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INTRODUCTION

1.0 Introduction to MCS-48™

Recent advances in NMOS technology
have allowed Intel for the first time to place
enough -capability on a single silicon die to
create a true single-chip microcomputer
containing all the functions required in a
digital processing system. A set of such
microcomputers on single chips, their
variations, and optional peripherals are
collectively called the MCS-48 micro-
computer family. These products are fully
described in this manual.

The head of the family is the 8048
microcomputer which contains the following
functions in a single 40 pin package:

8-Bit CPU

1K x 8 ROM Program Memory
64 x 8 RAM Data Memory

27 1/0 Lines

8-Bit Timer/Event Counter

A 2.5 or 5.0 microsecond cycle time and a
repertoire of over 90 instructions, each
consisting of either one or two cycles,
makes the single chip 8048 the equal in
performance of most presently available
multi-chip NMOS microprocessors. The

microcomputer. A single 5V supply re-
quirement for all MCS-48 components
assures that “low cost” also applies to
the power supply in your system.

New Family Members

The MCS-48 family of microcomputers
which began with the 8048 and 8748 has
now been expanded with new members
which provide either more capability or
lower cost than the original family mem-
bers. While broadening the applications
possible with a single chip microcomputer,
these new microcomputers share both the
instruction set and development support of
the 8048.

The 8049 is a single-chip microcomputer
which is completely interchangeable with
the 8048, but contains twice the program
memory and twice the data memory of the
8048.

The 8022 is an 8021-based microcomputer
with additional memory, 1/0, and an A/D
converter.

The 8021 is a new very low cost MCS-48

8048 is, however, a true “low-cost” family member which contains a subset of
8049 8048 8021 8022 FEATURES
v v v v 8-BIT CPU
2Kx8 | 1Kx8 | 1Kx8 | 2Kx8 | PROGRAM MEMORY
128x8 | 64x8 | 64x8 | 64x8 | DATA RAM
27 27 21 28 IO LINES
v v e e TIMER COUNTER
p e p P OSCILLATOR AND CLOCK
v v v v RESET CIRCUIT
v v P 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
prototype development. The 8748 is essen-
tially a single chip microcomputer “bread-
board” which can be modified over and over
again during development and pre-produc-
tion then replaced by the low cost 8021%,
8048, or 8049 ROM for volume production.
The 8748 provides a very easy transition
from development to production and also
provides an easy 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

2.5, 5.0 AND 10.0 usec CYCLE VERSIONS
ALL INSTRUCTIONS 1 OR 2 CYCLES
SINGLE STEP

8 LEVEL STACK

2 WORKING REGISTER BANKS

LC, XTAL, OR EXTERNAL
FREQUENCY SOURCE

¢ OPTIONAL CLOCK OUTPUT
e POWER DOWN STANDBY MODE

To allow the MCS-48 to solve a wide range
of problems and to provide for future
expansion, all 8048 and 8049 functions
have been made externally expandable
using either special expanders or standard
memories and peripherals. An efficient low
cost means of I/0O expansion is provided by
either the 8243 1/0 Expander or standard
TTL or CMOS circuits. The 8243 provides
16 1/0 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 8355 and 8155 memories that also
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/O capability. The 8041/8741 share the
instruction set of the MCS-48 family of
processors.

The 8035 and 8039 are an 8048 or 8049
respectively without internal program
memory that allows the user to match his
program memory requirements exactly by
using a wide variety of external
memories. The 8035 and 8039 allow the
user to select a minimum cost system no
matter what his program memory re-
quirements. The 8035L is an 8035 with the
powerdown mode of the 8048.

The MCS-48 processors are designed to be
efficient control processors as well as
arithmetic processors. They provide an
instruction set which allows the user to
directly set and reset individual lines within
its I/0 ports as well as test individual bits
within the accumulator. A large variety of
branch and table look-up instructions
make these processors very efficient in

- implementing standard logic functions.

Also, special attention has been given to
code efficiency. Over 70% of the instruc-
tions are a single byte long and all others
are only two bytes long. This means many
functions requiring 1.5K to 2.0K 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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PART
FUNCTION NUMBER DESCRIPTION COMMENTS
Microcomputers 8021 1K ROM Program Memory }10 sec Cycle Compatible versions of the
8022 2K ROM Program Memory with A/D K 4 single chip microcomputers pro-
8048 1K ROM Program Memory vide mask programmed, light
8035 No Program Memory 64 x 8 RAM 2.5 usec Cycle | erasable, or no internal program
8035L 8035 with Power Down Mode memory.
8049 2K ROM Program Memory
ES 8039 No Program Memory 128x 8 RAM { |36 #sec Cycle
& 8748-8 1K EPROM Program Memory
3] 8035-8 | No Program Memory } 5.0 usec Cycle
2 8748-6 1K EPROM 0°C-55°C, 6 MHz
Memory and I/O 8355 2K x 8 ROM with 16 I/O Lines Compatible devices allow direct
Expanders 8755A 2K x 8 EPROM with 16 /O Lines expansion of MCS-48 functions
8155/56 | 256 x 8 RAM with 22 1/O Lines and Timer with no additional external com-
8185 1K X 8 RAM ponents.
1/0 Expander 8243 16 Line 1/0 Expander Low cost I/O expander.
Standard ROMs 2308 1Kx8 450 ns Allows low cost external expan-
2316E 2Kx 8 450 ns sion of Program Memory. Each
2332 4K x 8 450 ns ROM is interchangeable with an
EPROM.
Standard EPROMs 2708 1Kx 8 450 ns Light Erasable User programmable and eras-
2716 2Kx 8 450 ns Light Erasable able.
2732 4K x8 450 ns Light Erasable
Standard RAMs 2111A-4 | 256 x4 450 ns Common 1/O Data memory can be easily ex-
» 2101A-4 | 256 x4 450 ns Separate 1/0 panded using standard NMOS
= RAMs.
Z
w
z
e
= Standard /0 8212 8-Bit I/O Port Serves as Address Latch or I/O
8 port.
E 8255A Programmable Peripheral Interface Three 8-bit programmable /1O
3 ports.
8 8251A Programmable Communication Interface Serial Communications Receiv-
8 er/Transmitters.
= 8273 Programmable HDLC/SDLC Controller
w
a‘ Standard Peripherals | 8205 1-0f-8 Binary Decoder MCS-80 peripheral devices are
= 8214 Priority interrupt Controller compatible with the MCS-48, al-
E 8216 Bidirectional Bus Driver lowing easy addition of such
g 8226 Bidirectional Bus Driver (Inverting) specialized interfaces as the
o 8253 Programmable Interval Timer 8279 Keyboard/Display Interface.
8279/78 | Programmable Keyboard/Display Interface Future MCS-80/85 devices will
(64 Keys/128 Keys) also be compatible.
8291 GPIB Talker/Listener
8294 Data Encryption Unit
8295 Dot Matrix Printer Controller
-Universal Peripheral 8041A ROM Program Memory User programmable to perform
Interface 8741A EPROM Program Memory any custom 1/O and control func-

tions. . .

Mcs-48™ MICROCOMPUTER COMPONENTS
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8049
8155

320

8048
8155

DATA MEMORY (RAM)

(38)

128

(38)

8049
8155
8355

8048
8356
81565

(63) (53)

8049

8048

(24)

(24)

8049
8355

8048
8355

(28) (28)

1K

2K

3K 4K

PROGRAM MEMORY (ROM)

THE EXPANDED MCS-48™ SYSTEM

( ) NUMBER OF AVAILABLE
1/0 LINES

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



INTRODUCTION

1.1 The Function of a Computer

This chapter introduces certain basic com-
puter concepts. It provides background
information and definitions which will be
useful in later chapters of this manual. Those
already familiar with computers may skip this
material, at their option.

1.1.1 A Typical Computer System
A typical digital computer consists of:

A central processor unit (CPU)
Program Memory

Data Memory

Input/output (1/0) ports

The processor memory serves as a place to
store Instructions, the coded pieces of
information that direct the activities of the
CPU, while Memory stores the Data, the
coded pieces of information that are
processed by the CPU. A group of logically
related instructions stored in memory is
referred to as a Program. The CPU “reads”
each instruction from memory in a logically
determined sequence, and uses it to initiate
processing actions. If the program sequence
is coherent and logical, processing the
program will produce intelligible and useful
results. The program must be organized such
that the CPU does not read a non-instruction
word when it expects to see an instruction.

The CPU can rapidly access any data stored
in memory; but often the memory is not large
enough to store the entire data bank required
for a particular application. The problem can
be resolved by providing the computer with
one or more Input Ports. The CPU can
address these ports and input the data
contained there. The addition of input ports
enables the computer to receive information
from external equipment (such as a paper
tape reader or floppy disk) at high rates of
speed and in large volumes.

A computer also requires one or more Output
Ports that permit the CPU to communicate
the result of its processing to the outside
world. The output may go to adisplay, for use
by a human operator, to a peripheral device
that produces “hard-copy”, such as a line-

1-56

printer, to a peripheral storage device, such
as a floppy disk unit, or the output may
constitute process control signals that direct
the operations of another system, such as an
automated assembly line. Like input ports,
output ports are addressable. The input and
output ports together permit the processor to
communicate with the outside world.

The CPU unifies the system. It controls the
functions performed by the other compon-
ents. The CPU must be able to fetch
instructions from memory, decode their
binary contents and execute them. It must
also be able to reference memory and 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-
RUPT requests. The functional units within a
CPU that enable it to perform these functions
are described below.

1.1.2 The Architecture of a CPU

A typical central processor unit (CPU)
consists of the following interconnected
functional units:

Registers
Arithmetic/Logic Unit (ALU)
Control Circuitry

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

Accumulator

The accumulator usually stores one of the
operands to be manipulated by the ALU. A
typical instruction might direct the ALU to
add the contents of some other register to the
contents of the accumulator and store the
result in the accumulator itself. In general,
the accumulator is both a source (operand)
and a destination (result) register. Often a
CPU will include a number of additional
general purpose registers that can be used to
store operands or intermediate data. The
availability of general purpose registers
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eliminates the need to “shuffle” intermediate
results back and forth between memory and
the accumulator, thus improving processing
speed and efficiency.

Program Counter (Jumps, Subroutines and
the Stack):

The instructions that make up a program are
stored in the system’s memory. The central
processor references the contents of mem-
ory in order to determine what action is
appropriate. This means that the processor
must know which location contains the next
instruction. :

Each of the locations in memory is
numbered, to distinguish it from all other
locations in memory. The number which
identifies a memory location is called its
Address. The processor maintains a counter
which contains the address of the next
program instruction. This register is called
the Program Counter. The processor up-
dates the program counter by adding “1” to
the counter each time it fetches an
instruction, so that the program counter is
always current (pointing to the next instruc-
tion).

The programmer therefore stores his instruc-
tions in numerically adjacent addresses, so
that the lower addresses contain the first
instructions to be executed and the higher
addresses contain later instructions. The
only time the programmer may violate this
sequential rule is when an instruction in one
section of memory is a Jump instruction to
another section of memory.

A jump instruction contains the address of
the instruction which is to follow it. The next
instruction may be stored in any memory
location, as long as the programmed jump
specifies the correct address. During the
execution of a jump instruction, the proces-
sor replaces the contents of its program
counter with the address embodied in the
Jump. Thus, the logical contmunty of the
program is maintained. -

A special kind of program jump occurs when
the stored program “Calls” a subroutine. In
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this kind of jump, the processor is required to
“remember” the contents of the program
counter at the time that the jump occurs. This
enables the processor to resume execution
of the main program when it is finished with
the last instruction of the subroutine.

A Subroutine is a program within a program.
Usually it is a general-purpose set of
instructions that must be executed repeat-
edly in the -course of a main program.
Routines which calculate the square, the
sine, or the logarithm of a program variable
are good examples of functions often written
as subroutines. Other examples might be
programs designed for inputting data to a
particular peripheral device.

The processor has a special way of handling
subroutines, in order to insure an orderly
return to the main program. When the
processor receives a Call instruction, it
increments the Program Counter and stores
the counter’s contents in a reserved memory
area known as the Stack. The Stack thus
saves the address of the instruction to be
executed after the subroutine is completed.
Then the processor loads the address
specified in the Call into its Program Counter.
The next instruction fetched will therefore be
the first step of the subroutine.

The last instruction in any subroutine is a
Return. Such an instruction need specify no
address. When the processor fetches a
Return instruction, it simply replaces the
current contents of the Program Counter
with the address on the top of the stack. This
causes the processor to resume execution of
the calling program at the point immediately
following the original Call instruction.

Subroutines are often Nested; that is, one
subroutine will sometimes call a second
subroutine. The second may call a third, and
so on. This is perfectly acceptable, as long as
the processor has enough capacity to store
the necessary return addresses, and the
logical provision for doing so. In other words,
the maximum depth of nesting is determined
by the depth of the stack itself. If the stack has
space for storing three return addresses, then



INTRODUCTION

three levels of subroutines may be ac-
commodated.

Instruction Register and Decoder

Every computer has a Word Length that is
characteristic of that machine. A computer’s
word length is usually determined by the size
of its internal storage elements and intercon-
necting paths (referred to as Buses); for
example, a computer whose registers and
buses can store and transfer 8-bits of
information has a characteristic word length
of 8-bits and is referred to as an 8-bit parallel
processor. An 8-bit parallel processor gener-
ally finds it most efficient to deal with 8-bit
binary fields, and the memory associated
with such a processor is therefore organized
to store 8-bits in each addressable memory
location. Data and instructions are stored in
memory as 8-bit binary numbers, or as
numbers that are integral multiples of 8-bits:
16-bits, 24-bits, and so on. This characteristic
8-bit field is often referred to as a Byte. If
however, efficient handling of 4 or even 1-bit
data is necessary special processor instruc-
tions can provide this capability.

Each operation that the processor can
perform is identified by a unique byte of data
known as an Instruction Code or Operation
Code. An 8-bit word used as an instruction
code can distinguish between 256 alternative
actions, more than adequate for most
processors.

The processor fetches an instruction in two
distinct operations. First, the processor
transmits the address in its Program Counter
to the program memory. Then the program
memory returns the addressed byte to the
processor. The CPU stores this instruction
byte in a register known as the Instruction
Register, and uses it to direct activities during
the remainder of the instruction execution.

The 8-bits stored in the instruction register
can be decoded and used to selectively
activate one of a number of output lines. Each
line represents a set of activities associated
with execution of a particular instruction
code. The enabled line can be combined with
selected timing pulses, to develop electrical
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signals that can then be used to initiate
specific actions. This translation of code into
action is performed by the Instruction
Decoder and by the associated control
circuitry.

An 8-bit instruction code is often sufficient to
specify a particular processing action. There
are times, however, when execution of the
instruction requires more information than 8-
bits can convey.

One example of this is when the instruction
references a memory location. The basic
instruction code identifies the operation to be
performed, but cannot specify the object
address as well. In a case like this, a two byte
instruction must be used. Successive instruc-
tion bytes are stored in sequentially adjacent
memory locations, and the processor per-
forms two fetches in succession to obtain the
full instruction. The first byte retrieved from
memory is placed in the processor’s instruc-
tion register, and subsequent byte is placed
in temporary storage; the processor then
proceeds with the execution phase.

Address Register(s)

A CPU may use a register to hold the address
of a memory location that is to be accessed
for data. If the address register is Program-
mable, (i.e., if there are instructions that allow
the programmer to alter the contents of the
register) the program can “build” an address
in the address register prior to executing a
Memory Reference instruction (i.e.,, an
instruction that reads data from memory,
writes data to memory or operates on data
stored in memory).

Arithmetic/Logic Unit (ALU)

All processors contain an arithmetic/logic
unit, which is often referred to simply as the
ALU. The ALU, as its name implies, is that
portion of the CPU hardware which performs
the arithmetic and logical operations on the
binary data.

The ALU must contain an Adder which is
capable of combining the contents of two
registers in accordance with the logic of
binary arithmetic. This provision permits the
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processor to perform arithmetic manipu-
lations on the data it obtains from memory
and from its other inputs.

Using only the basic adder a capable
programmer can write routines which will
subtract, multiply and divide, giving. the
machine complete arithmetic capabilities.
In practice, however, most ALUs provide
other built-in functions, including boolean
logic operations, and shift capabilities.

The ALU contains Flag Bits which specify
certain conditions that arise in the course of
arithmetic and logical manipulations. It is
possible to program jumps which are
conditionally dependent on the status of one
or more flags. Thus, for example, the
program may be designed to jump to a
special routine if the carry bit is set following
an addition instruction.

Control Circuitry

The control circuitry is the primary functional
unit within a CPU. Using clock inputs, the
control circuitry maintains the proper se-
quence of events required for any processing
task. After an instruction is fetched and
decoded, the control circuitry issues the
appropriate signals (to units both internal
and external to the CPU) for initiating the
proper processing action. Often the control
circuitry will be capable of responding to
external signals, such as an interrupt. An
Interrupt request will cause the control
circuitry to temporarily interrupt main pro-
gram execution, jump to a special routine to
service the interrupting device, then auto-
matically return to the main program.

1.1.3 Computer Operations

There are certain operations that are basic to
almost any computer. A sound understand-
ing of these basic operations is a necessary
prerequisite to examining the specific
operations of a particular computer.

Timing
The activities of the central processor are

cyclical. The processor fetches an instruc-
tion, performs the operations required,
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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 CPU issues a read signal and the
contents of the program counter are sent to
program memory, which responds by
returning the next instruction word. The first
byte of the instruction is placed in the
instruction register. If the instruction con-
sists of more than one byte, additional states
are required to fetch the second byte of the
instruction. When the entire instruction is
present in the CPU, the program counter is
incremented (in preparation for the next
instruction fetch) and the instruction is
decoded. The operation specified in the
instruction will be executed in the remaining
states of the instruction cycle. The instruc-
tion may call for a data memory read or write,
an input or output and/or an internal CPU
operation, such as a register-to-register
transfer or an add operation.

Memory Read

An instruction fetch is merely a special
program memory read operation that brings
the instruction to the CPU’s instruction
register. The instruction fetched may then
call for data to be read from data memory
into the CPU. The CPU again issues a read
signal and sends the proper memory
address; memory responds by returning the
requested -word. The data received is placed
in the accumulator or one of the other
general purpose registers (not the instruc-
tion register). ,
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Memory Write

A memory write operation is similar to a read
except for the direction of data flow. The
CPU issues a write signal, sends the proper
memory address, then sends the data word
to be written into the addressed data memory
location.

Input/Output

Input and Output operations are similar to
memory read and write operations with the
exception that an 1/0O port is addressed
instead of a memory location. The CPU
issués 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 1/0 consists
of transferring all bits in the word at the same
time, one bit per line. Serial 1/0 consists of
transferring one bit at a time on a single line.
Naturally serial I/0O 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 a single machine cycle but
it may take the printer the equivalent of many
machine cycles to actually print the char-
acter specified by the data byte. The CPU
could then remain idle waiting until the
printer can accept the next data byte. If an
interrupt capability is implemented on the
computer, the CPU can output a data byte
then return to data processing. When the
printer is ready to accept the next data byte, it
can request an interrupt. When the CPU
acknowledges the interrupt, it suspends
main program execution and automatically
branches to a routine that will output the next
data byte. After the byte is output, the CPU
continues with main program execution.
Note that this is, in principle, quite similarto a
subroutine call, except that the jump is
initiated externally rather than by the
program.

More complex interrupt structures are
possible, in which several interrupting
devices share the same processor but have
different priority levels. Interruptive proces-
sing is an important feature that enables
maximum utilization of a processor’s capa-
city for high system throughput.
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1.2 Programming a Microcomputer
1.2.1 Machine Language Programming

A microprocessor is instructed what to do by
programming it with a series of instructions
stored in Program Memory. The processor
fetches these instructions one at a time and
performs the operation indicated. These
instructions must be stored in a form that the
processor can understand. This format is
referred to as Machine Language. For most
microprocessors this instruction is a group
of 8 binary bits (1's and 0’s) called a word
(also called a byte if the word is 8-bits). Some
instructions require more than one location
in Program Memory. To execute a multi-byte
instruction, the processor must execute
multiple fetches of program memory before
performing the instruction. Because multi-
byte instructions take more Program Mem-
ory and take longer to execute than single
byte instructions their use is usually 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 8-bit words in from an 1/O port
and stores them sequentially in data
memory. The program starts by initializing
two registers, one which determines where
the data is to be stored and another which

counts the number of words to be stored.
When finished the processor continues on
to the next instructions.

Step Machine
Number Code Explanation
0 1011 1000 Load decimal 32 in
1 0010 0000 register RO
2 1011 1010 Load decimal 5 in
3 0000 0101 register R2
4 0000 1001 Load Port 1 to accu-
mulator
5 1010 0000 Transfer contents of
accumulator to reg-
ister addressed by
register 0
6 0001 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 J—
10 —

As you can see, writing machine instruc-
tions in ones and zeros can be very
laborious and subject to error. It is aimost
always more efficient to represent each
8-bits of machine language code in a
shorthand format called Hexadecimal.
The term hexadecimal results from the
character set used in hexadecimal notation.
Hexadecimal is merely an extension of the
normal decimal numbers by the addition of
the first six letters of the alphabet. This
gives atotal of 16 different characters. Each
hexadecimal “digit” can represent 16
values or the equivalent of four binary bits;
therefore, each 8-bit machine language
word can be represented by 2 hexadecimal
(hex for short) digits. The correspondence
among the decimal, binary, and hex
number systems is given below:
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Decimal Hex Binary
0 0 0000
1 1 0001
2 2 0010
3 3 0011
4 4 0100
5 5 0101
6 6 0110
7 7 0111
8 8 1000
9 9 1001
10 A 1010
11 B 1011
12 C 1100
13 D 1101
14 E 1110
15 F 111
Our machine language program then
becomes: '
Step Hex Code

0 B8

1 20

2 BA

3 05

4 09

5 FO

6 18

7 EA

8 04

This coding is now quite efficient to write
and read and coding errors are much easier
to detect. Hex coding is usually very
efficient for small programs (a few hundred
lines of code). However, it does have two
major limitations in larger programs:

1. Hex coding is not self-documenting, that
is, the code itself does not give any indication
in human terms of the operation to be
performed. The user must learn each code or
constantly use a Program Reference Card to
convert.

2. Hex coding is absolute, that is, the
program will work only when stored in a
specific location in program memory. This is
because the branch or jump instructions in
the program reference specific addresses
elsewhere in the program. In the example
above steps 7 and 8 reference step (or
address) 4. If the program were to be moved,

step 8 would have to be changed to refer to
the new address of step 4.

1.2.2 Assembly Language Programming
Assembly language overcomes the dis-
advantages of machine language by allowing
the use of alphanumeric symbols to repre-
sent machine operation codes, branch
addresses, and other operands. For example,
the instruction to increment the contents of
register 0 becomes INC RO instead of the hex
18, giving the user at a glance the meaning of
the instruction. Our example program can be
written in assembly language as follows:

Step No. Hex Code Assembly Code

0 B8 MOV RO, #32
1 20

2 BA MOV R2, #05
3 05

4 09 INP: IN A, P1

5 AO MOV @RO0, A
6 18 INC RO

7 EA DJNZ R2, INP
8 04

The first statement can be verbalized as
follows: 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 assembler will accept
either form. Notice also that in this instance
two lines of hex code are represented by one
line of assembly code.

The input instruction IN A, P1 has the same
form as a MOV instruction indicating that the
contents of Port 1 are to be transferred to the
accumulator. In front of the input instruction
is an address label which is delineated by a
colon. This label allows the program to be
written in a form independent of its final
location in program memory since the
branch instruction at the end of the program
can refer to this label rather than a specific
address. This is a very important advantage
of assembly language programs since it
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allows instructions to be added or deleted
throughout the program during debugging
without requiring that any jump addresses be
changed.

The next instruction MOV @RO, A can be
verbalized as, Move to the data memory
location addressed by RO, the contents of the
accumulator. The @ sign indicates an
indirect operation whereby the contents of
either register 0 or register 1 acts as a pointer
to the data memory location to be operated
on.

The last instruction is a Decrement and Jump
if Not Zero instruction which acts in
combination with the specified register as a
loop counter. In this case register 2 is loaded
with 5 initially and then decremented by one
each time the loop is executed. If the result of
the decrement is not zero, the program jumps
to INP and executes another input operation.
The fifth time thru the loop the result is zero
and execution falls through to whatever
routine follows the DJNZ instruction.

In addition to the normal features provided
by assemblers, more advanced assemblers
such as that for the MCS-48 offer such things
as evaluation -of expressions at assembly
time, conditional assembly, and macro
capability.

1. Evaluation of Expressions Certain
assemblers allow the use of arithmetic
expressions and multiple symbols in the
operand portion of instructions. For instance
the MCS-48 assembler accepts instructions
such as: -

ADD A, # ALFA*BETA/2

ALFA and BETA are two previously defined
symbols. At assembly time the expression
ALFA*BETA/2 will be evaluated and the
resulting number (which is the average of
ALFA and BETA) will be treated as
immediate data and designated as the
second byte of the ADD immediate instruc-
tion. This expression has allowed the
immediate data of this instruction to be
defined in a single statement and eliminated
the need for a third symbol equal to
ALFA*BETA/2. ' ’
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2. Conditional Assembly - Conditional as-
sembly allows the programmer to select only
certain portions of his assembly language
(source) program for conversion to machine
(object) code at assembly time. This allows
for instance, the inclusion of various “debug”
routines to be included in the program during
development. Using conditional assembly,
they can then be left out when the final
assembly is done.

Conditional assembly also allows several
versions of one basic program to be
generated by selecting various portions of a
larger program at assembly time.

3. Macro’s - A macro instruction is essen-
tially a symbol which is recognized by the
assembler to represent a specific sequence
of several standard instructions. A 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 RO to R7. To subtract
R7 from the accumulator then, the program-
mer merely has to write:

SUB R7

and the assembler will automatically insert
the three instructions above with R7 substi-
tuted for REG.

Once the assembly language source code is
written it can be converted to machine
executable object code by passing it through
an assembler program. The MCS-48 assem-
bler is a program which runs on the 8080-
based Intellec MDS system explained in the
next section.
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1.3 Developing An MCS-48™ Based
Product

Although the development of a microcom-
puter based product may differ in detail from
the development cycle of a product based on
TTL logic or relays, the basic procedures are
the same — only the tools are different.

1.3.1 Education

The first step of course is to become familiar
with what the microcomputer is and what it
can do. The first step in this education is this
document, the MCS-48™ User’s Manual. The
user's manual gives a detailed description of
the MCS-48 family of components and how
they may be used in various system configu-
rations. Also included is a description of the
8048 instruction set and examples of
how the instructions may be used. For a more
complete discussion of the instruction set
and programming techniques the MCS-48
Assembly Language Manual is also available.

If time is critical in getting started in
microcomputers, individuals can attend one
of many Intel sponsored 5-day training
courses which give basic instruction in the
MCS-48 as well as hands-on experience with
MCS-48 development systems. These
courses are a convenient means of getting
started with the MCS-48, particularly for
those not familiar with microprocessors.

After general familiarization is complete,
either through self-instruction or a training
course, the next step is to gain a better “feel”
for what a microprocessor can do in your
own applications by writing several exercise
programs which perform basic functions.
You may require such things as I/0 routines,
delays, counting functions, look-up tables,
arithmetic functions, and logical operations
which can serve as a set of building blocks for
future applications programs. Several basic
programming examples are included in the
MCS-48 Assembly Language Manual while
the Intel User’s Library is a source of more
specific applications routines.

1.3.2 Function Definition
After a thorough understanding of the
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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
intermediate results and data storage must
then be determined. The type of system will
dictate whether battery backup is needed to
maintain data RAM during power failure.

Probably the most difficult parameter to
define initially is the amount of program
memory needed to store the applications
program. Although previously written exer-
cise programs will make this estimate more
accurate, a generous amount of “breathing
room” should be allowed in program memory
until coding is complete and the exact
requirements are known. Many special
functions such as serial communications
(TTY) or keyboard/display interfaces may be
implemented in software (programs); how-
ever, in cases where these functions place a
severe load on the processor in terms of time
or program memory, special peripheral
interface circuits such as the 8251, Universal
Synchronous or Asychronous Receiver/
Transmitter (USART) or 8279 Keyboard/
Display interface may be used.

1.3.4 Code Generation

The writing of the final program code for the
application can begin once the system
function and hardware have been defined
and can be generated in parallel with the
detailed hardware design (PC card layout,
power supply, etc.)
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At this point, there are two paths available to
the designer/programmer and two types of
design development aids provided by Intel to
simplify the procedures. One system, called
PROMPT 48, is a low cost development
system which supports machine language
programming and the second is the Intellec
Microcomputer Development System which
supports both machine and assembly langu-
ages. For those of you unfamiliar with the
advantages and disadvantages of machine
and assembly languages see Section 1.2.

1.3.5 PROMPT 48 )

PROMPT 48 is a low cost design aid
consisting of: an 8748 processor to execute
programs, control circuitry to provide debug
functions such ‘as ‘single step and break
points, a monitor program stored in ROM,
an EPROM programmer, and a hexa-
decimal keyboard and display. There are two
processor sockets on the front of PROMPT
48, one for programming the 8748 and one in

which a programmed 8748 executes its
program while under control of the monitor
routine.

Use of PROMPT 48 involves the following
steps:

1. Loading an application program into the
PROMPT RAM memory via Hex keyboard or
external terminal (TTY and RS232 interface
provided).

!

2. Inserting an erased 8748 in the program-
ming socket and transferring the application
program to its internal EPROM.

3. Transferring programmed 8748 to execu-
tion socket where program is executed and
debugged under control of the monitor.

The monitor routine allows the user to single
step this processor, examine or modify all
internal registers and data memory; or to run
at full speed and stop the processor at
predetermined breakpoints. PROMPT 48
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also provides 1K of writeable program
memory which may be used to debug user
programs. A multiple single step feature
is also provided in which the processor steps
through its program dumping all internal
contents to external RAM where it may be
later displayed or typed out on an external
terminal. Paper tape input and output in
Intel's hexadecimal format is also available
through the TTY. :

1.3.6 Intellec Development System

The Intellec Microcomputer Development
System is a modular development system
which can be expanded as necessary to meet
the requirements of your design cycle. The
system consists of the processor unit which
is based on Intel's 8080A microprocessor,
and several optional units such as the UPP
Universal PROM Programmer, the PTR High
Speed Paper tape reader, the DOS Disk
Operating System, and the Intellec CRT
terminal.

To support the development of MCS-48
systems a macro-assembler ASM 48 is
available for the Intellec System aswellasa
personality module for the UPP which will
program the EPROM of the 8748. Also
available is in-circuit emulation capability
with ICE-49 which will allow emulation and
debug of user’s 8048 application programs
on the 8080A-based Intellec Development
System.

The Intellec system is a flexible high
performance development system which can
support Intel’'s various microcomputer fami-
lies with various optional modules. The

macro-assembler and text editor programs
provided allow the designer to write and edit
his programs in assembly language and then
generate the machine language output
necessary to program the 8748 EPROM. The
availability of a high speed CRT and a
diskette operating system eliminates the
laborious input and output of paper tape files
normally required during the assembly
process. Finally, ICE 48 allows the user to
extend the resources of his entire Intellec
system into the 8048 socket of his own
system and use all its emulation, debug, and
display facilities directly.

1.3.7 Production

Once a working program has been achieved,
a preproduction phase usually follows where
several prototype systems are evaluated in
simulated situations or in actual operation in
the field. During this period the use of the
8748 EPROM allows quick alteration of the
application program when problems or
suggested changes arise. Depending on the
magnitude and number of future changes
anticipated, the first production units may
also be shipped with EPROM processor.
However, to achieve the maximum cost
reduction potential in high volume appli-
cations, a conversion to the 8048 ROM is
usually necessary. This is an easy transition
since the 8048 and 8748 are pin and machine
code compatible equivalents. The user
merely develops a hexadecimal tape of his
8748 program memory contents using his
Intellec System or PROMPT 48 development
aid and sends it to Intel along with his 8048
order. As the 8048 ROM’s arrive they can
immediately replace the 8748 EPROMs.
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THE SINGLE COMPONENT MCS-48™ SYSTEM

2.0 Summary

Sections 2.1 through 2.4 describe in detail
the functional characteristics of the 8748
EPROM, 8048/8049 ROM and 8035/8039
single component microcomputers. Unless
otherwise noted, details within these sec-
tions apply to all versions. Sections 2.5
through 2.11 describe the operation of the
8021, while Sections 2.12 through 2.21 de-
scribe the 8022. This chapter is limited to
those functions useful in single-chipimple-
mentations of the MCS-48. Chapter 3 dis-
cusses functions which allow expansion of
program memory, data memory, and input-
output capability.

2.1 Architecture

The following sections break the 8048 into
functional blocks and describe each in detail.

2.1.1 Arithmetic Section

The arithmetic section of the processor con-
tains the basic data manipulation functions of
the 8048 and can be divided into the following

blocks: . . . .
Arithmetic Logic Unit (ALU)

Accumulator
Carry Flag
Instruction Decoder

In a typical operation data stored in the
accumulator is combined in the ALU with data
from another source on the internal bus (such
as a register or 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.

Arithmetic Logic Unit

The ALU accepts 8-bit data words from one
or two sources and generates an 8-bit result
under control of the Instruction Decoder.
The ALU can perform the following functions:

Add With or Without Carry
AND, OR, Exclusive OR
Increment/Decrement

Bit Complement

Rotate Left, Right

Swap Nibbles

BCD Decimal Adjust

If the operation performed by the ALU results
in a value represented by more than 8 bits
(overflow of most significant bit) a Carry Flag
is set in the Program Status Word.

Accumulator

The accumulator is the single most impor-
tant data register in the processor, being
one of the sources of input to the ALU and
often the destination of the result of opera-
tions performed in the ALU. Data to and
from 1/0 ports and memory also normally
passes through the accumulator.

2.1.2 Program Memory

Resident program memory consists of 1024
or 2048 words eight bits wide which are
addressed by the program counter. In the

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

LOCATION 0
Activating the Reset line of the processor
causes the first instruction to be fetched
from location 0.

LOCATION 3
Activating the Interrupt input line of the
processor (if interrupt is enabled) causes a
jump to subroutine at location 3.
LOCATION 7
A timer/counter interrupt resulting from
timer/counter overflow (if enabled) causes
a jump to subroutine at location 7.

Therefore, the first instruction to be executed
after initialization is stored in location 0, the
first word of an external interrupt service
subroutine is stored in location 3, and the first
word of a timer/counter service routine is
stored in location 7. Program memory can be
used to store constants as well as program
instructions. Instructions such as MOVP and
MOVPS3 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 (0-7) of the
array are designated as working registers
and are directly addressable by several
instructions. Since these registers are more
easily addressed, they are usually used to
store frequently accessed intermediate
results. The DJNZ instruction makes very
efficient use of the working registers as pro-
gram loop counters by allowing the
programmer to decrement and test the
register in a single instruction.

By executing a Register Bank Switch instruc-
tion (SEL RB) RAM locations 24-31 are
designated as the working registers in place
of locations 0-7 and are then directly address-
able. This second bank of working registers
may be used as an extension of the first bank
or reserved for use during interrupt service
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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 R1’) which can be
used with RO and R1 to easily access up to
four separate working areas in Ram at one
time. RAM locations (8-23) also serve a dual
role in that they contain the program counter
stack as explained in Sec. 2.1.6. These loca-
tions are addressed by the Stack Pointer
during subroutine calls as well as by RAM
Pointer Registers RO and R1. If the level of
subroutine nesting is less than 8, all stack
registers are not required and can be used as
general purpose RAM locations. Each level of
subroutine nesting not used provides the user
with two additional RAM locations.

2.1.4 Input/Output

The 8048 has 27 lines which can be used for
input or output functions. These lines are
grouped as 3 ports of 8 lines each which
serve as either inputs, outputs or bidirectional

ports and 3 “test” inputs which can alter
program sequences when tested by conditional
jump instructions.

Ports 1 and 2

Ports 1 and 2 are each 8 bits wide and have
identical characteristics. Data written to these
ports is statically latched and remains un-
changed until rewritten. As input ports these
lines are non latching, i.e., inputs must be
present until read by an input instruction.
Inputs are fully TTL compatible and outputs
will drive one standard TTL load.

The lines of ports 1 and 2 are called quasi-
bidirectional because of a special output
circuit structure which allows each line to
serve as an input, an output, or both even
though outputs are statically latched. The
figure shows the circuit configuration in detail.
Each line is continuously pulled up to +5v
through a resistive device of relatively high
impedance (~50K(Q). This pullup is sufficient
to provide the source current for a TTL high
level yet can be pulled low by a standard TTL
gate thus allowing the same pin to be used for
both input and output. To provide fast switching
times in a “0” to “1” transition a relatively low

ORL, ANL
5V
5V
INTERNAL e | D—-l Esx ~5O0K
BUS D B '
D 1/0
FLIP PIN
FLOP PORT 1
AND 2
ck @ i
WRITE
PULSE =
INPUT
BUFFER

IN

“QUASI Bl DIRECTIONAL” PORT STRUCTURE

24
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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 (~300Q)) device over-
comes the light pullup and provides TTL
current sinking capability. Since the pulldown
transistor is a low impedance device a “1”
must first be written to any line which is to be
used as an input. Reset initializes all lines to
the high impedance “1” state. This structure
allows input and output on the same pin and
also allows a mix of input lines and output
lines on the same port. The quasi-bidirectional
port in combination with the ANL and ORL
logical instructions provide an efficient means
for handling single line inputs and outputs
within an 8-bit processor. See also Section
3.7.

Bus

Bus is also an 8-bit port which is a true bi-
directional port with associated input and
output strobes. If the bidirectional feature is
not needed, Bus can serve as either a statically
latched output port or non-latching input port.
Input and output lines on this port cannot be
mixed however.

As a static port, data is written and latched
using the OUTL instruction and inputted using
the INS instruction. The INS and OUTL instruc-
tions genefate 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 arein a high impedance state. See also
Sections 3.6 and 3.7.

2.1.5 Test and INT Inputs

Three pins serve as inputs and are testable
with the conditional jump instruction. These
are TO, T1, and INT. These pins allow inputs
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to cause program branches without the neces-
sity to load an input port into the accumulator.
The TO, T1, and INT pins have other possible
functions as well. See the pin description in
Sec. 2.2.

2.1.6 Program Counter and Stack

The Program Counter is an independent
counter while 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 fetches.
The Program Counter is initialized to zero
by activating the Reset line.

An interrupt or CALL to a subroutine causes
the contents of the program counter to be
stored in one of the 8 register pairs of the
Program Counter Stack. The pair to be used
is determined by a 3-bit Stack Pointer which
is part of the Program Status Word (PSW).
Data RAM locations 8 thru 23 are available as
stack registers and are used to store the
Program Counter and 4 bits of PSW as
shown in the figure. The Stack Pointer when
initialized to 000 points to RAM locations
8 and 9. The first subroutine jump or interrupt
results in the program counter contents being
transferred to locations 8 and 9 of the RAM
array. The stack pointer is then incremented
by one to point to locations 10 and 11 in
anticipation of another CALL. Nesting of sub-
routines within subroutines can continue up to
8 times without overflowing the stack. If
overflow does occur the deepest address
stored (location 8 and 9) will be overwritten
and lost since the stack pointer overflows
from 111 to 000. It also underflows from 000
to 111.

The end of a subroutine, which is signalled by
a return instruction (RET or RETR), causes
the Stack Pointer to be decremented and the
contents of the resulting register pair to be
transferred to the Program Counter.



SINGLE COMPONENT SYSTEM

Fn A10|A9IAsIA7|As|A5IA4’A3|AzIA1|Ao
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2.1.7 Program Status Word

An 8-bit status word which can be loaded to
and from the accumulator exists called the
Program Status Word (PSW). The accom-
panying figure shows the information available
in the word. The Program Status Word is
actually a collection of flip-flops throughout
the machine which can be read or written as a
whole. The ability to write to PSW allows for
easy restoration of machine status after a
power down sequence.

The upper four bits of PSW are stored in the
Program Counter Stack with every call to
subroutine or interrupt vector and are optionally
restored upon return with the RETR instruction.
The RET return instruction does not update
PSW.

The PSW bit definitions are as follows:

Bits 0 - 2:  Stack Pointer bits (Sy, Si, S»)
Bit 3: Not used (“1” level when
read)
Bit 4: Working Register Bank Switch
Bit (BS) v
0 = Bank O
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 accumulator.

2.1.8 Conditional Branch Logic

The conditional branch logic within the pro-
cessor enables several conditions internal
and external to the processor to be tested by
the users program. By using the conditional
jump instruction the following conditions can
effect a change in the sequence of the
program execution.
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Device Testable

(Jump On)

Jump Conditions 2.1.9 Interrupt ‘

An interrupt sequence is initiated by applying
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interrupt operations. As in any CALL to sub-
routine, the Program Counter and Program
Status word are saved in the stack. For a
description of this operation see the previous
section, Program Counter and Stack. Pro-
gram 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 inter-
rupt system is single level in that once an inter-
rupt is detected all further interrupt 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 generated 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 description of
timer interrupt. If heeded, 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 irterrupt request must be
removed before the RETR instruction is ex-
ecuted upon return from the service routine
otherwise the processor will re-enter the ser-
vice routine immediately. Many peripheral
devices prevent this situation by resetting
their interrupt request line whenever the pro-
cessor accesses (Reads or Writes) the periph-
erals data buffer register. If the interrupting
device does not require access by the pro-
cessor, one output line of the 8048 may be
designated as an “interrupt acknowledge”
which is activated by the service subroutine to
reset the interrupt request. The INT pin may
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also be tested using the conditional jump
instruction JNI. This instruction may be used
to detect the presence of a pending interrupt
before interrupts are enabled. If interrupt is
left disabled, INT may be used as another test
input like TO and T1.

2.1.10 Timer/Counter

The 8048 contains a counter to aid the user in
counting external events and generating ac-
curate time delays without placing a burden
on the processor for these functions. In both
modes the counter operation is the same, the
only difference being the source of the input
to the counter.

Counter

The 8-bit up binary counter is presettable and
readable with two MOV instructions which
transfer the contents of the accumulator to the
counter and vice versa. The counter content is
not affected by Reset and is initialized solely
by the MOV T,A instruction. The counter is
stopped by a Reset or STOP TCNT instruction
and remains stopped until started as a timer
by a START T instruction or as an event
counter-by a START CNT instruction. Once
started the counter will increment to its maxi-
mum count (FF) and overflow to zero contin-
uing its count until stopped by a STOP TCNT
instruction or Reset.

The increment from maximum count to zero
(overflow) results in the setting of an overflow
flag flip-flop and in the generation of an
interrupt request. The state of the overflow
flag is testable with the conditional jump
instruction JTF. The flag is reset by executing
a JTF or by Reset. The interrupt request is
stored in a latch and then ORed with the
external interrupt input INT. The timer interrupt
may be enabled or disabled independently of
external interrupt by the EN TCNTI and DIS
TCNTI instructions. If enabled, the counter
overflow will cause a subroutine call to location
7 where the timer or counter service routine
may be stored. If timer and external interrupts
occur simultaneously, the external source will
be recognized and the Call will be to location
3. Since the timer interrupt is latched it will
remain pending until the external device is
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INT
ENABLE ———
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serviced and immediately be recognized upon
return from the service routine. The
pending timer interrupt is reset by the Call
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 7.5usec when
using a 6MHz crystal)—there is no minimum
frequency. T1 input must remain high for at
least 500ns (at 6MHz) after each transition.

As a Timer

Execution of a START T instruction connects
an internal clock to the counter input and
enables the counter. The internal clock is
derived by passing the basic 400 KHz machine
cycle clock ALE through a + 32 prescaler.
The prescaler is reset during the START T
instruction. The resulting 12.5 KHz clock
increments the counter every 80 usec
(assuming 6 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
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msec may be achieved by accumulating mul-
tiple overflows in a register under software
control. 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 parallel
resonant circuit with a frequency range of 1 to
6MHz. The X1 external pin is the input to the
amplifier stage while X2 is the output. A
crystal or inductor connected between X1
and X2 provides the feedback and phase
shift required for oscillation. A 5.9904 MHz
crystal provides for easy derivation of all
standard communications frequencies. If an
accurate frequency reference and maximum
processor speed are not required, an induc-
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tor may be used in place of the crystal. With
an inductor the oscillator frequency can be
approximately 3 to 5 MHz. For higher speed
operation a crystal should be used. An
externally generated clock may also be
applied to X1-X2 as the frequency source.
See the data sheet for more information.

State Counter

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

Cycle Counter

CLK is then divided by 5 in the Cycle Counter
to provide a clock which defines a machine
cycle consisting of 5 machine states. This
clock is called Address Latch Enable (ALE)
because of its function in MCS-48 systems
with external memory. It is provided continu-
ously on the ALE output pin.

2.1.12 Reset

The reset input provides a means for initializa-
tion for the processor. This Schmitt-trigger
input has an internal pullup resistor which in
combination with an external 1 ufd capacitor
provides an internal reset pulse of sufficient
length to guarantee all circuitry is reset. If the

DIAGRAM OF 8048 CLOCK UTILITIES
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reset pulse is generated externally the
RESET pin must be held at ground (.5V) for
at least 10 milliseconds after the power
supply is within tolerance. Only 5 machine
cycles (12.5us @ 6 MHz) are required if
power is already on and the oscillator has
stabilized.

EXTERNAL RESET

ACTIVE
PULLUP

f ov I{

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.

2.1.13 Single-Step

This feature provides the user with a debug
capability in that the processor can be stepped
through the program one instruction at a time.
While stopped, the address of the next instruc-
tion to be fetched is available concurrently on
BUS and the lower half of Port 2. The user
can therefore follow the program through
each of the instruction steps. A timing diagram,
showing the interaction between output ALE
and input SS is shown. The BUS buffer
contents are lost during single step; how-
ever, a latch may be added to re-establish
the lost I/O capability if needed. (See 2.4.1).

aphwN =

© oo~N®

1
1

- O

Timing
The 8048 operates in a single-step mode as
follows:

1. The processor is requested to stop by
applying a low level on SS.

2. The processor responds by stopping
during the instruction fetch portion of the
next instruction. If a double cycle instruc-
tion is in progress when the single step com-
mand is received, both cycles will be com-
pleted before stopping.

3. The processor acknowledges it has
entered the stopped state by raising ALE
high. In this state (which can be maintained
indefinitely) the address of the next instruc-
tion to be fetched is present on BUS and
the lower half of port 2.

4. SS is then raised high to bring the pro-
cessor out of the stopped mode allowing it
to fetch the next instruction. The exit from
stop is indicated by the processor bringing
ALE low.

5. To stop the processor at the next instruc-
tion SS must be brought low again as soon
as ALE goes low. If SS is left high the pro-
cessor remains in a “Run” mode.

A diagram for implementing the single step
function of the 8748 is shown. A D-type flip-
flop with preset and clear is used to generate
SS. In the run mode SS is held high by
keeping the flip-flop preset (preset has prec-
edence over the clear input). To enter single
step, preset is removed allowing ALE to bring
SS low via the clear input. ALE should be
buffered since the clear input of an SN7474 is
the equivalent of 3 TTL loads. The processor

is now in the stopped state. The next instruc-

tion is initiated by clocking a “1” into the flip-
flop. This “1” will not appear on SS unless
ALE is high removing clear from the flip-flop.
In response to SS going high the processor
begins an instruction fetch which brings ALE
low resetting SS through the clear input and
causing the processor to again enter the
stopped state.

2-12



SINGLE COMPONENT éYSTEM

SINGLE STEP CIRCUIT
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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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Vcc 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 Vgc 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 cannot be inadvertently altered as
power is removed from Vcc.
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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 V¢ 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 V¢
is at ground level.

Recovery from the Power Down mode can
occur as any other power-on sequence with
an external capacitor on the Reset input
providing the necessary delay. See the previ-
ous section on Reset.

2.1.15 External Access Mode

Normally the first 1K (8048) or 2K (8049)
words of program memory are automati-
cally fetched from internal ROM or EPROM.
The EA input pin however allows the user to
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effectively disable internal program mem-
ory by forcing all program memory fetches
to reference external memory. The follow-
ing chapter explains how access to external
program memory is accomplished.

The External Access mode is very useful in
system test and debug because it allows the
user to disable his internal applications pro-
gram and substitute an external program of
his choice—a diagnostic routine for instance.
In addition, the section on Test and Debug
explains how internal program memory can
be read externally, independent of the
processor.

A “1” level on EA initiates the external access
mode. For proper operation, Reset should be
applied while the EA input is changed.

2.2 Pin Description

The MCS-48 processors (except 8021) are
packaged in 40 pin Dual In-Line Packages
(DIP’s). The following is a summary of the
functions of each pin. Where it exists, the
second paragraph describes each pin's
function in an expanded MCS-48 system.
Unless otherwise specified, each input is
TTL compatible and each output will drive
one standard TTL load.

PROGRAM
PROM

v FROM
P
—l]
xrac] (T
. I 2 #
RESET —»0
SINGLE STEP —»0) PORT
EXTERNAL | 8048 '
MEM. 8049 )
— o~ READ
TEST .
N o> WRITE
PROGRAM
INTERRUPT —»0) STORE ENABLE
|, ADDRESS
BUS <I> LATCH ENABLE

8048 LOGIC SYMBOL
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Pin*

Designation | Number | Function

Vss 20 Circuit GND potential

Voo 26 Programming power supply; +25V during program,
+5V during operation for both ROM and PROM. Low
power standby pin in 8048 ROM version

Vee 40 Main power supply; +5V during operation and
8748 programming.

PROG 25 Program pulse (+23V) input pin during 8748
programming.
Output strobe for 8243 1/O expander.

P10-P17 27-34 | 8-bit quasi-bidirectional port. (Internal Pullup = 50K})

(Port 1)

P20-P27 21-24 | 8-bit quasi-bidirectional port. (Internal Pullup = 50KQ)

(Port 2) 35-38
P20-P23 contain the four high order program counter
bits during an external program memory fetch and serve

‘ as a 4-bit 1/0 expander bus for 8243.

D0-D7 12-19 | True bidirectional port which can be written or read syn-

(BUS) chronously using the RD, WR strobes. The port can also
be statically latched.
Contains the 8 low order program counter bits during an
external program memory fetch, and receives the ad-
dressed instruction under the control of PSEN. Also con-
tains the address and data during an external RAM data
store instruction, under control of ALE, RD, and WR.

TO 1 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.

™ 39 Input pin testable using the JT1, and JNT1 instructions.
Can be designated the event counter input using the
STRT CNT instruction.

INT 6 Interrupt input. Initiates an interrupt if interrupt is enabled.
Interrupt is disabled after a reset. (Active low)

RD 8 Output strobe activated during a BUS read. Can be

used to enable data onto the BUS from an external
device. (Active low)
Used as a Read Strobe to External Data Memory.

*8048, 8748, 8049
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Input which is used to initialize the processor. Also used
during PROM programming and verification. (Active low)

Output strobe during a BUS write. (Active low)
Used as write strobe to external data memory.

Address Latch Enable. This signal occurs once during
each cycle and is useful as a clock output.

The negative edge of ALE strobes address into external

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

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

External Access input which forces all program memory
fetches to reference external memory. Useful for emula-
tion and debug, and essential for testing and program
(Internal pullup = 10MQ
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
SS 5

(Active Low)
EA 7

verification. (Active High)
XTALA1 2

for external source.
XTAL2 3

Other side of crystal/external source input.

Unless otherwise stated inputs do not have internal pullup resistors.

2.3 Programming, Verifying and
Erasing EPROM

The internal Program Memory of the 8748
may be erased and reprogrammed by the user
as explained in the following sections. See
also the 8748 data sheet.

2.3.1 Programming/Verification

In brief, the programming process consists
of: activating the program mode, applying an
address, latching the address, applying data,
and applying a programming pulse. Each
word is programmed completely before moving
on to the next and is followed by a verifica-
tion step. The following is a list of the pins
used for programming and a description of
their functions:

Pin Function

XTAL1  Clock Input (1 to 6MHz)

Reset Initialization and Address
Latching

Test 0 Selection of Program (0V) or
Verify (6V) Mode

EA Activation of Program/Verify
Modes

BUS Address and Data Input
Data Output During Verify

P20-1 Address Input

Vbbp Programming Power Supply

PROG  Program Pulse Input
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|[«—— BUS AND PROG CAN BE DRIVEN ONLY DURING THIS TIME —'|

+5V
TEST 0 I I
0
+23V
EA I
+5V
BUS < ADDRESS Ag-A7 X DATA DATA OUT
PREVIOUS
F20-21 ADDRESS X ADDRESS Ag-Ag
+25V
Vob
+5V | l
+23V
PROG 4ov — FLOAT __ _—__l—/__ﬂ.%;r___

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

WARNING: An attempt to program a mis-socketed 8748 will result in severe damage to the part. An indication of a properly socketed part
is the appearance of the ALE clock output. The lack of this clock may be used to disable the programmer.

PROGRAMMING/VERIFY. SEQUENCE

8748 Erasure Characteristics

The erasure characteristics of the 8748 are
such that erasure begins to occur when
exposed to light with wavelengths shorter
than approximately 4000 Angstroms A, It
should be noted that sunlight and certain
types of fluorescent lamps have wave-
lengths in the 3000-4000A range. Data
show that constant exposure to room level
fluorescent lighting could erase the typical
8748 in approximately 3 years while it
would take approximately 1 week to cause
erasure when exposed to direct sunlight. If
the 8748 is to be exposed to these types of
lighting conditions for extended periods of
time, opaque labels are available from Intel
which should be placed over the 8748 win-
dow to prevent unintentional erasure.

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

The recommended erasure procedure for
the 8748 is exposure to shortwave ultra-
violet light which has a wavelength of 2537
Angstroms (A). The integrated dose (i.e., UV
intensity X exposure time) for erasure
should be a minimum of 15W-sec/cm2. The
erasure time with this dosage is approxi-
mately 15 to 20 minutes using an ultraviolet
lamp with a 12000uW/cm2 power rating.
The 8748 should be placed within one inch
from the lamp tubes during erasure. Some
lamps have a filter on their tubes and this
filter should be removed before erasure.



SINGLE COMPONENT SYSTEM

The Program/Verify sequence is:

1. Vopb = 5v, Clock applied or internal
oscillator operating, Reset =0v Test0=
5v, EA = 5v, BUS and PROG floating

. Insert 8748 in programming socket

. Test 0 = Ov (Select Program Mode)
. EA =23V (Activate Program Mode)
Address applied to BUS and P20-1
. Reset = 5v (Latch Address)

. Data applied to BUS

. Vpp = 25v (Programming Power)

. PROG = 0v followed by one 50ms pulse
to 23V

10. Vpp = 5v

11. TEST 0 = 5v (Verify Mode)

12. Read and Verify Data on BUS

13. TESTO = Ov

14. Reset = Ov and repeat from Step 5

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

© ® N O A O®N

2.4 Test and Debug

Several MCS-48 features described in the
previous sections are discussed here to
emphasize their use in testing MCS-48
components and in debugging MCS-48
based systems.

2.4.1 Single Step

Single step circuitry within the micro-
computer in combination with the external
circuitry described in Section 2.1.13 allows
the user to execute one instruction at a time
whether the instruction is one or two cycles
in length. After completion of the instruction
the processor halts with the address of the
next instruction to be fetched available on the
eight lines of BUS and the lower 4-bits of port
2

P23 p—-- Ayy

P22 p— A1
P21 s Ag
PO Ag
DB7 - A,
DB6 f———> Ag
DB5 }——— Ag
DB4 f—— A,
DB3 p——— A3
DB2
DB1 o A,

DBO |——» A,

ADDRESS OUTPUT DURING SINGLE STEP

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

While the processor is stopped, the 1/0
information on BUS and the 4-bits of port 2is,
of course, not available. 1/0 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 +5V to the EA (external access) pin
of the MCS-48 microcomputers allows the
user to effectively disable internal program
memory by forcing all instruction fetches to
occur from an external memory. This
external memory can be connected as
explained in the section on program memory
expansion and can contain a diagnostic
routine to exercise the processor, the internal
RAM, the timer, and the 1/0 lines. EA should
be switched only when the processor is in
RESET.

2.4.3 Reading Internal Program Memory

Just as the processor may be isolated from
internal program memory using EA, program
memory can be read independent of the
processor using the verification mode des-
cribed in the previous section, Programming/
Verification.
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The processor is placed in the READ mode
by applying a high voltage (+23V for the
8748, +12V for the 8048/8049) to the EA pin
and +5V to the TO (8748 only) input pin.
RESET must be at OV when voltage is ap-
plied to EA. The address of the location to
be read is then applied to the same lines
(TTL levels) of BUS and Port 2 which output

the address during single step (see below).
The address is latched by a “0” to “1”
transition on RESET and a high level on
RESET causes the contents of the program
memory location addressed to appear on
the eight lines of BUS. RESET must be
brought back to OV before leaving the
READ mode.

P22

P21

A10 (8049) only)

Ag

P20

[sl-14

As

Ia A7
1/03 Iz f—— As

DB6

It fe—— As
102 lo f—— A4

DB5

8216 Ogf—=07 |

DB4

1/01 Oz f— Ds
Oy~ D3

8048
8748
DB3

bB2

oBe1

DbBO

1/00 Op = D4

(o5} .
-L I~ DATA OUT

Og p—» D3

RESET

EA

ALE TO _—I

1/03 0, p——= D2
Oy p—— D1
1102 Og et Do _J
8216 I3 fat— A3
1/04 Y et Az
11 [t Ay
1/00 lo f— Ao
DIEN TS
_TTA 72
= Q 7474 ple—— RESET'
+23V 8748 cK
+12V 8048
+5V 8748
NC 8048

TO
5748 SALY I | I
5v
RESET 0 L_.____
+12v (+23V)
EA 0 —_— I

|
i
1
!
I
sV -
BUS .__...< ADDRESS X
0

DATA

5V

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 8 dynamic RAM islocated on chip for
data storage. All locations are indirectly
addressable and eight designated locations
are directly addressable. Also, included in
the memory is the address stack, addressed
by a 3-bit stack pointer.

Memory is organized as shown in Figure 1.
The least significant 8 addresses, 0-7, are
directly addressable by any of the 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.

Registers 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 memory locations. The indirect
register instruction specifies which IRAR to
use, and the contents of the IRAR is used to
address a location in RAM. The contents of
the addressed location is used during the
execution of the instruction and may be
modified. A value larger than 63 should not
be preset in the IRAR when selected by an
indirect register instruction. IRAR’s may
point to address 0-7, if desired.

Locations 8-23 may be used as the address
stack. The address stack enables the pro-
cessor to keep track of the return addresses
generated from CALL instructions. A 3-bit
stack pointer (SP) supplies the address of
the locations to be loaded with the next

2-20

return address generated. The SP to this
pushdown stack is incremented by one
after a return address is stored, and decre-
mented by one before an address is fetched
during a RET. The unincremented program
counter address is stored in the address
stack. The stack contents is incremented
before being loaded into the program coun-
ter during a return from subroutine. A total
of 8 levels of nesting is possible. The SP is
initialized to location 8 upon RESET. Since
each address is 10-bits long, two bytes must
be used to store a single address. The SP is
incremented and decremented by one, but
each increment or decrement moves the
address pointed to by two. Therefore, only
even numbered addresses are pointed to.

If a particular application does not 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 loca-
tions 14-63 can be used for data storage.

LOC 24-63

INDIRECTLY
ADDRESSABLE
BY
IRAROOR 1

CAN BE USED
FOR ADDRESS
STACK

DIRECTLY
ADDRESSABLE

FIGURE 1. INTERNAL RAM ORGANIZATION
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2.7 Oscillator and Clock

The 8021 contains its own onboard oscilla-
tor and clock circuit, requiring only an
external timing control element. This con-
trol element can be a crystal, inductor, or
clock in. The capacitor normally required in
inductor timing control operation is inte-
grated onto the 8021. All internal time slots
are derived from the external element, and
all outputs are a function of the oscillator
frequency. Pins XTAL1and XTAL2 are used
to input the particular control element. An
instruction cycle consists of 10 states, and
each state is a time slot of 3 oscillator
periods. (See Figure 2) Therefore, to obtain
a 10 usec instruction cycle, a 3MHz crystal
should be used. An oscillator frequency of
approximately 3MHz may also be obtained
by connecting a 470 uH inductor between
XTAL1 and XTAL2. Note that the required
inductance may vary and should be adjust-
ed as necessary.

The 8021 utilizes dynamic RAM and certain
other dynamic logic. Due to the clocking
required with dynamic circuits, the oscil-
lator frequency must be equal to or greater
than 600K Hz, or improper operation may
occur.

2.8 Timer/Event Counter

The 8021 has internal timer/event counter
circuits that can monitor elapsed time or
count external events that occur during
program execution. The circuit has an 8-bit
binary up-counter that is presettable and
readable with two MOV instructions. These
instructions transfer the contents of the
accumulator to the counter and vice-versa.
The counter content is not affected by
Reset, and is initialized solely by the MOV
T,A instruction. The counteris stopped by a
RESET or STOP TCNT instruction and
remains stopped until started asatimerby a
STRT T instruction or as an event counter
by a STRT CNT instruction. Once started,

evee |
Times L' 1 2

ALE

PO, P1, P2

X

DATA OUT

ALL PORTS FOR IN AND OUTL INSTRUCTIONS

FIGURE 2. 8021 TIMING DIAGRAM
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the counter increments to its maximum
count (FF), and overflows to zero. The count
continues until stopped by a STOP TCNT
instruction or RESET. The increment from
maximum count to zero (overflow) sets an
overflow flag. The state of the overflow flag
is testable with the conditional jump in-
struction JTF. The flag is reset by JTF but
not by executing a RESET, unlike the 8748.

By a MOV T,A instruction, the contents of
the accumulator are loaded to the timer. At
the STRT T command an internal prescaler
is zeroed and thereafter increments once
each 30 input clocks (once each single
cycle instruction, twice each double cycle
instruction). The prescaler is a divide by 32.
At the (11111) to (00000) transition the timer
is incremented. The timer is 8-bits and an
overflow (FFH) to (00H) timer flag is set. A
conditional branch instruction (JTF) is
available for testing this flag, the flag being
reset each test. Total count capacity forthe
timer is 28 x 25 =8192 or 81.9 msec at a 10
usec cycle time. Contents of the timer are
moved to the accumulator by the MOV A, T
instruction without disturbing the counting
process. The timer stops upon the STOP
TCNT instruction.

The STRT CNT instruction connectsthe T1
input pin to the event counter input and
enables the counter. Subsequent high-to-
low transitions on T1 increment the
counter. The maximum rate at which the
counter can increment is once per three
instruction cycles (BOus for a 3 MHz
oscillator). There is no minimum frequency.
T1 input must remain high for atleast 500ns
after each transition. The event counter is
stopped by a STOP TCNT instruction.

2.9 Input/Output Capabilities

The 8021 1/O configurations are highly
lexible. A number of different configur-
ations are possible, tailoring an 8021 to a
given task. Other than the power supply
and dedicated pins, all other pins (20) can
be used for input, output, or both,
depending on the configuration.

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

matic of the quasi-bidirectional inter-
face is shown in Figure 3. This con-
figuration allows buffered outputs, and
also allows external input. Data written to
these ports is statically latched and remains
unchanged until rewritten. As input ports
these lines are non-latching, i.e., inputs
must be present until read by an input
instruction. When writing a “0” or low value -
to these ports, the large pulldown device
sinks an external TTL load. When writing a
“1”, a large current is supplied through the
large pullup device to allow a fast data
transfer. After a short time (less than one
instruction cycle), the large device is shut
off and the small pullup maintains the “1”
level indefinitely. However, in this situation,
an input device capable of overriding the
small amount of sustaining current sup-
plied by the pullup device can be read.
(Alternatively, the data written can be read).
So, by writing a “1” to any particular pin,
that pin can serve either as a true high-level
latched output pin, or as just a pullup
resistor on an input. This allows maximum
user flexibility in selecting his input or
latched output pins, with a minimum of
external components.

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

By mask option the small pullup devices on
P00-P07 may be deleted on any pin
providing a true open drain output. This is
useful in driving analog circuits and certain
loads, such as keyboards.

INTERNAL
sus 1

WRITE TO
PORT

INPUT BUFFER

FIGURE 3. QUASI-BIDIRECTIONAL
PORT STRUCTURE
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2.9.1 T1 Input

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

e Event Counter (external input)
e Test input for branch instructions
e Zero voltage crossing detection

The operation of T1 as an input to the Event
Counter is described in the Timer/Event
Counter section. When used as a testinput,
the JT1 and JNT1 instructionstestfor1and
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
15%; the voltage is then coupled through
a 1.0uf capacitor. Maximum input voltage is
3V peak-to-peak. The zero cross detection
is especially useful in SCR control of 60 Hz
power and in developing time-of-day and
other timing routines. As a ROM mask
option there is a pullup resistor that is
useful for switch contact input or standard
TTL.

2.9.2 High Current Outputs
Very high current drive is desirable for

(a) ZERO CROSS DETECT

EXTERNAL
CAPACITOR

(b) OPTIONAL PULLUP RESISTOR

EXTERNAL

SWITCH _L

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 7mAtoVss witha2.5voltdrop across
the buffer.) These pins may, of course, be
paralleled for 14mA drive if the output logic
states are always the same.

2.9.3 Expanded I/0

The 8021 can be used with the 8243 1/0
expander chip, which provides additional
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-P23, which provide address and data.
These ports can be written with a MOVD
P,A; ANLD P,A; and ORLD P,A for Ports 4-7.
A high to low transition on PROG signifies
that address and control are available on
P20-P23. The previous data on P20-P23
before an output expander instruction is
lost. Therefore, when using an output
expander P20-P23 are not useful for
general input/output. Reading is via the
MOVD A,P. This circuit configuration is
shown in Figure 5. The timing diagram is
shown in Figure 6.

The 8021 can also use standard low cost
TTL to expand the number of 1/0 lines. An
example is shown in the Applications

section.
8021 8243
] ey (S G
PROG PROG

FIGURE 4. TEST 1 PIN

FIGURE 5. 1/0 EXPANDER INTERFACE
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PROG

ADDRESS
DATA IN X CODE FLOAT

(4 BITS)

DATA
IN

@4BITS) |

DATA OUT
(P20-P23)

ADDRESS
CODE

DATA
ouT

(4 BITS)
BITS 0,1

00
01| PORT
10| ADDRESS

1

BITS 2.3
00| READ
01| WRITE
10| OR

11} AND

(4 BITS)

PORT 2 FOR EXPANDED 1/0 WITH 8243

FIGURE 6. EXPANDED 1/0 TIMING DIAGRAM

2.10 CPU

The 8021 CPU has arithmetic and logical
capability. A wide variety of arithmetic and
logic instructions may be exercised, which
affect the contents of the accumulator,
and/or direct or indirect scratchpad loca-
tions. Provisions have been made for
simplified BCD arithmetic capability using
the DAA, SWAP A, and XCHD instructions.
In addition, MOVP A,@A allows table
lookup for display formating and constants.
The conditional branch logic within the
processor enables several conditions inter-
nal and external to the processor to be
tested by the users program. Use the

conditional jump instructions with the tests
listed below to effect a change in the
program execution sequence.

2-24

Jump Jump
Test Condition Instructions
Accumulator A=0 A=0  JZ JINZ
Carry Flag 0 1 ;JC
Timer Overflow Flag — 1 JTF
Test Input-T1 0 1 JNT1, JT1

2.11 Reset

A positive-going signal to the RESET input
resets the necessary miscellaneous flip-
flops and sets the program counter and
stack pointer to zero.
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8022 Functional Specifications

The 8022's architecture is based upon the 8021,
and many functions of the two parts are identical.

2.12 Program Memory

The 8022 program memory consists of 2048
words 8 bits wide which are addressed by the
program counter. The memory is ROM which is
mask programmable at the factory. No external
ROM expansion capability is provided. There are
three locations in program memory of special im-
portance.

Location O: Activating the RESET line of the pro-
cessor causes the first instruction to
be fetched from location O.

Location 3: Activating the interrupt input line
(TO) of the processor (if interrupt is
enabled) causes a jump to subrou-
tine.

Location 7: A timer/event counter interrupt re-
sulting from a timer/counter over-
flow causes a jump to subroutine (if
timer / counter interrupt is enabled).

Therefore, the first instruction to be executed
after initialization is stored in location O, the first
word of an external interrupt service routine is
stored in location 3, and the first word of a timer-
/event counter interrupt service routine is stored
in location 7.

2047

LOCATION 7—TIMER/COUNTER INTERRUPT
VECTORS PROGRAM HERE

LOCATION 3—EXTERNAL INTERRUPT
VECTORS PROGRAM HERE

O ANWB DN ®

7[6]5]4][3]2]1]0] RESET VECTORS PROGRAM HERE

PROGRAM MEMORY MAP

Program memory can be used to store constants
as well as program instructions. The MOVP in-
struction allows easy table lookup for constants
and display formatting.

2.13 Data Memory

On-chip data memory is organized as 64 words
eight bits wide. All locations are indirectly addres-
sable and eight designated locations are directly
addressable. Also included in the data memory is
the program counter stack, addressed by a 3-bit
stack pointer.

The first eight locations (0-7) of the array are
designated as working registers and are directly
addressable by any of the 11 direct register
instructions. These locations are readily accessi-
ble for a variety of operations with a minimum num-
ber of instruction bytes required for their
manipulation. Thus, they are usually used to store
frequently accessed intermediate results. The
DJNZ instruction makes very efficient use of the
working registers as program loop counters by al-
lowing the programmer to decrement and test the
register in a single instruction.

Registers 0 and 1 have yet another function in that
they can be used to indirectly address all loca-
tions in the data memory using the indirect register
instructions. These two RAM pointer registers are
especially useful for repetitive type operations on
adjacent memory locations. The indirect register
instruction specifies which register is used to ad-
dress a location in RAM. The contents of the ad-
dressed location are used during the execution of
the instruction and may be modified. The pointer
registers may also point to registers 0-7, if de-
sired.

Locations 8-23 serve a dual role in that they con-
tain the 8-level program counter stack, two RAM
locations per level. The program counter stack en-
ables the processor to keep track of the return
addresses generated by interrupts or CALL
instructions by storing the contents of the program
counter prior to servicing the subroutine. A 3-bit
stack pointer determines which of the program
counter stack’s eight register pairs will be loaded
with the next return address generated. The stack
pointer, when initialized to 000 by RESET, points
to RAM locations 8 and 9. The first subroutine
CALL or interrupt results in the program counter
contents being transferred to locations 8 and 9.
The stack pointer is then incremented by one and
points to locations 10 and 11 in anticipation of an-
other CALL. The end of a subroutine, which is sig-
naled by a return instruction (RET or RETI),
causes the stack pointer to be decremented and
the contents of the resulting register pair to be
transferred to the program counter.
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Unlike the 8048, in the 8022 the unincremented

program counter address is stored in the address
stack. The stack contents are then incremented
before being loaded into the program counter dur-
ing a return (RET) from subroutine. However, dur-
ing a return (RETI) from interrupt, the stack
contents are loaded directly into the program
counter. This difference makes it imperative to
use only RETI's to return from interrupts, and
RET's to return from subroutines.

Since the program counter’s addresses are 11
bits long, two bytes or registers must be used to
store a single address. Thus, the 16-byte program
counter stack permits up to a total of 8 levels of
subroutine nesting without overflowing the stack.
If overflow does occur, the deepest address
stored (locations 8 and 9) will be overwritten and
lost since the stack pointer overflows from 111 to
000. It also underflows from 000 to 111. If a par-
ticular application does not require 8 levels of
nesting, the unused portion of the progam counter
stack may be used as any other indirectly addres-
sable RAM location. For example, if only 3 levels
of subroutine nesting are used, then only locations
8-13 need be reserved for the program counter
stack, and locations 14-23 can be used for data
storage.

8
ADDRESSED
2 INDIRECTLY
23( g LEVEL STACK THROUGH
OR RO OR R1
USER RAM
8 16x8
REQISTERS | pjpectLy
3 ADDRESSABLE
0 RO |

DATA MEMORY MAP

2.14 Oscillator and Clock

The 8022 contains its own on-board oscillator and
clock circuit, requiring only an external timing con-
trol element. This control element can be a cry-
stal, inductor, or clock. All internal time slots are
derived from the external element, and all outputs
are a function of the oscillator frequency. An in-
struction cycle consists of 10 states, and each
state is a time slot of 3 oscillator periods. There-
fore, to obtain a 10 us instruction cycle, a 3 MHz
crystal should be used. The minimum instruction
cycle time of 8.4 usec corresponds to a 3.58 mHz
crystal. .

2.15 Timer/Event Counter

Like the other MCS-48 microcomputers, the 8022
has an internal timer/event counter. This circuit
can monitor elapsed time or count external events
that occur during program execution.

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

The 8022 has 26 lines which can be used for digi-
tal input or output functions. These lines are orga-
nized as 3 ports of 8 lines, each of which serve as
either inputs, outputs, or bidirectional ports, and 2
test inputs which can alter program sequences
when tested by conditional jump instructions.

Ports 1 and 2 have identical operating character-
istics and are both quasi-bidirectional. That is,
each line may serve as an input, an output, or
both. Data written to these ports is statically
latched and remains unchanged until rewritten. As
inputs, these lines are non-latching; i.e., inputs
must be present until read by an input instruction.
Inputs are fully TTL compatible and all outputs will
drive at least one standard TTL load. See Section
2.1.4 for a more complete description of the qua-
si-bidirectional structure.

2.16.1 Port O Comparator Inputs

Port 0 has been modified from the standard quasi-
bidirectional structure to allow an optional open
drain configuration with comparator inputs. The
low impedance pullup device has been eliminated
and the high impedance pullup is optional. Thus,
the user can choose via a mask programmable
selection each line of port O to be either quasi-bi-
directional with a high impedance or true open-
drain. The open drain configuration allows the line
to sink current through the low impedance pull-
down device or to float in the high output state.
More importantly, the open drain configuration
makes port O very easy to drive when it is used as
inputs. The input circuitry for each line of port O
includes a voltage comparator which amplifies the
voltage difference between the input port line and
the port O threshold reference pin (VTH). The volt-
age gain of the comparator is sufficient to sense a
100 mV input differential within the range Vgg to
Vce/2. '

If VTH is allowed to float, it will bias itself to the
digital switch point of the other ports, and port O
behaves as a set of normal digital inputs. Howev-
er, by biasing VTH, the switch point can be both
tightly controlled and adjusted. Common uses for
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this would include high noise margin inputs
(Vcc/2), unusual logic level inputs as from a diode
isolated keyboard, analog channel expansion, and
direct capacitive touchpanel interface. The com-
parator action is automatic and the port is read
just as any other port.

2.16.2 High Current Outputs

Very high current drive is desirable for minimizing
external parts required to do high power control.
P10 and P11 have been designated high drive out-
puts capable of sinking 7mA at Vgg + 2.5 volts.
(For clarity, this is 7mA to Vgg with a 2.5 volt drop
across the buffer.) These pins may, of course, be
paralleled for 14mA drive if the output logic states
are always the same.

2.16.3 Expanded 1/0

In addition to the 26 digital I/O lines contained on-
board the 8022, a user can obtain additional 1/0
lines by utilizing the Intel® 8243 1/O expander chip
or standard TTL. The 8243 interfaces to 4 port
lines of the 8022 (lower half of port 2) and is
strobed by the PROG line of the 8022.

The interface procedure is exactly the same as
with the 8021—see Section 2.9.3.

2.17 Test and Interrupt Inputs

In addition to the 24 general purpose |/O lines
which comprise ports O, 1, and 2, the 8022 has
two inputs which are testable via conditional jump
instructions, TO and T1. These pins allow inputs to
cause program branches without the necessity to
load an input port into the accumulator. TO and T1
have other functions as well.

The Test O pin serves as an external interrupt in-
put as well as a testable input. An interrupt se-
quence is initiated by applying a low “0"” level input

to the TO pin when external interrupt is enabled.
Interrupt is level triggered and active low to allow
“WIRE ORING” of several interrupt sources at the
input pin. When an interrupt is detected, it causes
a “jump to subroutine” at location 3 in program
memory as soon as all other cycles of the current
instruction are complete. At this time, the program
counter contents are saved in the program
counter stack, but the remaining status of the pro-
cessor is not. Unlike the 8048, the 8022 does not
contain a program status word. Thus, when ap-
propriate, the carry and auxiliary carry flags are
saved in software, as is the accumulator. The rou-
tine shown below saves the accumulator and the
carry flags in only four bytes.

Instructions Bytes Comments

MOV R6,A 1 ;save accumulator

CLR A 1 ;clear accumulator

DA A 1 ;convert carry flags into sixes
MOV R7,A 1 ;save status of carry flags

The end of an interrupt service subroutine is
marked by the execution of a Return from interrupt
instruction (RETI). Prior to returning from the inter-
rupt subroutine, however, the status of the accu-
mulator and the carry flags are restored in
software. The following routine restores the sta-
tus of the accumulator and the carry flags, which
was previously saved, in five bytes.

Instructions Bytes Comments

MOV A,R7 1 ;restore carry flags status to

Add A,#0AAH 2 ;accumulator and set/clear carry flags
MOV A,R6 1 ;restore accumulator

RETI 1 ;return

The interrupt system is single level in that once an
interrupt is detected, all further interrupt requests
are ignored until execution of a RET! re-enables

+5V

XTAL 1 — ”
XTAL 1 GATE
J_ PXTAL 1
OPTIONAL -L L o —1 D L
C=20—50pF | E 2n\ic —l— S1MEGR
XTAL 2 XTAL 2
6—-3.6 MHz NC——XTAL 2
INDUCTOR CRYSTAL ‘ EXTERNAL

FREQUENCY REFERENCE OPTIONS
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the interrupt input logic. This sequence holds true
also for an internal interrupt generated by timer
overflow. If an external interrupt and an internal ti-
mer/counter generated interrupt are detected at
the same time, the external source will be recog-
nized. If needed, a second external interrupt can
be created by enabling the timer/counter inter-
rupt, loading FFH in the counter (one less than ter-
minal count) and enabling the event counter mode.
A low-to-high transition on the T1 input will then
cause an interrupt vector to location 7.

1
} j100 mv |
i | OFFSET |

AC SOURCE ;
/: ZERO CROSS \/
| £5°
8022
INTERPRETATION

AC SOURCE —|
1w
|
|

1-3 VAC

G

Tl
TO T1/EVENT COUNTER

ZERO-CROSS DETECTION

The Test 1 pin, in addition to being a testable in-
put, serves two other important functions. It can
be used as an input pin to the external event
counter, as previously mentioned, and it can be
used to detect the zero crossing point of slow
moving AC signals. Execution of the STRT CNT
instruction puts the T1 pin in the counter input
mode by connecting T1 to the counter and en-
abling the counter. Subsequent low-to-high transi-

tions on T1 will cause the counter to increment.
Note that this operation differs from the rest of the
MCS-48 devices, which increment the counter on
high-to-low transitions. This change was made on
the 8022 to take advantage of the accuracy of the
rising edge detection on the zero cross circuitry.
The maximum rate at which the counter may be
incremented is once per three instruction cycles
(every 30 us when using a 3 MHz crystal)—there
is no minimum frequency.

In addition to serving as a testable input and as the
counter input, the T1 pin has special circuitry to
detect when an AC signal crosses its average DC
level. When driven directly, this pin responds as a
normal digital input. To utilize the zero cross de-
tection mode, an AC signal of approximately 1-3
VAC p-p magnitude and a maximum frequency of
1 kHz is coupled through an external capacitor (1
uF) to the T1 pin.

The internal digital state is sensed as a zero until
the rising edge crosses the DC average level,
when it becomes a one. This is accomplished by
the self-biasing high gain amplifier which is includ-
ed in the T1 input. This circuit biases the T1 input
exactly at its switching point, such that a small
change will cause a digital transition to occur. This
digital transition takes place within 5 degrees of
the zero point. The digital value of T1 remains a
one until the falling edge of the AC input drops ap-
proximately 100 mV below the switching point of
the rising edge (100 mV below the zero point, if
the digital transition occurred exactly at the zero
point). The 100 mV offset is created by hysteresis
and eliminates chattering of the internal signal
caused by the external noise.
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The zero cross detection capability allows the
user to make the 60 Hz power signal the basis for
this system timing. All timing routines, including
time-of-day, can be implemented using the zero
cross detection capability of T1 and its conditional
jump instructions. In addition, the zero cross de-
tection feature can be used in conjunction with the
timer interrupt to interrupt processing at the zero
voltage point. This enables the user to control volt-
age phase sensitive devices such as triacs and
SCRs, and to use the 8022 in applications such as
shaft speed and angle measurement.

2.18 Analog to Digital Converter

The 8022 contains on-chip a complete hardware
implementation of an 8-bit analog to digital (A/D)
converter with two multiplexed analog inputs. The
A/D converter utilizes a successive approxima-
tion technique to provide an updated conversion
once every four instruction cycles with a minimum
of required software.

The A/D converter consists of four main parts,
the input circuitry, a series string of resistors, a
voltage comparator, and the successive approxi-
mation logic. The two analog inputs are multi-
plexed on-chip and selected via software by the
SEL ANO and SEL AN1 instructions. Besides se-
lecting one of the analog inputs, these instructions
restart the conversion sequence which operates
continuously. Restarting a conversion sequence
deletes the conversion in progress but does not
affect the result of the previous conversion which
is stored in the conversion result register. The
continuous operation of the A/D converter saves
program space and time by allowing the user ob-
tain multiple readings from a given input with only
one select instruction. To obtain a valid conversion
reading, the user must provide the analog input
signal no later than the beginning of the select in-
struction cycle. The analog input is then sampled
by the A/D converter and maintained internally.
This voltage becomes one input to the voltage
comparator which amplifies the difference be-
tween the analog input and the voltage tap on the
series resistor string.

The series resistor string is connected between
the A/D reference pin (VAREF) and ground
(AVss). It is comprised of 256 identical resistors
which divide the voltage between these two pins
into 256 identical voltage steps. This configuration
gives the converter its inherent monotonicity. The
range of VAREF in which full 8-bit resolution can be
provided is between Vgg/2 and Vge.

Thus, the user is given a minimum voltage range
from ground to V¢ /2 and a maximum range from
ground to Vg over which 8-bit resolution is in-
sured.

The voltage tap on the series resistor string is se-
lected by the resistor ladder decoder. This decod-
er is driven by the 8-bit successive approximation
register (SAR). Each bit of the SAR is set in suc-
cession, MSB to LSB, and a voltage comparison
between the selected resistor ladder voltage and
the analog input voltage is performed after the set-
ting of each bit. The result of each comparison de-
termines whether the particular bit will remain set
or be reset. All comparisons are performed auto-
matically by the on-chip A/D hardware. At the end
of 8 comparisons the SAR contains a valid digital
result which is then latched into the conversion re-
sult register (CRR). The RAD instruction (read
A /D) loads the conversion result from the CRR to
the accumulator of the 8022.

ANALOG MULTIPLEXER

—— ey

I SEL ANO

SEL ANt

SAMPLE AND HOLD

[ Ano | | | Tr——7
mh——d| | I
L L=

RESISTIVE

LADDER

VAREF L
Riz COMPARATOR

AAA—AA

l———-' CONTROL

|<_—s_: SAR

AA
W

AVss

|
|
|
|
|
|
f
L

AvVce —

INTERNAL BUS

A/D CONVERTER BLOCK DIAGRAM

As mentioned previously, the software and time
required to perform an A/D conversion is opti-
mized by the 8022’s on-chip A/D converter con-
figuration. Typical software for reading two
sequential A/D conversions and storing them in
data memory is shown below:
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First SEL ANO ;Starts conversion of ANO input
Conversion MOV RO,#24  ;Set up memory pointer
50 us .. RAD ;First conversion value to
4 bytes accumulator
Second MOV @R0,A ;Store first conversion value
Conversion INC RO ;Increment memory location
40 us RAD ;Second conversion value to
3 bytes accumulator

Note that the second conversion occurs without a
second select instruction being used. Rather, the
continuous. operation of the A/D converter pro-
vides an updated digital value 4 instruction cycles
after the first.

To insure maximum accuracy from the A/D con-
verter, separate power supply pins (AVcc and
AVss) and a substrate pin (SUBST) have been
provided. Supplying the power supply pins with a
well filtered and regulated voltage supply mini-
mizes the effect of power supply variance and
system noise. The substrate pin should be by-
passed to ground through a 500 pF to 0.001 uF
capacitor.

2.19 CPU

The 8022 CPU has arithmetic and logical capabili-
ty. There is a wide variety of arithmetic and logic
instructions which affect the contents of the accu-
mulator, and/or direct or indirect scratchpad lo-
cations. Provisions have been made for simplified
BCD arithmetic capability using the DAA, SWAP
A, and XCHD instructions. In addition, MOVP
A,@A allows table lookup for display formating
and constants. The conditional branch logic within
the processor enables several conditions internal
and external to the processor to be tested by the

user’s program. Use the conditional jump instruc-
tions with the tests listed below to effect a change
in the program execution sequence.

Jump Jump
Test Condition Instructions
Accumulator A=0 A#0 JZ UNZ
Carry Flag o 1 JNC, JC
Timer Overflow Flag —1 JTF
Test Input-T1 o 1 JNT1, JT1
0o 1 JNTO, JTO

Test Input-TO

2.20 8022 Testing and Debug

To facilitate testing and debug, certain test modes
may be activated in the 8022 by raising combina-
tions of RESET, TEST 1 and PROG to 15 volts.
Internal ROM is dumped out sequentially for verifi-
cation. External memory operation is used for
CPU checkout.

Reset Prog Test1 Case Function

sV X X Power On Clear
ov X X Normal Operation
15V 15V 15V Mode 1a On each cycle internal ROM is

dumped to Port 0—sequentially
after ALE leading edge.
15V 15V I L Mode 1b. On every TEST 1 falling edge
the program counter incre-
ments, dumps internal ROM to
Port 0
Chip will operate from external
memory (one page) via Port O.
ALE strobes Address out, mem-
ory in.
Chip accepts op codes into
Port 1. Allows Port 0 and 8243
testing.

ov 15V X Mode 2

15V X X Mode 3

NOTE
X = Normal mode - between OV and Vo
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THE EXPANDED MCS-48"SYSTEM

3.0 Summary

if the capabilities resident on the single-
chip 8048/8049, 8748, or 8035/8039 are not
sufficient for your system requirements,
special on-board circuitry allows the
addition of a wide variety external memory,
1/0, 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)

¢ |/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 of the MCS-
80/85 microcomputer family.

MCS-48 systems can be configured using
either or both of these expansion features to
optimize system capabilities to the application.
Both expander devices and standard mem-
ories and peripherals can be added in virtually
any number and combination required.

3.1 Expansion of Program Memory

Program Memory is expanded beyond the
resident 1K or 2K words by using the 8085
BUS feature of the MCS-48. All program
memory fetches from addresses less than
1024 (2048) occur internally with no
external signals being generated (except
ALE which is always present). At address
1024 the 8048 automatically initiates exter-
nal program memory fetches.

3.1.1 Instruction Fetch Cycle (External)

For all instruction fetches from addresses
of 1024 (2048) or greater the following will
occur:
1. The contents of the 12 bit program
counter will be output on BUS and the lower
half of port 2.

2. Address Latch Enable (ALE) will indi-
cate the time at which address is valid. The
trailing edge of ALE is used to latch the
address externally.

3. Program Store Enable (PSEN) indicates
that an external instruction fetch is in prog-
ress and serves to enable the external
memory device.

4. BUS reverts to input (floating) mode
and the processor accepts its 8 bit
contents as an instruction word.

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

3.1.2 Extended Program Memory
Addressing (Beyond 2K)

For programs of 2K words or less, the
8048/8049 addresses program memory in
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ALE | | I |
PSEN | I
FLOATING X X FLOATING

INSTRUCTION

BUS  FLOATING,

ADDRESS

INSTRUCTION FETCH FROM
EXTERNAL PROGRAM MEMORY

the conventional manner. Addresses be-
yond 2047 can be reached by executing a
program memory bank switch instruction
(SEL MBO, SEL MB1) followed by a branch
instruction (JMP or CALL). The bank switch
feature extends the range of branch
instructions beyond their normal 2K range
and at the same time prevents the user from
inadvertently crossing the 2K boundary.

Program Memory Bank Switch

The switching of 2K program memory banks
is accomplished by directly setting or resetting
the most significant bit of the program counter
(bit 11). Bit 11 is not altered by normal incre-
menting of the program counter but is loaded
with the contents of a special flip-flop each
timeaJMP or CALL instruction is executed.
This special flip-flop is set by executing an
SEL MB1 instruction and reset by SEL MBO.
Therefore, the SEL MB instruction may be
executed at any time prior to the actual bank
switch which occurs during the next branch
instruction encountered. Since all twelve bits
of the program counter including bit (11) are
stored in the stack when a Call is executed,
the user may jump to subroutines across the
2K boundary and the proper bank will be
restored upon return. However, the bank
switch flipflop will not be altered on return.

Interrupt Routines

Interrupts always vector the program counter
to location 3 or 7 in the first 2K bank and bit
11 of the program counter is held at “0”
during the interrupt service routine. The end
of the service routine is signalled by the
execution of an RETR instruction. Interrupt
service routines should therefore be contained
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[Aﬂ A10|AﬂAalA7]Ae|A5IA4lAslAzlA1le
T
Conventional Program Counter
e Counts 000H to 7FFH
e Overflows 7FFH to 000H

JMP or CALL instr
internal flipflop to Aqq
® Flipflop set by SEL MB1
® Flipflop reset by SEL MB0
or by RESET

During interrupt service routine
Aq1 is forced to “0”

All 12 bits are saved In stack

ts of

PROGRAM COUNTER

entirely in the lower 2K words of program
memory. The execution of a SEL MBO or SEL
MB1 instruction within an interrupt routine is
not recommended since it will not alter PC11
while in the routine, but will change the
internal flip flop.

3.1.3 Restoring I/O Port Information

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

3.1.4 Expansion Examples

The accompanying figure shows the addition
of three 2708 1K X 8 EPROMs or three 2308
pin-compatible ROM replacements for a total
of 4K words of program memory. The BUS
port of the 8048 is connected directly to the
data output lines of the memories. The lower
8 bits of address are latched in an 8212 8-bit
latch using ALE as the strobe. The lower half
of Port 2 provides the upper 4 bits of address
and since these address bits are stable for
the duration of the program memory fetch,
they do not have to be latched. Two of the
upper address bits are connected directly to
the address inputs of the memories while the
two most significant bits are decoded to
provide the three chip selects needed. The
PSEN output of the 8048/8748 is used to
enable the chip select lines and therefore the
memories.
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PROGRAM MEMORY

ADDRESS

PORT 244

2708/
¢S 2308

DATA
ouT

DECODER %1 1K-2K

10F4 0,
E O

ADDRESS

8048

2708/
2308

DATA
ouT

cs 2K - 3K

ADDRESS

USING 1K x 8 PROM/ROM

2708/
2308

DATA
ouT

cs 3K - 4K

EXPANDING MCS-48 ™ PROGRAM MEMORY USING STANDARD MEMORY PRODUCTS

Also shown is the addition of 2K words of
program memory using an 2316A 2K x 8
ROM to give a total of 3K words of program
memory. In this case no chip select decoding
is required and PSEN enables the memory
directly through the chip select input. If the
system requires only 2K of program the same
configuration can be used with an 8035
substituted for the 8048. The 8049 would
provide 4K with the same configuration.

The next figure shows how the new 8755/8355
EPROM/ROM with 1/O interfaces directly to
the 8048 without the need for an address
latch. The 8755/8355 contains an internal 8-bit
address latch eliminating the need for an
8212 latch. In addition to a 2K X 8 program
memory the 8755/8355 also contains 16 1/O
lines addressable as two 8-bit ports. These
ports are addressed as external RAM; there-

PORT 20-22

8048 ALE

8212

LATCH

ADDRESS
2316
ROM

o

_rs“>

&

DATA
out

cs

USING 2K x 8 ROM

EXPANDING MCS-48™ PROGRAM MEMORY USING STANDARD MEMORY PRODUCTS
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fore, the RD and WR outputs of the 8048 are
required. See the following section on data
memory expansion for more detail. The sub-
sequent section on I/O expansion explains
the operation of the 16 1/O lines.

ALE ALE 2K X8
rEn || RD
WR ow

8048 RD OF  row/

P20-P23

TEST
INPUTS

1/0

EXTERNAL PROGRAM MEMORY INTERFACE

3.2 Expansion of Data Memory

Data Memory is expanded beyond the resi
dent 64 words by using the 8085 type bus
feature of the MCS-48.

3.2.1 Read/Write Cycle

All address and data is transferred over the 8
lines of BUS. A read or write cycle occurs as
follows:

1. The contents of register 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 |
RD

BUS  FLOATING ADDRESM XEATA >< FLOATING

7
FLOATING
WRITE TO EXTERNAL DATA MEMORY

ALE I |
WR

BUS FLOATIN%)DRESSX FLOAT|NGX DATA X FLOATING
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3.2.2 Addressing Eﬂérn‘hl_ba‘ta Memory

External Data Memory is accessed with its
own two-cycle move instructions MOVX A,
@R and MOVX @R, A which transfer 8 bits of
data between the accumulator and the ex-
ternal memory location addressed by the
contents of one of the RAM Pointer Registers
RO or Ri. This allows 256 locations to be
addressed in addition to the resident
locations. Additional pages may be added
by “bank switching” with extra output lines of
the 8048.

3.2.3 Examples of Data Memory
Expansion

The accompanying figure shows how the
8048 can be expanded using standard 256 X
4 static RAMs such as the 2101-2 or its low
power CMOS equivalent, the 5101. An 8212
serves as an address latch while each 4-bit
half of BUS is connected directly to a bidirec-

tional 4-bit data bus of the memories. The WR
output of the processor controls the Read/
Write input of the memories while the data
bus output drivers of the memories are con-
trolled by RD. The chip select lines of the
memories are continuously enabled unless
additional pages of RAM are required. Also
shown is the expansion of data memory using
the 8155 memory and 1/O expanding device.
Since the 8155 has an internal 8-bit address
latch it can interface directly to the 8048 with-
out the use of an external 8212 latch. The
8155 provides an additional 256 words of sta-
tic data memory and also includes 22 1/0O
lines and a 14 bit timer. See the following sec-
tion on 1/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 1/0
expansion with the 8048: one using a
special low cost expander, the 8243;

—

INPUTS
1/0

BUS < 8
Iy! Iy ‘
DI 18 /014 cst /014 csi
E
At D%2 4212 DO A .a,2111/2101 52 1 A 2111/21015%2 :h_—
8048 ey LN pos 77 5101 - °77 5101 -
—{ ™o oD RW oD RW
+5V
j ) [}
— )| I
RD T
WR
BUS < 8 |> ADqg.7
ALE ALE 8155
256 X 8 <I>'/°
8048 WR WR RAM | «—————— TIMER IN
RD RD L~ TIMER OUT
PORT 10/m
TEST

8048 INTERFACE TO 256 X 8 STANDARD MEMORIES
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another using standard MCS-80/85 1/0
devices; and a third using the combination
memory/1/O expander devices the 8155,
8355, and 8755. It is also possible to expand
using standard TTL devices as shown in
Chapter 5.

3.3.1 1/0 Expander Device

The most efficient means of 1/0 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/O ports
which serve as extension of the on chip 1/0
and are addressed as ports #4-7. The follow-
ing operations may be performed on these
ports:

1. Transfer Accumulator to Port.
2. Transfer Port to Accumulator.
3. AND Accumulator to Port.

4. OR Accumulator to Port.

A 4-bit transfer from a port to the lower half of
the Accumulator sets the most significant four

bits to zero. All communication between the
8048 and the 8243 occurs over Port 2 lower
(P20-P23) with timing provided by an output
pulse on the PROG pin of the processor. Each
transfer consists of two 4-bit nibbles:

The first containing the “op code” and port
address and the second containing the actual
4 bits of data. ‘ '

Nibble 1 ~ Nibble 2
3 2 1.0 3 2 1.0
| I A]A d|d|d]|d
Instruction ~ Port ~ data
Code Address
Il 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 CONNECTION IF MORE
= THAN ONE EXPANDER IS USED

o
PROG

TEST
8048 INPUTS
] — —

S
1/0
PROG

8243

DATAIN
P2

OUTPUT EXPANDER TIMING

PROG \

/ : BITS0,1 BITS 2,3
00 00 READ

. —( X

01 PORT 01 WRITE
10 ADDRESS 10 OR
m 1" AND

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

AND OPCODE
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A high to low transition of the PROG line indi-
cates that address is present while a low to
high transition indicates the presence of data.
Additional 8243’s may be added to the four bit
bus and chip selected using additional output
lines from the 8048/8748.

I1/0 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 1/0 Expansion with Standard
Peripherals

Standard MCS-80/85 type I/0 devices may
be added to the MCS-48 using the same bus
and timing used for Data Memory expan-
sion. 1I/O devices reside on the Data
Memory bus and in the data memory
address space and are accessed with the
same MOVX instructions. See the previous
section on data memory expansion for a
description of timing. The following are a
few of the Standard MCS-80 devices which
are very useful in MCS-48 systems.

8214 Priority Interrupt Encoder

8251 Serial Communications Interface
8255 General Purpose Programmable /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 1/0
Expanders

As mentioned in the sections on 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 1/O structure. 1/O consists of two
8-bit ports which normally reside in the exter-
nal data memory address space and are ac-
cessed with MOVX instructions. Associated
with each port is an 8-bit Data Direction Reg-
ister which defines each bit in the port as
either an input or an output. The data direction
registers are directly addressable thereby al-
lowing the user to define under software con-
trol each individual bit of the ports as either
input or output. All outputs are statically
latched and double buffered. Inputs are not
latched.

8155/8156: 1/0O on the 8155/8156 is config-
ured as two 8-bit programmable 1/0 ports
and one 6-bit programmable port. These
three registers and a Control/Status regis-
ter are accessible as external data memory
with the MOVX instructions. The contents
of the control register determines the mode
of the three ports. The ports can be
programmed as input or output with or
without associated handshake communi-
cation lines. In the handshake mode, lines
of the six-bit port become input and out-
put strobes for the two 8-bit ports. See the

P20
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BUS

KEYBOARD
INPUTS
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. |«——SHIFT
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data sheet in Chapter 6 for details. Also
included in the 8155 is a 14-bit program-
mable timer. The clock input to the timer
and the timer overflow output are available
on external pins. The timér can be pro-
grammed to stop on terminal count or to
continuously reload itself. A square wave or
pulse output on terminal count can also be
specified.

I/0 Expansion Examples
(See Also Chapter 5)

The accompanying figure shows the
expansion of I/0 using multiple 8243's. The
only difference from a single 8243 system is
the addition of chip selects provided by
additional 8048 output lines. Two output
lines and a decoder could also be used to
address the four chips. Large numbers of
8243's would require a chip select decoder
chip such as the 8205 to save 1/0 pins.

Also shown is the 8048 interface to a stan-
dard MCS-80 peripheral; in this case, the
8255 Programmable Peripheral Interface, a
40 pin part which provides three 8-bit pro-
grammable 1/O ports. The 8255 bus interface
is typical of programmable MCS-80 peripher-
als with an 8-bit bidirectional data bus, a RD
and WR input for Read/Write control, a CS

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

8048

L
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T A
c A gass PORT
H] |proGRAMMABLE A
. PERIPHERAL
A INTERFACE PORT
2
RD S B
WA WR
” PORT
[
BUS 8 DO-7
[
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PROGRAMMABLE
PERIPHERAL
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RD RD
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L
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INTERFACE TO MCS-80 PERIPHERALS
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LOW COST I/0 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 lines directly. This method, of course,
requires the setting of an output port with ad-
dress information prior to executing a MOVX
instruction.

3.4 Multi-Chip MCS-48 Systems

The accompanying figure shows the addition
of two memory expanders to the 8048, one
8355/8755 ROM and one 8156 RAM. The
main consideration in designing such a sys-
tem is the addressing of the various memories
and 1/O ports. Note that in this configuration
address lines Ay, and A, 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 1/0 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 memory by causing the
8355 to be active in the 2K to 4K range in-
stead of the normal 1K to 3K range.

8156/8355

P20-3 4

8048

DO-7

BUS < 8

L

WR 8156
A8 ce RAM
A9 10/Mi PORT
TIMER
IN
— TIMER

THE THREE COMPONENT MCS-48 SYSTEM
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PROGRAM MEMORY

BFFH

MB1

8355
(2K)

EXTERNAL DATA
MEMORY SPACE 83

MBO

400H

I
8155

300H
RESIDENT

200H

10

100H

8155 (256)

RESIDENT DATA
MEMORY

(64)

000H

SECTION ADDRESS

DESIGNATION

PROG. MEM
DATA MEM
8155 PORTS

000—BFF
100—IFF
300

301

302

303

304

305

400

401

402

403

8355 PORTS

CMD/STATUS
PORT A
PORT B
PORT C
TIMER LOW
TIMER HI
PORT A
PORT B

DDR A

DDR B

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=0
RAM |/O—Addresses 0 to 3 when Port 2
Bit0=1and Bit1 =1
ROM |/O—Addresses 0 to 3 when Port 2
Bit2 orBit3 = 1

See the above memory map.

3.5 Memory Bank Switching

Certain systems may require more than the
4K words of program memory which are
directly addressable by the program counter
or more than the 256 data memory and 1/O
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locations directly addressable by the pointer
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 1/O are enabled 256
words at a time.

The most important consideration in imple-
menting two or more banks is the software
required to cross the bank boundaries. Each
crossing of the boundary requires that the
processor first write a control bit to an output
port before accessing memory or I/0 in the
new bank. If program memory is being
switched, programs should be organized to
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keep boundary crossings to a minimum.
Jumping to subroutines across the boundary
should be avoided when possible since the
programmer must keep track of which bank
to return to after completion of the subrou-
tine. If these subroutines are to be nested and
accessed from either bank, a software “stack”
should be implemented to save the bank
switch bit just as if it were another bit of the
program counter.

From a hardware standpoint bank switching
is very straight-forward and involves only the
connection of an I/O line or lines as bank
enable signals. These enables are ANDed
with normal memory and I/O chip select
signals to activate the proper bank.

3.6 Control Signal Summary

The following table summarizes the in-
structions which activate the various
control outputs of the MCS-48 processors.

CONTROL
SIGNAL WHEN ACTIVE
RD DURING MOVX A,@R OR INS BUS
WR DURING MOVX @R,A OR OUTL BUS
ALE EVERY MACHINE CYCLE
PSEN DURING FETCH OF EXTERNAL
PROGRAM MEMORY (INSTRUCTION
OR IMMEDIATE DATA)
PROG DURING MOVD AP ANLD P,A
MOVD P,A ORLD P,A

During all other instructions these outputs
are driven to the inactive state.

3.7 Port Characteristics

BUS Port Operations

The BUS port can operate in three different
modes: as a latched 1I/O port, as a bi-
directional bus port, oras a program memo-
ry address output when external memory is

used. The BUS port lines are either active
high, active low, or high impedance (float-
ing).

The latched mode (INS, OUTL) is intended
for use in the single chip configuration
where BUS is not being used as an expan-
der port. OUTL and MOVX instructions can
be mixed if necessary. However, a previous-
ly latched output will be destroyed by exe-
cuting a MOVX instruction and BUS will be
left in the high impedance state. INS does
not put the BUS in a high impedance state.
Therefore, the use of MOVX after OUTL to
put the BUS in a high impedance state is
necessary before an INS instruction in-
tended to read an external word (as op-
posed to the previously latched value).

QUTL should never be used in a system
with external program memory, since latch-
ing BUS can cause the next instruction, if
external, to be fetched improperly.

Port 2 Operations

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

The port may contain latched 1/O data prior
to its use in another mode without affecting
operation of either. If lower Port 2 (P20-3) is
used to output address for an external
program memory fetch the I/0O information
previously latched will be automatically
removed temporarily while address is
present then restored when the fetch is
complete. However, if lower Port 2 is used
to communicate with an 8243, previously
latched 1/0 information will be removed
and not restored. After an input from the
8243 P20-3 will be left in the input mode
(floating). After an output to the 8243 P20-3
will contain the value written, ANDed, or
ORed to the 8243 port.
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INSTRUCTION SET

4.0 INTRODUCTION

The MCS-48 instruction set is extensive for
a machine of its size and has been tailored
to be straightforward and very efficient in
its use of program memory. All instructions
are either one or two bytes in length and
over 70% are only one byte long. Also, all
instructions execute in either one or two
cycles (2.5usec 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 control applications.
Special instructions have also been in-
cluded to simplify loop counters, table
lookup routines, and N-way branch rou-
tines.

Data Transfers

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

DATA
| wamne (<] |
‘ MOV
(#data) L "V N
N WORKING REG ‘
ADD Mov MOV
Mov ADD ADD ’
MOVvP ANL ANL
MOVP3 ORL ORL
ANL XRL XRL '
MOVD ORL XCH XCH
ANLD AN
ORLD | XA N MOVX EXTERNAL
EXPANDER
1/0 PORTS ) —v>[ ACCUMULATOR BUS (8) X‘ﬁ'gom
7 PERIPHERALS
IN
MoV OUTL MOV
TIMER PROGRAM
COUNTER STATUS WORD
ANL
ORL 8048
ON CHIP 1/0 8049
PORTS 1,2, BUS 8748
8035% | *NO PROGRAM
8039* = MEMORY
L (8)

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 of the active
working register bank. RO and R1 are also
used to indirectly address external data
memory when it is present. Transfers to and
from internal RAM require one cycle while
transfers to external RAM require two.
Constants stored in Program Memory can be
loaded directly to the accumulator and to the
8 working registers. Data can also be
transfered directly between the accumulator
and the on-board timer/counter or the
accumulator and the Program Status word
(PSW). Writing to the PSW alters machine
status accordingly and provides a means of
restoring status after an interrupt or of
altering the stack pointer if necessary.

Accumulator Operations

Immediate data, data memory, or the
working registers can be added with or
without carry to the accumulator. These
sources can also be ANDed, ORed, or
Exclusive ORed to the accumulator. Data
may be moved to or from the accumulator
and working registers or data memory. The
two values can also be exchanged in a single
operation.

In addition, the lower 4 bits of the
accumulator can be exchanged with the
lower 4-bits of any of the internal RAM
locations. This instruction, along with an
instruction which swaps the upper and lower
4-bit halves of the accumulator, provides for
easy handling of 4-bit quantities, including
BCD numbers. To facilitate BCD arithmetic,
a Decimal Adjust instruction isincluded. 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.

4.2

Finally, the accumulator can be: incre-
mented. decremented, cleared, or comple-
mented and can be rotated left or right 1-bit at
a time with or without carry.

Although there is no subtract instruction in
the 8048, this operation can be easily
implemented with three single-byte single-
cycle instructions.

A value may be subtracted from the
accumulator with the result in the accumu-
lator by:

Complementing the accumulator
Adding the value to the accumulator
Complementing the accumulator.

Register Operations

The working registers can be accessed via
the accumulator as explained above, or can
be loaded immediate with constants from
program memory. In addition, they can be
incremented or decremented or used as
loop counters using the decrement and
jump, if not zero instruction, as explained
under branch instructions.

All Data Memory including working registers
can be accessed with indirect instructions via
RO 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 accumulator,
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. FO 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. FO is also
accessible via the Program Status word and
is stored on the stack with the carry flags.

Branch Instructions

The unconditional jump instruction is two
bytes and allows jumps anywhere in the first
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2K words of program memory. Jumps to the
second 2K of memory (4K words are directly
addressible) are made by first executing a
select memory bank instruction then execu-
ting the jump instruction. The 2K boundary
can only be crossed via a jump or subroutine
call instruction i.e. the bank switch does not
occur until a jump is executed. Once a
memory bank has been selected all subse-
quent jumps will be to the selected bank until
another select memory bank instruction is
executed. A subroutine in the opposite bank
can be accessed by a select memory bank
instruction followed by a call instruction.
Upon completion of the subroutine execu-
tion will automatically return to the original
bank; however, unless the original bank is
reselected, the next jump instruction en-
countered will again transfer executiontothe
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 jump if not zero
instruction combines a decrement and a
branch instruction to create an instruction
very useful in implementing a loop counter.
This instruction can designate any one of
the 8 working registers as a counterand 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 jump address refers to the
current page of execution. This instruction
could be used, for instance, to vector to any
one of several routines based on an ASCII
character which has been loaded in the
accumulator. In this way ASCII key inputs
can be used to initiate various routines.

Subroutines

Subroutines are entered by executing a call
instruction. Calls can be made like uncondi-
tional jumps to any address in a 2K word
bank and jumps across the 2K boundary are
executed in the same manner. Two separate
return instructions determine whether or not
status (upper 4-bits of PSW) is restored upon
return from the subroutine.

The return and restore status instruction also
signals the end of an interrupt service routine
if one has been in progress.

Timer Instructions

The 8-bit on board timer/counter can be
loaded or read via the accumulator while the
counter is stopped or while counting. The
counter can be started as a timer with an
internal clock source or as an event counter
or timer with an external clock applied to the
T1 input pin. The instruction executed
determines which clock source is used. A
single instruction stops the counter whether
it is operating with an internal or an external
clock source. In addition, two instructions
allow the timer interrupt to be enabled or
disabled.

Control Instructions

Two instructions allow the external interrupt
source to be enabled or disabled. Interrupts
are initially disabled and are automatically
disabled while an interrupt service routine is
in progress and re-enabled afterward.

There are four memory bank select instruc-
tions, two to designate the active working
register bank and two to control program
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memory banks. The operation of the program
memory bank-switch is explained in section
3.1.2. The working register bank switch
instructions allow the programmer to imme-
diately substitute a second 8register working
register bank for the one in use. This
effectively provides 16 working registers or it
can be used as a means of quickly saving the
contents of the registers in response to an
interrupt. The user has the option to switch or
not to switch banks on interrupt. However, if
the banks are switched, the original bank will
be automatically restored upon execution of
a return and restore status instruction at the
end of the interrupt service routine.

A special instruction enables an internal
clock, which is the XTAL frequency divided
by three, to be output on pin TO. This clock
can be used as a general purpose clock 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/Output Instructions

Ports 1 and 2 are 8-bit static 1/0 ports which
can be loaded to and from the accumulator.
Outputs are statically latched but inputs are
not latched and must be read while inputs are
present. In addition, immediate data from
program memory can be ANDed or ORed
directly to Port 1 and Port 2 with the result
remaining on the port. This allows “masks”
stored in program memory to selectively set
or reset individual bits of the /0 ports. Ports 1
and 2 are configured to allow input on a given
pin by first writing a “1” out to the pin.

An 8-bit port called BUS can also be
accessed via the accumulator and can have
statically latched outputs as well. It too can
have immediate data ANDed or ORed
directly to its outputs, however, unlike ports 1
and 2, all eight lines of BUS must be treated
as either input or output at any one time. In
addition to being a static port, BUS can be
used as a true synchronous bi-directional
port using the Move External instructions
used to access external data memory. When
these instructions are executed a cor-
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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 ports can be
expanded via a 4-bit expander bus using half
of port 2. I/0 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.

/0 devices can also be added externally
using the BUS port as the expansion bus. In
this case the I/0O ports become “memory
mapped”, i.e. they are addressed in the same
way as external data memory and exist in the
external data memory address space ad-
dressed by pointer register RO or R1.

4.1 Instruction Set Description

The following pages describe the MCS-48
instruction set in detail. The instruction set is
first summarized with instructions grouped
functionally. This summary page is followed
by a detailed description listed alphabetically
by mnemonic opcode.

The alphabetical listing includes the follow-
ing information:

Mnemonic

Machine Code

Verbal Description

Symbolic Description
Assembly Language Example

The machine code is represented with the
most significant bit (7) to the left and two byte
instructions are represented with the first
byte on the left. The assembly language
examples are formulated as follows:

Arbitrary
Label: Mnemonic, Operand;

See section 1.2.2 for a description and
example of an assembly language program.

Descriptive Comment
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Mnemonic Description Bytes Cycle Mnemonic Description Bytes Cycles
ADD A, R Add register to A 1 1 g CALL addr Jump to subroutine 2 2
ADD A, @R Add data memory to A 1 1 g RET Return 1 2
ADD A, #data Add immediate to A 2 2 .§ RETR Return and restore status 1 2
ADDCA,R Add register with carry 1 1 [7]
ADDC A, @R Add data memory with carry 1 1
ADDC A, #data Add immediate with carry 2 2 CLRC Clear Carry 1 1
ANL A, R And register to A 1 1 w OFLC Complement Carry 1 1
ANL A, @R And data memory to A 1 1 g CLR FO Clear Flag 0 1 1
ANL A, #data  And immediate to A L2 2 u CPL FO Complement Flag 0 1 1
ORLA,R Or register to A 1 1 CLR F1 Clear Flag 1 1 1
§ ORLA, @R Or data memory to A 1 1 CPLF1 Complement Flag 1 1 1
3 ORLA, #data  Or immediate to A 2 2
s XRLA,R Exclusive Or register to A 1 1 MOV A. R Move register to A 1 1
E XRL A, @R Exclusive or data memory to A 1 1 MOV A: @R Move data memory to A 1 1
XRL A, #data Exclusive or immediate to A 2 2 MOV A, #data Move immediate to A 2 2
:DNEC A glcrement A ! ! MOV R, A Move A to register 1 1
CLS : Cltzrrer:ent A : 1 MOV @R, A Move A to déta memory 1 1
CPL A Complement A 1 1 " MOV R, #data Move !mmedfate to register 2 2
DA A Decimal Adjust A 1 1 g MOV @R, #data Move immediate to data memory 2 2
SWAP A Swap nibbles of A 1 1 2 MOVA PSW  Move PSW to A ! !
RLA Rotate A left 1 1 g MOV PSW, A Move A to PSW ) 1 1
RLC A Rotate A left through carry 1 1 o XCHA,R Exchange A and register ! !
RR A Rotate A right 1 1 XCHA,@R Exchange Aiand data memory. 1 1
RRC A Rotate A right through carry 1 1 XCHD A, @R Exchange nibble of A and register 1 1
MOVX A, @R Move external data memory to A 1 2
MOVX @R, A Move A to external data memory 1 2
INA, P Input port to A 1 2 MOVP A, @A Move to A from current page 1 2
OUTLP, A Output A to port 1 2 MOVP3 A, @A Move to A from Page 3 1 2
ANL P, #data And immediate to port 2 2
g ?NF;LAP’B#Sgta ﬁ: :':“;Eds'at‘: /t\o Port f ?, MOV A, T Read Timer/Counter 1 1
S OUTLBUS A  Onout A to BUS . > E MOVT, A Load Timer/Counter 1 1
3 : utput A to S STRTT Start Timer 1 1
2 ANL BUS, #data And immediate to BUS 2 2 3 STRT CNT Start Counter 1 1
£ ORL BUS, #data Or immediate to BUS 2 2 E OP TCNT s Ti Ic 1 1
MOVD A, P Input Expander port to A 1 2 € STOPT top |rn.er ounter
MOVD P, A Output A to Expander port ] 2 Z EN TCNTI Er.\able Tlfner/Counter Interrupt 1 1
ANLD P, A And A to Expander port 1 2 DIS TCNTI Disable Timer/Counter Interrupt 1 1
ORLD P, A Or A to Expander port 1 2
EN I Enable external interrupt 1 1
g INCR Increment register 1 1 _ DIS | Disable e*terna! interrupt 1 1
2 INC @R Increment data memory 1 1 g SEL RBO Select register bank 0 1 1
2 DECR Decrement register 1 1 € SELRBI Select register bank 1 1 1
« O SEL MBO Select memory bank 0 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 Jump indirect 1 2
DJNZ R, addr Decrement register and jump 2 2 .
JC addr Jump on Carry = 1 2 2 NOP No Operation 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 2 2
f:’ JTO addr Jump on TO =1 2 2
® JNTO addr JumponTO=0 2 2
@ JT1 addr Jumpon T1=1 2 2
JNT1 addr JumponT1=0 2 2
JFO addr Jumpon FO=1 2 2
JF1 addr JumponF1=1 2 2
JTF addr Jump on timer flag =1 2 2
JNI addr Jump on iNT=0 2 2
JBb addr Jump on Accumulator Bit 2 2

Mnemonics copyright Intel Corporation 1976.
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INSTRUCTION SET SUMMARY

Mnemonic Description Bytes Cycle Mnemonic Description Bytes Cycle
ADD AR Add register to A 1 1 JMP addr Jump unconditional 2 2
ADD A@R Add data memory to A 1 1 JMPP - @A Jump indirect 1 2
ADD A, #data Add immediate to A 2 2 DJNZ R,addr Decrement register and Jump 2 2
ADDC AR Add with carry 1 1 on R not zero
ADDC A,@R Add with carry 1 1 g JC  addr Jump on Carry = 1 2 2
ADDC A, #data  Add with carry 2 2 g JINC  addr Jump on Carry = 0 2 2
ANL AR And register to A 1 1 & 2 addr Jump on A Zero 2 2
ANL A@R And data memory to A 1 1 INZ  addr Jump on A not Zero 2 2
ANL A #data  And immediate to A 2 2 JT1 - addr Jumpon T1 =1 2 2
ORL AR Or register to A 1 1 JNT1  addr Jump on T1 =0 2 2
ORL A,@R Or data memory to A 1 1 @ JTF addr Jump on timer flag 2 2
ORL  A,#data  Or immediate to A 2 2 =
XRL AR Exclusive Or register to A 1 1 §' CALL addr Jump to subroutine 2
XRL A,@R Exclusive or data memory toA 1 1 ] RET Return 2
XRL  A,#data  Exclusive or immediate to A 2 2 L
INC A Increment A 1 1 g CLR C Clear Carry 1 1
DEC A Decrement A 1 1 & CPL [ Complement Carry 1 1
CLR A Clear A 1 1 -
cPL A Complement A 1 1 MOV AR Move register to A 1 1
DA A Decimal Adjust A 1 1 MOV A@R Move data memory to A 1 1
SWAP A Swap nibbles of A 1 1 MOV A #data  Move immediate to A 2 2
RL A Rotate A left 1 1 § MOV  RA Move A to register 1 1
RLC A Rotate A left through carry 1 1 g MOV @RA Move A to data memory 1 1
RR A Rotate A right 1 1 E MOV  R,#data  Move immediate to register 2 2
RRC A Rotate A right through carry 1 1 % MOV @R,#data Move immediate to data memory 2 2

Q XCH AR Exchange A and register 1 1

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

IN AP Input port to A 1 2 XCHD A,@R Exchange nibble of A and register 1 1
ouTL PA Output A to port 1 2 MOVP A,@A Move to A from current page 1 2
MOVD AP Input Expander port to A 1 2 N
MOVD P,A Output A to Expander port 1 2 5 MOV AT Read Timer/Counter 1 1
ANLD PA And A to Expander port 1 2 3 MOV TA Load Timer/Counter 1 1
ORLD PA Or A to Expander port 1 2 Q STRT T Start Timer 1 1

@ STRT CNT Start Counter 1 1
INC R Increment register 1 1 E STOP TCNT Stop Timer/Counter 1 1
INC @R Increment data memory 1 1

NOP No Operation 1 1

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

instruction set.

Data Moves Registers Branch Timer Control Input/Output
MOV APSW | DEC R JTO addr | EN TCNTI | EN | ANL P, #data
MOV PSW,A JNTO addr | DIS TCNTI | DIS | ORL P, #data
MOVX A,@R Flags JFO  addr SEL RBO [INS A,BUS *
MOVX @R,A CLR FO JF1  addr | Subroutine | SEL RB1 |OUTL BUSA *
MOVP3 A,@A CPL FO NI addr RETR SEL MBO [ANL BUS, #data

CLR F1 JBb  addr SEL MB1 |ORL BUS,#data
CPL F1 ENTO CLK

*These Instructions have been replaced in the 8021 by
IN A,PO and OUTL PO,A respectively.
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8022

INSTRUCTION SET SUMMARY

Hexadecimal Hexadecimal
M i D Bytes Cycle Opcode Mnemonic Description Bytes Cycle Opcode
ADD AR, Add register to A 1 1 68-6F JT0 Jump on TO=1 2 2 36
ADD A @R Add data memory to A 1 1 60-61 JNTO Jump on TO=0 2 2 26
ADD A,#data Add immediate to A 2 2 08 JT1 addr Jumpon T1=1 2 2 656
ADDC AR Add register with carry 1 1 78-7F JNT1 addr Jump on T1=0 2 2 46
ADDC A @R  Add data memory with 1 1 70-71 JTF addr Jump on timer flag 2 2 16
carry
X . . °
ADDC A, #data A::r:;nmedlate with 2 2 18 § CALL addr Jump to subroutine 1 2 14,34,54,74
ANL AR, And register to A 1 1 585F 2 94,84,04,F4
ANL A@R And data memory to A 1 1 50-51 a RET Return ! 2 8
ANL A,#data And immediate to A 2 2 58
ORL AR, Or register to A 1 1  48-4F & CLRC Clear carry 1 1k 97
ORL A@R Or data memory to A 1 1 40-41 5 CPLC Complement carry 1 1 A7
. ORL A #data Orimmediate to A 2 2 43
% XRL AR, Exclusive Or register 1 i D8-DF MOV AR, Move register to A 1 1 F8-FF
E to A MOV A,@ R Move data memory to A 1 1 FO-F1
3 XRLA@R Exclusive Or data 1 1 DO-D1 MOV A #data Move immediate to A 2 2 23
e memory to A MOV R(,A Move A to register 1 1 A8-AF
XRL A,#data Exclusive Or immediate 2 2 D3 MOV @ R,A Move A to data memory 1 1 AO-A1
to A MOV R, #data Move immediate to 2 2 B8-BF
INC A Increment A 1 117 H register
DEC A Decrement A 1 1 o7 é MOV@R #data Move immediate to 2 2 BO-Bi
CLRA Clear A 1 127 ® data memory
CPL A Complement A 1 1 37 g XCHA, Ry Exchange A and 1 1 28-2F
DA A Decimal adjust A 1 1 57 register
SWAP A Swap nibbles of A 1 147 XCHA@R Exchange A and data 1 1 20-21
RL A Rotate A left 1 1 E7 memory
RLC A Rotate A left through 1 1 F7 XCHD a,@ R Exchange nibble of A 1 1 30-31
carry and register
RR A Rotate A right 1 1 77 MOVP A @A Move to A from current 1 2 A3
RRC A Rotate A right through 1 1 67 page
carry
3 MOVAT Read timer/ counter 1 1 42
INA, P, Input port to A 1 2 08,09,0A § MOV T,A Load timer/counter 1 1 62
. OUTL PpA Output A to port 1 2 90,39,3A 3 STRTT Start timer 1 1 55
2 MOvD APp Input expander port 1 2 0C-OF § STRT CNT Start counter 1 1 45
g to A E STOP TCNT  Stop timer/counter 1 1 65
=~ MOVD Pp,A Output A to expander 1 2 3C-3F
E port E RAD Move conversion result 1 2 80
= ANLD Pp,A And A to expander port 1 2 9C-9F H register to A
ORLDPp, A Or A to expander port 1 2 8C-8F g SEL ANO Select analog input 1 185
o zero
4 . 2 SEL ANt Select analog input one 1 1 95
% INC R, Increment register 1 1 18-1F <
g INC@R Increment data memory 1 1 10-11 ENI Enable external P 1 05
interrupt
JMP addr Jump unconditional 2 2 04,24,44 .64, DIS| D.'sable external ! TS
84,A4,C4 E4 2 interrupt
JMPP @ A Jump indirect 1 > B3 H EN TCNTI E;?::reu:;?er/counter 1 1 25
= : ]
¢ DJINZRaddr  Decrement register and 2 2 EGEF £ DIS TCNTI Disable timer/counter 1 1 35
Soas  amEEE
JINC addr Jump on carry=0 2 > E6 RET | Return from interrupt 1 2 93
JZ addr Jump on A zero 2 2 C6 N
JINZ addr Jump on A not zero 2 2 96 NoP No operation ! vooo
Mnemonics copyright Intel Corporation, 1978.

Instruction Set — The following

instructions

, which are

found in the 8748, have been deleted from the 8022
instruction set.

Data Moves Registers Branch Control Input/Output
MOV APSW | DEC R ANL P, #data
MoV PSW,A ORL P, #data
MOVX A,@R Flags JFO  addr SEL RBO |INS ABUS*
MOVX @R,A CLR Fo | JF1 addr Subroutine | SEL RB1 | OUTL BUSA #
MOVP3 A,@A CPL FO NI addr RETR SEL MBO [ ANL BUS,#data

JBb  addr SEL MB1 |ORL BUS, #data
CLR A1 ENTO CLK
CPL F1

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



AC
addr
Bb
BS
BUS

CLK
CNT
CRR

data
DBF
FO, F1

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

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

Flag 0O, Flag 1

Interrupt

Mnemonic for “in-page” Operation
Program 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

Mnemonic for External RAM
Immediate Data Prefix

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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INSTRUCTION SET

ADD A,R; Add Register Contents to Accumulator
[o110]1rrr]

The contents of register ‘r 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
[0110]000T]

The contents of the resident data memory location
addressed by register ‘r’ bits 0-5*are added to
the accumulator. Carry is affected.

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

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

ADD A #data Add Immediate Data to Accumulator
[0000][0011| [d7dgdsdys |dgdpdidg]

This is a 2-cycle instruction. The specified data
is added to the accumulator. Carry is affected

(A)= (A) + data

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

ADDC A,R;, 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 ‘r’ are then added to the accumulator.
Carry is affected.

(A) == (A)+(Rn)+(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 8039/8049
4-9



INSTRUCTION SET

ADDC A,@R; Add Carry and Data Memory Contents to Accumulator
[0111]000r]

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)*((Rr)+(C) r=0-1

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

ADDC A #data Add Carry and Immediate Data to Accumulator

[0001]0011] [d7dsdsd4 | dadodydg]

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

(A)= (A)+data+(C)

Example: ADDC A, #225 ;ADD CARRY AND ‘225’ DEC
;TO ACC
ANL A,R; 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 AR3 ;AND’ ACC CONTENTS WITH MASK
;IN REG 3
ANL A,@R, Logical AND Accumulator With Memory Mask
l[o1o01]000r]

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

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

Example: ANDDM: MOV RO,#03FH ;MOVE ‘3F' HEX TO REG 0
ANL A, @RO  ;AND’ ACC CONTENTS WITH
;MASK IN LOCATION 63

Mnemonics copyright Intel Corporation 1976. *0-6 for 8039/8049
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INSTRUCTION SET

ANL A #data Logical AND Accumulator With Immediate Mask
|01 01 I 001 1| Id7d6d5d4 | d3d2d1do|

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
;WITH MASK 10101111
ANL A#3+X/Y  ;AND’ ACC CONTENTS
;WITH VALUE OF EXP
;3EX/Y

ANL BUS,#data Logical AND BUS With Immediate Mask (Not in 8021, 8022)
[1001][1000]| [d7dedsdg |d3dadidg]

This is a 2-cycle instruction. Data on the BUS port is
logically ANDed with an immediately-specified mask. This
instruction assumes prior specification of an ‘OUTL

BUS, A’ instruction.

(BUS) = (BUS) AND data

Example: ANDBUS: ANL BUS, #MASK ;’AND’ BUS CONTENTS
;WITH MASK EQUAL VALUE
;OF SYMBOL ‘MASK’

ANL Pp,#data Logical AND Port 1-2 With Immediate Mask (Not in 8021, 8022)
[1001]10pp]| [d7dgdsds [d3dadidg]

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.

L
(Pp)= (Pp) AND (A0-3) p=4-7

Mnemonics copyright Intel Corporation 1976.



INSTRUCTION SET

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

is as follows:
10 Port
00 4
01 5
10 6
11 7
Example: ANDP4: ANLD P4,A ;'AND’ PORT 4 CONTENTS

;WITH ACC BITS 0-3
CALL address Subroutine Call
|81089881[01OCU [a7a6a5a4|a3a2a1a0]

This is a 2-cycle instruction. The program counter and
PSW bits 4-7 are saved in the stack. The stack pointer
(PSW bits 0-2) is updated. Program control is then

passed to the location specified by ‘address’. PC

bit 11 is determined by the most recent SEL MB instruction.

A CALL cannot begin in locations 2046-2047 or 4094-4095.
Execution continues at the instruction following the
CALL upon return from the subroutine.

((SP)) = (PC), (PSW 4.7)
(SP) = (SP)+1
(PCg-10) = (addrg-10)
(PCop-7)= addrg-7

(PCy1) = DBF

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

MOV RO,#50 ;MOVE ‘50' DEC T0O ADDRESS

;REG 0
BEGADD: MOV A,R1 ;MOVE CONTENTS OF REG 1

;TO ACC

ADD AR2 ;ADD REG 2 TO ACC

CALL SUBTOT;CALL SUBROUTINE ‘SUBTOT’

ADD A RS3 ;ADD REG 3 TO ACC

ADD A,R4 ;ADD REG 4 TO ACC

CALL SUBTOT ;CALL SUBROUTINE ‘SUBTOT’

ADD A,R5 ;ADD REG 5 TO ACC

ADD A,R6 ;ADD REG 6 TO ACC

CALL SUBTOT ;CALL SUBROUTINE ‘SUBTOT’

SUBTOT: MOV @R0O,A ;MOVE CONTENTS OF ACC TO
;LOCATION ADDRESSED BY

;REG 0
INC RO ;INCREMENT REG 0
RET ;RETURN TO MAIN PROGRAM

Mnemonics copyright Intel Corporation 1976.

4-12



INSTRUCTION SET

CLR A Clear Accumulator
[0010]0111]

The contents of the accumulator 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=0
CLR F1 Clear Flag 1 (Not in 8021, 8022)
[1010][0101]
Flag 1 is cleared to zero.
(F1)=0
CLR FO Clear Flag 0 (Not in 8021, 8022)
[1000[0101]
Flag 0 is cleared to zero.
(FO)=0

CPL A Complement Accumulator
[0011]0111]

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

(A)=< NOT (A)

Example: Assume accumulator contains 01101010.

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

CPL C Complement Carry Bit
[1010{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 IS CLEARED TO ZERO
CpPLC ;C 1S SET TO ONE

Mnemonics copyright Intel Corporation 1976. 4-13




INSTRUCTION SET

CPL FO Complement Flag 0 (Not in 8021, 8022)
[1001/0101]

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

FO< NOT (F0)
CPL F1 Complement Flag 1 (Not in 8021, 8022)
[1011]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 following
the binary addition of BCD numbers. The carry bit
C is affected. If the contents of bits 0-3 are

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

The four high-order bits are then checked. If bits
4-7 exceed nine, or if C is one, these bits are
increased by six. If an overflow occurs, C is

set to one. 5

Example: Assume accumulator contains 10011011.

DA A ;ACC ADJUSTED TO 00000001
sWITH C SET
C AC 7 4 3 0
0 0 1001 1011
0110 ADD SIX TO BITS 0-7

0 0 1010 0001

0110 - ADD SIXTO BITS 4-7
1 0 0000 0001 OVERFLOW TO C

DEC A Decrement Accumulator
[oo00[0111]
The contents of the accumulator are decremented by one.
(A)=— (A)-1
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INSTRUCTION SET

Example: Decrement contents of external data memory location 63.

MOV RO,#3FH ;MOVE ‘3F’ HEX TO REG 0
MOVX A,@RO ;MOVE CONTENTS OF LOCATION 63
;TO ACC
DEC A ;DECREMENT ACC
MOVX @RO,A ;MOVE CONTENTS OF ACC TO
;LOCATION 63 IN EXPANDED
;MEMORY
DEC R, Decrement Register (Not in 8021, 8022)
|1 100 I 1rrr |
The contents of working register ‘r' are decremented
by one.
(Rr)=— (Rr)-1 r=0-7
Example: DECR1: DEC R1 ;DECREMENT CONTENTS OF REG 1

DIS | Disable External Interrupt (Not in 8021)
l0001]0101]

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

DIS TCNTI Disable Timer/Counter Interrupt (Not in 8021)
l0011]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

[1110[1rrr| [a7agasasagagagag]

This is a 2-cycle instruction. Register ‘' 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 Rrnot O
(PCo-7)=— addr
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INSTRUCTION SET

Note: A 12-bit address specification does not cause an
error if the DJNZ instruction and the jump target are
on the same page. If the DJNZ instruction begins in
location 255 of a page, it must jump to a target
address on the following page.

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

MOV RO0,#50 ;MOVE ‘50' DEC TO ADDRESS
;REG 0

MOV R3,#5 ;MOVE ‘5 DEC TO COUNTER
;REG 3

INCRT: INC @RO ;INCREMENT CONTENTS OF

;LOCATION ADDRESSED BY
;REG 0

INC RO ;INCREMENT ADDRESS IN REG 0

DJNZ R3, INCRT ;DECREMENT REG 3 — JUMP TO
' INCRT’ IF REG 3 NONZERO

NEXT — 'NEXT’ ROUTINE EXECUTED
;IF R3 IS ZERO
EN 1 Enable External Interrupt (Not in 8021)
l[ooo0[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)
[0010]07101] |

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

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

[0111][0101]

The test 0 pin is enabled to act as the clock output.
This function is disabled by a system reset.

Example: EMTSTO: ENTO CLK ;ENABLE TO AS CLOCK OUTPUT

IN A,Pp Input Port or Data to Accumulator

[0000]10pp]

Thisis a 2-cycle instruction. Data present on port ‘p’
is transferred (read) to the accumulator. In the 8021
IN A,P2 inputs P20-P23 to AQ-A3 while A4-A7 is set
to zero.

(A)= (Pp) p=1-2

Mnemonics copyright Intel Corporation 1976.
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INSTRUCTION SET

Example: INP12: IN A,P1 ;INPUT PORT 1 CONTENTS
;TO ACC
MOV R6,A :MOVE ACC CONTENTS TO
;REG 6
IN A,P2 :INPUT PORT 2 CONTENTS
;TO ACC
MOV R7,A :MOVE ACC CONTENTS TO REG 7

INC A Increment Accumulator
looo01][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,@RO ;MOVE CONTENTS OF LOCATION
;100 TO ACC
INC A ;INCREMENT A

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

INC Ry Increment Register

lo001][1rrr]
The contents of working register ‘r’ are incremented
by one.
(Rr) == (Rr)*+1 ‘ r=0-7
Example: INCRO: INC RO ;INCREMENT ADDRESS REG 0

INC @Ry Increment Data Memory Location
looo1]oo00r|

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 LOCATION 63
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INSTRUCTION SET

IN A,PO Input of Port 0 Data to Accumulator (8021, 8022 Only)

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

[0000[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 section 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, 8022)
[b2b1bg1]0010] [ajagasas [agapaqag]

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

to one. b=0-7
(PCQ-7)== addr If Bb=1
(PC) = (PC)+2 If Bb=0
Example: JB4iS1: JB4 NEXT ;JUMP TO ‘NEXT ROUTINE
:;IF ACC BIT 4=1

JC address Jump If Carry Is Set

[1111]0110| [a7agasas]agarajag

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

(PCo.7)=— addr If C=1
(PC) = (PC)+2 If C=0
Example: JC1: JC OVFLOW :JUMP TO ‘OVFLOW ROUTINE
;IF C=1

JFO0 address Jump If Flag 0 Is Set (Not in 8021, 8022)
[1011]0110]| [a7agasas]azazaqag]

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

(PCp.7)=— addr If FO=1
(PC) = (PC)+2 If FO=0
Example: JFO0IS1: JFO TOTAL :JUMP TO ‘TOTAL‘ ROUTINE
:IF FO=1

Mnemonics cobyright Intel Corporation 1976.
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INSTRUCTION SET

JF1 address Jump If Flag 11Is Set (Not in 8021, 8022)
lo111]0110]| [a7agasas]agagajag]

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

(PCq-7) = addr If F1=1
(PC) = (PC)+2 IF F1=0
Example: JF1IS1: JF1 FILBUF ;JUMP TO ‘FILBUF’

;ROUTINE IF F1=1
JMP address Direct Jump Within 2K Block

|a10a9a80[0100| [a7a6a5a4[a3a2a1a0[

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

(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]0011]

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

(PCo-7)= ((A))

Example: Assume accumulator contains OFH.

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

JNC address Jump If Carry Is Not Set

|1110|0110| |a7a635a4|a3a2a1ao.

This is a 2-cycle instruction. Control passes to the
specified address if the carry bit is not set, that
is, equals zero.

Mnemonics copyright Intel Corporation 1976.
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(PCgq-7) = addr If C=0
(PC) = (PC)+2 IF C=1

Example: JCO: JNC NOVFLO ;JUMP TO ‘NOVFLO’ ROUTINE
;1f C=0

JNI address Jump If Interrupt Input is Low (Not in 8021, 8022)
[1000J0110]| [asagasas|agapajag]|

This is a 2-cycle instruction. Control passes to the
specified address if the interrupt input signal is

low (=0), that is, an external interrupt has

been signaled. (This signal initiates an interrupt
service sequence if the external interrupt is enabled.)

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

Example: LOC 3: JNI EXTINT 3 JUMP TO ‘EXTINT ROUTINE
;1 1=0

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

[oo10]o110]| [aragasas]azagasag]

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

(PCg-7) = addr If TO=0
(PC) = (PC)+2 If TO=1
Example: JTOLOW: JNTO 60 ;JUMP TO LOCATION 60 DEC
;1IF TO=0

JNT1 address Jump If Test 1Is Low

L0100|0110| |a7a6a5a4[a3a2a1aoj

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

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

JNZ address Jump If Accumulator Is Not Zero

[1001]0110] [ajagasas]azapajag]

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

(PCp-7)=— addr If A#0
(PC) = (PC)+2 If A=0
Example: JACCNO: JNZ 0ABH ;JUMP TO LOCATION ‘AB’ HEX
. ) ) ;IF ACC VALUE IS NONZERO
Mnemonics copyright Intel Corporation 1976.
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JTF address Jump If Timer Flag Is Set

|0001|011CLI [a7a6a5a4]a3a2a1ao]

This is a 2-cycle instruction. Control passes to the
specified address if the timer flag is set to one,
that is, the timer/counter register has overflowed.
Testing the timer flag resets it to zero. (This
overflow initiates an interrupt service sequence

if the timer-overflow interrupt is enabled.)

(PCg.7) < addr If TF=1
(PC) = (PC)+2 If TF=0
Example: JTF1: JTF TIMER :JUMP TO ‘TIMER’' ROUTINE
:IF TF=1

JTO0 address Jump If Test 0 Is High (Not in 8021)

[0011]0110] [ajagasay|azazaqag]

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

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

Example: JTOHI: JTO 53 :JUMP TO LOCATION 53 DEC
:IF TO=1

JT1 address Jump If Test 1 Is High

l[o0101]0110] [asagasasagapayag]

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

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

Example: JT1HI: JT1 COUNT :JUMP TO ‘COUNT’ ROUTINE
‘IF T1=1

JZ address Jump If Accumulator Is Zero

[1100[0110]| [a7agasas|agazaqag]

This is a 2-cycle instruction. Control passes to the
specified address if the accumulator contains all
zeros at the time this instruction is executed.

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

;IF ACC VALUE IS ZERO
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MOV A,#data Move Immediate Data to Accumulator
[0010]0011] [drdgdsdg [dzdpdidg]

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 ‘A3 HEX TO ACC
MOV A,PSW Move PSW Contents to Accumulator (Not in 8021, 8022)
[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 A,PSW ;MOVE PSW CONTENTS TO ACC
JB4 RB1SET  ;JUMP TO ‘RB1SET IF ACC
;BIT 4=1

MOV A,Rr Move Register Contents to Accumulator
[1111]1rrr]

8-bits of data are moved from working register ‘r’
into the accumulator.

(A) = (Rr) r=0-7
Example: MAR: MOV A,R3 :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%of 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

;LOCATION 54 TO ACC
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MOV A,T Move Timer/Counter Contents to Accumulator
[0100/0010 |

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 A, T ;MOVE TIMER CONTENTS TO
;ACC
JB6 EXIT ;JUMP TO ‘EXIT’ IF ACC BIT
;6=1

MOV PSW,A Move Accumulator Contents to PSW (Not in 8021, 8022)
[1101]0111]

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

(PSW)== (A)

Example: Move up stack pointer by two memory locations,
that is, increment the pointer by one.

INCPTR: MOV A,PSW  ;MOVE PSW CONTENTS TO ACC
INC A ;INCREMENT ACC BY ONE
MOV PSW,A  ;MOVE ACC CONTENTS TO PSW

MOV R;,A Move Accumulator Contents to Register
| 1010 | 1rrr J

The contents of the accumulator are moved to

register ‘r’.
(Rr)= (A) r=0-7
Example: MRA: MOV RO,A iMOVE CONTENTS OF ACC TO

;REG 0
MOV R,#data Move Immediate Data to Register

1101 1 l 1rprq rﬂ ld7d6d5d4]d3d2d1doJ

This is a 2-cycle instruction. The 8-bit value
specified by ‘data’ is moved to register ‘r’.

(Rr)=— data r=0-7
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Examples: MIR4: MOV R4,#HEXTEN ;THE VALUE OF THE SYMBOL

;' HEXTEN’ IS MOVED INTO
;REG 4

MIR 5: MOV R5,#P1*(R*R); THE VALUE OF THE
;EXPRESSION ‘PI*(R*R)
;1S MOVED INTO REG 5

MIR 6: MOV R6, #0ADH ;'AD’ HEX IS MOVED INTO
;REG 6

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

This is a2-cycle instruction. The contents of the
accumulator are moved to the resident data
memory location whose address is specified by bits
0-5* of register ‘r'. Register ‘r contents are
unaffected.

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

Example: Assume RO contains 00000111.

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

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

This is a 2-cycle instruction. The 8-bit value
specified by ‘data’ is moved to the resident data
memory location addressed by register ‘r’, bits 0-5%

((Rr))= data r=0-1

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

MIDM: MOV RO,#62 ;MOVE ‘62" DEC TO ADDR REG 0
MOV @RO,#0ACH ;MOVE ‘AC’ HEX TO LOCATION 62
INC RO ;INCREMENT REG 0 TO ‘63
MOV @RO,#3FH ;MOVE ‘3F' HEX TO 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 ;START COUNTER
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MOVD A,Pp Move Port 4-7 Data to Accumulator
(0000 [11pp]

This is a 2-cycle instruction. Data on 8243 port
‘p’ is moved (read) to accumulator bits 0-3.
Accumulator bits 4-7 are zeroed.

(0-3) = (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 foliows:

Bits 1 0 Port
00 4
01 5
10 6
11 7

Example: [INPPT5: MOVD A,P5 ;MOVE PORT 5 DATA TO ACC
;BITS 0-3, ZERO ACC BITS 4-7

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

|0011|11ppJ

This is a2-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 ports 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
MOVD P5,A ;MOVE ACC BITS 0-3 TO PORT 5

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 255 of a program memory page, @A addresses
a location in the following page.
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Example: MOV128: MOV A,#128 ;MOVE ‘128 DEC TO ACC
MOVP.A,@A ;CONTENTS OF 129th LOCATION
;IN CURRENT PAGE ARE MOVED TO
;ACC

MOVP3 A,@A Move Page 3 Data to Accumulator (Not in 8021, 8022)
l1110/0011]

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.

(PCo.7)«(A)
(PCg_1 1)1— 0011
(A)«((PC))

Example: Look up ASCII equivalent of hexadecimal code in table
contained at the beginning of page 3. Note that ASCII
characters are designated by a 7-bit.code; the eighth
bit is always reset. )
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 LOCATION
;38 HEX IN PAGE 3 TO ACC
;(ASCII ‘8)
Access contents of location in page 3 labelled TAB1.
Assume current program location is not in page 3.
TABSCH: MOV A,#LOW TAB1 ;ISOLATE BITS 0-7 OF LABEL
;ADDRESS VALUE

MOVP3 A, @A ;MOVE CONTENTS OF PAGE 3
;LOCATION LABELED ‘TABT
;TO ACC
MOVX A,@R; Move External-Data-Memory Contents to Accumulator
|1000[000r] (Not in 8021, 8022)

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

(A)== ((Rr)) r=0-1
Example: Assume R1 contains 01110110.
MAXDM: MOVX A,@R1 ;MOVE CONTENTS OF LOCATION
;118 TO ACC
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MOVX @R,A Move Accumulator Contents to External Data Memory
[1001][000r | (Not in 8021, 8022)

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

((Rr)) = A r=0-1
Example: Assume RO contains 11000111.
MXDMA: MOVX @RO,A ;MOVE CONTENTS OF ACC TO

;LOCATION 199 IN EXPANDED
;DATA MEMORY

NOP The NOP Instruction
[0000[0000]

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

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

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

(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

[o0100[000T]

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 ((Rn) r=0-1
Example: ORDM: MOV RO,#3FH ;MOVE ‘3F' HEX TO REG 0
ORL A,@RO ;‘'OR’ ACC CONTENTS WITH MASK

;IN LOCATION 63
ORL A #data Logical OR Accumulator With Inmediate Mask
[0100[0011] [d7dgdsds [dzdpdidg]

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 (ASCII VALUE OF ‘X))
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ORL BUS,#data Logical OR BUS With Immediate Mask (Not in 8021, 8022)
[1000[1000] [d7dgdsds [d3dadidg]
This is a 2-cycle instruction. Data on the BUS port is

logically ORed with an immediately-specified mask. This

instruction assumes prior specification of an ‘OUTL BUS,A’
instruction.

(BUS) =< (BUS) OR data

Example: ORBUS: ORL BUS #HEXMSK ;'OR’ BUS CONTENTS WITH
;MASK EQUAL VALUE OF SYMBOL

;'HEXMSK’
ORL Pp, #data Logical OR Port 1 or 2 With Immediate Mask (Not in
[T000[10pp| [d7dedsdg|dadpdidg] 8021, 8022)

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 Mask

[1000|11pp|

Thisis a2-cycleinstruction. Data on port‘p’is
logically ORed with the digit mask contained in
accumulator bits 0-3.
(Pp)=— (Pp) OR (Aq_3) p=4-7
Example: ORP7: ORLD P7,A ;‘OR’ PORT 7 CONTENTS
;WITH ACC BITS 0-3

OUTL PO,A Output Accumulator Data to Port 0 (8021, 8022 Only)
[1001[0000]

OUTL BUS,A Output Accumulator Data to BUS (Not in 8021, 8022)
[0000]0010]

This is a 2-cycle instruction. Data residing in the

accumulator is transferred (written) to the BUS port and

latched. The latched data remains valid until altered by

another OUTL instruction. Any other instruction Does not
requiring use of the BUS port (except INS) destroys the apply for
contents of the BUS latch. This includes expanded OUT{
memory operations (such as the MOVX instruction). PO A

Logical operations on BUS data (AND, OR) assume the of ,8021 8022
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
loo11]10pp]

This is a 2-cycle instruction. Data residing in the
accumulatoris transferred (written) to port ‘p’ and

latched.
(Pp) = (A) p=1-2
Example: OUTLP: MOV A,R7 :MOVE REG 7 CONTENTS TO ACC
OUTL P2,A ;OUTPUT ACC CONTENTS TO PORT 2
MOV A,R6 :MOVE REG 6 CONTENTS TO ACC
OUTL P1,A :OUTPUT ACC CONTENTS TO PORT 1

RAD Move Conversion Result Register to Accumlator (8022 Only)

[1000[0000]

This is a two cycle instruction. The contents of the A/D conversion
result register are moved to the accumulator.

(A) = (CRR)

RET Return Without PSW Restore
[1000[0011]

This is a 2-cycle instruction. The stack pointer

(PSW bits 0-2) is decremented. The program counter
is then restored from the stack. PSW bits 4-7 are

not restored.

(SP)=- (SP)-1
(PC) == ((SP))

RETI Return From Interrupt (8022 Only)

[1001]0011]

This is a two cycle instruction. The stack pointer is decremented and
the program counter is restored from the stack. Interrupt input logic is
re-enabled.

(SP) = (SP)-1
(PC) = ((SP)) +1
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RETR Return With PSW Restore (Not in 8021, 8022)
[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 not be used within the interrupt service

routine as it signals the end of an interrupt routine by
resetting the Interrupt in Progress flipflop.

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

RL A Rotate Left Without Carry
[1110][0111]

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

(An+1)=< (An)

(A0)= (A7) n=0-6
Example: Assume accumulator contains 10110001.
RLNC: RL A ;:NEW ACC CONTENTS ARE 01100011.

RLC A Rotate Left Through Carry
[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
(A0)= (C)
(C)= (A7)

Example: = Assume accumulator contains a ‘signed’ number;
isolate sign without changing value.

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

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

Mnemonics copyright Intel Corporation 1976.
4-30



INSTRUCTION SET

RR A Rotate Right Without Carry

Example:

[0111]{0111]

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

(An) = (An+1) n=0-6

(A7)=— (A0)

Assume accumulator contains 10110001.

RRNC: RR A ;NEW ACC CONTENTS ARE 11011000

RRC A Rotate Right Through Carry

Example:

SEL ANO

[o0110[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

(A7T)= (C)

(C)= (A0

Assume carry is not set and accumulator contains
10110001.

RRTC: RRC A ;CARRY IS SET AND ACC

;CONTAINS 01011000

Select Analog Input Zero (8022 Only)

SEL AN1

[1001][0101]

Select Analog Input One (8022 Only)

[1000[0101|

One of the two analog inputs to the A/D converter is selected. The
conversion process is started. Restarting a sequence deletes the
sequence in progress.
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SEL MBO Select Memory Bank 0 (Not in 8021, 8022)

[1110[0101]

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

(DBF)=0
Example: Assume program counter contains 834 Hex.
SEL MBO ;SELECT MEMORY BANK 0
JMP $+20 ;JUMP TO LOCATION
;48 HEX
SEL MB1 Select Memory Bank 1 (Not in 8021, 8022)
[1111][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, 8022)

[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, 8022)

[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.
LOCS3: JNI INIT ;JUMP TO ROUTINE ‘INIT’ IF
;INTERRUPT INPUT IS ZERO
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INIT: MOV R7,A ;MOVE ACC CONTENTS TO
’ ;LOCATION 7
SEL RB1 ;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 — RESTORE PC AND PSW
STOP TCNT Stop Timer/Event-Counter
|[0110[0101]

This instruction is used to stop both time accumulation
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 ;CLEAR 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 ;JUMP TO ROUTINE ‘COUNT’
;IF TF=1 AND CLEAR TIMER FLAG

JMP MAIN ;CLOSE LOOP
COUNT: INC R7 ;INCREMENT REG 7
MOV A,R7 ;MOVE REG 7 CONTENTS TO ACC
JB3 INT ;JUMP TO ROUTINE ‘INT’ IF ACC
;BIT 3 1S SET (REG 7=8)
JMP MAIN ;OTHERWISE RETURN TO ROUTINE
;MAIN

INT: STOP TCNT ;STOP TIMER
JMP 7H ;JUMP TO LOCATION 7 (TIMER)
;INTERRUPT ROUTINE
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STRT CNT Start Event Counter
l[0100/0101]

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
;ACC
MOV T,A ;MOVE ONES TO COUNTER

STRT CNT ;ENABLE T1 AS COUNTER
;INPUT AND START

STRT T Start Timer
[0101]0101]

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

Example: Initialize and start timer.

STARTT: CLR A ;CLEAR ACC TO ZEROS
MOV T,A ;MOVE ZEROS TO TIMER
EN TCNTI ;ENABLE TIMER INTERRUPT
STRT T ;START TIMER
SWAP A Swap Nibbles Within Accumulator
l[0100][0111]

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

(A4-7) 5= (Ap-3)
Example: Pack bits 0-3 of locations 50-51 into location 50.
PCKDIG: MOV RO, #50 ;MOVE ‘50' DEC TO REG 0
MOV R1, #51 ;MOVE ‘51’ DEC TO REG 1

XCHD A,@R0 ;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 @RO,A ;MOVE CONTENTS OF ACC TO
;LOCATION 50
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XCH A,R; Exchange Accumulator-Register Contents
| 0010 | 1rrr |

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

(A)Y=. (Rr) r=0-7

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

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

;AND ACC AGAIN
XCH A,@R, Exchange Accumulator and Data Memory Contents
[oo010[000T |

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

A% ((Rn) r=0-1

Example: Decrement contents of location 52.
DEC52: MOV RO, #52 ;MOVE ‘52’ DEC TO ADDRESS

;REG 0
XCH A,@RO0 ;EXCHANGE CONTENTS OF ACC
;AND LOCATION 52
DEC A ;DECREMENT ACC CONTENTS
XCH A,@RO0 ;EXCHANGE CONTENTS OF ACC

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

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

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

(Ao-3) 5> ((Rr0-3)) r=0-1
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Example: Assume program counter contents have been stacked in
locations 22-23.
XCHNIB: MOV RO,#23 ;MOVE ‘23 DEC TO REG 0
CLR A ;CLEAR ACC TO ZEROS
XCHD A,@R0 ;EXCHANGE BITS 0-3 OF ACC
;AND LOCATION 23 (BITS 8-11
;OF PC ARE ZEROED, ADDRESS
;REFERS TO PAGE 0)

XRL A,R; 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 memory 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 ;’XOR’ ACC CONTENTS WITH MASK
;IN LOCATION 32

XRL A,#data Logical XOR Accumulator With Immediate Mask
[1101]0011]| [d7dedsdg | d3dpdydg]

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

(A) = (A) XOR data

Example: XORID: XOR A #HEXTEN;XOR CONTENTS OF ACC WITH

;MASK EQUAL VALUE OF SYMBOL
yHEXTEN’
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APPLICATION EXAMPLES

5.0 introduction

The following chapter is organized in two
sections, Hardware and Software. The
hardware section gives examples of some
typical configurations of MCS-48 compon-
ents while software section gives assembly
language listings of some common appli-
cations routines.

5.1 Hardware Examples

CRYSTAL OSCILLATOR MODE DRIVING FROM EXTERNAL SOURCE

PR 2§ xvaL1
soF E 16 mHz
<1
VoA
SOCKET, STRAY) |
]
]
[ER— 3] xvAL2

XTALY

15— 25 pF XTAL2
(INCLUDES SOCKET, I
STRAY) =
CRYSTAL SERIES RESISTANCE SHOULD BE <75Q AT 6 MHz; <180Q AT 3.6 MHz. BOTH XTAL1 AND XTAL2 SHOULD BE DRIVEN.
RESISTORS TO Vcc ARE NEEDED TO ENSURE Vi = 3.8V
IF TTL CIRCUITRY IS USED.
LC OSCILLATOR MODE
NOTE:
A STANDARD SERIES RESONANT XTAL SUCH L C NOMINAL =, 1,
AS CTS KNIGHTS MP060 OR CRYSTEK CY6B 45.H  20pF 5.2 MHz 2/1C
WILL PROVIDE BETTER THAN .1% FRE- 12040 20pF 3.2 MHz L1
QUENCY ACCURACY. c'=C +§<=»

EACH C SHOULD BE APPROXIMATELY 20pF,
INCLUDING STRAY CAPACITANCE. FOR
MORE INFORMATION ON XTALS SEE INTEL
APPLICATION NOTE AP-35.

Cpp = 5- 10 pF PIN-TO-PIN
XTAL2 CAPACITANCE

EACH C SHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE.

NOTE: SEE PAGE 5-3 FOR 8021
FREQUENCY REFERENCES.

FREQUENCY REFERENCE OPTIONS



APPLICATION EXAMPLES

+5V GND

}40 Ls Lo

Vee Vop Vss
2 P10 »—i-;— -
_C XA 4 P
V) p1330_ INPUT
3 Pl I PORT 1 AND
— XTAL 2 EN OuTPUT
15-25pf P15 33
4 PI6L=—
] |seser 34|
| ——|reser P17
1ufd
N 7 P20 ——2;
EA 8049 P21 fo— 1
P22l =—
—y 8048 |24 INPUT
5 P23
- 8748 35 |- PORT 2 AND
NC—=|5§ P24f OUTPUT
p2s—
P26 g;_
p27p=—
! 12
—1T0 DBO T T
39 DB1 T
INP —{T1 pDB2f—
NPUT P [T INPUT
6 __ 16 - BUS PORT AND
—INT DB4f —— OUTPUT
DBSf——
!
__ DB7p— -
ALE PSEN PROG WR R

|11 Ig |25 I1o la

NC NC

¢ All inputs and outputs (except RESET, X1, X2)
standard TTL compatible

¢ P1 and P2 outputs drive 5V CMOS directly others
require 10 to 50K} pullup for CMOS compatibility

XTAL: Series Resonant CTS Knights MP060
1 to 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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+5V

'lMd_L

APPLICATION EXAMPLES

+5V GND

| XTAL 2

ov 17
Lb RESET

13
INPUT —=| T1

LC

8021

ALE PROG

P00

P02
P03
P04
P05
P06
P07

P10
P11
P12
P13
P14
P15
P16
P17

P20
P21
P22
P23

l@iml\llmlmIA

iy
=|le

PR

[12

1MEG &

CRYSTAL

ALTERNATE FREQUENCY REFERENCE OPTIONS
(COMPONENT VALUES TO BE DETERMINED)

FFFF

INPUT
PORT 0 { AND
OUTPUT

INPUT
PORT 1| AND
OUTPUT

INPUT
PORT 2| AND
OUTPUT
+5V
1K
2
XTAL1
TTL
GATE
XTAL 2
NC*
EXTERNAL

THE STAND ALONE 8021
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APPLICATION EXAMPLES

+5v

w T
Vee RESET
prof2s_
26
o P11
VAREF P12 (e
INPUT
3 P13
Avee 29 | PORT 1 [ AND ]
":‘; 0 ouTPUT
10-2004F | :,6 31
- 32
7] aves P17 =
2
2 ves p2o |23 7
l p21 34—
100pF = 1F 8022 p22 |35
SILVER MICA'[ T po3 136 INPUT
L SUBST paq |38 [PORT2 [ AND ]
= 39 ouTPUT
6 P25 [-=—
s{ ANO P26 f——
A DINPUT 12
P27 .
=3 Y vrn B2
0
23} poo o~
XTAL1
T PO1 —:; ]
PO2
™ = po3 |13 INPUT
I 22 14 |-PORTO AND
XTAL2 P04 == OUTPUT
10 POS |2
AN —— Pos
WF po7 p—— -
ALE PROG TO
" P
NC
+5V
1K
Optional 2
Xq | XTAL1
TTL
c= GATE
20-50pF L
X2 XTAL 2
6-3.6mHZ Ne—
L CRYSTAL EXTERNAL

ALTERNATE FREQUENCY REFERENCE OPTIONS
(COMPONENT VALUES TO BE DETERMINED)

THE STAND ALONE 8022



APPLICATION EXAMPLES

OPEN

COLLECTOR
INVERTERS

DEVICE ‘DC +BV
1

10K

INT 8049
8048

DEVICE 8748
2 b° 8035

8039

P10

28 ANY

P11 UNDEDICATED
29 PORT LINES

DEVICE B P~ P12 CAN BE USED
s P13

DEVICE
4 DG

e All devices equal priority
* Processor polls Port 1 to determine interrupting device

MULTIPLE INTERRUPT SOURCES

5-5



APPLICATION EXAMPLES

:; DBO
121081
151082
o] e
WR
1 ]2 |3 |4 |23
Bo By By SGS ECS
8049
s | 8048
6" RO 8748
—7" R1 8035
18| B2 8 27 8039
INTERRUPT _{ ——>{R3 Ao P10
INPUTS __.;: s 8214 Z ?0 ;g P11
-—-z-i-b ﬁ_—ﬁ. Az P12
T —|s 6 |—
—250R/7 INT s Q INT
ELTG INTE ELR CLK or a
13 [7 [11 4o
RS FLIP FLOP
ey == ALE

<}

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

MULTIPLE INTERRUPTS WITH PRIORITY LEVELS

5-6



APPLICATION EXAMPLES

+6V GND

2
e
77

2

7

NC —]

1
—
39
—
6
—

Ve Voo Vss

XTAL1

XTAL 2

EA 8049
8048

- 8748

S 8035*
8039*

T0

™

INT

ALE PSEN PROG WR RD

45V #12V -5V GND
45V GND
|24 24 19 21 12
2 Vce GND Vee Voo Vss Vss
prof2l— -
P11 ;g— 8212 s
P12} 2 LATCH A8
P13 3(1]_ 3 4 1
P14 —gz =1oh DO 2147
|>15‘—33 702 DO |2 3] A6
P16t 5ot D03 |H——p1 A8
P17 p— Dig D04 A4
16 15 5
2 18]P's DOs [57—5]A%
P20 Dlg DO A2
2 20 197
i PR 22]P" hod P B
P22 2 14 lﬁ DOg A0 8708
zii (35 CLR 1K x 8
o T DS, MD DS; EPROM
Pas e ENENE
p27 38 —
12 i 9
oBof2 o
oB1f o2
oszf2 o3
DB: 12 04
peafts 05
17 15
85 06
18 16
pa6jS o7
DB7 [o]] —
CS/WE
20

*EA =5V FOR 8035/8039

11 |9 [25 Iw l

8

e 8212 serves as address latch

e Address is valid while ALE is high and is latched
when ALE goes low

EXTERNAL PROGRAM MEMORY

5-7




APPLICATION EXAMPLES

+5V GND
40 {26 420
Vee Vob Vss 27
2 P10p—
_-E—’ XTAL1 P11 %
7 | e
— —3—~|xTaL2 praf3l 10
p1s|32.
A L KL
L————| f——| RESET ] E
+5V GND
7 P20 ;;
EA 8049 P21 2
1 8048 P22 |22
= 5 8748 P23l 40 |5 l20 |1
Ne —|5s 8035* P24 Vee Vbp Vi CE
1 c Voo Vss €
8039* P25 %‘75— 1/0 ;2 A8 PAO %—
iad BT 23] %2 PAl 26
P27 F— A10 PA2 7
! 12 12 PA3I S
—| 70 oBop2 121 Ap0 o
39 DB1 7 ” AD1 PA5S 50—
INPUT { —|T1 DB2 1‘; 2 an2 PA6 g—-
o pB3f L 8 pa7 P —
—|iNT DB4 1‘75 1o Apa w 1O
DBS AD5 8355 PBO 22—
18 18 8755A 33
DB6 AD6 PB1
a7 2 19] 07 2K x 8 pe2 32—
ALE PSEN PROG WR RD . ROM p3fE
1 |9 [25 10 |8 I iOR PB4 ——;‘;
ol PB5
iow PB6 —‘;'—g——
of pe7 22— |
RD
1
ALE
*EA =5V FOR 8035/8039 +5V —i CE
CAN BE SUPPLIED BY SYSTEM ___ 4
RESET OR PORT LINE OF 8048 | RESET

LB e

= NC NC

¢ External I/0 ports are addressed as data memory PA=00 PB=01

¢ |f the 8048’s internal Program Memory is used this configuration will resultin
the upper 1K of external memory being addressed before the lower 1K.
Inverting A10 will correct this if necessary. This inversion is not necessary if
the 8049 is used.

ADDING A PROGRAM MEMORY AND I/0 EXPANDER
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APPLICATION EXAMPLES

- NINININININININ
<°ﬂ”[“””‘lglgl(’:’) gIglB leNl/ r‘sl&l‘d |“|Q|°lu‘lb|w|~|—.

+5V GND
40 426 {20
Vec Voo Vss
2 P10 é;—
| x7AL1 P —
P12 —
Y
2 3 P13 ———g?
— —3——|xraL2 Piafdl
p1si32
4 P16 ?:::——
{F RESET 17— Lo
7 P20 %—
E |22 +5V GND
A 8049 il PE
= 8048 P22 —
= 5 8748 P23l— 40 20
ne —=|S5 8035* P24 Vee Vss
8039* P25 — PAO
P26 PA1
p27 |32 PA2
1 12 PA3
—=} 70 DBO 1; 73] A0 . PA4
39 DB 14 7y AD1 PAS
INPUTS 4 —|T1 DB2[= 151 AD2 PAG
6 DB3 s PA7
—|INT DB4 :g 7 AD4
AD5 PCO
g:i 18 18§ \p6 8155 PC1
oe7}2 19 Ap7 256 x 8 Po2
ALE PSEN PROG WR RD , RAM PC3
1 lg lzs 10 |8 10/M PCa
o PC5
RD
10 PBO
WR PB1
1 PB2
ALE PB3
sl — PB4
*EA =5V FOR 8035/8039 _,_—' CE :gz
CAN BE SUPPLIED BY SYSTEM — 4o coo Tiviem TIMER
RESET OR PORT LINE OF 8048 ER E a7
ouT IN
16 Ta
—
TIMER

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

—

F 1/0

L

ADDING A DATA MEMORY AND /0 EXPANDER
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APPLICATION EXAMPLES

+5V +5V GND GND

FRFFRER FERRERE

[

w - NINININ N

40 |5 J20 |1
21 Vec Voo Vss CE
71 PAO
={re PA1
A0 PA2
PA3
(————% ADO PA4
T PAS
———]AD2 PAG
——]AD3 PA7
| ——————1ADa
———— 2 aps 8355 PBO
—————3]4Ds 8755A PB1
———————1AD7 2Kx8 PB2
s ROM PB3
10R PB4
10 PBS
1ow PB6
s PB7
OPTIONAL GATEJ RD
TO PREVENT 1
“HOLE" IN ™ ALE
15V GND  PROGRAM T\\
MEMORY 2
i ) CE
4
—|ReseT
40 {26 20
7 3 [6
Vcc Vbb Vss , |
2 prof2L_
—|X7AL1 P11 ,_ig — NC NC
vz ;:::2, 30
,-—“__I__—— XTAL 2 [ V) KL 1o
p15p32
a P63 —
+———|——|rEseT p17|34—
7 p20 2
EA p21 22
p2] 23 5V GND
= 5| gg:g P23 ;; [40 lzo
NC —|ss 24 6 b Vee Vss
8748 P15 | | fwo PAO
P26 T PA1
P72 —| |4 PA2
1 PA3
—|70 DBO :; 4 :i ADO PA4
39 D81~ o PAS5
INPUTS { —>{ T1 oB2f= 72| Ap2 PA6
6| DB3f2 AD3 PA7
—|inT oBal j 13 AD4
DBS ADS
DeshE Y, 18 206 8156 :g?
g7} 19] A7 256 x 8 PC2
ALE PSEN PROG WR RD , RAM PC3
1 |9 [zs 10 |8 10/M pPCa
° PCS
RD
10 PBO
WR PB1
" PB2
ALE PB3
s PB4
CE PBS
A PB6
¢—=|RESET TIMER TIMER  PB7
out IN
vor
CAN BE SUPPLIED BY SYSTEM
RESET OR PORT LINE OF 8048
TIMER

¢ This configuration is explained in section 3.4

-1/0

—

1/0

L

THE THREE CHIP SYSTEM



APPLICATION EXAMPLES

1/0 Expansion Techniques

The following are several examples of how
the basic I/O 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 1/0 required.
+5V GND 5V GND
|24 112
Vee GND 2
40 426 |20 PAOL— ]
Vee Voo Vss pa1
27 4
prof2l— P42 —
2 28 pazf>
I e LU PIES— —
P12p=—
W///- 3 P13 30 P50 L
23
~— }L» XTAL 2 P14 %— 1o Po12—
IS T— 8243 gg; Eh
—— |___.4 ::3 34 /0 - 1/0
1 RESET EXPANDER e}
7 p20} 2 1 p20 Y L
EA P21 22 10 P21 P62 L
8049 p22} 2 1 p22 [ ] LA,
L 8048 24 8
- 5 8748 P23 P23
— 35 o3 —
NC —|§s 8035 P24 t3_5_— 7 14
P25 PROG P71 f——
R 8039 p26 37 P72 15
38 6]
p27 |38 —L_. cs p73fle |
1 12 —
—| TO DBO ﬁ_— L /0 -
39 DB1 2
INPUT 4 —=]T1 DB2 1—5-—
6 DB3 T
—|INT DB4f_—
DBs ?‘
DB6 T
DB7|—
ALE PSEN PROG WR RD

i

% |1o 'a

ADDING AN I/0 EXPANDER



APPLICATION EXAMPLES

+5V GND
28 14
Vee Vss 4]
15 P0OO -?-—
XTAL 1 POT -2 —
P02 -7—
16 P03 &
XTAL 2 PO4 5
oed I
P0G |-
+BV po7 1 — +5V GND
Tutd L e 7
1oV 17 P10 o — 24 12
RESET Pl e —_ )
P12t Paof=—
DIODE 8021 P13 22 P41 '
OPTIONAL p1afes— P22 —
8022 P52 pazps —
— 24
= PI6L—
P17 p— pso H—
- 23
ps1jEs—
P2} 22—
8243 i
INPUT—1§> ™ 1/0 —
EXPANDER peo 22
P20 :‘; 1‘; P20 P61 —:Z
P21 [ op21 Po2 [
P22 P22 P63 }—
p23}-2 81 p23
ALE PROG probs
12
]12 IE 7]PrOG P71 f=—
15
. P72t —
TS (k] L

*PIN NUMBERS ARE DIFFERENT FOR 8022

- 1/0

ADDING AN I/0 EXPANDER TO THE 8021, 8022
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APPLICATION EXAMPLES

+5V GND
+5V GND
24 12
40 26 |20 Vee GND ol
Vec Voo Vss par P—
2 P10 27 P42 4
_—|xmau P11 -::— pazls_
(3P
H, s p13]30 psoll
_| 'l. XTAL 2 P13l 10 P51 23
P15 32 P52 22
A p16h32 8243 0 £
11 34 1/0
RESET p17j34- L
" EXPANDER oeo]20_ [7°
21 1 19
lea 8049 i 7 0 refie
3048 P21 [== 5172 pe2 |
P22 P22 P63 17
= 5 8748 p23| 22 81p23
NC —=|55 8035 p2a 32 ; pro S —
8039 p2s |28 PROG P71 4
8021* e B 6 ]
8022 P27 [ P73}
1
—|70 DBO %—
39 DB1}=—
INPUT { —|T1 pe2jid—
d D3 :2 1/0
—=]INT 384 ——-17 15V GND
ssh—
b T 124 12
pe7p2— Vce GND 2
ALE PSEN PROG WR RD P40 =—
11 |9 [25 [10 |8 i I
pPazl=—
paz|>—
1
P50 —
P51 —g
8243 i
1/0 =1 e
EXPANDER pe0 |22
:; P20 P61 y%%—
P21 Pe2|—
9 p22 PB3|=——
81p23 .
7 L o
PROG P71
s PT2[
cs P73
*PIN NUMBERS ARE DIFFERENT FOR 8021, 8022
1

ADDING MULTIPLE I/O EXPANDERS



APPLICATION EXAMPLES

+5V GND
The bus is normally used as an output port. To
40 126 420 use it as an input port the bus is put in the high
) Vec Voo Vss p10l2Z impedance state using the MOVX instruction
—ixTaL1 p11j28 and then read using the INS instruction. The
P12 % resistor value chosen is a function of the
N rarz :j EN output loading and the characteristics of the
p15}32 input signals.
A Pief33
—|RESET P73
B paof2l—
—|ea P21 %
P22 T
5 P23p——
—]ss 8049 p2a 35—
8048 P25 %
8748 26—
p27 38—
N
N L e M
13 o YW
1 DB1 ouT1 N2
—|70 -bB2 L:_m;;“w"—m
30 [ L ey A
filied 16 [ ora YWV
6 DB4 ouT4 -
e oes |2 ours
18 [ oore VYV NG
DB6 0ouTe
19 IN7
. __ pe7 ouT?
ALE PSEN PROG WR RD
|11 Ig ’25 lw |8
ADDING 8 INPUT LINES
+5V GND
w 126 20 Individual bits of the 74LS259 eight-bit
Tor Von Ve addressable latch can be set or reset using the
2 P10‘% OUTL instruction. During the OUTL operation
—=|XxTAL1 i bit zero of the accumulator is written into the
:g (30 bit of the latch specified by bits 1 through 3 of
N raL2 Praf3 the accumulator. In this configuration DBo-
P15-%— DB7 will be momentarily disturbed while the
4 i rum external latch is loaded.
—|RESET P17
B poof2l
—|EA P21 %g—
8049 4 P
5l 8048 P23ree l
—>|Ss Pa——o
8748 pas| 38— CLR o8 b——
P26 |2 — Q7 f——
P27 _38_ Q6 b——
1 7aLs259 B [——
—|70 peop 24— D (16) Q4 f——
39 Y] L el P 3 l—
—i71 oe2l4 B @ p—
6 pe3fS = c G alb—
—|iNT 034—15—
DBS Ts——
DBS6 T
DB7p——
ALE PSEN PROG WR RD

ln Is 125 10 |8

ADDING 8 OUTPUT LINES
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APPLICATION EXAMPLES

+5V GND
.40 126 JZO
Vec Voo Vss
2
—=XTAL1
3
—|XTAL 2
4 JUS—
—=1RESET
; 8049
—|EA 8048
8748
5 = 8021*
—
8035
8039
8022*
1
—|T0
39
T
6 J—
—=]INT
ALE PSEN PROG WR RD

P10
P11
P12
P13
P14
P15
P16
P17

P20

ARRARNNN
R IAY I bt 13 1] N

21—

P21

22 —

P22

23 —

P23

24—

ToO®>

P24
P25
P26
P27

DBO
DbB1
DB2
DB3|
DB4|
DBS
DB6
oB7

o [0 o Joo
AN

I

|

w

=

o

>

<

|

o

]11 [9 Izs ’w |a

74150
(24)

EO
E1
E2
E3
E4
E5
E6
E7
E8
E9
E10
EN
E12
E13
E14
E15

I

Normal 1/0 port is used to select an address
for the 16-to-1 multiplexer. The output of the
multiplexer is brought into a test input. Eight
inputs could be added with a 74LS151 8-to-1
multiplexer using the same structure.

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

*PIN NUMBERS ARE DIFFERENT FOR 8021, 8022

ADDING 16 INPUT LINES

+5V GND
40 426 420
Vec Voo Vss
2
—|XTAL1
3
—={XTAL2
4
—|RESET
7
A 8049
5 8048
—|5s 8748
1
—=|T0
39
—=IT1
6 j—
—|iNT
ALE PSEN PROG WR RD

slelglapinisgy |elslslelsIsixie
Y R Rt FNY IR [N M g (] [ o b ISR PR ) N

12 — 14

&

o
w
5]

=
‘olw

|11 |9 125

10 |a

74L8174
(16)

CLK

5Q p——

4QpF—

3 F—
20
1Q

9

The latch can be loaded with the OUTL
instruction. After the latch is loaded the BUS
output state can be modified with the ANL
BUS, # DATA and the ORL BUS, # DATA. The
OUTL generates a WR strobe; ANL and ORL
do not. In this configuration DBo-DB7 will be
momentarily disturbed while the external latch
is loaded.

ADDING 6 OUTPUT LINES

5-15



APPLICATION EXAMPLES

+6V GND
28 14
Vee Vss 18
15 T ) :I? 19 DISPLAY
—|xTAL1 20— AND/OR
Pz KEYBOARD
16 P13l — ARRAY
—|xTAL2 praf22—
P15 %
P16
7] _
—|REsET [27] I [ ] l [ i l |
8049 QA QB QC QD QE QF QG QH
P20 :‘; A
8 i I 7415164
8748 P2 8 (14)
» P23
8021 — | .
8035 CLR
8039
8022*
+1
poo 12—
13
13 ol
] poz |2
PO3 [
Po4 L
pos (-1
pos |18
po7 12
ALE PROG

T1z

I

This is most useful when the outputs of the
7415164 eight-bit shift register will be used to
scan adisplay and/or keyboard. In this case an
ANLD P7, A with A =0FFH can be used to load
the initial “1” and an ANLD P6, A with A=0FEH
can be used to move it down the shift register.

*PIN NUMBERS ARE DIFFERENT FOR 8021, 8022

ADDING OUTPUT FOR KEYBOARD/DISPLAY SCANNING



APPLICATION EXAMPLES

Vee
5K
[
NOTE: n { q I I 1 l
Py3 IS SHOWN . 1 1 1 "LS04 "U$32
HERE CONNECTED 1
FOR OUTPUT; P22
1S CONNECTED
FOR INPUT. NC. 832
[ y
Q Q; Q2 03 Q4 O] ‘LS04 v
Vee
74L8174 cx M
GR Do D1 Dz D3 Dy D5 | <so3 — Vee
| [ | ] 1552
1 ALE PSEN  EA
P23 P27
P22 P26
P2 P2s
P2o P24
iNT
T
To
| [———— s
E Ao As As A7 As As As A3 Az A; Ao 1 TO ALL
10 s 4 — —
O ° 70 3 2 ‘V“ 5V —Q; G 0 Q2 Q3 Q @ Q2 Q3 a, C
-—{q, G G q, Vee
2716 Vccj— NC. % 74LS75 o 01 741575 cT2 N.C. _éa“':
PD/PGR —% Ga3 Gz3 4 v T
07 0g Os O4 O3 Oz Oy Op Vsg —4G, Dy Dy Dz D3 Do Dy D2 D3 8oz Vs f—¢-
S I T1F
N oy
DBo P17 p—
DBy Pis
08, Pis
DB3 Pia
DBy P13
DBs P12
DBg P
DB P10
v, Vee 4
cc 4 WR PROG
— &5
T 1 el X1 X RST
fm--. |5 Do Dy D2 D3 Ds Ds CK @ Do Dy Dz D3 D4 Ds TK
Q o
= 74L8174 74L8174 ? e
.1uF DECOUPLING CAPACITORS =
DISTRIBUTED EVENLY ON BOARD Q 0 Q2 03 Qs G5 Qo 01 Gz 03 04 Os % ]
1 Pl N.c,{
— —=—L NC 22pF —1
N.C. .
DOy D0; 00,003 Dig DIy Diz Dly _J DOy DOy DO, DO3 Dio DIy DI Di3} i
[ [ =
6 oce i ocE -
DBy DB, DB DB; DBy DBy DB DB;
L R LS04 IF RIBBON CABLE
1S USED, KEEP
. SHORT (- 6")
a L

P23

P2z

P20

PSEN

Vee

Vss

40-PIN DIP PLUG (VIRTUAL 8049}

PROG

XTALY
XTAL2

33l

8049 EMULATOR CIRCUIT




APPLICATION EXAMPLES

8049 EMULATOR CIRCUIT DESCRIPTION-6 MHZ

The following is an explanation of a circuit which
emulates the operation of an Intel® 8049 using a stan-
dard EPROM for program storage.

With the 8049, software may be developed by running
external program memory, but doing so requires the use
of the bus and Py3-Py to access this memory.

The circuit shown may be used to restore the normal
functioning of these twelve I/O pins. The circuit con-
sists of an 8039 CPU, 2716 EPROM, two 8216 bi-
directional bus drivers, and eight other 7400 Series Low-
Power Schottky TTL packages. The whole assembly can
be built on a 2-3/4” x 4” board.

A cable coming off the board can be terminated by a
forty-pin plug which may be inserted directly into the
CPU socket intended for the 8049 in a system undergo-
ing design or testing. Alternatively, a pattern of forty
pins extending below the board can be used to plug the
board directly into the system undergoing testing,
“piggy-back” fashion. The emulator board may be con-
figured in various ways so that the 40 pin plug is the
logical equivalent of an 8049 in every legal operating
mode. (In the following explanation of the operation of
the circuit, an asterisk appearing before a signal or pin
number — as in *PSEN — refers to that pin on the “vir-
tual 8049 represented by the forty-pin plug).

Since the CPU is identical with the 8049 in all respects
other than its lack of program memory, most of the pins
of the 8039 are simply connected directly to the cor-
responding pins of the forty-pin plug. These include all
of Port 1, the high order bits of Port 2, the test pins, etc.
Signals which are emulated with additional 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 so all in-
struction fetches are made from the 2716. Two 74LS75
four-bit latches gated by the buffered ALE signal are
used to hold the lower eight bits of address from the
time-multiplexed data bus. Since the Bus is being used
for fetching instructions, data latched to the Bus will be
lost on the next instruction fetch. Two 74LS174 latches
are used to retain the output data when a bus write is
executed. These latches are triggered by the trailing
edge of the WR pulse, so their outputs are glitch free.
Since logical operations to the bus do not generate a
WR strobe, the “ANL BUS,#” and “ORL BUS,#” instruc-
tions may not be used, though they do function properly
with the other ports.

The two 8216 bi-directional bus drivers normally buffer
the latched bus contents to the DB pins of the virtual
8049. When an “INS A,BUS” instruction is executed,
they buffer the input signals on to the emulator data
bus. Thus, the circuit is designed to use the Bus for both
latched output and strobed input. if DB;9DB, of the
8049 are to be used solely for input data, J2 and J3 may

NOTE: FOR EMULATION AT 11 MHZ:

1. Substitute a 2716-1;

2. Delete 74LS03 package (leave lines open). Elimination
of 74L.S03 precludes use of P20-P23 as inputs.

be changed from what is shown in the Figure, so that
DB;-DBy act as high impedance inputs and the 8216s
are enabled only when the read operation is performed.
If the bus is to be used only for latched output, the
8216s can be omitted entirely.

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

The lower four bits of Port 2 are also used in fetching in-
structions from the 2716, in addition to their use as in-
put or output pins in the user’s system. In configuring
the emulator for a particular application, the user must
dedicate each of these as either an input or output pin
and connect jumper set J1 accordingly. Any mix of input
and output pins is allowed. At the beginning of each in-
struction fetch, the last data written to P2 will be pre-
sent on Py3-Py at the rising edge of ALE and will be
latched by a 74LS174. The latched data may be con-
nected through the jumpers to those pins which will be
used as outputs on the 8049. Emulator pins used as in-
puts should be pulled above 2.0V for a logic “one”. If
this is not the case, i.e., if switches to Ground are to be
read, 50K pullup resistors should be added to the circuit
on each input. They were omitted from the diagram to
minimize input loading.

Pins which will be used as inputs may be connected to
the input of an OR gate formed of inverters and open-
collector NAND gates. The input signals will be relayed
directly to the 8039 and will be read by an “IN A,P2” in-
struction. But when PSEN is low, the NAND outputs are
forced off, allowing the 8039 pins to be used for high-
order program adressing. Open-collector outputs are
needed to prevent line contention when PSEN is not
low.

If 8243s will be be used in the final system, the low order
pins of Port 2 must be connected directly to the plug.
This may be done by replacing the Port 2 latch with four
jumpers connecting the inputs to the outputs. The
NANDs should be removed or disabled by grounding the
common NAND inputs.

The cluster of three OR gates is used to enable the on-
board 2716 and generate the *PSEN signal, each of
which is a function of PSEN, *EA, and the high order bit
of the program counter. Thus *PSEN is generated, forc-
ing an off-board read, only when a jump has been made
to Memory Bank 1 or when *EA is brought high. If this
feature is to be used to address off-board memory, DB;-
DBy may not be used for normal 1/0. The 8216s and
74L.S174 must be replaced with jumper blocks and the
open collector NAND gates disabled, as explained
above. The same changes -are required to operate the
board in single step mode.
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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.

RX0 = RO
AEX = R2
DOUBLE ADD
DADD: DEC  RXO0 :GET LOW BYTE AND ADD TO A
ADD A @RX0
INC  RX0 ;GET HI BYTE AND ADD TO AEX
XCH  AAEX
ADDC A ,@RX0
XCH  AAEX
RET :RETURN
DOUBLE SUBTRACT
DMIN: DEC  RX0 ;GET LOW BYTE AND SUB FROM A
CPL A
ADD A @RX0
CPL A
INC RX0 ;GET HIBYTE AND SUB FROM AEX
XCH  AAEX
CPL A
ADDC A, @RX0
CPL A
XCH  AAEX :
RET ‘RETURN
DOUBLE LOAD
DLD: DEC  RXO :GET LOW BYTE AND PLACE IN A
MOV A @RX0
INC RX0 ;GET HI BYTE AND PLACE IN AEX
XCH  AAEX
MOV A @RX0
XCH  AAEX
RET ‘RETURN
DOUBLE STORE
DST: DEC  RX0 :MOVE A INTO LOW BYTE
MOV  @RX0,A
INC RX0 ;MOVE AEX INTO HIGH BYTE
XCH  AAEX
MOV  @RXO0,A
XCH A AEX
RET ‘RETURN
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DOUBLE EXCHANGE

DEX: DEC  RXO
XCH A @RX0

;EXCHANGE A AND LOW BYTE

INC RXO0 :EXCHANGE AEX AND HIGH BYTE
XCH AAEX
XCH A,@RX0
XCH AAEX
RET ;RETURN
DOUBLE LEFT LOGICAL SHIFT
LLSH: RLC A ;SHIFT A
XCH A AEX ;SHIFT AEX
RLC A
XCH AAEX
RET ;RETURN
DOUBLE RIGHT LOGICAL SHIFT
RLSH: XCH A,AEX ;SHIFT AEX
RRC A
XCH A,AEX
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 A,AEX
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 follows:

ACC —0

R1 — Multiplier

R2 — Multiplicand

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

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

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

4. Decrement the loop counter and loop
(return to Step 2) until it reaches zero.

5. Shift the result right one last time just
before exiting the routine

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

BMPY: MOV
CLR
CLR

BMPI: RRC
XCH
RRC
XCH
JNC
ADD

BMP3: DJNZ
RRC
XCH
RRC
XCH

INTERRUPT HANDLING

R3,#08H ;SET COUNTER TO 8

A ;CLEAR A

C ;CLEAR CARRY BIT

A ;DOUBLE SHIFT RIGHT ACC & R1

AR1 ;INTO CARRY

A

A,R1

BMP3 ;IF CARRY=1 ADD, OTHERWISE DON'T
AR2 ;ADD MULTIPLICAND TO ACCUMULATOR
R3,BMP! ;DECREMENT COUNTER AND LOOP IF 0
A ;DO A FINAL RIGHT SHIFT AT THE

AR1 ;END OF THE ROUTINE

A

AR1

This interrupt routine assumes single level
interrupt. The purpose is to store the status of
the machine at the time the interrupt occurs
by storing contents of all registers, accumu-
lator, and the status word. At the end of the
interrupt the state of the machine is restored
and interrupts are enabled again.

INTRPT: SEL RB1 ;SAVE WORKING REGISTERS
MOV @RO,A ;RO IN ALTERNATE REGISTER

;BANK CONTAINS SACC
;POINTER FOR SAVING
;JACCUMULATOR

I {INTERRUPT SERVICE

| ROUTINE

MOV RO,SACC ;RESTORE SACC
MOV A,@RO ;RESTORE ACCUMULATOR

RETR

;RESTORE WORKING REGISTERS
;RESTORE PSW AND
;RE-ENABLE INTERRUPTS
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2 BYTE PROCESSING SYSTEM

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

(If Equal) Sets Flag and Exits
(If Not Equal) and Outputs the Larger to a
Third Port

INPUT FIRST OPERAND

INPUT SECOND OPERAND

EQUAL

SET FO

COMPARE

NOT EQUAL

WHICH
IS
LARGER?

OUTPUT 2ND

OUTPUT 18T

L

CD

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

SECOND: MOV AR1 ;OUTPUT SECOND
OUTL BUSA
JMP DONE JEXIT

EQUL: CPL FO ;SET FO

JMP DONE JEXIT
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8 x 8 MULTIPLY-ASSEMBLED BY MCS-48 MACRO ASSEMBLER
SEE AP-49

181S-11 NCS~-48/UP1-41 MACRO ASSEMBLER., v3.8

Loc osBy LINE SOURCE STATEMENT

= 111 SINCLUDEC:F1:MPY8)
1= 112 $INCLUDEC:F1:NPYB PDL)
22 113 IRRAR R RN B E AR R AR RSN E KRR AR AL AR R R R R R R AR AR AR R RS R R AR R AR AR AR R RO R AR AR R

2= 114 i« *
2= 115 i# MPYBXS *
2= 116 % *
2% 117 | #¥=2=2=3====3Z =325 S=F =SS IIRSSEISIISTFRSSISSSSISISESISEISSISIIZIISITISSSSISISSISSIISIITR
2= 118 ;» *
2= 119 ;¢ THIS UTILITY PROVIDES AN 8 BY 8 UNSIGNED MULTIPLY »
2= 128 ;= AT ENTRY: *
2= 121 « A = LOWER EIGHT BITS OF DESTINATION OPERAND *
2= 122 i« XA= DON’'T CARE *
2= 123 =« Ri= POINTER TO SOURCE OPERQND CMULTIPLIER) IN INTERNAL MEMEORY *
2= 124 ;» *
2= 125 ;s AT EXIT: »
2= 126 ;% A = LOVER EIGHT BITS OF RESULT *
2= 127 i+ XA= UPPER EIGHT BITS OF RESULT *
2= 128 C = SET If OVERFLOV ELSE CLEARED *
2z 129 = .
2% 130 (¢ RELRRREEEFE RS XA RN BA RN ERE RS RBERE R KA R E IR AR MRS RERRER R AR B ARERE N MRS RREEE KR
2= 131

2= 132

2= 133 ;1 MPY8XS:

2= 134 ;1 MULTIPLICAND(15-8):=8R

2= 135 ;1 COUNT:=8

2= 136 ;1 REPEAT

2= 137 ;2 If RULTIPLICANDI81=8 THEN BEGIN

2= 138 ;3 MULTIPLICAND: =MULTIPLICAND/2

2= 139 ;2 ELSE

2= 148 ;3 MULTIPLICANDC 15~8):=MULTIPLICANDL 15-81+NULTIPLIER

2= 141 33 NULTIPLICAND: =MULTIPLICAND/2

2= 142 ;2 ENDIF

2= 143 ;2 COUNT:=COUNT -1

2= 144 ;1 UNTIL COUNT=8

2= 145 ;1 END MPY8XS

1= 146 ;

1= 147 ;

1= 148 SEJECT
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8 x 8 MULTIPLY-ASSEMBLED BY MCS-48 MACRO ASSEMBLER
SEE AP-49

ISIS-I1 MCS-48/UPI-41 MACRO ASSEMBLER, V3.8

LoC o8y LINE SOURCE STATEMENT

1= 149 ;1 MPY8XS:
1= 158 NPYBXS:
1= 151 ;1 MULTIPLICAND(15-81:=8

aa3s paBg 1= 132 nov XA, 808
1= 153 ;1 COUNT:=8
2837 s8@s8 1= 154 nOoV COUNT, 88

1= 158 ;1 REPEAT
1= 156 MPYBLP:

1= 1§57 ;2 IF MULTIPLICANDIE)=8 THEN BEGIN
2839 1243 1= 158 J80 nPYSA
1= 159 ;3 -MULTIPLICAND:=MULTIPLICAND/2
a@3e 24 1= 168 XCH A/ XA
aa3c 97 1z 161 CLR [
B@30 67 1= 162 RRC [}
BB3E 24 . 1= 163 XCH A, XA
a83fF 67 iz 164 RRC (]
ga4@ €B3Y 1= 165 DJINZ COUNY, MPYSLP
ag42 83 1= 166 RET

1= te? ;2 ELSE
1= 168 MPYBA:

1= 169 ;3 MULTIPLICANDC 15-8):=MULTIPLICANDL1S-8)+MULTIPLIER
8843 24 1= 178 XCH A, XA
2844 61 1= 171 ADD A, eR1
284S 67 1= 172 RRC A
2846 24 = 173 XCH A XA
BB47 67 1= 174 RRC ]
2848 EB3Y 1= 175 DJINZ COUNT, MPYSLP
a@4a 83 1= 176 RET
1= 177 ;3 AULTIPLICAND: =MULTIPLICAND/2
1= 178 ;2 ENDIF
1= 179 ;2 COUNT:=COUNT-1

1= 188 ;1 UNTIL COUNT=8
= 181 ;1 END MPY8KS
1= 182 $EJECT
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16 x 8 DIVIDE-(ASSEMBLED BY MCS-48 MACRO ASSEMBLER SEE AP-49)

IS18-11 MCS-48/UP1-41 MACRO ASSEMBLER, ¥3.8

LoC o8By LINE SOURCE STARTEMENT

183 $INCLUDEC:F1:DIVié)
FERR R L T R R e T )

1= 185 ;% *
1= 186 i» DIvVie *
1= 187 ;¢ *
= {88 ;¢===S=SSSSTIISSIISSSISSISSSSISSSSSISSSSISSSISSSSESSSSSISSSSSIISISSSSISSSIITTISITI==N
1= 189 ;=% *
1= 198 ix THIS UTILITY PROVIDES AN 16 BY 8 UNSIGNED DIVIDE *
1= 191 ;¢ AT ENTRY: *
1= 192 « A = LOWER EIGHT BITS OF DESTINATION OPERAND »
1= 193 i»* XA= UPPER EIGHT BITS OF DIVIDEND *
1= 194 ;«x Ri= POINTER TO DIVISOR IN IHTERNAL MEMORY *
1= 195 ;# *
1= 196 ¢ AT EXIT: *
1= 197 i+# A = LOWER EIGHT BITS OF RESULT *
1= 198 ;x XA= REMAINDER *
= 199 ix C = SET IF OVERFLOW ELSE CLEARED *
= 288 ;¥ *
= 28] ERREREKARRRA KB AR I IR R K KRR R KRR R R AR AR KRR RN A I AR A AR RE R AR AR S F AR SRR R R AR RSB R e &
1= 282
1= 283
= 284 ;1 DIVie:

a@48 24 1= 285 DIV16e: KCH A, XA i ROUTINE WORKS MOSTLY WITH BITS 15-8
1= 286 :1 COUNT:=8 : :

g@4c BBBS 1= 287 MOV COUNT, #8
1= 288 ;1 DIVIDEND{15-81:=DIVIDEND[15-81-DIVISOR

aB4E 37 1= 289 CPL ]

2B4F et 1= 218 ADD A, 8R1

gasa 37 = 211 CPL ]
1= 212 ;1 IF BORROW=8 THEN /% IT FITS*/

8851 F65¢6 = 213 Jc DIVIR
1= 214 ;2 SET OVERFLOY FLAG

8853 A7 1= 215 CPL [

B854 B46F 1= 218 Jne DIVIB
1= 217 ;1 ELSE
1= 218 DIVIA:
1= 219 ;2 RESTORE DIVIDEND

aas5¢ e1 1= 228 ADD A, 8R1
1= 221 ;2 REPEAT
1= 222 DIVILP:
1= 223 4 DIVIDEND:=DIVIDEND*2
1= 224 ;4 QUOTIENT:=QUOTIENT»2

2857 97 1= 225 CLR c

2858 284 1= 226 XCH A, XA

ags9 f? 1= 227 RLC ]

88548 2a 1= 228 XCH A, XA

aase f7 1= 229 RLC ]

BE85C E663 1= 238 JHC DIVIE

285 37 1= 231 CPL A

BBSF o1 1= 232 ADD A, 08R1

gaed 37 1= 233 CPL (]

ga61 @468 1= 234 JHP DIVIC
1= 235 ;4 DIVIDEND({15-81:=DIVIDEHD( 15-81-DIVISOR

gae3 37 1= 236 DIVIE: CPL A

@864 o1 1= 237 ADD A, eR1L
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16 x 8 DIVIDE-(ASSEMBLED BY MCS-48 MACRO ASSEMBLER SEE AP-49)

ISIS-11 MCS-48/UPI-41 MACRO ASSEMBLER.

Loc
8865
2866

2868
@869

2868

adecC

286E

aa6F
aave

08yY
37
E668B

61
B46C

EBS?

97

28
83

LINE

238
239
248
241
242
243
244
245
246
247
248
249
258
251
252
253
254
2595
256
257

;
DIVID:

i

H
H

DIVIB:

v3.e

SOURCE STATEMENT

CcPL ]
IF BORROW=1 THEN
0IVIC
RESTORE DIVIDEND
ROD A, eR1
JHP DIVID
ELSE

JNC

QUOTIENTIB): =1

INC KR

ENDIF

COUNT:=COUNT-1
UNTIL COUNT=8
DJINZ COUNT,DIVILP
CLEAR OYERFLOW FLAG
CLR [
ENDIF

ENDDIVIDE
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PRELIMINARY

i ®
€ 8048H/8048H-1/8035HL/8035HL-1
HMOS SINGLE COMPONENT 8-BIT MICROCOMPUTER

e 8048H/8048H-1 Mask Programmable ROM
e 8035HL/8035HL-1 CPU Only with Power Down Mode

m 8-BIT CPU, ROM, RAM, I/0 in Single
Package

® High Performance HMOS

m 1K x 8 ROM
64 x 8 RAM
27 1/0 Lines

B Interval Timer/Event Counter
m Easily Expandable Memory and I/O0

® Compatible with 8080/8085 Serles
Peripherals

® Two Single Level Interrupts

B Reduced Power Consumption

B 1.4 usec and 1.9 usec Cycle Versions
All Instructions 1 or 2 Cycles.

| Over 90 Instructions: 70% Single Byte

The Intel® 8048H/8048H-1/8035HL/8035HL-1 are totally self-sufficient, 8-bit parailel computers fabricated
on single silicon chips using Intel's advanced N-channel silicon gate HMOS process.

The 8048H contains a 1K X 8 program memory, a 64 X 8 RAM data memory, 27 1/0 lines, and an 8-bit
timer/counter in addition to on-board oscillator and clock circuits. For systems that require extra capability
the 8048H can be expanded using standard memories and MCS-80™/MCS-85™ peripherals. The 8035HL is
the equivalent of the 8048H without program memory and can be used with external ROM AND RAM.

To reduce development problems to a minimum and provide maximum flexibility, alogically and functionally
pin compatible version of the 8048H with UV-erasable user-programmable EPROM program memory is avail-
able. The 8748 will emulate the 8048H up to 6 MHz clock frequency with minor differences.

The 8048H is fully cbmpatible with the 8048 when operated at 6 MHz.

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of
program memory results from an instruction set consisting mostly of single bit instructions and no in-
structions over 2 bytes in length.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
“ PORT
* “ =1 1024 WORDS 64 WORDS
XTAL gock PROGRAM DATA
— MEMORY MEMORY
PORT
- =2
SINGLE
STEP "] | READ
EXTERNAL 8048H .
MEM 8035HL -
11 8048H-1 8048H-1 | o wRITE
8035HL-1 —af  8035HL-1
12 32 TEST
ol PROGRAM
| —> STORE
ENABLE
INTERRUPT —
ADDRESS
Py '8"32;‘ vo gnes
ENABLE EVENT COUNTER
BUS{ & PORT
| ExPANDER
STROBE

Inte! Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent licenses are implied.

©®Intel Corporation 1980
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intel

8048H/8048H-1/8035HL/8035HL-1

PRELIMINARY

PIN DESCRIPTION

Designation

PROG

P10-P17
Port 1
P20-27
Port 2

DB0-DB7
BUS

TO

S

Pin =
20
26
40

25

27-34

21-24 .

35-38

12-19

39

Function

Circuit GND potential

Low power standby pin
Main power supply; +5V
during operation.

Output strobe for 8243 I1/0
expander. -

~ 8-bit quasi-bidirectional

port.

8-bit quasi-bidirectional
port.

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

True bidirectional port
which can be written or read
synchronously using the
RD, WR strobes. The port
can also be statically
latched.

Contains the 8 low order
program counter bits during
an external program
memory fetch, and receives
the addressed instruction
under the control of PSEN.
Also contains the address
and data during an external
RAM data store instruction,
under control of ALE, RD,
and WR.

Input pin testable using the
conditional transfer in-
structions JTOand JNTO. TO
can be designated as a clock
output using ENTO CLK
instruction.

Input pin testable using the
JT1, and JNT1 instructions.
Can be designated the
timer/counter input using
the STRT CNT instruction.

Interrupt input. Initiates an
interrupt if interrupt is
enabled. Interrupt is dis-
abled after a reset. Also

Designation

ALE

PSEN

EA

XTAL1

XTAL2

Pin = Function

10

1"

testable with conditional
jump instruction.
(Active low)

Output strobe activated

during a BUS read. Can be
used to enable data onto the
bus from an external device.

Used as a read strobe to
external data memory.
(Active low)

Input which is used to
initialize the processor.
(Active low)

(Non TTL ViR)

Output strobe during a bus
write. (Active low)

Used as write strobe to
external data memory.

Address latch enable. This
signal occurs once during -
each cycle and is useful as a

clock output.

The negative edge of ALE
strobes address into ex-
ternal data and program
memory.

Program store enable. This
output occurs only during a
fetch to external program
memory. (Active low)

Single step input can be
used in conjunction with
ALE to “single step” the
processor through each
instruction. (Active low)

External access input which
forces all program memory
fetches to reference external
memory. Useful for emula-
tion and debug, and
essential for testing and
program verification.
(Active high)

One side of crystal input for
internal oscillator. Also
input for external source.
(Non TTL V|H)

Other side of crystal input.
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Iﬂte' 8048H/8048H-1/8035HL-1/8035HL-1 PRELIMINARY

INSTRUCTION SET

Accumulator ' Subroutine
Mnemonic Description Bytes Cycles Mnemonic Description Bytes Cycles
ADD A, R Add register to A 1 1 CALL addr Jump to subroutine 2 2
ADD A, @R Add data memory to A 1 1 RETR Return 1 2
ADD A, #data. Add immediate to A 2 2 RETR Return and restore status 1 2
ADDC A, R Add register with carry 1 1
ADDC A, @R Add data memory with carry 1 1
ADDC A, # data Add immediate with carry 2 2 Flags
ANL A, R And register to A 1 1 ¢ Descrioti
ANL A, @R And data memory to A 1 1 gLR c Clear t;arry By:es 0y::|ec
ANL A, #data  And immediate to A 2 2 CPLC Complement carry 1 1
ORL A, R Or register to A 1 1 CLR FO ClLear flag 0 1 1
ORL A @R Or data memory to A 1 1 CPL FO Complement flag 0 1 1
ORL A, #data  Or immediate to A 2 2 CLR F1 Clear flag 1 1 1
XRL A, R Exclusive or register to A 1 1 CPL F1 Complement flag 1 1 1
XRL A, @R Exclusive or data memory to A 1 1
XRL, A, # data  Exclusive or immediate to A 2 2
INC A Increment A 1 1 Data Moves
DEC A Decrement A 1 1
CLRA Clear A 1 1 Mnemonic Description Bytes Cycles
CPL A Complement A 1 1 MOV A, R Move register to A 1
DA A Decimal adjust A 1 1 MOV A, @R Move data memory to A 1 1
SWAP A Swap nibbles of A 1 1 MOV A, # data Move immediate to A 2 2
RL A Rotate A left 1 1 MOV R, A Move A to register 1 1
RLC A Rotate A left through carry 1 1 MOV @R, A Move A to data memory 1 1
RR A Rotate A right 1 1 MOV R, # data Move immedfate to register 2 2
RRC A Rotate A right through carry 1 1 MOV @R, #data Move immediate to data memory 2 2
MOV A, PSW Move PSW to A 1 1
MOV PSW, A Move A to PSW 1 1
_ Input/Output XCHA, R Exchange A and register 1 1
XCH A, @R Exchange A and data memory 1 1
Mnemonic Description Bytes Cycles XCHD A, @R Exchange nibble of A and 1
INA P Input port to A 1 2 register
OUTL P, A Output A to port 1 2 MOVX A, @R Move external data memoryto A 1 2
ANL P, # data  And immediate to port 2 2 MOVX @R, A Move A to external data memory 1 2
ORL P, #data  Or immediate to port 2 2 MOVP A, @A  Move to A from current page 1 2
INS A, BUS Input BUS to A 1 2 MOVP3 A, @ Move to A from page'3 1 2
OUTL BUS, A Output A to BUS 1 2
ANL BUS, # data And immediate to BUS 2 2
ORL BUS, # data Or immediate to BUS 2 2
MOVD AP Input expander port to A 1 2 Timer/Counter
MOVD P, A Output A to expander port 1 2 Mnemonic Description Bytes Cycles
ANLD P, A And A to expander port 1 2 MOV A, T Read timer/counter 1 1
ORLD P, A Or A to expander port 1 2 MOV T, A Load timer/counter 1 1
STRT T Start timer 1 1
STRT CNT Start counter 1 1
Registers STOP TCNT Stop timer/counter 1 1
. EN TCNT1 Enable timer/counter interrupt 1 1
M D M . Bytes Cycles DIS TCNT1 Disable timer/counter interrupt 1 1
INCR Increment register 1 1
INC @R Increment data memory 1 1
DECR Decrement register 1 1 Control
Mnemonic Description Bytes;Cycles
Branch EN 1 Enable external interrupt 1 1
DIs 1 Disable external interrupt 1 1
Mnemonic Description Bytes Cycles SEL RBO Select register bank 0 1 1
JMP addr Jump 9"9°"d'"°na| 2 2 SEL RB1 Select register bank 1 1 1
JMPP @A Jump indirect . . ! 2 SEL MBO Select memory bank 0 1 1
DJNZ R, addr Decrement register and skip 2 2 SEL MB1 Select memory bank 1 1 1
JC addr Jump on carry = 1 2 2 ENT 0 CLK Enable clock output on T0 1 1
JNC addr Jump on carry =0 2 2
JZ addr Jump on A zero 2 2
JNZ addr Jump on A not zero 2 2 M i D ipti Bytes Cycles
JTO addr Jump on TO =1 2 2 .
JNTO addr Jump on TO = 0 2 2 NoP No operation v
JT1 addr Jumpon Tt =1 2 2
JNT1 addr Jumpon T1=0 2. 2
JFO addr Jump on FO = 1 2 2
JF1 addr Jump on F1 =1 2 2
JTF addr Jump on timer flag 2 2
JN1 addr Jump on INT =0 2 2
JBb addr Jump on accumulator bit 2 2
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intel

8048H/8048H-1/8035HL/8035HL-1

PRELIMINARY

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ....... 0°Cto 70°C
Storage Temperature ............... -65°C to + 125°C
Voltage On Any Pin With Respect
toGround ...t
Power Dissipation !

-0.5V to +7V
1.5 Watt

o COMMENT Stresses above those listed under “Abso-
lute Maximum Ratings” may cause permanent damage to
the device. This is a stress rating only and functional
operation of device at these or any other conditions
above those indicated in the operational sections of this
specification is not implied.

D.C. AND OPERATING CHARACTERISTICS TA = 0°Ct070°C,VCC =VDD = 5V £10%, VSS =0V

Limits
Symbol Parameter Unit Test Conditions
Min. | Typ. | Max.
ViL Input Low Voltage -5 .8 v
(All Except RESET, X1, X2)
ViLs Input Low Voltage -5 .6 \"
(RESET, X1, X2)
VIH Input High Voltage 2.0 Vee v
(All Except XTAL1, XTAL2, RESET)
ViH1 Input High Voltage (X1, X2, RESET) 3.8 Vee Vv
VoL Output Low Voltage (BUS) .45 V |VoL=20mA
Vo1 Output Low Voltage .45 V |loL=18mA
(RD, WR, PSEN, ALE)
VoL2 Output Low Voltage (PROG) .45 V |loL =10mA
VouLs Output Low Voltage .45 V |loL=16mA
(All Other Outputs)
VoH Output High Voltage (BUS) 2.4 V | loH =-400 uA
VoH1 Output High Voltage 24 V | loH =-100 A
(RD, WR, PSEN, ALE)
VoH2 Output High Voltage 24 V | loH =-40 LA
(All Other Outputs)
ILq Input Leakage Current (T1, INT) +10 | uA [ Vgg < VIN< Vee
L Input Leakage Current -500 | MA [ Vgg+ 45<V|NSVee
(P10-P17, P20-P27, EA, SS)
ILo Output Leakage Current (BUS, TO) +10 | A | Vgg+ 45<VINSVee
(High Impedance State)
Ipp Vpp Supply Current 4 8 mA
Ibp* Total Supply Current 40 80 mA
Icc
BUS P1, P2 BUS, P1, P2
-50 mA ~ -500 LA ~ 50 mA -
R L " o
-g 30 mA TvpIcAN g-:!(I(J ] 3 30mA | TYPICAL
I r TYPICAL r
~10mA |- =100 uA | 10mA | /—-—’—'
ov 2v v ov * 2;1 * 4‘V ov — ;I ‘ A!V !
VoH VOH VoL

6-4
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intel

8048H/8048H-1/8035HL/8035HL-1

PRELIMINARY

A.C. CHARACTERISTICS (PORT 2 TIMING) TA = 0°C to 70°C, VCC = 5V%10%, VSS = 0V

8048H 8048H-1
8035HL 8035HL-1
Symbol Parameter 6 MHz 8 MHz 11 MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
tcp Port control Setup Before Falling 110 105 ns
Edge of PROG.
tpc Port Control Hold After Falling 100 90 ns
Edge of PROG.
tpr PROG to Time P2 Input Must Be Valid 810 700 650 ns
tpr Input Data Hold Time 0] 150 0 | 150 0 | 150 ns
top Output Data Setup Time 250 210 200 ns
tpp Output Data Hold Time 65 35 20 ns
tpp PROG Pulse Width 1200 970 700 ns
tpL Port 2 1/0 Data Setup 350 300 250 ns
tLp Port 2 I/0 Data Hold 150 65 20 ns
PORT 2 TIMING
ALE _/_\ /_
S m{-‘
EXPANDER le— tPL — |t Py jt———— tDP ————staat PO
PORT
OUTPUT x PCH PORT 20 3 DATA PORT CONTROL ; OUTPUT DATA
tpF
EXPANDER tpR la o
PORT
INPUT X PCH PORT 20 3 DATA PORT CONTROL K Nevr
1
4—'cp—><——'PC~—l
PROG

BUS TIMING AS A FUNCTION OF TCY *

SYMBOL | FUNCTION OF TCY

TLL 730  Tgy MIN

TAL 1/10 Tcy MIN

TLA 1/15 Tcy MIN -
Tce (1) 172 Tcy MIN [Teg (D) :R
Tcc (2) |2/5 Tcy MIN | Teo (2) : PSEN
Tow 2/15 Tcy MIN

TwD 1/15  Tgy MIN

TDR 0 MIN

* APPROXIMATE VALUES NOT INCLUDING GATE DELAYS.

SYMBOL | FUNCTION OF TCY
TRrp (1){11/30 Tgy MAX | TRp (1) : RD
TRD (2|3/10  Tcy MAX | TRp (2) : PSEN
Taw [3/10  Tcy MIN

R| Tap (1|1/2 Tcy MAX
Tap (2)|1/3 Tcy MAX |Tap (1):RD
TAFC [1/30  Tgy MIN | Tap (2) : PSEN
Tca [1715  Tcy MIN

AFN-01491A-05
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8048H/8048H-1/8035HL/8035HL-1

PRELIMINARY

WAVEFORMS

I tey |
Id—lu_—.|

ALE

-’*!Apc [ ——TcC—|

<—Icc——‘ tcA ‘4—-

PSEN ~

—]
taL

tLA
-

—=| bR

BUS FLOATING FLOATING FLOATING

ADDRESS INSTRUCTION

|‘—'RD—.
'AD

Instruction Fetch From External Program Memory

ALE I | | |
—icc- == tcA f-—

- 1
‘ow-‘-—’ —twp

BUS FLOATINEXADDRESEX;.OATINQX DATAX FLOATING

tAW ——o|

Write to External Data Memory

tarc DR

’4— —
FLOATING
BUS FLOATING xADDRESSx x DATA x FLOATING

".RD’
tAD——

Read From External Data Memory

24V

2.0~ ,z.oX
POIN
XM,TEsT onts T

0.45V

Input and Output for A.C.Tests:

A.C. CHARACTERISTICS TA =0°C to 70°C VCC = VDD = 5V * 10%, VSS = 0V

8048H 8048H-1
8035HL 8035HL-1
Symbol | Parameter 6 MHz 8 MHz 11 MHz Conditions
Min. | Max. | Min. | Max. | Min. | Max. | Unit | (Note 1)
tL ALE Pulse Width 400 270 150 ns
tAL Address Setup to ALE 75 75 70 ns
LW Address Hold from ALE 65 65 50 ns
tce Control Pulse Width (PSEN, RD, WR) | 700 490 300 ns
tow Data Setup before WR 370 370 280 ns
twp Data Hold after WR 80 80 40 ns |CL = 20pF
(NOTE 2)
toy Cycle Time 2.5 1.875 1.36 us
toR Data Hold 0| 200 0| 150 0] 100 | ns
trRD PSEN, RD to Data In 500 340 200 | ns
taw Address Setup to WR 230 210 200 ns
taD Address Setup to Data In 950 650 400 | ns
tAFc | Address Float to RD, PSEN 0 0 -1 ns
tcA Control Pulse to ALE 10 10 0 ns
NOTE 1: Control outputs CL = 80 pF NOTE 2: BUS High Impedance Load: 20 pF
BUS outputs CL = 150 pF

AFN-01491A-06



Inter 8048H/8048H-1/8035HL/8035HL-1 PRELIMINARY

CRYSTAL OSCILLATOR MODE

XTAL 1

)

_L——" c2 2277

I —
c3

o

XTAL 2

C1 = 5pF + 1/2pF + STRAY < 5pF

C2 = CRYSTAL + STRAY < 8pF

C3 = 20pF + 1pF + STRAY < 5pF

CRYSTAL SERIES RESISTANCE SHOULD BE LESS THAN 752 AT 6 MHz LESS THAN 1802 AT 3.6MHz

LC OSCILLATOR MODE

L [+ NOMINAL 1 1
45pH 20pF 5.2 MHz F = m—
120pH 20pF 3.2 MHz 2"\) Lc

XTAL1

Cpp = 510 pF PIN TO PIN
|XTAL2  CAPACITANCE

EACH C SHOULD BE APPROXIAMTELY 20pF. INCLUDING STRAY CAPACITANCE

DRIVING FROM EXTERNAL SOURCE

XTAL1

XTAL2

XTAL 1 MUST BE HIGH 35-65% OF THE PERIOD AND XTAL 2 MUST BE HIGH 35-65% OF THE
PERIOD. RISE AND FALL TIMES MUST NOT EXCEED 20ns.
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|nte| | PRELIMINARY
8048L
SPECIAL LOW POWER CONSUMPTION SINGLE
COMPONENT 8-BIT MICROCOMPUTER
m 1K x 8 ROM

64 x 8 RAM
27 1/0 Lines

® Typical Power Consumption 100mW

®m Typical Standby Power 10mW

Vpp minimum of 2.2V
DD ® Interval Timer/Event Counter

m 8-Bit CPU, ROM, RAM, I/0O in Single B Easily Expandable Memory and I/0
Package

B Compatible with 8080/8085 Series

m 4.17 ysec Instruction Cycle.

All Instructions 1 or 2 Cycles. Peripherals

B Two Single Level Interrupts
® Over 90 Instructions: 70% Single Byte g P

The Intel® 8048L is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using Intel’s
advanced N-channel silicon gate HMOS process, using special techniques to reduce operating and standby
power consumption. The 8048L contains a 1K X8 program memory, a 64 X8 RAM data memory, 27 1/0O lines, and
an 8-bit timer/counter in addition to on-board oscillator and clock circuits. For systems that require extra
capability the 8048L can be expanded using standard memories and MCS-80™/MCS-85™ peripherals. The 8048L
can be used with external ROM AND RAM.

To reduce development problems to a minimum and provide maximum flexibility, a logically and functionally pin
compatible version of the 8048L with UV-erasable user-programmable EPROM program memory is available. The
8748 will emulate the 8048L with greater power and other minor differences.

This microcontroller is designed to be an efficient controller as well as an arithmetic processor. The 8048L has
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program
memory results from an instruction set consisting mostly of single byte instructions and no instructions over two
bytes in length.

PIN CONFIGURATION LOGIC SsYMBOL BLOCK DIAGRAM

PORT
=1 1024 WORDS 64 WORDS
CLOCK
ATAL PROGRAM DATA
— MEMORY MEMORY
“ PORT
— =2
SINGLE
STEP —= READ
EXYER':‘EA; — 8BIT
CPU
80a8L | o waiTe
—
TEST
—o PROGRAM
[—= STORE
ENABLE
INTERRUPT —
ADDRESS 8 BIT
[ LATCH TIMER 2:
ENABLE EVENT COUNTER /O LINES
BUS ‘» PORT
I—e EXPANDER
STROBE
Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent licenses are implied.
©Intel Corporation 1980 AFN-01591A-01
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intgl
8048/8035L/8748/8748-6/8035
SINGLE COMPONENT 8-BIT MICROCOMPUTER

* 8048 Mask Programmable ROM
¢ 8035L CPU Only with Power Down Mode
e 8748 User Programmable EPROM
e 8748-6 Up to 55C 8748
e 8035 CPU Only (No Power Down Mode)
= 8-BIT CPU, ROM, RAM, |/O in Single = 1K x 8 ROM/EPROM
Package 64 x 8 RAM
a Interchangeable ROM and EPROM 27 /0 Lines
Versions = Interval Timer/Event Counter
= Single 5V Supply m Easily Expandable Memory and 1/O
m 2.5 usec and 5.0 usec Cycle Versions = Compatible with 8080/8085 Series
All Instructions 1 or 2 Cycles. Peripherals

m Over 90 Instructions: 70% Single Byte m Single Level Interrupt

The Intel 8048/8748/8743-6/8748-8/8035/8035-8 are totally self-sufficient, 8-bit parallel computers fabricated on single
silicon chips using Intel’s N-channel silicon gate MOS process.

The 8048 contains a 1K x 8 program memory, a 64 x 8 RAM data memory, 27 I/0 lines, and an 8-bit timer/counter in addi-
tion to on-board oscillator and clock circuits. For systems that require extra capability, the 8048 can be expanded using
standard memories and MCS-80 /MCS-85 peripherals. The 8035 is the equivalent of an 8048 without program memory
and can be used with external ROM and RAM. The 8035L has the RAM power-down mode of the 8048 while the 8035 does
not. The 8748-6 is a 6 MHz 8748 up to 55C. To reduce development problems to a minimum and provide maximum flexi-
bility, three interchangeable pin-compatible versions of this single component microcomputer exist: the 8748 with user-
programmable and erasable EPROM program memory for prototype and preproduction systems, the 8048 with factory-
programmed mask ROM program memory for low cost, high volume production, and the 8035 without program memory
for use with external program memories.

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have extensive bit
handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results from
an instruction set consisting mostly of single bit instructions and no instructions over 2 bytes in length.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
S
: " 1024 WORDS 64 WORDS
xTaL cLoc PROGRAM DATA
- MEMORY MEMORY
' @PORY
RESET —| =2
SINGLE
STep T ] |— rEAD
EXTERNAL 8048
MEM 8035L 88IT
8748 T cPy
- 8748-6
TEST 8035
— PROGRAM
| sTORE
ENABLE
INTERRUPT —=|
ADDRESS
| CaTcH A 2
ENABLE EVENT COUNTER 1/0 LINES
w (T ronr
|—= expanDER
STROBE

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
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8048/8035L./8748/8748-6/8748-8/8035/8035-8

PIN DESCRIPTION

Designation Pin # Function Designation  Pin # Function
Vss 20 Circuit GND potential RD 8 Output strobe activated during a
Voo 2 Programming power supply; +25V BUS read. Can be used to enable
during program, +5V during oper- data onto the bus from an external
ation for both ROM and PROM. device.
Low power standby pin in 8048 Used as a read strobe to external
and 8035L. data memory. (Active low)
Vee 40 Main power supply; +5V during RESET 4 Input which is used to initialize the
operation and programming. processor. Also used during PROM
PROG 25 Program pulse (+23V) input pin programming verification, and
during 8748 programming. power down. (Active low)
Output strobe for 8243 1/0 . (Non TTL Vi)
expander. WR 10 Output strobe during a bus write.
P10-P17 27-34  8bit quasi-bidirectional port. (Active low)
Port 1 . o Used as write strobe to external
gg?t-l’227 g; ;g 8bit quasi bndl.rectlonal por.t. data memory.

i P20-P23 contain the four high ALE 1 Address latch enable. This signal
order program counter bits during occurs once during each cycle and
an external program memory fetch is useful as a clock output.
and serve as a 4-bit 1/O expander i
bus for 8243. The negative edge of ALE strobes

o . address into external data and pro-
DB,-DB, 12-19 True bidirectional port which can gram memory.
BUS be written or read synchronously — .
using the RD, WR strobes. The PSEN 9 Program store enable. This output
port can also be statically latched. occurs only during a fetch to exter-
. nal program memory. (Active low)
Contains the 8 low order program — . . L
counter bits during an external SS: 5 Single step input can be gsed in con-
program memory fetch, and receives junction with ALE to 415'"9!3 step”
the addressed instruction under the the processor through each in-
control of PSEN. Also contains the struction. (Active low)
address and data during an external EA 7 External access input which forces’
RAM data store instruction, under all program memory fetches to re-
control of ALE, RD, and WR. ference external memory. Useful
TO 1 Input pin testable using the con- for emulatuon an.d debug, and

) 'ditional transfer instructions JTO essgr_ntnal. il testing an.d program

and JNTO. TO can be designated as verification. (Active high)
a clock output using ENTO CLK XTAL1 2 One side of crystal input for inter-
- instruction. TO is also used during nal oscillator. Also input for exter-
programming. nal source. (Non TTL Viy)
T1 39 Input pin testable using the JT1, XTAL2 3 Other side of crystal input.
and JNT1 instructions. Can be des-
ignated the timer/counter input using
the STRT CNT instruction.
ﬁ 6 Interrupt input. Initiates an inter-

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

6-10
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8048/8035L/8748/8748-6/8748-8/8035/8035-8

INSTRUCTION SET

Mnemonic Description Bytes Cycle Mnemonic Description Bytes Cycles
ADD A, R Add register to A 1 1 .g CALL addr Jump to subroutine 2 2
ADD A, @R Add data memory to A 1 1 g RET Return 1 2
ADD A, =data Add immediate to A 2 2 .§ RETR Return and restore status 1 2
ADDCA,R Add register with carry 1 1 2]
ADDC A, @R Add data memory with carry 1 1
ADDC A, =data Add immediate with carry 2 2 CLR C Clear carry 1 1
ANL A, R And register to A 1 1 . cPLC Complement carry ! 1
ANL A, @R And data memory to A 1 1 g CLRFO Clear flag 0 1 1
ANL A, =data  And immediate to A 2 2 u CPL FO Complement flag 0 1 !
ORLA, R Or register to A 1 1 CLR F1 Clear flag 1 1 1
§ ORLA, @R Or data memory to A 1 1 CPLF1 Complement flag 1 1 1
3. ORLA, =data  Or immediate to A 2 2
§ XRLA,R Exclus:»ve or register to A 1 1 MOV A, R Move register to A 1 1
&; XRL A, @R Exclus!ve or Fﬂata mgmory to A 1 1 MOV A, @R Move data memory to A 1 1
l)(NRCLAA, =data F.-:i'eu:-.‘::(o/rxlmmedlate to A 12 12 MOV A, #data Move immediate to A 2 2
DEC A Decrement A 1 ’ MOV R, A Move A to register 1 1
CLR A Clear A 1 1 MOV @R, A Move A to data memory 1 1
CPLA Complement A ] 1 " MOV R, =data Move immediate to register 2 2
DA A Decimal adjust A 3 1 % MOV @R, =data Move immediate to data memory 2 2
SWAP A Swap nibbles of A 1 1 2 MOV A PSW  Move PSWto A ! !
RLA Rotate A left 1 1 % MOV PSW, A Move A to PSW ) 1 1
RLC A Rotate A left through carry 1 1 o XCHAR Exchange A and register ! !
RR A Rotate A right 1 1 XCHA, @R Exchange A_and data memor\( 1 1
RRC A Rotate A right through carry 1 ] XCHD A, @R Exchange nibble of A and register 1 1
MOVX A, @R Move external data memory to A 1 2
MOVX @R, A Move A to external data-memory 1 2
INA, P Input port to A 1 2 MOVP A, @A Move to A from current page 1 2
OUTLP, A Output A to port 1 2 MOVP3 A, @A Move to A from page 3 1 2
. ANL P, #data And immediate to port 2 2
E‘ ORL P, #data Or immediate to port 2 2 MOV A, T Read timer/counter 1 1
53 INSA, BUS Input BUS to A ! 2 8 MOVT, A Load timer/counter 1 1
g OUTL BUS, A Output A to BUS 1 2 ‘g STRT T Start timer 4 1
2 ANL BUS, #data And immediate to BUS 2 2 Q -
£ ORL BUS, #data Or immediate to BUS 2 2 Q STRT CNT Start c.ounter ! !
MOVD A, P Input expander port to A 1 2 E STOP TCNT Stop nm‘er/counter ' 1 1
= EN TCNTI Enable timer/counter interrupt 1 1
MOVD P, A Output A to expander port 1 2 - . . .
ANLD P, A And A to expander port 1 2 DIS TCNTI Disable timer/counter interrupt 1 1
ORLD P, A Or A to expander port 1 2
ENI Enable external interrupt 1 1
g INC R Increment register 1 1 _ DIS| Disable ex.ternal interrupt 1 1
% |NceR Increment data memory 1 1 g SEL RBO Select register bank 0 1 1
4 DECR Decrement register 1 1 g SEL RB1 Select register bank 1 1 1
« © SEL MBO Select memory bank 0 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 Jump indirect 1 2
DJNZ R, addr Decrement register and skip 2 2 )
JC addr Jump on carry = 1 2 2 NOP No operation ! !
JNC addr Jump oncarry =0 2 2
J Z addr Jump on A zero 2 2
JNZ addr Jump on A not zero 2 2
§ JTO addr Jump on TO =1 2 2
8 JNTO addr JumponTO=0 2 2
& JT1 addr JumponTi1=1 2 2
JNT 1 addr JumponT1=0 2 2
JFO addr Jumpon FO=1 2 2
JF1 addr JumponF1=1 2 2
JTF addr Jump on timer flag 2 2
INI addr Jump on INT = 0 2 2
JBb addr Jump on accumulator bit 2 2
Mnemonics copyright Intel Corporation 1976
6-11 AFN-01354A-03



8048/8035L./8748/8748-6/8748-8/8035/8035-8

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ......

to Ground

.. 0°C t0 70°C

Storage Temperature ...........cc.cccvvevrnnes -65°C to +125°C
Voltage On Any Pin With Respect

-0.5V to-+7V

1.5 Watt

Power Dissipation

*COMMENT: Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. ‘

D.C.AND OPERATING CHARACTERISTICS T4 =0°Ct070°C, Voc = Voo = +5V + 10%, Vs = OV
(Ta = 0°Ct055°C for 8748-6)

Limits
Symbol Parameter Unit Test Conditions
Min. | Typ. | Max.
ViL Input Low Voltage -5 8 \'
(All Except RESET, X1, X2)
ViLd Input Low Voltage -5 6 \
(RESET, X1, X2)
VIH Input High Voltage 2.0 Vee | V
(All Except XTAL1, XTAL2, RESET)
Vi1 Input High Voltage (X1, X2, RESET) 3.8 Vee \
VoL Output Low Voltage (BUS) .45 V (VoL =20mA
VoL1 Output Low Voltage .45 V |loL=1.8mA
(RD, WR, PSEN, ALE)
VOL2 Output Low Voltage (PROG) .45 V |loL=10mA
VoLs Output Low Voltage .45 V |loL=16mA
(All Other Outputs)
VOH Output High Voltage (BUS) 2.4 V | loH =-400 LA
VoHt | Output High Voltage 24 V |loH =-100 uA
(RD, WR, PSEN, ALE)
VoH2 Output High Voltage 2.4 V [loH =-40 LA
(All Other Outputs)
ILq Input Leakage Current (T1, INT) +10 | uA [Vgg < VIN < Vee
|L|1 Input Leakage Current -500 | UA Vgs *+ '45SVIN SVCC
(P10-P17, P20-P27, EA, SS)
'LO Output Leakage Current (BUS, TO) +10 | pA [ Vgg+ 45 <VIN SVCC
(High Impedance State)
'op Vpp Supply Current 5 15 mA
Ipp* | Total Supply Current 60 | 135 | mA
lcc
P1, P2 BUS, P1, P2
=50 mA -500 LA ~ 50 mA -
=30 mA 30 mA TYPICAL

lon

-10 mA

10mAl /——

VoH

ov 2v av




8048/8035L./8748/8748-6/8748-8/8035/8035-8

WAVEFORMS

Instruction Fetch From External Program Memory

| ey 1

e

—"AFC|‘—-"{X:‘_" tcA }4—

X

tLa [
Wk ton |
|
BUS FLOATINGX[ IX FLOATING X x FLOATING
ADDRESS <= tho-— INSTRUCTION
e ety |

Write to External Data Memory

lem— tee —-l tca '4—

WR

ow ~|——"~—'r» two

BUS FLOATINMADDHESS X FLOATING X DATA X FLOATING

-— —

Read From External Data Memory

ALE I I

tarc —>|

-

FLOATING

—] r.zok

fo— 'cc-—*{ tca l-—

- FLOATING

BUS FLOATING T ADDRESS X

[e———tp—>

|=tpp>|

Input and Output Waveforms for A.C. Tests

24

0.45

2.2+ 22
X o5 TEST POINTS O;K

A.C. CHARACTERISTICS T, =0°Cto70°C*.Vge = Vpp = +5V +10% , Vgg = OV

8048

7486 18748-8**
Symbol ' Parameter 8748/8035/8035L 8035-8 Unit || Conditions (Note 1)
Min. | Max. Min. | Max.
L ALE Pulse Width 400 600 ns
taL Address Setup to ALE 120 150 ns
tLA Address Hold from ALE 80 80 ns
tec Control Pulse Width (PSEN, RD, WR) | 700 1500 ns
tow Data Setup before WR 500 640 ns
two Data Hold After WR 120 120 ns | Cp=20pF
tcy Cycle Time 25 | 150 4.17115.0 us 6 MHz XTAL=25
(3.6 MHz XTAL for - 8)
tpR Data Hold 0| 200 0 {200 ns
trRD PSEN, RD to Data In 500 750 ns
taw Address Setup to WR 230 260 ns
taD Address Setup to Data In 950 1450 ns
tAFC Address Float to RD, PSEN 0 0 ns
tca Control Pulse to ALE 10 20 ns

Note 1: Control outputs' C|_=80pF tcy=2.5 us for standard parts
BUS Outputs: C =150 pF =4.17 us for -8 parts

6-13
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8048/8035L/8748/8748-6/8748-8/8035/8035-8

A.C. CHARACTERISTICS (PORT 2 TIMING)
Ta = 0°C to 70°C, V= 5V£ 10%, Vgg= OV

(T, = 0°C to 55°C for 8748-6)

Ta= —40°C to +85°C, Vgc=5V £10%, Vgg=0V

Symbol Parameter Min. Max. Unit Test Conditions

tcp Port Control Setup Before Falling Edge of PROG 115 ns

tpe Port Control Hold After Falling Edge of PROG 65 ns

tpr PROG to Time P2 Input Must Be Valid 860 ns

ter Input Data Hold Time 0 160 ns

top Output Data Setup Time 230 ns

tpo Output Data Hold Time 25 ) ns

tpp PROG Pulse Width 920 ns

tpL Port 2 /0 Data Setup 300 ns

tp Port 2 1/0 Data Hold 120 ns
PORT 2 TIMING

w /T O\ /— \ [
’ fca
:g:;NDER e tPL —u«-tu’-‘ | tOP - --——»4—‘?0’1‘
QuTPUT x PCH PORT 29.3 DATA PORT CONTROL x OUTPUT DATA

EXPANDER teR te
PORT

INPUT x PCH PORT 2.3 DATA PORT CONTROL LA

tep tpg —
tpp
PROG

6-14 AFN-01354A-08



8048/8035L/8748/8748-6/8748-8/8035/8035-8

CRYSTAL OSCILLATOR MODE

[o}]
It 2} XTAL1
Ly
1-6MHz
| [N —
@z B3
[}
—_— 1
i l XTAL 2
) 3
c3

C2 = 5pF + 1/2pF + STRAY 5pF

C2 = CRYSTAL + STRAY 8pF

C3 = 20pF + 1pF + STRAY 5pF
CRYSTAL SERIES RESISTANCE SHOULD BELESS THAN 76 AT 6MHz; LESS THAN
180 AT 3.6MHz.

LC OSCILLATOR MODE

L <
45uH  20pF
12044 20pF

NOMINAL 1

5.2 MHz = e
32 MHz 2

XTAL1

XTAL2 CAPACITANCE

EACH C SHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE.

DRIVING FROM EXTERNAL SOURCE

FOR XTAL 1 AND XTAL 2 DEFINE "HIGH"” AS VOLTAGES ABOVE 1.6V AND "LOW"
AS VOLTAGES BELOW 1.6V. THE DUTY CYCLE REQUIREMENTS FOR EXTER—
NALLY DRIVING XTAL 1 AND XTAL 2 USING THE CIRCUIT SHOWN ABOVE ARE AS
FOLLOWS:

FOR THE 8048, XTAL 1 MUST BE HIGH 35-85% OF THE PERIOD AND XTAL 2

XTAL1

XTAL2

MUST BE HIGH 35-66% OF THE PERIOD.

FOR THE 8748, XTAL MUST BE HIGH 45-50% OF THE PERIOD AND XTAL 2MUST
BE HIGH 50-56% OF THE PERIOD.

RISE AND FALL TIMES MUST NOT EXCEED 20ns.

PROGRAMMING, VERIFYING, AND
ERASING THE 8748 EPROM

Programming Verification

In brief, the programming process consists of: activat-
ing the program mode, applying an address, latching the
address, applying data, and applying a programming
pulse. Each word is programmed completely before
moving on to the next and is followed by a verification
step. The following is a list of the pins used for program-
ming and a description of their functions:

Pin Function
XTAL 1 Clock Input (1 to 6 MHz)
RESET Initialization and Address Latching
TESTO Selection of Program or Verify Mode
EA Activation of Program/Verify Modes
BUS Address and Data Input

Data Output during Verify

P20-1 Address Input
Vop Programming Power Supply
PROG Program Pulse Input

WARNING:

An attempt to program a mis-socketed 8748 will result in
severe damage to the part. An Indication of a properly
socketed part is the appearance of the ALE clock out-
put. The lack of this clock may be used to disable the
programmer.

The Program/Verify Sequence is:

1. Vpp =5V, clock applied or internal oscillator oper-
ating, RESET =0V, TEST 0=5V, EA=5V, BUS and
PROG floating.

. Insert 8748 in programming socket.
. TEST 0=0V (select program mode).
. EA=23V (activate program mode).

. Address applied to BUS and P20-1.
. RESET =5V (latch address).

. Data applied to BUS.

. Vpp = 25V (programming power).

. PROG =0V followed by one 50 ms pulse to 23 V.
. Vpp=5V.

. TEST 0=5V (verify mode).

. Read and verify data on BUS.

. TEST0=0V.

. RESET =0V and repeat from step 5.

. Programmer should be at conditions of step 1 when
8748 is removed from socket.

W 00 N O O b WN

- a4 a4 a4 a o
N~ ON = O

AFN-01364A-07
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8048/8035L/8748/8748-6/8748-8/8035/8035-8

AC TIMING SPECIFICATION FOR PROGRAMMING

Ta=25°C £ 5°C, Vcc = 5V + 5%, Vpp =25V £ 1V

Symbol Parameter Min. Max. |  Unit Test Conditions
taw Address Setup Time to RESET ! 4tcy
twa Address Hold Time After RESET ! d1cy
tow Data in Setup Time to PROG t 4tcy
twD Data in Hold Time After PROG | 4tcy
tPH RESET Hold Time to Verify 4cy
tvbow Voo 4tcy
tvDoH Voo Hold Time After PROG | 0
tpw Program Pulse Width 50 60 ms
trw Test 0 Setup Time for Program Mode 4tcy
twr Test 0 Hold Time After Program Mode 4icy
too Test 0 to Data Out Delay 4rcy
tww RESET Pulse Width to Latch Address 4icy
tr, tf Vop and PROG Rise and Fall Times 0.5 2.0 us
tcy CPU Operation Cycle Time 5.0 us
tRE RESET Setup Time Before EA 1, 4tcy
Note: If Test 0 is high tpo can be triggered by RESET ! o
DC SPECIFICATION FOR PROGRAMMING
Ta =25°C £ 5°C, Vcc =5V + 5%, Vpp = 25V *+ 1V
Symbol Parameter Min. Max. Unit Test Conditions
VDOH Voo Program Voltage High Level 24.0 26.0 v
Voou Vpp Voltage Low Level 4.75 5.25 v
VPH PROG Program Voltage High Level 215 245 \
VeL PROG Voltage Low Level 0.2 v
VEAH EA Program or Verify Voltage High Level 215 24.5 % 8748
VEAH1 EA1 Verify Voltage High Level 11.4 12.6 v 8048
VEAL EA Voltage Low Level 5.25 v
oo Voo High Voitage Supply Current 30.0 mA
IPROG PROG High Voltage Supply Current 16.0 mA
lea EA High Voltage Supply Current 1.0 mA
6-16 AFN-01354A-08



B048/8035L/8748/8748-6/8748-8/8035/8035-8

WAVEFORMS FOR PROGRAMMING

COMBINATION PROGRAM/VERIFY MODE (EPROM’S ONLY)

v
EA
sV

PROGRAM VERIFY > PROGRAM
ttw I
LI § / \
tww
RESET \ ’{ \—_-/__
o—»,— wa le— loo

ADDRESS DATA TO BE - DATA NEXT ADDR
DBo-DB; - (0-7) VALID PROGRAMMED VALID - VALID VALID

LAST NEXT
P20-P1 ADDRESS ADDRESS (8-9) VALID X ADDRESS
tvoDW —-l fa— —{ tvDDH
twt—
+25
Voo *
5 l
tow two
+23
PROG +
w0 A —_——— —

VERIFY MODE (ROM/EPROM)

TO.RESET \ / \ / \
DBo-DB _ ADDRESS DATA OUT —_ NEXT DATA e
0mR (0-7) VALID VALID ADDRESS OUT VALID

P20-P1 X ADDRESS (8-9) VALID X NEXT ADDRESS VALID

NOTES:

1. PROG MUST FLOAT IF EA IS LOW (i.e., #23V), OR IF TO = 5V FOR THE 8748. FOR THE
8048 PROG MUST ALWAYS FLOAT.

2. X1 AND X2 DRIVEN BY 3 MHz CLOCK WILL GIVE 5usec tcy. THIS IS ACCEPTABLE FOR
-8 PARTS AS WELL AS STANDARD PARTS.

The 8748 EPROM can be programmed by either of two  Note: See the ROM/PROM section for 8048 ROM ordering procedures.

Intel products: To minimize turnaround time on the first 25 pieces 8648 may be
X X . specified on the ROM order.

1. PROMPT-48 Microcomputer Design Aid, or

2. Universal PROM Programmer (UPP series) peripheral

of the Intellec® Development System with a UPP-848
Personality Card.

6-17 AFN-01354A-09



in ¢ - |
tel ID8048/8748/8035L
INDUSTRIAL TEMPERATURE RANGE
SINGLE COMPONENT 8-BIT MICROCOMPUTER

e 8048 Mask Programmable ROM
¢ 8648 One-Time Factory Programmable EPROM
e 8748 User Programmable/Erasable EPROM
e 8035/8035L External ROM or EPROM
e —40°C to +85°C Operation
= 8-Bit CPU, ROM, RAM, /O in Single = 1K x 8 ROM/EPROM
Package 64 x 8 RAM
» Interchangeable ROM and EPROM 27 10 LINES
Versions m Interval Timer/Event Counter
m Single 5V Supply m Easily Expandable Memory and 1/0
m 2.5 usec and 5.0 usec Cycle Versions: = Compatible with 8080/8085 Series
All instructions 1 or 2 Cycles Peripherals
= Over 90 Instructions: 70% Single Byte m Single Level Interrupt

The Intel® 8048/8648/8748/8035 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip
using Intel’s N-channel silicon gate MOS process.

The 8048 contains a 1K x 8 program memory, a 64 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in addi-
tion to on-board oscillator and clock circuits. For systems that require extra capability, the 8048 can be expanded
using standard memories and MCS-80™/MCS-85™ peripherals. The 8035 is the equivalent of an 8048 without program
memory. The 8035L has the RAM power-down mode of the 8048 while the 8035 does not. The 8648 is a one-time pro-
grammable (at the factory) 8748 which can be ordered as the first 25 pieces of a new 8048 ROM order. The substitution
of 8648's for 8048's allows for very fast turnaround for initial code verification and evaluation units.

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

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8048 has exten-
sive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory
results from an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
]
o1 40 Ve
xTAL 10 2 wpm I P'?m 1024 WOR N
) cLock DS 64 WORD:!
xTaL 2] 3 38 [JP27 XTAL PROGRAM DATA
RESET[] 4 37 [Jr26 — MEMORY MEMORY
sds 38 Pe2s ““’0”
nde 35 [Ip2e RESET— - =2
eal]7? 3a P17
ﬁ)g 8 33 gne smsgfléis’
8048 8048 —= READ
PSEN] o 32[p1s EXTERNAL
—
wr] 10 =203 MEM. gflr
ALE(] 1 -30Jp13 — WRITE
08,[] 12 20 e2 TEST
o8, 13 28 []P11 _— PROGRAM
|— STORE
0B,(] 14 27 Je10 ENABLE
DBy 15 26 [1Vop INTERRUPT —|
PRI ADDRESS
o8,(] 16 25 [1PROG e 8-BIT 2
o8s[] 17 24 [1P23 ENABLE TIMER/
0.0 16 +Brz EVENT COUNTER 1/0 LINES
d! : BUS PORT
08, 19 22p21 ERPANDER
ves [ 20 21Jr20 STROBE

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.,
© INTEL CORPORATION, 1979 6-18 AFN-00860A-01



1D8048/8748/8035L

PIN DESCRIPTION

Designation Pin # Function Designation  Pin # Function
Vss 20 Circuit GND potential RD 8 QOutput strobe activated during a
Vob 26 Programming power supply; +25V BUS read. Can be used to enable

during program, +5V during oper-
ation for both ROM and PROM.
Low power standby pin in 8048

and 8035L.

Vee 40 Main power supply; +5V during RESET 4
operation and programming.

PROG 25 Program pulse (+23V) input pin

during 8748 programming.
Output strobe for 8243 1/0

expander. WR 10
P10-P17 27-34 8-bit quasi-bidirectional port.
Port 1
P20-P27 21-24  8bit quasi-bidirectional port.
Port 2 3538 p20-P23 contain the four high ALE 1

order program counter bits during
an external program memory fetch
and serve as a 4-bit 1/0 expander
bus for 8243.

DBy-DBy 12-19  True bidirectional port which can

BUS be written or read synchronously —
using the RD, WR strobes. The PSEN 9
port can also be statically latched.

Contains the 8 low order program —
counter bits during an external
program memory fetch, and receives
the addressed instruction under the
control of PSEN. Also contains the
address and data during an external EA 7
RAM data store instruction, under

control of ALE, RD, and WR.

T0 1 Input pin testable using the con-
ditional transfer instructions JTO
and JNTO. TO can be designated as
a clock output using ENTO CLK XTAL1 2
instruction. TO is also used during
programming.
T 39 Input pin testable using the JT1, XTAL2 3
and JNT1 instructions. Can be des-
ignated the timer/counter input using
the STRT CNT instruction.

INT 6 Interrupt input. Initiates an inter-
rupt if interrupt is enabled. Inter-
rupt is disabled after a reset. Also
testable with conditional jump
instruction. (Active low)

6-19

data onto the bus from an external
device.

Used as a read strobe to external
data memory. (Active low)

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

(Non TTL Vi)

Output strobe during a bus write.
(Active low)

Used as write strobe to external
data memory.

Address latch enable. This signal
occurs once during each cycle and
is useful as a clock output.

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

Program store enable. This output
occurs only during a fetch to exter-
nal program memory. (Active low)

Single step input can be used in con-
junction with ALE to “single step’”
the processor through each in-
struction. (Active low)

External access input which forces
all program memory fetches to re-
ference external memory. Useful
for emulation and debug, and
essential for testing and program
verification. (Active high)

One side of crystal input for inter-
nal oscillator. Also input for exter-
nal source. (Non TTL V,y4)

Other side of crystal input.



1D8048/8748/8035L

INSTRUCTION SET

Mnemonic

Description Bytes Cycle Mnemonic Description Bytes Cycles
ADD A, R Add register to A 1 1 .g CALL addr Jump to subroutine 2 2
ADD A, @R Add data memory to A 1 1 g RET Return 1 2
ADD A, #data Add immediate to A 2 2 .§ RETR Return and restore status 1 2
ADDCA,R Add register with carry 1 1 7]
ADDCA, @R Add data memory with carry 1 1
ADDC A, #data Add immediate with carry 2 2 CLR C Clear carry 1 1
ANL A, R And register to A 1 1 . CPLC Complement carry 1 1
ANL A, @R And data memory to A 1 1 g CLR FO Clear ﬂ?g Y 1 1
ANL A, #data  And immediate to A 2 2 u CPL FO Complement flag 0 1 1
_ ORLA,R Or register to A 1 1 CLR F1 Clear flag 1 1 1
S ORLA, @R Or data memory to A 1 1 CPL F1 Complement flag 1 1 1
"5 ORL A, #data Or immediate to A 2 2
g XRLA,R Exclus.ive or register to A 1 1 MOV A, R Move register to A 1 1
: XRL A, @R Exclus!ve or fia(a mfemory to A 1 1 MOV A, @R Move data memory to A 1 1
T(NRCL :‘  #data F;i:‘;‘:;toglmmedme to A 12 12 MOV A, #data Move immediate to A 2 2
DEC A Decrement A 1 1 MOV R, A Move A to register 1 1
CLR A Clear A 1 1 MOV @R, A Move A to data memory 1 1
CPLA Complement A ] 1 " MOV R, #data Move immediate to register 2 2
DA A Decimal adjust A 1 1 ¢ MOV @R, #data Move immediate to data memory 2 2
SWAP A Swap nibbles of A 1 1 § MOV A, PSW  Move PSW to A 1 1
RLA Rotate A left 1 1 E MOV PSW, A Move A to PSW 4 1 1
RLC A Rotate A left through carry 1 1 o XCHAR Exchange A and register ! !
RR A Rotate A right 1 1 XCHA,@R Exchange A.and data memory. 1 1
RRC A Rotate A right through carry ] 1 XCHD A, @R Exchange nibble of A and register 1 1
MOVX A, @R Move external data memory to A 1 2
MOVX @R, A Move A to external data memory 1 2
INA, P Input port to A 1 2 MOVP A, @A Move to A from current page 1 2
OUTL P, A Output A to port 1 2 MOVP3 A, @A Move to A from page 3 1 2
. ANL P, #data And immediate to port 2 2
g ORL P, #data Or immediate to port 2 2 MOV A, T Read timer/counter 1 1.
5 INSA,BUS fnput BUS to A ! 2 & MOVT,A Load timer/counter 1 1
S OUTLBUS,A  Output A to BUS 1 2 £ orRTT Start timar . b
2 ANL BUS,#data And immediate to BUS 2 2 3 s 1
£ ORL BUS, #data Or immediate to BUS 2 2 g STRTCNT tart °,°”"‘/e' !
MOVD A, P Input expander port to A 1 2 g STOP TCNT Stop tlm‘er ‘counter ] 1 1
MOVD P, A Output A to expander port 1 2 S EN TCNTI En.'-able tlrner/counter nrnerrupt 1 1
ANLD P, A And A to expander port 1 2 DIS TCNTI Disable timer/counter interrupt 1 1
ORLD P, A Or A to expander port 1 2
v EN I Enable external interrupt 1 1
g INCR Increment register 1 1 _ DIS | Disable e)fternal interrupt 1 1
% INC @R Increment data memory i 1 % :Et 22? ze:e“ register :an: ‘1) ‘1' :
i elect register ban
« DECR Decrement register ! ! 8 seLmso Select memory bank 0 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 Jump indirect 1 2
DJNZ R, addr Decrement register and skip 2 2 .
JC addr Jump on carr\g/ =1 2 2 NoP No 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 2 2
§ JTO addr JumponTO=1 2 2
® JNTO addr JumponTO=0 2 2
& JT1 addr JumponT1=1 2 2
JNT1 addr JumponT1=0 2 2
JFO addr Jumpon FO=1 2 2
JF1 addr JumponF1=1 2 2
JTF addr Jump on timer flag 2 2
INI addr Jump on INT = 0 2 2
JBb addr Jump on accumulator bit 2 2
Mnemonics copyright Intel Corporation 1976
6-20
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1D8048/8748/8035L

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. .. .- 40°C to + 85°C
Storage Temperature............. -65°C to + 125°C
Voltage On Any Pin With Respect

toGround. ..ot ~0.5Vto+7V
Power Dissipation......................... 1.5 Watt

D.C. AND OPERATING CHARACTERISTICS
Ta= —40°Cto +85°C, Vcc=Vpp= +5V £10%, Vgg=0V

*COMMENT:. Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied.

Symbol Parameter Limits Unit Test Conditions
Min. | Typ. | Max.
Vi Input Low Voltage (All Except RESET, XTAL1, XTAL2) |- 0.5 08 | V
ViLe Input Low Voltage (RESET, X1, X2) -05 06 | V
Vi Input High Voltage (All Except XTAL1, XTAL 2, RESET) | 2.2 Vec | V
ViHi1 Input High Voltage (XTAL1, XTAL2, RESET) 3.8 Veo | V
Vo Output Low Voltage (BUS, RD, WR, PSEN, ALE) 045| V [loL=16mA
Vou Output Low Voltage (P10-P17, P20-P27) 045 | V |lgp=12mA
Vorz2 Output Low Voltage (All Other Outputs) 045 | V (lg.=0.8mA
Vou Output High Voltage (BUS) 2.4 V |loy= —280 uA
Vo1 Output High Voltage (RD, WR, ALE, PSEN) 24 V |lon= —80 A
Vo2 Output High Voltage (All Other Outputs) 2.4 V |loy=-30puA
I Input Leakage Current (T1, iNT) +10| pA |Vss<ViNSVee
It Input Leakage Current (P10-P17, P20-P27, EA, SS) —600[ pA |Vsg+.45<V|NSVcc
lo Output Leakage Current (BUS, T0) (High Impedance State) +10| pA |Vgg+0.45<V NSV
Ipp Vpp Supply Current 10 20 | mA
Ipp+Ilcc | Total Supply Current 75 | 145 | mA
BUS P1, P2 BUS, P1, P2
-50 mA —500 uA 50 mA —
—30 mA — 300 uA 30mA - TYPICAL
3 3 3
TYPICAL i
10 mA —100 uA 10mA | /
ov ov 2v av ov : 2lV : 4‘V :

VoH

6-21
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1D8048/8748/8035L

WAVEFORMS

Instruction Fetch From External Program Memory

|
‘4— t A’{

—>‘Arc[<—‘oc—’| tca |"—

PSEN

or

BUS FLOATING”* _|X FLOATING X x FLOATING X

ADDRESS l' o —> INSTRUCTION

-——————tap

Write to External Data Memory

o] o

WR l

Read From External Data Memory

ALE

tarc —>

kﬁ'ccﬂl tca I‘—

‘

— 'DR
FLOATING
FLOATING

FLOATING T ADDRESSX

-~ tap———>|

|« tap>

Input and Output Waveforms for A.C. Tests

2.4
o _[__,}* 7{_ e e X§2>TEST Post(ﬁ'_gX
BUS FLOATI!(XA?DESXFLOATINGX DATA X FLOATING
]
A.C. CHARACTERISTICS
Ta= —40°C to +85°C, Vge=Vpp= +5V +10%, Vgg=0V
Symbol Parameter 8048/8035L 8748/8035 Unit Conditions (Note 1)
Min. | Max. | Min. | Max.

L ALE Pulse Width 200 300 ns

taL Address Setup to ALE 120 120 ns

tLa Address Hold from ALE 80 80 ns

tee Control Pulse Width (PSEN, RD, WR) | 400 600 ns

tow Data Setup Before WR 420 600 ns

twp Data Hold After WR 80 120 ns | CL=20pF

toy Cycle Time 2.5 16.0 | 4.17 15.0 us (3.6 MHz XTAL 8748/8035)

tor Data Hold 0 200 0 200 ns

trp PSEN, RD to Data In 400 600 | ns

taw Address Setup to WR 230 260 ns

tap Address Setup to Data In 600 900 ns

tarc Address Float to RD, PSEN - 40 - 60 ns

tca Control Pulse to ALE 10 10 ns

Note 1: Control Outputs: C| = 80 pF tgy=2.5 us for 8048/8035L
BUS Outputs: CL=150 pF 4.17 us for 8748/8035

6-22
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1D8048/8748/8035L

A.C. CHARACTERISTICS

Ta= —40°C to +85°C, Vg =5V +10%, Vgs=0V

Symbol Parameter Min. | Max. Unit Test Conditions
tcp Port Control Setup Before Falling Edge of PROG 115 ns

tpc Port Control Hold After Falling Edge of PROG 65 ns

tpr PROG to Time P2 Input Must Be Valid 860 ns

tpr Input Data Hold Time 0 160 ns

top Output Data Setup Time 230 ns

tpp Output Data Hold Time 25 ns

tpp PROG Pulse Width 920 ns

tpL Port 2 /O Data Setup 300 ns

tp Port 2 /0 Data Hold 120 ns
PORT 2 TIMING

ALE / \ b \ v
! tca
EXPANDER pa-——- tPL '—‘* P top tPD -
PORT !

OUTPUT 1 PCH PORT 2¢.3 DATA PORT CONTROL OUTPUT DATA
EXPANDER ter t
PORT

INPUT x PCH PORT 2p.3 DATA PORT CONTROL g’:y:

PROG

6-23
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1D8048/8748/8035L

CRYSTAL OSCILLATOR MODE

? XTAL1
JIS mHz

XTAL2

0—15 pF
(INCLUDES XTAL =~
SOCKET, STRAY)

15 - 25 pF
(INCLUDES SOCKET,
STRAY)

iHH—{0

CRYSTAL SERIES RESISTANCE SHOULD BE <75Q AT 6 MHz; <180Q AT 3.6 MHz.

DRIVING FROM EXTERNAL SOURCE

| XTAL1

XTAL2

BOTH X1 AND X2 SHOULD BE DRIVEN.
RESISTORS TO Vcc ARE NEEDED TO ENSURE Vi = 3.8V IF TTL CIRCUITRY IS
USED. THE MINIMUM HIGH AND THE MINIMUM LOW TIMES ARE 45%.

LC OSCILLATOR MODE

L € NOMINAL f
a5,H  20pF 5.2 MHz
1204H 20 pF 3.2 MHz

(o1
= mmyicr

XTAL1 oo C+3Cop
T2

Cpp = 5—10 pF PIN-TO-PIN

XTAL2 CAPACITANCE

EACH C SHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE.

PROGRAMMING, VERIFYING, AND
ERASING THE 8748 EPROM

Programming Verification

In brief, the programming process consists of: activat-
ing the program mode, applying an address, latching the
address, applying data, and applying a programming
pulse. Each word is programmed completely before
moving on to the next and is followed by a verification
step. The following is a list of the pins used for program-
ming and a description of their functions:

Pin Function
XTAL1 Clock Input (1 to 6 MHz)

RESET Initialization and Address Latching
TESTO Selection of Program or Verify Mode
EA Activation of Program/Verify Modes
BUS Address and Data Input

Data Output during Verify
P20-1 Address Input
Vop Programming Power Supply
PROG Program Pulse Input

WARNING:

An attempt to program a mis-socketed 8748 will result in
severe damage to the part. An indication of a properly
socketed part is the appearance of the ALE clock out-
put. The lack of this clock may be used to disable the
programmer.

The Program/Verify Sequence is:

1. Vpp =5V, clock applied or internal oscillator oper-
ating, RESET =0V, TEST 0=5V, EA=5V, BUS and
PROG floating.

. Insert 8748 in programming socket.
. TEST 0=0V (select program mode).
. EA =23V (activate program mode).

. Address applied to BUS and P20-1.
. RESET =5V (latch address).

. Data applied to BUS.

. Vpp =25V (programming power).

. PROG =0V followed by one 50 ms pulse to 23 V.
. Vpp=5V.

. TEST 0=5V (verify mode).

. Read and verify data on BUS.

. TESTO0=0V.

. RESET=0V and repeat from step 5.

. Programmer should be at conditions of step 1 when
8748 is removed from socket.

O 00 N O O WD

G e Gy
g A W N = O
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1D8048/8748/8035L

AC TIMING SPECIFICATION FOR PROGRAMMING

Ta =25°C £5°C, Vcc =5V = 5%, Vpp = 25V = 1V

Symbol Parameter Min. Max. Unit Test Conditions
taw Address Setup Time to RESET t 4tcy
twa Address Hold Time After ﬁ‘r 4tcy
tow Data in Setup Time to PROG* 4tcy
two Data in Hold Time After PROG 4tcy
tey _RESET Hold Time to Verify 4tcy
tvoow Voo 4tcy
tvoon VppHold Time After PROG ¢ 0
trw Program Pulse Width 50 60 ms
trw Test 0 Setup Time for Program Mode 4tcy
twr Test 0 Hold Time After Program Mode 4tcy
too Test 0 to Data Out Delay 4tcy
Ctww RESET Pulse Width to Latch Address 4tcy
t,, t¢ Vpp @nd PROG Rise and Fall Times 0.5 2.0 MS
tey CPU Operation Cycle Time 5.0 MS
tre RESET Setup Time Before EAt 4rcy
Note: If Test 0 is high tpo can be triggered by RESET !
DC SPECIFICATION FOR PROGRAMMING
Ta =25°C +5°C, Vcc =5V + 5%, Vpp = 25V = 1V
Symbol Parameter Min. Max. Unit Test Conditions
Vbou Vpp Program Voltage High Level 24.0 26.0 \
VooL VppVoltage Low Level . 4.75 5.25 v
Veu PROG Program Voitage High Level 21.5 245 \
Ve PROG Voltage Low Level 0.2 \
VEaH EA Program or Verify Voltage High Level 215 245 \ 8748
VEaH1 EA1 Verify Voltage High Level 1.4 12.6 \ 8048
VEaL EA Voltage Low Level 5.25 \
lpp VppHigh Voltage Supply Current 30.0 mA
I pROG PROG High Voltage Supply Current 16.0 mA
l ga EA High Voltage Supply Current 1.0 mA

6-25
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1D8048/8748/8035L

WAVEFORMS FOR PROGRAMMING

COMBINATION PROGRAM/VERIFY MODE (EPROM’S ONLY)

v
EA
5V

PROGRAM - - VERIFY ’ ‘i PROGRAM
A ‘ / \
—1~——~—|~ twa le— tpo -|

taw
ADDRESS DATA TO BE —_— DATA —_— NEXT ADDR
DBo-DB7 - (0-7) VALID PROGRAMMED VALID VALID - VALID

TO

‘ LAST NEXT
P2o-P1 ADDRESS ADDRESS (8-9) VALID X ADDRESS
tvoow —>  |e— —»‘ tvoDH
T —]
+25
/ |
- .
tow twp
+23
PROG 5
——— . —— o — — o
+0 -\-—} ———t ' : - . ‘\___.__ .

VERIFY MODE (ROM/EPROM)

DBg-DB —_ ADDRESS DATA OUT __ NEXT : NEXT DATA e
S (0-7) VALID VALID ADDRESS OUT VALID
P20-P1 x ADDRESS (8-9) VALID X NEXT ADDRESS VALID

NOTES:

1. PROG MUST FLOAT IF EA IS LOW (i.e.,, #23V), OR IF TO = 5V FOR THE 8748. FOR THE
8048 PROG MUST ALWAYS FLOAT.

2. X1 AND X2 DRIVEN BY 3 MHz CLOCK WILL GIVE 5usec tcy. THIS IS ACCEPTABLE FOR
-8 PARTS AS WELL AS STANDARD PARTS.

The 8748 EPROM can be programmed by either of two  Note: See the ROM/PROM section for 8048 ROM ordering procedures.

Intel products: To minimize turnaround time on the first 25 pieces 8648 may be
. X X specified on the ROM order.

1. PROMPT-48 Microcomputer Design Aid, or

2. Universal PROM Programmer (UPP series) peripheral

of the Intellec® Development System with a UPP-848
Personality Card.
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intel
M8048/M8748/M8035L
SINGLE COMPONENT 8-BIT MICROCOMPUTER

* 8048 Mask Programmable ROM
* 8748 User Programmable/Erasable EPROM
* 8035L Requires External ROM or EPROM

m -55°C to + 125°C 6 MHz Operation ® Over 90 Instructions: 70% Single Byte

M
(M8048/M8035L) ® 1K x 8 ROM/EPROM
® -55°C to +100°C 3.6 MHz Operation 64 x 8 RAM
(M8748) 27 1/0 Lines
a 8-Bit CPU, ROM, RAM, 1/0 in
Single Package ® Interval Timer/Event Counter
® Interchangeable ROM and EPROM m Easily Expandable Memory and 1/0
Versions
® Single 5V Suppl s Compatible with 8080/8085 Series
9 PRl . Peripherals
B 2.5 ysec and 5.0 usec Cycle Versions
All Instructions 1 or 2 Cycles. m Single Level Interrupt

The Intel MB048/M8748/M8035L are totally self-sufficient 8-bit parallel computers fabricated on single silicon chips using
Intel’s N-Channel silicon gate MOS process.

The M8048 contains an 8-bit CPU, a 1K x 8 program memory, a64 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/
counter in addition to on-board oscillator and clock circuits. Fro systems that require extra capability, the M8048 can be
expanded using standard memories and MCS-80™/MCS-85™ peripherals. The M8035L is the equivalent of an M8048
without program memory, and has the RAM power down mode of the M8048. To reduce development problems to a min-
imum and provide maximum flexibility, three interchangeable pin-compatible* versions of this single component micro-
computer exist: the M8748 with user-programmable and erasable EPROM program memory for prototype and prepro-
duction systems, the M8048 with factory-programmed mask ROM program memory for low cost, high volume production,
and the M8035L without program memory for use with external program memories.

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The M8048 has extensive
bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results
from an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length.

*Vpp is used to program the M8748 and used for low power standby on the M8048/8035L.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
——\_ .
o] 40 [IVee . »
xTaL gz P ““:o’m 1024 WORDS 64 WORDS
xtaL 204 3 3 Perr xTaL cLock PROGRAM DATA
AESET[] 4 37 (26 — MEMORY MEMORY
s0s 36 [IP25 . vom
— =2
g K] 35 [Jr2e RESET
eal}r 34 17 SINGLE
L:m ] 33)e1e STEP }— READ
rsenC]o MB048 5 [pis EXTERNAL L
wr(] 10 M8748 3 [1r1e MEM M8048 ?:‘PBJT
ALEE 11M8035L 30 [1p13 SN — wRITE :
08, 12 29 p2 TEST
08,13 28 {1e1 . PROGRAM
|—= STORE
08,(] 14 27 ]P0 ENABLE
08,(] 15 26 (Voo INTERRUPT —=
ADDRESS
ss. 16 % j::fm AdDRE T?’.:é;/ -
7 24 S
D‘s o ) ENABLE EVENT COUNTER ~ VOLINES
e e » BUS PORT »
o8, 19 zplen |— EXPANDER
ves [ 20 21[]r20 STROBE

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.

©INTEL CORP., 1980 6-27 AFN-00780A-01



M8048/M8748/M8035L

CRYSTAL OSCILLATOR MODE

ct
1L 2| xTAL1
1t T
1]
: 1-6MHz
J S
] === B3
. b
S—l ! 3| xrAL2
c3

C1 = 5pF + %pF + STRAY < S5pF
C2 = CRYSTAL + STRAY < 8pF
C3 = 20pF =+ 1pF + STRAY < 5pF

CRYSTAL SERIES RESISTANCE SHOULD BE LESS THAN 75Q AT 6MHz; LESS
THAN 180Q AT 3.6MHz.

L
45,H
120 4H

LC OSCILLATOR MODE

< NOMINAL PO
20 pF 5.2 MHz 2y LC
20 pF 3.2 MHz

XTAL1 oo C+3Csm
- 2

Cpp =510 pF PIN-TO-PIN

| XTAL2 CAPACITANCE

EACH C SHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE.

DRIVING FROM EXTERNAL SOURCE

+5v

FOR XTAL 1 AND XTAL 2 DEFINE “HIGH” AS VOLTAGES ABOVE 1.6V AND “LOW"”
AS VOLTAGES BELOW 1.8V. THE DUTY CYCLE REQUIREMENTS FOR EXTERNALLY
DRIVING XTAL 1 AND XTAL 2 USING THE CIRCUIT SHOWN ABOVE ARE AS
FOLLOWS:

FOR THE 8048, XTAL 1 MUST BE HIGH 35-65% OF THE PERIOD AND XTAL 2 MUST

XTAL1

XTAL2

BE HIGH 35-85% OF THE PERIOD.

FOR THE 8748, XTAL MUST BE HIGH 45-50% OF THE PERIOD AND XTAL 2 MUST
BE HIGH 50-55% OF THE PERIOD.

RISE AND FALL TIMES MUST NOT EXCEED 20 ns.

PROGRAMMING, VERIFYING, AND
ERASING THE 8748 EPROM

Programming Verification

In brief, the programming process consists of: activating
the program mode, applying an address, latching the
address, applying data, and applying a programming pulse.
Each word is programmed completely before moving on to
the next and is followed by a verification step. The follow-
ing is a list of the pins used for programming and a descrip-
tion of their functions:

Pin Function
XTAL 1 Clock Input (1 to 6MHz)
Reset Initialization and Address Latching
Test0 Selection of Program or Verify Mode
EA Activation of Program/Verify Modes
BUS Address and Data Input

Data Output During Verify
P20-1 Address Input
Vbbp Programming Power Supply
PROG Program Pulse Input

WARNING:

An attempt to program a missocketed 8748 will result in severe
damage to the part. An indication of a properly socketed part is the
appearance of the ALE clock output. The lack of this clock may
be used to disable the programmer,

The Program/Verify sequence is:

1.

w N

o >

o N o

10,
1.
12,
13.
14,
18.

6-28

Vpp = 5v, Clock applied or internal oscillator operating,
ﬁegﬁ = Ov, TEST 0 = 5v, EA = 5v, BUS and PROG
floating.

Insert 8748 in programming socket
TEST 0 = Ov (select program mode)
EA =23V (activate program mode)
Address applied to BUS and P20-1
RESET = 5v (latch address)

Data applied to BUS

Vpp = 25v (programming power)
PROG = Ov followed by one 50ms pulse to 23V
Vpp =5v

TEST 0 = 5v (verify mode)

Read and verify data on BUS
TESTO=0v

RESET = Ov and repeat from step 5

Programmer should be at conditions of step 1 when 8748
is removed from socket.

AFN-00780A-02



M8048/M8748/M8035L

AC TIMING SPECIFICATION FOR PROGRAMMING

Ta=25°C £5°C, Vcc = 5V * 5%, Vop = 25V = 1V

Symbol Parameter Min. Max. Unit Test Conditions
taw Address Setup Time to RESET ! 4tcy
twa Address Hold Time After RESET ! 4cy
tow Data in Setup Time to PROG ! 4tcy
twp Data in Hold Time After PROG | 4cy
tPH RESET Hold Time to Verify 4cy
tvbow Vobp 4cy
tvDOH Vpp Hold Time After PROG | 0
tPw Program Pulse Width 50 60 mS
trw Test 0 Setup Time for Program Mode 4tcy
twr Test 0 Hold Time After Program Mode 4icy
too Test 0 to Data Out Delay 4tcy
tww RESET Pulse Width to Latch Address 41cy
tr, tf Vobp and PROG Rise and Fall Times 0.5 2.0 us
tcy CPU Operation Cycle Time 5.0 us
tRE RESET Setup Time Before EA }, 4tcy
Note: If Test 0 is high tpo can be triggered by RESET {.
DC SPECIFICATION FOR PROGRAMMING
Ta =25°C £ 5°C, Vcc =5V * 5%, Vpp = 25V + 1V
Symbol Parameter Min. Max. Unit Test Conditions
VDoH Vpp Program Voltage High Level 24.0 26.0 \
VooL Vpp Voltage Low Level 4.75 5.25 v
VeH PROG Program Voltage High Level 215 245 Y
VeL PROG Voltage Low Level 0.2 v
VEAH EA Program or Verify Voltage High Level 215 245 \" 8748
VEAH1 EA1 Verify Voltage High Level 11.4 12.6 \" 8048
VEAL EA Voltage Low Level ) 5.25 \Y
[[ss} Voo High Voltage Supply Current 30.0 mA
IPROG PROG High Voltage Supply Current 16.0 mA
lea EA High Voltage Supply Current 1.0 mA
6-29 AFN-00780A-03



M8048/M8748/M8035L

WAVEFORMS FOR PROGRAMMING

COMBINATION PROGRAM/VERIFY MODE (EPROM’'S ONLY)

2v

.

EA
sV
PROGRAM VERIFY -} PROGRAM
- |
TO \ it \
tww
RESET 5“ ?{ \__—/__‘

taw —14—.4—-1—»,“ ‘—'Do—-i

ADDRESS DATA TO BE Jp— DATA - NEXT ADDR
DBo-DB; - (0-7) VALID PROGRAMMED VALID VALID - - VALID

LAST NEXT
Pao-P1 AT s ADDRESS (8-9) VALID X XIS
tvDDOW — fe— ] tvDDH
twr—>
+25
Voo f
+5
tow two
+23
PROG +s
—— — — - - —— - - o
0 L/ —_—— N—

VERIFY MODE (ROM/EPROM)

DBy-DB, - —_ ADDRESS DATA OUT - NEXT NEXT DATA e
o0-=%7 (0-7) VALID VALID ADDRESS OUT VALID

P20-P1 X ADDRESS (8-9) VALID X NEXT ADDRESS VALID

NOTES:
1. PROG MUST FLOAT IF EA IS LOW (i.e., #23V), OR IF TO = 5V FOR THE 8748. FOR THE
8048 PROG MUST ALWAYS FLOAT.
2. Xq AND X2 DRIVEN BY 3 MHz CLOCK WILL GIVE 5usec tcy. THIS IS ACCEPTABLE FOR ALL PARTS.

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

1. PROMPT-48 Microcomputer Design Aid, or

2. Universal PROM Programmer (UPP Series)
peripheral of the Intellec® Development System with a
UPP-848 Personality Card.
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M8048/M8748/M8035L

INSTRUCTION SET

Mnemonic Description Bytes Cycle Mnemonic Description Bytes Cycles
@
ADD A, R Add register to A 1 1 é CALL addr Jump to subroutine 2 2
ADD A, @R Add data memory to A 1 1 e RET Return 1 2
ADD A, #data Add immediate to A 2 2 g RETR Return and restore status 1 2
ADDC A, R Add register with carry 1 1
ADDC A, @R Add data memory with carry 1 1 CLRC Clear carry 1 1
ADDC A, #data Add immediate with carry 2 2 CPLC Complement carry 1 1
ANL A R And register to A 1 1 §b CLR FO Clear flag 0 1 1
ANL A, @R And data memory to A 1 1 ic CPLFO Complement flag 0 1 1
ANL A, #data And immediate to A 2 2 CLR F1 Clear flag 1 1 1
. ORLAR Or register to A 1 1 CPL F1 Complement flag 1 1 1
.g ORL A, @R Or data memory to A 1 1
S ORLA, #data Or immediate to A 2 2 MOV A, R Move register to A 1 1
§ XRL A, R Exclusive or register to A 1 1 MOV A, @R Move data memory to a 1 1
& XRLA @R Exclusive or data memory to A 1 1 MOV A, #data Move immediate to A 2 2
XRL A, #data Exclusive or immediate to A 2 2 MOV R, A Move A to register 1 1
INC A Increment A 1 1 MOV @R, A Move A to data memory 1 1
DECA Decrement A 1 1 - MOV R, #data Move immediate to register 2 2
CLR A Clear A 1 1 $ MOV @R, #data  Move immediate to data memory 2 2
CPL A Complement A 1 1 2 MOV A PsSW Move PSW to A 1 1
DA A Decimal adjust A 1 1 % MOV PSW, A Move A to PSW 1 1
SWAP A Swap nibbles of A 1 1 a XCHA,R Exchange A and register 1 1
RL A Rotate A left 1 1 XCHA, @R Exchange A and data memory 1 1
RLC A Rotate A left through carry 1 1 XCHD A, @R Exchange nibble of A and register 1 1
RR A Rotate A right 1 1 MOVX A, @R Move external data memory to A 1 2
RRC A Rotate A right through carry 1 1 MOVX @R, A Move A to external data memory 1 2
MOVP A, @A Move to A from current page 1 2
INA P Input port to A 1 2 MOVP3 A, @A Move to A from page 3 1 2
OUTL P, A Output A to port 1 2
ANL P, #data And immediate to port 2 2 MOV AT Read timer/counter 1 1
ORL P, #data Or immediate to port 2 2 § MOV T, A Load timer/counter 1 1
% INsa BUS Input BUS to A 1 2 § STRT T Start timer 1 1
3 OUTL BUS, A Output A to BUS 1 2 O STRTCNT Start counter 1 1
3 ANLBUS #data  And immediate to BUS 2 2 2 STOP TCNT Stop timer/counter 1 1
8 ORL BUS, #data  Or immediate to BUS 2 2 = ENTCNTI Enable timer/counter interrupt 1 1
- MOVD A, P Input expander port to A 1 2 DIS TCNTI Disable timer/counter interrupt 1 1
MOVD P, A Output A to expander port 1 2
ANLD P, A And A to expander port 1 2 EN | Enable external interrupt 1 1
ORLD P, A Or A to expander port 1 2 DIs | Disable external interrupt 1 1
- © SELRBO Select register bank 0 1 1
g INC R Increment register 1 1 § SEL RB1 Select register bank 1 1 1
2 INC@R Increment data memory 1 1 ©  SEL MBO Select memory bank 0 1 1
& DECR Decrement register SEL MB1 Select memory bank 1 1 1
ENTO CLK Enable clock output on TO 1 1
JMP addr Jump unconditional 2 2
JMPP @A Jump indirect 1 2 NOP No operation 1 1
DJNZ R, addr Decrement register and skip 2 2
JC addr Jump on carry = 1 2 2
JNC addr Jump on carry =0 2 2
JZ addr Jump on A zero 2 2
5 JNZ addr Jump on A not zero 2 2
€ JTO addr Jumpon TO =1 2 2
@ JNTO addr JumponTO=0 2 2
JT1 addr JumponTi=1 2 2
JNT1 addr JumponT1=0 2 2
JFO addr Jump on FO =1 2 2
JF1 addr Jump on F1 =1 2 2
JTF addr Jump on timer flag 2 2
JNI addr Jump on INT =0 2 2
JBb addr Jump on accumulator bit 2 2

Mnemonics copyright Intel Corporation 1978
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M8048/M8748/M8035L

PIN DESCRIPTION

Designation  Pin # Function Designation  Pin# Function

Vss 20 Circuit GND potential INT 6 Interrupt input. Initiates an inter-

VoD 26 Programming power supply: +25V rupt .if iqterrupt is enabled. Inter-
duri%\g progrgrz +5V duprfnz; oper- rupt is disabled after a reset. Also
ation for both ’ROM and PROM. testable with conditional jump
Low power standby pin in 8048 . instruction. (Active low)
and 8035L. RD 8  Output strobe activated during a

; . ; BUS read. Can be used to enable

Vce 40 Main power supply; +5V durin

operat‘i)on and pf:g);ammmg 9 data onto the bus from an external
' device.
PROG 25 Program pulse (+23V) input pin
during 8748 programming. Used as a read strobe to external
data memory. (Active low)
Output strobe for 8243 1I/0O ex- L o
pander. RESET 4 Input which is used to initialize the
. o processor.  Also used during

P10-P17 27-34 8-bit quasi-bidirectional port. PROM programming verification,

Port 1 ) o and power down. (Active low)

P20-P27 21-24 8-bit quasi-bidirectional port. (Non TTL ViH)

Port 2 35-38 P20-P23 contain the four high p— . X
order program counter bits during WR 10 Output strobe during a bus write.
an external program memory fetch (Active low)
and serve as a 4-bit I/0 expander Used as write strobe to external
bus for 8243. data memory.

DBo-DB7 12-19 True bidirectional port which can ALE 11 Address latch enable. This signal

BUS be written or read synchronously occurs once during each cycle and
using the RD, WR strobes. The is useful as a clock output.
port can also be statically latched. The negative edge of ALE strobes
Contains the 8 low order program address into external dataand pro-
counter bits during an external gram memory.
program memory fetch, and re- PSEN 9  Program store enable. This output
ceives the addressed instruction occurs only during a fetch to exter-
under the control of PSEN. Also nal program memory. (Active low)
contains the address and data — . . .
during an external RAM data store Ss 5  Single step input can be used in
instruction, under control of ALE, junction with ALE to "single step
RD, and WR. the processor through each in-

. struction. (Active low)

TO 1 Input pin testable using the con- . .
ditional transfer instructions JTO EA 7  External accessinput which forces .
and JNTO. TO can be designated as all program memory fetches to re-
a clock output using ENTO CLK ference external memory. Useful
instruction. TO is also used during for emulation and debug, and
programming. essential for testing and program

. verification. (Active high)

T 39 Input pin testable using the JT1, \ . .
and JNT1 instructions. Can be XTAL1 2  One side of crystal input for inter-
designated the timer/counter in- nal oscillator. Also input for exter-
put using the STRT CNT in- nal source. (Non TTL Vin)
struction. XTAL2 3 Other side of crystal input.

6-32

AFN-00780A-06



M8048/M8748/M8035L

A.C. CHARACTERISTICS (PORT 2 TIMING)
Ta=55°C to (100°C M8748/125°C M8048/M8035L), Ve = +5V 2 10%, Vgs =0V

Symbol Parameter Min. Max. Unit Test Conditions
tcp Port Control Setup Before Falling

Edge of PROG 115 ns
trc Port Control Hold After Falling

Edge of PROG 65 ns
tPR PROG to Time P2 Input Must Be Valid 860 ns
trF Input Data Hold Time 0 160 ns
tor Output Data Setup Time 230 ns
trD Output Data Hold Time 25 ns
tpp PROG Pulse Width 920 ns
tPL Port 2 1/0 Data Setup 300 ns
tLp Port 2 I/0 Data Hold 120 ns

PORT 2 TIMING

EXPANDER
PORT

OUTPUT x PCH PORT 2.3 DATA

EXPANDER
PORT

INPUT x

e tPL ——>r- tLp-»|

top

tca —] fe————

tpD-»

PORT CONTROL )

OUTPUT DATA

PCH PORT 2p.3 DATA

PORT CONTROL

INPUT
DATA

< 1Cp —e e tpg

PROG
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M8048/M8748/M8035L

WAVEFORMS

Instruction Fetch From External Program Memory

. o |

ALE

FLOATINGX/

ADDRESS

-————-tap

J«—tgp—>

INSTRUCTION

Write to External Data Memory

ALE I |

-<—tcc—>‘ tca k-—

3l

ow — wo

[ L
I

BUS  FLOATING ADDRESSXFLOATINGX DATA X FLOATING

-— ——-\

)(FLoAnNG X JFLOATING X

Read From External Data Memory

}‘———‘cc—-" tca !‘—‘
RD
tAFC—> - — tDR
FLOATING
|
BUS FLOATING XADDRESSX FLOATING
o ~
ety

Input and Output Waveforms for A.C. Tests

24

2.0

> TEST POINTS <

0.8

2.0

0.8

A.C. CHARACTERISTICS

Tp= —55°C to (100°C M8748/125°C M8048/M8035L), Ve = Vpp = +5V = 10%, Vgg =0V

Symbol Parameter %%%%SL M8748 Unit Conditions (Note 1)
‘Min. | Max. Min. [Max.
tLL ALE Pulse Width 200 300 ns
taL Address Setup to ALE 120 120 ns
tLa Address Hold from ALE 80 80 ns
tee Control Pulse Width (PSEN, RD, WR) | 400 600 ns
tpw Data Setup before WR 420 600 ns
twp Data Hold After WR 80 120 ns | Cp=20pF
tcy Cycle Time 25 | 150 4.17 115.0 s (3.6 MHz
XTAL 8748)
tpR Data Hold 0 | 200 0 {200 ns
tRD PSEN, RD to Data In 400 600 ns
taw Address Setup to WR 230 260 ns
taD Address Setup to Data In 600 900 ns
taFc Address Float to RD, PSEN -40 -60 ns
tca Control Pulse to ALE 10 10 ns
Note 1: Control outputs: C_ =80 pF  tcy = 2.5us for 8048/8035L
BUS Outputs: CL=150 pF 4.17us for 8748

6-34

AFN-00780A-08



M8048/M8748/M8035L

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias

8748 .. .. -55°C to +100°C

8048/8035L ...........oiiiiiiinn. -55°C to +1256°C
Storage Temperature .............. -65°C to +125°C
Voltage On Any Pin With Respect

toGround ... -0.5 to +7V
Power Dissipation ..............c0viiin. 1.5 Watt

D.C.AND OPERATING CHARACTERISTICS

*COMMENT:

Stresses above those listed under “Absolute Maximum Ratings”

may cause permanent damage to the device. This is a stress rating

only and functional operation of the device at these or any other

conditions above those indicated in the operational sections of this
ifi is not impli

Ta= —55°C to (100°C M8748/125°C M8048/M8035L), Voc =Vpp = +5V £ 10%, Vgg =0V

Symbol Parameter Limits Unit Test Conditions
Min. Typ. Max.
Vi Input Low Voltage -5 7 \
(All Except RESET, X1, X2)
VL Input Low Voltage -.5 5 \'
(RESET, X1, X2)
Vin Input High Voltage 23 Vee v
(All Except XTAL1, XTAL 2, RESET)
ViH1 Input High Voltage (RESET, X1, X2) 3.8 Vee v
VoL Output Low Voltage .45 \ loL = 1.2mA
(BUS, RD, WR, PSEN, ALE)
Voui Output Low Voltage .45 \' ioL = 0.8mA
(All Other Outputs)
Vou Output High Voltage (BUS) 2.4 \' lon= -240uA
VoH1 Output High Voltage 2.4 loH = -50pA
(RD, WR, PSEN, ALE)
Von2 Output High Voltage 2.4 Y loH = -30uA
(All Other Outputs)
I Input Leakage Current (T1, INT) +10 pA Vss<Vin$Vee
I Input Leakage Current _ -700 HA Vss+.45 <VIN <Vcc
(P10-P17, P20-P27, EA, SS)
o Output Leakage Current (BUS, TO) +10 HA Vgs+ .45<V|\<Vee
(High Impedance State)
) Vpp Supply Current 10 25 mA
lpp+ lec Total Supply Current 80 155 mA
BUS P1, P2 BUS, P1, P2
-50 mA =500 uA — 70mA
i 50mA -
-30mA —-300 A - u
X T o
° S 2
- L 30mA [ TYPICAL
TYPICAL -
-10mA =100 A -
10mA /‘—_
1 1 1 1 1 1 i —
ov ov 2v av ov 2v 4av
VoH VoH Vou
6-35 AFN-00780A-09



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, l/O in = 2K x 8 ROM
Single Package 128 x 8 RAM
m Single 5V = 10% Supply 27 /0 Lines
= 1.36 usec Cycle; All Instructions u Interval Timer/Event Counter
1 or 2 Cycles m Easily Expandable Memory and 1/0
m Over 90 Instructions: 70% Single Byte = Compatible with MCS Memory and 1/0
m Pin Compatible with 8048/8748 m Single Level Int'errupt

The Intel® 8049/8039/8039-6 is a totally self-sufficient 8-bit parallel computer fabncated on a single silicon chip using
Intel’s N-channel silicon gate MOS process.

The 8049 contains a 2K x 8 program memory, a 128 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in
addition to on board oscillator and clock circuits. For systems that require extra capability, the 8049 can be expanded
using standard memories and MCS-80T™/MCS-85™ peripherals. The 8039 is the equnva!ent to'an 8049 without program
memory. The 8039-6 is a lower speed (6 MHz) version of the 8039.

To reduce development problems to a minimum and provide maximum flexibility, two interchangeable pin-compatible
versions of this single component microcomputer exist: the 8049 with factory-programmed mask ROM program
memory for low-cost high volume production, and the 8039 without program memory for use with external program
memories in prototype and preproduction systems.

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8049 has exten-
sive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory

results from an instruction set consisting mostly of single byte instructions and no instructions over two bytes in
length.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
1
Tor]n 40 [IVee
PORT
xTaL 1] 2 OM —] o
xrac 203 a8 fezr XTAL “ i cLOCK 2048 WORDS 128 WORDS
PROGRAM DATA
RESET([] 4 37 [Jr26 L MEMORY MEMORY
sds  wpe L e
wds 15 D"z‘ RESET =2
eal}7 3¢ [ew7 SINGLE
Ro[]8 33,6 STEP L — READ
psen] o 32[1rs EXTERNAL
WwR( 10 :;;g n[ra MEM. 8049 gpalle
ALE(I 1 30[]P13 [— WRITE
08, [] 12 29 P12 TEST
08,(}13 28 [Je11 . PROGRAM
08, (] 14 27 3p10 " 2:;2’;&
0B;[] 15 26 [JVpp INTERRUPT —|
08,[] 16 25 [1PROG | foohess 88IT 2
o8] 17 24 [1P23 ENABLE TIMER/ 1/0 LINES
o8, 1 sBez EVENT COUNTER
= : "“s PORT
08, 19 22]f21 EXPANDER
vgs[ 20 21[]e20 STROBE

Ib}Lgrléchg;goRaxlﬁgNAﬁg%MEs NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
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8049/8039/8039-6

PIN DESCRIPTION

Designation Pin # Function Designation Pin # Function
Vss 20 Circuit GND potential RD 8 Output strobe activated during a
Voo 26 +5V during operation. Low power BUS read. Can be used to enable
standby pin. - data onto the BUS from an external
Vee 40 Main power supply; +5V during device.
operation. Used as a Read Strobe to External
Data Memory. (Active |
PROG 25 Output strobe for 8243 1/0 — ata Memory. {Active low]
expander. RESET 4 Input which is used to initialize the
P10-P17  27-34  8bit quasi-bidirectional port. processor. Also used during verifi-
Port 1 cation, and power down. (Active
P20-P27  21-24  8bit quasi-bidirectional port. o low) (Non TTL Vin)
Port 2 3538 p20.P23 contain the four high WR 10 Output strobe during a BUS write.

order program counter bits during
an external program memory fetch
and serve as a 4-bit 1/0 expander
bus for 8243

DO-D7 12-19  True bidirectional port which can

BUS be written or read synchronously
using the RD, WR strobes. The
port can also be statically latched.

ALE 1

Contains the 8 low order program
counter bits during an external
program memory fetch, and receives
the addressed instruction under the
control of PSEN. Also contains the _
address and data during an external SS 5
RAM data store instruction, under

control of ALE, RD, and WR.

TO 1 Input pin testable using the con-
ditional transfer instructions JTO EA 7
and JNTO. TO can be designated as
a clock output using ENTO CLK
instruction.

PSEN 9

T 39 Input pin testable using the JT1,
and JNT1 instructions. Can be des-
ignated the timer/counter input using
the STRT CNT instruction.

INT 6 Interrupt input. Initiates an inter-
rupt if interrupt is enabled. Inter-
rupt is disabled after a reset. Also
testable with conditional jump
instruction. (Active low)

XTAL1 2

XTAL2 3

6-37

(Active low)

Used as write strobe to External
Data Memory.

Address Latch Enable. This signal
occurs once during each cycle and
is useful as a clock output.

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

Program Store Enable. This output
occurs only during a fetch to exter-
nal program memory. (Active low)

Single step input can be used in con-
junction with ALE to “single step’’
the processor through each in-
struction. (Active low)

External Access input which forces
all program memory fetches to re-
ference external memory. Useful
for emulation and debug, and
essential for testing and program
verification. (Active high)

One side of crystal input for inter-
nal oscillator. Also input for exter-
nal source. (Not TTL Compatible)

Other side of crystal input.

AFN-00191A-02



8049/8039

INSTRUCTION SET

Mnemonic Description Bytes Cycle Mnemonic Description Bytes Cycle
ADDA,R Add register to A 1 1 g CALL Jump to subroutine 2 2
ADD A, @R Add data memory to A 1 1 3 RET Return 1 2
ADD A, #data  Add immediate to A 2 2 £ RETR Return and restore status 1 2
ADDCA,R Add register with carry 1 1 (]
ADDC A, @R Add data memory with carry 1 1
ADDC A, #data Add immediate with carry 2 2 CLR C Clear Carry 1 1
ANL A, R And register to A 1 1 " CPL C Complement Carry 1 1
ANL A, @R And data memory to A 1 1 g CLRFO Clear Flag 0 1 1
ANL A, #data  And immediate to A 2 2 & CPLFO Complement Fiag 0 1 !
ORLA,R Or register to A 1 1 CLRF1 Clear Flag 1 1 1
S ORLA, @R Or data memory to A 1 1 CPLF1 Complement Flag 1 1 1
3 ORLA, #data  Or immediate to A 2 2
g XRLA,R Exclusive Or register to A 1 1 MOV A, R Move register to A 1 1
: XRLA, @R Exclusnlve or f:lata mgmory to A 1 1 MOV A, @R Move data memory to A 1 1
rNRCL:' #data IE':;I:::::toAlmmedlate to A 12 12 MOV A, #data Move immediate to A 2 2
DEC A Decrement A 1 1 MOV R, A Move A to register 1 1
CLR A Clear A 1 1 MOV @R, A Move A to data memory 1 1
CPLA Complement A 1 1 ” MOV R, #data Move immediate to register 2 2
DA A Decimal Adjust A 1 1 g MOV @R, #data Move immediate to data memory 2 2
SWAP A Swap nibbles of A 1 1 = Move A PSW  Move PSWto A ! !
RLA Rotate A left 1 1 E MOV PSW, A Move A to PSW ) 1 1
RLCA Rotate A left through carry 1 1 8 XCHAR Exchange A and register ! !
RR A Rotate A right 1 1 XCHA,@R Exchange Aand data memory. 1 1
RRC A Rotate A right through carry 1 1 XCHD A, @R Exchange nibble of A and register 1 1
MOVX A, @R Move external data memory to A 1 2
MOVX @R, A Move A to external data memory 1 2
INA, P Input port to A 1 2 MOVP A, @A Move to A from current page 1 2
OUTLP, A Output A to port 1 2 MOVP3 A, @A Move to A from Page 3 1 2
. ANL P, #data And immediate to port 2 2
é- ?NRSLATIB#J;‘S ?;pzr;:fs‘a::: port f g N MOV A, T Read Timer/Counter 1 1
S OUTLBUS,A  Output A to BUS 1 2 £ MOVTT' A Load Timer/Counter 1 :
£ ANL BUS,#data And immediate to BUS 2 2 3 STRT :‘a" Z"""' 1 :
£ ORL BUS, #dats Or immediate to BUS 2 2 § STRTCNT  Start Counter
& STOP TCNT Stop Timer/Counter 1 1
MOVD A, P Input Expander port to A 1 2 £ "
MOVD P, A Output A to Expander port 1 5 = EN TCNTI En:uable Turner/Counter Interrupt 1 1
ANLD P, A And A to Expander port 1 2 DIS TCNTI Disable Timer/Counter Interrupt 1 1
ORLD P, A Or A to Expander port 1 2
ENI Enable external interrupt 1 1
g INC R Increment register 1 1 _ Dis| Disable external interrupt 1 1
% INC @R Increment data- memory 1 1 "~ § SELRBO Select register bank 0 1 1
g DECR Decrement register 1 1 € SELRB1 Select register bank 1 1 1
« O SEL MBO Select memory bank 0 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 Jump indirect 1 2
DJINZ R, addr Decrement register and skip 2 2 .
JC addr Jump on Carry = 1 2 2 Noe No Operatior. 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 2 2
§ JTO addr JumponTO=1 2 2
8 JNTO addr JumponTO=0 2 2
& JT1 addr JumponT1=1 2 2
JNT1 addr JumponT1=0 2 2
JFO addr Jumpon FO=1 2 2
JF1 addr Jumpon F1=1 2 2
JTF addr Jump on timer flag 2 2
JINI addr Jumpon INT =0 2 2
JBb addr Jump on Accumulator Bit 2 2
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8049/8039

ABSOLUTE MAXIMUM RATINGS*

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

Ambient Temperature UnderBias ........ 0°Cto70°C
Storage Temperature ............... -65°Cto +150°C
Voltage on Any Pin With

RespecttoGround ...................... -0.5Vto +7V
Power Dissipation .............. ...l 1.5Watt

affect device reliability.

D.C. AND OPERATING CHARACTERISTICS 714 =0°Cto 70°C, Vcc = Vpp = +5V £10%, Vgg = OV

Limits

Symbol Parameter Min Typ. Max. Unit Test Conditions
ViL Input Low Voltage -0.5 0.8 \
ViH Input High Voltage

(All Except XTAL1, XTAL2, RESET) 2.0 Vee \Y
ViH1 Input High Voltage (RESET, X1, X2) 3.8 Vee \%
VoL (o} utput Low Voltage

(BUS, RD, WR, PSEN, ALE) 0.45 Vv loL = 2.0mA
VoLt Output Low Voltage

(All Other Outputs Except PROG) 0.45 \" loL =1.6mA
VorL2 Output Low Voltage (PROG) 0.45 Y loL = 1.0mA
VoH Output High Voltage

(BUS, RD, WR, PSEN, ALE) 2.4 v lon = - 100uA
VoH1 Output High Voltage

(All Other Outputs) 2.4 \) lon = -50uA
IT8 Input Leakage Current

(T1, INT) 110 MA Vss<VINSVee
loL Output Leakage Current (Bus, TO)

(High Impedance State) 10 MA Vgs +0.45<V |y < Ve
) Power Down Supply Current 25 50 mA Ta = 25°C
Ibptlcc| Total Supply Current 100 170 mA Ta=25°C

A.C. CHARACTERISTICS T, =0°Cto70°C, vcc = Vpp = +5V +10%, Vgs = OV

Symbol Parameter Min. | Max. | Unit | Conditions (Note 2)
L{N ALE Pulse Width 200 ns
taL Address Setup to ALE 120 ns
tLa Address Hold from ALE 80 ns
tee Control Pulse Width (PSEN, RD, WR) | 400 ns -
tow Data Set-Up Before WR 420 ns
twp Data Hold After WR 80 ns C_=20pF
toy Cycle Time 25 15.0 us 11MHz XTAL
tor Data Hold 0 200 ns
tap PSEN, RD to Data In ' 400 | ns
taw Address Setup to WR 230 ns
taD Address Setup to Data In 600 ns
taFC Address Float to RD, PSEN -40 ns

Notes: 1. 8039-6 specifications are also valid for 8049/8039 operating at 6MHz.

2.

Control Outputs: CL = 80pF
BUS Outputs: C_ = 150pF

6-39
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8049/8039

WAVEFORMS

INSTRUCTION FETCH FROM EXTERNAL PROGRAM MEMORY

Loy >

- b —>1 }

ALE : |
—

——»‘ thrc ,4——~tcc ——*’

PSEN | I

tLa }

(-— —

toR [+

]
a"AL
BUS FLOATINCX/ X FLOATING X XFLOATING X

ADDRESS ;4— thp —> INSTRUCTION
t
I AD |

READ FROM EXTERNAL DATA MEMORY

S

RD
tarc—> | —" tor
FLOATING
BUS FLOATING XADDRESSX XDATA x FLOATING
| P

—————— th g

WRITE TO EXTERNAL DATA MEMORY

we [T “_‘J"—_L
WR I I

ow — two

BUS FLOATINGXADDRESSX FLOATlNGX DATA X FLOATING

-ty ——>
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NEW HIGH PERFORMANCE

intel
18049/8039

SINGLE COMPONENT 8-BIT MICROCOMPUTER

*8049 Mask Programmable ROM
*8039 External ROM or EPROM
*6 MHz Operation

= 8-Bit CPU, ROM, RAM, 1/O in m 2K x 8 ROM
Single Package 128 x 8 RAM
m Single 5V £ 10% Supply 27 1/0 Lines
m 2.5 usec Cycle; All Instructions u Interval Timer/Event Counter
1 or 2 Cycles m Easily Expandable Memory and 1/O
= Over 90 Instructions: 70% Single Byte = Compatible with MCS Memory and 1/O
m Pin Compatible with 8048/8748 = Single Level Interrupt

The Intel® 18049/8039 is totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using Intel’'s
N-channel silicon gate MOS process.

The 8049 contains a 2K x 8 program memory, a 128 x 8 RAM data memory, 27 1/O lines, and an 8-bit timer/counter in
addition to on-board oscillator and clock circuits. For systems that require extra capability, the 8049 can be expanded
using standard memories and MCS-80 T™MMCS- 85T peripherals. The 8039 is the equivalent of an 8049 without program
memory.

To reduce development problems to a minimum and provide maximum flexibility, two interchangeable pin-compatible
versions of this single component microcomputer exist: the 8049 with factory-programmed mask ROM program
memory for low-cost high volume production, and the 8039 without program memory for use with external program
memories in prototype and preproduction systems.

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8049 has exten-
sive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory
results from an instruction set consisting mostly of single byte instructions and no instructions over two bytes in
length.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM

PORT
xnu-l' o cLock 2048 WORDS 128 WORDS
PROGRAM DATA
MEMORY MEMORY
PORT
RESET ——o| =2
SINGLE
sTer ] | o Rean
EXTERNAL
MEM 18039 :'BJT
18049 | WRITE
]
TEST{
PROGRAM
] |— sToRe
ENABLE
INTERRUPT ~—|
ADDRESS
88IT
[ Enasee TIMER/ 0 Tes
EVENT COUNTER
s (T o
EXPANDER

STROBE

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
©INTEL CORPORATION, 1979 AFN-00737-01
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intel

18049/8039
PIN DESCRIPTION
Designation Pin # Function Designation Pin # Function
Vss 20 Circuit GND potential RD 8 Output strobe activated during a
Voo 26 +5V during operation. Low power BUS read. Can be used to enable
standby pin. data onto the BUS from an external
Vee 40 Main power supply; +5V during device.
operation. Used as a Read Strobe to External
Data Memory. (Active lo
PROG 25 Output strobe for 8243 1/0 — emory. {Active low)
expander. RESET 4 Input which is used to initialize the
PI0-P17  27-34  8bit quasi-bidirectional port. processor. Also used during verifi-
Port 1 cation, and power down. (Active
P20-P27  21-24  8bit quasi-bidirectional port. - low) (Non TTL Vi)
Port 2 3538 p20-P23 contain the four high WR 10 Output strobe during a BUS write.
order program counter bits during (Active low)
an external program memory fetch Used as write strobe to External
and serve as a 4-bit 1/0 expander Data Memory.
bus for. 8.243. ) ALE 1" Address Latch Enable. This signal
D0-D7 12-19  True bidirectional port which can occurs once during each cycle and
BUS be written ot rga_g synchronously is useful as a clock output.
using the RD, WR strobes. The .
X The negative edge of ALE strobes
port can also be statically latched. address into external data and pro-
Contain'sbthe 8 low order program gram memory.
counter bits during an external Secr . .
program memory fetch, and receives PSEN 9 Program S‘I:to;e If.nabl(fe. T:ls output
the addressed instruction under the oceurs only during a et;; ?o elxter-
control.of PSEN. Also contains the _ nal program memory. (Active low)
address and data during an external SS 5 Single step input can be used in con-
RAM data store instruction, under junction with ALE to “single step’’
control of ALE, RD, and WR. the processor through each in-
TO 1 Input pin testable using the con- struction. (Active low)
ditional transfer instructions JTO EA 7 External Access input which forces
and JNTO. TO can be designated as all program memory fetches to re-
a clock output using ENTO CLK ference external memory. Useful
instruction. for emulation and debug, and
essential for testing and program
T1 39 Input pin testable using the JT1 verificati . :
. cation. (Active high
and JNT1 instructions. Can be des- I '. : i oh) .
ignated the timer/counter input using XTAL1 2 One snd_e of crystal !nput for inter-
the STRT CNT instruction. nal oscillator. Also input for exter-
—_— 6 o, .. X nal source. (Not TTL Compatible)
INT Interrupt input. Initiates an inter- X .
rupt if interrupt is enabled. Inter- XTAL2 3 Other side of crystal input.
rupt is disabled after a reset. Also
testable with conditional jump
instruction. (Active low)
6-42 AFN-00737-02



el

18049/8039
INSTRUCTION SET
Mnemonic Description Bytes Cycle Mnemonic Description Bytes Cycles
ADD A, R Add register to A . 1 1 § CALL Jump to subroutine 2 2
ADD A, @R Add data memory to A 1 1 3 RET Return 1 2
ADD A, #data Add immediate to A 2 2 - RETR Return and restore status 1 2
ADDCA,R Add register with carry 1 1 ]
ADDC A, @R Add data memory with carry 1 1
ADDC A, #data Add immediate with carry 2 2 CLR C Clear Carry 1 1
ANL A, R And register to A 1 1 . orLc Complement Carry 1 !
ANL A, @R And data memory to A 1 1 § CLRFO Clear Flag 0 1 1
ANL A, #data And immediate to A 2 2 w CPL FO Complement Flag O 1 1
ORL A, R Or register to A 1 1 CLRF1 Clear Flag 1 1 1
§ ORL A, @R Or data memory to A 1 1 CPL F1 Complement Flag 1 1 1
2 ORLA, #data  Or immediate to A 2 2
g :::.-. :, ga Exclusfve Or register to A 1 1 MOV A, R Move register to A 1 1
. xclusive or data memory to A 1 1
< XRLA, #data  Exclusive or immediate to A 2 2 MOVA, @R  Move data memory to A ! !
INC A ‘ Increment A 1 1 MOV A, #data Move immediate to A 2 2
DEC A Decrement A 1 1 MOV R, A Move A to register 1 1
CLR A Clear A 1 1 MOV @R, A Move A to data memory 1 1
CPLA Complement A 1 1 MOV R, #data Move immediate to register 2 2
DA A Decimal Adjust A 1 ) § MOV @R, #data Move immediate to data memory 2 2
SWAP A Swap nibbles of A 1 1 2 Move A,PSW  Move PSW to A 1 1
RLA Rotate A left 1 1 r': MOV PSW, A Move A to PSW ) 1 1
RLC A Rotate A left through carry 1 1 o XCHA.R Exchange A and register ! !
RR A Rotate A right 1 1 XCHA,@R Exchange A. and data memory. 1 1
RRC A Rotate A right through carry 1 1 XCHD A, @R Exchange nibble of A and register 1 1
: MOVX A, @R Move external data memory to A 1 2
MOVX @R, A Move A to external data memory 1 2
INA, P Input port to A 1 2 MOVP A, @A Move to A from current page 1 2
OUTLP A Output A to port 1 2 MOVP3 A, @A Move to A from Page 3 1 2
. ANL P, #data And immediate to port 2 2
Elvsanos imwsusoa T2, MOVAT  RedTimslCounte to
<1 R e R oad Timer/Counter
5 OUTLBUS, A OutputAto BUS ! 2 £ sTRTT Start Timer 1 1
2 ANL BUS, #data And immediate to BUS 2 2 K]
£ ORL BUS, #data Or immediate to BUS 2 2 g STRTCNT  Start Counter ! !
MOVD A, P Input Expander port to A 1 2 g STOP TCNT Stop T-rjer/Counter 1 1
MOVD P, A Output A to Expander port 1 2 £ EN TCNTI Er.\able Tnfr\er/Counter Interrupt 1 1
ANLD P, A And A to Expander port 1 2 DIS TCNTI Disable Timer/Counter Interrupt 1 1
ORLD P, A Or A to Expander port 1 2
EN I Enable external interrupt 1 1
§ INCR Increment register 1 1 _ bisi Disable external interrupt 1 1
% INC @R Increment data memory 1 1 ¢ SELRBO Select register bank O 1 1
¥ oecr Decrement register 3 § SEL RB1 Select register bank 1 1 1
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 70 1 1
JMPP @A Jump indirect 1 2 -
DJNZ R, addr Decrement register and skip 2 2 .
JC addr Jump on Carry = 1 2 2 NOP No Operatior. 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 2 2
§ JTOaddr Jumpon TO =1 2 2
§ JUNTOaddr Jump on TO=0 2 2
& JT1 addr JumponTl =1 2 2
JNT1 addr JumponT1=0 2 2
JFO addr JumponFO=1 2 2
JF 1 addr JumponF1=1 2 2
JTF addr Jump on timer flag 2 2
JNI addr Jump on INT = 0 2 2
JBb addr Jump on Accumulator Bit 2 2

Mnemonics copyright intel Corporation 1976, 1977, 1978
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I Itel 18049/8039

ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
Ambient Temperature UnderBias ..... -40°C to +85°C device. This is a stress rating only and functional
Storage Temperature ..... T -65°Cto +150°C operation of the device at these or any other conditions
above those indicated in th& operational sections of this

V;Ietsageectotnogz:r:: with -0.5Vto 47V specification is not implied. Exposure to absolute

maximum rating conditions for extended periods may
affect device reliability.

D.C. AND OPERATING CHARACTERISTICS T, = -40°C to +85°C, Voc = Vpp = +6V £ 10%, Vss= OV

PowerDissipation ................. .. 0., 1.5 Watt

Limits

Symbol Parameter Min. Typ. Max. Unit Test Conditions
ViL Input Low Voltage -0.5 0.6 \
ViH Input High Voltage

(All Except XTAL1, XTAL2, RESET) 2.2 Vee \"
ViH1 Input High Voltage (RESET, X1, X2) 3.8 Vee \
Vor Out put Low Voltage

(BUS, RD, WR, PSEN, ALE) 0.45 \" loL=1.6 ma
Vou1 Output Low Voltage

(All Other Outputs Except PROG) 0.45 \Y loL = 1.2 ma
Vor2 |Output Low Voltage (PROG) 0.45 \" loL = 0.8 ma
Vou Output High Voltage

(BUS, RD, WR, PSEN, ALE) 2.4 \ lon = -80 ua
VoH1 Output High Voltage

(All Other Outputs) 24 \% lox =-30 ua
I Input Leakage Current

(T1,INT) £10 MA Vss<SViNSVce
loL Output Leakage Current (Bus, TO)

(High Impedance State) 10 HA Vgs + 045 <V |y < Ve
Iop Power Down Supply Current 50 mA Ta = 25°C
Ipptlec | Total Supply Current 170 mA Ta=25°C

A.C. CHARACTERISTICS T, = -40°Cto+85°C, Vcc = Vpp = +5V £10%, Vgg = OV

Symbol Parameter Min. | Max. | Unit | Conditions (Note 2)

fLL ALE Pulse Width 200 ns

taL Address Setup to ALE 120 ns

tLa Address Hold from ALE 80 ns

tec Control Pulse Width (PSEN, RD, WR) | 400 . ns

tow Data Set-Up Before WR 420 ns

twp Data Hold After WR 80 ns C, =20pF

toy Cycle Time 25 15.0 us (6 MHz XTAL for

1D8049)

tor Data Hold 0 200 ns

tho PSEN, RD to Data In ~ 400 | ns

taw Address Setup to WR 230 ns

tap Address Setup to Data In 600 ns

taFC Address Float to RD, PSEN -40 ns

Notes: 1. 8039-6 specifications are also-valid for 8049/8039 operating at 6MHz.
2. Control Outputs: C; =80pF
BUS Outputs:  C = 150pF 6-44 AFN-00737-04



'“ter 18049/8039

WAVEFORMS

INSTRUCTION FETCH FROM EXTERNAL PROGRAM MEMORY

vy

-t ——»‘

ALE I
e

_’l‘A FC 1*— tec ——”

PSEN | I

— tLA
4—1 tAL [+ — 'DR Pru—
BUS FLOATING FLOATING >< X FLOATING X
ADDRESS l*-‘Ro—> INSTRUCTION

I tao 1

READ FROM EXTERNAL DATA MEMORY

——

RD
tAFc_’ - — toR
FLOATING
BUS FLOATING xADDRESS* DATAX FLOATING
! = thp>
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WRITE TO EXTERNAL DATA MEMORY
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BUS FLOATING) ADDRESS FLOATINGX DATAX FLOATING
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Inter 18049/8039

A.C. CHARACTERISTICS
Ta = -40°C to +85°C, Vce = Vpp = +5V £10%, Vgg = OV

Symbol Parameter Min. | Max. | Unit | Conditions (Note 2)
tcp Port Control Setup Before Falling
Edge of PROG 115 ns
tpc Port Control Hold After Falling Edge
. of PROG 65 ns
ter PROG to Time P2 Input Must Be Valid 860 ns
top Output Data Setup Time 230 ns
tpp Output Data Hold Time 25 ns
tpr Input Data Hold Time 0 160 ns
tpp PROG Pulse Width 920 ns
teL Port 2 I/0O Data Setup 300 ns
tp Port 2 1/0 Data Hold 120 ns
WAVEFORMS
PORT 2 TIMING
|
EXPANDER I
PORT ' et L —or‘uﬁ top tpp-»}
OUTPUT u I PCH PORT 293 DATA PORT CONTROL OUTPUT DATA
EXPANDER R tp,
PORT |
INPUT x I PCH PORT 2.3 DATA PORT CONTROL INpuY
l —tcp tpc
tep

PROG
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Inte' 18049/8039

CRYSTAL OSCILLATOR MODE LC OSCILLATOR MODE
c1
IL 2| xTaL1 L c NOMINAL ¢ P
l 7 45.H  20pF 5.2 MHz nyic
i 12004 20pF 3.2 MHz 2
: 1-6MHz XTALY C+3Cpp
P c2 I3l T
- ]
- 4 3| xraL2
Cpp =5 - 10 pF PIN.TO-PIN
3 XTALZ  CRbACITANGE
C1 = 5pF + %pF + STRAY < S5pF
C2 = CRYSTAL + STRAY < 8pF

C3 = 20pF = 1pF + STRAY < 5pF

CRYSTAL SERIES RESISTANCE SHOULD BE LESS THAN 750 AT 8MHz; LESS EACH C SHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE.
THAN 1809 AT 3.6MHz.

DRIVING FROM EXTERNAL SOURCE

XTAL1

XTAL2
FOR XTAL 1 AND XTAL 2 DEFINE “HIGH" AS VOLTAGES ABOVE 1.6V AND “LOW" BE HIGH 35-65% OF THE PERIOD.
AS VOLTAGES BELOW 1.8V. THE DUTY CYCLE REQUIREMENTS FOR EXTERNALLY FOR THE 8748, XTAL MUST BE HIGH 45.50% OF THE PERIOD AND XTAL 2 MUST
DRIVING XTAL 1 AND XTAL 2 USING THE CIRCUIT SHOWN ABOVE ARE AS BE HIGH 50-55% OF THE PERIOD.
FOLLOWS: RISE AND FALL TIMES MUST NOT EXCEED 20 ns.

FOR THE 8048, XTAL 1 MUST BE HIGH 35-65% OF THE PERIOD AND XTAL 2 MUST
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PRELIMINARY

intel 8021

SINGLE COMPONENT 8-BIT MICROCOMPUTER

= 8-Bit CPU, ROM, RAM, 1/0 in Single ® 1K x 8 ROM
28-Pin Package : 64 x 8 RAM
211/0 Lines

B Single 5V Supply (+4.5V to 6.5V)
u Interval Timer/Event Counter

m 8.38 usec Cycle With 3.58 MHz XTAL;

All Instructions 1 or 2 CyC|es & Clock Generated With Slngle Inductor

or Crystal
® Instructions— 8048 Subset m Zero-Cross Detection Capability
® High Current Drive Capability—2 Pins ® Easily Expandable /0

The Intel® 8021 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using Intel’s N-
channel silicon gate MOS process. The features of the 8021 include a subset of the 8048 optimized for low cost,
high volume applications, plus additional |/O flexibility and power.

The 8021 contains 1K X 8 program memory, a 64 X 8 data memory, 21 1/0 lines, and an 8-bit timer/event counter, in
addition to on-board oscillator and clock circuits. For systems that require extra |1/0 capability, the 8021 can be
expanded using the 8243 or discrete logic.

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8021 has bit
handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results
from an instruction set consisting mostly of single byte instructions and no instructions over two bytes in length.

To minimize the development problems and maximize flexibility, an 8021 system can be easily designed using the
8021 emulation board, the EM-1. The EM-1 contains a 40-pin socket which can accommodate either the 8748
shipped with the board or an ICE-49 plug. Also, the necessary discrete logic to reproduce the 8021’s additional 1/0
features is included.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM

Vee —
P21 XTAL :, > ;gnr
o 1024WORDS 64 WORDS
o 3 )FORT cLock PROGRAM DATA
P16 #1 MEMORY MEMORY
P15 RESET —»1 voRT
P14 2021 T )y
P13 TEST —»]
Fi2 ADDRESS
P11 —— LATCH
ENABLE

Res 8BIT A
RESET PORT At g
> S
XTAL 1

8.BIT

21
TIMER/
EVENT COUNTER 1/0 LINES
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PRELIMINARY

ABSOLUTE MAXIMUM RATINGS®

Ambient Temperature Under Bias
Storage Temperature
Voltage on Any Pin with

*COMMENT: Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sec-

tions of this specification is not implied. Exposure to absolute maxi-

RGSpGCt toGround ............... —0.5Vto + 7V mum rating conditions for extended periods may affect device
Power Dissipation ........................... 1W reliability.
D.C. AND OPERATING CHARACTERISTICS
Ta =0°Cto 70°C, Vgc = 5.5V =1V, Vgg = OV
Limits

Symbol _Parameter Min. Typ. | Max. Unit Test Conditions
ViL Input Low Voltage -0.5 0.8 v

ViH gggél:;gh Voltage (All except XTAL 1&2, T1 30 Vee v

ViHy I’;\E;tE_I;l)igh Voltage (XTAL 1 &2, T1 38 Veo v
ViH(10%) |Input high voltage (all except XTAL 1 & 2, 20 Vee V  |Vcc =5.0V = 10%

T1, RESET)

ViH4(10%) | Input high voltage (XTAL 1 & 2, T1, RESET) 35 Voo V  |Veec =50V = 10%
VoL Output Low Voltage 0.45 V |loL=1.6mA

VoL, Output Low Voltage (P10, P11) 2.5 V lloL=7mA

VoH Output High Voltage (All unless Open Drain) 2.4 V  |lon = 40 nA

Lo | Open Drain Option—Port 0 10 | A |Vss+045=Vin=Voo
Icc Ve Supply Current 40 75 mA

T1 ZERO CROSS CHARACTERISTICS

Ta =0°Ct070°C,Vge = 5.5V £ 1V,Vgg = OV, C_ = 80pF

Symbol Parameter Min. Max. Unit Test Conditions
Vzx Zero-Cross Detection Input (T1) 1 3 Vpp AC Coupled, C = .2yF
Azx Zero-Cross Accuracy + 135 mV 60 Hz Sine Wave
Fzx Zero-Cross Detection Input Frequency (T1) 0.05 kHZ
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PRELIMINARY

PIN DESCRIPTION

Designation Pin # Function Designation Pin # Function
Vss . 14 Circuit GND potential o CNT instruction. Also allows
VCC 28 +5V power s‘upply zero-cros_soyer sensing of
PROG 3 Output be for 8243 1/0 slowly moving inputs.
utput strobe for T
P RESET 17 Input used to initialize the proc-
Expander " !
essor by clearing status flip-
P0O0O-PO7 4-11  8-bit quasi-bidirectional port flops and setting program
Port 0 counters to zero.
P10-P17 18-25 8-bit quasi-bidirectional port ALE 12 Address Latch.Enable. Signal
Port 1 . occurring once every 30 input
P20-P23 26-27 4-bit quasi-bidirectional port CI' °°kks' used as an output
X clock.
Port 2 1-2  P20-P23 also serve as a 4-bit . )
1/0 expander bus for 8243 XTAL1 15  One sfude of crylstal ?lr mdu;\:ltor
. . input for internal oscillator. Also
T1 13 Input pin te;table using the JT1 input for external source. (Not
and JNT1 instructions. Can be ;
. : TTL compatible.)
designated the timer/event . e
counter input using the STRT XTAL2 16 Other side of timing control
element.
INSTRUCTION SET
Hexadecimal Hexadecimal
N ip Bytes Cycle Opcode Mnemonic Description Bytes Cycle Opcode
ADD ARy Add register to A 1 1 68-6F JMP addr Jump unconditional 2 2 04,24,44,64,
ADD A@R Add data memory to A 1 1  60-61 . .
ADD A,#data Add immediate to A 2 2 03 JMPP @ A Jump indirect 1 2 ‘B3
ADDC AR, Add register with carry 1 1 78-7F = DJINZR,,addr Decrement register and 2 2 E8-EF
ADDC A@R  Add data memory with 1 17071 g jump on R not zero :
carry & JC addr Jump on carry=1 2 2 F6
ADDC A,#data Add immediate with 2 2 18 JNC addr Jump on carry=0 2 2 E6
carry JZ addr Jump on A zero 2 2 Cs
ANL AR, And register to A 1 1 58-5F JINZ addr Jump on A not zero 2 2 96
ANL A@R And data memory to A 1 1 50-51 JT1 addr Jump on T1=1 2 2 56
ANL A #data And immediate to A 2 2 53 JNT1 addr Jump on T1=0 2 2 46
ORL ARy Or register to A 1 1 48-4F JTF addr Jump on timer fiag 2 2 16
5 ORLA@R Or data memory to A 1 1 40-41 5
g ORL A,#data Or immediate to A 2 2 43 £ CALL addr Jump to subroutine 1 2 14,34,54,74
g XRL AR, Exclusive Or register 1 1 DB8-DF 3
3 to A S RET Return 1 2 83
< XRLA@R Exclusive Or data 1 i DO-D1 ) . .
memory to A ) % CLRC Clear carry 1 1 97
XRL A, #data Etch:snve Or immediate 2 2 D3 g cpPLc Comiplemerit carry 1 1 A7
o
INC A Increment A 1 o7 MOV AR, Move register to A 1 1 F8-FF
DEC A Decrement A 1 107 MOV A@R  Move data memoryto A 1 1 FO-F1
CLR A Clear A ! vz MOV A,#data Move immediate to A 2 2 23
CPL A Complement A ! o MOVR.,A  Move A to register 1 1 AB-AF
DA A Decimal adjust A ! 157 MOV@R.A  Move A to data memory 1 1 AGAT
SWAP A Swap nibbles of A ! 147 MOV Ry, #data Move immediate to 2 2 B8EBF
RL A Rotate A left 1 1 E7 2 . register ;
RLC A Rotate A left through 1 1 F7 g MOV@R #data Move immediate to 2 2 BO-B1
carry = data memory
RR A Rotate A right 1 177 8 XCHAR, Exchange A and 1 1 28-2F
RRC A Rotate A right through 1 1 67 register
carry XCHA@R  Exchange A and data 1 1 20-21
INA, P Input port to A 1 2 08,09,0A memory
P -
5 OUTLP,A Output A to port 1 2 90,39,3A XCHDA.@R Ex:]:za:gie :nt:ble of A ! 1 30-31
£ movp R,P Input expander port 1 2 0C-OF and registe
3 P to A MOVP AL @A Move to A from current 1 2 A8
§ MOVDPyA  Output Ato expander 1 2 3C-GF page
& port z -
ANLD Pp,A And A to expander port 1 2 9C-9F 2 MOVAT Read timer/counter 1 142
ORLD P, A Or A to expander port 1 2 8C-8F 3 MOVTA Load timer/counter 1 1 62
» Q STRTT Start timer 1 1 55
S INCR | ; § STRT CNT Start counter 1 1 45
P r ncrement register 1 1 18-1F 3 y
é INC@R Increment data memory 1 1 10-11 £ STOPTCNT  Stop timer/counter ! 165
NOP No operation 1 1 00
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in © PRELIMINARY
8022
SINGLE COMPONENT 8-BIT MICROCOMPUTER
WITH ON-CHIP A/D CONVERTER

= 8-Bit CPU, ROM, RAM, I/0 in Single 40-Pin m 2K x 8 ROM, 64 x 8 RAM, 28 1/0 Lines
Package

.8 : All ions 1
= On-Chip 8-Bit A/D Converter; Two Input 8.38 usec Cycle; All Instructions 1 or 2

Channels Cycles
= 8 Comparator Inputs (Port 0) ® Instructions—8048 Subset
® Zero-Cross Detection Capability ® Interval Timer/Event Counter

® Single 5V Supply (4.5V to 6.5V) m Clock Generated with Single Inductor or

® High Current Drive Capability—2 Pins Crystal
® Two Interrupts—External and Timer m Easily Expanded 1/0

The Intel® 8022 is the newest member of the MCS-48™ family of single chip 8-bit microcomputers. It is designed to
satisfy the requirements of low cost, high volume applications which involve analog signals, capacitive touchpanel
keyboards, and/or large ROM space. The 8022 addresses these applications by integrating many new functions on-
chip, such as A/D conversion, comparator inputs and zero-cross detection.

The features of the 8022 include 2K bytes of program memory (ROM), 64 bytes of data memory (RAM), 281/0 lines,
an on-chip A/D converter with two input channels, an 8-bit port with comparator inputs for interfacing to low voltage
capacitive touchpanels or other non-TTL interfaces, external and timer interrupts, and zero-cross detection capabili-
ty. In addition, it contains the 8-bit interval timer/event counter, on-board oscillator and clock circuitry, single 5V
power supply requirement, and easily expandable 1/O structure common to all members of the MCS-48 family.

The 8022 is designed to be an efficient controller as well as an arithmetic processor. It has bit handling capability
plus facilities for both binary and BCD arithmetic. Efficient use of program memory results from using the MCS-48
instruction set which consists mostly of single byte instructions and has extensive conditional jump and direct table
lookup capability. Program memory usage is further reduced via the 8022’s hardware implementation of the A/D
converter which simplifies interfacing to analog signals.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM

Vee Vss

1

PORT 0
-] |« —— THRESHOLD
P26 (] 1 ~ a0 [ Vec XTALl REFERENCE
P27 (]2 39f]P2s 2048 WORDS 64 WORDS
Avee [ 3 38 f] P24 cLock PROGRAM Mg;m‘ Y
- MEMORY
Varer [ 4 37 [J PROG RESET | _a_J‘> PORTO
AN1 5 36 [ P23
ANo (6 35 [ P22
avss O 7 34 P21 TEST C»f
To(e 33 [ P20 <lrE PORT 1
vin e 320 P17 8022
TEST 1~ SBIT
Poo CJ10 8022 31f] P16 el
po1 (1 [ p1s @ponrz ;
po2 [ 12 29 [] P14
A
1
pos (13 2] P13 REFERENCE’I
Poa (] 14 27 ] P12 :
pPos [} 15 26 (1 P11
Po6 (] 16 25{1 P10 ADDRESS
po7 (] 17 24 [] RESET ANO~ _—’Eﬁ\csts
ALE E 18 23[] XTAL2
8-BIT 26 TWO CHANNEL
= Bt 2 ”AL; TIMER/EVENT DIGITAL 8-BIT AID
vss [] 20 217 suss AN1o] PORT COUNTER 10 LINES CONVERTER
EXI
STROBE

1

AID  A/D SUBSTRATE
Vec  Vss
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PRELIMINARY

PIN DESCRIPTION

Designation Pin # Function

Designation Pin #

Function

Vss 20  Circuit GND p6tential. RESET 24 Input used to initialize the proc-
Ve 40 + 5V circuit power supply. essor by clea_nng status flip-
flops and setting the program
PROG 37 Output strobe for Intel® 8243 counter to zero. i
1/0 expander. .
. . . AVss 7 A/D converter GND Potential.
P00-PO7 10-17 8-bit open-drain port with com- Also establishes the lower limit
Port 0 parator inputs. The switching of the conversion range.
threshold is set externally by
VTH. Optional pull-up resistors AVce 3  A/D+ 5V power supply.
may be added via ROM mask SUBST 21 Substrate pin used with a by-
selection. pass capacitor to stabilize the
VTH 9  Port 0 threshold reference pin. i‘;%sgizr‘;‘;"age and improve
P10-P17 25-32 8-bit quasi-bidirectional port. v
Port 1 VAREF 4 A/D converter reference volt-
. o age. Establishes the upper limit
P20-P27 33-36 8-bit quasi-bidirectional port. of the conversion range.
Port 2 38-39 P20-23 also serve as a 4-bit ANO, AN1 6,5 Analoginputs to A/D converter.
1-2 1/0 expander for Intel® 8243. Software selectable on-chip
TO 8 Interrupt input and input pin via SEL ANO and SEL AN1
testable using the conditional instructions.
transfer instructions JTO and 18  Address Latch Enable. Signal
JNTO. Initiates an interrupt fol- occurring once every 30 input
lowing a low level input if inter- clocks (once every cycle),
rupt is enabled. Interrupt is used as an output clock.
disabled after a reset. . .
. i XTAL 1 22 One side of crystal or inductor
T1 19 Input pin testable using the JT1 input for internal oscillator. Also
and JNT1 conditional transfer input for external frequency
instructions. Can be designat- source. (Not TTL compatible.)
ed the timer/event counter in- i L.
put using the STRT CNT XTAL 2 23 Other side of timing control ele-
instruction. Also serves as the ment. This pin is not connected
zero-cross detection input to when an external frequency
allow zero-crossover sensing source is used.
of slowly moving AC inputs. Op-
tional pull-up resistor may be
added via ROM mask selection.
THE STAND ALONE 8022 T
A
40 24
vee RESET o0 _:_:_1
4 P11 o
Vaner piz %‘7_- INPUT
e o el S
10-2004F L ::: (31
7 Avss P17 32 _ |
20 33
I Vss P20 -GT =
= . P21 e
su.vsr: m:& J W 8022 :;i % wouT
e e prome [ ]
6 P25 1——
ANO P26 p——»
A/nmrs‘ 1 . ::‘7‘ ,.:__..
23 P00 2 -
1":’1—1—-——= XTAL1 ::; :i.
1T Pos B | ponro [":‘::.’,'
224 yraz :O; s OUTPUT
05 HE—
AN ™ Pos H2—
1uF PO7 p—— ~
ALE Pﬂfﬁ T0
18 37 {8
1
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PRELIMINARY

ABSOLUTE MAXIMUM RATINGS®

Ambient Temperature Under Bias
Storage Temperature

Voltage on Any Pin with
Respect to Ground

Power Dissipation

D.C. AND OPERATING CHARACTERISTICS
TA=0°C to 70°C, Vgg=5.5V + 1V, Vgg=0V

*COMMENT: Stresses above those listed under “Absolute Maximum
Ratings” may cuase permanent damage to the device. This is a
stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sec-
tions of this specification is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may affect device
reliability.

Limits

Symbol Parameter Min. Typ. Max. Unit Test Conditions
ViL Input Low Voltage —-0.5 0.8 V  |VtH Floating
ViL1 Input Low Voltage (Port 0) -0.5 Viy—0.1} V

High Voltage Vce = 5.0V = 10%
ViH (All except XTAL 1, RESET) 20 Vee V' |Vrh Floating

Input High Voltage Vee = 6.5V =1V
ViHt | (All except XTAL 1, RESET) 3.0 Vee V' V14 Floating
ViH2 Input High Voltage (Port 0) V1H+0.1 Vce \Y
ViH3 Input High Voltage (RESET, XTAL 1) 3.0 Vce \Y Vee = 5.0V £ 10%
VTH Port O Threshold Reference Voltage 0 .4Vee \
VoL Output Low Voltage 0.45 vV jloL=1.6mA
VoL1 Output Low Voitage (P10, P11) 2.5 V  [(loL=7mA

Output High Voltage (All unless Open Drain _
VoH Option—Port 0) 24 V. |lon=50uA
] Input Current (T1) +200 uA  \Voc=V|in=Vsgs+.45V

Output Leakage Current (Open Drain
ILo Option—Port 0) +10 uA  |Voc=ViN=Vgs+0.45V
Icc Ve Supply Current 50 100 mA
A.C. CHARACTERISTICS
Ta=0°C to 70°C, Vgc=56.5V =1V, Vgg=0V
Symbol Parameter Min. Max. Unit Test Conditions
tcy Cycle Time 8.38 50.0 us 3 MHz XTAL=10 us tcy
Vzx Zero-Cross Detection Input (T1) 1 3 VACpp | AC Coupled
Azx Zero-Cross Accuracy +135 mV 60 Hz Sine Wave
Fzx Zero-Cross Detection Input Frequency (T1) 0.05 1 kHz
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A.C. CHARACTERISTICS
TAa=0°C to 70°C, Vcc=5.5V * 1V, Vgg=0V

Test Conditions: C| =80 pF tcy=8.38 us

Symbol Parameter Min. | Max. | Unit Notes
tcp Port Control Setup Before Falling Edge of PROG | 0.5 us
tpc Port Control Hold After Falling Edge of PROG 0.8 us
Expander tPR PROG to Time P2 Input Must Be Valid 1.0 us
Operation ., Output Data Setup Time 7.0 us
tpD Output Data Hold Time 8.3 us
tpr Input Data Hold Time 0 150 | us
tpp PROG Pulse Width 8.3 us
tPRL ALE to Time P2 Input Must Be Valid 3.6 | us
Normal tPL Output Data Setup Time 0.8 us
Operation Output Data Hold Time 1.6 us
tPFL Input Data Hold Time 0 us
tLL ALE Pulse Width 39 |23.0| us | tcy=8.38 us for min
PORT 2 TIMING
NORMAL OPERATION
LTS
we/ \ _/\
oUTPUT X X oata X
ALE m / \
Ve
meoT < DATA X
| 1 I
EXPANDER OPERATION
ae / 0\ /_\
PROG \
< |
i 1
ouTUT W odorto — X o X
h;}«.,c*f |¢+_.|
we/ \ /L
PROG
-\ 4/___
.:‘:3; X oS > _ DATA X
T

4
cp vc——}

s
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AID CONVERTER CHARACTERISTICS
Ta=0°C t0 70°C, Vg =5.5V £ 1V, Vgg =0V, AVge=5.5V + 1V, AVgs =0V, AVc/2 < Vager € AVge

Parameter Min. Typ. Max. Unit Comments
Resolution 8 Bits
- Absolute Accuracy 8% FSR+ %2 LSB LSB (Note 1)
Sample Setup Before Falling Edge of ALE (tgg) 0.20 tcy
Sample Hold After Falling Edge of ALE (tgy) 0.10 toy
Input Capacitance (ANO, AN1) 1 pF
Conversion Time 4 4 tey

ANALOG INPUT TIMING

w /T X Y

tss: [ tSH

ANALOG
INPUT

7Y NOTE:
", 1. The analog input must be maintained at a constant voltage during the sample time (tgg+ tgp).

@
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INSTRUCTION SET
Hexadecimal Hexadecimal
Mi i D Bytes Cycle Opcode '] i p Bytes Cycle Opcode
ADD AR, Add register to A 1 1 68-6F JTO addr Jump on TO=1 2 2 36
ADD A@R Add data memory to A 1 1 60-61 JNTO addr Jump on TO=0 2 2 26
ADD A,#data Add immediate to A 2 2 03 JT1 addr JumponTi1=1 2 2 56
ADDC AR, Add register with carry 1 1 78-7F JNT1 addr Jump on T1=0 2 2 46
ADDC A @R  Add data memory with 1 1 70-71 JTF addr Jump on timer flag 2 2 16
carry
ADDC A, #data Add i iate wi 2 13 2 )
data Aga"';"med'ate with 2 £ CALL addr Jump to subroutine 1 2 14,34,54,74
ANLAR,  And register to A 1 1 58.5F £ ner Rt , , aBaDars
ANL A@R And data memory to A 1 1 50-51 a eturn
ANL A, #data And immediate to A 2 2 53
ORL AR, Or register to A 1 1 48-4F % CLRC Clear carry 1 197
ORLA@R Or data memory to A 1 1 40-41 E CPLC Complement carry 1 1 A7
. ORL A,#data Orimmediate to A 2 2 43
% XRL AR, Exclusive Or register 1 1 D8-DF MOV AR, Move register to A 1 1 F8-FF
g to A MOV A@R  Move datamemoryto A 1 1 FO-F1
3 XRLA@R Exclusive Or data 1 1  Do-D1 MOV A,#data Move immediate to A 2 2 23
& memory to A MOV Rp,A Move A to register 1 1 A8-AF
° XRL A, #data Exclusive Or immediate 2 2 D3 MOV @ R,A Move A to data memory 1 1 AO-At
to A MOV R, #data Move immediate to 2 2 B8-BF
INC A Increment A 1 1 17 E register
DEC A Decrement A 1 1 07 g MOV@R #data Move immediate to 2 2 BO-Bt
CLR A Clear A 1 127 © data memory
CPL A Complement A 1. 1 37 g XCH AR, Exchange A and 1 1 28-2F
DA A Decimal adjust A 1 1 57 register
SWAP A Swap nibbles of A 1 147 XCHA@R Exchange A and data 1 1 20-21
RL A Rotate A left 1 1 E7 memory
RLC A Rotate A left through 1 1 F7 . XCHD a,@R  Exchange nibble of A 1 1 30-31
carry and register
RR A Rotate A right 1 1 77 MOVP A @A Move to A from current 1 2 A3
RRC A Rotate A right through 1 1 67 page
carry
8 MOVAT Read timer/counter 1 1 42
INA, Pp Input port to A 1 2 08,09,0A § MOV T,A Load timer/counter 1 1 62
. OUTL PD,A Output A to port 1 2 90,39,3A [53 STRTT Start timer 1 1 55
2 MOvVD APp Input expander port 1 2 0C-OF % STRT CNT Start counter 1 1 45
3 to A E STOP TCNT  Stop timer/counter 1 1 65
> MOVD Pp,A Output A to expander 1 2 3C-3F
3
e port & RAD Move conversion result 1 2 80
= ANLD Pp,A And A to expander port 1 2 9C-9F H register to A
ORLD Pp,A Or A to expander port 1 2 8C-8F g SEL ANO Select analog input 1 1 85
o zero
2 2 SEL AN1 Select analog input one 1 195
% INC R, Increment register 1 1 18-1F < ginp
> INC@R Increment data memo 1 1 10-11
5 @ mory ENI Enable external 1 1 05
interrupt
JMP addr Jump unconditional 2 2 04,24,4464, pis! Disable external ! v
84,A4,C4,E4 2 interrupt
JMPP @ A Jump indirect 1 > B3 ] EN TCNTI E::::{Ifu:;rer/coumer 1 1 25
£ . " 2
g DJNZ R,addr Qecrement register and 2 2 E8-EF £ DIs TCNTI Disable timer/ counter i -
® jump on R not zero interrupt
[
JC addr Jump on carry=1 2 2 Fe6 .
INC addr Jump on carry=0 2 > Es RET | Return from interrupt 1 2 93
JZ addr Jump on A zero 2 2 C6 N
JNZ addr Jump on A not zero 2 2 96 NoP No operation ! 1 0o
SYMBOLS AND ABBREVIATIONS USED
P Mnemonic for “in-page” Operation
A Accumulator Pp Port Designator (P=0, 1, 2 or 4-7)
addr 11-Bit Program Memory Address Rr Register Designator (r=0-7)
ANO, AN1  Analog Input O, Analog Input 1 T Timer
CNT Event Counter TO, T1 Test O, Test 1
data 8-Bit Number or Expression # Immediate Data Prefix
1 Interrupt @ Indirect Address Prefix

6-56 AFN-00187A-08



8 Low Cost

8243
MCS-48™ INPUT/OUTPUT EXPANDER

8 Simple Interface to MCS-48™ Micro-

computers
® Four 4-Bit 1/0 Ports
® AND and OR Directly to Ports

® 24-Pin DIP
® Single 5V Supply

® High Output Drive
m Direct Extension of Resident 8048 1/0

Ports

The Intel® 8243 is an input/output expander designed specifically to provide a low cost means of I/0O expansion for the
M€S-48™ family of single chip microcomputers. Fabricated in 5§ voits NMOS, the 8243 combines low cost, single supply

voltage and high drive current capability.

The 8243 consists of four 4-bit bidirectional static I1/0 ports and one 4-bit port which serves as an interface to the MCS-48
microcomputers. The 4-bit interface requires that only 4 1/0O lines of the 8048 be used for I/O expansion, and also allows

multiple 8243's to be added to the same bus.

The 1/0 ports of the 8243 serve as a direct extension of the resident I/0 facilities of the MCS-48 microcomputers and are
accessed by their own MOV, ANL, and ORL instructions.

PIN CONFIGURATION

o1 ~ D Vee
pao ] 2 23151
M]3 22[Jps2
2] 4 210 ps3
pa3(]s 20 [0 pe0
s s2a3 [ P61
PROG[] 7 18 []re2
p23(] s 17 [1Pe3
P22[] 9 16 P73
P21 10 15 ] P72
P20 1 wden
GND([] 12 13{Jr70

Pon'rz<z">

MUX

PROG——

CONTROL

>

BLOCK DIAGRAM

ADDRESS
DECODER

INSTRUC.
DECODER

LATCH

INPUT
BUFFER

LATCH

7
;

INPUT
BUFFER

Il
ol

AND/OR
LoGic

RESET
CIRCUIT

Rz

LATCH

INPUT
BUFFER

K4

LATCH

INPUT
BUFFER

= e ]

PORT 4

PORT S

PORT 6

PORT 7
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8243

PIN DESCRIPTION
Symbol Pin No.
PROG 7

Function

Clock Input. A high to low
transistion on PROG signifies
that address and control are
available on P20-P23, and a low
to high transition signifies that
data is available on P20-23.

Chip Select Input. Ahighon CS
inhibits any change of output or
internal status.

Four (4) bit bi-directional port
contains the address and con-
trol bits on a high to: low
transition of PROG. During a
low to high transition contains
the data for a selected output
port if a write operation, or the
data from a selected port before
the low to high transition if a
read operation.

P20-P23 11-8

GND 12 0 volt supply.

P40-P43 2-5 Four (4) bit bi-directional 1/0
P50-P53 1,23-21  ports. May be programmed
P60-P63 20-17 to be input (during read),
P70-P73 13-16 low impedance latched output
(after write) or a tri-state (after
read). Data on pins P20-23 may
be directly written, ANDed or
ORed with previous data.

Vee 24 +5 volt supply.

FUNCTIONAL DESCRIPTION
General Operation

The 8243 contains four 4-bit 1/0 ports which serve as an
extension of the on-chip I/0 and are addressed as ports 4-
7. The following operations may be performed on these
ports:

e Transfer Accumuiator to Port.
e Transfer Port to Accumulator.
e AND Accumulator to Port.

e OR Accumulator to Port.

All communication between the 8048 and the 8243 occurs
over Port 2 (P20-P23) with timing provided by an output
pulse on the PROG pin of the processor. Each transfer
consists of two 4-bit nibbles:

The first containing the “op code” and port address and
the second containing the actual 4-bits of data.

A high to low transition of the PROG line indicates that
address is present while a low to high transition indicates
the presence of data. Additional 8243's may be added to
the 4-bit bus and chip selected using additional output
lines from the 8048/8748/8035.

Power On Initialization

Initial application of power to the device forces
input/output ports 4, 5, 6, and 7 to the tri-state and port 2 to
the input mode. The PROG pin may be either high or low
when power is applied. The first high to low transition of
PROG causes device to exit power on mode. The power on
sequence is initiated if Vg drops below 1V.

P21 P20 Address Code P23 P22 Instruction Code

0 0 Port 4 0 0 Read
0 1 Port 5 0 1 Write
1 0 Port 6 1 0 ORLD
1 1 Port 7 1 1 ANLD

Write Modes

The device has three write modes. MOVD Pi, A directly
writes new data into the selected port and old data is lost.
ORLD Pi,A takes new data, OR'’s it with the old data and
then writes it to the port. ANLD Pi,A takes new data AND’s
it with the old data and then writes it to the port. Operation
code and port address are latched from the input port2on
the high to low transition of the PROG pin. On the low to
high transition of PROG data on port 2is transferred to the
logic block of the specified output port.

After the logic manipulation is performed, the data is
latched and outputed. The old data remains latched until
new valid outputs are entered.

Read Mode

The device has one read mode. The operation code and
port address are latched from the input port 2 on the high
to low transition of the PROG pin. As soon as the read
operation and port address are decoded, the appropriate
outputs are tri-stated, and the input buffers switched on.
The read operation is terminated by a low to high
transition of the PROG pin. The port(4, 5, 6 or 7) that was
selected is switched to the tri-stated mode while port 2 is
returned to the input mode.

Normally, a port will be in an-output (write mode) orinput
(read mode). If modes are changed during operation, the
first read following a write should be ignored; all follow-
ing reads are valid. This is to allow the external driver on
the port to settle after the first read instruction removes
the low impedance drive from the 8243 output. A read of
any port will leave that port in a high impedance state.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ............... 0°C t0.70°C
Storage Temperature..................cccoe..... -65°C to +150°C
Voltage On Any Pin

With Respect to Ground ............ccceeeucunnnne -0.5V to +7V

Power Dissipation

D.C. AND OPERATING CHARACTERISTICS

To=0°C to 70°C, Vcc= 5V 10%

1 Watt

*COMMENT : Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

SYMBOL | PARAMETER MIN. TYP. | MAX. UNITS TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 \
ViH Input High Voltage 2.0 Vcct0.5 Y
Voui Output Low Voltage Ports 4-7 0.45 \Y loL= 4.5 mA*
VoL2 Output Low Voltage Port 7 1 \ loL =20 mA
VoH1 Output High Voltage Ports 4-7 24 \% lon= 240uA
[ITR Input Leakage Ports 4-7 -10 20 MA Vin= Vcc to OV
li2 Input Leakage Port 2, CS, PROG -10 10 MA Vin = Vee to OV
VoL3 Output Low Voltage Port 2 .45 \Y loL=0.6 mA
lce Vecc Supply Current 10 20 mA
VoH2 Output Voltage Port 2 2.4 lon = 100pA
loL Sum of all 10 from 16 Outputs 72 mA 4.5 mA Each Pin
*See following graph for additional sink current capability -
A.C. CHARACTERISTICS
To=0°C1070°C, V=5V 10%
SYMBOL | PARAMETER MIN. | MAX. UNITS TEST CONDITIONS
ta Code Valid Before PROG 100 ns 80 pF Load
tg Code Valid After PROG 60 ns 20 pF Load
tc Data Valid Before PROG 200 ns 80 pF Load
tp Data Valid After PROG 20 ns 20 pF Load
th Floating After PROG 0 150 ns 20 pF Load
tk PROG Negative Pulse Width 700 ns
tcs CS Valid Before/After PROG 50 ns
tpo Ports 4-7 Valid After PROG 700 ns 100 pF Load
tLpr Ports 4-7 Valid Before/After PROG 100 ns
tacc Port 2 Valid After PROG 650 ns 80 pF Load

0

24
2.0 2.0
> TEST POINTS <
0.8 0.8
.45
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Sink Capability

The 8243 can sink 5 mA@ .45V on each of its 16 I/O lines
simultaneously. If, however, all lines are not sinking
simultaneously or all lines are not fully loaded, the drive
capability of any individual line increases as is shown by
the accompanying curve.

For example, if only 5 of the 16 lines are to sink current
at one time, the curve shows that each of those 5 lines is
capable of sinking 9 mA@ .45V (if any lines are to sink
9 mA the total lg_ must not exceed 45 mA or five 9 mA
loads).

Example: How many pins can drive 5 TTL loads (1.6 mA)
assuming remaining pins are unloaded?

lor=5x1.6 MA=8 mA
el =60 mA from curve
# pins =60 mA +8 mA/pin=75=7

In this case, 7 lines can sink 8 mA for a total
of 56 mA. This leaves 4 mA sink current capa-
bility which can be divided in any way among
the remaining 8 1/O lines of the 8243.

Example: This example shows how the use of the 20
mA sink capability of Port 7 affects the sink-
ing capability of the other 1/O lines.

An 8243 will drive the following loads simul-
taneously.

2 loads — 20 mA@ 1V (port 7 only)
8 loads — 4 mA@ .45V

6 loads — 3.2 mA@ .45V

Is this within the specified limits?

elor=(2 x 20)+(8 x 4)+(6 x 3.2)=91.2 mA.
From the curve: for lo_. =4 mA, elg_ = 93 mA
since 91.2 mA < 93 mA the loads are within
specified limits.

Although the 20 mA@ 1V loads are used in
calculating elgy, it is the largest current re-
quired@ .45V which determines the maximum
allowable €lg, .

Note: A 10 to 50K pullup resistor to +5V should be added to 8243 outputs when driving to 5V CMOS directly.
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EXPANDER INTERFACE
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inte
1D8243
MCS-48™ INPUT/OUTPUT EXPANDER

m —40°C to +85°C Operation |m 24-Pin DIP
® Low Cost ® Single 5V Supply
m Simple Interface to MCS-48™ Micro-
computers ® High Output Drive
® Four 4-Bit 1/0 Ports ® Direct Extension of Resident 8048 1/O
® AND and OR Directly to Ports Ports

The Intel® 8243 is an input/output expander designed specifically to provide a low cost means of I/O expansion for the
MCS-48™ family of single chip microcomputers. Fabricated in 5 volts NMOS, the 8243 combines low cost, single supply
voltage and high drive current capability.

The 8243 consists of four 4-bit bidirectional static /O ports and one 4-bit port which serves as an interface to the MCS-48

microcomputers. The 4-bit interface requires that only 4 1/0 lines of the 8048 be used for I/0 expansion, and also allows
multiple 8243's to be added to the same bus.

The 1/0 ports of the 8243 serve as a direct extension of the resident I/0 facilities of the MCS-48 microcomputers and are
accessed by their own MOV, ANL, and ORL instructions.

PIN CONFIGURATION BLOCK DIAGRAM
ADDRESS
DECODER f—u LATCH 4 PORT 4
o]t ~  2p Vee
INPUT
pao [ 2 23 [ ps1 BUFFER
M]3 22[] P52
INSTRUC.
P2 C 4 2 : Ps3 DECODER
3]s 20 [1p60 LATCH 4 DPORTS
e ., 00 l ]
pROG(] 7 18[]P62 <I>
PORT 2 MUX
P23[] 8 17 [Jre3 . INPUT C
BUFFER
P22 9 16 [JP73
P21 10 15 P72
P20 1n 14 P71
g . ‘ 4 LATCH 4 PORT 6
Gano[d 12 13 [e70
]
PROG——] CONTROL 3 AND/OR
LOGIC 1 nPuT
~—— BUFFER
4
3 LATCH 4 PORT 7
RESET L——4 1
CIRCUIT

INPUT
BUFFER
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PIN DESCRIPTION
Symbol Pin No.
PROG 7

Function

Clock Input. A high to low
transistion on PROG signifies
that address and control are
available on P20-P23, and alow
to high transition signifies that
data is available on P20-23.

Chip Select Input. A highon CS
inhibits any change of output or
internal status.

Four (4) bit bi-directional port
contains the address and con-
trol bits on a high to low
transition of PROG. During a
low to high transition contains
the data for a selected output
port if a write operation, or the
data from a selected port before
the low to high transition if a
read operation.

P20-P23 11-8

GND 12 0 volt supply.

P40-P43 2-5 Four (4) bit bi-directional 1/0
P50-P53 1,23-21 ports. May be programmed
P60-P63 20-17 to be input (during read),
P70-P73 13-16 low impedance latched output
(after write) or a tri-state (after
read). Data on pins P20-23 may
be directly written, ANDed or
ORed with previous data.

Vee 24 +5 volt supply.

FUNCTIONAL DESCRIPTION
General Operation

The 8243 contains four 4-bit 1/0 ports which serve as an
extension of the on-chip I/0 and are addressed as ports 4-
7. The following operations may be performed on these
ports:

e Transfer Accumulator to Port.
e Transfer Port to Accumulator.
e AND Accumulator to Port.

e OR Accumulator to Port.

All communication between the 8048 and the 8243 occurs
over Port 2 (P20-P23) with timing provided by an output
pulse on the PROG pin of the processor. Each transfer
consists of two 4-bit nibbles:

The first containing the “op code” and port address and
the second containing the actual 4-bits of data.

A high to low transition of the PROG line indicates that
address is present while a low to high transition indicates
the presence of data. Additional 8243's may be added to
the 4-bit bus and chip selected using additional output
lines from the 8048/8748/8035.

Power On Initialization

Initial application of power to the device forces
input/output ports 4, 5, 6, and 7 to the tri-state and port 2to
the input mode. The PROG pin may be either high or low
when power is applied. The first high to low transition of
PROG causes device to exit power on mode. The poweron
sequence is initiated if Vo drops below 1V.

P21 P20 Address Code P23 P22 Instruction Code

0 0 Port 4 0 0 Read
0 1 Port 5 0 1 Write
1 0 Port 6 1 0 ORLD
1 1 Port 7 1 1 ANLD

Write Modes

The device has three write modes. MOVD Pi, A directly
writes new data into the selected port and old data is lost.
ORLD Pi,A takes new data, OR's it with the old data and
then writes it to the port. ANLD Pi,A takes new data AND’s
it with the old data and then writes it to the port. Operation
code and port address are latched from the input port 2on
the high to low transition of the PROG pin. On the low to
high transition of PROG data on port 2is transferred to the
logic block of the specified output port.

After the logic manipulation is performed, the data is
latched and outputed. The old data remains latched until
new valid outputs are entered.

Read Mode

The device has one read mode. The operation code and
port address are latched from the input port 2 on the high
to low transition of the PROG pin. As soon as the read
operation and port address are decoded, the appropriate
outputs are tri-stated, and the input buffers switched on.
The read operation is terminated by a low to high
transition of the PROG pin. The port (4, 5, 6 or 7) that was
selected is switched to the tri-stated mode while port 2 is
returned to the input mode.

Normally, a port will be in an output (write mode) orinput
(read mode). If modes are changed during operation, the
first read following a write should be ignored; all follow-
ing reads are valid. This is to allow the external driver on
the port to settle after the first read instruction removes
the low impedance drive from the 8243 output. A read of
any port will leave that port in a high impedance state.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias .......... ~40°C to +85°C
Storage Temperature..............coceurueunneae -65°C to +150°C
Voltage On Any Pin

With Respect to Ground............cccoevueunuee -0.5 V to +7V

Power Dissipation 1 Watt

D.C. AND OPERATING CHARACTERISTICS

Ta= -40°C to +85°C, V= 5V 10%

*COMMENT : Stresses above those listed under “Absolute
Maximum Ratings” may cause, permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

SYMBOL | PARAMETER MIN. TYP. | MAX. UNITS TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 Vv
Viy Input High Voltage 2.0 Vect0.5 \
Voui Output Low Voltage Ports 4-7 0.45 \ loL=4.5mA*
VoiL2 Output Low Voltage Port 7 1 \ loL =20 mA
Vo1 Output High Voltage Ports 4-7 2.4 \" lon= 240uA
(IR} Input Leakage Ports 4-7 -10 20 MA Vin= Ve to OV
Lo Input Leakage Port 2, CS, PROG -10 10 MA Vin= Vcc to OV
VoL3 Output Low Voltage Port 2 .45 " loL=0.6 mA
lee Vce Supply Current 10 20 mA
VoH2 Output Voltage Port 2 2.4 lon = 100uA
loL Sum of all IO from 16 butputs 80 mA 4.5 mA Each Pin
*See following graph for additional sink current capability
A.C. CHARACTERISTICS
Ta=-40°C to +85°C, V=5V 10%
SYMBOL | PARAMETER MIN. | MAX. UNITS TEST CONDITIONS
ta Code Valid Before PROG 100 ns 80 pF Load
tg Code Valid After PROG 60 ns 20 pF Load
tc Data Valid Before PROG 200 ns 80 pF Load
tp Data Valid After PROG 20 ns 20 pF Load
thy Floating After PROG 0 150 ns 20 pF Load
tk PROG Negative Pulse Width 700 ns
tcs CS Valid Before/After PROG 50 ns
tpo Ports 4-7 Valid After PROG 700 ns 100 pF Load
et Ports 4-7 Valid Before/After PROG 100 ns
tace Port 2 Valid After PROG 650 ns 80 pF Load

0.

24
2.0 2.0
> TEST POINTS <
0.8 0.8
45 ~
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WAVEFORMS
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Sink Capability

The 8243 can sink 5 MA@ .45V on each of its 16 I/O lines
simultaneously. If, however, all lines are not sinking
simultaneously or all lines are not fully loaded, the drive
capability of any individual line increases as is shown by
the accompanying curve.

For example, if only 5 of the 16 lines are to sink current
at one time, the curve shows that each of those 5 lines is
capable of sinking 9 mA@ .45V (if any lines are to sink
9 mA the total I, must not exceed 45 mA or five 9 mA
loads).

Example: How many pins can drive 5 TTL loads (1.6 mA)
assuming remaining pins are unloaded?

lop=5x1.6 mMA=8 mA
el =60 mA from curve
# pins=60 mMA +~8 mA/pin=75=7

In this case, 7 lines can sink 8 mA for a total
of 56 mA. This leaves 4 mA sink current capa-
bility which can be divided in any way among
the remaining 8 I/O lines of the 8243.

Example: This example shows how the use of the 20
mA sink capability of Port 7 affects the sink-
ing capability of the other I/O lines.

An 8243 will drive the following loads simul-
taneously.

2 loads — 20 mA@ 1V (port 7 only)
8 loads — 4 mA@ .45V

6 loads — 3.2 mA@ .45V

Is this within the specified limits?

elor=(2 x 20)+(8 x 4)+(6 x 3.2)=91.2 mA.
From the curve: for o =4 mA, elg. = 93 mA
since 91.2 mA < 93 mA the loads are within
specified limits.

Although the 20 mA@ 1V loads are used in
calculating elg, it is the largest current re-
quired@ .45V which determines the maximum
allowable ¢lg,.

Note: A 10 to 50K pullup resistor to +5V should be added to 8243 outputs when driving to 5V CMOS directly.
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EXPANDER INTERFACE
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8355*/8355-2**

16,384-BIT ROM WITH /O
*Directly Compatible with 8085A CPU

**Directly Compatible with 8085A-2

= 2048 Words x 8 Bits a Each 1/0 Port Line Individually
Programmable as Input or Output
= Single + 5V Power Supply

a Internal Address Latch = Multiplexed Address and Data Bus

u 2 General Purpose 8-Bit I/0 Ports = 40-Pin DIP

The Intel® 8355 is a ROM and I/0 chip to be used in the MCS-85™microcomputer system. The ROM portion is organized as
2048 words by 8 bits. It has a maximum access time of 400 ns to permit use with no wait states in the 8085A CPU.

The I/0 portion consists of 2 general purpose /O ports. Each /O port has 8 port lines, and each I/O port line is indivdu-
ally programmable as input or output.

The 8355-2 has a 300ns access time for compatibility with the 8085A-2 microprocessor.

PIN CONFIGURATION BLOCK DIAGRAM
&gt N~ Py
ce. 4 2 39 []es, cLk
cek(ds3 38 []r8, l
RESET [ 4 37 [Jesg READY
N.C. (NOT CONNECTEDI[] 5 36 [1rs,
READY [] 6 35 [JP8, ADo-~
oM 34 [Irs, PORT A
RO gass/m355.2 32 | PBo
iow (] 10 31[0ra, i — K X8
AL s0[)pag S ROM
ap, 13 28[ra, 5
ap, [} 14 27 [1PA, oW
ap, 15 26 [Pa, RESET
ap, [ 16 25 [ra, ioR
Ao 4 17 2a[]ra,
apg [ 18 23[J Ay 1_
a0, 19 2[4, . Vee (+8V)
v 0 20 2ha, e (OV)

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
© INTEL CORPORATION, 1979
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8355/8355-2

Symbol

ALE
(Input)

ADo-7
(Input)

Ag-10
(Input)

CEs
CE2
(Input)

10/M
(Input)

RD

(Input)

1OW
(Input)

Function

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

Bidirectional Address/Data bus. The
lower 8-bits of the ROM or 1/0 address
are applied to the bus lines when ALE
is high.

During an 1/0 cycle, Port A or B are
selected based on the latched value of
ADo. IfRD or lOR is low when the latched
chip enables are active, the output
buffers present data on the bus.

These are the high order bits of the ROM
address. They do not affect I/O oper-
ations.

Chip Enable Inputs: CE1 is active low
and CE2 is active high. The 8355 can be
accessed only when BOTH Chip En-
ables are active at the time the ALE
signal latches them up. If either Chip
Enable input is not active, the ADo-7
and READY outputs will be in a high
impedance state.

If the latched 10/M is high when RD is
low, the output data comes from an
1/0 port. If it is low the output data
comes from the ROM.

If the latched Chip Enables are active
when RD goes low, the ADo-7 output
buffers are enabled and output either
the selected ROM location or I/0O port.
When both RD and TOR are high, the
ADo-7 output buffers are 3-state.

If the latched Chip Enables are active,
a low on IOW causes the output port
pointed to by the latched value of ADo
to be written with the data on ADo-7.
The state of IO/M is ignored.

Symbol

CLK
(Input)

READY
(Output)

PAo-7
(Input/
Output)

PBo-7
(Input/
Output)

RESET
(Input)

TOR
(Input)

Vce
Vss

Function

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

Ready is a 3-state output controlled by
CEi1, CE2, ALE and CLK. READY is
forced low when the Chip Enables are
active during the time ALE is high, and
remains low until the rising edge of the
next CLK (see Figure 6).

These are general purpose I/0O pins.
Their input/output direction is deter-
mined by the contents of Data Direction
Register (DDR). Port A is selected for
write operations when the Chip Enables
are active and IOW is low and a 0 was
previously latched from ADo.

Read operation is selected by either
IOR low and active Chip Enables and
ADo low, or 10/M high, RD low, active
chip enables, and ADog low.

This general purpose /O port is
identical to Port A except that it is
selected by a 1 latched from ADo.

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

When the Chip Enébles are active, a low
on IOR will output the selected /0 port
onto the AD bus. IOR low performs tt}g
same function as the combination 10/M
high and RD low. When IOR is not used
in a system, I0OR should be tied to Vcc
1",

+5 volt supply.

Ground Reference.
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8355/8355-2

ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias .........
Storage Temperature ...........

Voltage on Any Pin

With Respectto Ground .......
Power Dissipation ..............

D.C. CHARACTERISTICS

"COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
0°Cto +70°C tion of the device at these or any other conditions above
-65°Cto +150°C those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum

........ -0.5V to +7V rating conditions for extended periods may affect device
............... 1.5W reliability.

(Ta = 0°C to 70°C; Ve = 5V * 5%)

SYMBOL| PARAMETER MIN. MAX. UNITS TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 \ Vce = 5.0V

ViH Input High Voltage 2.0 Vec+0.5 \ Vce = 5.0V

VoL Output Low Voltage 0.45 \ loL =2mA

VoH Output High Voltage 24 \ loH = -400uA

he Input Leakage 10 MA Vin = Ve to OV

o Output Leakage Current +10 HA 0.45V <Vout <Vcc
lcc Vcc Supply Current 180 mA

A.C. CHARACTERISTICS (75 =0°Cto 70°C; Ve = 5V + 5%)

8355 (Preiminary)
Symbol Parameter Min. Max. Min. Max. Units
tcye Clock Cycle Time 320 320 ns
T1 CLK Pulse Width 80 80 ns
T2 CLK Pulse Width 120 120 ns
tr.tr CLK Rise and Fall Time 30 30 ns
taL Address to Latch Set Up Time 50 30 ns
tLA Address Hold Time after Latch ' 80 30 , ns
te Latch to READ/WRITE Control 100 40 ns
tRD Valid Data Out Delay from READ Control 170 140 ns
tap Address Stable to Data Out Valid 400 330 ns
e Latch Enable Width 100 70 ns
tRDF Data Bus Float after READ 0 100 0 85 ns
tcL READ/WRITE Control to Latch Enable 20 10 ns
tcc READ/WRITE Control Width 250 200 ns
tow Data In to Write Set Up Time 150 150 ns
twD Data in Hold Time After WRITE 10 10 ns
twp WRITE to Port Output 400 400 ns
tPR Port Input Set Up Time 50 50 ns
trRP Port Input Hold Time 50 50 ns
tRYH READY HOLD Time 0 160 0 160 ns
tary ADDRESS (CE) to READY 160 160 ns
tRv Recovery Time Between Controls 300 200 ns
tRDE READ Control to Data Bus Enable 10 10 ns

Note: CLoaD = 150pF
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8355/8355-2
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0.8V

teve

Figure 1. Clock Specification for 8355
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r
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Figure 2. ROM Read and o Read and Write
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8355/8355-2

a. Input Mode
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ter

PORT

INPUT
DATA*
BUS

b. Output Mode

iow

GLITCH FREE
/ OouTPUT
—— e = —— e — — —— e
PORT
OUTPUT

DATA*
BUS

*DATA BUS TIMING IS SHOWN IN FIGURE 4.

Figure 3. 1/O Port Timing
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Figure 4. Wait State Timing (READY =0)
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intel

- 8755A
16,384-BIT EPROM WITH 1/0
e Directly Compatible with 8085A CPU

= 2048 Words x 8 Bits a 2 General Purpose 8-Bit 1/0 Ports

m Single + 5V Power Supply (Vcc) a Each 1/0 Port Line Individually

Programmable as Input or Output
= U.V. Erasable and Electrically

Reprogrammable . . Multiplexed Address and Data Bus

m Internal Address Latch = 40-Pin DIP

The Intel® 8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/0 chip to be used in the MCS-85™
microcomputer system. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum access time 0f 450 ns
to permit use with no wait states in an 8085A CPU. )

The 1/O portion consists of 2 general purpose I/O ports. Each I/0 port has 8 port lines, and each I/O port line is individu-
ally programmable as input or output.

PIN CONFIGURATION BLOCK DIAGRAM
PROG AND CE, [ 1 ~ 40 Vec
Ce [ 2 39 []PB; CLK
ck[3 38 []PBg 1
RESET [ 4 37 [JPBy READY
Voo [} 5 36 [1PB,
Reany []e 35 P8, ADy-;
lo/m 37 34 [1P8; : ) PORT A
RD o 32[1PBy
oW (J1o s755a  31[1PA, A 2K x 8
ALe (] 11 30 [1PA, 10/M ———= EPROM voRTE
ADg [] 12 29 [IPAg ALE——] PBM
AD, ] 13 28 [1PA, RD |
AD, [ 14 27 [JPA; TOW —————nyf
AD; 15 26 [1PA; RESET e}
AD4 [ 16 25 [1PA, 10R —————
ADs [ 17 24 [1PAy
A% s 231 %0 PROG/CE, T”—vcc (+5v)
AD; [} 19 221 Ag Voo Vg, (OV)
Ves [ 20 21[JAs

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
© INTEL CORPORATION, 1979
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8755A

8755A FUNCTIONAL PIN DEFINITION

Symbol

ALE
(input)

ADo-7
(input/output)

Asg-10
(input)

PROG/CE
CE2
(input)

10/M
(input)

RD

(input)

oW
(input)

CLK
(input)

Function

When Address Latch Enable goes
high, ADo-7, 10/M, Ag-10, CE2, and
CE1 enter the address latches. The
signals (AD, 10/M, Ag_10, CE) are
latched in at the trailing edge of ALE.

Bidirectional Address/Data bus. The
lower 8-bits of the PROM or I/O
address are applied to the bus lines
when ALE is high.

During an I/O cycle, Port A or B are
selected based on the latched value of
ADo. If RD or IOR is low when the
latched Chip Enables are active, the
output buffers present data on the
bus.

These are the high order bits of the
PROM address. They do not affect
/O operations.

Chip Enable Inputs: CEq is active low
and CEz2 is active high. The 8755A
can be accessed only when BOTH
Chip Enables are active at the time
the ALE signal latches them up. If
either Chip Enable input is notactive,
the ADo-7 and READY outputs will
be in a high impedance state. CE1 is
also used as a programming pin. (See
section on programming.)

If the latched 10/M is high when RD
is low, the output data comes from
an I/0 port. If it is low the output data
comes from the PROM.

If the latched Chip Enables are active
when RD goes low, the ADo-7 output
buffers are enabled and output either
the selected PROM location or 1/0
port. When both RD and IOR are high,
the ADo-7 output buffers are 3-stated.

If the latched Chip Enables are active,
a low on IOW causes the output port
pointed to by the latched value of
ADo to be written with the data on
ADo-7. The state of 10/M is ignored.

The CLK is used to force the READY
into its high impedance state after it
has been forced low by CE1 low, CE2
high, and ALE high.

Symbol
READY
(output)

PAo-7
(input/output)

PBo-7
(input/output)

RESET
(input)

IOR
(input)

Vce
Vss
Voo

Function

READY is a 3-state output controlled
by CE2, CE1, ALE and CLK. READY
is forced low when the Chip Enables
are active during the time ALE is high,
and remains low until the rising edge
of the next CLK. (See Figure 6.,

These are general purpose I/O pins.
Their input/output direction is deter-
mined by the contents of Data Direc-
tion Register (DDR). PortAis selected
for write operations when the Chip
Enables are active and IOW is low
and a 0 was previously latched from
ADo, AD1.

Read operation is selected by either
IOR low and active Chip Enables and
ADo and AD1 low, or IO/M high, RD
low, active Chip Enables, and ADo
and AD1 low.

This general purpose /O port is
identical to Port A except that it is
selected by a 1latched from ADg and
a 0 from AD1.

In normal operation, an input high on
RESET causes all pins in Ports A and
B to assume input mode (clear DDR
register).

When the Chip Enables are active, a
low on I0R will output the s_el_ected
/O port onto the AD bus. IOR low
performs the same function as the
combination _of 10/M high and RD
low. When IORis notusedinasystem,
iOR should be tied to Vee (“17).

+5 volt supply.
Ground Reference.

Vpp is a programming voltage, and
must be tied to +5V when the 8755A
is being read.

For programming, a high voltage is
supplied with Vpp =25V, typical. (See
section on programming.)
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8755A

ERASURE CHARACTERISTICS

The erasure characteristics of the 8755A are such that
erasure begins to occur when exposed to light with
wavelengths shorter than approximately 4000 Angstroms
(A). It should be noted that sunlight and certain types of
fluorescent lamps have wavelengths in the 3000-4000A
range. Data show that constant exposure to room level
fluorescent lighting could erase the typical 8755A in
approximately 3 years while it would take approximately 1
week to cause erasure when exposed to direct sunlight.
If the 8755A is to be exposed to these types of lighting
conditions for extended periods of time, opaque labels
are available from Intel which should be placed over the
8755 window to prevent unintentional erasure.

The recommended erasure procedure for the 8755A is
exposure to shortwave ultraviolet light which has a wave-
length of 2537 Angstroms (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 ultra-
violet lamp with a 12000uW/cm2 power rating. The
8755A should be placed within one inch from the lamp
tubes during erasure. Some lamps have a filter on their
tubes and this filter should be removed before erasure.

PROGRAMMING

Initially, and after each erasure, all bits of the EPROM
portions of the 8755A are in the 1" state. Information is
introduced by selectively programming “0” into the
desired bit locations. A programmed “0” can only be
changed to a “1” by UV erasure.

The 8755A can be programmed on the Intel® Universal
PROM Programmer (UPP), and the PROMPT™ 80/85 and
PROMPT-48™ design aids. The appropriate programming
modules and adapters for use in programming both
8755A’s and 8755's are shown in Table 1.

The program mode itself consists of programming a
single address at a time, giving a single 50 msec pulse
for every address. Generally, it is desirable to have a
verify cycle after a program cycle for the same address
as shown in the attached timing diagram. In the verify
cycle (i.e.,, normal memory read cycle) 'Vpp' should
be at +5V.

Preliminary timing diagrams and parameter values per-
taining to the 8755A programming operation are con-
tained in Figure 6. )

TABLE 1. 8755A PROGRAMMING MODULE CROSS
REFERENCE

MODULE NAME USE WITH

UPP 955 UPP(4)

UPP UP2(2) UPP 855
'PROMPT 975 PROMPT 80/85(3)

PROMPT 475 PROMPT 48(1)

NOTES:

1. Described on p. 11-9 of 1978 System Data Catalog.
2. Special adaptor socket.

3. Described on p. 11-3 of 1978 System Data Catalog.
4. Described on p. 10-85 of 1978 System Data Catalog.
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SYSTEM APPLICATIONS

Sysfem Interface with 8085A

A system using the 8755A can use either one of the two I/0
Interface techniques:

e Standard I/0
e Memory Mapped /O

If a standard 1/0 technique is used, the system can use the
feature of both CE2 and CE1. By using a combination of
unused address lines A11-15 and the Chip Enable inputs, the
8085A system can use up to 5 each 8755A’s without requiring
a CE decoder.

It a memory mapped 1/0O approach is used the 8755A will be
selected by the combination of both the Chip Enables and
10/M using the ADg-15 address lines. See Figure 1.

1

8085A

vV

CLK (02)
READY
1o/M

v‘ic
Ay,
i0R

AD CLK  10/M
ALE i@W READY CE

Ag10

8755A

*NOTE: Optional connection.

Figure 1. 8755A in 8085A System (Memory-Mapped 1/0)



8755A

ABSOLUTE MAXIMUM RATINGS*

‘COMMENT
N - () + °
Temperature UnderBias .............. 100 Cto 7000 Stresses above those listed under "Absolute Maximum Ratings” may cause
Storage Temperature ............... -65°Cto +150°C permanent damage to the device. This is a stress rating only and functional

Voltage on Any Pin

operation of the device at these or any other conditions above those

With Respect to Ground -0.5 to +7V* indicated in the operational sections of this specification is not implied.

Exposure to absolute maximum rating conditions for extended periods

PowerDissipation ................ . ... 1.5W

*Except for programming voltage.

D.C. CHARACTERISTICS

may affect device reliability.

(Ta = 0°C to 70°C; Ve = 5V * 5%)

SYMBOL| PARAMETER MIN. MAX. UNITS TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 \%
ViH Input High Voltage 2.0 Vcc10.5 \%
Vor Output Low Voltage 0.45 \ loL = 2mA
VoH Output High Voltage 24 \% loy = -400uA
e Input Leakage 10 HA Vin = Vg to OV
ILo Output Leakage Current +10 HA 0.45V <Vourt <Vcc
lcc Vce Supply Current 180 mA
A.C. CHARACTERISTICS (T4 = 0°Cto 70°C; Ve = 5V * 5%)
SYMBOL | PARAMETER MIN. | MAX. UNITS TEST CONDITIONS
tcye Clock Cycle Time 320 ns
Ty CLK Pulse Width 80 ns CLoAD = 150 pF
T, CLK Pulse Width 120 ns (See Figure 3)
.t CLK Rise and Fall Time ) 30 ns
taL Address to Latch Set Up Time 50 ns
tLa Address Hold Time after Latch 80 ns
tLe Latch to READ/WRITE Control 100 ns
trD Valid Data Out Delay from READ Control 170 ns
taD Address Stable to Data Out Valid 450 ns 150 pF Load
te Latch Enable Width 100 ns
tRDF Data Bus Float after READ 0 100 ns
teL READ/WRITE Control to Latch Enable 20 ns
tee READ/WRITE Control Width 250 ns
tow Data In to WRITE Set Up Time 150 ns
two Data In Hold Time After WRITE 30 ns
twp WRITE to Port Output 400 ns
tpR Port Input Set Up Time 50 ns
trp Port Input Hold Time 50 ns
tRYH READY HOLD TIME 0 160 ns
tARY ADDRESS (CE) to READY 160 ns
tRv Recovery Time between Controls 300 ns
tRDE Data Out Delay from READ Control 10 ns
to ALE to Data Out Valid 350 ns Preliminary
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8755A

WAVEFORMS

— -

T, —|

teve

Figure 2. Clock Specification for 8755A

Ag10

p

ADDRESS K X ADDRESS
tap
ADDRESS E— —_ -g % DATA E. P ADDRESS
N N
I )
fe— taL le—— tLa ——a]
— to /

4

ADg.7

_ (PROG)/CE,

LIS

y X
CE, \

—_— f«—— tRDE ——{ tRDF |je——

iOR D ] N\
.

fe————tic f*— tRD tow wo

ow z _\
tee
f—— tCL ———f
Please note that CE1 must remain low for the entire cycle. tRY

Figure 3. PROM Read, /O Read and Write Timing
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8755A

A. INPUT MODE

DATA*
BUS
B. OUTPUT MODE

l_dv'v—_\

PORT
ouTPUT

DATA*
BUS

GLITCH FREE

| / OUTPUT

*DATA BUS TIMING IS SHOWN IN FIGURE 4.

Figure 4. 1/0 Port Timing

(CE=1) «(CE=0) g

le— tay —

< taRry »!

—

Figure 5. Wait State Timing (READY =0)
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8755A

D.C. SPECIFICATION PROGRAMMING
(Ta =0°C to 70°C: Vcc = 5V * 5%; Vss = 0V)

Symbol Parameter Min. Typ. Max. Unit
Voo Programming Voltage (during Write
to EPROM) 24 25 26 \'
Ipp Prog Supply Current 15 30 mA
A.C. SPECIFICATION FOR PROGRAMMING
(TA=0°C to 70°C; Vcc = 5V * 5%; Vss = 0V)
Symbol Parameter Min. Typ. Max. Unit
trs Data Setup Time 10 ns
trD Data Hold Time 0 ns
ts Prog Pulse Setup Time 2 us
tH Prog Pulse Hold Time 2 us
tPR Prog Pulse Rise Time 0.01 2 us
trF Prog Pulse Fall Time 0.01 2 us
tPRG Prog Pulse Width 45 50 msec

6-80



8755A

WAVEFORMS

FUNCTION J
PROGRAM CYCLE T VERIFY CYCLE* |« PROGRAM CYCLE

ALE

- - e
x DATA TO BE x
A/Dg.7 ADDRESS PROGRAMMED ADDRESS
- ane eme

tpp —»| | E—

= XX XX
“ ) N __

PROG/CE
-
tpg ———9f " | ——
ts

+25

Voo
+5 -— o

—»| tpR pf |—
——3| tPRG [*—

-

RD

*VERIFY CYCLE IS A REGULAR MEMORY READ CYCLE (WITH Vpp = +5V FOR 8755A)

Figure 6. 8755A Program Mode Timing Diagram
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inte
8155/8156/8155-2/8156-2
2048 BIT STATIC MOS RAM WITH I/0 PORTS AND TIMER

Compatible
8085A 8085A-2 CPU Chip
. Enable

8155 8155-2 ACTIVE LOW

8156 8156-2 ACTIVE HIGH
B 256 Word x 8 Bits B 1 Programmable 6-Bit 1/0 Port
B Single +5V Power Supply B Programmable 14-Bit Binary Counter/
B Completely Static Operation Timer
B Internal Address Latch B Multiplexed Address and Data Bus
B 2 Programmable 8 Bit I/0 Ports W 40 Pin DIP

The 8155 and 8156 are RAM and I/O chips to be used in the MCS-85™microcomputer system. The RAM portionis designed
with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns to permit use with no wait states
in 8085A CPU. The 8155-2 and 8156-2 have maximum access times of 330 ns for use with the 8085A-2.

The I/0 portion consists of three general purpose 1/0 ports. One of the three ports can be programmed to be status pins,
thus allowing the other two ports to operate in handshake mode.

A 14-bit programmable counter/timer is also included on chip to provide eitter a square wave or terminal count pulse for
the CPU system depending on timer mode.

PIN CONFIGURATION ’ BLOCK DIAGRAM
PC; O] 1 ~ 40 [ Vec
pc, [ 2 39 [] pc,
TIMERIN [] 3 38 ] Pc, 10/ T PORT A
RESET [} 4 371 pey A PA0\7
pc; [1s 36 [J PB, AD,., 56X 8
TivErRouT [ 6 35 [ PBg STATIC —
o/m 7 34 ] PBg RAM T PORT B
CEorce*[]s 33[] p8, * — o P
D o 32[7 P8, ALE Bo-7
— 8155/ — L
WR Q10 5155 31 PB, _
ALE [} 11 g1s5.2/ 301 PB, RD—™" —
AD, [J12 81562 297 pB, WA PORT C
Ap, [ 13 287 pa, c <I>Pco\5
AD, [] 14 270 PAg RESET ————=
Ap, [} 15 26 [ PAg —_
AD 16 25 [ PA, f )
A04 E ” 20 g PA‘ TIMER CLK Ve (+5V)
° 3 TIMER OUT Vgs (0V)
ADg s 23] pPA,
AD, [ 19 22[] PA,
\/ 20 21] P —
ss O "o *: 8155/8165-2 = CE, 8156/8156-2 = CE

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
© INTEL CORPORATION, 1979
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8155/8156/8155-2/8156-2

8155/8156 PIN FUNCTIONS

Symbol Function Symbol
RESET Pulse provided by the 8085A to ini- ALE
(@nput) tialize the system (connect to 8085A (input)

RESET OUT). Input high on this line
resets the chip and initializes the
three 1/0 ports to input mode. The

width of RESET pulse should typically 10/M
be two 8085A clock cycle times. {input)
ADo-7 3-state Address/Data lines that inter- PAo-7(8)
(input) face with the CPU lower 8-bit Ad- (input/output)
dress/Data Bus. The 8-bit address is
latched into the address latch inside
the 8155/56 on the falling edge of
ALE. The address can be either for PBo-7(8)
the memory section or the I/O section (input/output)
depending on the 10/M input. The
8-bit data is either written into the
chip or read from the chip, depending PCo-5(6)
on the WR or RD input signal. (input/output)
CE or CE Chip Enable: On the 8155, this pin is
(input) CEand is ACTIVE LOW. On the 8156,
this pin is CE and is ACTIVE HIGH.
RD Read control: Input low on this line
(input) with the Chip Enable active enables
and ADo-7 buffers. If IO/M pin is low,
the RAM content will be read out to
the AD bus. Otherwise the content
of the selected I/O port or command/
status registers will be read to the
AD bus.
WR Write control: Input low on this line TIMER N
R . | . (input)
(input) with the Chip Enable active causes J—
the data on the Address/Data bus to TIMER OUT
be written to the RAM or I/0 ports and (output)
command/status register depending
on IO/M. Vee
Vss

Function

Address Latch Enable: This control
signal latches both the address on the
ADo-7 lines and the state of the Chip
Enable and I0/M into the chip at the
falling edge of ALE.

Selects memory if low and 1/O and
command/status registers if high.

These 8 pins are general purpose /0O
pins. The in/out direction is selected
by programming the command
register.

These 8 pins are general purpose 1/0
pins. The in/out direction is selected
by programming the command
register.

These 6 pins can function as either
input port, output port, or as control
signals for PA and PB. Programming
is done through the command reg-
ister. When PCo-s5 are used as control
signals, they will provide the fol-
lowing:

PCo — A INTR (Port A Interrupt)
PC1— ABF (Port A Buffer Full)
PC2 — A STB (Port A Strobe)

PC3 — B INTR (Port B Interrupt)
PC4 — B BF (Port B Buffer Full)
PCs — B STB (Port B Strobe)

Input to the counter-timer.

Timer output. This output can be
either a square wave or a pulse de-
pending on the timer mode.

+5 volt supply.
Ground Reference.
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8155/8156/8155-2/8156-2

DESCRIPTION

The 8155/8156 contains the following:

e 2k Bit Static RAM organized as 256 x 8
® Two8-bit1/O ports (PA & PB)andone 6-bitl/Oport(PC)

e 14-bit timer-counter

The 10/M (10/Memory Select) pin selects either the five
registers (Command, Status, PAo-7, PBo-7, PCo-5) or
the memory (RAM) portion. (See Figure 1.)

The 8-bitaddress on the Address/Data lines, Chip Enable
input CE or CE, and 10/M are all latched on-chip at the

falling edge of ALE. (See Figure 2.)

8-BIT INTERNAL DATA BUS

COMMAND

STATUS

TIMER
LsB

Figure 1. 8155/8156 Internal Registers

CE (8155)

OR

CE (8156)

o/M

ADq;

ADDRESS

ALE /

N\

X DATA VALID

ji/\/

RD OR WR

./

NOTE: FOR DETAILED TIMING INFORMATION, SEE FIGURE 12 AND A.C. CHARACTERISTICS.

Figure 2. 8155/8156 On-Board Memory Read/Write Cycle
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8155/8156/8155-2/8156-2

PROGRAMMING OF THE
COMMAND REGISTER

The command register consists of eight latches. Four
bits (0-3) define the mode of the ports, two bits (4-5)
enable or disable the interrupt from port C when it acts
as control port, and the last two bits (6-7) are for the timer.

The command register contents can be altered at any
time by using the 1/0 address XXXXX000 during a WRITE
operation with the Chip Enable active and I0/M = 1. The
meaning of each bit of the command byte is defined in
Figure 3. The contents of the command register may
never be read.

READING THE STATUS REGISTER

The status register consists of seven latches, one for each
bit; six (0-5) for the status of the ports and one (6) for the
status of the timer.

The status of the timer and the |I/O section can be polled
by reading the Status Register (Address XXXXX000).
Status word format is shown in Figure 4. Note that you
may never write to the status register since the command
register shares the same I/O address and the command
register is selected when a write to that address is issued.

7 6 5 4 3 2 1 0

lTleYM|l |snl IEAchzl P(:‘[ PBlu

A
J L J
I—» DEFINES PAg;
0= INPUT
L~ DEFnEsPBy, | |- OUTPUT
00=ALT 1
L DEFINES PCos A2
10=ALT 4
L . ENABLEPORTA
INTERRUPT 1= ENABLE
ENABLE PORT B 0 = DISABLE
> INTERRUPT

NOP — DO NOT AFFECT COUNTER
OPERATION

STOP — NOP IF TIMER HAS NOT STARTED;
STOP COUNTING IF THE TIMER IS
RUNNING

STOP AFTER TC — STOP IMMEDIATELY
AFTER PRESENT TC IS REACHED (NOP

IF TIMER HAS NOT STARTED)

START — LOAD MODE AND CNT LENGTH
AND START IMMEDIATELY AFTER
LOADING (IF TIMER IS NOT PRESENTLY
RUNNING). IF TIMER IS RUNNING, START
THE NEW MODE AND CNT LENGTH

- IMMEDIATELY AFTER PRESENT TC

IS REACHED.

— TIMER COMMAND—|

AD; ADg ADs ADs AD3 AD; AD; ADg

INTE[ B [INTR[INTE] A [INTR
Drmer]5 o [ & [

PORT A INTERRUPT REQUEST

PORT A BUFFER FULL/EMPTY
(INPUT/OUTPUT)

PORT A INTERRUPT ENABLE

PORT B INTERRUPT REQUEST

PORT B BUFFER FULL/EMPTY
(INPUT/OUTPUT)

PORT B INTERRUPT ENABLED

TIMER INTERRUPT (THIS BIT
IS LATCHED HIGH WHEN
TERMINAL COUNT IS
REACHED, AND IS RESET TO
LOW UPON READING OF THE
C/S REGISTER AND BY
HARDWARE RESET).

Figure 3. Command Register Bit Assignment
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8155/8156/8155-2/8156-2

INPUT/OUTPUT SECTION

The I/0 section of the 8155/8156 consists of five registers:
(See Figure 5.)

e Command/Status Register (C/S) — Both registers are
assigned the address XXXXX000. The C/S address
serves the dual purpose.

When the C/S registers are selected during WRITE
operation, a command is written into the command
register. The contents of this register are notaccessible
through the pins.

When the C/S (XXXXX000) is selected during a READ
operation, the status information of the 1/0 ports and
the timer becomes available on the ADo-7 lines.

e PA Register — This register can be programmed to be
either input or output ports depending on the status of
the contents of the C/S Register. Also depending on
the command, this port can operate in either the basic
mode or the strobed mode (See timing diagram). The
I/0 pins assigned in relation to this register are PAg-7.
The address of this register is XXXXX001.

PB Register — This register functions the same as PA
Register. The 1/0 pins assigned are PBo-7. The address
of this register is XXXXX010.

PC Register — This register has the address XXXXX011
and contains only 6 bits. The 6 bits can be program-
med to be either input ports, output ports or as control
signals for PA and PB by properly programming the
AD2 and ADz3 bits of the C/S register.

When PCo-5 is used as a control port, 3 bits are
assigned for Port A and 3 for Port B. The first bit is an
interrupt that the 8155 sends out. The second is an
output signal indicating whether the buffer is full or
empty, and the third is an input pin to accept a strobe
for the strobed input mode. (See Table 1.)

When the ‘C’ port is programmed to either ALT3 or ALT4,
the control signals for PAand PB are initialized as follows:

1/0 ADDRESS*
SELECTION
A7|A6 |A5|A4 [A3| A2 |A1|AD
X| X [X|[x]|Xx]o0]0}]o |Interval Command/Status Register
X{X|{X]|X[X]|0]0]1|General Purpose IO Port A
X{X |{X|X|X]|0]|1]|o0 |General Purpose I/O Port B
X| X [ X! X|{X]|]0]|1]|1]PortC— General Purpose I/O or Contro!
X{X | X{X[X|[1]0]O0|Low-Order8 bits of Timer Count
X{X | X|X|X|1]0]1]|Hght bitsof Timer Count and 2 bits
of Timer Mode
X: Don't Care.

+1/0 Address must be qualified by CE = 1 (81561 or CE =0(8155)and I0/M =1in order
to select the appropriate register.

Figure 5. 1/0 port and Timer Addressing Scheme

Figure 6 shows how I/0 PORTS A and B are structured
within the 8155 and 8156:

8155/8156
ONE BIT OF PORT A OR PORT B

N\ OUTPUT :
LATCH
D a |
_ L |
cLK CIR |
oUTPUT
ENABLE |
@ |
2
@ |
<
g 1 |
e WRITE |
< PORT " { PA/PB
z MUX 1 | MoPE@ | PIN
&
5 (2) |
- ! jm ' M oven !
‘—] [ER—— | |
Q D |
READ PORT
CLK |
\
NOTES: sTe
(1) OUTPUT MODE (4) =1FOR OUTPUT MODE

MULTIPLEXER

(2) SIMPLE INPUT
(3) STROBED INPUT ]_ CONTROL

READ PORT = (10/M=1)  (RD=0) e (CE ACTIVE) » (PORT ADDRESS SELECTED)

=0 FOR INPUT MODE

CONTROL INPUT MODE OUTPUT MODE
BF Low Low
INTR Low High
STB Input Control Input Control

WRITE PORT = (10/M=1) e (WR=0) ® (CE ACTIVE) ® (PORT ADDRESS SELECTED)

Figure 6. 8155/8156 Port Functions
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TABLE 1. TABLE OF PORT CONTROL ASSIGNMENT.

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 Buffer Full)
PC2 Input Port Output Port A STB (Port A Strobe) A STB (Port A Strobe)
PC3 Input Port Output Port Output Port B INTR (Port B Interrupt)
PC4 Input Port Output Port Output Port B BF (Port B Buffer Full)
PC5 Input Port Output Port Output Port B STB (Port B Strobe)

Note in the diagram that when the 1/O ports are pro-
grammed to be output ports, the contents of the output
ports can still be read by a READ operation when appro-
priately addressed.

The outputs of the 8155/8156 are “glitch-free” meaning
that you can write a “1” to a bit position that was previ-
ously “1” and the level at the output pin will not change.

Note also that the output latch is cleared when the port
enters the input mode. The output latch cannot be loaded
by writing to the port if the port is in the input mode. The
result is that each time a port mode is changed from input
to output, the output pins will go low. When the 8155/56
is RESET, the output latches are all cleared and all 3 ports
enter the input mode.

When in the ALT 1 or ALT 2 modes, the bits of PORT C
are structured like the diagram above in the simple input
or output mode, respectively.

Reading from an input port with nothing connected to the
pins will provide unpredictable results.

Figure 7 shows how the 8155/8156 1/O ports might be
configured in a typical MCS-85 system.
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TO 8085 RST INPUT

OUTPUT ) PORT A

A INTR (SIGNALS DATA RECEIVED)
A BF (SIGNALS DATA READY)

A STB (ACKNOWL. DATA RECEIVED)
B STB (LOADS PORT B LATCH)

B BF (SIGNALS BUFFER IS FULL)

B INTR (SIGNALS BUFFER
READY FOR READING)

PORT A

8155/8156

TO/FROM
PERIPHERAL
INTERFACE

PORT C

TO 8085 INPUT PORT (OPTIONAL)

PORT B

TO 8085 RST INPUT

Figure 7. Example: Command Register = 00111001
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TIMER SECTION

The timer is a 14-bit down-counter that counts the TIMER
IN pulses and provides either a square wave or pulse
when terminal count (TC) is reached.

The timer has the /O address XXXXX100 for the low order
byte of the register and the 1/0 address XXXXX101 for
the high order byte of the register. (See Figure 5).

To program the timer, the COUNT LENGTH REG is
loaded first, one byte at a time, by selecting the timer
addresses. Bits 0-13 of the high order count register will
specify the length of the next count and bits 14-15 of the
high order register will specify the timer output mode
(see Figure 8). The value loaded into the count length
register can have any value from 2H through 3FFH in
Bits 0-13.

7 6

IleM1|T13

5 4 3 2 1 0

T1zl Tn I T1o| To I T;I

J

L It
T
TIMER MODE

T
MSB OF CNT LENGTH
7 6 5 3

rT7|T6|T5 T4lT3|T2|T1|T0]

L 1
T -
LSB OF CNT LENGTH

4 2 1 0

Figure 8. Timer Format

There are four modes to choose from: M2 and M1 define
the timer mode, as shown in Figure 9.

TIMER OUT WAVEFORMS:

MODE START TERMINAL TERMINAL
BITS COUNT COUNT COUNT
v t LA S
o o 1 SINGLE s W

SQUARE WAVE

SQUARE WAVE

3. SINGLE _——\-r—n ——————————
1 0  PULSEON

TERMINAL COUNT

4. CONTINUOUS
o PULSES U V)

Figure 9. Timer Modes

Bits 6-7 (TM2 and TM1) of command register contents
are used to start and stop the counter. There are four
commands to choose from:

TM2 TM1

0 0 NOP — Do not affect counter operation.

0 1 STOP — NORP if timer has not started;
stop counting if the timer is running.

1 0 STOP AFTER TC — Stop immediately
after present TCis reached (NOP if timer
has not started)

1 1  START — Load mode and CNT length

and start immediately after loading (if
timer is not presently running). If timer
is running, start the new mode and CNT
length immediately after present TC is
reached.
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Note that while the counter is counting, you may load a
new count and mode into the count length registers.
Before the new count and mode will be used by the
counter, you must issue a START command to the
counter. This applies even though you may only want to
change the count and use the previous mode.

In case of an odd-numbered count, the first half-cycle
of the squarewave output, which is high, is one count
longer than the second (low) half-cycle, as shown in
Figure 10.

—_—

e — 4 I<———
5

NOTE: 5 AND 4 REFER TO THE NUMBER OF CLOCKS IN THAT TIME PERIOD

Figure 10. Asymmetrical Square-Wave Output Resulting
from Count of 9

The counter in the 8155 is not initialized to any particular
mode or count when hardware RESET occurs, but RESET
does stop the counting. Therefore, counting cannot begin
following RESET until a START command is issued via
the C/S register. )

Please note that the timer circuit on the 8155/8156 chip
is designed to be a square-wave timer, not an event
counter. To achieve this, it counts down by twos twice
in completing one cycle. Thus, its registers do not con-
tain values directly representing the number of TIMER IN
pulses received. You cannot load an initial value of 1into
the count register and cause the timer to operate, as its
terminal count value is 10 (binary) or 2 (decimal). (For
the detection of single pulses, it is suggested that one
of the hardware interrupt pins on the 8085A be used.)
After the timer has started counting down, the values
residing in the count registers can be used to calculate
the actual number of TIMER IN pulses required to com-
plete the timer cycle if desired. To obtain the remaining
count, perform the following operations in order:

1. Stop the count
2. Read in the 16-bit value from the count length registers
3. Reset the upper two mode bits

4

. Reset the carry and rotate right one position all 16 bits
through carry

. If carry is set, add 1/2 of the full original count (1/2 full
count — 1 if full count is odd).

Note: If you started with an odd count and you read the
count length register before the third count pulse occurs,
you will not be able to discern whether one or two counts
has occurred. Regardless of this, the 8155/56 always
counts out the right number of pulses in generating the
TIMER OUT waveforms.
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EXAMPLE PROGRAM

ADJUST, 78

E63F
1F
47
79
1F
4F

Do

3F
7C

1F
67
7D
1F
6F
09
44
4D
Cco

MOV AB

ANI 3F
RAR
MOV B,A
MOV A,C
RAR
MOV C,A
RNC

CMC

MOV AH

RAR
MOV H,A
MOV AL
RAR
MOV LA
DAD B

MOV B,H

MOV C,L
RET

Following is an actual sequence of program steps that adjusts the 8155/56 count register
contents to obtain the count, extracted from Intel® Application Note AP38. “Application
Techniques for the intel 8085A Bus.” First store the value of the full original count in register
HL of the 8085A. Then stop the count to avoid getting an incorrect count value. Then sample
the timer-counter, storing the lower-order byte of the current count register in register C and
the higher-order count byte in register B. Then, call the following 8080A/8085A subroutine:

;Load accumulator with upper half
; of count.

;Reset upper 2 bits and clear carry.
;Rotate right through carry.

;Store shifted value back in B.
;Load accumulator with lower half.
;Rotate right through carry.

;Store lower byte in C.

;If in 2nd half of count, return.
;If in 1st half, go on.

;Clear carry.

;Divide full count by 2. (If HL
;is odd, disregard remainder.)

;Double-precision add HL and BC.

;Store results back in BC.

;Return.

After executing the subroutine, BC will contain the remaining count in the current count cycle.
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8085A MINIMUM

SYSTEM CONFIGURATION

Figure 11 shows a minimum system using three chips,

containing:

256 Bytes RAM'
2K Bytes ROM
38 1/0 Pins

1 Interval Timer
4 Interrupt Levels

A8-15 ¥ B B >
8085A AD
10/M
cLK
RESET OUT |
READY | |
| ’W‘c—' Vee
. i
1
TIMER | __|__ _ A8- AD| |10/ _ |
RESET IN WD ALE|CE 7 10/ vmo 071CE| m |ALE nnlao cLK|RSTIRDY
|
T
L,' LATCHES
TIMER
TIMER
out 8355 |ROM + 1/0 |
CONTROL OR
256 x 8 8755 [PROM + 1/0]
RAM
8156 t
cs | [ee ] [ ] [,a ]

*NOTE: OPTIONAL CONNECTIONS

Figure 11. 8085A Minimum System Configuration. (Memory Mapped 1/0)
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ABSOLUTE MAXIMUM RATINGS*

TemperatureUnderBias ................ 0°Cto+70°C
Storage Temperature ............... -65°Cto +150°C
Voltage on Any Pin

With RespecttoGround ............... -0.5V to +7V
Power Dissipation .................... ... ... 1.5W

“*COMMENT: Stresses above those listed under “Absolute

Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (15 = 0°C to 70°C; Vi = 5V * 5%)

SYMBOL| PARAMETER MIN. MAX. UNITS TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 \%
Vin Input High Voltage 2.0 Vcc+0.5 \"
Vo Output Low Voltage 0.45 \ loL =2mA
Von | Output High Voltage 2.4 v lon = ~4000A
L Input Leakage +10 MA VN = Ve to OV
Io Output Leakage Current +10 HA 0.45V < VouT < Ve
lcc Vcc Supply Current 180 : mA
11L(CE) | Chip Enable Leakage
8155 +100 uA Vin = Ve to 0V
8156 -100 pA
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A.C. CHARACTERISTICS (1, = 0°C to 70°C; Viec = 5V * 5%)

8156/8156 S breiminary).
SYMBOL | PARAMETER MIN. MAX. MIN. MAX. UNITS
taL * | Address to Latch Set Up Time 50 30 ns
tLA Address Hold Time after Latch 80 30 ns
tLe Latch to READ/WRITE Control 100 40 ns
trRD Valid Data Out Delay from READ Contro! 170 140 ns
tAD Address Stable to Data Out Valid 400 330 ns
tLL Latch Enable Width 100 70 ns
tRDF Data Bus Float After READ 0 100 0 80 ns
teL READ/WRITE Control to Latch Enable 20 10 ns
tce READ/WRITE Control Width 250 200 ns
tpw Data In to WRITE Set Up Time 150 100 ns
twp Data In Hold Time After WRITE 0 0 ns
tRv Recovery Time Between Controls 300 200 ns
twp WRITE to F‘ort Output 400 300 ns
tpR Port Input Setup Time 70 50 ns
trp Port Input Hold Time 50 10 ns
tsgr Strobe to Buffer Full 400 300 ns
tss Strobe Width 200 150 ns
tRBE READ to Buffer Empty 400 300 ns
ts) Strobe to INTR On 400 300 ns
tRDI READ to INTR Off 400 300 ns
tpss Port Setup Time to Strobe Strobe 50 0 ns
tPHS Port Hold Time After Strobe 120 100 ns
tsge Strobe to Buffer Empty 400 300 ns
twer WRITE to Buffer Full 400 300 ns
twi WRITE to INTR Off 400 300 ns
tTL TIMER-IN to TIMER-OUT Low 400 300 ns
tTH TIMER-IN to TIMER-OUT High 400 300 ns
tRDE Data Bus Enable from READ Control 10 10 ns
1 TIMER-IN Low Time 80 40 ns
t2 TIMER-IN High Time 120 70 ns
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N TN

Z

N

5

WAVEFORMS
a. Read Cycle
CE (8155) \
~
OR
-
CE (8156) j
10/M \
N
tap
AD,, x ADDRESS
N
e— thy —| |je—— g —>

=

-

DATA VALID

ALl

.

N\

3

b. Write Cycle

j

E (8155)

——— i e ——————

OR

S

CE (8156)

10/M

N

N 2 TN

L

AD,_,

pr

ADDRESS

N

Bl

Z

DATA VALID X

fe—— th —>

le— t g —|

ALl

.

te

twp

Figure 12. 8155/8156 Read/Write Timing Diagrams
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a. Strobed Input Mode

tsgr

STROBE S

ﬂ tsi “"’

tgs tRBE
INTR 2 \
o1 /
RD
[ tpss teus
INPUT DATA
FROM PORT

b. Strobed Output Mode

BF

STROBE

INTR

twer

< tspe

- tg —

twi

OUTPUT DATA
TO PORT

Figure 13. Strobed 1/0 Timing
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a. Basic Input Mode

INPUT K
X
DATA BUS* x

b. Basic Output Mode
twp =
OUTPUT X

*DATA BUS TIMING IS SHOWN IN FIGURE 7.

Figure 14. Basic I/0 Timing Waveform

LOAD COUNTER FROM CLR RELOAD COUNTER FROM CLR —|
| 2 [ 1

5 4 1 3 | 2 | 1 5 |

NS

—trL L— —{tTH

TIMER IN

TIMER OUT \
(PULSE) \ (NoTE 1)
————

\\J

TFIVER OUT N 7
TIMER OUT \ 7
(SQUARE WAVE) \ (NOTE 1) 7

A e o = ———

NOTE 1: THE TIMER OUTPUT ISPERIODIC iF IN AN AUTOMATIC
RELOAD MODEI(M1 MODE BIT = 1)

Figure 15. Timer Output Waveform Countdown from 5 to 1

6-95



intel
8185/8185-2
1024 x 8-BIT STATIC RAM FOR MCS-85"

® Multiplexed Address and Data Bus m Low Standby Power Dissipation

B Directly Compatible with 8085A

and 8088 Microprocessors m Single +5V Supply

m Low Operating Power Dissipation m High Density 18-Pin Package

The Intel® 8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-bits using
N-channel Silicon-Gate MOS technology. The multiplexed address and data bus allows the 8185 to interface directly
to the 8085A and 8088 microprocessors to provide a maximum level of system integration.

The low standby power dissipation minimizes system power requirements when the 8185 is disabled.

The 8185-2 is a high-speed selected version of the 8185 that is compatible with the 5 MHz 8085A-2 and the full speed
5 MHz 8088.

PIN CONFIGURATION BLOCK DIAGRAM
ADg 1 18 [ Vec
AD; [ 2 17 A RD
AD; []3 16 ] WR
AD3 [} 4 15 [J ALE s ——
8185 — CEy ————
AD, !
s I 1w cs CEp —————>1  pMW
AD5 (] 6 13[] cE, Ap ——| LoGIc
———
ADg [}7  12[]CE; ap
AD; 8 1] Ag
Vss Q9 107 As 1
1K x8
<|F———||> DATA
RAM
ADy-AD, BUS MEMORY
BUFFER ARRAY
X-Y DECODE
PIN NAMES
AD(-AD; | ADDRESS/DATA LINES
Ag, Ag | ADDRESS LINES :: ADDRESS
cs CHIP SELECT  _ A A
CE, CHIP ENABLE (10/M) 3"“_2
CE, CHIP ENABLE -
ALE ADDRESS LATCH ENABLE
RD READ ENABLE
WR WRITE ENABLE
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OPERATIONAL DESCRIPTION

The 8185 has been designed to provide for directinterface
to the multiplexed bus structure and bus timing of the
8085A microprocessor.

At the beginning of an 8185 memory access cycle, the 8-
bit address on ADo-7, As and Ag, and the status of CE1and
CEz areall latched internally in the 8185 by the falling edge
of ALE. If the latched status of both CE1 and CEz are
active, the 8185 powersiitself up, but no action occurs until
the CS line goes low and the appropriate RD or WR control
signal input is activated.

The CS input is not latched by the 8185 in order to allow
the maximum amount of time for address decoding in
selecting the 8185 chip. Maximum power consumption
savings will occur, however, only when CE1 and CE2 are
activated selectively to power down the 8185 when itis not
in use. A possible connection would be to wire the 8085A’s
10/M line to the 8185's CE1 input, thereby keeping the
8185 powered down during |/O and interrupt cycles.

TABLE 1.
TRUTH TABLE FOR
POWER DOWN AND FUNCTION ENABLE

CE, | CE, | Cs |(cs*)?! 8185 Status
1 X X 0 Power Down and
Function Disable(1]
X 0 X 0 Power Down and
Function Disable(1)
0 1 1 0 Powered Up and
Function Disable(1]
0 1 0 1 Powered Up and
Enabled
Notes:
X: Don't Care.

1: Function Disable implies Data Bus in high impedance state
and not writing.

2: CS*=(CE1=0)+ (CE2=1)+ (CS=0)
CS* = 1 signifies all chip enables and chip select active

TABLE 2.
TRUTH TABLE FOR
CONTROL AND DATA BUS PIN STATUS

__ | __|ADg.7 During Data
(CS*) | RD | WR {Portion of Cycle |8185 Function
0 X X [Hi-Impedance No Function
0 1 [Data from Memory|(Read '
1 1 0 |Data to Memory |Write
1 1 1 |Hi-Impedance Reading, but not
Driving Data Bus
Note:
X: Don't Care.

Vss Vee

TRAP

IRERE

INTR
NTA

RST7,5
RST6,5
RST5,5

ADDR/ ou
ADDR DATA ALE RD WR I0/M _RDY CLK

1 1RESlET N

RESET

(8)

H

AVARV4

{\

8)

IN|
10/M  TiMER

s

reser  OUT)

PORT
CE Al

g

Ag1g
8355/

8755A
DATA/
ADDR

10/M

PORT

g

RESET B
RDY
cLK

trt

Vss Ve Voo PROG

Figure 1. 8185 in an MCS-85 System.
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4 Chips:
2K Bytes ROM

1.25K Bytes RAM

38 1/0 Lines

1 Counter/Timer

2 Serial 1/0 Lines
5 Interrupt Inputs
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ABSOLUTE MAXIMUM RATINGS*

.............. 0°C to +70°C
-65°C to +150°C

Temperature Under Bias
Storage Temperature
Voltage on Any Pin
with Respect to Ground
Power Dissipation

-0.5V to +7V
1.5W

*COMMENT

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

D.C. CHARACTERISTICS (Ta=0°C to 70°C; Vcc = 5V + 5%)

Symbol Parameter Min. Max. Units Test Conditions
ViL Input Low Voltage -0.5 0.8 v
VIH Input High Voltage 2.0 Vcct0.5 v :
VoL Output Low Voltage 0.45 Vv loL =2mA
VoH Output High Voltage 2.4 loH = — 400pA
he Input Leakage *10 uA VIN = Vcc to OV
ILo Output Leakage Current +10 uA 0.45V < Vour < Vcc
Icc Vce Supply Current
Powered Up 100 mA
Powered Down 35 mA
A.C. CHARACTERISTICS (Ta=0°C to 70°C; Vcc = 5V + 5%)
8185 8185-2
Preliminary Preliminary
Symbol Parameter "] Min. Max. Min. Max. Units
tAL Address to Latch Set Up Time 50 30 ns
tLa Address Hold Time After Latch 80 30 ns
tLe Latch to READ/WRITE Control 100 40 ns
trRD Valid Data Out Delay from READ Control 170 140 ns
tLo ALE to Data Out Valid 300 200 ns
te Latch Enable Width 100 70 ns
tRDF Data Bus Float After READ 0 100 0 80 ns
tcL READ/WRITE Control to Latch Enable 20 10 ns
tcc READ/WRITE Control Width 250 200 ns
tow Data In to WRITE Set Up Time 150 150 ns
twp Data In Hold Time After WRITE 20 g 20 ns
tsc Chip Select Set Up to Control Line 10 10 ns
tcs Chip Select Hold Time After Control 10 .10 ns
tALCE Chip Enable Set Up to ALE Falling 30 . 10 : ns
tLACE Chip Enable Hold Time After ALE 50 30 ns
Notes:
1. All AC parameters are referenced at
a) 2.4V and .45V for inputs
b) 2.0V and .8V for outputs. )
Input Waveform for A.C. Tests:
» T
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tALCE —>| e

B
ALE S
-
— |4— tLace [ tLL |

(CE1=0)e
(CE2=1)
F—lCL

¢

taL | twa ] r.i__ tRDF

e e e
‘:2“":“7) ADDRESS DATA OUT X (READ CYCLE)
8, A9
| —— e
I———t —_
Lo R {— twp tce

tow ——]

-\
ADo-AD7 ADDRESS . WRITE DATA X (WRITE CYCLE)
-
cs

(SELECTED) (DESELECTED)

Figure 3. 8185 Timing.
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Intel PRELIMINARY

8031/8051/8751
SINGLE-COMPONENT 8-BIT MICROCOMPUTER
m 8031 - Control Oriented CPU With RAM and 1/0

m 8051 - An 8031 With Factory Mask-Programmable ROM
= 8751 - An 8031 With User Programmable/Erasable EPROM

m 4K x 8 ROM/EPROM m Boolean Processor
® 128 x 8 RAM m MCS-48™ Architecture Enhanced with:
m Four 8-Bit Ports, 32 1/0 Lines o Non-Paged Jumps
® Two 16-Bit Timer/Event Counters * Direct Addressing
m High-Performance Full-Duplex ® Four 8-Register Banks
Serial Channel e Stack Depth Up to 128-Bytes
8 External Memory Expandable to 128K e Multiply, Divide, Subtract, Compare
® Compatible with MCS-80™/MCS-85™ B Most Instructions Execute in 1us
Peripherals ® 4pus Multiply and Divide

The Intel® 8031/8051/8751 is a stand-alone, high-performance single-chip computer fabricated with Intel’s
highly-reliable +5 Volt, depletion-load, N-Channel, silicon-gate HMOS technology and packaged in a 40-pin
DIP. It provides the hardware features, architectural enhancements and new instructions that are necessary to
make it a powerful and cost effective controller for applications requiring up to 64K bytes of program memory
and/or up to 64K bytes of data storage.

The 8051/8751 contains a non-volatile 4K x 8 read only program memory; a volatile 128 x 8 read/write data
memory; 32 1/0 lines; two 16-bit timer/counters; a five-source, two-priority-level, nested interrupt structure; a
serial 1/O port for either multi-processor communications, I/0 expansion, or full duplex UART; and on-chip
oscillator and clock circuits. The 8031 is identical, except that it lacks the program memory . For systems that
require extra capability, the 8051 can be expanded using standard TTL compatible memories and the byte
oriented MCS-80 and MCS-85 peripherals.

The 8051 microcomputer, like its 8048 predecessor, is efficient both as a controller and as an arithmetic
processor. The 8051 has extensive facilities for binary and BCD arithmetic and excels in bit-handling capa-
bilities. Efficient use of program memory results from an instruction set consisting of 44% one-byte, 41%
two-byte, and 15% three-byte instructions. With a 12 MHz crystal, 58% of the instructions execute in 1us, 40%
in 2us and multiply and divide require only 4us. Among the many instructions added to the standard 8048
instruction set are multiply, divide, subtract and compare.

RST/VPD

FREQUENCY
vss vee i REFERENCE COUNTERS
YTALY 2 —1— —_———— e —— — — _]
e \ <23
] [ | E
les | <« |3 | 4096 BYTES |
° ° OSCILLATOR e 128 BYTES TWO 16-81T
o\ 2 N MEMORY DATA MEMORY T YT
XTAL2 & [ o (< TIMING (8051 & 8751) COUNTER! l
Sl
_ £ T 1 |
EA/VDD —# - - 2
— 8051
FoEN -] [ I oo < l
aeFnos <— 02 lesr
8751 08 I l
- I PROGRAMMABLE ‘
| SERIAL PORT
64K-BYTE BUS
20, > EXPANSION :> PROGRAMMABLE 1/0 * D DUPLEX
&m0 - e s \ —o l CONTROL o SYNEHRONOUS I
5| ™Xo- | w» o | — |, INTERRUPTS SHIFTER
Z| iNTO—a |, o e | — | 2 I |
»( NI - g ) . —_—— e | | — — ] =] | =] ——t———1
g) 1o |l e O/ —» (8
S| e [T las"| — |8
S| Ve (e | —|< INTERRUPTS CONTROL PARALLEL PORTS, SERAL - sERAL
8 AD-— e ) —» ADDRESS/DATA s,
@ - AND 1/0 PINS
Figure 1. Pin . .
Figure 2. Logic Symbol Figure 3. Block Diagram
Configuration )
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8031/8051/8751

PRELIMINARY

1.0 INTRODUCTION

This data sheet provides an introduction to the 8051
family. A detailed description of the hardware re-
quired to expand the 8051 with more program mem-
ory, data memory, I/O, specialized peripherals and
into multiprocessor configurations is described in
the 8051 Family User’s Manual.

1.1 THE 8051 FAMILY

The 8051 is a stand-alone high-performance single-
chip computer intended for use in sophisticated
real-time applications such as instrumentation,
industrial control and intelligent computer periph-
erals. It provides the hardware features, architectural
enhancements and new instructions that make it a
powerful and cost effective controller for applications
requiring up to 64K-bytes of program memory and/or
up to 64K-bytes of data storage. A Block Diagram is
shown in Figure 3.

The 8031 is a control-oriented CPU without on-chip
program memory. It can address 64K-bytes of
external Program Memory in addition to 64K-bytes
of External Data Memory. For systems requiring extra
capability, each member of the 8051 family can be
expanded using standard memories and the byte
oriented MCS-80 and MCS-85 peripherals. The 8051
is an 8031 with the lower 4K-bytes of Program
Memory filled with on-chip mask programmable
ROM while the 8751 has 4K-bytes of UV-light-
erasable/electrically-programmable ROM.

The three pin-compatible versions of this com-
ponent reduce development problems to a minimum
and provide maximum flexibility. The 8751 is well
suited for development, prototyping, low-volume
production and applications requiring field updates;
the 8051 for low-cost, high volume production; and
the 8031 for applications desiring the flexibility of
external Program Memory which can be easily

modified and updated in the field.

2.0 MACRO-VIEW OF THE 8051
ARCHITECTURE

On a single die the 8051 microcomputer combines
CPU; non-volatile 4K x 8 read-only program memory;
volatile 128 x 8 read/write data memory; 321/0 lines;
two 16-bit timer/event counters; a five-source, two-
priority-level, nested interrupt structure; serial 1/0
port for either multi-processor communciations, 1/O
expansion, or full duplex UART; and on-chip oscilla-
tor and clock circuits. This section will provide an
overview of the 8051 by providing a high-level de-
scription of its major elements: the CPU architecture
and the on-chip functions peripheral to the CPU.
The generic term “8051” is used to refer collectively
to the 8031, 8051, and 8751.

2.1 8051 CPU ARCHITECTURE

The 8051 CPU manipulates operands in four memory
spaces. These are the 64K-byte Program Memory,
64K-byte External Data Memory, 384-byte Internal
Data Memory and 16-bit Program Counter spaces.
The Internal Data Memory address space is further
divided into the 256-byte Internal Data RAM and
128-byte Special Function Register (SFR) address
spaces shown in Figure 2.1. Four Register Banks
(each with eight registers), 128 addressable bits,
and the stack reside in the Internal Data RAM. The
stack depth is limited only by the available Internal
Data RAM and its location is determined by the 8-bit
stack pointer. All registers except the Program
Counter and the four 8-Register Banks reside in the
Special Function Register address space. These
memory mapped registers include arithmetic regis-
ters, pointers, 1/0 ports, interrupt system registers,
timers and serial port. 128 bit locations in the SFR
address space are addressable as bits. The 8051 con-
tains 128 bytes of Internal Data RAM and 20 SFRs.

64K

EXTERNAL

4095

64K

OVERLAPPED SPACE

—————
INTERNAL 25 | 25
128 128
l I [ 0
| — -
PROGRAM PROGRAM INTERNAL SPECIAL EXTERNAL
COUNTER MEMORY DATA RAM FUNCTION DATA
REGISTERS MEMORY

s

INTERNAL DATA MEMORY

Figure 2.1. 8051 Family Memory Organization
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The 8051 provides a non-paged Program Memory
address space to accommodate relocatable code.
Conditional branches are performed relative to the
Program Counter. The register-indirect jump permits
branching relative to a 16-bit base register with an
offset provided by an 8-bit index register. Sixteen-bit
jumps and calls permit branching to any location
in the contiguous 64K Program Memory address
space.

The 8051 has five methods for addressing source
operands: Register, Direct, Register-Iindirect, Im-
mediate and Base-Register- plus Index-Register-
Indirect Addressing. The first three methods can be
used for addressing destination operands. Most
instructions have a “destination, source” field that
specifies the data type, addressing methods and
operands involved. For operations other than
moves, the destination operand is also a source
operand.

Registers in the four 8-Register Banks can be
accessed through Register, Direct, or Register-
Indirect Addressing; the 128 bytes of Internal Data
RAM through Direct or Register-Indirect Addressing;
and the Special Function Registers through Direct
Addressing. External Data Memory is accessed
through Register-Indirect Addressing. Look-Up-
Tables resident in Program Memory can be accessed
through Base-Register- plus Index-Register- Indirect
Addressing.

The 8051 is classified as an 8-bit machine since the
internal ROM, RAM, Special Function Registers,
Arithmetic/Logic Unit and external data bus are each
8-bits wide. The 8051 performs operations on bit,
nibble, byte and double-byte data types.

The 8051 has extensive facilities for byte transfer,
logic, and integer arithmetic operations. It excels at
bit handling since data transfer, logic and condi-
tional branch operations can be performed directly
on Boolean variables.

The 8051's instruction set is an enhancement of
the instruction set familiar to MCS-48 users. It is
enhanced to allow expansion of on-chip CPU
peripherals and to optimize byte efficiency and
execution speed. Op codes were reassigned to add
new high-power operations and to permit new
addressing modes which make the old operations
more orthogonal. Efficient use of program memory
results from an instruction set consisting of 49
single-byte, 45 two-byte and 17 three-byte instruc-
tions. When using a 12 MHz oscillator, 64 instructions
execute in 1us and 45 instructions execute in 2us.
The remaining instructions (multiply and divide)
require only 4us. The number of bytes in each instruc-
tion and the number of oscillator periods required
for execution are listed in the appended 8051 Instruc-
tion Set Summary.

2.2 ON-CHIP PERIPHERAL FUNCTIONS
Thus far only the CPU and memory spaces of the
8051 have been described. In addition to the CPU
and memories, an interrupt system, extensive 1/0
facilities, and several peripheral functions are inte-
grated on-chip to relieve the CPU of repetitious,
complicated or time-critical tasks and to permit
stringent real-time control of external system inter-
faces. The extensive 1/0O facilities include the /O
pins, parallel 1/O ports, bidirectional address/data
bus and the serial port for I/O expansion. The CPU
peripheral functions integrated on-chip are the two
16-bit counters and the serial port. All of these work
together to greatly boost system performance.

2.2.1 Interrupt System

External events and the real-time-driven on-chip
peripherals require service by the CPU asynchronous
to the execution of any particular section of code.
To tie the asynchronous activities of these functions
to normal program execution, a sophisticated mul-
tiple-source, two-priority-level, nested interrupt sys-
tem is provided. Interrupt response latency ranges
from 3us to 7us when using a 12 MHz crystal.

The 8051 acknowledges interrupt requests from
five sources: Two from external sources via the INTO
and INT1 pins, one from each of the two internal
counters and one from the serial |/O port. Each
interrupt vectors to a separate location in Program
Memory for its service program. Each of the five
sources can be assigned to either of two priority
levels and can be independently enabled and dis-
abled. Additionally all enabled sources can be globally
disabled or enabled. Each external interrupt is pro-
grammable as either level- or transition-activated
and is active-low to allow the “wire or-ing” of several
interrupt sources to the input pin. The interrupt
system is shown diagrammatically in Figure 2.2

2.2.2 /0 Facilities

The 8051 has instructions that treat its 32 1/O lines
as 32 individually addressable bits and as four
parallel 8-bit ports addressable as Ports 0, 1, 2 and 3.
Ports 0, 2 and 3 can also assume other functions.
Port 0 provides the muiltiplexed low-order address
and data bus used for expanding the 8051 with
standard memories and peripherals. Port 2 provides
the high-order address bus when expanding the
8051 with external Program Memory or more than
256 bytes of External Data Memory. The pins of
Port 3 can be configured individually to provide ex-
ternal interrupt request inputs, counter inputs, the
serial port’s receiver input and transmitter output,
and to generate the control signals used for reading
and writing External Data Memory. The generation
or use of an alternate function on a Port 3 pin is
done automatically by the 8051 as long as the pin

7-3

AFN-01462A-03



L] | r
POLLING
HARDWARE
INPUT LEVEL AND INTERRUPT ENABLE INTERRUPT -
INTERRUPT REQUEST REGISTER: PRIORITY HIGH
FLAG REGISTERS: SOURCE GLOBAL REGISTER: PRIORITY
ENABLE ENABLE INTERRUPT
REQUEST
— EXTERNAL O—
INTO INT RQST 0 oo o- O—
INTERNAL o o o O—1— | \/ /[~
TIMER 0 SOURCE VECTOR
ID.
— EXTERNAL
INT1—8= |NT RQST 1 O/G o
INTERNAL o
TIMER 1 —o o 0 O—
INTERNAL| T o Low
SERIAL | — o o o o— PRIORITY
PORT | R | INTERRUPT
REQUEST
o FIVE INTERRUPT SOURCES
« EACH INTERRUPT CAN BE INDIVIDUALLY ENABLED/DISABLED
» ENABLED INTERRUPTS CAN BE GLOBALLY ENABLED/DISABLED L]
« EACH INTERRUPT CAN BE ASSIGNED TO EITHER OF TWO PRIORITY LEVELS
« EACH INTERRUPT VECTORS TO A SEPARATE LOCATION IN PROGRAM MEMORY SOURCE VECTOR
 INTERRUPT NESTING TO TWO LEVELS 1.D.
« EXTERNAL INTERRUPT REQUESTS CAN BE PROGRAMMED TO BE LEVEL- OR
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Figure 2.2. 8051 Interrupt System

is configured as an input. The configuration of the
ports is shown on the 8051 Family Logic Symbol
of Figure 2.

2.2.2.1 OPEN DRAIN 1/0 PINS

Each pin of Port 0 can be configured as an open
drain output or as a high impedance input. Resetting
the microcomputer programs-each pin as an input by
writing a one (1) to the pin. If a zero (0) is later written
to-the pin it becomes configured as an output and
will continuously sink current. Re-writing the pin
to a one (1) will place its output driver in a high-
impedance state and configure the pin as an input.
Each 1/0 pin of Port 0 can sink two TTL loads.

2.2.2.2 QUASI-BIDIRECTIONAL 1/0 PINS

Ports 1, 2 and 3 are quasi-bidirectional buffers,
Resetting the microcomputer programs each pin as
an input by writing a one (1) to the pin. If a zero (0)
is later written to the pin it becomes configured as
an. output and will continuously sink current. Any
pin that is configured as an output will be recon-
figured as an input when a one (1) is written to the
pin. Simuitaneous to this reconfiguration the output
driver of the quasi-bidirectional port will source
current for two oscillator. periods. Since current is
sourced only when a bit previously written to a zero
(0) is updated to a one (1), a pin programmed as an
input will not source current into the TTL gate that
is driving it if the pin is later written with another one
(1). Since the quasi-bidirectional output driver sources
current for only two oscillator periods, an internal

pullup resistor of approximately 20K- to 40K-ohms
is provided to hold the external driver’s loading at a
TTL high level. Ports 1, 2 and 3 can sink/source one
TTL load.

2.2.2.3 MICROPROCESSOR BUS

A microprocessor bus is provided to permit the 8051
to solve a wide range of problems and to allow the
upward growth of user products. This multiplexed
address and data bus provides an interface com-
patible with standard memories, MCS-80 peripherals
and the MCS-85 memories that include on-chip
programmable I/O ports and timing functions. These
are summarized in the 8051 Microcomputer Expan-
sion Components chart of Figure 2.3.

When accessing external memory the high-order
address is emitted on Port 2 and the low-order
address on Port 0. The ALE signal is provided for
strobing the address into an external latch. The
program store enable (PSEN) signal is provided for
enabling an external memory device to Port 0 during
a read from the Program Memory address space.
When the MOVX instruction is executed Port 3 auto-
matically generates the read (RD) signal for enabling
an External Data Memory device to Port 0 or gener-
ates the write (WR) signal for strobing the external
memory device with the data emitted by Port 0. Port
0 emits the address and data to the external memory
through a push/pull driver that can sink/source two
TTL loads. At the end of the read/write bus cycle
Port 0 is automatically reprogrammed to its high
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Program | Crystal
Or Data | Frequency
Category 1.D. Description Comments Memory |MHz (Max)
1/0 Expander 8 Line I/O Expander Low Cost I/O Expander 12
(Shift Register)
Standard EPROMs 2758 1K x 8 450 ns Light User programmable and P 9
Erasable erasable.
2716-1 | 2K x 8 350 ns Light P 1
Erasable
2732 4K x 8 450 ns Light P 9
Erasable
2732A | 4K x 8 250 ns Light P 12
Erasable
Standard RAMs 2114A | 1K x 4 100 ns RAM Data memory can be D 12
2148 1K x 4 70 ns RAM easily expanded using D 12
2142-2 | 1K x 4 200 ns RAM standard NMOS RAMs. D 12
j 2
© | Multiplexed Address/ 8185A | 1K x 8 300 ns RAM D 12
§ Data RAMs
Q
€ | Standard I/0 8212 8-Bit 1/0 Port Serves as Address Latch D 12
3 8282 | 8-Bit I/0 Port or 1/0 port. D 12
7o) 8283 8-Bit 1/0 Port D 12
g 8255A | Programmable Three 8-bit programmable D 12
=] Peripheral Interface I/0 ports.
8 8251A | Programmable Com- Serial Communications D 12
s munications Interface Receiver/Transmitter.
[
o | Standard Peripherals 8205 1 of 8 Binary Decoder MCS-80 and MCS-85 D 12
® 8286 Bi-directional Bus Driver | peripheral devices are D 12
g 8287 Bi-directional Bus Driver | compatible with the 8051 D 12
o (Inverting) allowing easy addition of
© 8253A | Programmable Interval specialized interfaces. D 12
Timer Future MCS-80/85
8279 Programmable devices will also be D 12
Keyboard/Display compatible.
Interface (128 Keys)
8291 GPIB Talker/Listener D 12
8292 GPIB Controller D 1.7
Universal Peripheral . | 8041A [ ROM Program Memory | User programmable to D/P 12/11.7
Interfaces 8741A | EPROM Program perform custom 1/0O and D/P 12/11.7
Memory control functions.
Memories with 8155-2 | 256 x 8 330 ns RAM D 12
on-chip 1/0 and 8355-2 | 2K x 8 330 ns ROM P 11.6
Peripheral Functions. | 8755-2 | 2K x 8 330 ns EPROM P 11.6

Figure 2.3. 8051 Microcomputer Expansion Components

impedance state and Port 2 is returned to the state
it had prior to the bus cycle. The 8051 generates
the address, data and control signals needed by
memory and I/O devices in amanner that minimizes
the requirements placed on external program and
data memories. At 12 MHz, the Program Memory
cycle time is 500ns and the access times required
from stable address and PSEN are approximately
320ns and 150ns respectively. The External Data
Memory cycle time is 1us and the access times
required from stable address and from read (RD)
or write (WR) command are approximately 600ns
and 250ns respectively.

2.2.3 Timer/Event Counters

The 8051 contains two 16-bitcountersformeasuring
time intervals, measuring pulse widths, counting
events and generating precise, periodic interrupt re-
quests. Each can be programmed independently to
operate similartoan 80488-bittimer with divide by 32
prescaler or as an 8-bit counter with divide by 32 pre-
scaler (Mode 0), as a 16-bit time-interval or event
counter(Mode 1), orasan8-bittime-interval orevent
counter with automatic reload upon overflow
(Mode 2).

Additionally, counter 0 can be programmed to a
mode that divides it into one 8-bit time-interval or
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event counter and one 8-bit time-interval counter
(Mode 3). When counter 0 is in Mode 3, counter 1 can
be programmed to any of the three aforementioned
modes, although it cannot set an interrupt request
flag or generate an interrupt. This mode is useful
because counter 1’s overflow can be used to pulse
the serial port’s transmission-rate generator. Along
with their multiple operating modes and 16-bit pre-
cision, the counters can also handle very high input
frequencies. These range from 0.1 MHz to 1.0 MHz
(for 1.2 MHz to 12 MHz crystal) when programmed
for an input that is a division by 12 of the oscillator
frequency and from 0 Hz to an upper limit of 50 KHz
to 0.5 MHz (for 1.2 MHz to 12 MHz crystal) when
programmed for external inputs. Both internal and
external inputs can be gated to the counter by a
second external source for directly measuring
pulse widths.

The counters are started and stopped under software
control. Each counter sets its interrupt request flag
when it overflows from all ones to all zeros (or auto-
reload value). The operating modes and input sources
are summarized in Figures 2.4A and 2.4B. The effects
of the configuration flags and the status flags are
shown in Figures 2.5A and 2.5B.

2.2.4 Serial Communications

The 8051 has a serial 1/0 port that is useful for
serially linking peripheral devices as well as multiple
8051s through standard asynchronous protocols with
full-duplex operation. The serial port also has a
synchronous mode for expansion of 1/0 lines using
CMOS and TTL shift registers. This hardware serial
communications interface saves ROM code and
permits a much higher transmission rate than could
be achieved through software. In response to a serial
port interrupt request the CPU has only to read/write
the serial port's buffer to service the serial link.
A block diagram of the serial port is shown in Figure
2.6. Methods for linking UART (universal asynchro-
nous receiver/transmitter) devices are shown in

CRYSTAL
OSCILLATOR
EXTERNAL

SOURCE ——8 —»

OVERFLOW
(INTERRUPT

[—% REQUEST)
FLAG 0

© 8-BIT TIMER/COUNTER WITH PRESCALER
* 16-BIT TIMER/COUNTER
¢ 8-BIT AUTO-RELOAD TIMER/COUNTER

CRYSTAL
OSCILLATOR
TIMER 1
EXTERNAL . T
SOURCE —® ™

* 8-BIT TIMER/COUNTER WITH PRESCALER
* 16-BIT TIMER/COUNTER .
© 8-BIT AUTO-RELOAD TIMER/COUNTER

OVERFLOW
(INTERRUPT

REQUEST)
FLAG 1
PULSE
-3
SERIAL

PORT

Figure 2.4.A Timer/Event Counter
Modes 0, 1 and 2
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Figure 2.4.B Timer/Event Counter 0 in Mode 3

GATE COUNTER/TIMER RUN

T

XTAL1

INTERRUPT REQUEST

COUNTER 0

MODE 0: 8-BIT TIMER WITH 5-BIT PRESCALER/
8-BIT COUNTER WITH 5-BIT PRESCALER

MODE 1: 16-BIT TIMER/COUNTER

MODE 2: 8-BIT AUTO-RELOAD TIMER/COUNTER

MODE 3: 8-BIT TIMER COUNTER (TL0)

Figure 2.6.A Timer/Counter O Control and Status Flag Circuitry
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Figure 2.5.B Timer/Counter 1 Control and Status Flag Circuitry
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Figure 2.6.B Serial Port— UART Modes 1, 2, and 3
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[
7x0 Rxp] |Txo Rxo| |TxX0 Rxp rxo - Txo| |Txo Rxo| |Tx0 Rxp ™D RXD
RXD TXD
PORT PIN cTs
8051 8051 8051 8051 8051 ‘8051 8051 8251

A. MULTI-8051 INTERCONNECT—HALF DUPLEX

B. MULTI-8051 |NTERCONNECT—FULL DUPLEX

C. 8051-8251 INTERFACE

Figure 2.7. UART Interfacing Schemes

Figure 2.7 and a method for I/O expansion is shown
in Figure 2.8. :

The full-duplex serial 1/0 port provides asyn-
chronous modes to facilitate communications with
standard UART devices, such as printers and CRT
terminals, or communications with other 8051s in
multi-processor systems. The receiver is double
buffered to eliminate the overrun that would occur if
the CPU failed to respond to the receiver’s interrupt
before the beginning of the next frame. Double buffer-
ing of the transmitter is not needed since the 8051
can generally maintain the serial link at its maximum
rate without it. A minor degradation in transmission
rate can occur in rare events such as when the servic-
ing of the transmitter has to wait for a lengthy inter-
rupt service program to complete. In asynchronous
modes, false start-bit rejection is provided on re-
ceived frames. For noise rejection a best two-out-of-
three vote is taken on three samples near the center
of each received bit.

When interfacing with standard UART devices the
serial channel can be programmed to a mode (Mode
1) that transmits/receives a ten-bit frame or pro-
grammed to a mode (Mode 2 or 3) that transmits/
receives an eleven-bit frame as shown in Figure 2.9.
The frame consists of a start bit, eight or nine data
bits and a stop bit. In Modes 1 and 3, the transmission-
rate timing circuitry receives a pulse from counter 1
each time the counter overflows. The input to counter
1 can be an external source or a division by 12 of the
oscillator frequency. The auto-reload mode of the
counter provides communication rates of 122 to
31,250 bits per second (including start and stop bits)
for a 12 MHz crystal. In Mode 2 the communication
rate is a division by 64 of the oscillator frequency
yielding a transmission rate of 187,500 bits per
second (including start and stop bits) for a 12 MHz
crystal.

Distributed processing offers a faster, more power-
ful system than can be provided by a single CPU
processor. This results from a hierarchy of intercon-
nected processors, each with its own memories and

8051

DATA

\RRRRRET)

CLOCK

PORT PIN

IN1-IN8
Qs SIN [«—

P/S

A. 1/0 INPUT
EXPANSION

8051

DATA

CLK

(AEREERY,

CLOCK
PORT PIN

Qs-Q1
SIN Qs

Iy

EN
STB

B. I/0 QUTPUT
EXPANSION

W

CLK
! -

Figure 2.8. 1/0 Expansion Technique
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Figure 2.9. Typical Frame Formats
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1. Slaves—Configure serial port to interrupt
CPU if the received ninth data bit
is aone (1).

‘2. Master—Transmit frame containing address
in first 8 data bits and set ninth data
bit (i.e. ninth data bit designates
address frame).

3. Slaves—Serial port interrupts CPU when
address frame is received. Interrupt
service program compares received
address to its address. The slave
which has been addressed recon-
figures its serial port to interrupt
the CPU on all subsequent trans-
missions.

4. Master—Transmit control frames and data
frames (these will be accepted only
by the previously addressed slave).

Figure 2.10. Protocol for Multi-Processor
Communications

1/0. In multiprocessing, a host 8051 microcomputer
controls a multiplicity of 8051s configured to operate
simultaneously on separate portions of the program,
each controlling a portion of the overall process.
The interconnected 8051s reduce the load on the
host processor and result in a low-cost system of
data transmission. This form of distributed process-
ing is especially effective in systems where controls
in a complex process are required at physically
separated locations.

In Modes 2 and 3 the automatic wake-up of slave
processors through interrupt driven address-frame
recognition is provided to facilitate interprocessor
communications. The protocol for interprocessor
communications is shown in Figure 2.10.
In synchronous mode (Mode 0) the high speed serial
port provides an efficient, low-cost method of expand-
ing 1/0 lines using standard TTL and CMOS shift
registers. The serial channel provides a clock output
for synchronizing the shifting of bits to/from an
external register. The data rate is a division by 12
of the oscillator frequency and is 1M bits per second
at 12 MHz.

2.3 8051 FAMILY PIN DESCRIPTION
Vss ‘

Circuit ground potential.

Vcc

+5V power supply during operation, programming
and verification.

Port 0

Port 0 is an 8-bit open drain bidirectional 1/0 port.

It is also the multiplexed low-order address and data
bus when using external memory. It is used for data
input and output during programming and verifica-
tion. Port 0 can sink/source two TTL loads.

Port 1

Port 1 is an 8-bit quasi-bidirectional I/0O port. It is
used for the low-order address byte during program-
ming and verification. Port 1 can sink/source one
TTL load.

Port 2

Port 2 is an 8-bit quasi-bidirectional I/O port. It also
emits the high-order 8 bits of address when accessing
external memory. It is used for the high-order address
and the control signals during programming and
verification. Port 2 can sink/source one TTL load.

Port 3

Port 3 is an 8-bit quasi-bidirectional 1/O port. It also

contains the interrupt, timer, serial port and RD and

WR pins that are used by various options. The out-

put latch corresponding to a special function must

be programmed to a one (1) for that function to
operate. Port 3 can sink/source one TTL load. The

special functions are assigned to the pins of Port 3,

as follows:

—RXD/data (P3.0). Serial port’s receiver data input
(asynchronous) or data input/output (synchro-
nous).

— TXD/clock (P3.1). Serial port's -transmitter data
output (asynchronous) or clock output (synchro-
nous).

—INTO (P3.2). Interrupt 0 input or gate control input
for counter 0.

—INT1 (P3.3). Interrupt 1 input or gate control
input for counter 1.

— TO (P3.4). Input to counter 0.

— T1 (P3.5). Iinput to counter 1.

—WR (P3.6). The write control signal latches the
data byte from Port 0 into the External Data
Memory.

—RD (P3.7). The read control signal enables External
Data Memory to Port 0.

RST/VpD

A low to high transition on this pin (at approximately
3V) resets the 8051. If Vpp is held within its spec
(approximately +5V), while Vo drops below spec,
Vpp will provide standby power to the RAM. When
Vpp is low, the RAM's current is drawn from Vcc.
A small internal resistor permits power-on reset
using only a capacitor connected to V.

ALE/PROG

Provides Address Latch Enable output used for
latching the address into external memory during
normal operation. Receives the program pulse
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input during EPROM programming.
PSEN
The Program Store Enable output is a control signal

that enables the external Program Memory to the
bus during normal fetch operations.

EA/VDD

When held at a TTL high level, the 8051 executes
instructions from the internal ROM/EPROM when
the PC is less than 4096. When held at a TTL low
level, the 8051 fetches all instuctions from external
Program Memory. The pin also receives the 21V
EPROM programming supply voltage.

XTAL1

Input to the oscillator’s high gain amplifier. A crystal
or external source can be used.

XTAL2

Output from the oscillator's amplifier. Required when
a crystal is used.

8051 FAMILY DEVELOPMENT SYSTEM
AND SOFTWARE SUPPORT

The 8051 is supported by a total range of Intel de-
velopment tools. This broad range of support
shortens the product development cycle and thus
brings the product to market sooner.

e ASM51  Absolute macro assembler for the 8051.

e CONV51 8048 assembly language source code
to 8051 assembly source code conver-
sion program.

e EM-51 .8051/8751 emulator board that uses a
modified 8051 and an EPROM.

e |CE-51™ Real-time in-circuit emulator.

UPP-8051 PROM programmer personality card.
8051 Workshop.

8051 Software Development Package
(ASM51 and CONV51)

The 8051 software development package provides
development system support for the powerful 8051
family of single chip microcomputers. The package
contains a symbolic macro assembler and a 8048
to 8051 source code converter. This diskette-based
software package runs under ISIS-Il on any Intellec®
Microcomputer Development System with 64K
bytes of memory.

8051 Macro Assembler (ASM51)
The 8051 macro assembler transiates symbolic 8051

PRELIMINARY

assembly language instructions into machine exe-
cutable object code. These assembly language
mnemonics are easier to program and are more
readable than binary or hexidecimal machine in-
structions. Also, by allowing the programmer to
give symbolic names to memory locations rather
than absolute addresses, software design and
debug are performed more quickly and reliably.

ASMS51 provides symbolic access for the many use-
ful addressing methods in the 8051 architecture
which reference bit, nibble and byte locations.

The assembler supports macro definitions and
calls. This provides a convenient means of program-
ming a frequently used code sequence only once.
The assembler also provides conditional assembly
capabilities. Cross referencing is provided in the
symbol table listing, which shows the user the lines
in which each symbol was defined and referenced.

If an 8051 program contains errors, the assembler
provides a comprehensive set of error diagnostics,
which are included in the assembly listing.

The object code generated may be used to program
the 8751 EPROM version of the chip or sent to
Intel for fabricating the 8051 ROM version. The
assembler output can also be debugged using the
ICE-51 in-circuit emulator.

8048 to 8051 Assembly Language
Converter Utility Program (CONV51)

The 8048 to 8051 assembly language converter is
a utility to help users of the MCS-48 family of micro-
computers upgrade their designs to the high per-
formance 8051 architecture. By converting 8048
source code to 8051 source code, the investment in
software developed for the 8048 is maintained when
the system is upgraded.

8051 Emulation Board (EM-51)

The EM-51 8051 emulation board is a small (2.85" x
5.25") board which emulates an 8031/8051/8751
microcomputer using standard PROMs or EPROMs
in place of the 8051’s on-chip program memory. The
board includes a modified 8051 microcomputer,
supporting circuits, and two sockets for program
memory. The user may select two 2716 EPROMs, a
2732 EPROM, or two 3636 bipolar PROMs depend-
ing on crystal frequency and power requirements.

8051 In-Circuit Emulator (ICE-51™)

The 8051 In-Circuit Emulator resides in the Intellec
development system. The development system
interfaces with the user’s 8051 system through an
in-cable buffer box with the cable terminating in an
8051 pin-compatible plug. Together these replace
the 8051 device in the system. With the emulator
plug in place, the designer can exercise the system
in real-time while collecting up to 255 instruction
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cycles of real-time data. in addition, he can single
step the system program.

Static RAM memory is available in the ICE-51 buffer
box to emulate the 8051’s internal and external pro-
gram memories and external data memory. The
designer can display and alter the contents of the
replacement memory in the ICE-51 buffer box,
internal 8051 registers, internal data RAM, and
Special Function Registers. Symbolic reference
capability allows the designer to use meaningful
symbols provided by ASM51 rather than absolute
values when examining and modifying these mem-
ory, register, flag, and 1/0 locations in his system.

Universal PROM Programmer Personality
Card (UPP-851)

The UPP-851 is a personality card for the UPP-103
Universal PROM Programmer. The Universal PROM

Programmer is an Intellec system peripheral cap-
able of programming and verifying the 8751 when
the UPP-851 is inserted. Programming and verifica-
tion operations are initiated from the Intellec de-
velopment system console and are controlled by the
Universal PROM Mapper (UPM) program.

8051 Workshop

The workshop provides the design engineer or
system designer hands-on experience with the 8051
microcomputers. The course includes explanation
of the Intel 8051 architecture, system timing and
input/output design. Lab sessions will allow the
attendee to gain detailed familiarity with the 8051
family and support tools.

INSITE™ Library
The INSITE Library contains 8051 utilities and
applications programs.

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias .......... 0°Cto 70°C
Storage Temperature.................. -65°C to +150°C
Voltage on Any Pin With

Respect to Ground (Vgg)  --.v.ienveennn -0.5V to +7V
Power Dissipation ........ccoviiiiiiiniieiiaia. 2 Watts

D.C. CHARACTERISTICS

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

CONDITIONS: Tp =0°C TO 70°C; Vo = 5V £ 5%; Vgg = OV
Symbol Parameter Min Typ Max Units | Test Conditions
ViL Input Low Voltage (Al except XTAL1) -0.5 0.8 \
ViL1 Input Low Voltage (XTAL1) -0.5 TBD v
ViH Input High Voltage 2.0 Vect0.5 \
(All Except XTAL1, RST/VPD)
VIH1 Input High Volitage (XTAL1) TBD Vcet+0.5 v
ViH2 Input High Voltage (RST) 3.0 Voc + 05
ViH3 Input High Voltage (Vpp) 45 5.5 Power Down Only
(Vee = 0)
VoL Output Low Voltage 0.45 \ loL=2mA
(All Outputs Except Port 0)
VoL1 Output Low Voltage (Port 0) 0.45 \ loL=4 mA
VOH Output High Voltage (All Qutputs v 24 ' lon=-100 LA
Except Port 0, ALE and PSEN)
VOH1 Output High Voltage (ALE and PSEN, 2.4 Y loH=-400 uA
Port 0 In External Bus Mode)
Lo Pullup Resistor Current (P1, P2, P3) -250 uA 45V VIN SVCe
ILO1 Output Leakage Current (P0) +10 uA 45V <VIN <VCo
lcc Power Supply Current 150 mA Ta=25°C .
IPD Power Down Supply Current 20 mA Ta=25°C, Vpp=5V,
Vec=ov
Cio Capacitance Of I/0O Buffer 10 pF fc=1MHz
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A.C. CHARACTERISTICS

CONDITIONS: Tp = 0°C TO 70°C; Vo c=5Vi5% Port 0, ALE and PSEN Outputs - C|_ = 150 PF;
All'Other Outputs - C| = 80PF

Program Memory Characteristics

. Variable Clock

12MHz Clock 1/TCLCL=1.2 MHz to 12 MHz
Symbol Parameter Min. Max. Units Min. | Max. ‘Units
TCLCL | Oscillator Period 83 ns ns
TCY Min Instruction Cycle Time 1.0 s 12TCLCL | 12TCLCL ns
TLHLL ALE Pulse Width 140 ns 2TCLCL-30 ns
TAVLL Address Set Up To ALE 45 ns TCLCL-40 ns
TLLAX Address Hold After ALE 50 - ns TCLCL-35 ns
TPLPH | PSEN Width 230 ns | 3TcLoL-20 | ns
TLHLH | PSEN, ALE Cycle Time 500 ns 6TCLCL ns
TPLDV PSEN To Valid Data In 150 ns v 3TCLCL-100 ns
TPHDX | Input Data Hold After PSEN 0 ns 0 ns
TPHDZ | Input Data Float After PSEN 75 ns TCLCL-10 ns
TAVDV | Address To Valid Data In 320 ns 5TCLCL-100 - ns
TAZPL | Address Float To PSEN 0 ns 0 ns

External Data Memory Characteristics

12MHz Clock Variable Clock
Symbol Parameter Min. Max. Units Min. Max. Units
TRLRH RD Pulse Width 400 ns 6TCLCL-100 ns
TWLWH | WR Pulse Width 400 ns 6TCLCL-100 ns
TRLDV | RDTo Valid Data In 250 ns 5TCLCL-170 ns
TRHDX | Data Hold After RD 0 ns 0 , ns
TRHDZ | Data Float After RD 100 ns 2TCLCL-70 ns
TAVDV Address To Valid Data In 600 ns 9TCLCL-150 ns
TAVWL | Address To WR or RD 200 ns 4TCLCL-130 ns
TQVWH | Data Setup Before WR 400 ns 7TCLCL-180 ns
TWHQX |-Data Held After WR 80 ns 2TCLCL-90 ns

NOTE: ' ’

There are 2to 8 ALE cycles per instruction. Clocks and state timing are shown on the timing diagram for reference purposes only. They are
not accessible outside the package. TCY is the minimum instruction cycle time which consists of 12 oscillator clocks or two ALE cycles.

Address setup and hold time from ALE are the same for data and program memory.
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osc

ALE

PSEN

PORT 2

PORT 2

PORT 0

ALE

PSEN

PORT 2

PORT 0

T2 hal T2 T3

T4 T5 T6 T7 T8 T9 T10 T T12

JuuyuuyyuyUyUyL

TCY

e TLHLL—]

TLHLH

/ \

[

—

[———TPLPH

/ \

L
[
/[

X

ADDRESS Ay5-Ag ADDRESS A1s-Ag

X

ADDRESS OR
SFR P2

.

TLLAX —9
TAVLL —=| j—
[=TPLDV-> — TPHDZ
TAZPL [-— TPHDX -~ ’4—
( FLOI% AT7-A0 IFLOA‘Iy INSTR IN [FLOAT] A7-Ag IFLOA'IXNSTR IN IFLOA"
r———TAVDV ————|

Program Memory Read Cycle

TRLRH N
\
X ADDRESS A15-Ag gggssss OR
TAVWL TRLDV f—— 4—TRHDZ
TAVDV TRHDX —#» t——
@Tn IN ]FLOATX A7-Ag I FLOAT >< DATAIN FLOAT ADDRESS
N

VAR

Data Memory Read Cycle

—

o/

TWLWH-

—

X

ADDRESS A15-Ag

ADDRESS OR
SFR P2

TAVWL

TQVWH

TWHQX——I

<IN$TR IN IFLOA‘!X

A7-Ag DATA OUT

X

ADDRESS
OR FLOAT

Data Memory Write Cycle
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Rn —Register R7-RO0 of the currently selected Register Bank.
data —8-bit internal data location’s address. This could be an
Internal Data Ram location (0-127) or a SFR (i.e. I/0
port, control register, status register, etc. (128-255).
@Ri —8-bit Internal Data RAM location (0-255) addressed in-
directly through register R1 or RO.
#data —8-bit constant included in instruction. INSTRUCTION
#data16 —16-bit constant included in instruction. ADD
addri6  —16-bit destination address. Used by LCALL & LUMP. A ADDC
branch can be anywhere within the 64K-byte Program SUBB
Memory address space. MUL
addr11 — 11-bit destination address. Used by ACALL &AJMP. The DIV
branch wilt be within the same 2K-byte page of program DA
memory as the first byte of the following instruction. RRC
rel —Signed (two’s complement) 8-bit offset byte. Used by RLC
SJMP and all conditional jumps. Range is -128 to +127 SETB G

TABLE 2-1 8051 INSTRUCTION SET SUMMARY

Notes on instruction set and addressing modes:

Interrupt Response Time: To finish execution of current instruction,
respond to the interrupt request, push the PC and to vector to the first
instruction of the interrupt service program requires 38 to 81 oscillator
periods (3 to 7 us @12MHz). -

INSTRUCTIONS THAT AFFECT FLAG SETTINGS'

bytes relative to first byte of the following instruction.

'Note that operations on SFR byte address 208 or bit addresses 209-

bit —Direct Addressed bit in Internal Data RAM or Special
Function Register.
8 —New operation not provided by 8048/8049.

215 (i.e. the PSW or bits in the PSW) will also affect flag settings.

=X XX00XXXO0

FLAG
ov

INSTRUCTION

CLRC
CPLC
ANL C, bit
ANL C,/bit
ORL C, bit
ORL C,/bit
MOV C, bit
CJNE

xxxF

X X X X X

(o]

XX XX XXXO0O

FLAG

o]
<
>
(o]

Data Transfer

Mnemonic

MOV A,Rn
*MOV A data
MOV A,@Ri
MOV A #data
MOV Rn,A
*MOV Rn,data
MOV Rn,#data

*MOV data,A
*MOV data,Rn
*MOV data,data
*MOV data,@Ri
*MOV data,#data

MOV @Ri.A
*MOV @Ri data

MOV @Ri #data
*MOV DPTR,
#data16 '
*MOV C,bit
*MOV bit,C
*MOVC A @A+
DPTR
*MOVC A @A+PC
MOVX A,@Ri
*MOVX A,@DPTR
MOVX @Ri,A
*MOVX @DPTR,A
*PUSH data
*POP data
XCH ARn
*XCH A data
XCH A @Ri

XCHD A,@Ri

Description
Move register to A
Move direct byte to A
Move indirect RAM to A
Move immediate data to A
Move A to register
Move direct byte to register
Move immediate data to
register
Move A to direct byte
Move register to direct byte
Move direct byte to direct
byte
Move indirect RAM to direct
byte
Move immediate data to
direct byte
Move A to indirect RAM
Move direct byte to indirect
RAM
Move immediate data to
indirect RAM
Move 16-bit constant to Data
Pointer
Move direct bit to carry
Move carry to direct bit
Move Program Memory byte
addressed by A+DPTR to A
Move Program Memory byte
addressed by A+PC to A
Move External Data (8-bit
address) to A
Move External Data (16-bit
address) to A
Move A to External Data
(8-bit address)
Move A to External Data
(16-bit address)
Move direct byte to stack
and inc. SP
Move direct byte from stack
and dec. SP
Exchange register with A
Exchange direct byte with A
Exchange indirect RAM
with A
Exchange indirect RAM'’s
least sig nibble with A’'s LSN

Bytes
1

DR =D =N

[N

Logic
Oscillator Oscillator
Periods Mnemonic Description Bytes Periods
12 ANL A,Rn AND register to A 1 12
12 *ANL A data AND direct byte to A 2 12
12 ANL A @Ri AND indirect RAM to A 1 12
12 ANL A #data AND immediate data to A 2 12
12 *ANL data,A AND A to direct byte 2 12
24 *ANL data #data AND immediate data todirect 3 24
12 byte
*ANL C,bit AND direct bit to carry 2 24
12 *ANL C,/bit AND complement of directbit 2 24
24 to carry
24 ORL ARn OR register to A 1 12
*ORL A data OR direct byte to A 2 12
24 ORL A ,@Ri OR indirect RAM to A 1 12
ORL A #data OR immediate data to A 2 12
24 *ORL data,A OR A to direct byte 2 12
* ORL data #data OR immediate data to direct 3 24
12 byte
24 *ORL C,bit OR direct bit to carry 2 24
*ORL C./bit OR complement of direct bit 2 24
12 to carry
XRL A,Rn Exclusive-OR register to A 1 12
24 *XRL A, data Exclusive-OR direct bytetoA 2 12
XRL A,@Ri Exclusive-OR indirect RAM 1 12
12 to A
24 XRL A #data Exclusive-OR immediate 2 12
24 data to A
* XRL data,A Exclusive-OR Ato directbyte 2 12
24 * XRL data,#data Exclusive-OR immediate 3 24
data to direct byte
24 *SETB C Set carry 1 12
* SETB bit Set direct bit 2 12
24 CLR A Clear A 1 12
CLRC Cilear carry 1 12
24 *CLR bit Clear direct bit 2 12
CPL A Complement A 1 12
24 CPLC Complement carry 1 12
* CPL bit Complement direct bit 2 12 .
24 RL A Rotate A Left 1 12
RLC A Rotate A Left through carry 1 12
24 RR A Rotate A Right 1 12
RRC A Rotate A Right through carry 1 12
12 SWAP A Rotate A left four (exchange 1 12
12 nibbles within A)
12
12
All mnemonics copyrighted® Intel Corporation 1980.
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Arithmetic Control Transfer (Branch)
Oscillator Oscillator
Mnemonic Description Bytes Periods Mnemonic Description Bytes Periods
ADD A,Rn Add register to A 1 12 AJMP addr 11 Absolute Jump 2 24
*ADD A,data Add direct byte to A 2 12 *LJMP addr16 Long Jump 3 24
ADD A,@Ri Add indirect RAM to A 1 12 *SJIMP rel Short Jump 2 24
ADD A#data  Add immediate data to A 2 12 *JMP @A+DPTR  Jump indirect relative to 1 24
ADDC A,Rn Add register and carry flagto A 1 12 the DPTR
*ADDC A data  Add direct byte and carry flag 2 12 JZ rel Jump if A is zero 2 24
to A JNZ rel Jump if A is not zero 2 24
ADDC A@Ri  Add indirect RAM and carry 1 12 JC rel Jump if carry is set 2 24
flag to A JNC rel Jump if carry is not set 2 24
ADDC A #data Add immediate data and carry 2 12 *JB bit,rel Jump relative if direct bit 3 24
flag to A is set
*SUBB A Rn Subtract register and carry flag 1 12 *JNB bit,rel Jump relative if direct bit 3 24
from A is not set
*SUBB A,data  Subtract direct byte and carry 2 12 *JBC bit,rel Jump relative if direct bit 3 24
flag from A is set, then clear bit
*SUBB A,@Ri Subtract indirect RAM and 1 12 *CJNE A data,rel Compare direct byte to A 3 24
carry flag from A & Jump if not Eq.
*SUBB A#data Subtract immediate data and 2 12 See Note a.
carry flag from A *CJNE A #data,rel Compare immed.to A & Jump 3 24
INC A Increment A 1 12 if not Eq. See Note a.
INC Rn Increment register 1 12 *CJNE Rn,#data, Compare immed. to reg & 3 24
*INC data Increment direct byte 2 12 rel Jump if not Eq. See Note a.
INC @Ri Increment indirect RAM 1 12 *CNJE @Ri, Compare immed. to indirect 3 24
DEC A Decrement A 1 12 #data,rel RAM & Jump if not Eq.
DEC Rn Decrement register 1 12 See Note a.
*DEC data Decrement direct byte 2 12 DJNZ Rn,rel Decrement register & Jump 3 24
*DEC @Ri Decrement indirect RAM 1 12 if not zero
*INC DPTR Increment Data Pointer 1 24 *DJNZ data,rel Decrement direct byte & 3 24
*MUL AB Multiply A times B 1 48 Jump if not zero
*DIV AB Divide A by B 1 48 Note a) Set C if the first operand is less than the second operand;
DA A Decimal add Adjust of A 1 12 else clear
Control Transfer (Subroutine)
Osclilator
Mnemonic Description Bytes Periods
Other ACALL addr11  Absolute Subroutine Call 2 24
Oscillator LCALL addr16  Long Subroutine Call 3 24
Mnemonic Description Bytes Periods RET Return from Subroutine Call 1 24
NOP No Operation 1 12 RETI Return from Interrupt Call 1 24

All mnemonics copyrighted® Intel Corporation 1980.
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2114A
1024 X 4 BIT STATIC RAM

2114AL-1 | 2114AL-2 | 2114AL-3 | 2114AL-4 2114A-4 2114A-5
Max. Access Time (ns) 100 120 150 200 200 250
Max. Current (mA) 40 40 40 40 70 70
HMOS Technology ® Completely Static Memory - No Clock

or Timing Strobe Required

Directly TTL Compatible: All Inputs
Identical Cycle and Access Times and Outputs

® Common Data Input and Output Using
Three-State Outputs

High Density 18 Pin Package ® 2114 Upgrade

Low Power, High Speed

Single +5V Supply +10%

The Intel® 2114A is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using HMOS, a high per-
formance MOS technology. It uses fully DC stable (static) circuitry throughout, in both the array and the decoding, therefore it .
requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not required. The
data is read out nondestructively and has the same polarity as the input data. Common input/output pins are provided.

The 2114A is designed for memory applications where the high performance and high reliability of HMOS, low cost, large bit
storage, and simple interfacing are important design objectives. The 2114A is placed in an 18-pin package for the highest
possible density.

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate Chip Select (CS) lead allows
easy selection of an individual package when outputs are or-tied.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
@ ®
A 18 :Vcc —A, #a ® A | Vee
A, ]
a2 1[4, —]a, Vo, |— A4 @ > 3 . &GND
Al i mp -1 o S oo | "edrous
A —a, =y >3 . 64 COLUMNS
o O 1 Y 1. 10— "2 N
Ay (]5 2114A 14 Juo, A: As e -
A e 13 Jio, A 1105}— T T
—1"e
LY 12] Jvo, —a, 110, “:B_ 5 COLUMN 1/0 CIRCUITS
&[]e n[Jvo, —] 4 104 | — 110, &) j— INpuT COLUMN SELECT
ATA
eno[)9 10| Jwe — A, o, @ ’_?__‘comnon
WE_ Cs
110, @ ,.B_
®Ao|®AzA9 r&
1
™
PIN NAMES
Ag—Ag  ADDRESS INPUTS Vg POWER (+5V) O = PIN NUMBERS
‘W% WRITE ENABLE GND GROUND
[+ CHIP SELECT
1/0,-1/0, DATA INPUT/OUTPUT

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
<INTEL CORPORATION, 1977,1979 DECEMBER, 197¢
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ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias .................. -10°C to 80°C
Storage Temperature .................... -65°C to 150°C
Voltage on any Pin

With Respectto Ground .................. -3.5V to +7V
Power Dissipation .........ccociiiiiiiiiiiiiiiiia 1.0W
D.C.Output Current ........c.coviiiiniiininnenenne. 5mA

D.C. AND OPERATING CHARACTERISTICS
Ta =0°C to 70°C, Ve =5V + 10%, unless otherwise noted.

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

2114AL-1/L-2/L-3/L-4 2114A-4/-5
SYMBOL PARAMETER Min. Typ.I'l Max. Min. Typ.I1l Max. |[UNIT CONDITIONS
'] Input Load Current 10 10 HA Viny = 0to 5.5V
(All Input Pins)
Lol 1/0 Leakage Current 10 10 uA | CS=Vm
Viyo = GND to VCC
lce Power Supply Current 25 40 50 70 mA Vec = max, ljjo=0mA,
Ta=0°C
ViL Input Low Voltage -3.0 0.8 -3.0 0.8
ViH Input High Voltage 20 6.0 2.0 6.0 \%
loL Output Low Current 21 9.0 2.1 9.0 mA VoL = 0.4V
loH Output High Current -1.0 -25 -1.0 -25 mA VoH = 2.4V
los!2! Output Short Circuit 40 40 mA
Current

NOTE: 1. Typical values are for TA= 25°C and Vee = 5.0V.
2. Duration not to exceed 30 seccnds.

CAPACITANCE
Ta = 25°C, f = 1.0 MHz

SYMBOL TEST MAX

UNIT CONDITIONS

Ciio Input/Output Capacitance 5

pF Vio = 0V

Cin Input Capacitance 5

pF Vin =0V

NOTE: This parameter is periodically sampled and not 100% tested.

A.C. CONDITIONS OF TEST

Input PulselLevels ...............coviiiiiiiiiiiiinnnnnnn,
Input Riseand Fall Times ..............ccooeviiiinnnannn.
Input and Output Timing Levels ................cccouvnnnn.
Output Load .......ovviiiiiiiiiii ittt

............ 0.8 Volt to 2.0 Volt
...................... 10 nsec
...................... 1.5 Volts
...1TTL Gate and C_ =100 pF
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A.C. CHARACTERISTICS Ta =0°C to 70°C, Vog = 5V + 10%, unless otherwise noted.

READ cYCLE !

2114AL-1  [2114AL-2 2114AL-3 2114A-4/L-4|2114A-5
SYMBOL PARAMETER Min. Max.| Min. Max.| Min. Max.| Min. Max.| Min. Max. UNIT
trc Read Cycle Time 100 120 150 200 250 ns
ta Access Time 100 120 150 200 250 ns
tco Chip Selectionto Output Valid 70 70 70 70 85 ns
tex Chip Selection to Output Active | 10 10 10 10 10 ns
toro Output 3-state from Deselection 30 35 40 50 60 ns
toma ggéeg;ngLda;';:‘ 15 15 15 15 15 ns
WRITE CYCLE (2
2114AL-1 2114AL-2 2114AL-3 2114A-4/L-4 |2114A-5
SYMBOL PARAMETER Min. Max.| Min. Max.| Min. Max.| Min. Max.| Min. Max. UNIT
twe Write Cycle Time 100 120 150 200 250 ns
tw Write Time 75 75 90 120 135 ns
twr Write Release Time 0 0 0 0 0 ns
torw Output 3-state from Write 30 35 40 50 60 ns
tow Data to Write Time Overlap 70 70 90 120 135 ns
ton Data Hold from Write Time 0 0 0 0 0 ns
NOTES:

1. A Read occurs during the overlap of a low CS and a high WE.
2. A Write occurs during the overlap of a low CS and a low WE. t, is measured from the latter of C5 or WE going low to the earlier of TS or WE going high.

WAVEFORMS
READ CYCLE®

ooness X X
CANANNNNANNRRNARRNNS l i
oo ‘cx—j]e. 0HA
NOTES:

3. WE is high for a Read Cycle.
4. If the CS low transition occurs simultaneously with the WE low

_tr_ansition, the output buffers remain in a high impedance state.
5. WE must be high during all address transitions.

WRITE CYCLE

we

ADDRESS ___}( ) 4
@ [ twr—™1
& AN\\NK /L
i /
WE @m\ 7
<—toTw
D AR AV
out T7777T 777 LLS
O

8-3




intel

2114A FAMILY

TYPICAL D.C. AND A.C. CHARACTERISTICS

NORMALIZED tp

NORMALIZED tp

lon (mA)

NORMALIZED ACCESS TIME VS.
SUPPLY VOLTAGE
12
1.1
1.0
09
08
07
06
05
4.50 4.75 5.00 525 5.50
VeeV)
NORMALIZED ACCESS TIME VS.
OUTPUT LOAD CAPACITANCE
14 -
13
12
1.1
10
09
08
07
160 150 200 250 300 350
C (pF)
OUTPUT SOURCE CURRENT
VS. OUTPUT VOLTAGE
40
30
20
10
0
0 1 2 3 4

Vor (V)

NORMALIZED tp

NORMALIZED I

loL (mA)

NORMALIZED ACCESS TIME VS.
AMBIENT TEMPERATURE
12
11
1.0
0.9 .
08
07
06
05
[ 20 40 60 80

NORMALIZED POWER SUPPLY CURRENT
VS. AMBIENT TEMPERATURE

09

\\
08
0.7
06
05

0 20 40 60 80

Ta (°C)
OUTPUT SINK CURRENT
VS. OUTPUT VOLTAGE

60
40
20
[}

0 1 2 3 4

VoL V)
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2316E

16K (2K

= Fast Access Time—450 ns Max.
= Single +5V¥ 10% Power Supply
= Intel MCS 80 and 85 Compatible
= Three Programmable Chip

Selects for Simple Memory
Expansion and System Interface

x 8) ROM

s EPROM/ROM Pin Compatible for
Cost-Effective System
Development

= Completly Static Operation

= Inputs and Outputs TTL
Compatible

= Three-State Output for Direct
Bus Interface

The Intel® 2316E is a 16,384-bit static, N-channel MOS read only memory (ROM) organized as 2048 words by 8 bits. Its

high bit density is ideal for large, non-volatile data storage applications such as program storage. The three-state outputs and
TTL input/output levels allow for direct interface with common system bus structures. The 2316E single +5V power supply
and 450 ns access time are both ideal for usage with high performance microcomputers such as the Intel MCSTM-80 and

MCSTM.85 devices.

A cost-effective system development program may be implemented by using the pin compatible Intel 2716 16K UV
EPROM for prototyping and the lower cost 2616 PROM and 2316E ROM for production. The three 2316E programmable
chip selects may be defined by the user and are fixed during the masking process. To simplify the conversion from
2716 prototyping to 2316E production, it is recommended that the 2316E programmable chip select logic levels be
defined the same as that shown in the below data sheet pin configuration. This pin configuration and these chip select

legic levels are the same as the 2716.

PIN CONFIGURATION

BLOCK DIAGRAM

Dg D1 D2 D3 Dg Ds Dg D7

a0 249 vee OV
AG[: 2 237 ag GND
At 3 22 A
s [ 20 A0 OUTPUT BUFFERS s
nd s 2| css DECODE
Al s 20 & Ao ‘ S I D O O O Y S I |
ads 19 {7 A0 Ag " Y DECODER 1 OF 16 x 8 l
s ] ol ar g secrer
Yye K 17 oy g ey EEEEENEN PRLS(C;
s ) 161 06 "6 I
o110 157 ps As c; = t f
o1 1817 o4 Ay — a4 - -~—
ano (] 12 130 b3 g £ 16.384 81T =
A .
3 2 I § CELL MATRIX CHIP
pyyu— B v SELECT
PIN NAMES : o 57
At - BUFFERS
A0-A10 | ADDRESS INPUTS
D7-Dg | DATA OUTPUTS Ao - <+ CS3
€$1-CS3 | CHIP SELECT INPUTS W R —
8-5 AFN-00884A-01



2316E

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . . .. ... -10°C to 80°C
Storage Temperature . . . ........... -65°C to +150°C
Voltage On Any Pin With Respect .

toGround . ........... ... -0.5V to +7V
Power Dissipation . . ............ e 1.0 Watt

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

D.C. AND OPERATING CHARACTERISTICS

Ta=0°Cto+70°C, Ve = 5V £10%, unless otherwise specified.
T LmITs
SYMBOL PARAMETER - UNIT TEST CONDITIONS
MIN. [ TYP.V | maAX.
I Input Load Current 10 uA Vin =0 to 5.25V
(All Input Pins)
ILoH Output Leakage Current 10 MA Chip Deselected, VoyT = 4.0V
lLoL Output Leakage Current -20 MA Chip Deselected, VoyT = 0.4V
lec Power Supply Current 70 120 mA All Inputs 5.25V Data Out Open
ViL Input “Low" Voltage -0.5 0.8 \
ViH Input “High”” Voltage 24 Vcet1.0vV \")
Vor Output “LLow” Voltage 0.4 \ loL=2.1mA
VoH Output “High” Voltage 24 \ lon =— 400 uA
NOTE: 1. Typical values for T A = 25°C and nominal supply voltage.
A.C. CHARACTERISTICS
Ta =0°C to +70°C, Vg = +5V £10%, unless otherwise specified.
LIMITS
SYMBOL PARAMETER UNIT
MiN. MAX.
tA Address to Qutput Delay Time 450 ns
tco Chip Select to Output Enable Delay Time 120 ns
toF Chip Deselect to Output Data Float Delay Time 10 100 ns
CONDITIONS OF TEST FOR CAPACITANCE® T,=25°C, f=1MHz
A.C. CHARACTERISTICS
F SYMBOL TEST LIMITS
Output Load ........... 1 TTL Gate and C__ = 100 pF TYP. | MAX.
InputPulse Levels. .. ................. 0.8 to 2.4V - -
Input Pulse Rise and Fall Times (10% to 90%) . . . . . 20 ns Cin All P'"‘s Except Pin Under 5pF | 10 pF
Timing Measurement Reference Level Test Tied to AC Ground
Input ........ .. ... ... ... 1V and 2.2V Cout All Pins Except Pin Under | 10 pF | 15 pF
Output .......... ..., 0.8V and 2.0V Test Tied to AC Ground
NOTE: 2. This parameter is periodically sampled and is not 100%
tested.

AFN-00684A-02



A.C.Waveforms
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Typical System Application (8K x 8 ROM Memory)
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———— kY 3]
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o
o €52 23]
ROM
+5V cS3 =0
2316E
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intel
2708
8K (1K x 8) UV ERASABLE PROM

Max. Power Max. Access
2708 800mwW 450ns
2708L 425mwW 450ns
2708-1 800mW 350ns
2708-6 800mwW 550ns
m Low Power Dissipation — 425 mW m Data Inputs and Outputs TTL
Max. (2708L) Compatible during both Read and
m Fast Access Time — 350 ns Max. Program Modes
(2708-1) s Three-State Outputs — OR-Tie
m Static — No Clocks Required Capability

The Intel® 2708 is an 8192-bit ultraviolet light erasable and electrically reprogrammable EPROM, ideally suited where
fast turnaround and pattern experimentation are important requirements. All data inputs and outputs are TTL com-
patible during both the read and program modes. The outputs are three-state, allowing direct interface with common
system bus structures.

The 2708L at 425mW is available for systems requiring lower power dissipation than from the 2708. A power dissipation
savings of over 50% without any sacrifice in speed is obtained with the 2708L. The 2708L has high input noise immunity
and is specified at 10% power supply tolerance. A high-speed 2708-1 is also available at 350ns for microprocessors
requiring fast access times.

The 2708 family is fabricated with the N-channel silicon gate FAMOS technology and is available in a 24-pin dual in-line
package.

PIN CONFIGURATION g BLOCK DIAGRAM
DATA OUTPUT
A
00-07
a1 241 ) Vec
3 T —L 1
~g: i TSR
as]s 22[J ae S N
M=p Jul we——|  Capseueer
_ OUTPUT BUFFERS

as]s 20["] csme )
a:[Je 2708 19 wo Ag ——s

e — v
a7 18 [ ] PROGRAM Ap—— DECODER : ¥ GATING

Ay

(Lss) Ao []8 17[J 07 msB)
ADDRESS
(Lss) oo [] o 16[] 06 INPUTS | A,

Ag—]

04[]0 15[ Jos :.7;——> X 64 X 128
s ROM ARRAY

o n 14[Jos ::__. DECODER X
ws ]2 13[Jos .

PIN CONNECTION DURING READ OR PROGRAM
PIN NAMES

PIN NUMBER
Ag-Ag | ADDRESS INPUTS ADDRESS
0,05 | DATA OUTPUTS/INPUTS DATA 1/0 INPUTS _
CSMWE | CHIP SELECT/WRITE ENABLE INPUT 91, 18, Vss | PROGRAM | Vpp | CS/WE | Vag | Veec
MODE 1317 22,23 12 18 19 | 20 | 21| 24
READ Dour A GND| GND | +12 | Vu | 5 | +
DESELECT | HIGH IMPEDANCE | DON'TCARE | GND| GND | #12 | Vi | 5 | 6
PROGRAM | Din T TAm GND | PULSED | +12 | Viuw | 5 | +6
26V

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.

© INTEL CORPORATION, 1980 January 1980
8-8 AFN-01104A-01



2708 FAMILY

PROGRAMMING

The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section.

Absolute Maximum Ratings*

Temperature Under Bias . .. .o ove oo -25°C to +85°C
Storage Temperature . ... ............c.nvernun.. -65°C to +125°C
Vpp With Respectto Vgg . . . . oo v v i i +20V to -0.3V
Vcc and Vgg With RespecttoVgg . .. ... ...t +15V to -0.3V
All Input or Qutput Voltages With Respect

toVgg DuringRead . . ....................... +15V to -0.3V
CS/WE Input With Respect to Vgs

During Programming . ....................... +20V to -0.3V
Program Input With Respectto Vgg . . ... ........... +35V to -0 3V
Power Dissipation . .. .. ... .t e 1.5W

*COMMENT

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

D.C. AND A,C.OPERATING CONDITIONS DURING READ

2708 2708-1 2708-6 2708L

Temperature Range 0°C-70°C | 0°C-70°C | 0°C-70°C | 0°C-70°C

Vg Power Supply 5V+5% 5V£5% 5V+5% 5V+10%

Vpp Power Supply 12V+5% 12V £5% 12V£5% | 12V£10%

Vgg Power Supply -5V+5% [ -5V£5% | -5Vx5% | -5V+10%

READ OPERATION
D.C. AND OPERATING CHARACTERISTICS
2708, 27081, 2708-6 Limits 2708L Limits
Symbol Parameter Units Test Conditions
Min. Typt2 Max. | Min. ~ Typld Max.
Iy Address and Chip Select Input Sink 1 10 1 10 KA |VIN=5.25Vor Viy =V
Current
o Output Leakage Current 1 10 1 10 uwA  [Voyr =5.5V, CSIWE =5V
Ippl3! Vpp Supply Current 50 65 21 28 mA |Worst Case Supply Currentsi!
lccl3 Ve Supply Current 6 10 2 4 mA |All Inputs High;
183 Vgg Supply Current 30 45 10 14 mA [CSWE=5V; Tp=0°C
Vi Input Low Voltage Vss 0.65 Vss 0.65 \
Vin Input High Voltage 3.0 Vect+? | 22 Voe+! \
VoL Output Low Voltage 0.45 04 v |loL=1.8mA (2708, 2708-1, 2708-6)
loL =2mA (2708L)
VoH1 Output High Voltage 3.7 37 V  |loy= —100uA
VoH2 Output High Voltage 24 24 lon=-1mA
PD Power Dissipation 800 325 | mW |Ta=70°C
425 mW [Tp=0°C
NOTES: 1. Vgg must be applied prior to Vg and Vpp. Vgg must also be the last power supply switched off.

2. Typical values are for T, =25°C and nominal supply voltages.

3. The total power dissipation is not calculated by summing the various currents (Ipp, Icc, and Igg) multiplied by their respective vol-
tages since current paths exist between the various power supplies and Vgg. The Ipp, Igc, and Igg currents should be used to deter-

mine power supply capacity only.
4. |gg for the 2708L is sp in the progr:

TP

89

d state and is 18mA maximum in the unprogrammed state.

AFN-01104A-02



2708 FAMILY

2708L 2708, 2708-1, AND 2708-6
RANGE OF SUPPLY CURRENTS RANGE OF SUPPLY CURRENTS
VS. TEMPERATURE VS. TEMPERATURE ACCESS TIME VS. TEMPERATURE
2 T 80 T T 500 T
l | 33?,.' ::s;lv 33»55??‘35;‘ OPERATING 177 LoaD 100pF
T ey | Ve oa o -
g T s
2 CS/WE ~ Lo A’ ‘oo 3 200 /
H g 7/7/7% E —
H : E © CIWE <'wichf 3 | —
3 SSME « wigy 3 OGN ‘oo ) —
: 10 : AXXXX E‘LOW 200
5 | ]
Y .
[ TLow }&Ms-&m \ \ \ J 100
™ Flec
[} 20 40 60 80 100 920 o 20 40 60 80
Ta Q) 0 T, 0
A.C. CHARACTERISTICS
2708, 2708L Limits 2708-1 Limits 2708-6 Limits
Symbol Paramet 2
y arameter Min. | Max. Min. | Max. | Min. | Max. | Units
tace Address to Output Delay 450 350 550 ns
tco Chip Select to Output Delay 120 120 160 ns
tor Chip Deselect to Output Float |. 0 120 0 120 0 160 ns
toH Address to Output Hold 0 0 0 ns
CAPACITANCE " Ta=25°C, f=1MHz .A.C. TEST CONDITIONS:"
Output Load: 1 TTL gate and C|_= 100 pF
Symbol Parameter Typ. | Max. | Unit. | Conditions Input Rise and Fall Times: <20 ns
- _ Timing Measurement Reference Levels: 0.8V and
Gy Input Capacitance 4 6 pF Vin =0V 2.8V for inputs; 0.8V and. 2.4V for outputs.
CouTt Output Capacitance | 8 12 pF Vout =0V Input Pulse Levels: 0.65V to 3.0V
NOTE: 1. This parameter is periodically sampled and is not 100% tested.
810 AFN-01104A-03



2708 FAMILY

A.C. WAVEFORMS 1@

i‘

- \
ADDRESSES
ADDRESSES CALID
N y 7
$ &
CS/WE \ _/ :
X ‘ 7
3
tco B
tor (@)
tacc ) ot
46
HIGH Z { R \) HIGH 2
OuTPUT VALID OUTPUT
\ " , /
24
NOTES:

2. ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM AND ARE NSEC

UNLESS OTHERWISE SPECIFIED.

3. CS MAY BE DELAYED UP TO tACCtCO AFTER ADDRESSES ARE VALID

WITHOUT IMPACT ON tA

4.tDF IS SPECIFIED FROM { OR ADDRESS CHANGE, WHICHEVER OCCURS
FIRST.

ERASURE CHARACTERISTICS

The erasure characteristics of the 2708 family are such that
erasure begins to occur when exposed to light with wave-
lengths shorter than approximately 4000 Angstroms (A). It
should be noted that sunlight and certain types of fluores-
cent lamps have wavelengths in the 3000—4000A range.
Data show that constant exposure to room level fluores-
cent lighting could erase the typical device in approxi-
mately 3 years, while it would take approximately 1 week
to cause erasure when exposed to direct sunlight. If the
2708 is to be exposed to these types of lighting conditions
for extended periods of time, opaque labels are available
from Intel which should be placed over the 2708 window
to prevent unintentional erasure.

8-11

The recommended erasure procedure (see Data Catalog
PROM/ROM Programming Instructions Section) for the
2708 family is exposure to shortwave ultraviolet light
which has a wavelength of 2537 Angstroms (A). The inte-
grated dose (i.e., UV intensity X exposure time) for erasure
should be a minimum of 15 W-sec/cm?2. The erasure time
with this dosage is approximately 15 to 20 minutes using an
ultraviolet lamp with a 12000 uW/cm?2 power rating. The
device should be placed within 1 inch of the lamp tubes
during erasure. Some lamps have a filter on their tubes
which should be removed before erasure.

AFN-01104A-04



mtel | 2716
16K (2K x 8) UV ERASABLE PROM

a Fast Access Time a Pin Compatible to Intel® 2732 EPROM
— 350 ns Max. 2716-1
— 390 ns Max. 2716-2
— 450 ns Max. 2716
- 490 ns Max. 2716-5
— 650 ns Max. 2716-6

a Simple Programming Requirements
— Single Location Programming
— Programs with One 50 ms Pulse

= Single +5V Power Supply = Inputs and Outputs TTL Compatible

= Low Power Dissipation during Read and Program

— 525 mW Max. Active Power
— 132 mW Max. Standby Power a Completely Static

The intei® 2716 is a 16,384-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2716
operates from a single 5-volt power supply, has a static standby mode, and features fast single address location program-
ming. It makes designing with EPROMs faster, easier and more economical.

The 2716, with its single 5-volt supply and with an access time up to 350 ns, is ideal for use with the newer high performance
+5V microprocessors such as Intel’s 8085 and 8086. A selected 2716-5 and 2716-6 is available for slower speed applications.
The 2716 is also the first EPROM with a static standby mode which reduces the power dissipation without increasing access
time. The maximum active power dissipation is 525 mW while the maximum standby power dissipation is only 132 mW, a
75% savings.

The 2716 has the simplest and fastest method yet devised for programming EPROMs — single pulse TTL level programming.
No need for high voltage pulsing because all programming controls are handled by TTL signals. Program any location at any
time—either individually, sequentially or at random, with the 2716's single address location programming. Total programming
time for all 16,384 bits is only 100 seconds.

PIN CONFIGURATION MODE SELECTION
2716 2732'
PINS CE/PGM OF Vpp | Voo | ouTPuTs
(18) (20) (21) | (24) | (8:1,1317)
MODE
Read ViL Vi +5 +5 DouTt
Standby ViH Don't Care +5 +6 High 2
Program Pulsed V| |_to Vi ViH +26 +5 DN
Program Verify ViL ViL +26 | +5 OouT
Program Inhibit ViL Vi +26 +5 High Z
BLOCK DIAGRAM
tRefer to 2732 ! DATA QUTPUTS
VEC Ot 00 -07
data sheet for [T S— o
specifications VPP O l I ] { 1 I I ‘
SR e KV
PIN NAMES CE/PGM s OUTPUT BUFFERS

Ag—Ayg | ADDRESSES OECODER H ¥ GATING

CE/PGM__| CHIP ENABLE/PROGRAM Ag- A0 -

OF OUTPUT ENABLE ADDRESS 1

0,-0, | OUTPUTS INPUTS | — x o 16,384 BIT

e DECODER . CELL MATRIX
=] .
L]
—1

812 AFN-00811A-01



2716

PROGRAMMING

The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section.

Absolute Maximum Ratings*
Temperature Under Bias. . .. ......... -10°C to +80°C

Storage Temperature . . . ........... -65°C to +125°C
All Input or Output Voltages with
RespecttoGround . .............. +6V to -0.3V

Vpp Supply Voltage with Respect

*COMMENT: Stresses above those listed under ‘‘Absolute Maxi-
mum Ratings’’ may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sec-
tions of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device

to Ground During Program . .. .. ... +26.5V to -0.3V reliability.
DC and AC Operating Conditions During Read
2716 2716-1 2716-2 2716-5 2716-6
Temperature Range 0°C - 70°C 0°C-70°C 0°c - 70°C 0°C-170°C 0°C-70°C
Vcc Power Supply [1.2] 5V 5% 5V £10% 5V +5% 5V +5% 5V £5%
Vpp Power Supply (2] Vee Vee Vee Vee Vee
READ OPERATION
D.C. and Operating Characteristics
Symbol Parameter - Lim[i;; Unit Conditions
Min. Typ. Max.
I Input Load Current 10 MA VN = 5.25V
lLo Output Leakage Current 10 MA Vourt = 5.25V
Ippq 2] Vpp Current 5 mA | Vpp=5.25V
lec1!@ | Ve Current (Standby) 10 25 mA | CE=Vy, OE=V,_
leca!?! | Ve Current (Active) 57 100 mA | OE=TE=vV,_
ViL Inpﬁt Low Voltage -0.1 0.8 \Y
ViH Input High Voltage 2.0 Veett \%
VoL Output Low Voltage 0.45 \Y loL=2.1mA
VoH Output High Voltage 24 \Y lon = -400 uA
NOTES: Ve must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.

Vpp may be connected directly to Ve except during programming. The supply current would then be the sum of Icc and Ipp1.

This parameter is only sampled and is not 100% tested.

Typical Characteristics

1.
2.
3. Typical values are for T = 25°C and nominal supply voltages.
4.

Icc CURRENT ACCESS TIME ACCESS TIME
vs. vs. vs.
TEMPERATURE CAPACITANCE TEMPERATURE
70 700 700
60 ~— - 600 600
0 CC2 ACTIVE CURRENT 500 500
CE=V_ Vee =5V
E 40 Veessv 2 a0 2 400
8 8
8 30 < 300 — < 300
g
L— LT
-
B 1CC1 STANDBY CURRENT 200 200
CE=vjy
10 Vecssv 100 100
° 1 1 ° o
0 10 2 30 40 5 60 70 80 0 100 200 300 400 500 600 700 800 0 10 20 30 40 50 60 70 8

TEMPERATURE ( C)

CL (pF)

8-13
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2716

A.C. Characteristics

Limits (ns)
2716 2716-1 2716-2 2716-5 2716-6 Test
|Symbol Paramet ; iti
v arameter Min. Max. | Min. Max. | Min. Max. | Min. Max. |Min, Max, | Coromions
tacc | Address to Output Delay 450 350 390 450 450 |CE=0E=V,
tee CE to Output Delay 450 350 390 490 650 |OE =V,
toe Output Enable to Output Delay 120 120 120 160 200 |CE=v,_
tDE Output Enable High to Output Float| 0 100 0 100 0 100 0 100 0 100 |CE= ViL
toH Output Hold from Addresses, CE or 0 0 0 0 0 CE=0E = ViL
OE Whichaver Occurred First
Capacitance (4] T, = 25°C, f = 1 MHz A.C. Test Conditions:
Symbol Parameter Typ. | Max. | Unit | Conditions QOutput Load: 1 TTL gate and C_= 100 pF
Input Rise and Fall Times: <20 ns
i 4 F [ViN=0
Cin | Input Capacitance 6 | PP [Vin=OV Input Pulse Levels: 0.8V to 2.2V
Cout Output Capacitance 8 12 pF | Vour=0V Timinag Measurement Reference Level:
Inputs 1V and 2V
Outputs 0.8V and 2V
A. C. Waveforms [1]
/ o o o \
ADDRESSES
ADDRESSES VALID
e o o 7
CE /—_
® o0 00 J
tcg  ————]
OF
pun— o ® © © 0 & ¢ o o .J
I [5] (6]
tOE - tDF
(5] t
[ tacc " OH ——| p-——
s 0 2 0 0 0 02 0 0 0 .——-—-S
HIGH Z ,;;;;;; HIGH 2
OUTPUT VALID OUTPUT
NOTE: 1. Ve must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.
2. Vpp may be connected directly to V¢ except during programming. The supply current would then be the sum of Igc and Ippq.
3. Typical values are for Ta = 25°C and nominal supply voltages.
4, This parameter is only sampled and is not 100% tested.
8, OE may be delayed up to taocc - toE after the falling edge of CE without impact on tacc.
6. tpF is specified from OE or CE, whichever occurs first,

8-14
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2716

TYPICAL 16K EPROM SYSTEM

Ag-15
AD07 8212
ADDRESS
ALE LATCH
A5 =
8085

10/M

* This scheme accomplished by using CE (PD) as the primary decode. OE (CS) is now controlled by previously unused
signal. RD now controls data on and off the bus by way of OE.

e Aselected 2716 is available for systems which require CE access of less than 450 ns for decode network operation.
* The use of a PROM as a decoder allows for:

a) Compatibility with upward (and downward) memory expansion.

b) Easy assignment of ROM memory modules, compatible with PL/M modular software concepts.

8K, 16K, 32K, 64K 5V EPROM/ROM FAMILY
PRINTED CIRCUIT BOARD LAYOUT

s —
Az 5 T° *am - ‘== -
A O—"O-%" .
. P «—0
A0 O——D - \5/4- -
As © A N ] e
Ag - N —=n e
S G S N ) N
Ot & — N —a ==
As © ————— N7 - T
Ag Omemmmo . g . —am i
Ay O——s - Se»
Az © L ee— um
Az O - e e s
A Oty -/-_.—-"——\_ " n
A O o — o e
GND Ommty —0 - — =0
+5 Om O 2o 21 od
o c; ° . COMPONENT SIDE
0000 060000
0p 0710203 CE;4 04 O5 Og 07 CE»
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2716

ERASURE CHARACTERISTICS

The erasure characteristics of the 2716 are such that erasure
begins to occur when exposed to light with wavelengths
shorter than approximately 4000 Angstroms (A). 1t should
be noted that sunlight and certain types of fluorescent
lamps have wavelengths in the 3000—4000A range. Data
show that constant exposure to room level fluorescent
lighting could erase the typical 2716 in approximately 3
years, while it would take approximatley 1 week to cause
erasure when exposed to direct sunlight. |f the 2716 is to
be exposed to these types of lighting conditions for ex-
tended periods of time, opaque labels are available from
Intel which should be placed over the 2716 window to
prevent unintentional erasure.

The recommended erasure procedure (see Data Catalog
PROM/ROM Programming Instruction Section) for the
2716 is exposure to shortwave ultraviolet light which has
a wavelength of 2537 Angstroms (A). The integrated dose
(i.e., UV intensity X exposure time) for erasure should be
a minimum of 15 W-sec/cm2. The erasure time with this
dosage is appioximaiely 19 to 20 minutes using an uitra-
violet lamp with a 12000 uW/cm?2 power rating. The 2716
should be placed within 1 inch of the lamp tubes during
erasure. Some lamps have a filter on their tubes which
should be removed before erasure.

DEVICE OPERATION

The five modes of operation of the 2716 are listed in Table
1. It should be noted that all inputs for thefive modesare at
TTL ievels. The power supplies required are a +5V V¢ and
a Vpp. The Vpp power supply must be at 25V during the
three programming modes, and must be at 5V in the other
two :modes.

TABLE I. MODE SELECTION

PINS CE/PGM OF Vep | Vec | outpuTs
(18) (20) (21) | (24) | (911,1317)

MODE

Read ViL ViL +5 +5 DouTt
Standby ViH Don't Care +5 +5 High Z
Program Pulsed VL to Vi Vin +25 +5 DIN
Program Verify ViL ViL +25 +5 DouT
Program Inhibit ViL ViH +25 +5 High Z

READ MODE

The 2716 has two control functions, both of which must be
logically satisfied in order to obtain data at the outputs.
Chip Enable (CE) is the power control and should be used
for device selection. Output Enable (OE) is the output
control and should be used to gate data to the output
pins, independent of device selection. Assuming that
addresses are stable, address access time (tacc) is equal to
the delay from CE to output (tce). Data is available at
the outputs 120 ns (tog) after the falling edge of OF,
assuming that CE has been low and addresses have been
stable for at least tacc — tog-

STANDBY MODE

The 2716 has a standby mode which reduces the active
power dissipation by 75%, from 5256 mW to 132 mW. The
2716 is placed in the standby mode by applying a TTL high
signal to the CE input. When in standby mode, the outputs
are in a high impedence state, independent of the OE input.

OUTPUT OR-TIEING

Because 2716's are usually used in larger memory arrays,

Intel has provided a 2 line control function that accomo-

dates this use of multiple memory connections. The two

line control function allows for:

a) the lowest possible memory power dissipation, and

b) complete assurance that output bus contention will
not occur.

To most efficiently use these two control lines, it is recom-
mended that CE (pin 18) be decoded and used as the
primary device seleeting function, while OE (pin 20) be
made a common connection to all devices in the array and
connected to the READ line from the system control bus.
This assures that all deselected memory devices are in their
low power standby mode and that the output pins are only
active when data is desired from a particular memory
device.

PROGRAMMING

tinitially, and after each erasure, aii bits of the 2/16 are in
the ‘“1’’ state. Data is introduced by selectively program-
ming “‘0’s’’ into the desired bit locations. Although only
“0’s” will be programmed, both ‘“1’s” and ““0’s’’ can be
presented in the data word. The only way to change a ‘0"’
to a ““1"" is by ultraviolet light erasure.

The 2716 is in the programming mode when the Vpp power
supply is at 25V and OE is at V4. The data to be pro-
grammed is applied 8 bits in parallel to the data output
pins. The levels required for the address and data inputs are
TTL.

When the address and data are stable, a 5_0_méec, active
high, TTL program pulse is applied to the CE/PGM input.
A program pulse must be applied at each address location
to be programmed. You can program any location at any
time — either individually, sequentially, or at random.
The program pulse has a maximum width of 65 msec. The
2716 must not be programmed with a DC signal applied to
the CE/PGM input.

Programming of multiple 2716s in parallel with the same
data can be easily accomplished due to the simplicity of
the programming requirements. Like inputs of the paral-
leled 2716s may be connected together when they are pro-
grammed with the same data. A high level TTL pulse
applied to the CE/PGM input programs the paralleled
2716s.

PROGRAM INHIBIT

Programming of multiple 2716s in parallel with different
data is also easily accomplished. Except for CE/PGM, all
like inputs (including OE) of the parallel 2716s may be
common. A TTL level program pulse applied to a 2716’
CE/PGM input with Vpp at 25V will program that 2716.
A low level CE/PGM input inhibits the other 2716 from
being programmed.

PROGRAM VERIFY

A verify should be performed on the programmed bits to
determine that they were correctly programmed. The verify
may be performed wth Vpp at 25V. Except during pro-
gramming and program verify, Vpp must be at 5V.

AFN-00911A-05



intel“ ADVANGE INFORMATION

2732A
32K (4K x 8) UV ERASABLE PROM

B 200ns (2732A-2) Maximum Access B Pin Compatible to 2764 EPROM
Time . . . HMOS*-E Technology

B Compatible to High Speed 8mHz u :ldustrdetandard Pinout . . . JEDEC
8086-2 MPU . . .Zero WAIT State pprove

B Two Line Control B Low Standby Current . .. 35mA Max.

The Intel 2732A is a 5V only, 32,384 bit ultraviolet erasable and electrically programmable read-only memory (EPROM). It
Is pin compatible to Intel’s 450ns 2732. The standard 2732A’s access time is 250ns with speed selection (2732A-2)
avallable at 200ns. The access time is compatible to high performance microprocessors, such as the 8mHz 8086-2. In
these systems, the 2732A allows the microprocessor to operate without the addition of WAIT states.

An important 2732A feature is the separate output control, Output Enable (OE), from the Chip Enable control (CE). The OE
control eliminates bus contention in multiple bus microprocessor systems. Intel’s Application Note AP-72 describes the

microprocessor system implementation of the OE and CE ‘controls on Intel’s EPROMs. AP-72 is available from Intel’s
Literature Department.

The 2732A has a standby mode which reduces the power dissipation without increasing access time. The maximum
active current is 150mA, while the maximum standby current is only 35mA, a 75% saving. The standby mode is achleved
by applying a TTL-high signal to the CE input.

The 2732A is fabricated with HMOS*-E technology, Intel’s high speed N-channel MOS Silicon Gate Technology.

2764 MODE SELECTION
2732A PIN CONFIGURATION —T
PINS CE OE/Vpp Vee OUTPUTS
PIN CONFIGURATION vt ™~ as[jve MODE aa | @ | 28 | (©11,1317)
Ae[)2 27 [ Pam
ar[]s 26 ncm Read Vi Vie +5 Dout
A4 25 [] As Standby Vi4 [Don‘tCare | +5 High Z
As[]s 24[] a9
P V V| +5 D
e N o™ rogram ' I PP IN
a7 2|6 Program Verify | V| ViL +5 Dout
az2[]s 21[J A0 Program Inhibit| Vi | Vpp +5 High Z
are 20]CE
Ao [ 10 1oy
oo 1 18] oe
e b wpos BLOCK DIAGRAM
oz2[] 13 16 ]os
GND[] 14 15[ Jo3
DATA OUTPUTS
[1IFor total compatibility from vcco— 00-07
2732A provide a trace to pin 26 GND o——=
vero—— L
PIN NAMES G Saw
' (3 CE LOGIC OUTPUT BUFFERS
= Y (3] voarng
Ag-A1 | ADDRESSES Ag-A1y | —=| DECODER |=.
ADDRESS —
¢t CHIP ENABLE ORESS ——_—ﬂ
3 OUTPUT ENABLE = 3 4 32,768-81T
0o-07 OUTPUTS —=| DECODER : CELL MATRIX
- | ]

*HMOS is a patented process of Intel Corporation.
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HIGH SPEED 1 OUT OF 8 BINARY DECODER

m 1/O Port or Memory Selector

= Simple Expansion — Enable Inputs

= High Speed Schottky Bipolar

Technology — 18 ns Max Delay

m Directly Compatible with TTL Logic

Circuits

8205

= Low Input Load Current — 0.25 mA

Max, 1/6 Standard TTL Input Load

a® Minimum Line Reflection — Low
Voltage Diode Input Clamp ‘

= Outputs Sink 10 mA Min

m 16-Pin Dual In-Line Ceramic or Plastic

Package

The Intel® 8205 decoder can be used for expansion 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
systems, 8205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memory

expansions.

The 8205 is packaged in a standard 16-pin dual in-line package, and its performance is specified over the temperature
range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to obtain fast switching speeds

results in higher performance than equivalent devices made with a gold diffussion process.

PIN CONFIGURATION:

~

Ao 1 16 Jvee
Az - 5o
A []3 1l Jo,
. 13 Jo,
8205
e, (s 12[ o,
. n :jo4
o, [} [ Jos
cro[]s 9l o,
PIN NAMES

Ag- Ay . ADDRESS INPUTS

E1-E3  ENABLE INPUTS

Gy 07 DECODED OUTPUTS

LOGIC SYMBOL

Ao 00—

A 01 Jo—

— A, 0, jo—

O3 P——

8205

04 O——

—E 05 fo——

—E, 0g fo—

—aEs o, jo—

ADDRESS ENABLE OUTPUTS

Ag Ay AylEy E; E30- 1 2 3 4 5 6 7
L L Lt L H|L H H H H H H H
H L L|L L H|[H L H H H H H H
L H L|L L H|IH H L H H H H H
H H LJL 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 HJL 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 L|H H.H H H H H H
X X X |H L L|H H H H H H H H
X X XL H L|H H H H H H H H
X X X|H H L|H H H H H H H H
X X X |H L H[H H H H H H H H
X X X |U H HIH H H H H H H H
X X X|H H HIH H H H H H H H
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8205

FUNCTIONAL DESCRIPTION
Decoder

The 8205 contains a one out of eight binary decoder. It ac-
cepts a three bit binary code and by gating this input, creates
an exclusive output that represents the value of the input
code.

For example, if a binary code of 101 was present on the AQ,
A1 and A2 address input lines, and the device was enabled,
an active low signal would appear on the 05 output line.
Note that all of the other output pins are sitting at a logic
high, thus the decoded output is said to be exclusive. The
decoders outputs will follow the truth table shown below in
the same manner for all other input variations.

Enable Gate

When using a decoder it is often necessary to gate the out-
puts with timing or enabling signals so that the exclusive
output of the decoded value is synchronous with the overall
system.

The 8205 has a built-in function for such gating. The three
enable inputs (E7, E2, E3) are ANDed together and create
a single enable signal for the decoder. The combination of
both active “high” and active “low’’ device enable inputs
provides the designer with a powerfully flexible gating func-
tion to help reduce package count in his system.

S | o——— G,
Ay o—79,
Ay o——— G,
o——— 0O,
DECODER
o——— 0,
jo——— 5
lo——— 0,
b—— 5,
ENABLE GATE
E _
Es
Figure 1. Enable Gate
ADDRESS | ENABLE OQUTPUTS
Ag Ay Ay|Ey E; E3f0 1 2 3 4 5 6 7
L LfL L H|l[L H H H H H H H
H L L|L L H|H L H H H H H H
L H L |L L H|H H L H H H H H
H H L|L L H|H H H L H H H H
L L H|L L H|H H H H L H H H
H L HfL L H|H H H H H L H H
L H HiL L H|H H H H H H L H
H H HIIL L H|H H H H H H H L
X X XL L L|H 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
X X X|H L H|H H H H H H H H
X X X |L H H|H 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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8205

APPLICATIONS OF THE 8205

The 8205 can be used in a wide variety of applications in
microcomputer systems. 1/0 ports can be decoded from the
address bus, chip select signals can be generated to select
memory devices and the type of machine state such as in
8008 systems can be derived from a simple decoding of the
state lines (SO, S1, S2) of the 8008 CPU.

1/0 Port Decoder

Shown in the figure below is a typical application of the
8205. Address input lines are decoded by a group of 8205s
(3). Each input has a binary weight. For example, AQ is as-
signed a value of 1 and is the LSB; A4 is assigned a value of
16 and is: the MSB. By connecting them to the decoders as
shown, an active low signal that is exclusive in nature and
represents the value of the input address lines, is available at
the outputs of the 8205s.

This circuit can be used to generate enable signals for 1/0
ports or any other decoder related application.

Note that no external gating is required to decode up to 24
exclusive devices and that a simple addition of an inverter
or two will allow expansion to even larger decoder net-
works.

Chip Select Decoder

Using a very similar circuit to the 1/0 port decoder, an ar-

A Ay O fo—15]
A A oJo—1
Ay A, ojo0—:2
olo—3
8205
o, jo—3
Ay ~OI E; o5fo——5
Ay ﬁﬁ ogfo——38
EN E, ofo—7
— A O%o——3
Ay o,jo—3
A, 0, jo— 10
8205 O P11 orr
o, 72| NUMBERS
o E; OSEE
&N —qE; ogfo——1a
E o,fo——15
L4, °0P_“°
A, o,jo—1i7
A, 0 j0—— 18
o jo——18
8206 =
o fo— o
L——F, ogo—— =7
EN—p————0|E, ogfo— 22
E; o, Jo——17|

ray of 8205s can be used to create a simple interface to a
24K memory system.

The memory devices used can be either ROM or RAM and
are 1K in storage capacity. 8308s and 8102s are the devices
typically used for this application. This type of memory de-
vice has ten (10) address inputs and an active “low’’ chip
select (CS). The lower order address bits AO-A9 which come
from the microprocessor are “bussed” to all memory ele-
ments and the chip select to enable a specific device or group
of devices comes from the array of 82056s. The output of
the 8205 is active low so it is directly compatible with the
memory components. '

Basic operation is that the CPU issues an address to identify
a specific memory location in which it wishes to “‘write” or
“read’ data. The most significant address bits A10-A14 are
decoded by the array of 8205s and an exclusive, active low,
chip select is generated that enables a specific memory de-
vice. The least significant address bits A0-AQ identify a
specific location within the selected device. Thus, all ad:
dresses throughout the entire memory array are exclusive
in nature and are non-redundant.

This technigue can be expanded almost indefinitely to sup-
port even larger systems with the addition of a few inverters
and an extra decoder (8205).

ate o

A Ao [N D_eso‘
An Ay 0,p—¢s,
Az A 0,p——¢s,
°—z o——Cs4
o,p——¢s,
A g o5 o——5;
A qE, Ogfo——Cs,
Vee s o;,o——¢s,
— 4 o5
A o,fo——¢5,

A O p——C5

8205 Gp—5; | cHip
o p—r°%;, SELECTS

—qE; Ofo——=Cs;;

GND 3% Go—— &5,
, spb—o

A, O, fo—— TS5

A o o—¢5;

Ay O —T55

Gh—o5;

8205 5 B__az_o

—qF O;fo—=5;,

E O po—— 5,

£ O o555

Figure 2. /O Port Decoder

Figure 3. 32K Memory Interface
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8205

Logic Element Example

Probably the most overlooked application of the 8205 is
that of a general purpose logic element. Using the “on-chip”
enabling gate, -the 8205 can be configured to gate its de-
coded outputs with system timing signals and generate
strobes that can be directly connected to latches, flip-flops
and one-shots that are used throughout the system.

An excellent example of such an application is the ‘“’state
decoder” in an 8008 CPU based system. The 8008 CPU is-
sues three bits of information (S0, S1, S2) that indicate the
nature of the data on the Data Bus during each machine
state. Decoding of these signals is vital to generate strobes
that can load the address latches, control bus discipline and
general machine functions.

In the figure below a circuit is shown using the 8205 as the-

“state decoder’’ for an 8008 CPU that not only decodes the
S0, S1, S2 outputs but gates these signals with the clock
(phase 2) and the SYNC output of the 8008 CPU. TheT1

and T2 decoded strobes can connect directly to devices like
8212s for latching the address information. The other de-
coded strobes can be used to generate signals to control the
system data bus, memory timing functions and interrupt’
structure. RESET is connected to the enable gate so that
strobes are not generated during system reset, eliminating
accidental loading.

The power of such a circuit becomes evident when a single
decoded strobe is logically broken down. Consider T1 out-
put, the boolean equation for it would be:

T1 = (50-S1-52)-(SYNC-Phase 2-Reset)
A six input NAND gate plus a few inverters would be need-
ed to implement this function. The seven remaining outputs
would need a similar circuit to duplicate their function,
obviously a substantial savings in components can be
achieved when using such a technique.

L2} J\J\_%LLH_ML\_I\_MJ\J\_
o M N N
1 f 1 13 SYNC f_\_'.r—'\_u—_\_‘.’_-\_f ’__\_1."_\_;.’_\_\\.
Sy I 2 p—-T Wl 1 | | | 1
12 2 =11 = % t + T T / I ! :
S, A 4 p——T2 S I/ ; ™M 4 + / j
= = | H
w2 n 3 A, T3 S, i \_._;_r—f‘IL l : T i
1
cPu bl % T i 12| WAIT; T3 i STOP || T4 || 6
8206 | | ! | !
swecft e shl—7 o L L | o
2 2 5 15 STW T T t ! t ;
1 2 oE, o p—— WAIT 2 U } t + L l
16 15 | 6 112 i u'f | + i ;
Eq 3p—— §ToP outeuTs | 3 | ! | H
g FROM - W | ! |
e K ————
cLOCK }
GENERATOR - W/ | |
W T
s ur
SYSTEM RESET
State Control Coding
Sy | S; | S, | STATE
o110 |11
ol1]1 |
ofo|1(T2
0|00 war
1(0/0]|T3
1] 1|0 |sTop
11118
1]of1]|Ts
Figure 4. 8205 State Decoder Circuit
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8205

ABSOLUTE MAXIMUM RATINGS*

OUTPUT CURRENT (mA)

Temperature Under Bias:

Storage Temperature
All Output or Supply Voltages
All Input Voltages

—65°C to +125°C
—65°C to +75°C

—65°C to +160°C
—0.5 to +7 Volts
—1.0 to +5.5 Volts

Ceramic
Plastic

*COMMENT
Stresses above those listed under
ing” may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or at
any other condition above those indicated in the operational
sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect

“Absolute Maximum Rat-

Output Currents 125 mA device reliability.
D.C. CHARACTERISTICS
Tp = 0°Cto +75°C, Ve = 5V £5% :
8205
SYMBOL PARAMETER LIt UNIT TEST CONDITIONS
MIN. MAX. 'E NS
'F INPUT LOAD CURRENT —-0.25 mA VCC =5.25V, VF =0.45V
IR INPUT LEAKAGE CURRENT 10 A VCC =5.25V, VR =5.25V
VC INPUT FORWARD CLAMP VOLTAGE -1.0 \" VCC =4.75V, |C =—-5.0mA
VoL OUTPUT “LOW" VOLTAGE 045 | V Ve = 475V, I = 10.0mA
Vou OUTPUT HIGH VOLTAGE 24 v Veg =475V, Iy - —15mA
ViL INPUT “LOW” VOLTAGE 0.85 \" VCC =5.0V
VIH INPUT “HIGH” VOLTAGE 2.0 \% VCC =5.0V
s OUTPUT HIGH SHORT —40  [-120 mA Ve = 5.0V, Vg q = OV
CIRCUIT CURRENT
Vox OU&P;‘E;LCOL\:\;’R\';CN)-LFTAGE 08 v Veg = 5.0V, Igy = 40mA
ICC POWER SUPPLY CURRENT 70 mA VCC =5.25V
TYPICAL CHARACTERISTICS
OUTPUT CURRENT VS. OUTPUT CURRENT VS.
OUTPUT “LOW"” VOLTAGE OUTPUT ““HIGH” VOLTAGE DATA TRANSFER FUNCTION
100 — 0 5.0 T
Ta =75°C p _\ll Jsloé l @(I I Ve = 5.0V
Taz25°C |, P e | N
80 4 ~10 AT 40
Vee = 5.0V Talo| Tp = 0°C ] Ta=75C | o
£ E., Tp=0C
60 £ -20 g 30
2 N\
40 l, 3 % 2 20 Ta= 25:’0—-—\-_—\
'é g Ta = 75°C —| ) \
Ta = 75°C—) 5 3 \
20 © a0 10
/f | _Ta=0C \ \
/ 1
Ta=25°C
0 V4 i -50 [ . N
2 a 6 8 10 0 10 20 30 40 50 0 2 4 6 8 10 1214 16 18 20
OUTPUT “LOW” VOLTAGE (V) OUTPUT “HIGH" VOLTAGE (V) INPUT VOLTAGE (V)
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8205

SWITCHING CHARACTERISTICS

Conditions of Test:

Input pulse amplitudes:

Input rise and fall

2.5V

times: 5 nsec

between 1V and 2V

Measurements are made at 1.5V

Test Load

C 2K

M

Vee

3909

S

B

All Transistors 2N2369 or Equivalent. C| = 30 pF

Test Waveforms

ADDRESS OR

ENABLE

INPUT PULSE

QUTPUT

- - -

—»t t

AL PP P T LT

—_ ——

A.C. CHARACTRISTICS

Ta = 0°Cto +75°C, Ve = 5V +5% unless otherwise specified.

SYMBOL PARAMETER MAX. LIMIT UNIT f TEST CONDITIONS
iy 18 ns W o .
t_, ADDRESS OR ENABLE TO 18 ns
t, i OUTPUT DELAY 18 J ns L
t__ 18 T ns _
Cn 't INPUT CAPACITANCE P8205 4(typ.) ‘ pF f =1 MHz, Vog = OV ’
€8205 5(typ.) | pF Vg1aS = 2.0V, Tp = 25°C

1. This parameter is periodically sampled and is not 100% tested.

TYPICAL CHARACTERISTICS

ADDRESS OR ENABLE TO OUTPUT
DELAY VS. LOAD CAPACITANCE

20

I
Ve = 5.0V
4
Ty =25"C ’/’
| -
! -
e_ s - e
2 F
w g _-
2= LV"“'/
¥ =
53 - ‘/
e
g8 o
=
2 |
A B———
53
2 {
< 5 [
|
o ‘
0 50 100 150 200

LOAD CAPACITANCE (pF)

8-23

ADDRESS OR ENABLE TO
OUTPUT DELAY (ns)

ADDRESS OR ENABLE TO OUTPUT
DELAY VS. AMBIENT TEMPERATURE

20

25

AMBIENT TEMPERATURE (°C)
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8212
8-BIT INPUT/OUTPUT PORT

m Fully Parallel 8-Bit Data Registerand Buffer m 3.65V Output High Voltage for

m Service Request Flip-Flop for Direct Interface to 8008, 8080A, or
Interrupt Generation 8085A CPU

m Low Input Load Current — .25mA Max. m Asynchronous Register Clear

& Three State Outputs ®m Replaces Buffers, Latches and

Multiplexers in Microcomputer Systems

m Outputs Sink 15mA
m Reduces System Package Count

The 8212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device selection
logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor.

The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the
principal peripheral and input/output functions of a microcomputer system can be implemented with this device.

PIN CONFIGURATION LOGIC DIAGRAM
—\ SERVICE REQUEST FF
os, [ 2 [ Jvee N\
vmo[] 2 23 [ ]INT DEVICE SELECTION T DSS;?
o, s 22 [ ]o1g > 55 —{c
oSt Nt
oo,[] 4 21 [Joo, INT >
oI 2 o 3> os2 ) (ACTIVE LOW)
2 5 Iy - i MH—EN
oo,[]s 6212 19 [ Joo, > ™o WR
o, [ 7 18 [ Joig ]
sT8 — — 17—
DO, 8 17 DOy > |r_ T B ouTPUT
o, [O9 16 [ Joig | | BUFFER
{ | |
po, [J 10 15 [ J oo,
— B>o, +Ho o} Doy [>
st 1 14 [7]JCLR '
DATA LATCH [ 9 Cr | |
aono [ 12 13 Jos, \I |
B>o1, 0 Q l Doz [6>
| ..‘c ol |
|
>0, | o o+ | 003
C | |
F . |
|
o 1! fooH+ 004
PIN NAMES : "Ltcﬂ ‘ |
—! |
Di-Dig | DATAIN &> 01 +Ho o 005 (5>
DO0;-D0s | DATA OUT c |
| DO DATAOUT | | R |
B%-DS; . DEVICE SELECT ‘ | |
| MD_ | MODE 5 al
[ste_stRoBE [&>016 T 11° % 006 (7>
INT INTERRUPT (ACTIVE LOW) Cr | [
CLR CLEAR (ACTIVE LOW) ) | |
o1, o a | | 00;
c
| 2l i
B0 { o oHH 005 >
c
| 211 l
C—LF} ACTIVE LOW | l
{ )
[ R
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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 will follow the
data input (D) while the clock input (C) is high. Latching
will occur when the clock (C) returns low.

The latched data is cleared by an asynchronous reset
input (CLR). (Note: Clock (C) Overrides Reset (CLR).)

Output Buffer

The outputs of the data latch (Q) are connected 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 outputs of the data
latch (Q) or disables the buffer, forcing the output into a
high impedance state. (3-state)

The high-impedance state allows the designer to connect
the 8212 directly onto the microprocessor bi-directional
data bus.

Control Logic

The 8212 has control inputs DS1, DS2, MD and STB.
These inputs are used to control device selection, data
latching, output buffer state and service request flip-flop.

DS1, DS2 (Device Select)

These 2 inputs are used for device selection. When DS1 is
low and DS2 is high (DS1 - DS2) the device is selected. In
the selected state the output buffer is enabled and the
service request flip-flop (SR) is asynchronously set.

MD (Mode)

This input is used to control the state of the output buffer
and to determine the source of the clock input (C) to the
data latch.

When MD is high (output mode) the output buffers are
enabled and the source of clock (C) to the data latch is
from the device selection logic (DS1 - DS2).

When MD is low (input mode) the output buffer state is
determined by the device selection logic (DS1+ DS2) and
the source of clock (C) to the data latch is the STB
(Strobe) input.

STB (Strobe)

This input is used as the clock (C) to the data latch for the
input mode MD = 0) and to synchronously reset the
service request flip-flop (SR).

Note that the SR flip-flop is negative edge triggered.

Service Request Flip-Flop

The (SR) flip-flop is used to generate and control
interrupts in microcomputer systems. It is asynchron-
ously set by the CLR input (active low). When the (SR) flip-
flop is set it is in the non-interrupting state.

The output of the (SR) flip-flop (Q) is connected to an
inverting input of a “NOR” gate. The other input to the
“NOR” gate is non-inverting and is connected to the
device selection_logic (DS1 + DS2). The output of the
“NOR” gate (INT) Iis active low (interrupting state) for
connection to active low input priority generating circuits.

SERVICE REQUEST FF

DEVICE SELECTION

\

> 681 N B>
3> os2 (ACTIVE LOW)
i H—en
> wo WR
C>ste T 0T T oureur
: | | BUFEER
— !
B>oy, o o+ o0, [
DATA LATCH | el || |
o, Nl B-Lm@
| 4:?-_‘{ |
|
015 + [c o l 003 >
R |1
It |
o Jl fo o+ 004 >
Cr] il |
| |
Bots o o} : 005 (B>
I HCe] |
|
— 1!
[B>oig : B i 0o [7>
¢ |
IR
@@> o1, o a : B—: D0
| I
| |
BIE |
| |
| :

(ACTIVE LOW)

STB _MD (DS, DS;) _ DATAOUTEQUALS |[CLR  (08;DS;) STB 'SR | INT
o o 0 3STATE e " o "0 "1 711
1.0 0 | 3STATE Mo 1 0 170

] 0 " DATALATCH 1 1 "~ "0 lo

1 0 " DATA LATCH \ Ty o 1 to

0 L0 1 ' DATALATCH 1 0o 1o 1l

10 1 DATA IN . .

0 1 1 DATAIN ! ! I

1 1 DATA IN ~ *INTERNAL SR FLIP.FLOP

CLR — RESETS DATA LATCH
SETS SR FLIP-FLOP
(NO EFFECT ON OUTPUT BUFFER)
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Applications of the 8212 — For -
Microcomputer Systems

| Basic Schematic Symbol
I Gated Buffer )

11l Bi-Directional Bus Driver
IV Interrupting Input Port

1. Basic Schematic Symbols

Two examples of ways to draw the 8212 on system
schematics — (1) the top being the detailed view showing
pin numbers, and (2) the bottom being the symbolic view

Vv Interrupt Instruction Port.
VI Output Port )

VIl - 8080A Status Latch

VIl 8085A Address Latch

showing the system input or output as a system bus (bus
containing 8 parallel lines). The output to the data bus is
symbolic in referencing 8 parallel lines.

BASIC SCHEMATIC SYMBOLS

INPUT DEVICE OUTPUT DEVICE
- 11 LLN S —
. TE ST8
245 58 o o ool
.5 6 5 6
7 8 7 8
9 10 9 10
16 15 16 15
— 8212 2 (DETAILED) — 8212 }——
18 17 18 17
20 19 0] 19
22|CLR INT | 21 22 JINT CLR[ 21
1417 mp \[23 23]~ mb__\[1a
%_s,- | os,P Aos, S,
1 ]2 |13 13 2 71
v,
INPUT GND — ~") cc ouTPUT
STROBE * 1 [ * FLAG
SYSTEM SYMBOLIC) SYSTEM
INPUT C> 8212 :> { : 8212 OUTPUT
—CLR INT p— —| INT CLR jo—
I L S
GND DATA BUS DATA BUS Vee

Il. Gated Buffer (3-State)

The simplest use of the 8212 is that of a gated buffer. By
tying the mode signal low and the strobe input high, the
data latch is acting as a straight through gate. The output
buffers are then enabled from the device selection logic
DS1 and DS2.

When the device selection logic is false, the outputs are 3-
state.

When the device selection logic is true, the input data from
the system is directly transferred to the output. The input
data load is 250 micro amps. The output data can sink 15
milli amps. The minimum high output is 3.65 volts.

8-26

GATED BUFFER

Vee =l
STB
INPUT : OUTPUT
-DATA 8212 DATA
(250 uA) (15mA)
(3.65V MIN)
TR

CONTROL GND
(DS7.DS2)

GATING {——.—9 |
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IlIl. Bi-Directional Bus Driver BI-DIRECTIONAL BUS DRIVER
A pair of 8212's wired (back-to-back) can be used as a Vee
symmetrical drive, bi-directional bus driver. The devices +___.
are controlled_by the data bus input control which is STB
connected to DS1 on the first 8212 and to DS2 on the
second. One device is active, and acting as a straight
through buffer the other is in 3-state mode. This is a very DATA DATA
useful circuit in small system design. ° BUS F> 8212 Py
’—-c CLR
DATA BUS
CONTROL — L2 I N |
(0=L~R) GND
(1=R=1) »
STB
8212 K
Lo ¢ir
GND
IV. Interrupting Input Port INTERRUPTING INPUT PORT
This use of an 8212 is that of a system input port that P DBATA
accepts a strobe from the system input source, which in ;TR%LE —ﬁ _/Ui
turn clears the service request flip-flop and interrupts the

. STB
processor. The processor then goes through a service

routine, identifies the port, and causes the device
selection logic to go true —enabling the system input data

SYSTEM :>
onto the data bus. e C> 8212

SYSTEM —
RESET —CLR INT

PORT _j l
SELECTION~|: GND

(DS1.DS2)

TO PRIORITY CKT

(ACTIVE LOW)

OR
TO CPU
INTERRUPT INPUT

V. Interrupt Instruction Port INTERRUPT INSTRUCTION PORT
The 8212 can be used to gate the interrupt instruction, Vee DATA
normally RESTART instructions, onto the data bus. The BUS
device is enabled from the interrupt acknowledge signal =)
from the microprocessor and from a port selection signal. sT8
This signal is normally tied to ground. (DS1 could be used
to multiplex a variety of interrupt instruction ports onto a RESTART
common bus). INSTRUCTION 8212 >
(RST 0—RST 7)
CLR
(DSI) PORT SELECTION — 7T L\-’

GND
INTERRUPT ACKNOWLEDGE ——-
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VI. Output Port (With Hand-Shaking)

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” from the device
that the system is outputting to. Itin turn, caninterrupt the
system signifying the reception of data. The selection of
the port comes from the device selection logic.(DS1:DS2)

OUTPUT PORT (WITH HAND-SHAKING)

DATA
BUS
~) [————4—— OUTPUT STROBE
sT8 ‘

8212

Z ) SYSTEM OUTPUT

INT CLR fo—e—— SYSTEM RESET

b~ I Ye7 poRT seLECTION
SYSTEM Vee (LATCH CONTROL)
INTERRUPT (DS7.DS2)

VII. 8080A Status Latch
Here the 8212 is used as the status latch for an 8080A

microcomputer system. The input to the 8212 latch is
directly from the 8080A data bus. Timing shows that when
the SYNC signal is true, which is connected to the DS2
input and the phase 1 signal is true, which is a TTL level
coming from the clock generator; then, the status data will
be latched into the 8212.

Note: The mode signalis tied high so that the output on the
iatch is aciive and enabied aii the time.
It is shown that the two areas of concern are the bi-

directional data bus of the microprocessor and the control
bus.

10 -
Dol5 Do
0,2 o,
o, 2 0,
Dif3 P L pataBus
D4 r D4
8080A o, = Dg
Dsle Ds
D, D,
sync 2
pein HZ
il 92 STATUS
2 g LATCH
12v 3I0, D F2— INTA |
T N T
ov '4/’\‘ 7 [8__ STACK
I o ) QN
S out
8212 1y BASIC /N /\
2 19 m, - conTROL 2
— > BN BUS
CLOCK GEN. [lo1TTL) _— 21 MeEmR syne |/ A\
D —a _
& DRIVER 14| DS, Mp BS, - —_—
J13 |2 ?1 DATA —_——
} DBIN |
STATUS
Vee
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VIIl. 8085A Low-Order Address Latch

The 8085A microprocessor uses a multiplexed address/
data bus that contains the low order 8-bits of address
information during the first part of a machine cycle. The
same bus contains data at a later time in the cycle. An
address latch enable (ALE) signal is provided by the
8085A to be used by the 8212 to latch the address so that it
may be available through the whole machine cycle. Note:
In this configuration, the MODE input is tied high, keeping

the 8212’s output buffers turned on at all times.

ADg
AD4q
AD2
ADj3
AD4
8085A ADsg
ADg
AD7

ALE

12 Do
13 D,
14 D2
15 D3
16 D4
17 Ds
18 D¢
19 Dy
30
Vee
11|

: DI, STB DO-”-;—»AO
r——>A1
7 LA2
T em A
] sz [ R
Hs™ As
20 1 Ag
22 . 21 A7

— CLR .

14]DS, mMD DS,
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8212

ABSOLUTE MAXIMUM RATINGS*

....... 0°C to +70°C
-65°C to +160°C
-0.5 to +7 Volts
-1.0 to 5.5 Volts
100mA

Temperature Under Bias Plastic
Storage Temperature
All Output or Supply Voltages
All Input Voltages
Output Currents

*COMMENT

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

may affect device reliability.

D.C. CHARACTERISTICS Ta=0°C to +75°C, Vcc = +5V +5%

Symbol Parameter Limits Unit Test Conditions
Min. Typ. Max.

IF Input Load Current, ACK, DSz, CR,

DI11-Dlg Inputs -.25 mA |VF = .45V
IF Input Load Current MD Input -75 mA |VF = .45V
IF Input Load Current DS1 Input -1.0 mA | VF=.45V
Ir Input Leakage Current, ACK, DS, CR,

DI1-Dlg Inputs 10 sA |VR =<Vcc
Ir Input Leakage Current MO Input 30 rA |VR <=Vcc
IR Input Leakage Current DS1 Input 40 .| uA |VR =Vcc
Ve Input Forward Voltage Clamp -1 v Ic =-5mA
ViL Input “Low” Voltage .85 \"
ViH Input “High” Voltage 2.0 v
VoL Output “Low” Voltage .45 \ loL = 15mA
VoH Output “High” Voltage 3.65 4.0 Vv loH =-1mA
Isc Short Circuit Output Current -15 -75 mA |Vo =0V, Vcc =5V
o] Output Leakage Current High

Impedance State 20 uA |Vo = .45V/5.25V
Icc Power Supply Current 20 130 mA
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TYPICAL CHARACTERISTICS

INPUT CURRENT VS. INPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT “LOW” VOLTAGE
0 T 100 I
Vee = 6.0V 4 Ve = 45.0V
N Y.
50 i a0
— <
2 -100 €
k) ] T, =25°C =
z Ta=0c /;Y:=75C g e
w / <
& -150 K
-]
o =3
5 5
2 200 5
20
-250 /
-300 0
-3 2 ] 0 + +2 3 0 2 a 6 8
INPUT VOLTAGE (V) OUTPUT “LOW" VOLTAGE (V)
OUTPUT CURRENT VS. DATA TO OUTPUT DELAY
OUTPUT “HIGH” VOLTAGE VS. LOAD CAPACITANCE
0 T 50 |
Ve = ¥5.0V Vee = 5.0V
5 1o Ty =25°C
/4 L o]
- 74 E |
< T, =75°C 7 i % !
& DY | g :
§ S -~
ey I 3 1 Yoo —]
[ A 3 ! - .
; Vs | R
5 | < -+ :
o V/ ﬁ : |
| 10 !
30 /A : ‘l
3 10 2.0 3.0 4.0 5.0 % 50 100 150 200 250 300
OUTPUT “HIGH" VOLTAGE (V) LOAD CAPACITANCE (pF)
DATA TO OUTPUT DELAY WRITE ENABLE TO OUTPUT DELAY
VS. TEMPERATURE VS. TEMPERATURE
22 I 40 T
Vg = +5.0V Vge = #6.0V
20 E 35 ‘
. J %
£ )
z 18 id & 2
2 s 5 X
E x";’ - g ’)’ g
2 . = e = o=t
3 el t-- = st8_F—"" =t
2 a 0s, -
< S wf—== == = t-.
g & "N '
12 £ 5
10 10
-25 0 25 50 75 100 -25 [} 25 50 75 100
TEMPERATURE (°C) TEMPERATURE (“C)
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A.C. CHARACTERISTICS Ta=0°C to +70°C, Vcc = +5V + 5%

Limits
Symbol Parameter Unit Test Conditions
Min. Typ. Max.
tpw Pulse Width 30 ns
trD Data to Output Delay 30 ns | Note 1
twe Write Enable to Output Delay 40 ns | Note 1
tseT Data Set Up Time 15 ns
tH Data Hold Time 20 ns
tr Reset to Output Delay 40 ns Note 1
ts Set to Output Delay 30 ns | Note 1
te Output Enable/Disable Time 45 ns | Note 1
tc Clear to Output Delay 55 ns Note 1
CAPACITANCE* F = 1MHz, Veias = 2.5V, Vcc = +5V, Ta = 25°C
Limits
Symbol Test
Typ. Max.
CiN DS1 MD Input Capacitance 9pF 12pF
CIN DSz, CK, ACK, DlI1-Dlg
Input Capacitance 5pF 9pF
Cout |DO1-DOsg Output Capacitance 8pF 12pF
*This parameter is sampled and not 100% tested.
SWITCHING CHARACTERISTICS
Conditions of Test
Input Pulse Amplitude = 2.5V Test Load
Input Rise and Fall Times 5ns 15mA & 30pF
Between 1V and 2V Measurements made at 1.5V
with 15mA and 30pF Test Load Vee
Note 1:
Rq
Test CL* Ry R2
trp, tWE, tR, ts, tc 30pF | 3000 | 6000 EC:J .
te, ENABLE! 30pF | 10KQ | 1KQ R
cp* R2
te, ENABLE | 30pF 3000 60002 I
te, DISABLE! 5pF 3000 60002 = =
te, DISABLE! 5pF 10KQ 1KQ
*INCLUDING JIG & PROBE CAPACITANCE

*Includes probe and jig capacitance.
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TIMING DIAGRAM

Y —————————
DATA 1.5V 1.5V
e e —

S
[ tpw fe— tH

STBor DSq « DSy 1.5V % Sk 1.5v
l-—— WE ———‘ '
OuTPUT Xmsv

DSq . DSy 1.5V SK 1.5V

P—
Do 15V
— e —_ ._/\___.
/S T Y
DATA 15V x 15V
~—

STB or DSq » DSy

) o - "
ouTPUT 15V
—— e e/
sTB 15V
L—tpw-—.
N IS y———
D81« DS, 15V

[ S ——
— tpy ~—L—ﬁ ts
|
T \ Lo

NOTE: ALTERNATIVE TEST LOAD =g "
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m 8 Priority Levels

8214/3214*

PRIORITY INTERRUPT CONTROL UNIT

= Current Status Register

m Priority Comparator

= Fully Expandable

m High Performance (50 ns)

= 24-Pin Dual In-Line Package

The Intel® 8214 is an 8-level priority interrupt control unit (PICU) designed to simplify interrupt-driven microcomputer

systems.

The PICU can accept 8 requesting levels; determine the highest priority, compare this priority to a software controlled
current status register and issue an interrupt to the system along with vector information to identify the service

routine.

The 8214 is fully expandable by the use of open collector interrupt output vector information. Control signals are also

provided to

simplify this function.

The PICU is designed to support a wide variety of vectored interrupt structures and reduce package count in interrupt-
driven microcomputer systems.

*Note: The specifications for the 3214 are identical with those for the 8214.

PIN CONFIGURATION

Am i 247 vee
&2 23 [ ecs
8,13 2[R,
sE[j 4 217 R,
int s 20[7
ak]e 19 ] R,
8214 —
nte [ 7 18] R,
Mef 7[R,
A 6] R
Ao 15[ R
ELR u 1 14[7] enG
ano 12 13[] eTie
PIN NAMES
INPUTS
Ro-Ry REQUEST LEVELS (R; HIGHEST PRIORITY)
BoB;  CURRENT STATUS
§GS STATUS GROUP SELECT
ECS ENABLE CURRENT STATUS
INTE INTERRUPT ENABLE
CLK CLOCK (INT F-F)
ELR ENABLE LEVEL READ
ETLG ENABLE THIS LEVEL GROUP
OUTPUTS:
Ag-A;  REQUEST LEVELS ]_ OPEN
Nt INTERRUPT (ACT. LOW) COLLECTOR
ENLG ENABLE NEXT LEVEL GROUP

LOGIC DIAGRAM

oA

b,

—
- REQUEST

[ REQUEST ACTIVITY

R;— LATCH
A.—d AND
3 PRIORITY

ENCODER

CURRENT | s
) STATUS J
B, —olREGISTER

— | o=
B, —
B8,—

(OPEN COLLECTOR)

D—=
T D—® >
——=
»—:D—ENLG

(OPEN
COLLECTOR)

—

D Q
INT

{c

| Doy (2>

PRIORITY
COMPARATOR

PoovoD PYeEEvey oo
1
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8214/3214

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias . . . . .ottt t ittt e ettt e e e e e e 0°C to 75°C
StOrage TEMPEratUre . .. . o\ ot ottt e et e ee et et et et ettt et -65°C to +160°C
All Output and Supply Voltages . . . . . . ..o ottt it it it e e e e e -0.5V to +7V
All Input Voltages . .......... e e e e e e e e e e e e e e -1.0V to +5.5V
[ TR o T O U -1 . 100 mA

*COMMENT: Stresses above those listed under ‘‘Absolute Maximum Rating’’ may cause permanent damage to the device. This is a stress rating
only and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specifi-
cations is not implied. Exposure to absolute maximum ratings for extended periods may affect device reliability.

D.C. AND OPERATING CHARACTERISTICS
Ta = 0°C to +70°C, Vg = 5V #5%.

Symbol Parameter Min. I_;:;:'ﬁ] Méx. Unit Conditions
Ve Input Clamp Voltage (all inputs) -1.0 \Y Ic=-5mA
g Input Forward Current: ETLG input -.15 -0.5 mA Vg=0.45V
all other inputs -.08 -0.25 | mA
IR Input Reverse Current:  ETLG input 80 MA | Vg=b.25V
all other inputs 40 MA
ViL Input LOW Voltage: all inputs 0.8 \% Vcc=5.0V
ViH Input HIGH Voltage: all inputs 2.0 \Y% Vcc=5.0V
lcc Power Supply Current 90 130 mA See Note 2.
VoL Output LOW Voltage: all outputs 3 .45 \Y% loL=15mA
VoH Output HIGH Voltage:  ENLG output 24 3.0 \ loy=-1mA
los Short Circuit Output Current: ENLG output | -20 -35 -55 mA Vos=0V, Vgc=5.0V
Icex Output Leakage Current: INT and Ao-Az 100 HA Vcex=5.26V
NOTES:

1. Typical values are for Tp = 25°C, Vgg = 5.0V.
2. Bg-Bg, SGS, CLK, Rg-R4 grounded, all other inputs and all outputs open.
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A.C. CHARACTERISTICS

Ta =0°C to +70°C, V¢ = +5V 5%

Limits :

Symbol Parameter Min. | Typ.[1] | Max. Unit
tey CLK Cycle Time 80 50 ns
trw CLK, ECS, INT Pulse Width 25 15 ns
tiss INTE Setup Time to CLK 16 12 ns
tisH INTE Hold Time after CLK 20 10 ns
tetcs(! ETLG Setup Time to CLK 25 12 ns
tetcnl2! ETLG Hold Time After CLK 20 10 ns
teces!?! ECS Setup Time to CLK 80 25 ns
tecch 3! ECS Hold Time After CLK 0 ns
tecrsl3! ECS Setup Time to CLK 110 70 ns
tecrnl3! ECS Hold Time After CLK 0

tecss?! ECS Setup Time to CLK 75 70 ns
tgcélel ECS Hold Time After CLK 0 ns
tpcs!?! SGS and By-B5 Setup Time to CLK 70 50 ns
tpcul2! §GS and By-B; Hold Time After CLK 0 ns
tresf3! Ro-R7 Setup Time to CLK 90 55 ns
tren(3! Rg-R7 Hold Time After CLK ] ns
tics INT Setup Time to CLK 55 35 ns
tc) CLK to INT Propagation Delay 15 25 ns
trisi4 Ro-R7 Setup Time to INT 10 0 ns
trin4) Ro-R7 Hold Time After INT 35 20 ns
tRA Ro-R7 to Ag-A; Propagation Delay 80 100 ns
tELA ELR to A_OA—z Propagation Delay 40 55 ns
teca ECS to Ay-A, Propagation Delay 100 120 ns
tETA ETLG to Ag-A, Propagation Delay 35 70 ns
tpecs(4! SGS and Bg-B5 Setup Time to ECS 15 10 ns
tpech 4! SGS and By-B5 Hold Time After ECS 15 10 ns
tREN Ro-R7 to ENLG Propagation Delay 45 70 ns
tETEN ETLG to ENLG Propagation Delay 20 25 ns
tECRN ECS to ENLG Propagation Delay 85 920 ns
tEcSN ECS to ENLG Propagation Delay 35 55 ns

CAPACITANCE®!
Limits

Symbol Parameter Min. | Typ.[1] | Max Unit
Cin Input Capacitance 5 10 pF
Cout Output Capacitance 7 12 pF

Test Conditions:

Vaias = 2.5V, Vec =5V, Ta = 25°C, = 1 MHz

NOTE 5. This parameter is periodically sampled and not 100% tested.
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WAVEFORMS

A D S 4

——————

tRCS 'RCH | tRis | 'RIH
T !
J— U N
- Ve
A -
eTCS
1
t ETCHJ

INTE

e Ap————
§GS, By B,

pl———————————
4 — 7
DECS Y

Fappuba

=}

= i
-t + 'ECCH ey |
CiK
Aol tics |
l Ll 1
_ ~ _.\/_
iNT
. A -
tew
S - -
ELR f
- \ e o e s e e o e e
. thA L57Y
ECA tELA
- \,....._...._-_ y'l
o2 — -
tREN lETEN
RN T e ——
\
ENLG K
NOTES:
(1 Typical values are for Tp = 25°C Ve =5.0V.
(2 Required for proper operation if ISE is enablgd during next clock 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 to be properly loaded.
Test Conditions Test Load Circuit Vee
Input pulse amplitude: 2.5 volts.
Input rise and fall times: 5 ns between 1 and 2 volts. 30002
Output loading of 15 mA and 30 pf.
ouT ©
Speed measurements taken at the 1.5V levels.
30 pf 600
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intel
8216/8226

4-BIT PARALLEL BIDIRECTIONAL BUS DRIVER

= Data Bus Buffer Driver for 8080 CPU = 3.65V Output High Voltage for Direct
Interface to 8080 CPU
= Low Input Load Current — 0.25 mA
Maximum = 3-State Outputs
= High Output Drive Capability for
Driving System Bus = Reduces System Package Count

The 8216/8226 is a 4-bit bidirectional bus driver/receiver. All inputs are low power TTL compatible. For driving MOS, the
DO cutputs provids a high 3.85V Vop, and for high capaciiance terminated bus siructures, the DB outputs provide a
high 50 mA I, capability. A non-inverting (8216) and an inverting (8226) are available to meet a wide variety of applica-
tions for buffering in microcomputer systems.

*Note: The specifications for the 3216/3226 are identical with those for the 8216/8226.

PIN CONFIGURATION LOGIC DIAGRAM LOGIC DIAGRAM
8216 8226
s 18 Jvec r
00, (]2 15| ] OiEN Dl o- V> Ol 0— &
o8, []3 14 oo, _jl SR 1 %
DO, O— J 00, ©-
o, ]+ g216/ 13} 08 | |
oo, []5 8226 12| Jo ol ]VC ol, o —g‘
o8, J6 1| ] oo, 1 $——o o8, [ ¢———o0 o8,
00, ol 00, o-
o, [}7 10f ] os, | |
ono [ s[Joy, oI, o____F oI, 0— ;
»——j $——o o, ¢ ¢—o 08,
Do, <} 00, o-
PIN NAMES o1, > o1y 5
‘j o8, < ——0 0B,
DBy-D8, ECJGSL‘?.ONAL 003 0- ~ 0030 ; h
DLOL, | DATA INPUT
00, DO, | DATA OUTPUT
BIEN | SiRecTion conTRoL
[ CHIP SELECT cs © Cs
DIEN DIEN
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8216/8226

FUNCTIONAL DESCRIPTION

Microprocessors like the 8080 are MOS devices and are
generally capable of driving a single TTL load. The same is
true for MOS memory devices. While this type of drive is
sufficient in small systems with few components, quite often
it is necessary to buffer the microprocessor and memories
when adding components or expanding to a multi-board
system.

The 8216/8226 is a four bit bi-directional bus driver specif-
ically designed to buffer microcomputer system components.

Bidirectional Driver

Each buffered line of the four bit driver consists of two
separate buffers that are tri-state in nature to achieve direct
bus interface and bi-directional capability. On one side of
the driver the output of one buffer and the input of another
are tied together (DB), this side is used to interface to the
system side components such as memories, 1/0, etc., be-
cause its interface is direct TTL compatible and it has high
drive (50mA). On the other side of the driver the inputs
and outputs are separated to provide maximum flexibility.
Of course, they can be tied together so that the driver can
be used to buffer a true bi-directional bus such as the 8080
Data Bus. The DO outputs on this side of the driver have a
special high voltage output drive capability (3.65V) so that
direct interface to the 8080 and 8008 CPUs is achieved with
an adequate amount of noise immunity (350mV worst case).

Control Gating DIEN, CS

The CS input is actually a device select. When it is “high”’
the output drivers are all forced to their high-impedance
state. When it is at “zero” the device is selected (enabled)
and the direction of the data flow is determined by the
DIEN input.

The DIEN input controls the direction of data flow (see
Figure 1) for complete truth table. This direction control
is accomplished by forcing one of the pair of buffers into its
high impedance state and allowing the other to transmit its
data. A simple two gate circuit is used for this function.

The 8216/8226 is adevice that will reduce component count
in microcomputer systems and at the same time enhance
noise immunity to assure reliable, high performance op-
eration.

8-39

00,

¢————oo08,

ol

0o,

¢—————oo8,

SJV—lM leJ ﬁ AJ <71

2l

(a) 8216

‘

0O,

¢———o 08,

o,

ol,

oo,

08,

oI,

¢———o s,

(b) 8226

oty

—o ¢§

p——
DIEN| CS
0 0 |DI - DB
1 0 |DB - DO
‘: : ]—HIGH IMPEDANCE

Figure 1. 8216/8226 Logic Diagrams
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8216/8226

WAVEFORMS

INPUTS XI;V

je—tgp —

OUTPUT
ENABLE X!.SV

OUTPUTS

A.C. CHARACTERISTICS
Ta = 0°C to +70°C.Voc=+6V +5%

Limits
Symbol Parameter Min. | Typ.[1) Max. | Unit Conditions
TeD1 Input to Output Delay DO Qutputs 15 25 ns C_=30pF, R1=300Q2
R,=600Q2
Tep2 Input to Output Delay DB Outputs
8216 19 30 ns C=300pF, R1=90Q2
8226 16 25 ns R, = 18082
Te Qutput Enable Time
8216 42 65 ns (Note 2)
8226 36 54 ns (Note 3)
To Output Disable Time 16 35 ns (Note 4)

Test Conditions:

Input pulse amplitude of 2.5V.

Input rise and fall times of 5 ns between 1 and 2 volts.
Output loading is 5 mA and 10 pF.

Speed measurements are made at 1.5 volt levels.

Test Load Circuit

OuUT O—

F__J.

CAPACITANCE® =
Limits
Symbol Parameter Min Typ.[1] Max. | Unit
Cin Input Capacitance 4 8 pF
CouT1 Output Capacitance 6 10 pF
CouT2 Output Capacitance 13 18 pF

Test Conditions

NOTES:

1
2
3.
4
5.

Vgias = 2.5V, Ve =5.0V, Ta = 25°C, f = 1 MHz.

. Typical values are for Ta = 26°C, Vo = 5.0V.
. DO Outputs, C|_ = 30pF, Rq = 300/10 KR, Ry = 180/1KQ; DB Outputs, Cy_ = 300pF, Ry = 90/10 K2, Ry = 180/1 K.

DO Outputs, Cy_= 30pF, Rq = 300/10 K, Ro = 600/1K; DB Outputs, C|_ = 300pF, Rq = 90/10KS2, Ry = 180/1 K.
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. DO Outputs, C_ = 5pF, Ry = 300/10K$2, Ry = 600/1 KQ2; DB Outputs, C_ = 5pF, R = 90/10 K2, Ry = 180/1 KQ.
. This parameter is periodically sampled and not 100% tested.
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8216/8226

ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias ............. 0°C to 70°C
Storage Temperature ............ -65°C to +150°C
All Output and Supply Voltages . . . .. .. -0.5V to +7V
All Input Voltages . .............. -1.0V to +56.5V
OutputCurrents . . ................... 125 mA

D.C. AND OPERATING CHARACTERISTICS

Ta = 0°C to +70°C,Vcc=+5V 5%

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

Limits
Symbol Parameter Min. Typ. Max. Unit Conditions
IFq Input Load Current DIEN, CS -0.15 | -5 mA Vg =0.45
g2 Input Load Current All Other Inputs -0.08 -.25 mA Vg =0.45
IR1 Input Leakage Current DIEN, CS 80 uA Vg =5.25V
Ir2 Input Leakage Current DI Inputs 40 MA VR =5.25V
Ve Input Forward Voltage Clamp -1 \ Ic =-5mA
ViL Input “Low"” Voltage .95 \
ViH Input ““High"’ Voltage 20 \Y
lig Output Leakage Current DO 20 HA Vo = 0.45V/5.25V
(3-State) DB 100
8216 95 130 mA
lec Power Supply Current 8226 pos 120 Y
Voui1 Output “Low” Voltage 0.3 .45 Vv DO Outputs Ig =15mA
DB Outputs Ig=25mA
8216 0.5 .6 \" DB Outputs lg =65mA
Voi2 Output “Low” Voltage 8226 05 6 v DB Outputs lo_=50mA
VoH1 Output “High” Voltage 3.65 4.0 \ DO Outputs lgy = -1mA
VoH2 Output ““High’’ Voltage 2.4 3.0 \% DB Outputs gy = -10mA
los Output Short Circuit Current -15 -35 -65 mA DO Outputs Vo =0V,
-30 -75 -120 | mA DB Outputs Vgc=5.0V
NOTE: Typical values are for T = 26°C, Vo =5.0V.
8-41 AFN-00733A-04



8216/8226

APPLICATIONS OF THE 8216/8226

8080 Data Bus Buffer

The 8080 CPU Data Bus is capable of driving a single TTL
load and is more than adequate for small, single board sys-
tems. When expanding such a system to more than one board
to increase |/0 or Memory size, it is necessary to provide a
buffer. The 8216/8226 is a device that is exactly fitted to
this application. )

Shown in Figure 2 are a pair of 8216/8226 connected di-
rectly to the 8080 Data Bus and associated control signals.
The buffer is bi-directional in nature and serves to isolate the
CPU data bus.

On the system side, the DB lines interface with standard
semiconductor 1/0 and Memory components and are com-
pletely TTL compatible. The DB lines also provide a high
drive capability (50mA) so that an extremely large system
can be dirven along with possible bus termination networks.

On the 8080 side the DI and DO lines are tied together and
are directly connected to the 8080 Data Bus for bi-directional
operation. The DO outputs of the 8216/8226 have a high
voltage output capability of 3.65 volts which allows direct
connection to the 8080 whose minimum input voltage is
3.3 volts. It also gives a very adequate noise margin of
350mV (worst case).

The DIEN inputs to 8216/8226 is connected directly to the
8080. DIEN is tied to DBIN so that proper bus flow is
maintained, and CS is tied to BUSEN so that the system
side Data Bus will be 3-stated when a Hold request has been
acknowledged during a DMA activity.

Memory and l/O Interface to a Bidirectional Bus

In large microcomputer systems it is often necessary to pro-
vide Memory and 1/O with their own buffers and at the same
time maintain a direct, common interface to a bi-directional
Data Bus. The 8216/8226 has separated data in and data
out lines on one side and a common bi-directional set on the
other to accomodate such a function.

Shown in Figure 3 is an example of how the 8216/8226 is
used in this type of application.

The interface to Memory is simple and direct. The memories
used are typically Intel® 8102, 8102A, 8101 or 8107B-4 and
have separate data inputs and outputs. The DI and DO lines
of the 8216/8226 tie to them directly and under control of
the MEMR signal, which is connected to the DIEN input,
an interface to the bi-directional Data Bus is maintained.

The interface to 1/0 is similar to Memory. The 1/O devices
used are typically Intel® 8255s, and can be used for both
input and output ports. The I/0O R signal is connected di-
rectly to the DIEN input so that proper data flow from the
1/0 device to the Data Bus is maintained.

The 8216/8226 can be used in a wide variety of other buf-
fering functions in microcomputer systems such as Address
Bus Drivers, Drivers to peripheral devices such as printers,
and as Drivers for long length cables to other peripherals or
systems.

BUSEN —
1 15
41, DIEN
10 [»]]
oof—4 | 2}, °e 3 08, |
7
9
D, 5 £ 08,
n R
8 8226 |4
o,— [ nn o8,
7 12 13
o1 14 08B,
cs
iﬁ‘ SYSTEM
8080 - DATA
s BUS

4
3 D 3
7
4 6
o] os,

Dg " DBg

D, 14 o8,

Figure 2. 8080 Data Bus Buffer

IS

MEMR —Oof DIEN (2)cs| 70 R-of DIEN (21¢s
8216 8216
8226 (2) 8225 (2

—

g B1.DIRECTIONAL DATA BUS (8) J

Figure 3. Memory and /O Interface
to a Bidirectional Bus
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intel
8282/8283
OCTAL LATCH

m Address Latch for iAPX 86,88, s 3-State Outputs
MCS-80™, MCS-85™, MCS-48™ Families

m High Output Drive Capability for

Driving System Data Bus s 20-Pin Package with 0.3” Center
m Fully Parallel 8-Bit Data Register and ‘

Buffer s No Output Low Noise when Entering
s Transparent during Active Strobe or Leaving High Impedance State

The 8282 and 8283 are 8-bit bipolar latches with 3-state output buffers. They can be used to implement latches, buffers,
or multiplexers. The 8283 inverts the input data at its outputs while the 8282 does not. Thus, all of the principal periph-
eral and input/output functions of a microcomputer system can be implemented with these devices.

Dot~ 20[] Vee D'od 1 20 ] Vce
D[] 2 19 [ ] DOg by [] 2 19 [] DOg
DI [] 3 18 [ 004 Dlzlj 3 18 [ ] DOy
Di3[]a 17 |7 002 DIz []a 17 [ DO2
Dlaf 5 16 [ ] DO3 DIg[]'5 16 |1 DO3
ois (] 6 828215 0o ois (] 6 8263 - 503
Dg[]7  1a[7D0s Dig[]7  1a[]DO0s
DIz [] 8 13 [ ] 0Og iz [} 8 13 [ ] DOs
oE[]9 12 [ 1007 oE[]e  12[]DO7
GND [] 10 11[]sT8 GND [] 10 1 []sT8
Figure 1. 8282 Pin Configuration Figure 2. 8283 Pin Configuration
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Figure 3. Logic Diagrams

PIN DEFINITIONS

Pin

Description

STB

OE

Dlg-Dly

DOy-DO;
(8282)

DO,-DO;
(8283)

STROBE (Input). STB is an input control
pulse used to strobe data at the data input
pins (Apg-A7) into the data latches. This
signal is active HIGH to admit input data.
The data is latched at the HIGH to LOW
transition of STB.

OUTPUT ENABLE (Input). OE is an input
control signal which when active LOW
enables the contents of the data latches
onto the data output pin (Byg-B;). OE being
inactive HIGH forces the output buffers to
their high impedance state.

DATA INPUT PINS (input). Data presented
at these pins satisfying setup time re-
quirements when STB is strobed and
latched into the data input latches.

DATA OUTPUT PINS (Output). When OE is
true, the data in the data latches is pre-
sented as Inverted (8283) or non-inverted
(8282) data onto the data output pins.

8-44

OPERATIONAL DESCRIPTION

The 8282 and 8283 octal latches are 8-bit latches with
3-state output buffers. Data having satisfied the setup
time requirements is latched into the data latches by
strobing the STB line HIGH to LOW. Holding the STB
line in its active HIGH state makes the latches appear
transparent. Data is presented to the data output pins by
activating the OE input line. When OE is inactive HIGH
the output buffers are in their high impedance state.
Enabling or disabling the output buffers will not cause
negative-going transients to appear on the data output
bus.

AFN 007278



intel §282/8283
ABSOLUTE MAXIMUM RATINGS*
Temperature UnderBias................. 0°Cto70°C *NOTICE: Stresses above those listed under “Absolute Maximum Ratings”

Storage Temperature............. —65°C to +150°C
All Output and Supply Voltages........ -05Vto +7V
All Input Voltages.................. -1.0V to +5.5V
Power Dissipation.......................... 1 Watt

D.C. CHARACTERISTICS
Conditions: Vcc =5V + 10%, Ta =0°C to 70°C

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

Symbol Parameter Min Max Units Test Conditions
Ve Input Clamp Voltage -1 v Ilc = =5mA
lcc Power Supply Current 160 mA
g Forward Input Current -0.2 mA Vg = 0.45V
g Reverse Input Current 50 uA Vg = 5.25V
VoL Output Low Voltage .45 v loL = 32 mA
Vou Output High Voltage 2.4 " low = -5 mA
loFg Output Off Current + 50 uA Vogr = 0.45 to 5.25V
ViL Input Low Voltage 0.8 v Vec=5.0V  see Note 1
Vin Input High Voltage 2.0 v Vec=5.0V  see Note 1
F=1MHz
Cin Input Capacitance 12 pF Vglas=2.5V, Ve =5V
Ta=25°C
NOTE: 1. Output Loading lg| = 32mA, lgy = ~5mA, C_=300pF.
A.C. CHARACTERISTICS
Conditions: Vcc =5V = 10%, Ta =0°C to 70°C
Loading: Outputs — g, = 32 mA, Igy = —5 mA, C_ = 300 pF
Symbol Parameter Min Max Units Test Conditions
TIVOV Input to Output Delay (See Note 1)
—Inverting 5 22 ns
—Non-Inverting 5 30 ns
TSHOV STB to Output Delay
—Inverting 10 40 ns
—Non-Inverting 10 45 ns
TEHOZ Output Disable Time 5 18 ns
TELOV Output Enable Time 10 30 ns
TIVSL Input to STB Setup Time 0 ns
TSLIX Input to STB Hold Time 25 ns
TSHSL STB High Time 15 ns

NOTE: 1. See waveforms and test load circuit on following page.
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intel §282/8263

WAVEFORMS

INPUTS ><
TIVSL TSLIX

sT8 / \\

TSHSL

cs
(= TIVOV-»| TEHOZ TELOV
VoHr-.1v
OUTPUTS >( ——— e ———
FATAN A voLrav ~—
SEE NOTE 1
TSHOV

NOTE: 1.8283 ONLY — OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING THE HIGH GOING STB TRANSITION.
2. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED,

Figure 4. Timing Diagram

1.5V 1.5V 214V

33Q 180Q 52.7Q
ouT ouT ouTt

I:mo pF I 300 pF 300 pF

3-STATE TO VoL 3-STATE TO VoH SWITCHING

Figure 5. Output Test Load Circuits
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Figure 6. Output Delay vs. Capacitance
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intal

8286/8287
OCTAL BUS TRANSCEIVER

m Data Bus Buffer Driver for iAPX 86,88,
MCS-80™, MCS-85™, and MCS-48TM
Families

m High Output Drive Capability for
Driving System Data Bus

m Fully Parallel 8-Bit Transceivers

3-State Outputs

m 20-Pin Package with 0.3” Center

m No Output Low Noise when Entering
or Leaving High Impedance State

The 8286 and 8287 are 8-bit bipolar transceivers with 3-state outputs. The 8287 inverts the input data at its outputs
while the 8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met.

Aot 7 200 vee
A1d2 191 1Bo
Az[]3 18 [] B4
Aaaa 1782
A )]s 16[]1B3
As[]s 828615 [ ]Ba4
Ag]7 14[]Bs
A7Q8 13[]Be
OE[]9 12187
GND [} 10 npar

Figure 1. 8286 Pin Configuration

A0d1 — 20 Vvee
A1 2 19[1Bo
A3 18 [ ] B4
A3z[]a 17 ][] B2
Aq[]s 16 | ] B3
as]s 8287 v ?}ﬁ
As[]7 14[]Bs
A7[]8 137186
oe[}9 12|87
GND[]10 1"njT

Figure 2. 8287 Pin Configuration

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied.

©INTEL CORPORATION, 1980
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Figure 3. Logic Diagrams

Table 1. Pin Description

Pin Description

T TRANSMIT (Input). T is an input control signal used to control the direction of the transceivers.
When HIGH, it configures the transceiver's Bg-B7 as outputs with Ag-A; as inputs. T LOW con-
figures Ag-A; as the outputs with Bo-B7 serving as the inputs.

OE OUTPUT ENABLE (Input). OE is an input control signal used to enable the appropriate output
driver (as selected by T) onto its respective bus. This signal is active LOW.
Ag-Az LOCAL BUS DATA PINS (Input/Output). These pins serve to either present data to or accept data

from the processor’s local bus depending upon the state of the T pin.

Bg-B7(8286) SYSTEM BUS DATA PINS (Input/Output). These pins serve to either present data to or accept
Bo-B7(8287) data from the system bus depending upon the state of the T pin.

FUNCTIONAL DESCRIPTION

The 8286 and 8287 transceivers are 8-bit transceivers with high impedance outputs. With T active HIGH and OE active
LOW, data at the Ag-A7 pins is driven onto the By-B7 pins. With T inactive LOW and OE active LOW, data at the Bo-B7
pins is driven onto the Ag-A; pins. No output low glitching will occur whenever the transceivers are entering or leaving
the high impedance state. :
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intel

ABSOLUTE MAXIMUM RATINGS*

TemperatureUnderBias................. 0°Cto70°C “NOTICE: Stresses above those listed under “Absolute Maximum Ratings”

Storage Temperature ............. —-65°C to + 150°C may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other conditions above

All Ompm and SquIy Vo”ages """" —-0.5Vito +7V those indicated in the operational sections of this specification is not

All Input Voltages. . ................ —1.0Vto +55V implied. Exposure to absolute maximum rating conditions for extended

Power Dissipation. ......................... 1 Watt periods may affect device reliability.

D.C. CHARACTERISTICS FOR 8286/8287
Conditions: Vcc =5V +10% Ta = 0°C to 70°C

Symbol Parameter Min Max Units Test Conditions
Ve Input Clamp Voltage -1 \ lc=-5mA
lce Power Supply Current—8287 130 mA '
—8286 160 mA
Ig Forward Input Current -0.2 mA Ve=0.45V
I8 Reverse Input Current ' 50 uA Vg=5.25V
Vou Output Low Voltage —B Outputs .45 v loL =32 mA
v —A Outputs .45 v loL =16 mA
VoH Output High Voltage —B Outputs 2.4 v lon=-5mA
—A Outputs 2.4 \ lon=-1mA
lore Output Off Current I3 Vorg = 0.45V
lorr Output Off Current g Vorr = 5.25V
ViL Input Low Voltage  —A Side 0.8 \" Vcec=5.0V, See Note 1
—B Side 0.9 \ Ve =5.0V, See Note 1
Viu Input High Voltage 20 \ Vec=5.0V, See Note 1
F=1MHz
Cin Input Capacitance 12 pF Vgias=2.5V, Vec =5V
Ta=25°C

NOTE: 1. B Outputs — g =32mA, loy = —5mA, C|_=300pF; A Outputs — lg =16mA, Igy= —1mA, C_=100pF.

'A.C. CHARACTERISTICS FOR 8286/8287
Conditions: Vcc = 5V £10%, Ta = 0°C to 70°C

Loading: B Outputs — loL = 32 mA, Ion = -5 mA, CL = 300 pF
A Outputs — loL = 16 mA, IoH = -1 mA, CL = 100 pF

Symbol Parameter Min Max Units Test Conditions
TIVOV Input to Output Delay
Inverting 5 22 ns (See Note 1)
Non-Inverting 5 30 ns
TEHTV Transmit/Receive Hold Time 5 ns
TTVEL Transmit/Receive Setup 10 ns
TEHOZ Output Disable Time 5 18 ns
TELOV Output Enable Time 10 30 ns
NOTE: 1. See waveforms and test load circuit on following page.
8-50
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intel 8286/8287

WAVEFORMS
INPUTS
OE i
\uivov’ > TEHOZ = TELOV —, -
! . Vo - .V
+
D 1
‘r VoL + .1V ‘
|4—— TEHTV - ——} = TTVEL
|
T K
|

NOTE: 1. All timing measurements are made at 1.5V unless otherwise noted.

Figure 4. 8286/8287 Timing
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Figure 5. Output Delay vs. Capacitance
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8286/8287

1.5V

339

out

a

ISDO pF

3.STATE TO VoL

B OUTPUT

1.5V

180Q

out

I 300 pF

3-STATE TO Vou

B OUTPUT

669

out

|

Imo pF
(o]

3.STATE TO VoL

A OUTPUT

1.5V

900Q
our

I 100 pF

3-STATE TO Vo

A OUTPUT

214V

52.7Q

our

300 pF

A I

SWITCHING

B OUTPUT

2.28v

114Q
out

100 pF

A

SWITCHING

A OUTPUT

Figure 5. Test Load Circuits
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in 8251A/S2657
PROGRAMMABLE COMMUNICATION INTERFACE

= Synchronous and Asynchronous s Asynchronous Baud Rate — DC to
Operation 19.2K Baud

= Full Duplex, Double Buffered, Trans-

= Synchronous 5-8 Bit Characters; mitter and Recelver

internal or External Character Synchro-

nization; Automatic Sync Insertion u Error Detection — Parity, Overrun and
Framing
= Asynchronous 5-8 Bit Characters;
Clock Rate—1, 16 or 64 Times Baud s Fully Compatible with 8080/8085 CPU
Rate; Break Character Generation; 1, a 28-Pin DIP Package
12, or 2 Stop Bits; False Start Bit
Detection; Automatic Break Detect = All Inputs and Outputs are TTL
and Handling. Compatible

m Synchronous Baud Rate — DC to 64K = Single +5V Supply
Baud a Single TTL Clock

The Intel® 8251A is the enhanced version of the industry standard, Intel® 8251 Universal Synchronous/Asynchronous
Receiver/Transmitter (USART), designed for data communications with Intel’s new high performance family of
microprocessors such as the 8085. The 8251A is used as a peripheral device and is programmed by the CPU to operate
using virtually any serial data transmission technique presently in use (including IBM “bi-sync”). The USART accepts
data characters from the CPU in parallel format and then converts them into a continuous serial data stream for
transmission. Simultaneously, it can receive serial data streams and convert them into.parallel data characters for the
CPU. The USART will signal the. CPU whenever it can accept a new character for transmission or whenever it has
received a character for the CPU. The CPU can read the complete status of the USART at any time. These include data
transmission errors and control signals such as SYNDET, TXEMPTY. The chip is constructed using N-channel silicon
gate technology.

PIN CONFIGURATION BLOCK DIAGRAM

o, ~ 2o,

0,02 27 o,

RxD [ 3 26 [ Ve
GNOD [ 4 25 FE DATA B T:Gr:’f&r | .m0
b, g 24 p DTR Dr°<'—_|'> sUFrER (P-S)

o, 6 23 [T RTS

o, 7 8261A 22 [] DR

o, s 21 (] RESET T T l

TRANSMIT

=k 20 7] cLk RE§SI—> TXRDY
WR 10 19 3 Tx0 —] READ/WRITE

_ 5. TXE
s 18 [ TXEMPTY c/o CONTROL coNTROL [
S b, LoGIC e
e 2 17[] TS W -—
— —
RD ] 13 16 [ SYNDET/BD
RxROY [ 14 15 [T TxROY o
DOSR
PIN NAMES TR AECEIVE
D)o | Data Bus (8 bits) | SR Data Set Ready . conPE. BUFFER |e—FR*D
c/D Control or Data s to be Written or Read DR Data Terminal Ready CTS—df (S P)
RD Read Data Command SYNDET/BD | Sync Detect/ RTS «—q
WR Wnite Data or Control Command Break Detect
s Chip Enable -
cLK Clock Pulse (TTL) RTS Request to Send Data P
RESET Reset CTs Clear to Send Data . | RxRDY
x Transmitter Clock TXE Transmitter Empty ye . —
RECEIVE I, FAxt
TxD Transmitter Data U I Vee +5 Volt Supply INTERNAL CONTROL
AxC Recener Clock i lenp Ground DATA BUS s SYNDET
RxD Receiver Data
RxRDY | Recewer Ready (has character for 8080) | L
TxRDY | Transmitter Ready (ready for char from 8080} |
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8251A/S2657

FEATURES AND ENHANCEMENTS

8251A is an advanced design of the inddstry stan-
dard USART, the Intel® 8251. The 8251A oper-
ates with an extended range of Intel micropro-
cessors that includes the new 8085 CPU and main-
tains compatibility with the 8251. Familiarization
time is minimal because of compatibility and
involves only knowing the additional features and
enhancements, and reviewing the AC and DC speci-
fications of the 8251A.

The 8251A incorporates all the key features of
the 8251 and has the following additional features
and enhancements:

® 8251A has double-buffered data paths with
separate 1/O registers for control, status,
Data In, and Data Out, which considerably
simplifies control programming and mini-
mizes CPU overhead.

® In asynchronous operations, the Receiver

detects and handles “‘break” automatically,
relieving the CPU of this task.

® A refined Rx initialization prevents the
Receiver from starting when in “'break”
state, preventing unwanted interrupts from
a disconnected USART.

® At the conclusion of a transmission, TxD
line will always return to the marking state
unless SBRK is programmed.

9-2

® Tx Enable logic enhancement pre\}ents a

Tx Disable command - from halting trans-
mission until all data previously written has
been transmitted. The logic also prevents
the transmitter from turning off in the middle
of a word.

When External Sync Detect is programmed,
Internal Sync Detect is disabled, and an Ex-
ternal Sync Detect status is provided via a
flip-flop which clears itself upon a status read.

Possibility of false sync detect is minimized
by ensuring that if double character sync is
programmed, the characters be contiguously
detected and also by clearing the Rx register
to all ones whenever Enter Hunt command is
issued in Sync mode.

As fong as the 82571A is not seiected, the
RD 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.

Synchronous Baud rate from DC to 64K.

Fully compatible with Intel’s new industry
standard, the MCS-85.

00216A



8251A/S2657

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . . . ... .. 0°C to 70°C
Storage Temperatura —65°C to +150°C
Voltage On Any Pin

With Respect to Ground
Power Dissipation

—-0.5V to +7V
1 Watt

*COMMENT: Stresses above those listed under “’Absolute
Maximum Ratings’’ may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS
Ta = 0°C to 70°C; Ve = 5.0V +5%; GND = OV

Symbol Parameter Min. Max. Unit Test Conditions
ViL Input Low Voltage -0.5 0.8 \"
ViH Input High Voltage 2.2 Vce \
VoL Output Low Voltage 0.45 \ loL=2.2mA
VoH Output High Voltage 24 \ loy =-400 uA
loFL Output Float Leakage +10 MA VouT = Vec TO 0.45V
e Input Leakage +10 MA Vin = Vge TO 0.45V
lee Power Supply Current 100 mA All Qutputs = High
CAPACITANCE
Ta =25°C; Ve = GND = 0V
Symbol Parameter Min. Max. Unit Test Conditions
Cin Input Capacitance 10 pF fc = 1MHz
Cijo 1/0 Capacitance 20 " pF Unmeasured pins returned to GND
+20
_ +10 //
2v f
3
4200 8
2 \spec.
1N914 5
o
8251A ouT a -10 / —
ICL 6K /
= = = 50 0 +50 +100

€y = 160 pF.

A CAPACITANCE (pF)

Figure 16. Test Load Circuit

9-3

Figure 17. Typical A Output Delay vs. A
Capacitance (pF)
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8251A/S2657

A.C. CHARACTERISTICS

Ta = 0°C to 70°C; V¢ = 5.0V £5%; GND = OV

Bus Parameters |(Note 1)

Read Cycle:
SYMBOL PARAMETER MIN. MAX. CUNIT TEST CONDITIONS
tAR Address Stable Before READ (CS, C/D) 50 ns Note 2
tRA Address Hold Time for READ (CS, C/D) 50 ns Note 2
tRR READ Pulse Width 250 ns
tRD Data Delay from READ 250 ns 3,C =150 pF
tpr READ to Data Floating 10 100 ns
Write Cycle:
SYMBOL PARAMETER MIN. MAX. UNIT TEST CONDITIONS
taw Address Stable Before WRITE 50 ns
twa Address Hold Time for WRITE 50 ns
tww WRITE Pulse Width 250 ns
tow Data Set Up Time for WRITE 150 ns
twp Data Hold Time for WRITE 50 ns
trv Recovery Time Between WRITES 6 tcy Note 4
NOTES: 1. AC timings measured VoH = 2.0, VoL = 0.8, and with load circuit of Figure 1.

1

2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses.

3. Assumes that Address is valid before Rp+.

4. This recovery time is for Mode Initialization only. Write Data is allowed only when TxRDY = 1.

Recovery Time between Writes for Asynchronous Mode is 8 tcy and for Synchronous Mode is 16 tcy.

Input Waveforms for AC Tests

24

’ X 2.0
POINTS
0.45 0.8

TEST

2.0
0.8

X

9-4
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8251A/S2657

Other Timings:

SYMBOL PARAMETER MIN. MAX. UNIT TEST CONDITIONS
tey Clock Period 320 1350 ns Notes 5, 6
9 Clock High Pulse Width 140 tcy-90 ns
13 Clock Low Pulse Width 90 ns
tR. tF Clock Rise and Fall Time 20 ns
tDTx TxD Delay from Falling Edge of TxC 1 us
frx Transmitter Input Clock Frequency

1x Baud Rate DC 64 kHz
16x Baud Rate DC 310 kHz
64x Baud Rate DC 615 kHz
tTPw Transmitter Input Clock Pulse Width
1x Baud Rate 12 toy
16x and'64x Baud Rate 1 tcy
tTeD Transmitter Input Clock Pulse Delay
1x Baud Rate 15 tcy
16x and 64x Baud Rate 3 tcy
frRx Receiver Input Clock Frequency
1x Baud Rate DC 64 kHz
16x Baud Rate DC 310 kHz
64x Baud Rate DC 615 kHz
tRPW Receiver Input Clock Pulse Width
1x Baud Rate 12 tcy
16x and 64x Baud Rate 1 tcy
tRPD Receiver Input Clock Pulse Delay
1x Baud Rate 15 tcy
16x and 64x Baud Rate 3 tcy
tTxRDY TxRDY Pin Delay from Center of last Bit 8 tcy Note 7
tTxRDY CLEAR TxRDY | from Leading Edge of WR 6 toy Note 7
tRxRDY RxRDY Pin Delay from Center of last Bit 24 tey Note 7
tRxRDY CLEAR RxRDY | from Leading Edge of RD 6 tey Note 7
t, Internal SYNDET Delay from Risin
1 Edge of BxC v 9 24 tcy Note 7
t External SYNDET Set-Up Time Before
= Falling Edge of RXC ’ 16 fev Note 7
ITXEMPTY TxEMPTY Delay from Center of Last Bit 20 tey Note 7
twe Control Delay from Risin_g_E_dge of 8 tey Note 7
WRITE (TxEn,DTR, RTS)
tcr Control to READ Set-Up Time (DSR, CTS) 20 tcy Note 7
5. The TxC and RxC frequencies have the following limitations with respect to CLK.
For 1x Baud Rate , fyx or frx < 1/(30 tcy)
For 16x and 64x Baud Rate, fy, or frx < 1/(4.5tcy)
6. Reset Pulse Width = 6 toy minimum; System Clock must be running during Reset.
7. Status update can have a maximum delay of 28 clock periods from the event affecting the status.
9-5 00216A



intel
8253/8253-5
PROGRAMMABLE INTERVAL TIMER

s MCS—85™ Compatible 8253-5 = Count Binary or BCD

= 3 Independent 16-Bit Counters
= Single + 5V Supply

s DC to 2 MHz

s Programmable Counter Modes m 24-Pin Dual In-Line Package

The Intel® 8253 is a programmable counter/timer chip designed for use as an Intel microcorputer peripheral. It uses
nMOS technology with a single +5V supply and is packaged in a 24-pin plastic DIP.

It is organized as 3 independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are soft-
ware programmable.

PIN CONFIGURATION BLOCK DIAGRAM

1 ™
P Ve e CLKO
jm — DATA

" (‘——’ COUNTER
sl 0,0, (o BUeFquER p p % GATEO
pcs L .outo
[ A,
(14,
ek 2 l —T
[Dour2
GaTe 2 Rz J fe———— CLK 1
ek w READ/ "] counTer
Ncarer A pATE C__‘) =1 le——— GaTE T
Hout1 A° _ i | outs

PIN NAMES fe———— cLK 2
D, D, DATA BUS (8BIT) CONTROL COUNTER
CLK :4 COUNTER CLOCK INPUTS R&?;DER @ =2 GATE 2
GATEN __COUNTER GATE INPUTS L e out2
OUTN___COUNTER OUTPUTS
RD READ COUNTER
WR WRITE COMMAND OR DATA ‘ j
cs CHIP SELECT
AyA,  COUNTER SELECT
Vee S5 VOLTS /
GND GROUND INTERNAL BUS ;\J

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
© INTEL CORPORATION, 1979 9-6 AFN-00745A-01
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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 1/0 ports in the system software.

The 8253 solves one of the most common problems in any
microcomputer system, the generation of accurate time
delays under software control. Instead of setting up timing
loops in systems software, the programmer configures the
8253 to match his requirements, initializes one of the
counters of the 8253 with the desired quantity, then upon
command the 8253 will count out the delay and interrupt
the CPU when it has completed its tasks. It is easy to see
that the software overhead is minimal and that multiple
delays can easily be maintained by assignment of priority
levels.

Other counter/timer functions that are non-delay in
nature but also common to most microcomputers can be
implemented with the 8253.
e Programmable Rate Generator
Event Counter
Binary Rate Multiplier
Real Time Clock
Digital One-Shot
Complex Motor Controller

Data Bus Buffer

This 3-state, bi-directional, 8-bit buffer is used to interface
the 8253 to the system data bus. Data is transmitted or
received by the buffer upon execution of INput or OUTput
CPU instructions. The Data Bus Buffer has three basic
functions.

1. Programming the MODES of the 8253.

2. Loading the count registers.
3. Reading the count values.

Read/Write Logic

The Read/Write Logic accepts inputs from the system bus
and in turn generates control signals for overall device
operation. It is enabled or disabled by CS so that no

operation can occur to change the function unless the
device has been selected by the system logic.

RD (Read)

A “low” on this input informs the 8253 that the CPU is
inputting data in the form of a counters value.

WR (Write)

A “low” on this input informs the 8253 that the CPU is

outputting data in the form of mode information or loading
counters.

A0, A1

These inputs are normally connected to the address bus.
Their function is to select one of the three counters to be
operated on and to address the control word register for
mode selection.

CS (Chip Select)

A “low” on this input enables the 8253. No reading or
writing will occur unless the device is selected. The CS
input has no effect upon the actual operation of the
counters.

KN ; S e

G SRR | — Y

Do, DATSA A ] P T
4 : q su K

o 7] sUFFER

o GaTE R

Mg

SR 3 Se—th

WR e READ/ 1¥N :
i WRITE ! g ? '
Loaic ] i(::m/ BB GATED

e

Figure 1. Block Diagram Showing Data Bus Buffer and
Read/Write Logic Functions

CS | RD | WR | Ay | Ag

0 1 0 0 0 Load Counter No. 0
0 1 0 0 1 Load Counter No. 1
0 1 0 1 0 Load Counter No. 2
0 1 0 1 1 Write Mode Word

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

0 1 1 X X No-Operation 3-State

AFN-00745A-02



8253/8253-5

Control Word Register

The Control Word Register is selected when AO, A1are 11.
It then accepts information from the data bus buffer and
stores it in a register. The information stored in this
register controls the operational MODE of each counter,
selection of binary or BCD counting and the loading of
each count register.

The Control Word Register can only be written into; no
read operation of its contents is available.

Counter #0, Counter #1, Counter #2

These three functional blocks are identical in operation so
only a single Counter will be described. Each Counter
consists of a single, 16-bit, pre-settable, DOWN counter.
The counter can operate in either binary or BCD and its
input, gate and output are configured by the selection of
MODES stored in the Control Word Register.

The counters are fully independent and each can have
separate Mode configuration and counting operation, :
binary or BCD. Also, there are special features in the : REGISTER
control word that handle the loading of the count value so
that software overhead can be minimized for these
functions.

CONTROL

The reading of the contents of each counter is available to
the programmer with simple READ operations for event
counting applications and special commands and logic
are included in the 8253 so that the contents of each
counter can be read “on the fly” without having to inhibit
the clock input.

Figure 2. Block Diagram Showing Control Word
8253 SYSTEM INTERFACE Register and Counter Functions

The 8253 is a component of the Intel™ Microcomputer
Systems and interfaces in the same manner as all other

peripherals of the family. It is treated by the systems { ADDRESS BUS (16) 3
software as an array of peripheral 1/O ports; three are ]A, Ay [

counters gnd the fourth is a control register for MODE g CONTROLBUS 5!
programming. [ —
Basically, the select inputs AQ, A1 connect to the A0, A1 1 I l |mR |”°w
address bus signals of the CPU. The CS can be derived L DATA BUS (8) B

directly from the address bus using a linear select method.
Or it can be connected to the output of a decoder, such as
an Intel® 8205 for larger systems.

A, A, CS oD, RG WA
8253
COUNTER COUNTER COUNTER
0 1 2
. L N ! 1
Tout ate cix! Mout cate cik' Tout GaTE cLk

[

Figure 3. 8253 System Interface

9-8 AFN-00745A-03



8253/8253-5

OPERATIONAL DESCRIPTION

General

The complete functional definition of the 8253 is
programmed by the systems software. A set of control
words must be sent out by the CPU to initialize each
counter of the 8253 with the desired MODE and quantity
information. These control words program the MODE,
Loading sequence and selection of binary or BCD
counting.

Once programmed, the 8253 is ready to perform whatever
timing tasks it is assigned to accomplish.

The actual counting operation of each counter is
completely independent and additional logic is provided
on-chip so that the usual problems associated with
efficient monitoring and management of external,
asynchronous events or rates to the microcomputer
system have been eliminated.

Programming the 8253

All of the MODES for each counter are programmed by the
systems software by simple 1/0 operations.

Each counter of the 8253 is individually programmed by
writing a control word into the Control Word Register.
(A0, A1 = 11)

Control Word Format
D7 Dg Ds Dg D3 Dy D,
[ sc1 [ sco [ RL1 [RLo [m2 ] m1 [ mo ]

Do
BCD |

Definition of Control
SC — Select Counter:

SC1 SCOo
0 0 Select Counter 0
0 1 Select Counter 1
1 0 Select Counter 2
1 1 Illegal

RL — Read/Load:

RL1 RLO
0 0 Counter Latching operation (see
READ/WRITE Procedure Section)
1 0 Read/Load most significant byte only.
0 1 Read/Load least significant byte only.
1 1 Read/Load least significant byte first,
then most significant byte.

9-9

M — MODE:
M2 M1 MO
0 0 0 | ModeO
0 0 1 Mode 1
X 1 0 | Mode 2
X 1 1 Mode 3
1 0 0 | Mode 4
1 0 1 Mode 5
BCD:
0 Binary Counter 16-bits
1 Binary Coded Decimal (BCD) Counter
(4 Decades)

Counter Loading

The count register is not loaded until the count value is
written (one or two bytes, depending on the mode
selected by the RL bits), followed by a rising edge and a
falling edge of the clock. Any read of the counter prior to
that falling clock edge may yield invalid data.

MODE Definition

MODE 0: Interrupt on Terminal Count. The output will
be initially low after the mode set operation. After the
count is loaded into the selected count register, the out-
put will remain low and the counter will count. When ter-
minal count is reached the output will go high and re-
main high until the selected count register is reloaded
with the mode or a new count is loaded. The counter
continues to decrement after terminal count has been
reached.

Rewriting a counter register during counting results in
the following:

(1) Write 1st byte stops the current counting.
(2) Write 2nd byte starts the new count.

MODE 1: Programmable One-Shot. The output will go
low on the count following the rising edge of the gate in-
put.

The output will go high on the terminal count. If a new
count value is loaded while the output is low it will not
affect the duration of the one-shot pulse until the suc-
ceeding trigger. The current count can be read at any
time without affecting the one-shot pulse.

The one-shot is retriggerable, hence the output will re-
main low for the full count after any rising edge of the
gate input.

AFN-00745A-04
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MODE 2: Rate Generator. Divide by N counter. The out-
put will be low for one period of the input clock. The
period from one output pulse to the next equals the
number of input counts in the count register. If the
count register is reloaded between output pulses the
present period will not be affected, but the subsequent
period will reflect the new value.

The gate input, when low, will force the output high.
When the gate input goes high, the counter will start
from the initial count. Thus, the gate input can be used
to synchronize the counter.

When this mode is set, the output will remain high until
after the count register is loaded. The output then can
also be synchronized by software.

MODE 3: Square Wave Rate Generator.Similar to MODE
2 except that the output will remain high until one half
the count has been completed (for even numbers) and
go low for the other half of the count. This is accom-
plished by decrementing the counter by two on the fall-
ing edge of each ciock puise. When the counter reaches
terminal count, the state of the output is changed and
the counter is reloaded with the full count and the whole
process is repeated.

If the count is odd and the output is high, the first clock
pulse (after the count is loaded) decrements the count
by 1. Subsequent clock pulses decrement the clock by
2. After timeout, the output goes low and the full count
is reloaded. The first clock pulse (following the reload)
decrements the counter by 3. Subsequent clock pulses
decrement the count by 2 until timeout. Then the whole
process is repeated. In this way, if the count is odd, the
output will be high for (N+ 1)/2 counts and low for
(N —1)/2 counts.

MODE 4: Software Triggered Strobe. After the mode is
set, the output will be high. When the count is loaded,
the counter will begin counting. On terminal count, the
output will go low for one input clock period, then will
go high again.

If the count register is reloaded between output pulses
the present period will not be affected, but the subse-
quent period will reflect the new value. The count will be
inhibited while the gate input is low. Reloading the
counter register will restart counting beginning with the
new number.

MODE 5: Hardware Triggered Strobe. The counter will
start counting after the rising edge of the trigger input
and will go low for one clock period when the terminal
count is reached. The counter is retriggerable. The out-
put will not go low until the full count after the rising
edge of any trigger.

Signal Low
Status Or Going
Modes Low Rising High
0 Disables —— Fnables
counting counting
1 —— 1) Inttiates _
counting
2) Resets output
after next clock
2 1) Disables
counting Initiates Enables
2) Sets output counting counting
immediately
high
3 1) Disables
counting Initiates Enables
2) Sets output counting counting
immed:tately
high
4 Disables — Enables
counting counting
5 —_— Initiates —
counting

Figure 4. Gate Pin Operations Summary
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MODE 0: Interrupt on Terminal Count

cock LALLM

OUTPUT (INTERRUPT) !

1
1
WRm I
I
I I
GATE 1 —
5 4 3 2 1 0
OUTPUT (INTERRUPT) ! ! T
{m=5) —— [e——
A 8
A+B=m

MODE 1: Programmable One-Shot

ctoex _MLALMLMUMUMLULUuuuIL

WRa 1 I
TRIGGER I
4 3 2 1 0
ouTPUT _— )
(n=4)

TRIGGER_J'_'LI——
4 3 2 4 3 2 1

0
/1

OuTPUT [

MODE 2: Rate Generator

cLock _MLALMLMLMUMLAULnLrLnununuL

MODE 3: Square Wave Generator

4 2 4 2 4 2 4 2 4 2 4 2 4
outPUT (n=4) ___[ 1 - | L J I

5 4 2 5 2 5 4 2 5 2 5 4 2
OUTPUT (n=5) __ I g S | 1 J

MODE 4: Software Triggered Strobe

WR n=4
4 3 2 1 0
OUTPUT 1 ]
LOAD n n=4
GATE 1 ]
4 4 3 2 1 0
OQUTPUT ! l

MODE 5: Hardware Triggered Strobe

CWRa LT n=3 GATE I
4 3 2 1043 2 10321 0 4 3 2 1 0
OUTPUT
d OUTPUT (n=4) J
0(3) 3 2 103 2 1 032 1
OUTPUT (n =3) LT

RESET —L__r—' GATE _I—L_I—-_

4 3 4 3 2 1 0
OUTPUT (n = 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 8253 a MODE control word and
the programmed number of count register bytes (1 or 2)
prior to actually using the selected counter.

The actual order of the programming is quite flexible.
Writing out of the MODE control word can be in any
sequence of counter selection, e.g., counter #0 does not
have to be first or counter #2 last. Each counter's MODE
control word register has a separate address so that its
loading is completely sequence independent. (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 (RLO, RL1). This
loading of the counter’'s count register is still sequence
independent like the MODE control word loading, but
when a selected count register is to be loaded it must be
loaded with the number of bytes programmed in the
MODE control word (RLO, RL1). The one or two bytes to
be loaded in the count register do not have to follow the
associated MODE control word. They can be programmed
at any time following the MODE control word loading as
long as the correct number of bytes is loaded in order.

All counters are down counters. Thus, the value loaded
into the count register will actually be decremented.
Loading all zeroes into a count register will result in the
maximum count (2'¢ for Binary or 10* for BCD). In MODE 0
the new count will not restart until the load has been
completed. It will accept one of two bytes depending on
how the MODE control words (RLO, RL1) are program-
med. Then proceed with the restart operation.

MODE Control Word
Counter n-
Count Register byte
LsB Counter n
MSB Count Register byte

Counter n

Note: Format shown is a simple example of loading the 8253 and
does not imply that it is the only format that can be used.

Figure 6. Programming Format

A1 | AO
N 1 MODE Control Word 4 4
Bt Counter 0
MODE Control Word
No. 2 Counter 1 ! !
MODE Control Word
. 1 1
No. 3 Counter 2
Count Register Byte
No. 4 | LSB. Counter 1 0 1
Count Register Byte 0 1
No.5 | MSB Counter 1
Count Register Byte
No.6 | LSB Counter 2 1 0
Count Register Byte
No.7 | MSB Counter 2 1 0
Count Register Byte
No. 8 | LSB Counter 0 0 0
Count Register Byte
No.9 | MSB Counter 0 0 0

Note: The exclusive addresses of each counter’s count register make
the task of programming the 8253 a very simple matter, and
maximum effective use of the device will result if this feature
is fully utilized.

Figure 7. Alternate Programming Formats

AFN-00745A-07



8253/8253-5

Read Operations

In most counter applications it becomes necessary to read
the value of the count in progress and make a
computational decision based on this quantity. Event
counters are probably the most common application that
uses this function. The 8253 contains logic that will allow
the programmer to easily read the contents of any of the
three counters without disturbing the actual count in
progress.

There are two methods that the programmer can use to
read the value of the counters. The first method involves
the use of simple 1/O read operations of the selected
counter. By controlling the A0, A1 inputs to the 8253 the
programmer can select the counter to be read (remember
that no read operation of the mode register is allowed AO,
A1-11). The only requirement with this method is that in
order to assure a stable count reading the actual operation
of the selected counter must be inhibited either by
controlling the Gate input or by external logic that inhibits
the clock input. The coritents of the counter selected will
be available as follows:

first 1/0 Read contains the least significant byte (LSB).

second I/0 Read contains the most significant byte
(MSB).

Due to the internal logic of the 8253 it is absolutely
necessary to complete the entire reading procedure. Iftwo
bytes are programmed to be read then two bytes must be
read before any loading WR command can be sent to the
same counter.

Read Operation Chart

A1l A0 RD
0 0 0 Read Counter No. 0
0 1 0 Read Counter No. 1
1 0 0 Read Counter No. 2
1 1 0 IHlegal

Reading While Counting

In order for the programmer to read the contents of any
counter without effecting or disturbing the counting
operation the 8253 has spectal internal logic that can be
accessed using simple WR commands to the MODE
register. Basically, when the programmer wishes to read
the contents of a selected counter “on the fly” heloads the
MODE register with a special code which latches the
present count value into a storage register so that its
contents contain an accurate, stable quantity. The
programmer then issues a normal read command to the
selected counter and the contents of the latched register is
available.

MODE Register for Latching Count
A0, A1 = 11

D7 D6 D5 | D4 | D3 | D2 | D1 DO
SC1 SCO 0 0 X X X X

SC1,SC0 — specify counter to be latched.
D5.D4 — 00 designates counter latching operation.
X — don't care.

The same limitation applies to this mode of reading the
counter as the previous method. That is, it is mandatory
to complete the entire read operation as programmed.
This command has no effect on the counter’s mode.

3MHz
CLK

* 1.5MHz

CLK

8085

8253-5

*1f an 8085 clock output is to drive an 8253-5 clock input, it must be reduced to 2 MHz or less.

Figure 8. MCS-85™ Clock Interface*
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ........ 0°Cto70°C
Storage Temperature .............. —-65°Cto+150°C
Voltage On Any Pin

With RespecttoGround .............. -0.5Vto+7V
Power Dissipation ........................... 1 Watt

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (14 = 0°C to 70°C; V¢ = 5V £5%)
SYMBOL | PARAMETER MIN. MAX. UNITS TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 \
Vin Input High Voltage 2.2 Vect.5V \%
VoL Output Low Voltage 0.45 \ Note 1
VoH Output High Voltage 24 \ Note 2
he Input Load Current +10 uA VIN = Ve to OV
loFL Output Float Leakage 10 A Vout = Ve to OV
lce Ve Supply Current 140 mA
Note 1: 8253, I, = 1.6 mA; 8253-5, Ig = 2.2 mA.
Note 2: 8253, gy = -150 uA; 8253-5, 1oy = -400 uA.
CAPACITANCE T, = 25°C; V¢ = GND = 0V
Symbol Parameter Min. Typ. Max. Unit Test Conditions
Cin Input Capacitance 10 pF fc=1MHz
Ciio 1/0 Capacitance 20 pF Unmeasured pins returned to Vsg
9-14 AFN-00745A-09
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A.C. CHARACTERISTICS T, = 0°C to 70°C; Ve = 5.0V £5%; GND = OV

Bus Parameters (Note 1)

Read Cycle:
8253 8253-5
SYMBOL PARAMETER MIN. MAX. MIN. MAX. UNIT
tAR Address Stable Before READ 50 30 ns
tRA Address Hold Time for READ 5 5 ns
tRR READ Pulse Width 400 300 ns
tRD Data Delay From READ!2! 300 200 ns
toF READ to Data Floating 25 125 25 100 ns
trv Recovery Time Between‘ READ 1 4 us
and Any Other Control Signal
Write Cycle:
8253 8253-5
SYMBOL PARAMETER MIN. MAX. MIN. MAX. UNIT
taw Address Stable Before WRTTE 50 30 ns
twa Address Hold Time for WRITE 30 30 ns
tww WRITE Pulse Width 400 300 ns
tow Data Set Up Time for WRITE 300 250 ns
twp Data Hold Time for WRITE 40 30 ns
tRv Recovery Time Between WRITE 1 1 Hs
and Any Other Control Signal
Notes: 1. AC timings measured at Vo = 2.2, Vo = 0.8
2. Test Conditions: 8253, C|_= 100pF; 8253-6: C|_= 150pF.
Write Timing: Read Timing:
Ag-1, CS )i Ag-1. CS 7}
]‘— ] —=ltwaf— tar —| |—tea

DATA BUS f RD

[ tp——{=— typ—>] thole >{tor
( .
! | % g
WR q DATA BUS%HIGH IMPEDANCE VALID [HIGH IMPEDANCE
h T
| tww

Input Waveforms for A.C. Tests:

24
2.2 2.2
> TEST POINTS <
0.8 0.8
0.45
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Clock and Gate Timing:

8253 8253-5
SYMBOL PARAMETER MIN. MAX. MIN. MAX. UNIT
toLk Clock Period 380 dc 380 dc ns
tPwH High Pulse Width 230 230 ns
tpwL Low Pulse Width 150 150 ns
tow Gate Width High 150 150 ns
tGL Gate Width Low 100 100 ns
tgs Gate Set Up Time to CLK? 100 100 ns
tGH Gate Hold Time After CLK? 50 50 ns
top Output Delay From CLK ] 400 400 ns
topG Output Delay From Gate4 ! 300 300 ns
Note 1:  Test Conditions: 82563: C_ = 100pF; 8253-5: C|_ = 150pF.
town>] [ tow —| e —— tolk — — ———»] tos —>| |
‘Gs_’l e tou
GATE G j}l ) j & /
- ] L o0

OuUTPUT O

L' topG —

9-16
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a MCS-85™ Compatible 8255A-5

m 24 Programmable 1/O Pins

s Completely TTL Compatible

m Fully Compatible with Intel® Micro-

processor Families

= Improved Timing Characteristics

8255A/8255A-5
PROGRAMMABLE PERIPHERAL INTERFACE

Control Application Interface

m 40-Pin Dual In-Line Package

m Direct Bit Set/Reset Capability Easing

= Reduces System Package Count

= Improved DC Driving Capability

The Intel® 8255A is a general purpose programmable I/O device designed for use with Intel® microprocessors. It has
24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first
mode (MODE 0), each group of 12 1/0 pins may be programmed in sets of 4 to be input or output. In MODE 1, the second
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand-
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking.

PIN CONFIGURATION

8255A BLOCK DIAGRAM

s ] \/ o oae
w2 [ 30 [ pas ]
| [
pao [ « a7 [ ear Fowen { aroup
m[]s 3 [ — N A—| ronr :: :) '9
=y e s e == 1 %
eno [ 7 347 oo [~
a]s s3[on T
s []s 2[ o, l
'”@ ©  8255A '[Jos ‘aRoup
pcs [} 11 30[]oa » — ‘e
“g- e B [ e
e = SLORECTIONAL DATA BUS r |
pco [ 14 27[Jor o700 <—:v (- | —
ver s 2 vee WrcRNAL aroue
= 21 ver DATA BUS ot K 1o
pca[ ] 2 g P86 r i :2 e
veo [ e 2] ves t
ee1 ] 10 22[] ps [
wee [] 20 21 eea B ————
[ —— T aroe | o anows
PO— conmmor. [Se——— B ey SE
PIN NAMES o] o T
RESET ~—————————] LJ -9
0,-0q DATA BUS (BI-DIRECTIONAL) i
RESET RESET INPUT
(5] CHIP SELECT
tiﬁ READ INPUT
WR WRITE INPUT «
A0, A1 PORT ADDRESS
PA7-PA0_| PORT A (BIT)
PB7PB0_| PORT B (BIT)
PC7PC0_| PORTC (BIT)
Vec +5 VOLTS
GND §VOLTS
AFN-00744A-01

9-17



8255A/8255A-5

8255A FUNCTIONAL DESCRIPTION

General

The 8255A is a programmable peripheral interface (PPI)
device designed for use in Intel® microcomputer
systems. Its function is that of a general purpose 1/O
component to interface peripheral equipment to the
microcomputer system bus. The functional configura-
tion of the 8255A is programmed by the system software
so that normally no external logic is necessary to inter-
face peripheral devices or structures.

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to interface
the 8255A to the system data bus. Data is transmitted or
received by the buffer upon execution of input or output
instructions by the CPU. Control words and status infor-
mation are also transferred through the data bus buffer.

Read/Write and Control Logic

The function of this block is to manage all of the internal
and external transfers of both Data and Control or Status
words. It accepts inputs from the CPU Address and Con-
trol busses and in turn, issues commands to both of the
Control Groups.

(CS)
Chip Select. A “low” on this input pin enables the com-
muniction between the 8255A and the CPU.

(RD)
Read. A “low” on this input pin enables the 8255A to
send the data or status information to the CPU on the

data bus. In essence, it allows the CPU to “read from”
the 8255A.

(WR)
Write. A “low” on this input pin enables the CPU to write
data or control words into the 8255A.

(Ao and A1)

Port Select 0 and Port Select 1. These input signals, in
conjunction with the RD and WR inputs, control the
selection of one of the three ports or the control word
registers. They are normally connected to the least
significant bits of the address bus (Ag and A,).

Ay | Ag | RD | WR | €S | INPUT OPERATION (READ)

ol ol o 1 0 | PORT A= DATABUS

0 [ 1 0 1 0 | PORT B = DATA BUS

1 0 0 1 4] PORT C= DATA BUS
OUTPUT OPERATION
(WRITE)

ol o 1 0 0 | DATABUS=PORT A

0] 1 1 0 | 0 | DATABUS=PORTB

1] 0 1 0 | 0 | DATABUS=PORTC

1T 1 1 0 0 | DATA BUS= CONTROL
DISABLE FUNCTION

x | x| x X 1 | DATABUS= 3-STATE

1T 1 0 1 0 | ILLEGAL CONDITION

X | x 1 1 0 | DATABUS=3-STATE

Figure 1. 8255A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Functions
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(RESET)

Reset. A “‘high on this input clears the control register
and all ports (A, C, C) are set to the input mode.

Group A and Group B Controls

The functional configuration of each port is program-
med by the systems software. In essence, the CPU “out-
puts” a control word to the 8255A. The control word con-
tains information such as “mode”, “bit set”, "'bit reset”,
etc., that initializes the functional configuration of the
8255.

Each of the Control blocks (Group A and Group B) accepts
‘commands’’ from the Read/Write Control Logic, receives
‘control words’’ from the internal data bus and issues the
proper commands to its associated ports.

Control Group A — Port A and Port C upper (C7-C4)
Control Group B — Port B and Port C lower (C3-CO0)

The Control Word Register can Only be written into. No
Read operation of the Control Word Register is allowed.

Ports A, B, and C

The 8255A contains three 8-bit ports (A, B, and C). All
can be configured in a wide variety of functional charac-
teristics by the system software but each has its own
special features or “personality” to further enhance the
power and flexibility of the 8255A.

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

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

Port C. One 8-bit data output latch/buffer and one 8-bit
data input buffer (no latch for input). This port can be
divided into two 4-bit ports under the mode control.
Each 4-bit port contains a 4-bit latch and it can be used
for the control signal outputs and status signal inputs in
conjunction with ports A and B.

PIN CONFIGURATION

PA3 1 \J 40 PA4
raz2(]2 39[]) PaS
Pa1[]3 38 Pae
1 Pao[]e [ rar
e M s 38 [0 WR
POWER GROUP cs(Je 35 [ RESET
SUPPLIES ‘[ oo AN A 1o g =
T | o ) o KD it ano (] s4[10,
controL | N ® a8 1o,
[~ o9 1270,
[ ec7 (10 nJo,
1 pce (11 8255A 5[0,
"GROUP. pcs (12 29[ o,
AN A 10 In =]
G, [FF) Gm— L . »[3o,
@) pcolJ1a 271 i o,
BI-DIRECTIONAL DATA BUS -
A NN N rcr(]s [ i Vee
07-00 L -
\r V| surrer v erc2(]16 25( . P8/
L ‘Groue pcal]rr 2a[ 1 Pus
s AN o -
T T rorT e > scarco reo[]18 23 pes
“ |t P81 19 22 Paa
1 r82(720 21[7) pe3
r
L]
wR READ GROUP
WRITE A GROUP
N s, - NN o PIN NAMES
. — 7 <::> -
© 0, Oy ‘DATA BUS (BI-DIRECTIONAL)
RESET L ~—1 RESET RESET INPUT
1 [ CHIP SELECT
RD READ INPUT
WR WRITE INPUT
= f A0, A1 PORT ADDRESS
PATPAO_| PORT A (BIT) B
PB7.PBO PORT B (BIT)
PC7.PCO PORT C (BIT)
Vee +5 VOLTS
~ enD @ VoLTS
Figure 2. 8225A Block Diagram Showing Group A and
Group B Control Functions
AFN-00744A-03

9-19



8255A/8255A-5

8255A OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can be select-
ed by the system software:

Mode 0 — Basic Input/Output
Mode 1 — Strobed Input/Output
Mode 2 — Bi-Directional Bus

When the reset input goes “high” all ports will be set to
the input mode (i.e., all 24 lines will be in the high im-
pedance state). After the reset is removed the 8255A can
remain in the input mode with no additional initialization
required. During the execution of the system program
any of the other modes may be selected using a single
output instruction. This allows a single 8255A to service
a variety of peripheral devices with a simple software
maintenance routine.

e,

The modes for Port A and Port B can be separately defined,
while Port C is divided into two portions as required by the
Port A and Port B definitions. All of the output registers, in-
cluding the status flip-flops, will be reset whenever the
mode is changed. Modes may be combined so that their
functional definition can be ‘“tailored” to almost any 1/0
structure. For instance; Group B can be programmed in
Mode O to monitor simple switch closings or display compu-
tational results, Group A could be programmed in Mode 1
to monitor a keyboard or tape reader on an interrupt-driven
basis.

. ADDRESS BUS N
{ CONTROL BUS L

1 [1
{ DATA BUS 1

D,-Dy Ao-Al
cs

8255A

MODEDJ B ¢ A ]

.x'
3

-
®
<
@
S
b]
o
w
b3
o
S
=
o
N
by
o
N
®
P
<
o
>
1

MODE1 —] B

9

T 1]

Po;P8, CONTHOL  CONTROL pa,?
770 “orio 7P

c
mobe2 —_8 —t A

T T 1] S

PB,-PB, /0 PA,-PA,
7 CONTROL 7

Figure 3. Basic Mode Definitions and Bus Interface

CONTROL WORD

D, | Dg |05 | Dy | Dy [ D, | Dy | Dy

L

GROUP B

PORT C (LOWER)
1=INPUT
“0=0UTPUT

PORT B
1= INPUT
0=0UTPUT

MODE SELECTION
0 = MODE 0
1= MODE 1

GROUP A

PORT C (UPPER)
1=INPUT
0=0UTPUT

PORT A
1=INPUT
0=0UTPUT

MODE SELECTION
00 = MODE 0
01 =MODE 1
1X = MODE 2

MODE SET FLAG
1=ACTIVE

Figure 4. Mode Definition Format

The mode definitions and possible mode combinations
may seem confusing at first but after a cursory review of
the complete device operation a simple, logical /O ap-
proach will surface. The design of the 8255A has taken
into account things such as efficient PC board layout,
control signal definition vs PC layout and complete
functional flexibility to support almost any peripheral
device with no external logic. Such design represents
the maximum use of the available pins.

Single Bit Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset using a
single OUTput instruction. This feature reduces software
requirements in Control-based applications.

9-20 AFN-00744A-04
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CONTROL WORD
D, | Dg | Dg | Dy | Dy | D, [ Dy | Dy
BIT SET/RESET
X X x 1=SET
0= RESET
DON'T
CARE
BIT SELECT
o[1]2[3]a]s[6]7
o]1[0[1]0[1]o[1]Bq
o[o[1[1]o[o[1[1]B,
o[oo]o]1]1]1]1]8)
BIT SET/RESET FLAG
0=ACTIVE

Figure 5. Bit Set/Reset Format

When Port C is being used as status/control for Port A or B,
these bits can be set or reset by using the Bit Set/Reset op-
eration just as if they were data output ports.

Interrupt Control Functions

When the 8255A ic programmed to operate in mode 1 or
mode 2, control signals are provided that can be used as
interrupt request inputs to the CPU. The interrupt re-
quest signals, generated from port C, can be inhibited or
enabled by setting or resetting the associated INTE flip-
flop, using the bit set/reset function of port C.

This function allows the Programmer to disallow or allow a
specific 1/0 device to interrupt the CPU without affecting
any other device in the interrupt structure.

INTE flip-flop definition:

(BIT-SET) — INTE is SET — Interrupt enable
(BIT-RESET) — INTE is RESET — Interrupt disable

Note: All Mask flip-flops are automatically reset during
mode selection and device Reset.

Operating Modes

MODE 0 (Basic Input/Output). This functional configura-
tion provides simple input and output operations for
each of the three ports. No “handshaking’ is required,
data is simply written to or read from a specified port.

Mode 0 Basic Functional Definitions:

® Two 8-bit ports and two 4-bit ports.

Any port can be input or output.

Outputs are latched.

Inputs are not latched.

16 different Input/Output configurations are possible
in this Mode.

N ’r L
RD
N
tig — fe— tyg —|
INPUT 4 ‘x
/
tAR———— ~——— thp————|
CS, A1, A0
Y \
P X S
R0 tor
MODE 0 (Basic Input)
tww
wR NR_ 7L
tow two —=
\
D;-Dy ° x AK
i‘ taw ) —twa
CS, A1, A0 X /K
ouTPUT
| — >
MODE 0 (Basic Output)
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noppooon

Af—AE o pa,a,

8255A
—7/_4_... PC,-PC,
D;-Dy +———> c {

4 pcypc,

Bp—r—e PB,-PB,

MODE 0 Port Definition
A B GROUP A GROUP B
Dg | D3 | Dy | Dp | PORTA :’S:PL; # | PORTB ff:vzscm
0 | 0| o | o | outputr | OUTPUT | 0 | OUTPUT | OUTPUT
oo o 1 | OUTPUT | OUTPUT | 1 | OUTPUT | INPUT
o [o [1 o | output | outPuT | 2 | INPUT OUTPUT
o | o |1 1 | OUTPUT | OUTPUT | 3 | INPUT INPUT
0o | 1 0 | 0 | ouTPUT | INPUT 4 | OUTPUT | ouTPUT
0 | 1 0 1 | OUTPUT | INPUT 5 | OUTPUT | INPUT
0 | 1 1 0 | OUTPUT | INPUT 6 | INPUT OUTPUT
0o | 1 1 1 | OUTPUT | INPUT 7 | INPUT INPUT
1 o [ o [ o [ ineuT OUTPUT | 8 | OUTPUT | OUTPUT
1 o] o 1 | INPUT OUTPUT | 9 | OUTPUT | INPUT
1 0 1 o | INPUT OUTPUT | 10 | INPUT OUTPUT
1 0 1 1 [ INPUT OUTPUT | 11 | INPUT INPUT
1 1 o [ o [ INPUT INPUT 12 | OUTPUT | OUTPUT
1 1 0 | 1 | INPUT INPUT 13 | OUTPUT | INPUT
1 1 1 0 [ INPUT INPUT 14 | INPUT OUTPUT
1 1 1 1 | INPUT INPUT 15 | INPUT INPUT
MODE 0 Configurations
CONTROL WORD #0 CONTROL WORD #2
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CONTROL WORD #4
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CONTROL WORD =12
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Operating Modes

MODE 1 (Strobed Input/Output). This functional con-
figuration provides a means for transferring 1/0 data to
or from a specified port in conjunction with strobes or
“‘handshaking’ signals. In mode 1, port A and Port B use
the lines on port C to generate or accept these *‘hand-
shaking” signals.

Mode 1 Basic Functional Definitions:

® Two Groups (Group A and Group B)

® Each group contains one 8-bit data port and one 4-bit
control/data port.

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

® The 4-bit port is used for control and status of the
8-bit data port.
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Input Control Signal Definition

STB (Strobe Input). A “low” on this input loads data into
the input latch.

IBF (Input Buffer Full F/F)

A “high”" on this output indicates that the data has been
loaded into the input latch; in essence, an acknowledgement

IBF is set by STB input being low and is reset by the rising
edge of the RD input.

INTR (Interrupt Request)

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

INTE A
Controlled by bit set/reset of PC,.
INTE B
Controlled by bit set/reset of PC».

MODE 1 (PORT A)

CONTROL WORD
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