;utys a?e ijsed ‘to multiplex the means the infermation is data. RD and WR detarmine the
return lines from the key mpatrix direction of data flow through the Data Bus Butfer (DBB).
) o The DBEB register is a bi-directional B-bit buifer register
RL 1 Input fram the multiplexer which in- which connects the internal 8278 bus buffer register to the
dicates whether the key currently external bus. When the chip is not selected (TS5 = 1) the
being scanned is closed. DBB is in the high impedance state. The DBB acts as an
HYS 22 Hysteresis output to the analog de- input when {AD, WR, C8! = (1, 0, 0) and an output when
tector. (Capacitive keyboard config- (RD, WR, CS} =10, 1, O,
urationt, A “0" means the key cur-
rently being scanned has already CS A WR RD Caondition
been recorded.
KoL s K lock output 1o th loq d Q 0 1 0 Read DBB Data
ey clock output to the analog de-
tector icapacitive keyboard config- 0 i 1 0 Read STATUS
uration) used ta reset the detector 0 0 Q 1 Write Data toc DBB
before scanning a key. 1] 1 0 1 Write Command to DBR
SYNC 11 ngh frequgncy 1400 KHz! output 1 X X X Disable 8278 Bus is
signal used in the key scan to detect High Impedance
a closed key (capacitive keyboard
configuration). Scan Counter
Bo-Bz 35-38 These four lines contain binary The scan counter provides the timing to scan the

coded decimal display information
synchronized to the keyboard cal-
umna scan. The oulputs are for
mulliplexed digital displays.

keyboard and display. The four MSB’s (Ma-Mg) scan the
display digits and provide column s¢an to the keyboard via
a 4 to 16 decoder, The three LSB's (Mo-M2) are used to
multiplex the row return lines into the B278.
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’— — TO TUME GENERATOR
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Figure 1. System Configuration for Capacitive-Coupled Keyboard

Keyboard Debounce and Control

The 8278 system configuration is shown in Figure 2. The
raws of the matrix are scanned and the outputs are
multiplexed by the 8278. When a key closura is detected,
the debounce logic waits about 12 msecto check if the key
remains closed. If it does,the address of the key in the
mattix is transferred into a FIFQ buffer,

FIFO and FIFO Stalus

The 8278 contains an BXE FIFO character buffaer. Each
new entry is written into a successive FIFO lacation 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
beread by a RD with CS low and Ag high. The status logic
alse provides a IRQ signal to the master processor
whenegver the FIFO is not empty.

Display Address Registers and Display RAM

The Display Address registers hold the address of the
word currenily being written or read by the CFU and the
two 4-bit nibbles being dispiayed. 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
carrect mode and address is sef. Data entry to the display
can be set to either left or right entry.

—mmre. T3 FOME GEMERATOR

[ —‘

[
ERROR "
CLH - R DIGITAL
: MULTIFLEXER
-— IR0 MoI-——
8278 P
< B Dy-D
o b |
08D, B35 OA B043
MASTER ™| e e e | 7
PROCESSOR . — «lFD i '
{5 - [ atas | N
L—————-— [ : i oecooe| 18 %
————————={ fESET ; ;
Mg } ]|- T
By..i.. By |
4T 6
DECODE
CONTALT
KEYBOARD
l——-‘B'--] 16 RIGIT SCAN MATRIK

0K 16 DIGIT QLAY

Figura 2. Systam Conliguration for Contact Keyboard
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8278 COMMANDS

The 8278 operating mode is programmed by the master
CPU using 1he Ag, WR, and Dg-D~ inputs as shown below:

Ay, 5 |BJVALIDX x INVALID

WALID

IHVALID x VALID x INVALID

The master CPL presents the proper command on the Dg-
D7 data lines with Ag=1 and then sends a WH pulse. The
command is {atched by the 8278 on the rising edge of the
WR and is decoded tnternally to set the proper operating
mode.

COMMAND SUMMARY
Keyboard/Display Mode Set

CODE 0| a 1] N E I D| K

where the mode set bits are defined as follows:

K — the keyhboard mode sefect bit

0 — normal key entry mode

1 — special function mode: Entry on key closure and an
key release

D — the display entry mode select bit

0 — left display entry

1 — right display entry

| — the interrupt request (IRG) output enable bit.

0 — enable !RQ output

1 — disable IRQ output

E — the error mode select bit

0 — earror on multiple key depression

1 — no error on multiple key depression

N — the number of display digits seslect

0 — 16 display digits

1 — 8 display digits

NOTE: The default mode foilowing a RESET input
is all bits zero;

Lefefefefolelo]e]

Read FIFO Command

CODE |0‘1|0|0|DIU[0|U|

Read Dispiay Command

CODE rol 1 [1 ’M[Ag]ﬂzlmli\ol

7136

Where Al indicates Auto Increment and As-Ap is the
address of the next display character to be read out.

Al=1  AUTO increment
Al=0 no AUTO increment

Write Display Command
CORE ! 1 I a ln ‘AI‘A;'A;[M FAJ

Where Al indicates Auto Increment and Ag-Ag is the
address of the next display character to ba written.

Clear/Blank Command

COGE J' ' o [ 1 |un[3n[cu[c1=|csl

Where the command bits are defined as fellows:

CE = Ciear EAROR

CF = Clear FIFO

CD = Clear Display to all High
BD = Blank Display to all High
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 Ag, RD, and Dg-D7 inputs as shown below:

X X

The 8278 places a—bits_ofiatus information on the Dg-D7y
lines fallowing tAg, CS, RN =1, 0, ¢ inputs from the
master,

Ag, €5 VALID

Dy—D; W/ /i::é/ 7 :’//,ﬁ /) / 7 /

Stalus Format

F;; Fz[ 8y l Snl B lKE |OBF|IBFI

By Dg Dy Dg D3 Nz Dy Og

Where the status bits are defined as follows:

|BF = Input Buffer Full Flag

QBF = Output Buffer Full Flag

KE = Keyboard Error Flag {imultiple depression)
B = BUSY Flag

83-5p = FIFQ Status
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Status Description

Tha Sa-Sg status bits indicate the number of entries (0 to 8}
In the B-level FIFQ. AFIFQ overrun will lock statusat 1111,
The overrun condition will prevent further key entries until
cleared.

A multiple key closure errar will set the KE flag and
prevent further kay entrias until cleared.

The IBF and OBF flags signify the status of the 8278 data
- buffer registers used to transfer information [data, status
or commandgs) to and from the mastar CPU.

The IBF flag is set when the master CPU writes Data or
Commands to the 8278. The IBF 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 CPL)
Data READ.

The Busy flag in the status register is used as a LOCK-
QUT 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
iduring a segquence) to be sure that the B278 is ready with
valid DATA,

The ERROR and TONE outputs from the 8278 are sethigh
for either type of error. Both types of error are cleared by
the CLR input, by the CLEAR ERROR command, or by a
raset. The FIFQ and Display bufters are cleared
independently of the Errors.,

FIFQ status is used to indigate the number of characters in
the FIFC and to indicate whether an error has occurred.
QOverrun occurs when the entry of ancther character into a
full FIFO is attempted. Underrun occurs when the CPU
tries to read an empty FiFQO. The character read wil! be the
last one entered. FIFO status will remain at 0000 and the
error condition will not be set,

8278 Data Read
The master CPU can read DATA from the 8278 FIFO or

Display buffers by using the Ag, RD, and Dg~D7 inputs as
follows:

o2t K vauo X

The master sends a RD pulse with Ag=0 and CS=Cand the
8278 responds by outputing data on lines Dg-D7. The data
is strobed by the trailing edge of RD.

7-137

Data Read Sequence

Before reading data, the master CPU must send a
command to select FIFO or Display data. Follpwing 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:
BUSY | | I I

N
|

READ DISFLAY FIRST MASTER NEXT

QR FIFD COMMAND  DATA BYTE READS DATH BYTE READY
FROM MAETER READY 8274

PROCESSING

NEXT BYTE

After the first read following a Read Display or Read FIFQ
command, successive reads may occur a5 soon as OBF
rises,

8278 Data Write

The master CFU can write DATA to the B2V8 Display
buffers by using the Ao, WR and Do-D7 inputs as follows:

Ag, CF wvALmX vaALID X INVALIN
Wh '\ /

A,
Dy—Dy Af[@;( |T\|\_.'.»'-\|_|D_’
W

i

The master CPU presents the Data on the Do-D7 lines with
Ao=0 and then sends a WR pul_sE._The data is latched by
tha 8278 on the rising edge of WR.

Dala Write Sequence

Before writing data to the 8278, the master CPU must first
sond a command to select the desired display eniry mode
and to specify the address of the next data byte. Following
the commands, the master mustread STATUS and testthe
BUSY flag B} and |BF flag to verity that the B278 has
responded. A typical sequence is shown below:

w1

o M e R
IR T

WRITE DISPLAY  B27H MASTER B278 BIrg

COMMAND READY DATA WRITE REARDY READY
Egr‘.MAND FIRET BYTE MASTER WRITES
NEXT BYTE

OR DATA
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INTERFACE CONSIDERATIONS
Scanned Keyboard Mode

with MN-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 10 see if the key is still down. If it is, the key is
entered inte the FIFO.

COUNT o 1 z

My

My |

Ma

o I I I B B

e W

RL SAMPLED r I r

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 outputis activated and IRQis 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 ERRCR command.

In the special function mode both the key closure and the
key release cause an entry to the FIFQ. The rolease is
entered with the MSB=1.

Any key entry triggers the TONE output for 10ms.

The HYS and KCL outputs enahle the analeg multiplexer
and detector to be synchronized forinterface to capacitive
coupled keyboards.

SUAN EYCLE | I I

[[z1s)

BP

ERNOR

|

KEY 1 KEY 1
GEFREISED ENTERED

KEY |
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 entarad into the
FIFO corresponds to the position or address of the switch
in the keyboard. The MSE is ralevant 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

7 -] g 4 a 2 1 1]
|s1=[ms|M5[M.[M3|M, M,lMgl
1 FOR SPECIAL FUNCTION

MODE AND KEY RELEASED
0 FOR KEY DEPRESSED

BIT

Display

Display data is enlared into a 16x4 display register and
may be entered from the left, from the right orinto specific
locations in the display register. A new data character is
put cut on Bo-B3 each time the Mg-M3 lines change (i.a.,
once avary 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
aach display positionin the display corresponds to a byte
tor nibble} in the Display RAM, Address Dinthe RAMisthe
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 hack in the left-most position and
filling again proceeds from thera.

Right Entry

Right entry is the melhod used hy most electronic
calcufators. 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 shifled off the end
and is lost.

DISPLAY
1 2z 14 15 0 -=—RAM
ADDRESS
15T ENTRY 1
z 3 15 0 1
ZND EN'I'RYl | | 1 1 1 | 2 |
I 4 1] 1 2
3RD ENTRYi | | | 1 | Zz | 3 |
4] 1 13 14 156
16TH ENTRYl 1 | 2 | |'I-1 |15 | 16 |
1 2 14 15 0
17THENTRY | 2 | 3 18 |16 [ 17
2_ 3 15 © 1

e Jro ]

Note that now the display position and register address do
not correspond. Conseguently, entering a character to an
arbitrary position in the Auta Increment mode may have
unexpected results. Entry starting at Display RAM address
0 with sequential entry is recommended, A Clear Display
command should ba given before display datais enterad if
the number of data characters is not equal to 16 {(or 8]in
this mode.

1BTHENTRY| 3 l 4 l

DISFLAY
CHARACTER

My

Mg

=\_/ \_/\___/\

/A / _/\

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 losation.
With non-Auta Incrementing the entry is both to the same
RAM address and display position. Entry to an arbitrary
address n the Left Entry — Auto Increment mode has no
undesirable side effects and the result is predictable:

DISPFLAY
1 2 3 4 5 74— RAM

] 6
waey [0 | [ [ L[]
E 7

o 1 2 3 4 -]

wosene [ [T [T [ 1T

g 1 2 3 4 5 B 7
COMMAND 1 2
10070101

ENTER NEXT AT LOCATION § AUTO INCREMENT
+ 1 2 3 4 B B 7

IR0 ENTRY | 1 | 2 2

g1 23 4 5

mvaone [T [ | [5]+] ]

In the Right Entry mode, Aulo Incrementing and non
Incrementing have the same effect as in the Left Entry
except that the address sequence is interrupted:

DISPLAY
1 2 3 4 5 & 7 og=—RAM
15T ENTRY | l | | ! | | T [ ADDRESS
¢ 3 4 5 6 7 [ |
ZNDENTRYJ I ‘ | I | ‘ 1 | 2 ]
2 3 a4 5 & 7 0 1
COMMAND I - -
10010101 |

ENTER NEXT AT LOCATION 5 AUTO INCREMENT
3 4 B ] 7 i] 1 2
sose [ T [s] [ [1]+] |
9 5 ] 7 1] 1 2 32

awenny [ [ofo] [0]=] | |

Starting at an arbitrary location operates as shown below:

DISPLAY
] 1 2 3 4 ) [ Fe—Ram

COMMAND ADDRESS
1901001

ENTER NEXT AT LOCATION 5 AUTO INCREMENT
1 7 3 4 5 67 0
1ST ENTRY [ l | [ | 1 ! l l l

2 3 4 &8 67 [+ 1

ZNDENTHYI I ‘ |1|ZJ i | I
aTHENTRYI_-!|5|5|7|s‘1|2[3J

9TH ENTRY | &5 | 6 |7 ) ] 213 |4

Entry appears to be from tha initial antry point,
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature UnderBias ........ 0°Cto70°C
Storage Temperature  ............... -65°C to+150°C
Voltage on Any Pin With

RespecttoeGround . ......... .. ..., G5V to +7Y
PowerDissipation  ............iciiieiinn. 1.5Watt

D.C. CHARACTERISTICS

*COMMENT: Stresses above those listedunderfabsolute
Maximum Ratings” may cause permanen! damage;mﬂe
device, This is a stress rating only Emd :functmr
operaftion of the device al these or any other ,oamno f
above those indicated in the operational sections, of’ !hf\‘im
specification s not implied. Exposure to absﬁ!u!e
maximum rating conditions for extended periods may'
affect device reliability.

Commercial: Ta =0°C to 70°C; Voo = 15V =5%; Vgs = 0V

Symbol Parameter Min. Max., Units Condillon
ViL Input Low Voltage (Al Inputs -0.5 0.8 v
Except X1, X2
ViH1 Input High Veltage {All Inputs 2.0 Ve v
Except X1, X2, RESET
ViHz RESET High Voltage 3.0 WVoo
VoL Qutput Low Valtage (Dg-07) 0.45 v loL = 2.0mA
VoLz Quiput Low Voltage tAll 0.45 loL = 1.8mA
Other Qutputs)
Vo Output High Voltage (Dy-Dr) 2.4 vV | low = -4004A
Vouz Output High Voltage (Al 2.4 v lon = -50uA
Other Qutputs)
L Input Leakage Current (All +10 gA Vin = Voo
Inputs Except AESET)
loL Output Leakage Current (Dg-D7} +10 pA Vin = Vgs -+ 0,45V or
Vin = Vg
Ipo + lee Total Supply Current 135 mA | Vco = 5.5V
oo Voo Supply Current 25 mA | Voo = 5.5V
L1 Low Input Source Current (RESET} 0.2 mA ViL = 0.8V
8278 CLOCK OPTIONS
20pF HpF a
X1 -r' X <)
[ EX18 278 2wt — ?‘;?3‘ B27S
F”:L a
Xz Kz Xz
200F 20pF
= = o
1-6 Mtz 40 ah=130 ub EXTERNAL
CRYSTAL {NCUCTOR CLAOCK
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A.C. CHARACTERISTICS
Ta = 0°C to 70°C; Voo = +5V 210%; Vss = OV

o

Symbol Parameter Min. Max. Units Condlton,
tac Address (TS, Ao Setup to 0 ns
Control IRD, WRI

tca Address Hold from Control 0 ns

tco Control Pulse Width 250 ns

tow Data in Setup to WR T.E. 150 ns Do-D7, Cr. = 150pF
twn Data in Hold After WR T.E. 0 NS

tRD RD L.E. to Data Out Valid 150 ns

toF RO T.E. to Data Out Float 10 100 ns

tmeoy Matrix Cycle Time 107 ms With EMHz Crystal
tRy aR:;?;regr;l;:;le Between Reads 1 43

WAVEFORMS

Read Operation — Data Bus Buffer Register

£5 08 Ay 4 X

(SYSTEM'S
ADDARESS BUSI

— tar—|

gy
I

il (‘—‘CA—-

| ter. —

m l I

-

N Py

OaThEUS

M, ¢AELD CONTROL]

[OUTRLTY \ [A—— —— DATAVALID— - ——*

Write Operation — Data Bus Buffer Register

O X

ISVETEM' S
ADDARESS BUSH

ERUTEEY

L= -

| -
—.

VRITE CONTROL)

DATS RLUS DATA,
HUNPUT) MAY CHONGE

X +——-— DATA anlD—---—-K

OaTa
MAY CHANGE

7142




8041/8741
UNIVERSAL PERIPHERAL INTERFACE
8-BIT MICROCOMPUTER

o Fully Compatibnle with MCS-80™, o Pin Compatible ROM and EPROM
MCS-85™ and MCS-48™ Microproces- Versions
sor Families

e 1K x 8 ROM/EPROM, 64 x 8 RAM, 18

o Single Level Interrupt Programmable /O Pins

e 8-Bit CPU plus ROM, RAM, /0, Timer
and Clock in a Single Package n Asynchronous Data Register for

a Single 5V Supply Interface to Master Processor

o Alternative to Custom LS| a Expandable KO

The Intel® 8041/8741 is a general purpose, programmable interface device designed for use with a variety of 8-bit
microprocessor systems. |t containg a low cost microcomputer with program memory, data memory, 8-bit CPU, 170 ports,
timer/counter, and clock in asingle 40-pin package. Interface registers are included to enable the UPI device to function as
a peripheral controller in MCS-80™, MCS-85™, MCS-48™, and other 8-bit systems.

The UPI-41™ has 1K words of program memaory and 64 words of data memory on-chip. To aliow full user flexitilily the
program memory is available as ROM in the 8044 version or as UV-erasable EPROM in the 8741 version. The 8741 and the
8041 are fully pin compatible for easy transition from prototype to production level designs.

The device has two 8-bit, TTL compaltible |/O ports and two test inputs. Individual pert lines caniunction as eitherinputs or
ocutputs under software control. |70 can be expanded withthe 8243 device which is directly compatible and has 16 1/Q lines.
An B-bit programmable timer/counter is included in the UPI device for generating timing sequances or counting external
inputs. Additional UPI features include: single 5V supply, low power slandby mode {in the 8041), single-step mode fer
debug{in the 8741}, single level interrupt. and dual working register banks.

Because it's a complete microcomputer, the UPI provides more flexitility for the designer than conventional LSl interface
devices. It is designed to be an efficient controller as well as an arithmetic pracessor. Applications include keyboard
scanning, printer control, display multiplexing and similar functions which involve interfacing peripheral devices to
mIcroprocessor systems
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ABSOLUTE MAXIMUM RATINGS*

"COMMENT: Stresses above rhcée fe.s;e
Maximum Ratings™

may cause permanen redami? m rhe

Ambient Temperature UnderBias ........ 0°Cto70°C device. This is a stress rating only and funcfmnar a
Storage Temperature ............... -65°Cto+150°C tion of the device at these or any other cond;rwns,g{}éve;.
Voltage an Any Pin With thase indicated in the operational sections of thi§ specifi-" ¢
RespecttoGround ....................0. -0.5V10 +7V cation is not implied, Fxposurs to shsolute maxidum® , *
Power Dissipation ... 1.2 Watt rating conditions for extended periods may affect device
D.C. AND OPERATING CHARACTERISTICS  refiavitity.
Tp = 0°Cto70°C, Voo = Vpp = +5V £5%, Vgg = OV
Limits
Symbaol Parameler Min. Typ. Max unit Test Conditians
ViL Input Low Voltage{All -0.5 0.8 W
Except X1, X2)
Vin Input High Yoltage {All 2.0 Voo W
Except X1, X2 RESETI
ViH2 Input High Voltage (X, 3.0 Voo v
RESET!
VoL Qutput Low Voltage (Do-Dr, 043 Vo |loL=2.0mA
Synct
YoLz Qutput Low Voltage tAll 0.45 V o |loL=18mA
COther Dutputs Excepl Prog!
Vou Cutput High Voltage (Dg-Dy) 24 V| lgn = -400 uA
Yo Qutput High Voltage tAll 2.4 v lok = <50 uA
Other Qutputs!
I tnput Leakage Current H10 wh | V3s < VN = Voo
{Te. Ty, RD, WR, TS, Ag, EA)
oL QOutput Leakage Current +10 pd | Wss 4 045 = Viy = Ve
iDp-D7, High Z Statel
oo VoD Supply Current 10 25 mA
lee + ipg | Total Supply Current 65 135 mA
VoLa Cutput Low Voltage (Progh 0.45 W lgL 10 mA
i1 Low Input Source Current 0.4 mA | ViL = LBV
P:p-P17 Pao-Pe7
tLiz Low Input Source Currant 0.2 mA | ViL = 0.8V
RESET, 58
A.C. CHARACTERISTICS
TA = 0*Cto 70’0. Vcc = VDD = + 5V 5%, VSS = 0V
DBB Read:
B741 8041
Symbol Parametar Units Test Conditlons
¥ Min. Max. Min. Max. es dit
AR CS, Ag Setup to AD ¢ BC 0 ns
tra CS, Ag Hold After RD t 30 0 ns
trR RD Pulse Width 300 | 2xtgoy| 250 ns toy =25 us
tap CS, Ay to Data Out Delay 370 150 ns
tap AD ! to Data Qut Delay 200 150 ns
— 10 10 ns
tor RD 1 to Data Float Delay
140 100 ns
t Recovery Time Belween Reads 1 1 s
Rv Andior Write H
toy Cycle Time 235 25 us 6 MHz Crystal
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DBB Write:

8741 8041 )
Symbol Parameter Min T max | Wi | Man. Units Test Condltiqr_\!_' b,
taw CS, Ag Setup to WR | 60 0 ns :
twa C8, Ag Hold After WR t 30 o] ns
tww WR Pulse Width 00 |2xtcy | 250 ns tey =25us
tow Data Setup to WR t 250 150 ns
twp Data Hold After WR % a0 0 ns
A.C. TEST CONDITIONS
D3-Dg Outputs R = 2.2kto Vg
4.3k to Ve
C_ = 100 pF
WAVEFORMS
Read Operation — Data Bus Buffer Register
TEOR 4y X X ?;g;lszésaum

=—1a8

tay

. \

DATA BUS

(.

[

-

[OUTPUTY

DATAVALID —

Write Operation — Data Bus Bulfer Register

TE DR Ay X

X

‘-—t.w_—

Law

— g ——

'
‘-— (wn-'|

a—wilan

DATA BUS DATH
{INFUT] MAY CHAMGE

Xﬂ— DATAVALID - - %

DATA
MAY CHAMGE
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FIN DESCRIPTION

UPI INSTRUCTION SET

Signal Description Mnemonlc Description Bytes Cycles
Do-D7 Three-state, bi-directional, DATA BUS ACCUMULATOR
BUFFER lines used to interface the UPI-41 ADD ARr Add regisler 1o A 1 1
to an 8-bit master system data bus. ADD A@Rr Add dara memary to A 1 1
P1g-P 8-bit, PORT 1, quasi-bi-directional /O ADD Afdala  Add immediale to A 2 Z
e nnels 9 I ADDC A Rr Add immed. to A wilh carry 1 1
' ADDG A @Rr  Add immed. fo A with carry 1 H
P2g-Pgz 8-bit, PORT 2, quasi-bi-directional IY0 ADDC A Hdala Add immed. to A with carry 2 2
lines ANL A.Re AND register to A 1 i
. ) . 1
The lower 4-bits {P2n-P23) interface directly i:'[ ‘:"ﬁjﬁ’la ﬁﬁg ﬂﬂﬁﬁﬁéﬁ?fé’ L" A ; )
to the B243 |/0 expander device and con- ORL A‘Rr OR register 1o A 1 1
tain address and data information during 0RL A:@Hr QR data memory to A 1 1
PORT 4-7 access, ORL A#data  OR immediate to A 2 2
WH 1/0 write input which enables the master XAL A,Rr Exclusive OR register te A 1 1
CPU to write data and command words to XAL A.@Fr Exclusive OR data memory to A ] !
the UPI-41 DATA BUS BUFFER. quL :.ﬂdata IEnxccrI:;:r:t T immediate to & :12 ?
AD 1/0 read input which enables the master DEC A Decrement A 1 1
CPU to read data and status words from the CLR A Clear & 1 1
DATA BUS BUFFER or status register, CPL A Complement A 1 1
—_— i . DA A Decimal Adjust A 1 1
[OF] Chip selectinput used to select ane UPI-41 SWAP A Swap digits af A 1 1
out of several connected to a common data RL A Rokale A lelt 1 1
bus. BLC A Rotate A left through carry 1 1
! RR A Rotale A right 1 1
Ao Addrass input used by the master proces- )
s0r to indicate whether byte transfer is data RRC A Ratale A righl rough carry ! !
or command,
Ta, Tq Input pins which can be directly tested INFUT/QUTPUT
using conditignal branch instructions, IN APp Input port to A 1 2
. ; OUTL Pp.A Oulput A 1p part 1 2
T 1 "
ran':r"s Hoevons a ”‘l" event timer input ANL Ppjidata  AND immedrate {o port 2 2
oitware control). ORL Pp.data  OR immediate ta part 2 2
Tg is used during PROM programming and IN A.DBE Input DBB to A, clear IBF 1 1
verification in the 8741, E"IL(J]LSI?AB?A OulputEA to dDBB. set OB: 1 ;
) ., Input Expander port to 1
X1, Xz Inputs for & crystal, LC or an external tim- Mavn Pp,E OL!I}IDLH pr Expgnder porl 1 2
ing signal to datermine the internal oscil- ANLD Pp.A AND A to Expander port 1 2
lator frequency. ORLD Pp.A OR A to Expander port 1 2
SYNC Cutpuot signal which occurs once per UPIL-
41 instruction cycle. 3YNC can be usedasa
strobe for external circuitry; it is also used DATA MOVES
to synchronize single step operation, MOV A.Ar Move register to A 1 1
i ) MOV AERr Mowve data memory o A 1 1
EA External access input which allows emula- MOV Addata  Move immediate 1o A 2 9
tien, testing and PROM/ROM verification. MOV Rr.A Move & lo register 1 1
PROG Multifunction pin used as the program mgﬁ S)RJBAt m”"’e Ato ddatat ”;E'T'Dr}'t ; ;
se i ¢ duri PR ina. r.fidata ove immediate to reqgister
pulse Input during OM programming MOY @Rr #data Move immediate lo data memory 2 2
Curing 110 expander access the PROG pin MOV A, PSW Move PSW 1o A 1 1
acts as an address/dala strobe to the B243, MOV PEW.A Move A 1o PSW 1 1
RESET Input used to reset status flip-flops and to ig: :IH@IRr Eiig‘;zg: : 223 é;%':::;mmy ] 1
set the program counter to zero. XCHD A.@Rr  Exchange digit of A and register 1 1
RESET is also used during PROM program- MOVP A @A Move ta A from current page 1 2
ming and verification. MOVP3, A@A Move to A from page 3 i 2
53 Single step input used in the 8741 in
conjunction with the SYNG output Lo step TIMER/COUNTER
the pro ith h fi ion, )
program Through ede instruction MOV AT Read Timer/Counter 1 1
Vee +5VY power supply pin. MOV T.A Load Timer/Counter 1 1
Voo +5V during normal opetation, Programming gg; ENT g:z;: Elun:irter } }
supply pin during PROM programming, Low STOP TCNT Stop Timer/Counter 1 1
power standby pin in BOM version. EN TCHT! Enable Timer/Counter Interrupl 1 1
Vsg Circuit ground potential, DIS TONT! Disable Timer /Counter intercupt 1 1
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Mnamonic Dascripilon Bytes Cycles
CONTROL CLR F1 Clear F1 Flag 1 1
ENI Enable IBF Interrupt 1 1 CPL F3 Complement F1 Fiag L 1
DS | Disable IBF Interrupt 1 1
SEL ABO Select repisler bank 0 1 1 BAANCH
SEL RB1 Setect regisler bank 1 1 1 IMF -
' addr Jump unconditional 2 2
NOP Na Operalion f 1 JMPP @A Jump indirect 1 2
REGISTERS DJINZ Raddr  Decrement register and skip 2 2
JC addr Jump on Carry = 1 2 2
IMC Rr Increment reqister 1 1
INC @fr Ingrement dala memory 1 1 j;lc a[;jdr jump on gaél’y =0 g g
DEC Rr Decrement register 1 1 addr ump on A zerg
JNZ addr Jump on A not Fera 2 2
SUBROUTINE JT0 adar Jump on T0 =1 2 2
CALL addr Jump to subroutine 2 2 JNTO addr Jumpon T0 -0 2 2
RET Relurn 1 2 JT1 addr Jumpon T1 =1 2 2
RETH Return and restore status 1 2 JNTT addr Jump on 1 = 0§ g 2
JFO addr Jump on Fi} Flag =1 2 2
FLAGS JF1 addr Jump on F1 Flag = 1 2 2
CLRC Clear Carry 1 1 JTF addr Jump on Timer Flag = 1. Glear Flag 2 2
CFL C Complement Carry 1 1 JNIBF addr Jump on IBF Flag = 0 2 2
CLR F@ Clear Flag 1 1 JOBF addr Jump on OBF Flag = 1 2 2
GCPL FO Complement Flag 0 1 1 JBb addr Jump on Accumulalor Bit 2 2
APPLICATIONS
DBy.3
AOp-aOr { J_
-‘ PERIPHERAL
b CONTROL
INTERFACE
Eﬁl
wh
— {STROBE)
{ ;
F]
da-@
{ .
5
]
i :D_r “THE 8041 DOES NOT REGUIRE
A 8218 BUS DRIVERS
Flgure 1. Recommended 8741 Intarface to an 8085 System
DOT MATRIXPRINTER
Paf; 4 - ir FORM 105
- = PRINT . HOLD SOLEND
#3243 Fs C\‘— g KCYBOARD -
ExpanpER |4 z MATAIX I 2 z I
AR 4 gl z| E
] L] 4 ADWS MOTQR g‘ E E‘
T T el o & ORIVERS : e E DRIVERS
) 5 3 8 8l |s A
u l i L3 z I * E 10RO
FORY 2 PROG PORT 1 | ¥
POAT 2 POQRT 2 POAT2 FORT 1/PORT 2
204 1/RTAY
Bld1sETd
=1:1:] CONTROL CONTROL

.

OATA BUS

81l

b COMTROL BUS

1L

CONTROL BUS

A

j

Figure 2. 8041-8243 Keyboard Scanner

Figure 3. 8041 Matrix Printer interface
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PROGRAMMING, VERIFYING, AND
ERASING THE 8741 EPROM

Th

1.

e program/verify sequence is:

Voo = 5V, clock epplied or internal oscillator
gperating, RESET = OV, TEST 0 = 5V, EA = 5V,
BUS and PROG floating.

Pregramming/Verification 2. Insert 8741 in programming socket.
3. TEST 0 = 0V {select program mode).
In brief, the programming process consists of: activat- 4. EA = 25V (activate program mode).
ing the program modse, applying an address, latching the 5. Address applied to BUS and P20-1.
address, applying data, and applying a programming _
puise. Each word is programmed completely before 6 RESET = 5V (latch address).
moving on to the next and is followed by a verification 7. Data applled to BUS.
st?p. The lullowinig i? a Hsft (;{ tiht? pins used for program- 8. Vp = 25V (programming power).
ming and a description of their functions: 9. PROG = OV followed by one 50 ms pulse to 25V.
10. Vpp = 5V,
11. TEST 0 = 5§V (verify mode).
12. Read and verify data on BUS.
Pin Funclion 13, TESTO = OV,
XTAL1 | Clock input (1 to 6 MHz) 14. RESBET = 0V and repeat from step 5.
RESET | Initialization and address latching 13, Programmer should be at conditions of step 1 when
8741 is removed from socket.
TESTOQ | Selection of program or verify mode
EA Activation of program/verify modes Programming Options
BUS Address and data input data output during The 8741 EPROM can be programmed by either of two
verify Intel products:
P20-1 Address input 1. PROMPT-48 Micracomputer Design Aid.
Voo Programming power supply 2. Universal PROM Programmer (UPP-101 or UPP-102)
Peripheral of the Inteilec® Development System with
PROG | Program pulse Input a UPP-848 Personality Card,
+5Y
RAESET
o
BUS AND FROG CAN BE DRIVEN ONLY DURING THIS TIME |
5y -
TEST O | |
0
+28V
Ea
5
Bus ————( ADDRESS Ag-Ay X DATA )——@
P22 _———<7 ADDRESS Ag-fg }
+ 28V
Yoo | l
+BY
+i5V
PAQG 45V I_L/—___
w1
WARNING: An allampt 10 program 3 missockated 8742 will result in savars damage to tha part. An indication of & praprly sockseted part
iy the appasrance of 1he ALE clock cutpul. Tha lack of this clock may be umd 10 disable the programmer.
Figure 5. Programming/Verilication Sequence
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B741 Erasure Characteristics

The erasure characieristics of the 8741 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
3000-40004 range. Data show that constant exposure to
raom levei flugrascent lighting could erase the typical
8748 in approximately 3 years while it would take ap-
proximately one week to cause erasure when exposed
to direct sunlight. If the 8741 is to be exposed to lhese
types of lighting conditions for extended periods of

time, opaque labels are available from Intel which
should be placed over the 8741 window to prevent
unintentional erasurs.

The recommanded erasure procedure for the 8741 is ex-
posure to shortwave uitraviclet light which has a wave-
length of 2537A. The integrated dose (i.e., UV intensity
x exposure time) for erasure should be aminimum ot 15
W-sacfem?. The erasure ime with this dosage is approx-
imately 15 to 20 minutes using an ultraviolet lamp with a
12,000 wWiemz2 power rating. The 8741 should be placed
within one inch of the lamp tubes during erasure, Some
famps have a filter on their tubes which should be
removed before erasure.

A.C. TIMING SPECIFICATION FOR PROGRAMMING

Ta = 25°C £5°C, Vg = 5V 5%, Vpp = 25V = 1V

Symbol Parameter Min. Max. Unlt Test Condllions
taw Address Setup Time to RESET | ey
twa Address Hold Time After RESET 1 dtcy
tow Data in Setup Time to PROG | dicy ”
twp Data in Hold Time After PROG | 1oy
PH RESET Hold Time to Verify dicy
tvbow Voo 4icy
tvOOH Vpp Hold Time After PROG | 0
tPw Program Pulse Width 30 80 MS
Tw Test § Setup Time for Program Mode 4oy
wr Test 0 Hold Time After Program Mode aicy
oo Test 0 to Data Out Delay 4y
tww BESET Pulse Width to Latch Address gy
tr, b Vop and PROG Rise and Fail Times 05 2.0 us
toy CPU Qperation Cycle Time 5.0 HS
tRE RESET Setup Time Before EA 1 4icy

Note: I TEST 0 s high, tpey can be triggered by FI_ESE

D.C. SPECIFICATION FOR PROGRAMMING

Ta = 25°C = 5°C, Vcc = 8Y £5%,Vpp = 28V =1V
Symbol Parameter Min. Max. Unil Tesi Condltions
VooH Vpo Program Voltage High Level 24.0 26.0 v
VooL Voo Voltage Low Level 475 525 W
Ve PRQG Program Voitage High Level 215 24.5 v
VpL PROG Voltage Low Level 0.2 v
VEAH EA Program or Verify Voltage High Level 215 24.5 3
VEAL EA Voltage Low Leve! 5.25 v
oo Voo High Voltage Supply Current 30.0 mA
lpROG PROG High Voltage Supply Current 16.0 ma
lea EA High Voltage Supply Current 1.0 ma
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INTELLEC PROMPT 48
MCS-48 MIICROCOMPUTER DESIGN AID

Complete low cost design aid and
EPROM programmer tor 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

— B748 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-
oty, 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
VG lines

On-chip clock, internal timerievent
countey, 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
systam /O, bus, and memory expansion

Compatible with Intellec microcomputer
development systems

Includes comprehensive design library

The Intellac Prompt 48 MCS-48 Microcomputer Design Ald is a low cost, fully-assembled design aid for the revolu-
tionary 8748 single component microcomputer. PROMPT 48 simpllifies the pragramming of MCS-48 systems — pro-
grams may be entered and debugged with calculator-like ease on the large, Informative display and keyboard pansl.
The comprehenslve dasign library with tutorial manual is ideal for newcomsars to microcomputing, PROMPT 48's
pangl connector allows easy access to FO ports and system bus, Thus users can expand program memory bayond the
1K bytes provided Internally, PROMPT 48 can serve as an economical 8748 Specialized PRCM Programmer (SPP)

petipheral in Inteliec microcomputer development systems.

Intel, Intellag, INSITE, Library Managar, MCS, MEGACHASSIS, MICNOAME, FROMPT, WSCOPE, MULTIBUS, RMXI25, UP-4t, ICE, and iSBG are

@ Intel Corporation, 1978

B-1

of Intel Corp. 1.



INTELLEC PROMPT 48

FEATURES

Single Component Computer

The 8748 is the first microcomputer fully integrated on
one compeanent, All eiements of a computing system are
provlded, Including CPU, RAM, {3, timer, Interrupts, and
erasable, reprogrammable nonvolatile program memaory.

Programming Socket

PROMPT's programming sockat programs thls revolu-
tionary "smart PROM” — the B748 — In a highly
rollable, convenlent manner. A fall-safe interlock en-
suras the device I1s properly Inserted before applying
programming pulses. Each location may be individually
programmed, one byte at a time. A read-before-writae
programming algorithm pravents davice damage by In-
advertently programming unerased memaory.,

MCS-48 Processors

The exacution socket accepts aither an 8035 or an 8748
MCS-4B processor. Both are supplled with each
PROMPT 48, and either can serve as heart of the
PROMPT system. There are no processors within the
PRCMPT 48 malnframe, which instead contains monitor
AOM and BAM, user RAM, perlpherals, drivars, and
sophisticated control circuitry. Once a processor is
seated in the execution socket and power is applled, the
PROMPT system comes to lifs. Various access modes
may be selected such as program executlon from
PROMPT system RAM, or from an-chip PROM. Thus pro-
grams may first be executed from PROMPT RAM with
the 8035 processor. When debugging is complete, the
8025 (axecution socket) processor can pragram the 8748
{programming socket) processor. Finally, a pro-
grammed 8748 processor may be exerclsed by liself
fram the executlon socket. The execution socket pro-
cesser runs either monitor or user programs.

System Monitar

The system reset command initializes the PROMPT
system and antars the monitor. Tha monitor Interrupt
command exits a user pragram gracefully, preserving
system status and entering the monitor. Tha user inter-
rupt command causes an Interrupt anly if the PROMPT
system Is running a user program. A comprehansive
eystemn monitor resides in four 1K-byte read only
memories. It drives the PROMPT keyboard and displays
and rasponds to commands and functlons. The top 16
bytes of on-chip program memory must be used by the
PROMPT system to switch betwesn monitor and user
programs. It requlres onse ieval of the MCS-48 eight-level
stack.

Commands

PROMPT 48's commands ara grouped and color-coded
to simplity access to the 8748's separate program and
data memory. Registers, dala memory, or program mem-
ary, may be examined and modified with the examine
and modify commands. Then either the next or previous
register and memory lacations may be accessed with
ong keystroke. Programs may be exercised in three
modes, The go no break (GO NG BREAX) runs in real
time. The go with break (GO WITH BAEAK) mode is not

8.2

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 0 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 optlonal cable, PROMPT.SER, directly connacts tha
PROMPT system to virtually any terminal via a rear ac-
cess slot. Another cable, PROMPT-SPP, allows pro-
grams and data to be downloaded from the Intelllec
microcomputer development system to the PROMPT
system for debugging.

Koy Fungiion Qparatlon

& | rort 2 map Allows specilication of direction of each pin
on port 2. Fart 2 is mulliplexed to addreas
external program mamaory and expand 11D
Thus it musl be buftered; the P2 map com-
mand eslablishes the directlon ot bulfering.

Bl Program EPAOM | Programs 8748 EPROMs.

[¥] | Byta search Sweeps through register, data, ar program
{with oplional mamaory searching for byls matches, Start-
mask) ing and ending memory addresses are spe-

cftied.

(5] | Word search Sweeps lhraugh reglsler, data, or program
{wilh oplianal memory searching or word malches. Start-
mask) ing and ending memary addresses are $pe-

clfled.

[#] | Hex calculatar Computes hexadecimal sums and differ
ences,

&748 program Similar to program EPROM, but 2nsures that

for debug the Lop ol program memaory containg maoni-
tor re-entry code tor debugging.

[8] | Compare. Verllios any portlons of EPROM program
mernary against PROMPT memory.

[i Move memory Allows blocks of regisler, data, or program
memory o be moved.

[ | Access Specifies ane of six access modes for PRO-
MPT 48, For example EPROM, FROMPT
RAM, ar external program memory, and a
variety of inpulloulput options may be
salecled.

[®, | Braakpaini Allows any or all of tha eighl breakpolnts to
be set and cleared.

(e | ciear Clears portlons of register, data, or program
memary.

[0 | Dump Dumps register, dala, or program memory 1o
PROMFT's serlal channel. tor example, a
telelypewriler paper tape punch.

[E] | Enter Enters (reads] regiater, data, or program
memory from PROMPT s serial channel.

¥| | Fetch Fetches programs fram EPROM to FROMPT
RAM,

Table 1. PROMPT 48 Commands and Functlons

Access

Easgy accass ta the pins of the executing processor Is
provided via the I/Q ports and bus connector. Only the
EA axternal access, 8S single step, and X1, X2 clock In-
puts are reserved for the PROMPT systam,

Expansion

Prograrm or data memory may be expanded beyond that
provided an-chip or In the PRGMPT system. O ports
may be axpanded, as with the 8243, or peripheral ¢on-
trollers may he memory-mapped. Tha IfO ports and Bus
connector allows the axecutlon socket processor to be
directly interfaced to prototype systems, yet bs cen-
trolled from tha PROMPT panel.

Control

The commandffunction group panel keyboard and dis-
plays comptetely conirol PROMPT 48 — a felefypewrlter
or CAT terminal |s not needed. A hyphen prompting
character appears whenever a command or function can
be entered. Addresses and data are shown whenever
axamining registers and mamory. 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 EFROMs, and a versatile aid for
debugging MCS-48 programs. Programs ¢an be entared
via iis integral panal keyboard, programming socket, or
serial channel. Almost any terminal can be interfaced to
the serial channgl, Including a teletypewriter, CRT, or an
Intetlec microcompoter development system. Intellec
PROMPT 43 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 deasign aid, not a development system with
sophisticated software and peripherals,

MCS-48 Processors

PROMPT 48 comas 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 Compeo-
nent 8:-Bit Microcomputer. Advances in n-channel MOS
technology allow Intel, for the first time to integrate into
one 40-pin compenent all computer functions:

8-bit CPU

1K x 8-bit ERROM/ROM program memary

64 x B-bit RAM data memory

27 inputioutput lings

8-bil timerfevent counter

Performance — More than 90 instructions — each ane
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 arithmelic pro-
cessor, with extensive bit handling, binary, and BCD
arithmetic instructlons. These are encoded for
minimum program length; 70% are singla byte opera-
tion codes, and none is more than two bytes.
Flexibility — Three interchangeable, pin-compatible
devices offer flexibilily and low cost in development and
production, as follows:

8748 — with user-programmable and srasable EPROM
program memary for prototype and pre-productions
systems.

8048 — with factory-programmed mask ROM memory
for low-cost, high volume production.

8035 — without program memaory, for use with external
program meamories,

Circultry — Each MCS-48 processor operates on a
single +5V supply, with internal osclllator and clock
driver, and circultry for interrupts and resets, Extra cir-
cuitty Is In the 8048 ROM processor to allow low power
standby operation. The 64 x 8 RAM data memory ¢an be
indapendantly powered,

Compatibillly — For systems requiring addltional cam-
patibillty, the MCS-48 can be expandad with tha new
8243 IO expandsr, 8155 /0 and 256-byte RAM, 8755 I/Q
and 2K-byte EPRGM, or 8355 IO and 2K ROM devices.
MCS-48 processors readlly interface to MCS-80/85
peripherals and standard memeories.

Memory Capacity _
PROMPT 48 is a compiete, fully assembled and powered
microcomputer system including program memory, data

mrmory, W03, and system monitor beyond that available
un MCS-48 single component computers, 1K bytes of
PROMPT sysiam RAM serve as “writable program mem-
ory” — a ROM simulator for the program memory an
each MCS-48 computer, 256 bytes of PROMPT system
RAM =erve 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 113
ports and bus connector.

Programming

Programs writien first in assembly language, are
entered in machine language and debugged with
calculator-like ease on the large, infermative display
and keyboard panel. Most MCS-4B 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 MGS5-48
registar — the accumulator — is displayed while single
stepping. Programs can be executed in real time (GO
NQ BREAK) or with as many as eighl different break-
points (GO WITH BREAK).

Control

PROMPT 48 can be fully controlled either by the panet
keyboard and displays, or remotely by a serial channgl,
Thus a teletypewriter or CRT can be used bul neither s
required. Full remote contrel by a serial channel means
users can download and debug programs using the
PRCMPT 48 together with an Intellec microcomputer
davelopment system.

Access

The PROMPT panel IfO ports and bus coennector allow
easy access 10 all MCS-48 pins except those reserved
for control by the PROMPT system, namsely EA external
access, S5 single step, and X1, X2 clock inputs.

Optional Expansion

PROMPT 48 may be expandesd beyond the resourges on
both the MCS-48 single compenent computer and the
FROMPT system. External program and dala mamory
may be interfaced and inputfout ports added with the
8243 O expander.

Applications

A specialized PROM Programmer Kit, the PROMPT-SPP,
allows PROMPT 48 to serve as an aconomical 8748
Specialized PROM Programmer peripheral in Inteliec
microcomputer development systems. The PROMPT-
SPP cable plugs directly into the rear panel of the Intel-
leg microgomputer devalopmeni system, as shown in
Figure 1.

Figure 1. PROMPT 48 used as an intellec Microcom-
puter Development System Porlpheral
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Documentation

The PROMPT 48 manual includes chapters for the
readar with little or no programming experience, Topics
treated range from number systems to microcomputer
hardware design. A novel, unifying set of tutorial
diagrams — MICROMAPRS — simplify microcomputer

concepts. PROMPT's handy, pocket-slzed reference
cardiet can be affixed to the malntrame. Programming
pads aid in the organization and documentation of pro-
grams, These faatures, pius a comprehensive design
library of manuals, articles, and application notes,
make the Intellec PROMPT 4B |deal for the newoomer to
microcomputing.

SPECIFICATIONS

Timing

Basic Instruction — 2.5 s
Cycle Time — try = 2.5us
Clagk — 6 MHz + 0.1%

Memory Byles

The 8748 contains 64 bytes of register memory, no ex-
ternal dala memory, and 1024 byies of RAM program
memory. The PROMPT system provides 256 bytes of ex-
ternal dala memory, and 1024 bytes of RAM pragram
memary. PROMPT RAM program memory can be used
in place of the on-chip EPROM program memory; thus
programs lass than 1024 bytes may be designed. For
larger programs additional memory ¢an be direcily in-
tarfaced to the MCS-48 bus via the PROMPT panel /O
ports and bus connactor.

Memory Configuration

Memory MaxImum On Chip In FROMPT 45
Roeglster 64 64 q
Dala 3328 1] 258
Frogram 4006 1024 EPROM 1024 RAM
10 Ports

All MCS-48 YO ports are accessible on the PROMPT
panel connector.

Bus — A true bidirectional 8-bit port with associated
strobes. If the bidirectional feature |s not needed, bus
can serve as either a statically lalched output port or a
non-latching input port. Input and output lines cannot
be mixed.

Ports 1 and 2 — Data written to these 8-bit ports is
latched and remalns unchanged until writlen. As inputs
thase lines are not latching. The lines of ports 1 and 2
are called guasibidirectional. A special output structure
allows each line of port 1 and half of port 2 to serve as an
input, an gutput, or both. Any mix of input, cutput, and
both lines is allowed.

T8, T1, and INT — Three pins that can serve asinputs. TQ
can be designated as a clock output. inputfoutput can
bea expanded via tha PROMPT panst connector with a
spacial IfQ expandsr (8243) or standard peripherals.

Resat and |nterrupts

Reset — initiallzes the PRCMPT system and enters the
monitor,

Monitor Interrupt — exits a user program gracefully,
praserving system status and entering the manitor,
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User Intarrupt — causes an interrupt only if the
PROMPT system is running a user program.

The processor traps to location 345. The MGS-48 timer/-
event counter is not used by the FROMPT sysiem and is
available to the user, Either timer flag or inlerrupt will
signal when gverflow has ocourred. 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 aré lcaded into the PROMPT
RAM program memory via keyboard. EPROM, laletype-
writer, or other serial interface. A fall-safe interlock
ensures programming pulses are applied only if the
device is properly inserted. Inadvertant reprogramming
is prevented by a read-beforg-write programming algo-
rithm. Each location may be individuzlly programmed,
one byte at a time.

Panel I/O Ports and Bus Connectors

All MCS-48 pins, except five, are accessible on the YO
ports and bus conneclor. The five reserved for PROMPT
system control are EA external access, SS single step,
X1, X2 crystal inputs, and 3V, Dug to internal buffering
of the MCS-48 bus, access times will be negligibly
degraded by the PROMPT system. Since MGCS-48 pro-
cessors do not communicate internal address gate
status, bus data must be driven out if nelther PSEN nor
RD is asserted.

System Davices

Both user programs and the PROMPT monitor enjoy ac-
cess to system devices: serial IfC, panel displays, and
keyboard. These are memory-mapped te program
memaory addresses beyond 2K,

Serial /0 — The seriat /O port(data 8205, controi 8214¢)
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 of synchronous
transmission, data format, conirel characters, and par-
ity can be programmed.

Panel Displays — Eight display ports {(data 810-817 4
allow each of the panel displays 1o 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 basls. User pragrams can call
software drivers which provide this capabllity.
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Keyboard — Software 1s used to debounce the panal
keyhoard (data 810,45). The monitor's inpul routines {see
Software Drivers) provide thls debouncing and can be
called from user programs.

Commands
Single step
With break l Go
No break
Reglstar
Examina/madify ‘Data } Memory
Program
Qpen previousiclearfentry [ENext O ExecutefEnd
Functlons
Bl Port 2 map
3] Program EPROM (8748)
& Search {A, D or P}* memory for 1 byte, optional
mask
] Search {R, D or P} memory for 2 bytes, optional
mask
] Hexadectmal calcutator +,~—
(I} 8748 program EPRCM for debug

"

. F & F s el

Compars EPROM with mamory
Move memory (R, D or P)
Access

Breakpoint

Clear memaory (R, D or P)

Dump memory (R, D or F}

Enter {read) memary (R, D or P}
Fatch EPRCM program memory

Nate
"R, D, or P is register, data, or program,

Software Drivers

Panel Keyboard In — KBIN, KDBIN
Panel Display Out — DGS6, DGOUT, HXQUT, BLK,
REFS, ENREF

Serlal Channel — CI, CO, Ri, PG, CSTS

Connectors

Serlal QO — 3M 3462-0001 Flat Crimp/AMP 88106-1 Flat
Crimp/ TI H312113 SolderfAMP 1-583485-5 Solder.

Panel O Parts and Bug Connector — 3M 3425 Flat
Crimp. A complets cable set including wirewrap header
for pratotyping is includsd with each PROMPT.

Equipment Suppled

PACMPT 4B mainframe with two MCS-48 processors
(8748, B035), displaykeyboard, EPRCM programmer,
power supply, cabinet, and ROM-based monitor.

110 V AC power cable

110 or 220 V AC

Fuse

Fanel /O ports

Bus connector cable sel

Physical Characteristics
Halght — 5.3 in. {13.5 cm} max
Wildth — 17 in. {43.2 cm}
Depth — 17 in. (43.2 cm) max
Walght — 21 Ib. (2.6 kg)

Electrical Characteristics

Power Requirements — either 115 or 230V AC {+ 10%)
may be switch selected on the mainframe. 1.8 amps
max current {at 125 V AC).

Fraquency — 47-63 Hz

Environmental Characteristics
Operaling Temperaturg — 0°C to +40°C
Non-Oporating Temperature — 20°C to +65°C

Reference Manuals

5800302 — Intellec PROMPT 48 User's Manual
{SUFPPLIED)

9800270 — MGCS-48 User's Manual {(SUPPLIED)

98002565 — MCS-48 and UPI-41 Assembly Language
Programming Manual {SUPPLIED}

Reference manuals are shipped wlth each product only
if designated SUPPLIED {see above). Manuals may be
orderad from any Intal sales representative, distributor
office or from Intel Literature Department, 3065 Bowers
Avenug, Santa Clara, Californja 95051.

ORDERING INFORMATION

Part Number Description

PROMPT-48 or Inteilec PROMPT 48 MCS-48 micro-

PRAOMPT-48-220V computer design ald. Complete with
two MC5-48 processors (8748 and
8305), EFROM programmer, inlegral
keyboard, dlsplays, and systermn
maonitor in ROM.

PROMPT-SER Serial cabie for connecting PROMPT
ta TTY, CRT.

PROMPT-SPP Specialized PACM programmar kil for
connecting PROMPT 48 to Inteliec
microcemputer development aysterns
for EFROM programming.

&a
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INTELLEC
MICROCOMPUTER DEVELOPMENT SYSTEM

Provides modular microcomputer
development system for development
and implementation of MCS-48, MCS-80,
MCS-85, and Series 3000 microcomputer
systems

Intel 8080 microprocessor, with 2 us
cycle time and 78 instructions, controls
all Intellec functions

Supporis assemblers for 8080, 8085, and
8748

16K bytes RAM memory expandable to
64K bytes

2K bytes ROM memory expandable with
6K or 16K PROM/ROM bhoards

Provides hardware interface and soft-
ware drivers for TTY, CRT, line printer,
high speed paper tape reader, high
speed paper tape punch, and universal
PROM programmer

Eight-level nested, maskable, priority
interrupt system

Provides universal bus structure with
multiprocessor and DMA capabilities

ROM resident system monitor includes
all necassary functions for program
loading, debugging and executing

RAM resident macroassembler used to
assemble all 8080 machine instructions
with full macro and conditional
assembly capabilities

RAM resident text editor provides
powerful string search, substitution,
insertion, and deletion commands

ICE (in-circuit emulator) options extend
Intellec diagnostic capabilities into user
configured system allowing real-time
emulation of user processors

Optional PROM programmer peripheral
capable of programming all Intel PROMs

Optional /1O modules expandable in
groups of four 8-bit input and output
ports to maximum of 88 ports {(all TTL
compatible)

The Intellec Microcomputer Development System is a modular microcamputer development system containing all
necessary hardware and software to develop and implemant Intel microcomputers and microcomputer systems. The
additlon of peripherals and options provides the user with a complete In-circuit microcomputer development system
capability, supporting product design from program development through prolotype debugging, production, and field

testing.

Intal, Inlellec, INSITE, Library Manager, MCS, MEGACHASSIS, MICROAMP, PROMPT, wSCOPE, MULTIBUS, RMX/80, UPI-41, ICE, and ISBC are

& Intal Corporation, 1978
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FUNCTIONAL DESCRIPTION
Hardware

The siandard Infellec system consists of four micro-
computer modules [CPU, 16K RAM memory, front panel
control, and monttor}, an interconnecting printed cirguit
motherboard, power supplies, fans, a chassis, and a
front panel. Modular expansion capability is provided by
14 additional sockets on the motherboard. A block dia-
gram of the Iniellec sysiem is shown in Figure 1.

8080 Microprocessor

The CPU module uses intel's powerful NMOS 8-bit 8080
microprocessor. The 8080's 2 us cycle time, 78 instruc-
tions, unlimited subroutine nesting, vectored interrupt
and DMA capabilities are fully utilized by the Intellec
system. Bus conirol logic reselvas bus contention con-
flicts between the CPU module and other modules capa-
ble of acquiring contral of the bus. The CPU module
interfaces with a sixigen line address bus and a bidirec-
tignal eight line data bus. 8080 status signals are
decoded and utilized for memory and VO operations. An
eight-level, nested interrupt priority system, complete
with an interrupt priority push-down stack, resolves con-
tention for BOBO interrupt servicing.

Memory

The RAM memory module contains 16K bytes of Intel
2107A dynamic RAM operating at full processor speed,
All necessary address decoding and refresh logic are
contained on the module.

Control Functions

The front pane! conirol module provides system initiali-
zation, priority arbitration, and real-time ¢lock functions.
System initialization routines reside in a 256-byte,
PROM residant, bootstrap loader. An eight-lavel priority
arhitration network resclves bus contention requestis
among potential bus masters. A 1 ms interrupt request
generator, which can be disabled under program con-
trol, provides real-time clock functions. A 10 ms aulo-
matic time-out feature is also provided to force an inter-
rupt request if nonexistent memory or YO is addressed.

Peripheral Interface

The menitor medule contains the Intellec system moni-
tor and all Intellac periphearal interface hardware. The
system monitor resides in a 2K-byte Inte! 8316 ROM. The

module contains all necessary control and data transfer
circuitry to interface with the standard Intellec periph-
erals, including a teletype, CRT, high spaed paper tape
reader, high speed paper tape punch, PROM program-
mar, and line prinier.

Bus Structure

Tha Intelles universal bus struclure enables several
CPU and DMA devices to share the bus by operating at
different priority levals. Resolution of bus exchanges is
synchronized by a bus clock signal which is derived
independently from processor clocks. Readfwrite trans-
fers may take place al rates up to 5 MHz. The bus struc-
ture containg provisions for up to 16-bit address and
data transfers and is not limited to any cne Intel micro-
camputer family.

User Interface

The Intellec Trant panel is intended to augment the pri-
mary user interaction medium; the system console. The
simplicity of the front panel coupled with the power of
the system monitor provides an efficient usetfiniellec
interface. The front panal contains eight interrupt
reques! switches with corresponding indicators, CPU
run and halt status indicators, a bootstrap loader
switch, a reset switch, and a power on switch and
indicator

Software

Resident software provided with the Intellec includes
the system monitor, the BOBD macroassembler, and the
text editor. Used together, these three programs sim-
plify program preparation and speed the debugging
task.

System Monitor

The systam monitor provides complete conirgl over
operation of the Intellec. It is written in 8080 assembly
language, resides in 2K bytes of ROM memory, and pro-
vides all necessary functions for program loading and
execution. Additional commands provide extensive
debug facilities and PRCM programming funciicons,
System peripherals may be dynamically assigned sither
via moniter commands or with calls to the system moni-
tor's I#O subroutines.

Commands — Programs may be (oaded from the reader
davice in either BNPF or haxadecimal farmat. Utility
cammands aid In executing and checking out programs.
Typical utility commands are shown in Table 1.
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Figure 1. Intellec System Block Diagram
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Command Operation ]
F Initializes memory 1o constant.
M Moves a block of memory to anather
location.

D Cisplays memory.
) Modifies RAM memaory.

X{A-F) Examines and modifies CPU registars.
G Sets breakpoints.
G Initiates exacution at any given address.
H Performs hexadecimal arithmetic.
X Examines and modifies Interrupt mask.

Table 1. Wility Command Functions

InpulfQutput — The Intellec systern monitor (Intellec
Series |l Microcomputer Development System Monitor)
contains a powerful and ‘easily expandabls inputioutput
system built around four logical device types: a console
device, a reader device, a punch device, and a list
daevice. Associated with gach logica!l device may be any
of four physical devices. The user may control the phys-
ical device assignrment to each logical device with a sys-
tem command.

Peripheral Interface — Drivers ara provided in the sys-
tem maonitor for the universal PROM programmer, ASR
33 teletype, high speed paper tape reader, high speed
paper tape punch, line printer, and CRT. The user may
write his own drivers for other peripheral devices and
easily link them to the system monitor. All system
peripherals may be accessed simply by calling 11O sub-
routines in the system monitar, In addition, the user
may dynamically reconfigure his system by monitor
commands or by calling system subroutines to assign a
different physical device to each logical device. The
user may also determine the current system peripheral
configuration, check VO status, and detarmine the size
of available memory.

Macroassembler

Tha Intellec resident macroassembler translates sym-
balic 8080 assembly language instrugtions inio the
appropriate machine operation codes, It s written in
PL/M-80, Intel's high level systems programming lan-
guage and occupies 12K bytes of AAM memaory, includ-
ing space for over 800 symbols. The symbol table size
may be expanded 1o a maximum of 8500 symbols by
adding RAM memory. All )0 in the assembler is done by
means of the system monitor, gnabling the assembler to
take advantage of the monitor's O system. The
assembler (s shipped in hexadecimal object format on
paper tape or diskette and is standard with each Intel-
lec. Full macro capability eliminates the errors of hand
translation, makes it easy to modify programs by adding
or deleting Instructions, eliminates the need to rewrite
gimilar sectlons of ane code repeatedly, and simplifies
program documentation,

Functions — The assembler performs its function in
three passes, The first pass builds the symbol table. The
second pass produces a source listing and provides
error diagnostics. The ihird pass producas the object
code. If \he punch and list devices are separate [e.g.. &
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high speed punch or printer is available) passes 2 and 3
may be combined into ona pass.

Object Code — Object code produced by the assembler
is in hexadacimal format. It may be loaded direcily into
the Intellec for execution and debugging or it may be
converted by the system monitor to BNPF format for
ROM pragramming.

Conditional Assembly — Conditional assembly permits
the assembler to inglude or delete sections ot variable
code, such as the code required to handie optional
external devices, which may vary from system to
system,

Text Editor

The Intellec text editor is a comprehensive tool for
entering and correcting assembly language programs
far the Intel 80BC microcormputer. It is written in
PUM-80. It occupies 8K bytes of RAM memory, includ-
ing over 4500 bytes of workspace. The workspace may
be expanded to a maximumn of S8K bytes by adding RAM
memory. All /O in the editor is done through the system
monitor, enabling the editor to take advantage of the
monitar's JO system. The editor is shipped in hexadec-
imal object format on paper tape or diskette and is stan-
dard with each Intellec. The editer's command sst
allows the user to manipulate either entire lines of text
or individual characters within a line.

Program Eoiry — Programs may be entered directly
fram the conscle keyboard or Irom the system reader
device. Text is stored inlernally in lhe editor's work-
space, and may be edited with the following commands:

* string Insertion or deletion
= string search
+ siring substitulion

Utility commands — To facilitale the use of these
editing commands, utility commands are used to
change positions in the workspace. These include:

* move pointer by line or by character
* move pointer to start of workspace
= move pointer to end of workspace

Slorage — Tha contents of the workspace may be listed
to the system console or written to the system list or
punch device for future use.

OPTIONAL FEATURES

The basic Intellec capabilities may be significantly
enhanged by the addition of optional features, including
in-circuit emulators, the universal PROM programmer, a
diskette gperating system, inputfoutput madules, RAM/
PROM memaory, DMA modules, and ROM simulators.

In-Circuit Emulator

In-circuit emulators {ICE) extend Intellec diagnostic
capabllities into user configured systems. The Intellec
residant IGE processor operates in conjunction with the
host CPU and interfaces to the user system via an exter-
nal cabla. The ICE processor replaces the user system
processor providing real-time emulation capability. Res-
ident memary and {3 may be substituted for equivalent
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user system elements, thus allowing the hardware
designer to sequentially develop his system by integrat-
ing Intellec and user system hardware. Display and
debug hardware eliminate the need far specially con-
structed user systern equivalents. Augmenting these
capabilities are such powerful ICE debug functions as
setting breakpoints, tracing program flow, single step-
ping, and examining and altering GPU reglsters and
memery locations.

Universal PROM Programmer

The Intel UPP-103 Universal PROM Programmer is an
Inteltec peripheral capahle of programming and verify-
ing the following Intel PROMs: 17024, 2704, 2708, 3601,
3604, 3624, 87024, 8704, B708, 8748, and §755. Program-
ming and verification operations are initiated fram the
Inteilec system consgle and are confrelled by programs
residentin the Intellec and universal PROM programmer.

Diskette Operating System

The addition of a single or dual drive diskette operating
system significantly reduces program development
time. An intelligent controller, constructed arpound
Intel's powerful Series 3000 computing elements, pro-
vides diskeite interface and control. Intel's software
gperating system {(JDOS} in conjunction with the disk-
otte operating system hardware provldes a highly effi-
cient and sasy to use method for assembling, editing,
and executing pragrams.

Input/Output Modules

Customized user /O requirements may be satisfied by
adding O modules, Each ¥O module contains four 8-bit

input ports {latched or unlatched), four 8-bit latched out-
put ports (with adjustable strobe pulses), and eight sys-
tern interrupt lines. All inputs and outputs are TTL: com-
patible. Optional ¥O may be expanded to a rmaximum of
44 input and 44 output ports,

RAM/PROM Memory

Memory may be expanded by adding RAM or PROM
madulas in user defined combinations. Up to 64K bytes
of HAM may be added in 16K-byte increments. FROM
(Intel B702A) may be added in 256-byte increments by
adding PROM modules whh socket capacity for 6K
bytes and populating each module with the deslred
mumber of PROMs. Maximum PROM capacity is 12K
bytes. RAM/IPROM memary overlap is resalved by giving
PROM priority.

DMA Modules

DMA (direct memory access} modulas work in conjunc-
tion with the Intellec MDS universal bus to maximize the
efficiency of data transfers between MOS memory and
selected 11O devices. Each module contains all the nec-
essary control and data transfer logic to implement a
complete DMA channel.

ROM Simulators

A AOM simulator composed of high speed bipolar RAM
emulates Series 3000 bipolar microprogram RCM mem-
ory. Each ROM simulator module may be used in
51216 or 1024 x 8 configurations.

SPECIFICATIONS

Waord Size (Intel 8089 host processor}

Data — 8 bits
Instruction — 8, 16, or 24 bits

Memory Size

RAM — 16K bytes expandable to 64K bytes using
optional modufes.

ROM — 2K bytes expandable to 14K bytes in 256-byte
ingrements using optional PROM modules.

PROM — 256 bytes expandable using aptional 6K or
16K modules.

Total — RAM, ROM, and PROM may be combined in
user defined configurations up to 2 maximum of 64K
bytes.

Machine Cycle Time
Host Protessor {intel 8080} — 2.0us

Bus Transfer Rate
Maximum bus transfer rate of 5 MHz

System Clocks

Host Processor {Intel 8080) — Crystal controlled at 2
MHz+01%

Bus Clock — Crystal controlled at 9.8304 MHz = (.1%

IfO Interfaces

CRT

Baud Rates: 110/300/600/1200/2400/4800/9600
(selectable)

Code Format: 7—12 level code (programmable)
Parity: Odd/even (programmable)
Interface: TTL/RS232C (selectable)
TTY

Baud Rate: 110

Input: 10 leval or greater

Cutput: 11 lavel

Parity: Odd

interface: 20 mA current loop
High Speed Papar Tape Reader
Transfer Rate: 200 cps

Control: 2-bit output, 1-bit input
Data: 8-bit byte

Interface: TTL

Punch

Transfer Rate:75 cps

Control: 2-bit output, 1-bit input
Data: 8-bit byte

Intarface: TTL

810
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Printer

Transfer Rate: 165 cps

Contral: 2-bit status input, 1-blt output
Data: ASCII

Interface:; TTL

PROM Programmer

Control: 3 strobes for multiplexed output data
Data: 8-bit bidirectional

Intarface: TTL

Generat Purpose /O (Optional)

Inpul Ports 8-bit TTL compatible {latched or
unlatched); expandable in 4 port increments to 44 input
ports

Output Parts — B-bit TTL compatible (latched); expand-
able in 4 port increments 10 44

Interrupts — 8 TTL compatible interrupt lines

Interrupt
8-level, maskable, nested priority interrupt network Initi-
ated from front panel or user selecled devices.

Direct Memory Access

Standard capability on Intellec bus; implemented for
user selectad DMA devicas through optional DMA
module — maximum transfer rate of 2 MHz.

Memory Access Time
HAM ~— 450 ns
PROM — 1.3 s using Intel 870BA PROM

Software Capabiliiy

System Monitor — Devices supported Include:
ASH 33 teletype

Intel high speed paper tape reader

Paper tape punch

CRT

Printer

Universal PROM prograrmmear

4 recognized iogical devices

Macroassembler — Accommeodates 800 symbols in
standard system; automatically expandable with addi-
tional RAM memaory to 6500 symbols maximum; assem-
bles all 78 8080 machine instructions plus 10 pseudo-
operators.

Text Editor — 12K bytes of workspace in standard
sysiem; automatically expandable with additional RAM
memory to 58K bytes,

Software Operational Environment

System Monltor — required hardware:
Intellec system

331 bytes RAM memaory

2K bytes ROM memory

System console

Macroassembler — required hardware:
Intellec system

48K bytes RAM memory

System corisole

Reader davice

Punch device

List device

Required software: system monltor

Text Editor — required hardware:
intellec system

8K bytes RAM memaory

System console

Reader device

Punch device

Required software: system maonitor

Tape Format — Hexadecimal object format

Interface CablesiConnectors

MDS-920 — High speed punch interface cable
MDS-830 — Peripheral extension cable

MDS5-940 — DMA cable

MD5-850 — General purpose [fO cable

MDS-360 — 25-pin connector pair

MDS-970 —= 37-pin connector pair

MDS-380 — 60-pin motherboard auxiliary connector
MDS-885 — 86-pin motherboard main connector
MDS-930 — 100-pin connector hood

Emulators

MDS-ICE-30 — 3001 MCU In-Circuit Emulator
MDS-ICE-80 — BO0B0 In-Circuit Emulator
MDS-ICE-4B — M{S-48 8748 In-Circuit Emulator
MODS-ICE-85 — MCS-85 8085 In-Circult Emulator

Peripherals

MDS.UPP — UPP-103 Universal PROM Programmer
MDS-PTR — High Speed Paper Tape Reader
MDS.DOS5 == Diskette Operating System

8-11
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MCS-48

DISKETTE-BASED SOFTWARE
SUPPORT PACKAGE

Extends Intellec microcomputer develop- Takes advantage of powerful ISIS-II file

ment system to support MCS-48 handling and storage capabilities
development

MCS-48 assembler provides conditional Provides assembler output in standard
assembly and macro capability Intel hex format

The MCS-48 Diskslte Based Software Support Package is provided with the Intel iSIS-1] sysiem diskette and coniains
both the MC5-48 assembler and the diskette version of the universal PROM mapper. The assembler translates sym-
bolic 8048 assembly language instructions into the appropriate machine operation codes, and provides both condi-
tional and macroassembler programming. Qutput may be loaded either to an ICE-48 module for debugging orinte an
Intellec microcomputer development system for 8748 PROM programming using the universal PROM pragrammer.

Nt @
PUOHUBLE senyery
FFEIRCE Tais

intel, Infgllee, INSITE, Library Managar, MGCS. MEGACHASSIS, MICRQAMP, FROMPT, JSCOPE, MULTIBUS, AMXE0, UPI-41, 1CE, and [S8C are trad of In1el G

© Inlal Corporation, 1978 B8-12



MCS-48 DISKETTE-BASED SOFTWARE SUPPORT PACKAGE

FUNCTIONAL DESCRIPTION

The MCS-48, a software supporl assembler package, is
proyvided with the ISIS-Il system diskette and contains
both the MCS-48 assembler and the diskette version of
the universal PROM mapper. The MCS-48 assembler
translales  symbolic 8048  assembly language
instructions into the appropriate maching operation
codes. The ability 1o refer 10 pregram addresses wilh
symbolic names eliminates the errors of hand transla-
tion and makes it easier to madify pragrams when
adding or deleling instructicns. Conditional assembly
permits the programmer to specify which portions of
the master source document should be included or
deleled in variations on a basic system design, such as
ithe code required to handle optional external devices.
Macro capability allows 1he pregrammer use of a single
label to define a routine. The MCS-48 assembler wil!
assemble the code required Dy the reserved routine
whengver the macro label is inserted in the toxt, Qutput
from the assembler is in standard Intel hex format. It
may be eitter loaded directly to an in-circuit emulator
(ICE-48) module for inlegraled hardware/software de-
bugging, or loaded inte an Intellec development aystem
for 8748 PROM programming using the universal PROM
programmer. A sample assembly listing is shown in
Table 1.
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5 WEN MLWEF 3 OF DIGTS ON w5015 ¢ IF
&
7 VALHD ALGHLLAUDNE LHE
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v oL = =1 raDoMe
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1 [
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o0z W LGJNT RaU )
. " [ 131
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cE 57 I R <
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ok &1 o WA
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1S N ABZEMELLT GAMED. CHOLE REFECLNIE VIt PaGL :
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Table 1. Sample MCS-48 Diskette-Based
Assembly Listing

SPECIFICATIONS

Operating Environment

Required Hardware

Intellec micrecomputer development sysiam
Systerm console

intelleg diskette operating system

32K RAM (non-macroassemblar)

48K RAM {macroassemblen

Optional Hardware

Universal PROM programmer

Shipping Media
Diskette

Reference Manuals

9800255 — MCS-48/UPI-41 Assembly Language Pro-
gramming Manual {SUFPLIED)

9800236 — Universal PROM Mapper Operator's Manual
ISUPPLIED)

9800306 — 1313-1l User's Guide {SUPPLIED}

Reference manuals are shipped with each product only
if designated SUPPLIED (see above). Manuals may be
ordergd fram any Intel sales representative, distributor
office or from Intel Lileralure Department, 3065 Bowers
Avenue, Santa Clara, Califarnia 95051,

ORDERING INFORMATION

Produet Cade
MDS-D48

Description

Diskatte-based assembler for MCS-48
family of microprocessors.
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ICE-48
MCS-48 IN-CIRCUIT EMULATOR

Emulates 8048, 8748, 8035, and 8021 Microcamputers

Extends Intellec microcomputer develop- Eliminates need for extraneous debug-
ment system debug power to user con- ging tools residing in user system

figured system via external cable and
40-pin plug, replacing system MCS-48

device Collects bus, register, and MCS-48 status

information on instructions emulated

Emulates user system MCS-48 device in
real time Provides capability to examine and alter
MCS-48 registers, memory, and flag

Shares static RAM memory with user values, and to examine pin and port

system for program debug values
Provides hardware comparators for user Integrates hardware and software efforts
designated break conditions eatly to save development time

The |CE-48 MCS-48 In-Circuit Emplatar modulg is an intellec-resident module that interfaces with any MCS-48 system,
The MCS-48 family consists of the 804B, 8748, B35, and 8021 microcomuters. The ICE-48 module interfaces with an
MCS-48 system through a cable lerminating in an MCS-48 pin-compaltible plug which replaces the MGCS-48 device in
the sysiem. With the ICE-48 plug in place, the designer has the capability lo execute the sysiem in real time while col-
lecting up to 255 instruction cycles of real-time trace data. tn addition, he can single step the sysiem program to
monitor more closely the program logic during execution. Statlc RAM memory Is available through the ICE-48 module
to emulate MCS-48 program and data memory. The designer can display and aller the contents of data and replace-
ment RAM control memory, internal MCS-48 registers and flags, and 1O ports. Powerful debug capabllity is extended
into the MCS-48 system while ICE-48 debug hardware and software remain inside the Intellgc system, Symbolic refer-
ence capability allows the designer to use meaningful symbols rather than absolute values when examining and maodi-
fying memory, registers, flags, and IfC ports in this system.

intal, teltac, INSITE. Library Manager, MCS, MEGACHASSIS, MICROAMP, PROMPT, ySCOPE, MULTIBUS, AMXIBY, UPI41, 1K, and ISBC ars trad ks ol Intel Garpgration.

@ Intel Comparation, 1978 814



ICE-48

FUNCTIONAL DESCRIPTION

Debug Capability Inside User System

The 1CE-48 module provides the user with the ability 1o
debug a full prototype or production system without
introducing extraneous hardware or software test tools.
The module cennects to the user system through the
socket provided for the MCS-48 device in the user
system, Intellec memory is used for lhe execution of the
ICE-48 software. The Intellac console and file handling
capabilities provide the designer with the abllity to com-
municate wilh the ICE-48 module and display informa-
ticn on the operation of the prototype syslem. The
ICE-48 module block diagram is shown in Figure 1.

Batch Testing

In conjunction with the ISISI diskette cperating
system, the ICE-48 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 wilh an SISl submit command, this file can
instruct the ICE-48 moduls to execute the diagnostic
routing and Store the results in another file on Lhe
diskette, Results are available to the designer at his
convenience. In this way, routine diagnosilics and long
term testing may be done without tying up valuable
manpawer.

Integrated Hardware/Software Development

The user prototype need cansist of no more than an
MCS-48 socket and timing logic to begin inlegration of
softwara and hardware development efforts. Through
the ICE-48 module mapping capabilities, Intellec system
resources can be accessed to replace prototype
memory. Hardware designs can be tested using the
system software to drive the final product. Thus, the
system integration phase, which can be costly when
attemnpting to mesh completed hardware and software
products, becomes a convanient two-way debug tool
when begun early in the design cycle.

Raal-Time Trace

The ICE-48 module captures trace information while the
designer is executing pregrams in real time. The inslrue-
tions executed, program counter, port values for port 0,
port 1, and port 2, and the values of selected MCS-48
stalus lines are stored for the last 255 instruction cycles
executed. When retrieved for display, code is disassem:-
bled for ugser convenience, This provides data for deter-
mining how the user system was reacling prior to emu-
lation break, and is avallable whether the break was user
initiated or the result of an error condltion. For more
detailed information on the actions of internal registers,
flags, or other system operations, the user may oparate
in single or multiple slep sequences tailored to system
debug needs.

USER SOCKET

INSTR |
SIMULATOR
CABLE —— INTERNAL
BUFFER —  TIMER
MaP
¥| TRacE ] —] CONTAOL
| | mem CONTROL PROCESSOR DATA PROGRAM "
| M g
4K BREAK- T
PGM POINT e
MEM COMPARE w030 z
—] —w
2 LATCH A q | controL [ 5
a7ag P2A ADOR ADDR PROCESSOR o
Y/ INTERNAL L -
MONITOR PGM CONTROL m
PO | DATA PROCESSOR | £
EASS i | | l INTERFACE CONTROL -
SCRATCH
BREAK 256-BYTE INSTR | | PAD
TIMING DATA MEM DECODRE

Figure 1. ICE-48 Modula Block Diagram
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ICE-48

Memory Mapping

The B748 and BG48 conlain internal program and data
memory. Both program and data memory can be
expanded using external memory devices.

Internal Memaory — When the MCS-48 microcompuler is
replaced by the ICE-48 socket in a system, the ICE-48
module supplies static RAM memary as a replacement
for the internal microcomputer memory. The ICE-48
module has enough RAM memory available to emulate
up to the total 4K control memory capabitily of Lhe sys-
tem. The ICE-48 module also provides for up to 320
bytes of data memory.

External Memory =— The ICE-48 module separates
replacement control mermory into 16 256-byte blocks.
Replacement external daia memory consists of one
256-byte block. Each black of memory can be defined
separately as supplied by the user system or supplied
by the ICE-48 module. The user may assign ICE-48 equi-
valent memary to take the place of external memory not
yel supplied in his system. During final debug =tages
when extermal PROM or resident 8748 is used for
program execution, the designer may load the pragram
back to ICE-48 memory to test out program changes
befare reassembly and reprogramming the PROM.

Symbolic Debugging

ICE-48 software provides symbolic definition of all
MCSE-48 registers, flags, and selecled MCS-48 pins.
Symbolically defined pseudo registers provide access
te 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 pragram and data
memoery, or their contents, symbolically. The user sym-
kol table generated along with the abject file during a
program assembly may be loaded to Inlellec memory for
aceess during emulation, The user is encouraged to add
ta this symbaol 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-48 com-
mands. Symbalic reference is a great advantage 10 the
system designer. He is no longer burdensed 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 executian of the program at the address refer-
enced by the label START in the designers assembly
program. A breakpoint is set 1o accur the first lime the
microprocessor writes to the external data memory
location referenced by RSLT. The designer does not
have to be concerned with the physical lecations of
START and RSLT. The {CE-48 sofiware driver supplies
them automatically from information stored in the sym-
bol table.

Hardware
The IGE-48 module is a migrocomputer system utilizing

Intel’s 8748 microcomputer as its nucleus, The 8748 pro-
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vides the MCS-48 emulation characteristics. The ICE-48
module uses an Intel 8080 to communicale with the
Infellec host processor via a DMA port. The B080 also
controls an internal ICE-48 bus for intramodule com-
rmunication. ICE-48 hardware consists of two PC boards,
the controller board, and the emulator board, all of
which reszide in the Intellec chassis. A cable inlerfaces
the ICE-48 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 sysiem. The
ICE-48 module block diagram is shown in Figure 1.

Real-Time Trace

Trace Bufer

While the ICE-48 module |s execuling the user program,
It s monitoring port, program counter, data, and status
lines. Values for each instruction cycle executed are
stored in a 255 x 44 real-time RAM trace buffer. A reset-
table timer resident on the controller board counts in-
struction cycles and provides liming for the trace
maonitor.

Controller Board

The ICE-48 module talks to the Intellec system as a
peripheral device. The controlier board receives com-
mands from the intellec system and responds through a
DMA port. Three 15-bit hardware breakpaint registers
are available for loading by the user. While in emulalion
mode, a hardware comparator is constantly moniloring
address and status lines for a match to terminate 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 returms
real-time trace data, MCS-48 register, flag, and pin
values, and IGE-48 status informalion, to a control block
in the Inteliec system when emulation is terminated.
This information is available to the user through the
ICE-48 interrogation commands. Error conditions, when
present, are automatically displayed on the Intellec sys-
tem console. The controller board also containg static
RAM memory, which can be used to emulate MC5-48
program and data memary in real-time. 4K of memory is
available in 16,256-byte pages to emulate MCS-48 PROM
or PROM program memory. A 256-byte page of data
memary is available to aceess in place of MCS-48 extar-
nal data memory. The cantroller board addrass map
directs the ICE-48 module to access either replacement
ICE-48 memory or actual user system external memary
in 256-byte segments based on information provided by
the user.

Emulator Board

The emulator board confains the 8748 and peripheral
logic required to emulate the MCS-48 device in 1he user
system. A software selectable & MHz or 3 MHz clock
drives the emulated MCS-48 device. This clock can be
disabled and replaced wilh a user supplied TTL clock in
the user system.



ICE-48

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 conneclor which plugs into the user
gystem in the socket designed for the MC5-48 device.

Software

The ICE-48 software driver is a RAM-based program
which provides the user with an easy to use command
language (see Table 1, Table 2, and Tab!e 3) for defining
breakpoints, initiating real-time emulation or single step
operalion, and inlerrogating and altering user system
status recorded during emulation. The ICE-48 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-48 software driver is avail-
able on diskette and operates in 32K of Intellec RAM
rmemary.

Comn;n_dh o QOparallon

Enable Activates breakpolnt and display regis-
ters for use with go and step commands.

Go Initiates real-time emulation and allows
user to specify breakpoints and data
retrieval.

Step Initiates emulation in single instruction
increments. Each step is followed by
register dump. User may optionally tailor
other diagnostic activity to his needs.

Interrupt Emulates user system interrupt.

Table 1. ICE-48 Emulation Commands

Command Operation

Printz contents of memory, MCS-48
device registers, /O ports, flags, pins,
real-time trace data, symbol table, or,
other diagnostic data on list device.

Display

Change Alters contenis of memory, register, out-|
put port, or flag. Sets or alters break-
| points and display registers.
Map I Defines memory status.
Base Establishes mode ol display for output
data.
Suffix Establishes mode of display input data.

Table 2. ICE-48 Interrogation Commands

|Command Operation

||Load Fetches user symbol table and objecl

| code from input device.

Save Sends user symbaol table and object code

i to output device.

(Derine Enters symbiol name and value 1o user

! symbol table.

[Move Moves block of memory data to another
area ot memaory.

List Defines list device.

Exit Returns program control to ISIS-11

Evaluate Converts expression to equivalent values
in binary, octal, decimal, and hex.

Remove Deletes symbols frem symbal table.

|Beset_ | Reinitializes ICE-48 program variables.

Tahle 3. 1CE-48 Utility Commands

SPECIFICATIONS

ICE-48 Operating Environment
Required Hardware

Intellec microcomputer development system
System console

Intellec disketie operating system

ICE-48 Module

Required Software

System monitor
1S518-11

Equipment Supplied

Printed circuit boards

Interface cables and buffer module
ICE-48 software, diskette-based version

System Clock

Crystal contralled 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)
Depih — 0.50 in. {1.27 cm}
Weight —~ 8.00 Ib. (3.64 kq)

Electrical Characteristics
DC Power Requiremenis

Yoo = 25V =5%

lce = 10A max; 7.0A typ

VDD = +12V £ 5%

Iog = 79 mA max; 45 mA 1yp

Vgg = — 10V

IEB = 20 mA

Input Impedance = @ (CE-48 user sockel pins:
ViL = 0.8V {max), ||L = 1.6 mA,

Vig = 20V (min}, |y = 40 pA

For Bus:

V"_ = 0.8V {maxy, |IL 250 pJA

Vin = 2.0V {max}, Iy = 20 kA
Oulpul Impedance — @ |CE-48 user socket pins:
P1, P2:

Voo = 0.5V (max) g, = 16 mA
Vou = Yoo (10K pullup)

For Bus:

Yoo = 0.8Y (max), lg. = 25 mA
Von = 3.65V {min), Igy = 1 mA
Others:

Vo = 0.5V (max), Ig, = 16 mA
Yoy = 2.4V (max), lgy = 400 pA



ICE-48

Environmental Characteristics Reference Manuals
9800464 — ICE-48 Operator's Manual {SUPPLIED)

Reference manuals are shipped with each product only
if designated SUPPLIED {ses abgve). Manuals may he
ordered from any Intel sales representative, distributor
Operating Humidity — Up to 95% relative humidity office or from Intel Literature Department, 3065 Bowers
without condensation Averue, Santa Clara, California 85051.

Operating Temperalure — 0°C to 40°C

ORDERING INFORMATION
Part Number Description

MDS-48-1CE B048, B748, 8035, 8021 CPU in-circuit
emutalor. Gable assembly and interactive
diskette software included.
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MDS-EM1
8021 EMULATION BOARD

EPROM functional eguivalent of 8021 — single Connects to prototype system through 8021 pin

component 8-bit microcomputer compatible plug
Based on 8748 — user programmable/erasable
EPROM 8-hit computer On-card 3.0 MHz or external TTL driven clock

Operates with ICE-48™ to provide full in-circuit
debugging of B021 prototype system Portable 4 X 7' microcomputer circuit assembly

The MDS-EMT emulator board is a ready-ta-use 47 X 7' micrgcomputer circuit assetnbly that emulates the Intel 8021 micre-
computer. & 12-inch flat-cable assembly connects the board to the 8021 socket in a prototype system, The board is designed
s0 that it can be mounted either as a stand-alone unit, or within the prototype assemlbly.

The 8021 microcomputer has 1K X & mask-programmable ROM program memory and 64 by 8 RAM data memaory, The
MDOS-EM1 is controlled by an Intel 8748, with 1K of EPROM program memory and a 84 byte data memory. The EPROM can
be programmed and erased repeatedly during hardware and software development. The MDS-EM1 bas several ancillary circuits
that perform the following functions which are specific to the 8021:

Zero crossing detector
Crystal controlled clock/buffer

Part B simulator

For prototype debugging, the 8748 can be removed from its socket and replaced with a cable to an INTEL ICE-48. Wien
used with the MDS-EM1, ICE-48 emulates the 8021 in real-time, or single-steps the B021 program at the user's command.
A full range of capabilities for examining and madifying 8021 memary and status are supplied through ICE-48,




MDS-EM1

HARDWARE

The MDOS5-EM1 emulation board uses the B748 to perform the
emulation,

P SIMULATOR

Part @ of the 8021 is a quasi*-bidirectional port, The P@ simulator
converts the data bus of the B748 intc a quasi-bidirectional port.

CRYSTALCONTROL CLOCK BUFFER

The MDS-EM1T allows user 1o select an on-baard oscillater ora TTL
clogk driven from the 8021 user's prototype system via a Cambion
Suitcase jumper.

ZEROQ CROSS DETECTIDN SIMULATOR

Tha zerp cross detection simulator enables the 8748 T1 input 1o
detect zarg-crossings, The circuitry provides 2 high level signal on
a positive crossing and a low level signal an a negative crossing of
zero to the T1 input of the 8748,

AESET BUFFER

The 8021 resets on a logic HIGH level signal. However, the 8748
resets on a jogic LOW level, thus an inverter is provided on the
MDS-EM1 to make the two chips compatibie,

QPFTIDNAL PULL-UPS

Reslstors are provided 1o simulate the optional pull-up resistors on
T1 input and Port @ af the 8021, A removable resistar pack is used

Jurnper Position Srate on Port @. The T1 input pull up can be installed by soldering in a
wi A—B On-Board BOK resistor,
c-D External
TTL Clack

*A hidirectional port which serves as an input port, output port,
or hath even though outpuls are statically latched.

SOFTWARE

When emulating the 8021 with MDS.EM1, the user must observe the
8021 instruction set,

- —="
| GPTIONAL |
FLILL-UP

1 "—-——————-‘> PORT @ |—'\
=T _
s OHD — 08 s aTOn fuy Fad — FO7 y
- BIp — F17 '\
—_— . Pp-Pa ____.._._._‘/
n7ag ALE az1
b oF c?nru 3 28
LINES kN FROG FLUG LINES
| PLUG
CADLE TO 12 INTHES
CRYSTAL
. XTALI ]
ICE.49 ! CanTRAL ALTH LAT CABLE
ELUCK
I TS ER
| CROSSING
i DETECTION Tt
| SIMLLATGRS I
RESET I “/I }—— ReseT
| RESET PUFFER | T T
— —l— — soruer
Morearn ™1 gy -
| ctiotx | oFmionaL
oFT PULL-UP
L 2ETiEn | I |

MDS-EM1 FUNCTION
DIAGRAM
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MDS-EM1

SPECIFICATIONS
QPERATING ENVIRONMENT
Stand-Alone
Required Hargdware:
MDS-EM1T emulation board

In-Cirguit Emulatian
Reguired Hardware:
MDS-EM1 emulation board

Intellée Microcomputer Develapment System configurated

to support ICE-48

EQUIPMENT SUPPLIED
MDS-EM1 printed circuit board

12" lang flat cable terminating in 28.pin plug, pin compatible
with BOZ21

MDS-EM1 Operator's Manuat

SYSTEM CLCOCK

Crystal controlled 3.0 MHz on board ar user supplied TTL external
clock: hardware jumper selectable,

PHYSICAL CHARACTERISTICS

Width: 7.0in. {17.78 cm}
Height: 4.0in. [10.16 cm}
Depth: 0.75in. 11.91 em)
Weight: <1.01bs. (045 kgl

ELECTRICAL CHARACTERISTICS

DC Power:
VCC BY £ 8%

ICC 300 mA (max.)

ENVIRONMENTAL CHARACTERISTICS
Operating Temperaturg: O — 55°C

Qperating Humidity: up to 95% relative humidity without conden-
tation

ORDERING INFORMATION
Part Number
MDS-EM1

Description
8021 Emulation Roard




MCS-48™ SYSTEM WORKSHOP

Courses presented at training centers and customer
facilities.

System demonstrations

On-site courses tuned to customer requirements.
Training Centers

— Boston Hands-on laboratory sessions reinforce lecture,
— Chicago
— Santa Clara Training center classes limited to 12 attendees.

Scheduled on a continuing basis throughout the
year. .

REGISTRATION AND ADDITIONAL INFORMATION: Contact MCD Training at inte! Carporation, Santa Clara, California
85051, 14081 246-7501, or yvour local Intel sales office,

This workshop will prepare the student to design and develop a system using the Intel BO48 microprocessor through the use
of lecture, demonstration and laboratory “hands-on™ experience with the Intellec® Development System and PROMPT-A8,

COURSE OUTLINE:
Day 1
Orientation
Introduction
a, Microprocessor System
1. Funetion
2, Drganization
3. Programming
b, 2048 Overview
1. Functional Sections
2. Programming Madel
3. Execution Sequence
Assembly Language Instructions
110 Instructions
Cata Move Instruetions
Increment/Dacrement Instructions
. Branch [nstructions
. Worksession Ne. 1
Accumulator Group Instructions
1. ADD/ADDC
2. Logicals
PROMPT-48
a. Function
b. Qparation
Labaratory Exercisa
a, Prograrm Entry and Execution
using PROMPT-48
Day 2
Assembly Language Instructians
a. Accumulator Group Instructions
1. Flags
2. Rotates

Faab =3 L -

b. Specials {(XCH, DA, SWAP)
¢, Worksession No, 2
d. Subrautines
1. Invocation
2. Stack Operation
e, Interrupt System
1. Description
2, Service Subroutines
3. Multiple Sourge Systems
Davalopmant System
2. Funclion
k. Disk Operating System
Text Editor and Macro Assambler
a, Functian
k. Operation
Laboratory Exercise
a. Bootstrap Procedures
b. Create, Edit and Assermnble
Source Program
¢, Execute Program
Day 3
System Timing
a. Basic Timing and Timar
b. Bus Timing for Peripheral Devices
Peripherals and Design
a. Expanding Memory*
1. Program Memary (1, 2K ROMs}
2. Data Memary (RAMs)
b. Expanding Ports {8243)%
1. Device Characteristics
2. Software Control of Pars

c. Cambination Chips*
1. 8155 RAM and O Chip
2, B3G5 8765 ROM and /O Chip
d. Periphera! Interfacing (Parallet]®
1. B255 Parallel 1/O
2.8279 Keyboard and Display
Interface
—Keyboard Scanning
Techniques
—Display Refresh
Laboratory Exercise
a, Edit and Assemble Using DQS
b. Execute Lising PROMFPT-48
Day 4
Paripherals and Design
a. Peripheral Interfacing {Seriall®
1. Transmissien Farmats
2. Asynchronous Operation
3. RS232C Interface
k. A/D and /A Interfacing®
1. Successive
Approximation AfD
2. A/D, DJA Chips
3. AfD Design
Laboratory Exercises
a. Edit and Assernble Frograms
b. Execute Programs

*Each section will consist of a design example
including schematiz, bus loading ealculations,

spftware and timing.

PROGRAMMABLE PERIPHERAL CIRCUITS WORKSHOP

This course will cover the Programmable Peripheral Circuits that are used in a wide variety of application areas such as process
control, terminals, cormmunications, numerical contral, instrumentation, etc.

Each device is covered in sufficient depth to allow the attendee to define its hardware and software characteristics and
evaluate its application areas,

COURSE OUTLINE:
Day 1
Introduction
a, Programmabie Concept
1. Initialization Commands

8253 Programmable Interval Timer
B257 Programmable DMA Controller

2. Operation Commands 8259 Programmable Interrupt Co_ntrullnr
b. Addressing Methods BZ279 Pragrammable Keyboard/Display

1. Chip Selectian Interface B155/8356/8755 Combination Mamaory

2. Memory Mapping a. Chip Descriptions and Applications and 1/O Ports

3. /0 Mapping h. Programming Requiremants a. Chip Descriptions and Applications
¢. Design Examples b. Programming Examples

c. Dasign Examples

Day 2

8271 Programmabla Floppy Disc Controllar
8273 SDLC Protocol Contraller

8275 Programmahble CRT Centroller

B-22



Appendicesf




APPENDICES

Packaging Information
Ordering Information

------------------------

-------------------------



APPENDIX 1
PACKAGING INFORMATION

Intel Number

Product Standard of
Number | Package Type Pins

Microcomputers 8021 P 28
80438 D P 40

8049 D P 40

8748 C 40

8035 D P 40

8039 D P 40

Memory and [/O B355 D P 40
Expanders B8755A C 40
8155/8156 O P 40

I/Q Expander 8243 D P 24
Standard ROMs 8308 D P 24
2316E C D P 24

Standard EPROM §708 B 24
2718 B 24

Standard RAMSs B8111A-4 cC D P 18
8101A-4 |B C P 22

5101 B P 24

Standard 1/O 8212 D P 24
8255 c P 40

8251 C D P 28

Standard Peripherals 8205 B P 16
8214 D P 24

8216 C P 16

8226 D P 16

8253 C 24

8259 D P 28

8278 D P 40

8279 D 40

Universal Peripheral 8041 D P 40
Interface 8741 C 40

Al

B = Black Ceramic C = Ceramic D = Ceramic DIP P = Plastic




PACKAGING INFORMATION

All gimensions in inches and (millimsaters)

16-LEAD PLASTIC DUAL IN-LINE
PACKAGE TYPE P

235 (21.209)

876 (20.955;

1—_"‘ 265 € 411
245 [B.201)

L:-ev—::v-u:-— - = e ———— a5
(== MAX,
'mots oem 140 [3556) (B 255}
130 (3303
SEATING —_— _t. )
0D TYR )
PLANE f i =
RELTFRT N — psMy, 10284 = sl il T
MIN. __IL vzmim 5“;;““
g 12 nn oso VR 032 TYP TIE D 4581 l--— 18 ssm
o {2286 11.524) 10.8%3) REF.
700 {20.068) ,
16-LEAD HERMETIC DUAL IN-LINE 750 (19 05T |
PACKAGE TYPE D FINY|
A0 [2.674)
265 14737}
325
200050801 165 §4.191] [ Max.
M. 745 (3558) BE
b = == f === f——Tr—
SEATING 4 — i) .
PUANE 1 msmin, 010 T""aj., - 10‘5-
A — _J 0,381 0254 !
Mk 110 qz704) [ J a1
. e icecat 060 TYP - 0200 {p.508)
090 {2.206) 11.524) D32 TYPR, 075 (0.4D8) L'_ls 525]
i 0813
18-LEAD PLASTIC DUAL IN-LINE —%:ﬁ?:;: o
PACKAGE TYPE P ’ i o
—_—— =
- 255 15.467)
245 {6,723}
S
p— MAX . —
20015.080} 4D [2.558) 18235}
MAX. 30 (33023 X
- E— i =
SEATING ——— H
TFLA ‘S Y o10TYP T o
T orssun, "
a2 s ——o _J L oasry 10284t =~ I,l}a' 5
MIN. | I_I 1*1 ’IL
A (2794 LEOTYE oy ryp % [___g_suu: -—m usm—-]
090 {2.786+ .52} iyt 018 {0




PACKAGING INFORMATION

All dimensions in inchas and {millimelers)

18-LEAD HERMETIC DUAL IN-LINE

PACKAGE TYPE D

420 (23.000)
B80 {22350
Pik
10 (7.8}
Y TRET
325
20045 180 165 (4191 po— MAX, —m
MAX. 40 (3558 162551
SEATING i ¥ % o
PLANE Tmsmm, p107ve i e
T8 43118 T — 10381} o254y '
MIN. J izq {O_S_M_I 1 Aam .
i - B8 (0405} |"_“‘-525'_"'|
Ao I oepTYP 5z TYR REF.
190 (22860 11524 (0813

22-LEAD PLASTIC DUAL IN-LINE
PACKAGE TYPE P

SEATING

FLANE

1.105 (28.067|

' 1.085 (27,813}
| } PIt 1

Q

d 355 {9,017

345 18,763}
- l 425
ro— MAX -
200 (5.050] REREE-ET {10.745)
MAX. a5 |m‘|, ,
-_-— B E
- — '__' _{ o TYR oo
125 t‘.i.l:lj 015 MIN, (03541 ’
] L .1

o T
Jo.3g1} ! !
m 5081 A50 __l
110 12784 seaTYR 032 wP 016 (D.40G] L““;-E‘E‘“
090 [ 2880 (1.E24] 138130 B
096 127.813)
060 125.928)
22-LEAD HERMETIC DUAL IN-LINE
PACKAGE TYPE D - ALt
400 {1018}
j EE-RFEETH
(A5
200 [5.080) 80 1,572t ‘_n'n:e;
MAX. 350 (5310
¥ — 2 - f T 1
: : 15 MIN. MO TYP ! o
| J L_ ot i 10.381F 0.258 w15
08! P H
J1042.784) L— 11,524 = o 020 [0.508) uﬁ:sr .
B90 (22881 032 YR 76 (0.4061 PR
{0813
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PACKAGING |NF°HMAT|0N All dimensions in inghes and {millimeters)

24-LEAD PLASTIC DUAL IN-LINE

PACKAGE TYPE P s .
: 1236 (37.383)
PN 1
— < :
|5 13841
535 (115601
I l 625
- MAX,
20015.090) 160 4064} 115.875)
MAX, 150 {3510} l
PLANE _{_OISMJN. .54 ‘i“ 15
26 12975} r__l - {0.387T) i 1
LN,
020 0508} 650 __J
10 12.794) [51d] I\-'P 03z I'YP_-‘ 08 10408 I-—lls.s‘ﬂ?
0 |z.zns] (1.524) 10.413) : - REF.
1285 132830}
24.LEAD HERMETIC DUAL IN-LINE 13t a1
PACKAGE TYPE D -
500 {15.240
1 515 [13.081)
€25
MAX.
22045.580) 175 (4.445) -
MAX, 145 (36631 ) 1158753
SEATING ﬁ -
FLANE t 210 TYP, ‘ 1.5
} N. S
.us“:l::\.lnsr_ 0a81) 10 754} o el &
) = il 020 105081 e (1700
210 2.794) 032 TvP 5Te ioaoet naae _'l
6 maeni 0.813)
28-LEAD PLASTHC DUAL IN-LINE - 1465 (36.957)
PACKAGE TYPE P yads mETOAl "l
e - —— e PN
[+
[ias e
€35 (136861
|
o 1
mx —=
200 (5.040) 60 tAOBA _ r-_ns 475
MAX. 150 (38161
T

SEATING
FLANE

125 {2975} ]
MK,

{ 015 MIN.
0.3
‘—”-‘- 20 10 5081

‘a2 1ve BI6 (061

{0.813]

.060 TYFP
115241

015 TYP T [
[o25db

I's
5

f- o
1

I
FED
{16.510]

REF.
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PACKAGING |NFORMAT|ON All dimensions in inches and {(millimelars)

28-LEAD HERMETIC DUAL IN-LINE
PACKAGE TYPE D

1485 AT
e — F

1435 (Jp.da3
PIN Y
— i em e L .
i

BX5
-270[5.563) 175 44.445]
MAX.

frar— MK
it (15.B75)
145 (1653}
SEATING _ I X

PLANE [

|
J_J_t j

1 &
d oEMIN DD 'rw.aL j .
125 3781 _—— _J| 3381 wasap --..I 15

MIN. 675 ;

- 420 (0.508) ba—117.345) —=|

10 {2.784) 032 TYP 16 (0806 REF,
090 (2.386) 0§13
40-LEAD PLASTIC DUAL IN-LINE . 2065 152.187)
PACKAGE TYPE P 2045 {51,943
o PiN1)
- = I
[sennasan
535 (13589
|
R 1 25
- MAX,
200 (5.080} 175 (4,445}
Max VEE

115875'
I 165 |d, I?.‘ !
e i 4_@
J E‘]TSMIN. .
15 [3 175 __I L_ b -

102541
JL‘ 10381

40-LEAD HERMETIC DUAL IN-LINE

PACKAGE TYPE D

Xy

10 12190 022 TYP
056 (7.796)

020 (0.508) L_ : _'I
110 i? 734} 06D TYP 032 TYR 16 oa0e) et
030 (2.7%6) 115241 0813 Eri
2.080 52.332)
2030 515620
FIN
e .
600 115.240)
815 (13081}
§
t
a5
MAX.
720 15,688} AT6 {4445}
MAX. T35 3689 ) i 158751
[— ;

-
f B0 TYR. ﬁts'
015 MIN.
0.381) 102541
I

D 10.508)

L"-'E“ 1‘5]—4
016 . A0E)

L_ 060 TYP.
11.524)

213k
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PACKAGING INFORMATION au dimensions in inches and (millimeters)

24.LEAD HERMETIC DUAL IN-LINE
PACKAGE TYPE C

L L215 30BETY
1185 i30.099)

FIN 1T MARK

M
200 (5.089) 295 (2.412] 5 MAX
Max,

A a0 (1.773)
SEATING -

o
S 018 TYP ’ ! T
P
LANE ] _h'_‘__n:ns:\;nl 10.254) \"i 10
REREEEY o5 TR os0m ! '
[

| ! !
SR
11012.7941 REF.
090 [2.296)
020 151.308)
40-LEAD HERMETIC DUAL IN-LINE e oz m‘} PIN 1 MARK
PACKAGE TYPE C R
-600 115 Z240)
570 (18478}
95 124131

. 0T )
[ - - 4% MAX
SEATING | - %j: et o
FLANE _LUZU iy, D0 TYP \hl/ln'
Cosog Wasa |
050 TYP
REL J 022 {0.558)

15 @38 |‘_“5 st

YL
MIN

a1



ORDERING INFORMATION

Semiconductor components are identified as follows:

Example:
M C 5 1 0 1 L - 4

Four or five characters Up to three charactar
per device type modifier for power,
speed, processing, etc.

Package Type

B — Hermetic Package, Type B

€ — 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

Examples.

PS101L CMOS 256 X 4 RAM, low power selection, plastic package, commercial temperature range.

C8080A2 BOB0A Microprocessor with 1.5 us cycle time, hermetic package Type C. commercial
temperature range.

MD3604/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 ardered 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 Intei Corporation, 3065 Bowers
Avenue, Santa Clara, California 95051.

*On mititary temperature devices, 8 suffix indicates MIL-STD-883 Levet B processing. Suffix € indicates MIL-STD-883 Laval
C processing. S8 number suffixes must be specified when entering any order for military termperature davices. Al ordors
requesting source inspection wilf be rejected by Intel.

A2



1702A/4702A/8702A Famil

CUSTOMER EPROM 2708/8708/2704 Famil
ORDER FORM 2716, 2758, 8741, 8748, 87!
A
For Intel Usa Only
Company Phone #
S#
Company Contact Date
5TD
P.O. # Intel Device PN
APP
Date
All custorn MOS EPROM orders must be submitted on this form. Programming information
should be sent per the formats described in the Programiming Instruction section of the Intel
Data Catalon. Additional forms are available from Intel,
MARKING 1o
B1702A
The raarking will eonsist of the Intel Lago, the product and package type {B1702A), the I] XXYY
4-digit Inte! pattern number [WWWWI, an internal manufacturing traceability code [XXYY],

and the customer part number (£....2). The customer part number is limited to a maximum
of 9 digits or spaces.

1702A MARKING| WWWW
EXAMPLE 2.2

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 shouid also be indicated by checking ene of the appropriate boxes:

[l Single Density O Dauble Density

CUSTOMER PART NUMBER

Customer P/ Floppy Disk File Name Intel Pattern Numbers
[Please Fill-In) {Ptease Fill-tn) {Please Do Not Use)
PSR T I S N SN I S oot 1 g b1y LS Y Y (O Y
S T I U N I A B Y-S T T T M T T Y S I S T S T O S |
TR I S T T A 3. AN T N T A | < JO I N O I
L TS Y Y O W I SO T I T T S 4 L1 I Y |
LT W WS O T S I T A | > YN TN I N N N I IO B A | SO T N N N Y S O I
{2 RO N M I T O O L5 S T I T N O O Y | TS N N T Y I I O S |
S O S Y Y O | S T S T Y | | Vool et 1
8 1ol 0] 8 1 1 11 1 1 1t 8. T Y OO O Y
£ S N N SN N I N T B I 2 N I N W N I I A | S I Iy
L0 S TR S T T Y T L1 S T I B L1 ] 00 1 1) I T |
L PR O Y [ S Y Y A | I P O Y L) A P T Y Y Y o |
LS R U Y O O S T 12, | A T T I O | L~ T T T O O W O
[ 7S T R N I T T T O | O W TN G N N I N B G B L= TS O T Y T T T |
£ O W U T O | 14, 1 1 Lo 1oy | T T O T N T T |
(N T T T O Y N T Y | L= S U I T O O Y A O | 15, L1 1} 11
- T T T T T L= P I T W VAU O W N | 16, [ 1 1 110 1 1 1 1
23 P S T T Y | 17 ; \ P19 17, L2 I I Y Y
18 | 014 18 v 1 v 1wt 18, L o
LR T T TN O W S I 19 oL 1] L N T S O S T S O |

AZ2:2
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CUSTOMER 8041, 8048 ROM

8041, 8048

ORDER FORM
C
Company Phone # For Intal Use Only
Company Contact Date S#
T

P.O. # Package Type: [J Plastic O Cerdip STO

APP

Date

All custom 8041 and 8048 orders be submitted on this form. Programming infarmation
should be sent per the formats described in the Programming Instruction section of the Intel

Cata 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 |PBO4B}, the 4-digit Intel pattern number {WAWWWI, 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.

S pgoas
[I XXYY

wwww
Z....

Zz

1

PBO48 MARKING EXAMPLE

FLOPPY DISK

Programming information may be sent on Intel Microcomputer Development System Floppy sk, When using this input
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type af floppy disk

sent should also be indicated by checking ene of the appropriate boxes:

[ Single Density

O Double Density

CUSTOMER PART NUMBER

Customer P/N Floppy Disk File Name
{Please Fill-In) {Please Fill-In}
[T Y Y Y O O D L N Y O T O S |
A T T O O S S T N O O O
O Y O TR N U T SN O U W O
A T TR O Y A L RS T VO O O O
A N Y O T I | < S S I S T O O O I
N U ) S D R L N T (NN N N N T T N
A S (O O A | oLy Loyl
N T T Y O Y B 8 L L1111y
S T N T I I S T N T N N N N Y I S B B B
A T N T O S I O W o4 )1 by
R T T T Y S T | LI PR I SO T N I H O B A |
A T T T Y N Y| 120 5 111y
AN T O T Y T B 13, 1t ! Lot 4
S T Y I W L1 L S S S S T N Y S Y
I T TP Y Y O S A | L1 T T T T N N I SN S
[P S T S T Y S A | L1 2 I U T T RO S
O T T Y S O LI N T T O T
O T T T Y O T T 18 N T I B B
A Y T O VO T LR 7 S T I T Y )
I U T T T O O TV I 200 1o 1ot g

A3

B = = o = o o o o o
PO oA 0N =D

o L SR

Intel Pattern Mumber
{Please Do Not Use)

L

L1

{

Lt
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INTEL CORPORATICON, 3065 Bowers Avenue, Santa Cilara, California 85051 (408) 987-8080

CUSTOMER 8021 ROM

ORDER FORM
I

Company Phone No. For Intal Use Only

Company Contact Date 5 No.

P.0, No, Packane Typs: OPlastic C Cerdip STD

. i APP

All custom 8021 orders must be submitted on this form. Programming information should be
sent in the form of computer punched cards ar punched paper tape per the formats described DATE
in the Programming Instruction section of the Intel Data Catalog. 874B's may also be used to
input programming information for the 8021, Additional forms are avaitable from Intel.
MARKING -
All devices will be marked as shown at the right figure. The marking will consist of the Intei P&021 WWwWw
Logo, the product and package type (PB0O21), the 4-digit Intel pattern number {WWWW), a XYY _
date code [XXYY], and the customer part number (Z...2), The customer part number is

fimited to a2 maximum of 9 digits or spaces,

P80271 MARKING EXAMPLE

CUSTOGMER PART NUMBER

Custamer P/N

[Plaasa Fill-In)

1/C Mask Options

Inte) Pattern Number
{Please Do Mot Uset

Specify the desired connection for each 1/0 line on Pert 0 and for the T1 input by marking only one box for each pin.

PIN

OPTION
1 2

P0OO

PO

PO2

PO3

P04

POS

D@~ ||

P0G

P07

1

T1

13

Port O:
Optign 1 deletes the pullup resistor on the 1/0 ling
providing true open drain outputs.
Optian 2 includes the pullup rasistor or the |/C line
providing a quasi-bidirectional line.

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 switsh or standard TTL,

-AZ4

OPTIONAL PULLUP RESISTOR

OPTIONAL PULLUP RESISTOR




[ ] @
!nU INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, California 95051 1408} 987-8080

CUSTCMER B022 ROM

ORDER FORM
J

Company Phane Na, For intel Usa Only

Company Contact Date 5 No.,

P.0. No. Package Type: OPlastic O Cerdip STD

. . AFPP

AJl custom 8022 orders must be submitted an this form. Programming information should be
sent in the form of computer punched cards or punched paper tape per the formats described DATE
in the Programming Instruction section of the Inte! Data Catalog. 8755's may also used 10
input pragramming information for the 8022, Additional forms are available from Intel,
MARKING a
Al devices will be marked as shown at the right figure. The marking will consist of the Intel Pa022 WWww
Logo, the product and package type {PBO22), the 4-digit Intel pattern number [MWWWW), a XYY 7 7
date code [XXYY), and the customer part number Z.,.2). The customer part number is X

limited to a maximum of 9 digits or spaces.

P8022 MARKING EXAMPLE

CUSTOMER PART NUMBER

Customer P/N
{Please Fill-In)

140 Mask Options

latel Pattern Number
(Please Do Not Use)

NNV N S Y U Y |

Specify the desired connection for gach 1/0 line on Port 0 and for the T1 input by marking only one box for each pin.

P :
PIN OPTION ort 0 _ _
1 5 Option 1 deletes the pullup resistor on the 1O line
700 providing true open drain outputs,
10
Option 2 includgs the pullup rasistar an the /D line
P01 11 providing a ouasi-bidirectional line,
PO2 12
PO3 13
P04 14 T1:
PO5 15 Option 1 deletes the l.mlh.m resistor for use as a zero
cross detectian input,
POE 16 ) , ] :
Option 2 includes the pullup resistor far use with an
PrO7 17 external switch or standard TTL,
T1 19

A2

COPTIONAL PULLUP RESISTOR

o—

OPTIONAL PULLUP RESISTOR




I, PROM AND ROM INPUT FORMATS

A_.  Acceptible Formats
Intel can accept programming and masking information for PROMs, EPROMs, ar ROMs in the form of floppy disk, punched
paper tape, a master device from which 1o copy, or computer punched cards. The allowable formats are given in Tabie 1, The
preferred formats for the paper tape and computer card input media are the intsl Intellec Hex and BPNF since these formats
are defined to allow detection of errars,
It is desirable that two, preferably different, input media for each customer code be sent so fntel can perform a code verifica-
tion to detect any errars between the two inputs. This procedure, if followed, can avoid errors due to a mispunched tape/card
or sending a defective or improper master davice,
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 Literatura Department, 3066 Bowers Ave., Santa Clara, California 85051,

Table I, Acceptable Formats

Floppy Disk Paper Tape Computer Card Master Device

® Same Density and
Pin Compatible

¢ Intel Microcomputsr & |ntelfec Hex # [ntellec Hex

Development System

Singte or Double ® BPNF * PN to Device which
Density Disk is to be Pror
® Hex grammed,

Al Logic Levels
All data field for Intel’s EPROMs/PROMs/ROMs are positive logic. The anly exceptions are the 4001 and 4308 ROMs which
use negative logic, For the 4001/4308, an 0" is a high output and 2 1" is a low output. Consequently, because the BPNP
format specifies the voltage level at the output of the device, it is necessary 1o input an “0" and 1" in the 4001/4308 in-
struction code as a P and "N" respectively, However, for the Hex format, the 4301/4308 input should be specified accard-
ing to the instruction code logic state, i.e,, a "1 or "'0.” The below example shows the corresponding input for 4007 instruc-
tion cades. Far comparison, the input for an BOBOA is also given as an example.

1, 4001 Instruction Coda

4001 4007 Intellec Hex BPNE
Instruction Instruction Or Non-Intellec input
Mnemonic Code Hex lnput

NOP 0600 0000 [ald] BPPPPFPPFF

WRMW 1110 0000 EQ BNNMPFPPPF

2. 8080A Instruction Code
Intellec Hex
Instruction Instruction Or Non-Inteflec BPNF
Mnemonic Code Hex fnput Input
JMP 1100 00N c3 BPPMNNNPPF !
Push D 1101 010 D5 BPPNPNPNPF

A25



B. Paper Tape Format

The paper tape which shouid be used is 1" wide paper using 7 or 8-bit ASCIl cade {such as a Madel 32 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
$n the Intel Intellec Hex Farmat, s data field can contain either 8 or 4-bit data, Twe ASCI) hexadecimal characters must be
used to represent both B 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/BOM 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 lntellec Microcomputer Development System or by systems
programmed by the user,
1. RECORD MARK FIELD: FrameD
The ASC!! 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 bytas in the record is representated by two ASCIH hexadecimal digits in this figld, 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 ASCI zeros in this field,
3. LOAD ADDRESS FIELD: Frames 3-B

The four ASCI| hexadecimal digits in frames 3—6 give the address at which the data is loaded, The high-order digit is in
frama 3, the lower-arder digit in frame B. 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 ASCIl hexadecimal digits in this field specify the record type. The high-order digit is in frame 7. All data
recards are type 0; end-of-file records are type 1. Gther possible values for this field are reserved for future expansion.
5, DATA FIELD: Frames 9 to 9+2" lrecord length}-1

A data byte is represented by two frames containing the ASCIH! characters 0—9 or A—F, which reprasent a hexadecimal
value between 0 and FF (0 and 255 decimal]. The high-arder 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 of the pair may be any ASCII hexadecimal
digit. There are no data bytes in an end-of-file recard.
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B3. Non-Intellec Hex Paper Tape Format

For the non-intellec Hex Format, a data field can contain either 8 or 4-bit data, Two ASCI! hexadecimal characters must be
used to represent both 8B and 4-bit data. In the case of 4-bit data, only ane of the characters is meaningful and must be
specified an the Intel PROM/ROM Grder Form.

Parity is allowed; however, it is not checked, Preceding the first data field and following the last data field there must be 2
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 fast data field, a semicolon must be punched ta indi-
cate the end. All data fields are to be punched in consecutive order, starting with data field 00y (all addresses low).

2. Twe hex chargcters must be used to represent the data field of both N word x B-bit and N word x 4-hit 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 00y to 054, followed with
“don't care’’ from addresses 0By to 2by, data being entered again starting at address location ZEH, and followed with
“don’t care” data ta the last address {ocation.

|.'"?DF2145100FF| (26} I?BOSQUF 1”.:-[
¥ b—'

§tart Character Cata Fields from Address Location Trata Fields from End Character
Address 00y to 05 where Data is to be Address 264 10 2AH
Proagrammed

3. The x character may be used to rubout any etronecus character{s). The # character may be used to rubout an entire
ling up 1o the previous carrjage 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 anly 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 an computer punched cards:
1. An 80 column Hollgrith 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
% B-bit and M words x 4-bit devices, respectively, in the PN format.

For the Intellec Hex forrnat, 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.

C1. 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™.

CECIMAL NUMSER IHDICATING

‘TWE TRUTH TABLE NUMBER
NO OF DUTPUTS

acr @ Column =111 _j
DEuE Gann INTEL T FumchaT
DESIGNATION CUSTOMER'S PiN A e e
CUSTOMER'S DIVISION OR CUSTOMER: i A8 Cusamir Compamy Nume
P, ¥ (1] ATION - nl
COMPANT tant | LooATi0 %150 Custamers Company Diwtion of lecaiian
T - o rep— -7 - — §1_82  Blank
BB Customer Rart Numbms
E2-61  Blink

51-72  Punch the Intel d-cigit ks part nurbee and
wi b b rhe ngmber ol qutaut by ¢ g o 2708
[d1. 2316 481, or 3605 [4)

13-74  Buk

75-76  Chp au.mbar lor ROM: with prograrmable
thip telect nputs |1 not aoelcazie. feave
bl ank.

77-18 Bk

TF-B0  Funch g 3-d g Seciedl Aumbar ta inACATE
truth table mumber. The first truts 1able
will b 00, spcgrd O, Thied 2, e1c

EEPERRYSTERRRRTTERNNTTY pRENTTEAL kL Ak
lhll‘llill‘llllllIllnillliiillllllllli
LLTERRRN EPRARE SRR R PN LR
ERRLTIINAa1 1)
mmLg

T
!HI.‘I"‘_"_"
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2. M word x 8-bit device

Calumn 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. Colurmn 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 10y bytes
{16 decimal].

47 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 stared in
successive memaory locations, ROMs con-
taining more than 16 bytes of data will use
two or more records or cards to transmit
the data, Althaugh the load address for the
beginning record need not be 0000, each
subsequent load address should he “104"
{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 zerp RECORD LENGTH
field {see above}l. Other possible values for
this field are reserved for future expansion.

10-73  Data

75=786  Checksum: Same as paper tape farmat.

76-78 Blank

79-80  Punch same 2-digit decimal number as in Title
Card.

b, M word x 4-bit device

This format is identical to the previously documented 8-bit hexadecimal farmat with the following exceptions:

Column Data

10—73  Each memory location is represented by twe
celumns 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
charactars of the pair,’

AZD



C2. PN Computer Punched Card Format

A word field consists of anly P's and N's. A punched P will result in an putput high level and a punched M 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 0 {all addresses

logically law}.

DECtMAL NUMBER INDICATING
THE TRUTH TABLE NUMBER

NQ. OF QUTPUTS

AZ1D

dari Column Data
TITLE CARD INTEL 1 Puncha T
DESIGNATION CUSTOMER'S PIN 2-3 Hlank
CUSTOMER'S DIVISION OR cusmmewi 2-28 | Costomer Comuany o
,COMPANYNAME —_ r LOCATION N m A1-50 | Customer’s Company Divisian ar location
; E §1-52 | Blank
5361 | Cvstomer Part Mumbar
1 N m 52-63 | Rlank
neen lunlrunr!n:luu"n!nrtll G472 | Punch the Intel duluit basic part numiznr and
T ..u||n|l|'|”|'-|||||||||||r|| |r.|||||||||:||‘|‘|||"| T in [ )1 the numbar of output bits; vy, 2708
PR R IR T R T i e 18], 2316 {8}, v 3605 {4}
S EET RS RTS B LIARE 28! REREETIRRERRUuSt TRY I EUSRr B EESRRRRSRRST EEEERRT [ ISR UVRNREES 73-74 | Blank .
[EFFERRFERRRNRNRETN] IR RN RSN AR RN IR EE SRR NEEE NN RN | lllll‘lllllli:‘l ?5‘-}6 Chru_numhc‘ .[0‘ ROAT“ WIIh I”.{)“';‘mmal}l’:
. PR . . R chip select inouits. B ongt applicable, loave
IEREIRRRE] I' ERES! EEREETERRRRIREETELL] FRLEREASERLERARTERFARRRSRY ERELEEEEY L RRRERR Dk,
T T O T T T AR R T R AR R E T LI T R T Y 77-78 | Hiank
S TH LR AT TR RN TR R N AN RN N R U AR E NS PR N E L RN N F I RN 79-80 | Funeh a 2cligit doginal ronnber 10 indicets:
TR L LN LT NN L NN LT NN PR LIN RN NN NN LN AR R EAEY | | ELELL L trath ahle aamber, The Birst trueh talile
\"‘;'?‘!J‘"“"T".‘-ff‘.‘"'.‘_‘.-‘!ff.“l.’-‘.i,'..’-!l?.‘ L AL ATERET IR EA L LEAREEARS will be 00, secnned 07, third D2, ete.
Title Card Format,
For a N words X 4-bit organication only, cards 2 and Column Data
thosle Ifollowmg should be punched as shown, Each card 15 Ponch the & digit decimal sauivalent of 1he
specifies the 4-bit autput of 14 words, Lirary coded locat [on which taains each
cargd, The address iz right jusiHled, e,
@age0, M4, BPR2D, erc.
G Blank
Lsa DECIMAL NUMBER 70 Data Field
OECIMAL WORD MSB — INDICATING THE 1" Blank
ADDRESS BEGINNING THUTH TABLE NUMBER 1215 Data Fleld
EACH CARD 14 DATA FIELDS 156 Blank
—L: L ] Jq 17.20 | Data Figld
I LTIly NN FRFE Mg FEby LEF FEED BIMED BCir LT K FIfry FECR 1 Tor j 2 Blank
22-25  Dava Field
FUAD ANNG BRSO (400 ANPD AURA DRI RGP DAE1 QAF1 €DFV RNDY Q108 REDD 26 lBank
111 L] EEMOTIODEERNLIQIEgrnntyTansanrirgntraners A 27.30 , Data Fivld
R T R O N O :“' E"”“__
e T S e R S R L R R SR PR R T S S RO ER RS REE F R RET 4 32;’"‘ D‘atn:lerd
ATIINITIIIN I TN I I I I E I 1IN T G RI0INEIAIIGIRRI0NEI95150 008 37.40 :g::; Field
adeddtdeni it gy RS R E N F RN NN R TN 41 lBIank
IRRRERRT L RLL L EEERERY (| FEY 10 T S SEREY ITY Y I IS | LONERSEY LISTRT L IANEP TS 424% ! Data Finid
HE I I A I e I T L A I T T (13 RERFARFLY 46 [ Brank
B HIITN DN H 'R o 4720 . Dawa Field
T E I T TR I T T LR I TS LT LI ZET TN 5% Mank
RTCTTIITIII 52-55 | Data Fleld
amnuner ,) 56  Blank
5760 :Ome Fied
61 { Blank
62-65 ; Dala Figid
BE Biank
67-70¢ | Dax Finld
71 lpton
7275 |I\a|a Field
H-7d ! Rtank
7980 . Punchsame 7 diglt evpirngt mumber as In

tirhe earl,




For a N words X 8-bit organization only, cards 2 and

those foliowing should be punched as shown, Each card Colurnn Data
specifies the 8-bit output of 8 words, 1.5 | Punch the 5 digit declmal equivalent of the
binary coded |ocation which begina each
MSB __I:SEI card. The address ls right justified, ie,,
ApEod, EB, 20816, e,
GECIMAL WORD DECIMAL NUMBER :1 Blank .
ADDRESS BEGINNING INDICATING THE ?1-;6 Er;:kFleld
EACH C,:\RD LB IJ.»&T.!E\I FIELDS TRUTHTABLE NUI'i:lBER 1623 | Data Fieid
- T T T e o o m 24 Blank
T FhifaL el EFEFI-MRE CRUANIER FRflabkely Fi HGMFFE HHBGEBEEE  [E FHATR FMOEEINHE L)W 25.97 Data Field
1ISRNED SLEENRN DEDORINN SNUINARD WRROOLID BLAURODY 33 | Blank
THEREBIANNLINDESOLEN I NG RnEIA Rt ENDBT 0D 344 | Data Field
T T T T 4350 | oo el
IR ORI RGN rNnuEnUEnuUnUnnnLINn 51 Blank
FITI3TIT3I0E 3TN I0 11300005 10001152 10500 110kT3100033003 1110810530300 £2.59 | Dats Field
IllIliIIllll:lllllll{llllllll!llll1IlIlklllllll(llllillllllllllillllllﬁlllllllll 60 Elank
EPSTLEY LT TUPASRRR [ LRRRT 1| [ RERTRRY T ERT PUSY [ EUSY 11 LI ESRETLLRE 1 L UERY | $59 | FRIS1 61-68 | Data Field
HOI I N I A I I L e L N L N T L R T T A1 1T 63 Blank
TR H | B | (TR T ERA TENWL [ SRRy 1) LA 1 FRA K1 INE | K1 b FQ-77 | Data Fielg
R L e L L L A L L R R R T SR E L LR TR AT LY 78 Blank
Ry e RN RE Lt TN EEE R TI TR AN SN TYBEIENTE T R 1TEET L 9199, 99789951 7980 | Punch same 2 digit declmal number as in
N R A e Lk AL - J tille card.

0. Custom PROM/ROM Order Foarms

Al orders for PROMs/BOMs 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 85051,

The order forms for the individual PROMs/ROMs are listed in Tabie 11 below.

Tahte (1

"PROM/ROM
Part Numher

Drdcr'Form

Mumber

[ MOS EPROM;
f 8741, 3748, 8755
I 2316E, B316A, 8316AL, 2616
! 2332, 2364

8041, 8048

2608, 8308

8355
Bipolar PROMs

TMOoOOO®E R
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H. MOS EPROMs
A. Erasure Procedure

As stated in the EPROM related data sheets, the recommended erasure procedure to use with EPROMS is to Hiuminate the
window with & 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/em?2), Table 11 lists the required integrated dosgae {UV intensity X expaosure time) for the EPROMs
currently in production by Intel.

Table (1. Required Erase Energy for Device Types

Device Type 2537A Erase Energy
1702A/4702A 6 W-sec/cm?
2708/B708 15 Weseefem?2
2716 15 W-sec/cm?2
8748 15 W-sec/em?2
8755 15 W-see/om?
The erase energy expressed in Table I1] includes a guardband ta ensure complete erasure of all bits. /t is not sufficient to

monitor “first bit” erasure to determine erasure time, as some Gther bits tn the array may not be erased.

A1, UV Sources

There are several models of UV lamps that can be used ta erase EPROMSs {see Table IV}. The madel numbaers in the table refer
ta larmps manufactured by Ultra Vialet Products of San Gabriel, California. In addition, there are several other manufacturers,
including Data 1/Q {Issagquah, Wash.), PROLOG {Manterey, Calif.), Prometrics (Chicago, 111.), 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 (ntel PROM; and lamp intensities,

Table IV,
Minimum Erase Time for Indicated Dosage
Without a Filter Over the Bulb

Madel Power Rating & W-sec 15 Wesec

1702A, 2708, 8703, 8755
4702A, 2716, 8748

R-52 13000 uW/cm? 7.7 min 2.2 min

552 12000 pW/em?2 8.3 min 20.7 min

568 12000 pWicm? 8.3 min 20.7 min

Uwvs-54 5700 uW/cm? 17.5 min 43.8 min

Uvs-11 5500 uW/cm?2 18.2 min 456 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 thase listed, the erase time can be datermined by using a UV intensity meter, such as the Ultra Violet
Products Model J-225. When a meter i5 used, the intensity should be measured at the same position (distance from the lamp)
as the EPROMs: to be erased, This will require careful positicning ta insure that the sensar will receive the same amount of
UY light that the window of tha EPROM will receive.

The sensors used with most UV intensity meters show reduced output with constant exposure ta UV light. Therefore, they
should not be permanently placed inside the erasure enclosuse, they should only be used for periodic measurements.
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355 Bowers Avanua

Santa Clara, Calilzrnla 95051
Tol: {400) 9BF-2020° "

TWE: 910-334-0026
TELEX: 34-6372

1.5, AND CANADIAN DISTRIBUTORS
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1
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FLORIDA

Cramer/E W, Hollywogd
4035 Mo. 29th Avenyy
Halywoad 13320

Tal: [305) $21-7818
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MASSACHUSETTS
ICramer Elactronkcs Ing.
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MICHIGAN

15heridan Salas Co.
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T B10-242-4775

MINNEGQTA

IndLainel Compondnts
S0 Wesl T4t Strest
Minngapalla 55435

Tel: {612) 831-2668

tCramer /Bon

1275 Bu:h I.aka Fgad

Eding 55435
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Cramor/Eyracuca
5114 Joy Fload
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U.S. AND CANADIAN DISTRIBUTORS

PEHNSYLYANIA (cont)
PBioraar/Delawess

141 Gubral:ar Road
Haraham 18

Tel: [245) ET4-4000
TV EV0-6E5-67T8
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Sheridan Saley Do
EHH Chee Pack Gircla
Kroalite 3790
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Twx: $10-227-5883

t* Hamllion/Avnmn Elgchionicy
70 Siste Streat

Tk 310-222.823T
-Harrey Elestronics
8) Croaaways Park West
Wecdbury 11787

Tel. (518) 921-8702
HOATH CARDLINA
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Eﬂm Trur ?;ott
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b
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WASHINGTON

F* Harnilan,/ At Elaciraniza
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Beligyue 8005

Tel: (200) TA-T50
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1l &_ Vasah Lig
4742 um Slrael W.E.
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Derwnevlaw, Ontario MIN 1Wa
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ACCUMULATOR

s ADD AR,
« ADD A,@RO
R1
s ADD A #data
« ADDC AR,
e ADDC A.@ROD
R1
«ADDC A #data
ANL AR,
ANL A @RQ
R1
AML A #data
CRL AR,
ORL A .@RO
R
ORL A #data
XRL AR,
XRAL A, @R0
R1
ARL  Asdata
INC A
DEC A
CLR A
CPL A
RL A
«RLC A
RR A
s RRC A
«OA A
SWAP A

DATA MOVES

MOV ARy
MOV A RO
R1
MOV A #dala
MOV RA(
MOV @R0A
R1,A
MOV R, #data
MOV @R, #data
R1.#data
XCH AR,
XCH A.@RD
R1
XCHD A,@R0O
R1
MOV A PSW
» MOV PSW,A
MOVX A,@R0
R1
MOVX @R0,A
R1,A
MOVP3 A @A
MOVP A @A

HEXADECIMAL INSTRUCTION CODES

&0
61
03
7
70
71
13
5.
50
51
53
4+
40
41
43
D«
Do
D1
D3
17
07
27
37
E7
F7
77
a7
a7
a7

E.
FQ
F1
23
A
AD
Al
B-
BO
B1

20
21
30
31
cy
D7
80
81
a0
91
E3
A3

REGISTER

INC Ry
DEC R
INC @RO

R1
DJNZ R, addr

FLAGS

CLR C
cPL C
CLR FO
CPL FO
CLR F1
CPL F1

BRANCH

JMP addr
JMPP @A
DJNZ R,.addr
JC addr
JNG addr
JZ addr
JNZ addr
JTO addr
JNTO addr
JT1 addr
JNT1 addr
JFO addr
JF1 addr
JTF addr
JMI addr
JBOD addr
JB1 addr
JB2 addr
JB3 addr
JB4 addr
JBS5 addr
JBSB addr
JB7 addr

TIMER

MOV AT
MOV TA
STRT T
STRT CNT
STOP TCNT
EN TOCNTI
DIS TONTI

1+
C»
10
11
Ee

97
A7
85
95
Ab
Bs

T4
B3
E.
F&
E6
C6
g6
36
26
56
46
B6&
76
16
86
12
32
52
72
gz
B2
o2
Fe

42
62
55
45

25
35

CONTROL

EN

DIS |

SEL RBD
SEL RB1
SEL MBO
SEL MB1
ENTO CLK

SUBROQUTINE

CALL addr
RET
RETR

NO OP
NOP

INPUT/OUTPUT;

IN AP
QUTL P1,A
ANL P1.4data
CORL P1, ddata

IN A P2
QUTLP2 A
ANL P2, #data
QORL P2.#idata

INS A, BUS
CUTL BUS, A
ANL BUS, #data
ORL BUS. #data

MOVD A Pp
MOVD Pp.A
ANLD Pp.A
ORLD Pp.A

05
15
Ch
D5
3]
F&
75

4
83
93

00

0o
39
93
a9

0A
3A
9A
8A

o8
02
98
88

ol
3:

3

81

* = Carry Flag Affected
"= See Table 1

v = See Table 2
T = See Table 3



TABLE 1. REGISTER ACCUMULATOR.

Ar |MOV A.A| MOV A.A | XCH A,R[MOV R, #*DATA|INC R| DEC H| OJINZ R |ADD Q‘RI ADDC AR| ANLAR| DRL AR | XRL AR
RO FB Al 20 ik:) 18 Ca I EES f3 | a 48 45 Ca
R1 Fg AD 29 Ba 1w | col Ea B9 78 59 49 op
R2 FA LV 28 BA 14 ca EA BA, TA KL 44, DA
R3 FE Al 2B BB 1B cB ! EB 5B | B 58 4B OB
R4 FC AC 2C =308 c (63 cc 6l 7c 5C 4C Do
RS | FD AD 2D 8o 6 | ¢p [ ED 0 | 70 | | © DD
R& FE AE 2E BE 1E CE EE GE 7E 5E 4E DE
RY FF AF 2F BE ¥ | cF | EF 6F | oo S| 4F DF
TABLE 2. INPUT/OUTPUT. TABLE 3. BRANCH.
Porl IN ouT AND QR Page JWP CALL
BUS o] a2 aq a5 0 04 14
F1 09 29 jis| 7] 1 249 34
F2 0nn an a8 34 2 44 54
Fa o0 i oc BC A s P
P5 oo 0 ap a0 4 84 94
PG i aE OE BE 5 Ad Ba
F7 | GF aF 9F BF L7} c4a 04
7 £E4 F4
Page = 256 bytes
MCS-48™ DATA TRANSFER INSTRUCTIONS DATA RAM
r_#___—_____‘ — L—"ﬁ:r
DaTA | 5 : —2
PLOCRAM T i
l WEMORY av MEMORY l z 15
| [""_'1 o WORKING REG g H i
aoh wav Moy | ) S — 1
l way A0D i mp——————-— — "
MovP AnL ANL
L : ;
\ Mavy mt ALH xcfm | E— ::
AsLD
\/ EXTEKNAL b
EXPANOER l_na.ﬂlﬁh U I.MEJ MEMORY 1
110 PORATS Wi \{ ACCUMULATOR k BL§TAT > N s 11
l l I PERIPHEPALS ] ::
N a2 "
| Mo aurL noy R N
| | :
l TIMER | FROGAAM F o
COUNTER STATUSWORD :
| L | ! A
m 3
I oo 0N CIF 1D ‘ L4
| | PORTS 1.2, BUS ‘ : H
2 5 5
I 177 B 0 i ;
mE==---=--z4
Al 1
PROGRAM

STACK FORMAT

H 41 1}
WG 0aor IFen F5W
LOCATION L 4 pen rea
1 1 | L 1 1
LOW ILVEN]
rcr PLD
LACATIGN
1 Ll | I

STATUS WORD (PSW)

SAVED M ETALK T,
1

ALK POINTER

i

1 T

It AC | F0 asl| 53| 51 s,,l

SR

C
AL

4 FLAG

CARRY
AURILIGRY CHRRY

LLg

REGISTER BANK SELECY
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