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CHAPTER 1
INTRODUCTION

MANUAL ORGANIZATION

This publication describes Intel’s 8051 family of single
chip microcomputers. It is written for engineers, techni-
cians and students who understand basic microcom-
puter operating principles. The manual provides a com-
prehensive reference guide for the 8051 family.

The manual organization is by chapters and appendices.
Chapter 1 provides a brief introduction to the
MCS-51® family, its software tools, and its develop-
ment support in the most general terms.

The second chapter provides a functional description of
the 8051 family hardware.

The third chapter describes the 8051’s family memory
organization, addressing modes, data types and its in-
struction set.

The fourth chapter is an expanded 8051 family con-
figured system using peripherals and external program
and external data memories.

Chapter 5 lists software routines that handle program-
ming applications such as radix conversions and stack
manipulations.

The chapter following, the sixth, is the specification sec-
tion for the 8051 family. A.C. and D.C. characteristics
of the 8051 family are located here.

Chapter 7 provides data sheets on Intel products that
can be used in conjunction with the 8051.

The next chapter describes the development support
available for the 8051 family.

That’s the end of the chapters, but there are two appen-
dices. Appendix A is a PL/M-80 description of the 8051
instruction set. Appendix B is the AP Note section
where AP-69 and AP-70 are reproduced in their entire-
ty. AP-69 is titled, “An Introduction to the Intel®
MCS-51®  Single-Chip Microcomputer Family” and
AP-70 is titled, “Using the Intel® MCS-51® Boolean
Processing Capabilities.”

PRODUCT OVERVIEW

Introduced in May, 1980, Intel’s 8051 family of single-
chip microcomputers is the next generation microcom-
puter for the controller marketplace. With an expan-
dable and flexible architecture the 8051 family provides
high performance for the applications of the future.

1-1

8051 Family

The 8051 family has three members: The 8031, 8051,
and 8751. The 8031 is a CPU-only device, the 8051 has
4K bytes of factory-masked ROM and the 8751 has 4K
bytes of EPROM. The generic term “8051” is used to
refer collectively to the 8031, 8051 and 8751.

Supporting the applications of the ’80s is the target of
the 8051 family. On a single die the 8051 microcomputer
combines CPU; non-volatile 4K x 8 read-only program
memory (8051 and 8751); volatile 128 x 8 read/write
data memory; 32 I/O lines; two 16-bit timer/event
counters; a five-source, two-priority-level, nested inter-
rupt structure; serial I/O channel for either
multiprocessor communications, I/O expansion, or full
duplex UART; and on-chip oscillator and clock circuits.

The CPU is in a 40-pin package and uses a single 5V
power supply. Intel’s HMOS process technology is the
driving force behind the 8051’s ability to bring many
peripheral functions on-board a single-chip microcom-
puter.

Along with 4K program memory on-board, the 8051 can
address another 60K of external program memory. If
external data memory is needed the 8051 can also ad-
dress 64K of external RAM. When an 8031 is used, all
program memory execution is external and it, too, can
address 64K of both external program and data
memory. The 8051 contains many features for ease of
manipulating variables in Internal Data Memory. The
stack may be located anywhere within the internal RAM
space. There are 4 banks of registers (eight registers in
each bank) that facilitate context switching and provide
byte efficiency. Also within the Internal Data Memory
are the Special Function Registers. These are memory-
mapped locations for the ports, arithmetic registers,
control and status registers and the timer/counters.

Within the Internal Data Memory are 256 individually
addressable bits. 128 bits are located in the Internal
Data RAM and the second 128 bits are located in the
Special Function Register. These 256 addressable bits
provide a new dimension in controller applications. The
programmer/designer may now manipulate individual
bits with specific bit instructions! This new feature is the
Boolean Processor, which is actually a bit processor
with its own accumulator, /O and instruction set.

To increase programming ease the 8051 added new ad-
dressing modes. Direct Addressing was added to
manipulate variables within the 128-byte Data RAM
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and the Special Function Registers. Basc-Register plus
Index-Register Indirect Addressing gives the program-
mer the ability to easily manipulate constants in pro-
gram memory for table look-ups. Table look-ups are
supported over the entire 64K range by using 16-bit
registers.

A more in-depth explanation of the 8051’s memory
spaces, addressing modes and instruction set is provided
in Chapter 3.

The 8051 hardware and on-chip peripherals have been
briefly described a few paragraphs earlier. Let’s add a
little more detail in the following paragraphs. For com-
plete operational and functional explanation of the
following features please read Chapter 2.

MCS-51 family has two independent, 16-bit timer/
counters. Under software control, each timer/counter
may be placed in one of four modes:

0) An 8-bit timer/counter with a divide-by-32
prescaler

1) A 16-bit timer/counter

2) An auto-reload 8-bit timer/counter

3) A mode which provides the programmer/designer
with two timers and a counter for added flexibility

There is a five-source interrupt system. The user has
software control over enabling/disabling the interrupts
and assigning priority levels to the interrupt sources.
The two external interrupts, under software control, can
be either transition or low-level activated.

Two of the three internal interrupt sources generate an
interrupt request when the overflow of the timer/
counters occurs. The third interrupt source generates an
interrupt request from the serial channel when the
receiver register is full or when the transmitter register is
empty.

Serial data communication is accomplished by the
8051’s serial channel. Operation is flexible by providing
user-programmable baud rates, two choices of frame
size and multiprocessor communications. There are
four modes of operation:

0) An 8-bit frame, synchronous mode which allows
I/0 expansion using shift registers. A clock output
is provided by the 8051.

1) An 8-bit frame, asynchronous mode handling pro-
grammable baud rates from 122 to 31,250 bits per
second (12MHz operation).

2) A 9-bit frame, asynchronous mode that has a fixed
baud rate of 187.5K bits per second (12MHz opera-
tion)

3) A programmable baud rate from 122 to 31,250 bits
per second (12MHz operation) for a 9-bit frame
and asynchronous operation.

Since microcontrollers are real-time oriented, the 8051
has four 8-bit ports for interfacing to the external
world. Three of the four ports, under software control,
can have additional capabilities. Port 0 is a time multi-
plexed bus. It outputs the lower 8 bits of the 16-bit ad-
dress and also receives data and instruction during an
external RAM read or external program memory opera-
tion. Port 0 also outputs the data when a write opera-
tion is performed. Port 2 emits the upper 8-bits of the
16-bit address when external memories are being ac-
cessed. Port 3 contains the special control signals such
as the read and write strobes, the two external interrupt
inputs, the two counter inputs and the transmit and
receive pins of the serial channel. Port 1 is strictly an
8-bit quasi-bidirectional port.

Development Support Tools

Intel provides the tools needed for efficient, low risk
development of products using the 8051 family. These
development tools are based on the Intellec® Series II
Microcomputer Development System. The Intellec
system runs ISIS-II, a disk-based operating system be-
ing used in thousands of customer installations. This
same hardware and operating system can also be used to
develop systems based on other Intel microprocessor
families such as the iAPX 86, iAPX 88, 8085 and 8048.

ASM-51, the 8051 macro assembler provides assembly
language programming for the 8051. Symbolic refer-
ences (i.e., names) to 8051 hardware features are sup-
ported.

The Universal PROM Programmer can program any of
Intel’'s PROM memories. To program and verify the
8751, an 8751 personality card adapter should be used.
Programming and verification operations are initiated
from the Intellec development system console and are
controlled by the Universal PROM Mapper program.

The SDK-51, System Design Kit, is an 8031-based pro-
totyping and evaluation kit. It includes the CPU, RAM,
170 ports and a breadboard area for interfacing to
customer circuits. A ROM-based monitor program,
single-line assembler and disassembler are supplied with
the kit. Monitor commands may be entered from an on-
board keypad or from a terminal. Monitor commands
allow programs to be entered, run, stopped and single-
stepped; memory contents can be altered as well as
displayed.

The ICE-51™ In-Circuit Emulator provides real-time
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symbolic debugging support for the 8051 microcom-
puter. A 40-pin probe replaces the 8051 in the system
under test. This probe is connected to a specifically con-
figured 8051 “bond-out” chip which makes internal 8051
hardware available to ICE-51 circuitry. The ICE-51
module emulates the 805! in the system under test in
response to commands entered through the Intellec con-
sole. These commands allow the user to debug the
system by setting breakpoints, tracing the flow of execu-
tion, single-stepping, examining and altering memory
and [70, etc.

All references to program variables and labels are sym-
bolic (i.e., their ASM-51 names). Software testing can
also map “system under test” memory into the full speed
ICE-51 memory to permit software testing to begin
before prototype hardware has been developed.

1-3
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CHAPTER 2
FUNCTIONAL DESCRIPTION

This chapter explains the functions of the 8051. The
first part begins with a brief description of the memory
spaces and addressing modes. (For more in-depth infor-
mation, please see Chapter 3.) The chapter then explains
the hardware registers, the ALU, and Boolean Pro-
cessor.

The second part of Chapter 2 explains in detail the

workings of the on-chip peripherals: the interrupt

system, the I/O pins, the timer/counters and the serial
channel.

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 bank has 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. Its location is
determined by the 8-bit Stack Pointer. All registers ex-
cept the Program Counter and the four 8-Register
Banks reside in the Special Function Register address
space. These memory mapped registers include
arithmetic registers, pointers, /O ports, and registers
for the interrupt system, timers and serial channel. 128
bit locations in the SFR address space are addressable
as bits. The 8051 currently contains 128 bytes of Inter-
nal Data RAM and 20 Special Function Registers.

Conditional branches are performed relative to the Pro-
gram 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 con-
tiguous 64K Program Memory address space.

The 8051 has five methods for addressing source
operands: Register, Direct, Register-Indirect, 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 “destina-
tion, source” field that specifies the data type, address-
ing 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 Address-
ing; the 128 bytes of Internal Data RAM through Direct
or Register-Indirect Addressing; and the Special Func-
tion Registers through Direct Addressing. External Data
Memory is accessed through Register-Indirect Address-
ing. 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 inter-
nal ROM, RAM, Special Function Registers, Arithmet-
ic/Logic Unit and external data bus are each 8-bits
wide. The 8051 performs operations on bit, nibble, byte
and double-byte data types.

64K 54K
EXTERNAL
OVERLAPPED SPACE
4095
—————
INTERNAL 255, | 255
128 128
I I 0 0 0
[N —) [ —— ~ —
PROGRAM PROGRAM INTERNAL SPECIAL EXTERNAL
COUNTER MEMORY DATA RAM FUNCTION DATA
REGISTERS MEMORY

J

INTERNAL DATA MEMORY

Figure 2-1. 8051 Family Memory Organization
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The 8051 has extensive facilities for byte transfer, logic,
and integer arithmetic operations. It excels at bit han-
dling since data transfer, logic and conditional branch
operations can be performed directly on Boolean
variables.

The 8051’s instruction set is an enhancement of the in-
struction set familiar to MCS-48 users. It is enhanced to
allow expansion of on-chip CPU peripherals and to op-
timize 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 instructions.
When using a 12MHz crystal, 64 instructions execute in
1 ps and 45 instructions execute in 2 ps. The remaining
instructions (multiply and divide) require only 4 ps. The
number of bytes in each instruction and the number of
oscillator periods required for execution are listed in the
Instruction Set in Chapter 3 in Table 3-2.

CPU HARDWARE

This section describes the hardware architecture of the
8051’s CPU in detail. The interrupt system and on-chip
functions peripheral to the CPU are described in subse-
quent sections. A detailed 8051 Functional Block
Diagram is displayed in Figure 2-2.

Instruction Decoder

Each program instruction is decoded by the instruction
decoder. This unit generates the internal signals that con-
trol the functions of each unit within the CPU section.
These signals control the sources and destination of data,
as well as the function of the Arithmetic/Logic Unit
(ALU).

Program Counter

The 16-bit Program Counter (PC) controls the sequence in
which the instructions stored in program memory are ex-
ecuted. It is manipulated with the Control Transfer in-
structions listed in Chapter 3.

Internal Program Memory

The 8051/8751 have 4K bytes of program memory resi-
dent on-chip.

Internal Data Memory
The 8051 contains a 128-byte Internal Data RAM (which

includes registers R7-R0 in each of four Banks), and twen-

ty memory-mapped Special Function Register.

INTERNAL DATA RAM

The Internal Data RAM provides a convenient 128-byte
scratch pad memory.

Register Banks

There are four Register Banks within the Internal Data
RAM. Each Register Bank contains registers R7-R0.

128 Addressable Bits

There are 128 addressable software flags in the Internal
Data RAM. They are located in the 16 byte locations start-
ing at byte address 32 and ending with byte location 47 of
the RAM address space.

Stack

The stack may be located ainywhere within the Internal
Data RAM address space. The stack may be as large as 128
bytes on the 8051.

SPECIAL FUNCTION REGISTERS

The Special Function Registers include arithmetic
registers (A, B, PSW), pointers (SP, DPH, DPL) and
registers that provide an interface between the CPU and
the on-chip peripheral functions. There are also 128 ad-
dressable bits within the Special Function Registers. The
memory-mapped locations of these registers and bits are
discussed in Chapter 3.

A Register

The A register is the accumulator.

B Register

The B register is dedicated during multiply and divide and
serves as both a source and a destination. During all other
operations the B register is simply another location of the
Special Function Register space.

Program Status Word Register

The carry (CY), auxiliary carry (AC), user flag 0 (F0),
register bank select (RSO and RS1), overflow (OV) and
parity (P) flags reside in the Program Status Word (PSW)
Register. These flags are bit-memory-mapped within the
byte-memory-mapped PSW. The PSW flags record pro-
cessor status information and control the operation of
the processor.

The CY, AC, and OV flags generally reflect the status of
the latest arithmetic operations. The P flag always reflects
the parity of the A register. The carry flag is also the
Boolean accumulator for bit operations. Specific details
on these flags are provided in the Arithmetic Flags section
of Chapter 3. FO is a general purpose flag which is pushed
onto the stack as part of a PSW save. The two Register
Bank select bits (RS1 and RS0) determine which one of the
four Register Banks is selected.

_ Stack Pointer

The 8-bit Stack Pointer (SP) contains the address at which
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ihe last byte was pushed onto the stack. This is alsc the ad-
dress of the next byte that will be popped. The SP is in-
cremented during a push. SP can be read or written to

under software control.
Data Pointer (High) and Data Pointer (Low)

The 16-bit Data Pointer (DPTR) register is the concatena-
tion of registers DPH (data pointer’s high-order byte) and
DPL (data pointer’s low-order byte). The DPTR is used in
Register-Indirect Addressing to move Program Memory
constants, to move External Data Memory variables, and
to branch over the 64K Program Memory address space.

Port 3, Port 2, Port 1, Port 0

The four ports provide 32 I/0 lines to interface to the ex-
ternal world. All four ports are both byte and bit ad-
dressable. The 8051 also allows memory expansion using
Port 0 (PO) and Port 2 (P2) while Port 3 (P3) contains
special control signals such as the read and write strobes.
Port 1 (P1) is used for I/0 only.

Interrupt Priority Register

The Interrupt Priority (IPC) register contains the control
bits to set an interrupt to a desired level. A bit set to a one
gives the particular interrupt a high priority listing.

Interrupt Enable Register

The Interrupt Enable (IEC) register stores the enable bits
for each of the five interrupt sources. Also included is a
global enable/disable bit of the interrupt system.

Timer/Counter Mode Register

Within the Timer Mode (TMOD) register are the bits that
select which operations each timer/counter will do.

“Timer/Counter Control Register

The timer/counters are controlled by the Timer/
Counter Control (TCON) register bits. The start/stop bits
for the timer/counters along with the overflow and inter-
rupt request flags are mapped in TCON.

Timer/Counter 1 (High), Timer/Counter 1 (Low),
Timer/Counter 0 (High), Timer/Counter 0 (Low)

There are four register locations for the two 16-bit timer/
counters. These registers can be read or written to, to give
the programmer easy access to the timer/counters. THI1
and THO refer to the 8 high-order bits of timer/counter 1
and 0, respectively. TL1 and TLO refer to the low-order
bits of both timer/counter 1 and 0.

Serial Control Register

This control register (SCON) has bits that enable recep-
tion of the serial port. Selecting the operating mode of the
serial port is accomplished with bits in this register also.

Serial Data Buffer

The Serial Data Buffer (SBUF) register is used to hold
serial port input or output data depending on whether the
serial port is receiving or transmitting data.

ARITHMETIC SECTION

The arithmetic section of the processor performs many
data manipulation functions and is comprised of the
Arithmetic/Logic Unit (ALU), A register, B register and
PSW register. The ALU accepts 8-bit data words from one
or two sources and generates an 8-bit result under the con-
trol of the instruction decoder. The ALU performs the
arithmetic operations of add, subtract, multiply, divide,
increment, decrement, BCD-decimal-add-adjust and
compare, and the logic operations of and, or, exclusive-
or, complement and rotate (right, left, or nibble swap (left
four)).

PROGRAM CONTROL SECTION

The program control section controls the sequence in
which the instructions stored in program memory are ex-
ecuted. The conditional branch logic enables conditions
internal and external to the processor to cause a change in
the sequence of program execution.

OSCILLATOR AND TIMING CIRCUITRY

Timing generation for the 8051 is completely self-
contained, except for the frequency reference which can
be a crystal or external clock source. The on-board
oscillator is a parallel anti-resonant circuit with a frequen-
cyrange of 1.2MHzto 12MHz. Thereisadivide-by-12in-
ternal timing which gives the 8051 a minimum instruction
cycle of 1 usec. with a 12MHz crystal. The XTAL2 pinis
the output of a high-gain amplifier, while XTALI isitsin-
put. A crystal connected between XTAL1 and XTAL2
provides the feedback and phase shift required for oscilla-
tion. Lf XTALLI is being driven by an external frequency
source, XTAL2 should be a no connect. The 1.2MHz to
12MHz range is also accommodated when an external
clock is applied to XTALI as the frequency source.

BOOLEAN PROCESSOR

The Boolean Processor is an integral part of the 8051’s ar-
chitecture. It is an independent bit processor with its own
instruction set, its own accumulator (the carry register)
and its own bit-addressable RAM and 1/0. The bit
manipulation instructions allow the Direct Addressing of
128 bits within the Internal Data RAM and 128 bits within
the Special Function Registers as shown in Figures 2-3 and
2-4. The Special Function Registers with an address evenly
divisable by eight (PO, TCON, P1, SCON, P2, IEC, P3,
IPC, PSW, A, and B) contain Directly Addressable bits.
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a.) RAM Bit Addresses.

RAM
BYTE (MSB) (LSB)
" f J
P~ a

2FH 7F 7E 70 7C 78 TA 79 78
2EH 77 76 75 74 73 72 7 70
20H 6F 6E 6D 6C 6B 6A 69 68
2CH 67 66 65 64 63 62 61 60
2BH 5F 5E 5D 5C 58 5A 59 58
2AH 57 56 55 54 53 52 51 50
29H aF 4E 4D 4ac 48 4A 43 48
28H a7 46 a5 44 43 42 4 40
27H 3F 3E 30 3c 3B 3A 39 38
26H 37 36 35 34 33 32 31 30
25H 2F 2E 20 2c 2B 2A 29 28
24H 27 26 25 24 23 22 Fal 20
23H 1F 1E 1D 1c 1B 1A 19 18
22H 17 16 15 14 13 12 " 10
21H OF OE oD oc oB 0A 09 o8
20H 07 06 05 04 03 02 o1 00
1FH
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17H
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08H
O7H
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00H

Figure 2-3. Data RAM Bit Address Space

On any addressable bit, the Boolean processor can per-
form the bit operations of set, clear, complement, jump-
if-set, jump-if-not-set, jump-if-set-then-clear and move
to/from carry. Between any addressable bit (or its com-
plement) and the carry flag it can perform the bit opera-
tion of logical and/or logical or with the result returned to
the carry flag.

ON-CHIP PERIPHERALS

The second section of Chapter 2 describes the on-chip
peripherals and external memory timing. This section
begins with the interrupt system.

Interrupt System

Interrupts result in a transfer of control to a new program
location. The program servicing the request begins at this
address. In the 8051 there are five hardware resources that
can generate an interrupt request. The starting address of
the interrupt service program for each interrupt source is
shown in Table 2-1.

2-5

A resource requests an interrupt by setting its associated
interrupt request flag in the TCON or SCON register, as
detailed in Table 2-2. The interrupt request will be
acknowledged if its interrupt enable bit in the Interrupt
Enable register (shown in Table 2-3) is set and if it is the
highest priority level as established by the polarity of a bit
in the Interrupt Priority register. These bit assignments
are shown in Table 2-4. Setting the resource’s associated
bit to a one (1) programs it to the higher level. The priority
of multiple interrupt requests occurring simultaneously
and assigned to the same priority level is also shown in
Table 2.4.

v o[ u]lo]nlanln]s
won | o7 [ oo [ o5 [ o [ [ o2 o [ 0] row
v [ ]~ [ec]os]on]m ]
wn [ [w]m ][] m]m]w][w] =
wan [ [ = [ = [ac[me [m [ m ] m]
wn [w [ % [w][w [ [m]» @] scon
o oJw]wfafafala]w]n
wi | [ [ o [w [m][w ][] reon
o [w[w]e]ula]ela]n]mn

Figure 2-4. Special Function Register Bit
Address Space

The servicing of a resource’s interrupt request occurs at
the end of the instruction-in-progress. The processor
transfers control to the starting address of this
resource’s interrupt service program and begins execu-
tion.

Within the Interrupt Enable register (IE) there are six
addressable flags. Five flags enable/disable the five
interrupt sources when set/cleared. Setting/clearing the
sixth flag permits a global enable/disable of each en-
abled interrupt request.
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ing 2 bit in the Interrupt Priority (IP)
register establishes its associated interrupt request as a
high/low priority. If a low-priority level interrupt is be-
ing serviced, a high-priority level interrupt will interrupt
it. However, an interrupt source cannot interrupt a ser-
vice program of the same or higher level.

The processor records the active priority level(s) by set-
ting internal flip-flop(s). One of these non-addressable
flip-flops is set while a low-level interrupt is being ser-
viced. The other flip-flop is set while the high-level in-
terrupt is being serviced. The appropriate flip-flop is set
when the processor transfers control to the service pro-
gram. The flip-flop corresponding to the interrupt level
being serviced is reset when the processor executes an
RETI Instruction. To summarize, the sequence of
events for an interrupt is: A resource provokes an inter-
rupt by setting its associated interrupt request bit to let
the processor know an interrupt condition has occurred.
The CPU’s internal hardware latches the internal re-
quest near the falling-edge of ALE in the tenth, twenty-
second, thirty-fourth and forty-sixth oscillator period of
the instruction-in-progress. The interrupt request is con-
ditioned by bits in the interrupt enable and interrupt
priority registers. The processor acknowledges the inter-
rupt by setting one of the two internal “priority-level ac-
tive” flip-flops and performing a hardware subroutine
call. This call pushes the PC (but not the PSW) onto the
stack and, for most sources, clears the interrupt request
flag. The service program is then executed. Control is
returned to the main program when the RETI instruc-
tion is executed. The RETI instruction also clears one of
the internal “priority-level active” flip-flops. Most inter-

Table 2-1. Starting Address for Interrupt Service

Programs
Interrupt Source Starting Address
External Request 0 3 (0003 H)
Internal Timer/ Counter 0 11 (000B H)
External Request 1 19 (0013 H)
Internal Timer/ Counter 1 27 (001B H)
Internal Serial Port 35 (0023 H)

Table 2-2, Interrupt Request Flags

Request Bit

Interrupt Source Flag Location
External Request 0 1E0 TCON .1
Internal Timer/ Counter 0 TFO TCON.5
External Request 1 1IE1 TCON.3
Internal Timer/Counter 1 TF! TCON.7
Internal Serial Port (xmit) TI SCON.1
Internal Serial Port (rcvr) R1 SCON.0

rupt request flags (IE0, IE1, TFO and TF1) are cleared
when the processor transfers control to the first instruc-
tion of the interrupt service program. The TI and RI in-
terrupt request flags are the exceptions and must be
cleared as part of the serial port’s interrupt service pro-
gram.

Table 2-3. Interrupt Enable Flags

Enable Bit
Interrupt Source Flag Location

External Request 0 EX0 1IE.0
Internal Timer/Counter 0 ETO IE.1
External Request 1 EXI1 1IE.2
Internal Timer/ Counter 1 ET1 IE.3
Internal Serial Port ES IE4
Reserved None IE.5
Reserved None IE.6
All Enabled EA IE.7

Table 2-4. Interrupt Priority Flags

Priority
Priority| Within Bit
Interrupt Source| Flag Level |Location
External Request 0 PXO0 [.0 (highest) IP.0
Internal Timer/

Counter 0 PTO |.1 1P.1
External Request 1 PX1 |[.2 IP.2
Internal Timer/

Counter 1 PT1 |.3 IP.3
Internal Serial Port PS |.4 (lowest) IP.4
Reserved None IP.5
Reserved None 1P.6
Reserved None IP.7

The process whereby a high-level interrupt request inter-
rupts a low-level interrupt service program is called
nesting. In this case the address of the next instruction in
the low-priority service program is pushed onto the stack,
the stack pointer is incremented by two (2) and processor
control is transferred to the Program Memory location of
the first instruction of the high-level service program. The
last instruction of the high-priority interrupt service pro-
gram must be an RETI instruction. This instruction clears
the higher “priority-level-active” flip-flop. RETI also
returns processor control to the next instruction of the
low-level interrupt service program. Since the lower
“priority-level-active” flip-flop has remained set, high
priority interrupts are re-enabled while further low-
priority interrupts remain disabled.

The highest-priority interrupt request gets serviced at the
end of the instruction-in-progress unless the request is
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made in the last fourteen oscillator periods of the
instruction-in-progress. Under this circumstance, the
next instruction will also execute before the interrupt’s
subroutine call is made. The first instruction of the service
program will begin execution twenty-four oscillator
periods (the time required for the hardware subroutine
call) after the completion of the instruction-in-progress
or, under the circumstances mentioned earlier, twenty-
four oscillator periods after the next instruction.

Thus, the greatest delay in response to an interrupt request
is 86 oscillator periods (approximately 7pusec @ 12MHz).
Examples of the best and worst case conditions are il-
lustrated in Table 2-5.

Table 2-5. Best and Worst Case Response to
Interrupt Request

Time
(Oscillator Periods)
Instruction Best Worst
Case Case
1) External interrupt request 2+ € 2-€
generated immediately
before (best)/after (worst)
the pin is sampled. (Time
until end of bus cycle.)
2) Currentor next instruction 12 12
finishes in 12 oscillator
periods
3) Next instruction is MUL don’t 48
or DIV care
4) Internal latency for hard- 24 24
ware subroutine call
38 86

EXTERNAL INTERRUPTS

The external interrupt request inputs (INTO and INT1)
can be programmed for either transition-activated or
level-activated operation. Control of the external inter-
rupts is provided by the four low-order bits of TCON as
shown in Table 2-6.

Table 2-6. Function of Bits in TCON
(Lower Nibble)

Bit
Function Flag | Location
External Interrupt Request Flag 1 | IE1 TCON.3
Input INTI Transition-Activated ITI TCON.2
External Interrupt Request Flag 0| 1E0 - | TCON.1
Input INTO Transition Activated ITO TCON.0

When ITO and IT1 are set to one (1), interrupt requests on
INTO and INT1 are transition-activated (high-to-low), or
else they are low-level activated. IEQ and IE1 are the inter-
rupt request flags. These flags are set when their cor-
responding interrupt request inputs at INTO and INTI,
respectively, are low when sampled by the 8051 and the
transition-activated scheme is selected by ITO and IT1.
When ITO and IT1 are programmed for level-activated in-
terrupts, the IEO and IEI1 flags are not affected by the in-
puts at INTO and INT1, respectively.

Transition-Activated Interrupts

The external interrupt request inputs (m and INT)
can be programmed for high-to-low transition-activated
operation. For transition-activated operation, the input
must remain low for greater than twelve oscillator
periods, but need not be synchronous with the oscillator.
It is internally latched by the 8051 near the falling-edge of
ALE during an instruction’s tenth, twenty-second, thirty-
fourth and forty-sixth oscillator periods and, if the input is
low, IEO and IE1 is set. The upward transition of a
transition-activated input may occur at any time after the
twelve oscillator period latching time, but the input must
remain high for twelve oscillator periods before reactiva-
tion.

Level-Activated Interrupts

The external interrupt request inputs (INTO and INT1)
can be programmed for level-activated operation. The in-
put is sampled by the 8051 near the falling-edge of ALE
during the instruction’s tenth, twenty-second, thirty-
fourth and forty-sixth oscillator periods. If the input is
low during the sampling that occurs fourteen oscillator
periods before the end of the instruction in progress, an in-
terrupt subroutine call is made. The level-activated input
need be low only during the sampling that occurs fourteen
oscillator periods before the end of the instruction-in-
progress and may remain low during the entire execution
of the service program. However, the input must be raised
before the service program completes to avoid possibly en-
voking a second interrupt.

Ports and 1/0 Pins

There are 32 1/0 pins configured as four 8-bit ports. Each
pin can be individually and independently programmed as
input or output and each can be configured dynamically
(i.e., on-the-fly) under software control.

An instruction that uses a port’s bit/byte as a source
operand reads a value that is the logical and of the last
value written to the bit/byte and the polarity being ap-
plied to the pin/pins by an external device (this assumes
that none of the 8051’s electrical specs are being
violated). An instruction that reads a bit/byte, operates
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on the content, and writes the result back to the
bit/byte, reads the last value written to the bit/byte in-
stead of the logic level at the pin/pins. Pins comprising
a single port can be made a mixed collection of inputs
and outputs by writing a “one” to each pin that is to be
an input. Each time an instruction uses a port as the
destination, the operation must write “ones” to those
bits that correspond to the input pins. An input to a port
pin need not be synchronized to the oscillator. Each
port pin is sampled near the falling-edge of ALE during
the read instruction’s tenth or twenty-second oscillator
period. If an input is in transition when it is sampled
near the falling-edge of ALE it will be read as an in-
determinate value.

The instructions that perform a read of, operation on,
and write to a port’s bit/byte are INC, DEC, CPL, JBC,
CJINE, DINZ, ANL, ORL, and XRL. The source read
by these operations is the last value that was written to
the port, without regard to the levels being applied at
the pins. This insures that bits written to a one (1) for
use as inputs are not inadvertently cleared; see Figure
2-5.

READ (READ-
MODIFY-WRITE)

INPUT

BUFFER .

—

3~ 20K-40K

a
INTERNAL —D—{ ~ 5K
BUS +1°

FLIP

10
FLOP PIN
PORT 1,
20R3

1

CLK

WRITE PULSE J—

ZERO TO 1

TRANSITION

INPUT
READ BUFFER
(NON READ-
MODIFY-
WRITE)

READ (READ-
MODIFY-WRITE)
INPUT
BUFFER
+5V
INTERNAL @ 5K
8US —e— D
D
FLIP
1/0
FLOP PIN
PORT
— | 0
Q 1
CLK
WRITE PULSE —'——I =
BUS CYCLE
-TIMING
INPUT
READ BUFFER
(NON READ-
MODIFY-WRITE)

Figure 2.5. “Bidirectional’” Port Structure

When used as a port, Port 0 has an open-drain output.
When used as a bus, it has a standard three-state driver.
The Port 0 output driver can sink/source two TTL
loads.

Ports 1, 2 and 3 have quasi-bidirectional output drivers
which incorporate a pull-up resistor of 10K-to-20K
Ohms as shown in Figure 2-6.

Figure 2-6. “Quasi-Bidirectional” Port Structure

In Ports 1, 2 and 3 the output driver provides source
current for two oscillator periods if, and only if, soft-
ware updates the bit in the output latch from a zero (0)
to a one (1). Sourcing current only on “zero to one”
transition prevents a pin, programmed as an input,
from sourcing current into the external device that is
driving the input pin. The output drivers in Ports 1, 2
and 3 can sink/source one TTL load.

Secondary functions (RD, WR, etc.) can be selected in-
dividually and independently for the pins of Port 3.
Port 3 generates these secondary control signals
automatically as long as the pin corresponding to the
appropriate signal is programmed as an input.

Accessing External Memory

When accessing external memory the 8051 emits the up-
per address byte from Port 2 and the lower address byte,
as well as the data, from Port 0. It uses ALE, PSEN and
two pins from Port 3 (RD ‘and WR) for memory con-
trol. ALE is used for latching the address into the exter-
nal memory. The PSEN signal enables the external Pro-
gram Memory to Port 0, the RD signal enables External
Data Memory to Port 0 and the WR signal latches the
data byte emitted by Port 0 into the External Data
Memory. Externally the PSEN and RD signals can be
combined logically if a contiguous external program
and data memory space (similar to a “von Neuman”
machine) is desired. The P3.7 (RD) and P3.6 (WR) out-
put latches must be programmed to a one (1) if External
Data Memory is to be accessed. When P3.7 and P3.6 are
programmed as RD and WR, respectively, the remain-
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ing pins of Port 3 may be individually programmed as
desired. The 8051 can address 64K bytes of external
Program Memory when the EA pin is tied low. When
EA is high, the 8051 fetches instructions from internal
Program Memory when the address is between 0 and
4095, and from external Program Memory when the ad-
dressed memory location is between 4096 and 64K. In
either case, Ports 2 and 0 are automatically configured
as an external bus, based on the value of the PC. In-
struction execution times are the same for code fetched
from internal or external Program Memory.

Up to 64K of External Data Memory can be accessed us-
ing the MOVX instructions. These instructions
automatically configure Port 0, and often Port 2, as an
external bus. The MOVX instructions use the DPTR,
R1 or RO register as a pointer into the External Data
Memory. The 16-bit DPTR register is used when suc-
cessive accesses cover a wide range of the 64K space.
The 8-bit R1 and RO registers provide greatest byte effi-
ciency when successive accesses are constrained to a
256-byte block of the External Data Memory space.
When using R1 and RO, a subsequent block can be ac-
cessed by updating the output latch of Port 2. Port 2 is
not affected by execution of a MOVX instruction that
uses R1 or RO. If, for example, 32K or less of external
data memory is present, only part of Port 2 needs to be
used for selecting the desired block; the remaining pins
of Port 2 can be used for I/0. When a MOVX using
DPTR is executed, the value in Port 2’s output latch is
altered only during the external access and then is
returned to its prior value. This permits efficient exter-
nal block moves by interleaving MOVX instructions
that use DPTR and R1 and RO.

The ALE signal is generated every sixth oscillator period
during reads from either internal or external Program
Memory. The PSEN signal is generated every sixth
oscillator period when reading from the external Pro-
gram Memory. When a read or write from External
Data Memory is being performed, a single ALE and a
RD or a WR signal is generated during a twelve
oscillator period interval. The 8051 always fetches an
even number of bytes from its Program Memory. If an
odd number of bytes are executed prior to a branch or
to an External Data Memory access, the nonexecuted
byte is ignored by the 8051. If an instruction requires
more oscillator periods for its execution than for its
fetch, the first byte of the next instruction is fetched
repeatedly while the first instruction completes execu-
tion. If the CPU does not address External Data
Memory, then ALE is generated every sixth oscillator
period and can be used as an external clock. When Ex-
ternal Data Memory is present, external logic may be
used to combine the occurrence of RD, WR, and ALE
to generate an external clock with a period equal to six
oscillator periods.

ACCESSING EXTERNAL MEMORY—OPERATION
OF PORTS

The Port 0 bus is time-multiplexed to permit transfer of
both addresses and data. This bus is used directly by
memory and peripheral devices that incorporate on-chip
address latching (MCS-85 memories with peripherals),
or it can be de-multiplexed with an address latch to
generate a non-multiplexed bus (MCS-80 peripherals
and memory). During an external access, the low-order
byte of the address and the data (for a write) is emitted
by the Port 0 output drivers. Ones (1’s) are automatical-
ly written to Port 0 at the very end of the bus cycle.
Since the Port 0 output latches will contain ones (1’s) at
the end of the bus cycle, Port 0 will be in its high im-
pedance state when a bus cycle is not in progress. Port 2
emits the upper 8-bits of the address when a MOVX in-
struction using DPTR is executed. Port 2’s output
drivers provide source current for two oscillator periods
when emitting the address. Port 2’s internal pull-up
resistors sustain the high level.

ACCESSING EXTERNAL MEMORY—BUS CYCLE
TIMING

(The following section is a description of the 8051’s tim-
ings. For design purposes, please refer to the specifica-
tion section in Chapter 6 for 8051 timing parameters.)

Each Program Memory bus cycle consists of six
oscillator periods. These are referred to as T1, T2, T3,
T4, TS and T6 on Figure 2-7. The address is emitted
from the processor during T3. Data transfer occurs on
the bus during TS, T6, and the following bus cycle’s T1.
When fetching from external Program Memory, the
8051 will always fetch an even number of bytes. If an
odd number of bytes are executed prior to a branch, or
an External Data Memory access, the non-executed byte
will be ignored by the 8051. An even number of idle bus
cycles (each 6 oscillator periods in duration) can occur
between external bus cycles when the processor is fetch-
ing from internal Program Memory. The read cycle
begins during T2, with the assertion of address latch
enable signal ALE (D. The falling edge of ALE Q) is
used to latch the address information, which is present
on the bus at this time (), into the 8282 latch if a non-
multiplexed bus is required. At T5, the address is
removed from the Port 0 bus and the processor’s bus
drivers go to the high-impedance state @. The program
memory read control signal (PSEN) () is also asserted
during T5. PSEN causes the addressed device to enable
its bus drivers to the now-released bus. At some later
time, valid instruction data will become available on the
bus @&. When the 8051 subsequently returns PSEN to
the high level (D, the addressed device will then float its
bus drivers, relinquishing the bus again ®.
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Figure 2-8. Data Memory Read Cycle Timing

For the MOVC instruction, the op-code is fetched in the
first six-oscillator period, the first byte of the next in-
struction is fetched during the second six-oscillator
period, the table entry is fetched in a third six-oscillator
period and the first byte of the next instruction is again
fetched in the fourth six-oscillator period.

Each External Data Memory bus cycle consists of twelve
oscillator periods. These are shown as T1 through T12
on Figure 2-8. The twelve-period External Data
Memory cycle allows the 8051 to use peripherals that are
relatively slower than its program memories. The ad-
dress is emitted from the processor during T3. Data
transfer occurs on the bus during T7 through T12. TS

2-10

and T6 is the period during which the direction of the
bus is changed for the read operation. The read cycle
begins during T2, with the assertion of address latch
enable signal ALE (D). The falling edge of ALE @) is
used to latch the address information, which is present
on the bus at this time (@, into the 8282 latch if a non-
multiplexed bus is required. At TS5, the address is
removed from the Port O bus and the processor’s bus
drivers go to the high-impedance state @. The data
memory read control signal RD (®, is asserted during
T7. RD causes the addressed device to enable its bus
drivers to the now-released bus. At some later time,
valid data will be available on the bus @ . When the
8051 subsequently returns RD to the high level @), the
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addressed device will then float its bus drivers, relin-
quishing the bus again ® .

The write cycle, like the read cycle, begins with the
assertion of ALE (D) and the emission of an address 0
as shown in Figure 2-9. In T6, the processor emits the
data to be written into the addressed data memory loca-
tion @ . This data remains valid on the bus until the
end of the following bus cycle’s T2 @) . The write signal
WR goes low at T6 (O and remains active through T12

Timer/Counters

Two independent 16-bit timer/counters are on-board
the 8051 for use in measuring time intervals, measuring
pulse widths, counting events, and causing periodic
(repetitious) interrupts.

TIMER/COUNTER MODE SELECTION

Counter 1 can be configured in one of four modes:

Mode 1)  Configures counter 1 as a 16-bit timer/

counter.
Mode 2) Configures counter 1 as an 8-bit auto-
reload timer/counter. THI1 holds the
reload value. TLI1 is incremented. The
value in THI is reloaded into TL1 when
TL1 overflows from ail ones (1’s). An 8048
compatible counter is achieved by con-
figuring to mode 2 after zeroing TH1.
Mode 3)  When counter 1’s mode is reprogrammed
to mode 3 (from mode 0, 1 or 2), it disables
the incrementing of the counter. This mode
is provided as an alternative to using the
TR1 bit (TCON.6) to start and stop
counter 1.

The serial port receives a pulse each time that counter 1
overflows. The standard UART modes divide this pulse

rate to generate the transmission rate.

Counter 0 can also be configured in one of four modes:

Mode 0)  Provides an 8-bit counter with a divide- Modes 0-2) Modes 0-2 are the same as for counter 1.
by-32 prescaler or an 8-bit timer with a
divide-by-32 prescaler. A read/write of Mode 3)  In Mode 3, the configuration of THO is not
TH1 accesses counter 1’s bits 12-5. A affected by the bits in TMOD or TCON
read/write of TL1 accesses counter 1’s bits (see next section). It is configured solely as
7-0. TL1 bits 4-0 are the prescalar (counter an 8-bit timer that is enabled for incremen-
I’s bits 4-0), while bits 7-5 are indeter- ting by TCON’s TR1 bit. Upon THO’s
minate and should be ignored. The pro- overflow, the TF1 flag gets set. Thus,
grammer should clear the prescaler neither TR1 nor TF1 is available to counter
(counter 1’s bits 4-0) before setting the run 1 when counter 0 is in Mode 3. The func-
flag. tion of TR1 can be done by placing counter
ALE @J /
- /
” \o ®
®
PORT 2 ADDRESS A15-Ag >
® 3 ®
PORT 0 < INST INIFLOA‘X A7-Ag. DATA OUT X 32"’;':%8;
! T T T

Figure 2-9. Data Memory Write Cycle Timing
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1 in Mode 3, so only the function of TF1 is Table 2-7. Function of Bits in TCON
actually given up by counter 1. In Mode 3, (Upper Nibble)
TLO is configured as an 8-bit timer/counter Bit
and is controlled, as usual, by the Gate F ti Fi L A
(TMOD.3) C/T (TMOD.2), TRO unction ag | Location
(TCON.4) and TFO (TCON.5) control bits. Counter interrupt request and TF1 TCON.7
overflow Flag
Counter enable/disable bit TR1 TCON.6
CONFIGURING THE TIMERICOUNTER INPUT Counter interrupt request and TFO | TCON.S
The use of the timer/counter is determined by two 8-bit overflow Flag
registers, TMOD (timer mode) and TCON (timer con- Counter enable/disable bit TRO| TCON.4

trol). The counter input circuitry is shown in Figures
2-10 and 2-11. The input to the counter circuitry is from
an external reference (for use as a counter), or from the The functions of the bits in TMOD are shown in Table

on-chip oscillator (for use as a timer), depending on ) h its in TMOD . .
whether TMOD’s C/T bit is set or cleared, respectively. 2-8. Recall that the bits in are not bit ad

When used as a time base, the on-chip oscillator fre- dressable.

quency is divided by twelve (12) before being input to

the counter circuitry. When TMOD?’s Gate bit is set (1), . .

the external reference input (T1, TO) or the oscillator in- Table 2-8. Functions of Bits in TMOD

put is gated to the counter conditional upon a second ex- Bit
ternal input (INTO), (INT1) being high. When the Gate Function Flag | Location

bit is zero (0), the external reference, or oscillator input,

is unconditionally enabled. In either case, the normal in- Enable input at TI using INTI Gate | TMOD.7

terrupt function of INTO and INTI is not affected by ‘C3°l‘>“Ttel‘ MOT;:]:;;;teﬁcstb (1\:4/1T mgg-g
t g ion. If enabled, an i t will oc- :
he counter’s operation. If enabled, an interrupt will oc C 1/T 1 Mode select LSb MO TMOD.4

cur when the input at INTO or INT1 is low. The
counters are enabled for incrementing when TCON’s
TR1 and TRO bits are set. When the counters overflow,

Enable input to TO using INTO | Gate | TMOD.3

the TF1 and TFO bits in TCON get set, and interrupt re- gci)unTteor ;)I{T(;merlo serljlcstb (I\:A/IT ;ﬁgg%
quests are generated. The functions of the bits in TCON p 0/ To Mode selec: LSb MO TMOD.O
are shown in Table 2-7. / Ode selec :
TMOD.3 | TMOD.2 TCON.4 TCON.5
GATE c/T TRO TFO
Y COUNTER 0
MODE 0: 8-BIT TIMER WITH PRESCALER/
8-BIT COUNTER WITH PRESCALER
MODE 1: 16-BIT TIMER/COUNTER
MODE 2: 8-8IT AUTO-RELOAD TIMER/COUNTER
MODE 3: 8-BIT TIMER/COUNTER (TLO)
' u

XTAL1 312

Figure 2-10. Timer/Event Counter 0 Control and Status Flag Circuitry
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Figure 2-11. Timer/Event Counter 1 Control and Status Flag Circuitry

OPERATION

The counter circuitry counts up to all 1’s and then
overflows to either (’s or the reload value. Upon
overflow, TF1 or TFQ gets set. When an instruction
changes the timer’s mode or alters its control bits, the
actual change occurs at the end of the instruction’s ex-
ecution.

The T1 and TO inputs are sampled near the falling-edge
of ALE in the tenth, twenty-second, thirty-fourth and
forty-sixth oscillator periods of the instruction-in-

the time when a toggled input (transition from high to
low) is sampled to the time when the counter is in-
cremented.

Serial Channel

The 8051 has a serial channel useful for serially linking
UART (universal asynchronous receiver/transmitter)
devices and for expanding 1/O. This full-duplex serial
1/0 port can be programmed to function in one of four
operating modes:

progress. They are also sampled in the twenty-second Mode 0)  Synchronous I/O expansion using TTL or
oscillator period of MOVX, despite the absence of CMOS shift registers
ALE. Thus, an external reference’s high and low times
must each be a minimum of twelve oscillator periods in Mode 1)  UART interface with 10-bit frame and
duration. There is a twelve oscillator period delay from variable transmission rate
A
TXD RXD TXD RXD TXD RXD RXD TXD TXD RXD TXD RXD XD RXD
RXD TXD
PORT PIN CcTs
8051 8051 8051 8051 8051 8051 8051 8251
A. MULTI-8051 INTERCONNECT—HALF DUPLEX B. MULTI-8051 INTERCONNECT—FULL DUPLEX C. 8051-8251 INTERFACE

Figure 2-12. UART Interface Technique
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Mode 2) UART interface with 11-bit frame and fixed
transmission rate
Mode 3) UART interface with 11-bit frame and

variable transmission rate

Modes 2 and 3 also provide automatic wake-up of slave
processors through interrupt driven address-frame
recognition for multiprocessor communications.
Several schemes of UART interfacing are shown in
Figure 2-12, and an 1/0 expansion technique is shown
in Figure 2-13.

8051
IN1-IN8
DATA as SIN |a—
cLocK
PORT PIN oLk Pis
A. 1/0 INPUT -
EXPANSION -
8051
[LELLL]
Q8-Q1
DATA SIN as
cLock N

PORT PIN cLK T8
8. 1/0 OUTPUT
ON

Figure 2-13. /0 Expansion Technique

SERIAL CHANNEL CONTROL AND
DATA REGISTERS

Data for transmission and from reception reside in the
serial port buffer register (SBUF). A write to SBUF up-
dates the transmitter register, while a read from SBUF
reads a buffer that is updated by the receiver register
if/when flag RI is reset. 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. In general, double buffer-
ing of the transmitter is not needed for the high perfor-
mance 8051 to maintain the serial link at its maximum
rate. A minor degradation in data rate can occur in rare
events, such as when the servicing of the transmitter has
to wait for a lengthy interrupt service program to com-
plete. In asynchronous mode, false start-bit rejection is
provided on received frames. A two-out-of-three vote is
taken on each received bit for noise rejection. The serial
port’s control and the monitoring of its status is provid-
ed by the serial port control register (SCON). The con-
tents of the 8-bit SCON register are shown in Table 2-9.

Table 2-9. Functions of Bits in SCON

Bit
Function Flag | Location
Serial Port Operation SM0 | SCON. 7
Mode (MSb)
Serial Port Operation SM1 | SCON. 6
Mode (LSb)
Conditional Receiver SM2 | SCON. 5
Enable
Receiver Enable REN | SCON. 4
Transmitter Data Bit 8 TB8 | SCON. 3
Received Data Bit 8 RB8 | SCON. 2
Transmission Complete TI SCON. 1
Interrupt Flag
Reception Complete RI SCON. 0
Interrupt Flag

Mode control bits SMO and SM1 program the serial port
in one of four operating modes. A detailed description
of the modes is provided later in the text. The receiver-
enable bit (REN) resets the receiver’s start/stop logic.
When software sets REN to one (1), the receiver’s
transmission-rate generator is initialized and reception
is enabled. REN must be set as part of the serial
channel’s initialization program. When REN is cleared,
reception is disabled.

The CPU is informed that the transmitter portion of
SBUF is empty, or the receiver portion is full, by TI and
RI, respectively. TI and RI must be cleared as part of
the interrupt service program so as not to continuously
interrupt the CPU. Since TI and RI are “or-ed” together
to generate the serial port’s interrupt request, they must
be polled to determine the source of the interrupt.

OPERATING MODES

Operating Mode 0

The 1/0 expansion mode, Mode 0, is used to expand the
number of input and output pins. In this mode, a clock
output is provided for synchronizing the shifting of bits
into, or from, an external register. Eight bits will be
shifted out each time a data byte is written to the serial
channel’s data buffer (SBUF), even if TI is set. Each
time software clears the RI flag, eight bits are shifted in-
to SBUF before the RI flag is again set. The receiver
must be enabled [i.e., REN set to (1)} for reception to
oceur.

The synchronizing clock is output on pin P3.1 and tog-
gles from high to low near the falling-edge of ALE in
the fifteenth oscillator period following execution of the
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instruction that updated SBUF or cleared the RI flag. It
then toggles near the falling-edge of ALE in each subse-
quent sixth oscillator period until 8-bits are transferred.
The eighth rising-edge of clock (P3.1) sets the RI or TI
flag. At this point, shifting is complete and the clock is
once again high. The first bit is shifted out of P3.0 at the
beginning of the eighteenth oscillator period, following
the instruction that updated SBUF. The first bit shifted
in from P3.0 is latched by the clock’s rising-edge in the
twenty-fourth oscillator period, following the instruc-
tion that cleared the RI flag. One bit is shifted every
twelfth oscillator period, until all eight bits have been
shifted.

Operating Modes 1 through 3

In the UART Modes (i.e., 1 through 3), the transmis-
sion rate is subdivided into 16 “ticks.” The value of a
received bit is determined by taking a majority vote
after it has been sampled during the seventh, eighth and
ninth “ticks.” If two or three ones (1’s) are detected, the
bit will be given a one (1) value; if two or three zeros
(0’s) are detected, the bit will be given a zero (0) value.

Until a start bit arrives, the receiver samples the RXD
input pin (P3.0) every “tick.” Approximately one-half
bit time (eight “ticks”) after the start bit is detected (i.e.,
a low input level was sampled on “tick” one), the serial
port checks its validity (majority vote from “ticks”
seven, eight and nine) and accepts or rejects it. This pro-
vides rejection of false start bits.

The contents of the receiver’s input shift register is mov-
ed to SBUF and RB8 (Modes 2 and 3), and RI is set
when a frame’s ninth (Mode 1) or tenth (Modes 2 and 3)
bit is received. Upon reception of a second frame’s ninth
or tenth bit, the data bits in the shift register are again
transferred to SBUF and RB8, but only if software has
reset the RI flag. If RI has not been reset, then overrun
will occur, since the shift register will continue to accept
bits. Double buffering the receiver provides the CPU
with one frame-time in which to empty the SBUF and
RBS8 registers. The RI flag is set and bit RBS8 is loaded
during the ninth “tick” of the received frame’s ninth or
tenth bit. The serial port begins looking for the next
start bit approximately one-half bit time after the center
of a stop bit is received.

Data is transmitted from the TXD output pin (P3.1)
each time a byte is written to SBUF, even if TI is set.
Transmission of the start bit begins at the end of the in-
struction that updates SBUF. TI is set at the beginning
of the transmitted tenth (Mode 1) or eleventh (Mode 2
or 3) bit. After TI becomes set, if SBUF is written-to
prior to the end of the stop (tenth or eleventh) bit, the
transmission of the next frame’s start bit will not begin
until the end of the stop bit.

In Modes 2 and 3, if SM2 is set, frames are received, but
an interrupt request is generated only when the received
data bit 8 (RB8) is a one (1). This feature permits inter-
rupt generated wake-up during interprocessor com-
munications when multiple 8051’s are connected ‘to a
serial bus. Thus, data bit 8 (RB8) awakens all processors
on the serial bus only when the master is changing ad-
dress to a different processor. Each processor not ad-
dressed then ignores the subsequent transmission of
control information and data. A protocol for
multi-8051 serial communications is shown in Figure
2-14. The SM2 bit has no effect in Modes 0 and 1.

1. The hardware in each slave’s serial port
begins by listening for an address. Receipt of
an address frame will force an interrupt if the
slave’s SM2 bit is set to one (1) to enable “in-
terrupt on address frame only”.

2. The master then transmits a frame containing
the 8-bit address of the slave that is to receive
the subsequent commands and data. A
transmitted address frame has its ninth data
bit (TB8) set equal to one (1).

3. When the address frame is received, each
slave’s serial port interrupts its CPU. The CPU
then compares the address sent to its own.

4. The 8051 slave which has been addressed
then resets its SM2 bit to zero (0) to receive all
subsequent transmissions. All other 8051’s
leave their SM2 bits at a one (1) to ignore
transmissions until a new address arrives.

5. The master device then sends control informa-
tion and data, which in turn is accepted by the
previously addressed 8051 [i.e., the one that
had set its SM2 bit to zero (0)].

Figure 2-14. Protocol for Multi-Processor
Communications

THE SERIAL FRAME

A frame is a string of bits. The frame transmitted and
received in Mode O is 8 bits in length. The data bits of
the frame are transmitted SBUF.0 first and SBUF.7
last.

The frame transmitted and received in Mode 1 is ten bits
in length. The frame transmitted and received in Modes
2 and 3 is eleven bits in length. These frames consist of
one start bit, eight or nine data bits and a stop bit. Data
bits 0-7 are loaded into SBUF.0-SBUF.7, respectively,
and data bit 8 into RB8 (receive) or TB8 (transmit).
With nominal software overhead, the last data bit can
be made a parity bit, as shown in Figure 2-15.

Figure 2-16 shows some typical frame formats for dif-
ferent applications. The data bits of the frame are
transmitted least significant bit first (SBUF.0) and TB8
last. k
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MOV C, P ; Parity moved to carry (byte
already in A).
MOV TBS8, C ; Put carry into Transmitter Bit 8

MOV SBUF, A; Load Transmit Register

Figure 2-15. Generating Parity and Transmitting
Frame

110 BAUD TTY

| stant[paraof 1| 2] a] 4] 5] & |panity| stoP | stoe |

TYPICAL ASCIt TERMINAL

| start[patao] 1] 2] 3] 4] 5] 6 [eanry] stor |
| srant | oara .ornJ;B[ a]als]s JFRITV] sTop |

8051 INTERPROCESSOR COMMUNICATION

[stant [oatao] 1| 2| s[4 | 5] 6| .7]anoRessBaTa | sTor |
| start|oatao] 1] 2| .:R]_I[.s] & L7 I Jisgj

Figure 2-16. Typical Frame Formats

TRANSMISSION RATE GENERATION

The proper timing for the serial I/0 data is provided by
a transmission-rate generator. On-board the 8051, three
different methods of transmission rate generation are
provided. The transmission-rate achievable is dependent
upon the operating mode of the serial port.

In the I70 expansion mode (Mode 0) the oscillator fre-
quency is simply divided by 12 to generate the transmis-
sion rate. This produces a transmission rate of 1M bits
per second at 12MHz. If Modes 1 or 3 are being used,
the transmission rate can be generated from the
oscillator frequency or from an external reference fre-
quency. In these modes, either one-twelfth the oscillator
frequency, or the Tl input frequency, is divided by
256-minus-the-value-in-TH1 (counter 1 must be con-
figured in auto-reload mode by software) and then
divided by 32 to generate the transmission rate. When
the oscillator frequency input (rather than T1) is
selected, this method produces a transmission rate of
122 to 31,250 bits per second (including start and stop
bits) at 12MHz. The T1 external input is selected by set-
ting the C/T bit to one (1). When Mode 2 is used, the
oscillator frequency is simply divided by 64 to generate
the transmission rate. This produces a transmission rate
of 187,500 bits per second (including start and stop bits)
at 12MHz.

UART ERROR CONDITIONS

There are two UART error conditions that should be ac-
counted for when designing systems that use the serial
channel.

First, the 8051’s serial channel provides no indication
that a valid stop bit has been received. However, since a
start bit is detected as a high-level to low-level transi-
tion, the UART will not receive additional frames if a
stop bit is not received. Second, the RI flag is set and
SBUF and RB8 are loaded from the receiver’s input shift
register when the received last data bit (i.e., ninth or
tenth received bit) is sampled. As long as Rl is set, the
loading of SBUF, the updating of RB8, and the genera-
tion of further receiver interrupts is inhibited. Thus,
overrun will occur if the programmer does not reset RI
before reception of the next frame’s last data bit, since
the receiver’s input shift register will shift in a third
frame.

Processor Reset and Initialization

Processor initialization is accomplished with activation
of the RST/VPD pin. To reset the processor, this pin
should be held high for at least twenty-four oscillator
periods. Upon powering up, RST/VPD should be held
high for at least 24 oscillator periods, after the power
supply stabilizes, to allow the oscillator to stabilize.
Crystal operation below 6MHz will increase the time
necessary to hold RST/VPD high. 24 oscillator periods
after receipt of RST, the processor ceases instruction ex-
ecution and remains dormant for the duration of the
pulse. The low-going transition then initiates a sequence
which requires approximately twelve oscillator periods
to execute before ALE is generated and normal opera-
tion commences with the instruction at absolute loca-
tion 0000H. Program Memory locations 0000H through
0003H are reserved for the initialization routine of the
microcomputer. This sequence ends with registers in-
itialized as shown in Table 2-10.

Table 2-10. Register Initialization

Register Content
PC 0000H
SP : 07H

PSW, DPH, DPL, A, B, | 00H
IP, 1IE, SCON, TCON, 00H

TMOD, THI, THO, 00H

TLI1, TLO 00H

IP EOH

IE 60H

SBUF Indeterminate

Port 3-Port 0 FFH (configures all /O

pins as inputs)
Unchanged if VPD

applied; else

indeterminate

Internal RAM
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In addition, certain of the control pins are driven to a
high level during reset. These are ALE/PROG and
PSEN. Thus, no ALE or PSEN signals are generated
while RST/VPD is high. After the processor is reset, all
ports are written with one (1’s). Outputs are undefined
until the reset period is complete. An external reset cir-
cuit, such as that in Figure 2-17, can be used to reset the
microcomputer.

8051

>0

—&
RST/VPD

+5V

8051
I __ RST/VPD

1

Figure 2-17. External Reset

Power Down (Standby) Operation of
Internal RAM

Data can be maintained valid in the Internal Data RAM
while the remainder of the 8051 is powered down. When
powered down, the 8051 consumes about 10% of its
normal operating power. During normal operation,
both the CPU and the internal RAM derive their power
from VCC. However, the internal RAM will derive its
power from RST/VPD when the voltage of VCC is
zero.

When a power-supply failure is imminent, the user’s
system generates a “power-failure” signal to interrupt
the processor via INTO or INTI1. This power-failure
signal must be early enough to allow the 8051 to save all
data that is relevant for recovery before VCC falls
below its operating limit. The program servicing the
power-failure interrupt request may save any important
data and machine status into the Internal Data RAM.
The service program must also enable the backup power

supply to RST/VPD pin. Applying power to the
RST/VPD pin resets the 8051 and retains the internal
RAM data valid as the VCC power supply falls below
limit. Normal operation resurnes when RST/VPD is
returned low. Figure 2-18 shows the waveforms for the
power-down sequence.

vee N——T
| |
| |

1 1

INTERRUPT |

|
|

i |

NORMAL OPERATION SERVICE PROGRAM NORMAL OPERATION

INTO
(POWER-FAIL)

RST/VPD

2-17

Figure 2-18. Power-Down Sequence

EPROM Programming

The 8751 is programmed, and the 8051 and 8751 are
verified, using the UPP-851 programming card. For
programming and verification, address is input on Port
1 and Port pins 2.0-2.3. Pins P2.4 and P2.5 are held to a
TTL low (VL). Data is input and output through Port
0. RST/VPD is held at a TTL high level (VIH]) and
PSEN is held at TTL low level (Vi1 during program
and verify. To program, ALE/PROG is held at a TTL
low level (VIL). The programming supply voltage is
held at 21V. The EA/VDD pin receives this program-
ming supply voltage. ALE/PROG is held at TTL high
level (VIH) to verify the program. Port pin 2.7 forces’
the Port 0 output drivers to the high impedance state
when held at a TTL high level and is held at a TTL low
level for verification. Erasure of an 8751 will leave the
EPROM programmed to an all one’s (1’s) state.

Data is introduced by programming “0’s” into the
desired bit locations. Although only “0’s” will be pro-
grammed, 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
ultra-violet light erasure.

When EA/VDD is at 21V, the 8751 is in the program-
ming mode. It is necessary to put a capacitor between
EA/VDD and ground to block spurious voltage tran-
sients. ALE/PROG receives the 50 msec, active low TTL
program pulse when the address and data are stable. A
program pulse must be applied at each address location
to be programmed. You can program any location at
any time — either sequentially or at random.
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A verify may be performed on the programmed bits to
ensure correct programming. Data is output on Port 0
when pin 2.7 is at a TTL low level (ViH). Pull-up
resistors must be provided on Port 0 pins during
verification. This verification mode can also be used to

check the 8051’s ROM pattern.

Table 2-11 describes the levels needed on the pins to pro-

gram and verify the 8751.

Table 2-11. Voltage Inputs for EPROM Programming/Verifying

PINS | vpD/RST | PSEN | PROG/ALE | VDD/EA | P24-26 P27
MODE
PROGRAM ViH1 VIL VIH Vpp ViL | VIL
VERIFY ViH1 ViL ViL \7e) VIL | ViL (enable)
VY (disable)
2-18
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CHAPTER 3
MEMORY ORGANIZATION, ADDRESSING MODES
AND INSTRUCTION SET

Chapter 3 is divided into these categories:
e Memory Organization
e Addressing Modes
e Instruction Set

The first part, Memory Organization, describes the
memory spaces of the 8051. The Addressing Modes sec-
tion describes addressing techniques used to reach the
memory spaces. The final section explains the instruction
set, including functional groupings, opcodes and a soft-
ware example.

MEMORY ORGANIZATION

In the 8051 family the memory is organized over three
address spaces and the program counter. The memory
spaces shown in Figure 3-1 are the:

e 16-bit Program Counter

e 64K-byte Program Memory address space

¢ 64K-byte External Data Memory address space
e 384-byte Internal Data Memory address space

The 16-bit Program Counter register provides the 8051
with its 64K addressing capabilities. The Program
Counter allows the user to execute calls and branches to
any locations within the Program Memory space. There
are no instructions that permit program execution to
move from the Program Memory space to any of the
data memory spaces.

In the 8051 and 8751, the lower 4K of the 64K Program
Memory address space is filled by internal ROM and
EPROM, respectively. By tying the EA pin high, the
processor can be forced to fetch from the internal
ROM/EPROM for Program Memory addresses 0
through 4K. Bus expansion for accessing Program
Memory beyond 4K is automatic, since external instruc-
tion fetches occur automatically when the Program
Counter increases above 4095. If the EA pin is tied low,
all Program Memory fetches are from external memory.
The execution speed of the 8051 is the same, regardless
of whether fetches are from internal or external Pro-
gram Memory. If all program storage is on-chip, byte
location 4095 should be left vacant to prevent an
undesired pre-fetch from external Program Memory ad-
dress 4096.

Certain locations in Program Memory are reserved for
specific programs. Locations 0000 through 0002 are
reserved for the initialization program. Following reset,
the CPU always begins execution at location 0000.
Locations 0003 through 0042 are reserved for the five
interrupt-request service programs.

The 64K-byte External Data Memory address space is
automatically accessed when the MOVX instruction is
executed.

Functionally, the Internal Data Memory is the most
flexible of the address spaces. The Internal Data
Memory space is subdivided into a 256-byte Internal
Data RAM address space and a 128-byte Special Func-
tion Register address space. Within these address spaces
are 256 individually addressable bits. Figure 3-2 shows
the locations of the address spaces.

64K 64K
EXTERNAL
OVERLAPPED SPACE
4095 L
——————h
INTERNAL 255 | 25
ﬁ 128 128
0 [ [ 1 0
[ — e —— [ —)
PROGRAM PROGRAM INTERNAL SPECIAL EXTERNAL
COUNTER MEMORY DATA RAM FUNCTION DATA
REGISTERS MEMORY

s

INTERNAL DATA MEMORY

Figure 3-1. 8051 Family Memory Organization
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The Internal Data RAM address
banks of eight registers occupy locations O through 31.
The stack can be located anywhere in the Internal Data
RAM address space. In addition, 128 bit locations of
the on-chip RAM are accessible through Direct Ad-
dressing. (See next section, Addressing Modes.) These
bits reside in Internal Data RAM at byte locations 32
through 47, as shown in Figure 3-3. Currently locations
0 through 127 of the Internal Data RAM address space
are filled with on-chip RAM. Locations 128 through 255
may be filled on later products without affecting ex-
isting software.

space is 0 to 255. Four

The stack depth is limited only by the available Internal
Data RAM, thanks to an 8-bit reloadable Stack Pointer.
The stack is used for storing the Program Counter dur-
ing subroutine calls, and may be used for passing
parameters. Any byte of Internal Data RAM or Special
Function Register’s accessible through Direct Address-
ing can be pushed/popped.

The Special Function Register address space is 128 to
255. All registers except the Program Counter and the
four banks of eight working registers reside here.

them to be accessed as easily as internal RAM. As such,
they can be operated on by most instructions. In addi-

" tion, 128 bit locations within the Special Function

Register address space can be accessed using Direct Ad-
dressing as shown in Figure 3-4. These bits reside in the
Special Function Register address space and can be ac-
cessed using Direct Addressing. The addressable bits are
located at byte addresses divisible by eight. An easy way
to determine which byte locations are bit addressable
are those byte locations ending in zero (0) or eight (8)
when represented in hexadecimal notation. The twenty
Special Function Registers are listed in Table 3-1. Their
mapping in the Special Function Register address space
is shown in Figure 3-5.

ADDRESSING MODES

Since the MCS-51 architecture differentiates between
Data Memory and Program Memory, there are dif-
ferent addressing modes for each. These are explained
below.

a) RAM Bit Addresses.

RAM
BYTE

(MSB) (LsB)
Memory mapping the Special Function Registers allows 7FH l
SPECIAL T ¥
FUNCTION
INTERNAL DATA RAM  REGISTERS
2FH 7w ] e 0| c| m| a| 79| 78 |a7
. 255 [755 345 FoH <~ 2EH 7| 6| 75 | e | 73| 2| 7| 70 |46
255 FOH ) 20H 6F | 6E | 6D | 6C | 6B | 6A | 69 | 68 |45
E8H <—|
EOH <t 2CH 67 | e6 | 65 | 64 | 63 | 62 | 61 | 60 44
D8H < 2BH sF | s | sD [ sc | 5B | sA | 59 58 |43
DOH =8|
CaH e ADDRESS- 2AH 57| s6 | 55 | 54 | s3] 52 | s1 | s0 Ja2
ABLE
COH-—, TSIN 20H aF | s | ab | ac | 4B | aa | a9 | 48 |at
BeH - e,
BOH-<8— (128 BITS) 28H a7 | a6 | a5 | a0 | a3 | a2 | a1 | a0 |40
ABH < 27TH IF | 3E | 3¢ | 38 3a | 39 38 |39
AOH
98H 26H 3 | 36 | s | sa | 3 | a2 | 31 | 30 |38
90H 25H 2F [ 26 | 20 | 2c | 28 { 2a | 29 | 28 |37
38H <8
128 [13s 128 goH <&’ 24H 27 | 26 | 25 | 20 [ 23 | 22 | 21 | 20 |36
128 e = 23H ) €| 10| 1c| .| 1a]| 19| 1835
22H 17| 16| 15 | 14 | 13| 12| 11| 10 |3
ADDRESS- ﬁ 21H OF 0E oD oc )] 0A 09 08 33
ABLE 127 120,
BITS IN 204 07 | o6 | os | oa | o3 [ 02 | o1 | o0 |32
RAM 31
(128BITS) 217 0 1FH
R7 Bank 3
BANK 3
24 |Ro 18H 24
23
16 :; BANK2 ™ Bank 2
REGISTERS < — [ o an 6
BANK 1
N L) OFH 15
R7 Bank 1
o |ro BANKO o84 .
o7H 7
INTERNAL  SPECIAL FUNCTION 00H Bank 0 0
DATA RAM REGISTERS
Figure 3-2. Internal Data Memory Address Space Figure 3-3. RAM Bit Addresses
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There are five general addressing modes operating on
bytes. One of these five addressing modes, however,
operates on both bytes and bits.

Register Addressing

Register addressing encodes, in the low-order three bits
of the instruction opcode, the number of a register in
the currently enabled register bank. RS1 (PSW.4) and
RSO (PSW.3) determine which register bank is enabled.
In the MCS-51 assembly language, register addressing is
indicated by the register symbols RO through R7, or by a
symbolic name defined earlier as a register. The instruc-
tion set mnemonic for Register Addressing is “Rn”
where n can be any value from 0 to 7.

Direct Addressing

BYTE OPERANDS

Direct Byte addressing specifies an on-chip RAM loca-
tion or a Special Function Register. An additional byte

Table 3-1. Special Function Registers

Special Byte
Function ASM-51 Location
Register in Memory
Symbolic Name
Accumulator* ACC 224(EOH)
Arithmetic B register* B 240(FOH)
Registers  Program Status PSW 208(DOH)
Word*
Stack Pointer SP 129(81H)
Pointers Data Pointer DPH 131(83H)
(high)
Data Pointer DPL 130(82H)
(low)
Port 3* P3 176(BOH)
Parallel Port 2* P2 160(A0H)
170 Port 1* Pl 144(90H)
Ports Port 0* PO 128(80H)
Interrupt Priority IPC 184(B8H)
Interrupt  Control*
System Interrupt Enable IEC 168(A8H)
Control*
Timer Mode TMOD 137(89H)
Timer Control* TCON 136(88H)
Timer 1 (high) THI 141(8DH)
Timers Timer 1 (low) THO 139(8BH)
Timer 0 (high) THO 140(8CH)
Timer 0 (low) TLO 138(8AH)
Serial I/O  Serial Control* SCON 152(98H)
Channel Serial Data SBUF 153(99H)
Buffer

*Bit addressable byte location

is appended to the instruction opcode to provide the
memory location address. The highest-order bit of this
byte selects one of two groups of addresses: values be-
tween 0 and 127 (OOH-7FH) access internal RAM loca-
tions, while values between 128 and 255 (80H-OFFH) ac-
cess one of the Special Function Registers. In the
assembly language, direct addresses are specified with
the address of the variable or register, or a symbolic
name defined earlier as a direct address. The instruction
set mnemonic for Direct Byte Addressing is “direct”.

BIT OPERANDS

Direct Bit addressing (bit) lets a number of instructions
manipulate or test any of 128 user-defined software
flags in internal data RAM, and manipulate or test 128
bits in the Special Functions Registers address space. An
additional byte appended to the opcode specifies the
flag or bit to be accessed. Values between 0 and 127
(00H-7FH) correspond to software flags in sixteen inter-
nal RAM locations, addresses 20H-2FH. Bit addresses
00H-07H correspond to bits 0-7 of RAM location 20H,
respectively; addresses 77H-7FH correspond to bits 0-7
of RAM location 2FH. Bit address values between 128

b.) Hardware Register Bit Addresses.

Direct " Hardware
Bit Addresses "
Byte Register
Address (Ms8) {Ls8) Symbol
240 F7 6 | F5 FAJ F3 [ le F1 Tro B

224 57J €6 I €s [ E4 [ €3 l Ezlm rso Acc
208 D7 ] DSTD5 Lnﬂi D3 I D2 D1 rDD PSW

oo [ ][ e[ [oa]w [s]w
o [ [ e oeos]ee]orJoo] s
w (][ [mm[m[w]n] e
w [w[m[m][m]m]=]n]n]

152 9F]9EI9D]9CIQBTQAIWI98 SCON

144 97196195[94[93[@2]91'90 P1
136 8F I 3 [ 8D I 8c I saT 8A [ esIaa TCON
128 av_LsaJ 85 Laa l 83 [ 82 Lmi s | Po

Figure 3-4. Special Function Register Bit Address
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SYMBOLIC BYTE
ADDRESS  BIT ADDRESS ADDRESS
AN
5 e8]
B B 240 (FOH) ﬁ
247 240
AcC A 224 (EOH) |
231 224
PSW 208 (DOH) |
215 208
PC 184 (B8H) <]
191 184
3 176 (BOH) -
183 176
IEC 168 (ABH) <4~
175 168
P2 160 (AOH) <]
SFR’s
167 160 L CONTAINING
SBUF 153 (99H) DIRECT
SCON 152 (98H) <a| BEAESSABLE
159 152
P1 144 (90H) <a—|
151 144
™I 141 (8DH)
THO 140 (8CH)
™ 139 (8BH)
TLO 138 (8AH)
T™MOD 137 (89H)
TCON 136 (s8H)
143 136
DPH 131 (83H)
DPL 130 (82H)
sp 129 (81H)
PO 128 (80H) -
135 128

Figure 3-5. Special Function Registers Address
Space

and 255 (80H-OFFH) select bits in the special function

registers; the high-order five-bit field of the address byte .

is the same as that of the register used, while the low
order three bits give the bit position within that register.
The assembly language allows three representations for
a direct bit address: by-the bit’s sequential number
(0-255), by specifying the register or RAM location
which contains the bit, and the bit’s position therein
(e.g., 32.6), separated by a period (.) or by a symbol
previously defined as a direct bit address. The instruc-
tion set signifies a bit location by the mnemonic “bit”.

Base-Register-Plus Index Register-
Indirect Addressing

Base-Register-plus Index Register-Indirect Addressing
simplifies accessing look-up tables (LUT) resident in
Program Memory. A byte may be accessed from an
LUT via an indirect move from a location whose ad-
dress is the sum of a base register (the DPTR or PC) and
the index register (A).

Register-Indirect Addressing

Register-Indirect Addressing (@Ri) accesses a RAM
location whose address is determined by the current

34

contents of RO or R1, according to bit 0 of the instruc-
tion opcode. In the 8051 assembly language, indirect ad-
dressing is represented by a commercial “at” sign (“@”)
preceding RO, R1, or a symbol defined by the user to be
equal to RO or R1. The instruction set mnemonic for
Register-Indirect Addressing uses the “at” (“@”) also.

Immediate Addressing

Immediate Addressing (#data) appends an additional
byte to the instruction to hold the source variable. In the
8051 assembly language and the 8051 instruction set, a
number sign (#) precedes the value to be used, which
may refer to a constant, an expression, or a symbolic
name. Since the value used is fixed at the time of ROM
manufacture or EPROM programming, it may not be
altered during program execution. (A special case of im-
mediate addressing exists for the instruction MOV
DPTR, #datal6. Two bytes following the opcode hold
the 16 bits of data loaded into the data pointer.)

Figure 3-6 illustrates how the addressing modes reach
different Internal Data Memory.

255

DIRECT
ADDRESSING
(BITS)

REGISTER
ADDRESSING

INTERNAL
DATA RAM/
STACK

SPECIAL
FUNCTION
REGISTERS

F_‘L_'—\/_—H

255 [255

248
240
232

216
208
200
192
184
176
168
160
152
144
136
_128]135

248

129

127 120

32 |7 0

R7
o BANK 3

R7 BANK 2
0

R7
BANK 1

RO

R7
BANK O

0 [RO

fo

FOH
E8H
EOH
D8H
DoH
C8H
CoH
B8H
BOH
ABH
AOH
98H
90H
88H
80H

Y DIRECT ADDRESSING

STACK-POINTER REGISTER-INDIRECT AND
REGISTER-INDIRECT ADDRESSING

DIRECT
ADDRESS-
ING

(BITS)

Figure 3-6. Internal Data Memory Addressing

Modes
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Branch Destination Addressing Modes

Three program memory addressing modes are used by
conditional and unconditional branch operations.

RELATIVE ADDRESSING (rel)

Relative addressing (rel) encodes an 8-bit signed
displacement value in the last instruction byte. During
execution, the CPU computes the destination address by
extending the sign-bit of this byte to 16 bits and adding
this value to the incremented program counter. In the
8051 assembly language, the programmer only needs to
specify the address or label assigned to the desired
destination instruction. The assembler will compute the
signed displacement needed and produce an error
message if the destination is “out of range.”

ABSOLUTE ADDRESSING (addrt1)

Absolute Addressing (addr11) encodes the low-order 11
bits of the destination address in three bits of the opcode
and the second instruction byte. The high-order five bits
of the destination address are taken from the high-order
five bits of the incremented program counter. Note that
this means that an AJMP or ACALL instruction
located in addresses 07FEH, for example, will reach a
destination between addresses 0800H and OFFFH.

LONG ADDRESSING (addr16)

Long Addressing (addr16) uses the second and third
byte of the instruction to hold the high-order and low-
order bytes of the 16-bit destination address, respective-
ly. The destination can be anywhere in the full 64
kilobyte program memory address space.

In the MCS-51 assembly language, only the address or
label of the destination instruction is given in each case.
The assembler computes the address encoding needed
by the operation mnemonic and produces an error
message if the destination is “out of range.”

Special Addressing Considerations

If an indirect on-chip RAM or stack address is greater
than the amount of RAM provided (e.g., greater than
127 on the 8051), or if no special function register cor-
responds to a direct byte or bit address, then the result
of the instruction is undefined.

Note also that the two accumulators, the byte ac-
cumulator and the bit accumulator, (the Boolean Pro-
cessor) can be addressed in two ways using different
ASM-51 mnemonics.

When using Register Addressing, the byte accumulator
may be reached using the “A” mnemonic, while the bit
accumulator may be reached using the “C” mnemonic.

3-5

If both accumulators are accessed as memory locations
using Direct Addressing, different mnemonics are used.
“ACC” is the symbol for the byte accumulator and
“CY” is the symbol for the bit accumulator.

Even though there are two different addressing modes
and a set of mnemonics for each accumulator, both ac-
cumulators have only one physical space on the chip.

When an 1/0 port or pin is the destination of a data
move instruction, data is written into a corresponding
data latch. When an I/0 port or pin is the source for a
data transfer, or other two operand instructions, the
data present at the input pins is read.

Instructions which use the port as both a source and
destination (such as INC P1 or ORL P1, #20H) read the
internal buffer rather than the input pins, so only the
desired output latch bits will be affected.

When an I/0 pin is the destination of a SETB, CLR,
CPL, or MOV instruction, the on-chip data latch cor-
responding to that pin is affected. When an 1/0 pin is
the source operand for a Boolean move or two-operand
instruction, the instruction reads the data present at the
input pin. The CPL and JBC instructions read the inter-
nal buffer rather than the input pin state.

Since the parity flag (PSW.0) is updated after every in-
struction cycle, instructions which explicitly alter the
PSW or this bit will have no apparent effect on P, as if
PSW.0 is a read-only bit. Bits 7, 6, and 5 of register
IPC, and bits 6 and 5 of register IEC are not im-
plemented on the 8051 and are reserved.

INSTRUCTION SET OVERVIEW

The MCS-51 instruction set includes 51 fundamental
operations broken into five functional groupings. Com-
bining them with various addressing modes for Boolean
(1-bit), nibble (4-bit), byte (8-bit), and address (16-bit)
data types produces the 111 instructions listed in Table
3-2.

Each assembly language instruction consists of an
operation mnemonic and (depending on the operation)
up to four operands. The mnemonic abbreviates the
basic function or operation to be performed, while the
operands, separated by commas, clarify which variables
are involved, what data to use, or what instruction to
execute next. Instructions which need two data
operands always specify the destination first, followed
by the source variable, except for the move operation
between two Directly addressable bytes. In this case the
source operand is first and the destination operand is
second.
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Tabie 3-2. 8051 Instruction Set Summary

Interrupt Response Time: To finish execution of current in-
struction, 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 7us @ 12
MHz). :

INSTRUCTIONS THAT AFFECT FLAG SETTINGS'

INSTRUCTION FLAG INSTRUCTION FLAG
C OV AC C OV AC

ADD X X X CLRC (6]
ADDC X X X CPLC X
SUBB X X X ANL C,bit X

MUL O X ANL C,/bit X

DIV o X ORL C,bit X

DA X ORL C,bit X

RRC X MOV C,bit X

RLC X CINE X

SETB C 1

'Note that operations on SFR byte address 208 or bit ad-
dresses 209-215 (i.e. the PSW or bits in the PSW) will also
affect flag settings.

Notes on instruction set and addressing modes:

ARITHMETIC OPERATIONS

Oscillator
Period
12

Mnemonic
A,Rn

Description  Byte
Add register to 1
Accumulator
Add direct 2
byte to
Accumulator
Add indirect 1
Ram to
Accumulator
Add immediate 2
data to
Accumulator
Add register to 1
Accumulator
with Carry
Add direct 2
byte to
Accumulator
with Carry
Add indirect 1
RAM to
Accumulator
with Carry
Add immediate 2
data to Acc
with Carry
Subtract ' 1
register from
Acc with
borrow

ADD

ADD  A,direct 12

ADD A,@Ri-

ADD  A,#data

ADDC A,Rn

ADDC A,direct

ADDC A,@Ri

ADDC A, #data 12

SUBB A,Rn 12

3-6

Rn —Register R7-RO 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. 170 port, control
register, status register, etc. (128-255)].
@Ri —8-bit internal data RAM location (0-255) ad-
dressed indirectly through register R1 or RO.
#data —8-bit constant included in instruction.
#data 16 —16-bit constant included in instruction
addrl6  —16-bit destination address. Used by LCALL &
LJMP. A branch can be anywhere within the
64K-byte Program Memory address space.
addrll  —11-bit destination address. Used by ACALL &
AJMP. The branch will be within the same
2K-byte page of program memory as the first
byte of the following instruction.
rel —Signed (two’s complement) 8-bit offset byte.
Used by SIMP and all conditional jumps.
Range is -128 to + 127 bytes relative to first
byte of the following instruction.
bit — Direct Addressed bit in Internal Data RAM or
Special Function Register.
* — New operation not provided by 8048/8049.
ARITHMETIC OPERATIONS Cont.
Oscillator
Mnemonic Description Byte Period
SUBB  A,direct Subtract direct 2 12
byte from Acc
with borrow
SUBB A,@Ri Subtract 1 12
indirect RAM
from Acc with
borrow
SUBB A.,#data Subtract 2 12
immediate data
from Acc with
borrow
INC A Increment 1 12
Accumulator
INC Rn Increment 1 12
register
INC direct Increment 2 12
direct byte
INC @Ri Increment 1 12
indirect RAM
DEC A Decrement 1 12
Accumulator
DEC Rn Decrement 1 12
Register .
DEC direct Decrement 2 12
direct byte
DEC @Ri Decrement 1 12
: indirect RAM

All mnemonics copyrighted «Intel Corporation 1980
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Table 3-2. Instruction Set Summary (continued)

ARITHMETIC OPERATIONS Cont.

Mnemonic
DPTR

Description
Increment
Data Pointer
Multiply A & B
Divide A by B
Decimal
Adjust
Accumulator

INC

AB

AB
A

MUL

DIV
DA

Byte

1

1
1
1

Oscillator
Period

24

48
48
12

LOGICAL OPERATIONS

Mnemonic
A,Rn

Description
AND register
Accumulator
AND direct
byte to
Accumulator
AND indirect
RAM to
Accumulator
AND
immediate data
o
Accumulator
AND
Accumulator
to direct byte
AND
immediate data
to direct byte
OR register to
Accumulator
OR direct byte
to
Accumulator
OR indirect
RAM to
Accumulator
OR immediate
data to
Accumulator
OR
Accumulator
to direct byte
OR immediate
data to direct
byte
Exclusive-OR
register to
Accumulator
Exclusive-OR
direct byte to
Accumulator
Exclusive-OR
indirect RAM
to
Accumulator
Exclusive-OR
immediate data
to
Accumulator

ANL

ANL A, direct

ANL A,@Ri

ANL A, #data

ANL direct,A

ANL direct,#data

ORL A,Rn

ORL A direct

ORL A,@Ri
ORL A #data
ORL direct,A
ORL direct,#data
XRL A,Rn
XRL A, direct

XRL  A,@Ri

XRL A, #data

Byte

1

2

Oscillator
Period
12

12

3-7

LOGICAL OPERATIONS Cont.

Mnemonic
direct,A

Description  Byte
Exclusive-OR 2
Accumulator
to direct byte
Exclusive-OR 3
immediate data
to direct byte
Clear 1
Accumulator
Complement 1
Accumulator
Rotate 1
Accumulator
Left
Rotate 1
Accumulator
Left through
the Carry
Rotate 1
Accumulator
Right
Rotate 1
Accumulator
Right through
the Carry
Swap nibbles 1
within the
Accumulator

XRL
XRL direct,#data

CLR A

CPL

RL

RLC

RR A

RRC

SWAP

Oscillator
Period
12

24

All mnemonics copyrighted ~Intel Corporation 1980
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Table 3-2. Instruction Set Summary (continued)

DATA TRANSFER
Mnemeonic
MOV  A,Rn
MOV A,direct
MOV  A,@Ri
MOV A #data
MOV Rn,A
MOV  Rn,direct
MOV  Rn,#data
MOV  direct,A
MOV  direct,Rn
MOV  direct,direct
MOV  direct,@Ri
MOV  direct,#data
MOV  @Ri,A
MOV @Ri,direct
MOV  @Ri,#data
MOV DPTR,#datal6
MOVC A,@A+DPTR
MOVC A,@A+PC
MOVX A,@Ri
MOVX A,@DPTR

Description
Move register
to
Accumulator
Move direct
byte to
Accumulator
Move indirect
RAM to
Accumulator
Move
immediate data
to
Accumulator
Move
Accumulator
to register
Move direct
byte to register
Move
immediate data
to register
Move
Accumulator
to direct byte
Move register
to direct byte
Move direct
byte to direct
Move indirect
RAM to direct
byte
Move
immediate data
to direct byte
Move
Accumulator
to indirect
RAM
Move direct
byte to indirect
RAM
Move
immediate data
to indirect
RAM
Load Data
Pointer with a
16-bit constant
Move Code
byte relative to
DPTR to Acc
Move Code
byte relative to
PC and Acc
Move External
RAM (8-bit
addr) to Acc
Move External
RAM (16-bit
addr) to Acc

Oscillator
Byte Period
1 12
2 12
1 12
2 12
1 12
2 24
2 12
2 12
2 24
3 24
2 24
3 24
1 12
2 24
2 12
3 24
1 24
1 24
1 24
1 24

3-8

DATA TRANSFER Cont.

Mnemonic
MOVX @Ri,A

MOVX @DPTR,A

PUSH direct

POP direct

XCH A,Rn

XCH A, direct

XCH

A,@Ri

XCHD A,@Ri

Description
Move Acc to
External RAM
(8-bit addr)
Move Acc to
External Ram
(16-bit addr)
Push direct
byte onto stack
Pop direct byte
from stack
Exchange
register with
Accumulator
Exchange
direct byte
with
Accumulator
Exchange
indirect RAM
with
Accumulator
Exchange low-
order Digit
indirect RAM
with Acc

Oscillator
Byte Period
1 24

1 24

2 24

2 24

All mnemonics copyrighted elntel Corporation 1980
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Table 3-2. Instruction Set Summary (continued)

BOOLEAN VARIABLE MANIPULATION

Oscillator
Mnemonic Description Byte Period

CLR C Clear Carry 1 12

CLR bit Clear direct bit 2 12

SETB C Set Carry 1 12

SETB  bit Set direct bit 2 12

CPL C Complement 1 12
Carry

CPL bit Complement 2 12
direct bit

ANL C,bit AND direct bit 2 24
to Carry

ANL C,/bit AND 2 24
complement of
direct bit to
Carry

ORL C,bit OR direct bit 2 24
to Carry

ORL C,/bit OR 2 24
complement of
direct bit to
Carry

MOV  C,bit Move direct bit 2 12
to Carry

MOV  bit,C Move Carry to 2 24
direct bit

JC rel Jump if Carry 2 +
is set

JINC rel Jump if Carry 2 24
not set

JB bit,rel Jump if direct 3 24
Bit is set

JNB bit,rel Jump if direct 3 24
Bit is Not set

JBC bit,rel Jump if direct 3 24
Bit is set &
clear bit

PROGRAMING BRANCHING

Oscillator
Mnemonic Description Byte Period

ACALL addrl! Absolute 2 24
Subroutine
Call

LCALL addrl6é Long 3 24
Subroutine
Call

RET Return for 1 24
Subroutine

RETI Return for 1 24
interrupt

AJMP  addrll Absolute Jump 2 24

LIMP addrlé Long Jump 3 24

SIMP  rel Short Jump 2 24
(relative addr)

JMP @A+DPTR  Jump indirect 1 24
relative to the
DPTR

JZ rel Jump if 2 24

Accumulator is
Zero

39

INZ
CINE
CINE

CINE

CINE

DINZ
DINZ

NOP

Mnemonic
rel

A, direct,rel

A, #data,rel

RN, #data,rel

@Ri,#data,rel

Rn,rel

direct,rel

PROGRAM BRANCHING Cont.

Description
Jump if
Accumulator is
Not Zero

Compare direct
byte to Acc
and Jump if
Not Equal
Comare
immediate to
Acc and Jump
if Not Equal
Compare
immediate to
register and
Jump if Not
Equal
Compare
immediate to
indirect and
Jump if Not
Equal
Decrement
register and
Jump if Not
Zero
Decrement
direct byte and
Jump if Not
Zero

No Operation

Oscillator
Byte Period
2 24
3 24
3 24
3 24
3 24
3 24
3 24
1 12

All mnemonics copyrighted oIntel Corporation 1980
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Functional Groupings

The five functional groupings are as follows:

ARITHMETIC OPERATIONS

The 8051 implements the arithmetic operations of add, in-
crement, decrement, compare-to-zero, decrement-and-
compare-to-zero, decimal-add-adjust, subtract-with-
borrow, compare, multiply and divide.

Only unsigned binary integer arithmetic is performed in
the Arithmetic/Logic Unit. In the two-operand opera-
tions of add, add-with-carry and subtract-with-borrow,
the A register (the accumulator) is the first operand and
receives the result of the operation. The second operand
canbeanimmediate byte, aregister intheselected Register
Bank, a Register-Indirect Addressed byte or a Direct Ad-
dressed byte. These instructions affect the overflow (OV),
carry (C), auxiliary-carry (AC), and parity (P) flags in the
Program Status Word (PSW). The carry flag facilitates
nonsigned integer arithmetic and multi-precision rota-
tions. Handling two’s-complement-integer (signed) addi-
tion and subtraction can easily be accommodated with
software’s monitoring of the PSW’s overflow flag. The
auxiliary-carry flag simplifies BCD arithmetic. An opera-
tion that has an arithmetic aspect similar to a subtract is
the compare-and-jump-if-not-equal operation. This
operation performsaconditional branchifaregisterinthe
selected Register Bank, or a Register-Indirect Addressed
byte of Internal Data RAM, does not equal an immediate
value;orifthe Aregister does notequal abyte in the Direct
Addressable Internal Data RAM, or a Special Function
Register. While the destination operand is not updated
and neither source operand is affected by the compare
operation, the carry flag is set if the first operand is less

than the second operand; otherwise it is cleared. A sum-
mary of the two-operand add/subtract opérations is
shown in Figure 3-7.

There are three arithmetic operations that operate ex-
clusively onthe A register (theaccumulator). These arethe
decimal-adjust for BCD addition and the two-test condi-
tions shown in Figure 3-8. The decimal-adjust operation
convertstheresult from a binary addition of two two-digit
BCD valuestoyield the correct two-digit BCD result. Dur-
ing this operation the auxiliary-carry flag helps effect the
proper adjustment. Conditional branches may be taken
based on the value in the accumulator being zero or not
zero.

The 8051 simplifies the implementation of software
counters since the increment and decrement operations
can be performed on the accumulator, a register in the
selected Register Bank, Register-Indirect Addressed byte
in the Internal Data RAM or a byte in the Direct Ad-
dressed Internal Data RAM or Special Function
Register. The 16-bit Data Pointer can be incremented.
For efficient loop control, the decrement-and-jump-if-
not-zero operation is provided. This operation can
decrement a register in the selected Register Bank, any
Special Function Register or any byte of Internal Data
RAM accessible through Direct Addressing, and force a
branch if the result is not zero. The increment/decre-
ment operations are summarized in Figure 3-9.

The multiply operation multiplies the one-byte A register
by the one-byte B register and returns a double-byte result

*_Decimal-Add-Adjust
¢ Jump-if-A-Is-Zero

REGISTER
* Jump-If-A-is-Not-Zero A

* Add

* Add-With-Carry

¢ Subtract-With-Borrow

¢ Compare-And-Jump-it-Not-Equal (----)

IMMEDIATE
# data

Figure 3-8. Internal Data Memory Arithmetic
Operations (Register A Specific)

DIRECT / !
Data / }
N |
. i
AN 1
, REGISTER '/ {
pd A |
Ve |
s |
4 |
- Y
REGISTER REGISTER-INDIRECT
R7-R0O @R1, @RO

Figure 3-7. Internal Data Memory Arithmetic
Operations

3-10

* Increment (INC)
o Decrement (DEC)
And-J

«D p-1f-Not-Z
. (DINZ)
DIRECT REGISTER
Data DPTR
(INC, DEC, DJNZ) (INC)
REGISTER
A
(INC, DEC)
REGISTER REGISTER-INDIRECT
R7-RO @R1, @RO
(INC, DEC, DINZ) (INC, DEC)

Figure 3-9. Internal Data Memory Arithmetic
Operations
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(MSB in B, LSB in A). The divide operation divides the
one-byte accumulator by the one-byte B register and
returns a byte quotient to the A register and a byte re-
mainder to the Bregister. These are shown in Figure 3-10.

* Multiply

* Divide REGISTER

1

| REGISTER
| B8

L.

Figure 3-10. Internal Data Memory Arithmetic
Operations (Register A with
Register B)

LOGIC OPERATIONS

The 8051 permits the logic operations of and, or, and
exclusive-or to be performed on the A register by a second
operand which can be an immediate value, aregister in the
selected Register Bank, a Register-Indirect Addressed
byte of Internal Data RAM or a Direct Addressed byte of
Internal Data RAM or Special Function Register. In addi-
tion, these logic operations can be performed on a Direct
Addressed byte of the Internal Data RAM or Special
Function Register using the A Register as the second
operand. Also, use of Immediate Addressing with Direct
Addressing permits these logic operations to set, clear or
complement any bit anywhere in the Internal Data RAM
or Special Function Registers without affecting the PSW,
Register Bank registers or accumulator. When one takes
into account that the registers R7-R0 and the accumulator
can be Direct Addressed, the two-operand logic opera-
tions allow the destination (first operand) to be a byte in
the Internal Data RAM, a Special Function Register,
Register Bank registers (R7-R0) or the accumulator, while
the choice of the second operand can be any of the
aforementioned or animmediate value. The 8051 can also
performalogical or, oralogical and, between the Boolean
accumulator (i.e., the carry register) and any bit, or its
complement, that can be accessed through Direct Ad-
dressing. The and, or, and exclusive-or logic operations
are summarized in Figure 3-11.

In addition to the logic operations that are performed on
Internal Data Memory as shown in Figure 3-11, there are
also logic operations that are performed specifically on
the accumulator. These are summarized in Figure 3-12.

In addition to the “and” and “or” bit logicals shown in
Figure 3-11, there are logicals that can operate exclusively
on a Direct Addressed bit. These operations are listed in
Figure 3-13. The carry flag is also addressed as a register
and can be set, cleared, or complemented with one-byte
instructions.

* And (ANL)

= Or (ORL) REGISTER
c
 Exclusive-
usive-or (XRL) (ANL. ORL)
1
DIRECT
REGISTER Data
R7-RO (ANL, ORL, XRL)
\ REGISTER
A
/ (ANL, ORL, XRL)
REGISTER-INDIRECT IMMEDIATE
@R1, @RO # data

Figure 3-11.Internal DataMemory Logic Operations

® Clear
* Complement REGISTER
* Rotate-Left A

* Rotate-Left-Through-Carry

* Rotate-Right

* Rotate-Right-Through-Carry

* Swap-Nibbles (Rotate Left Four)

Figure 3-12. Internal Data Memory Logic Operations

(Register A Specific)
+ Set (SETB) DIR;'CT REG‘:TER
* Clear (CLR) (SETB,
* Complement (CPL) CLR, CPL)
* Jump-If-Bit-Set-Then-Clear-Bit (JBC)

Figure 3-13. Internal Data Memory Logic Operations
(Bit-Specific)

DATA TRANSFER OPERATIONS

Look-up tables resident in Program Memory can be ac-
cessed by indirect moves. A byte constant can be trans-
ferred to the A register (i.e., accumulator) from the Pro-
gram Memory location whose address is the sum of a base
register (the PC or DPTR) and the index register {A). This
provides a convenient means for programming transla-
tion algorithms such as ASCII to seven segment conver-
sions. The Program Memory move operations are shown
diagrammatically in Figure 3-14.

A byte location within a 256-byte block of External Data
Memory can be accessed using R1 or RO in Register-
Indirect Addressing. Any location within the full 64K Ex-
ternal Data Memory address space can be accessed
through Register-Indirect Addressing using a 16-bit base

AFN-01739A
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REGISTER
A

BASE-REGISTER- PLUS BASE-REGISTER- PLUS
INDEX-REGISTER-INDIRECT INDEX-REGISTER-INDIRECT
@PC+A @ DPTR+A
(PROG MEM 0-64K) (PROG MEM 0-64K)

Figure 3-14. Program Memory Move Operations

REGISTER
A

REGISTER-INDIRECT REGISTER-INDIRECT
@R1, @R0

(EXT DATA 0-255)

(EXT DATA 0-64K)

Figure 3-15. External Data Memory Move
Operations

register (i.e., the Data Pointer). These moves are shown in
Figure 3-15.

The byte in-code-constant (immediate) moves and byte
variable moves within the 8051 are highly orthogonal as
detailed in Figure 3-16. When one considers that the ac-
cumulator and the registers in the Register Banks can be
Direct Addressed, the two-operand data transfer opera-
tions allow a byte to be moved between any two of the
Register Bank registers, Internal Data RAM, ac-
cumulator and Special Function Registers. Also, im-
mediate operands can be moved to any of these locations.
Of particular interest is the Direct Address to Direct Ad-
dress move which permits the value in a port to be moved
to the Internal Data RAM without using any Register
Bank registers or the accumulator. The Data Pointer
register can be loaded with a double-byte immediate
value.

The A Register can be exchanged with a register in the
selected Register Bank, with a Register-Indirect Addressed
byte inthe Internal Data RAM, or with a Direct Addressed
byte in the Internal Data RAM, or Special Function
Register. The least significant nibble of the A register can
also be exchanged with the least significant nibble of a
Register-Indirect Addressed byte in the Internal Data
RAM. The exchange operation is shown in Figure 3-17.

312

BOCLEAN VARIABLE OPERATIONS

A powerful set of instructions perform data transfer, con-
ditional and logical operations on Boolean (1-bit)
variables. The 8051’s Boolean Processor can move any of
256 bits to or from the carry register (C) using Direct Ad-
dressing. Individual instructions will set, clear, or comple-
ment these 256 addressable bits or the carry register with
Direct Addressing. In conjunction with the bit-test in-
structions described below, these instructions provide
direct 8051 code for logic equations and Boolean expres-
sions.

The carry register is a “Boolean Accumulator” for logical
“and” or logical “or” operations on Boolean variables.
The carry register acts as a source operand and the
destination for the logical operations. The source
operand can be one of the 256 addressable bits or its
complement.

The 8051 also provides test operations of jump-if-bit-set,
jump-if-bit-not-set and jump-if-bit-set-then-clear. These
branching instructions are relative to the address of the
next instruction (PC + 127 to PC — 128). Jumps can also
betaken on the status of the Carryregister. A jump can be
taken if the carry is set or not set.

CONTROL TRANSFER

The 8051 has a non-paged Program Memory to accom-
modate relocatable code. The advantage of a non-paged
memory is that a minor change to a program that causes a
shift of the code’s position in memory will not cause page
boundary readjustments to be necessary. This also makes
relocation possible. Relocationisdesirable sinceit permits
several programmers to write relocatable modules in
various assembly and high-level languages which can later
be linked together to form the machine-object code.

Sixteen-bit jumps and calls are provided to allow branch-
ing to any location in the contiguous 64K Program
Memory address space and pre-empt the need for Pro-
gram Memory bank switching. Eleven-bit jumps and calls
are also provided to maintain compatibility with the 8048
and to provide an efficient jump within a 2K program
module. Unlike the 8048, the 8051’s call operations do not
push the Program Status Word (PSW) to the stack along
with the Program Counter, since many subroutines writ-
ten for the 8051 do not affect the PSW. Hence the 8051
return operations pop only the Program Counter. The
8051’s branch, call and return operations are shown
diagrammatically in Figures 3-18, 3-19, and 3-20, respec-
tively.

The 8051 also provides a method for performing condi-
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—

REGISTER
A

»7

REGISTER-INDIRECT
@R1.

i
NIBBLE

@RO

REGISTER-INDIRECT
@sP*

REGISTER DIRECT REGISTER
[o] Data DPTR
1 l ﬁ
y
16
REGISTER
R7-RO
r\\\
DIRECT IMMEDIATE
Data # data
/
\ 1
REGISTER REGISTER-INDIRECT REGISTER-INDIRECT
A @R1, @RO
Figure 3-16. Internal Data Memory Move Operations
REGISTER L IMMEDIATE
REGISTER DIRECT pc 716 Addr16
R7-R0O Data
A16

*SP is pre-incremented.

REGISTER REGISTER . IMMEDIATE
PC15-11 PC0.0 | [ Addril
rs P&l

REGISTER-INDIRECT

*SP is pre-incremented.

Figure 3-17. Internal Data Memory Exchange

Figure 3-19. Call Operations

Operations
REGISTER / IMMEDIATE
PC B 7 16 Addr16
REGISTER REGISTER v IMMEDIATE
PC15.11 PC10-0 11 Addr11

REGISTER

REGISTER-INDIRECT

PC

VA
716 @sP*

*SP is post-decremented.

Figure 3-18. Unconditional Branch Operations

3-13

Figure 3-20. Return Operations
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ing address of the next instruction (PC + 127 to PC —
128). The accumulator test operations allow a conditional
branch based on the accumulator being zero or non-zero.
Also provided are compare-and-jump-if-not-equal and
decrement-and-jump-if-not-zero. These are shown in
Figure3-21. Theregister-indirect jump inthe8051 permits
branchingrelativetoa baseregister (DPTR) with an offset
provided by the non-signed integer value in the index
register (A). This accommodates N-way branching. The
indirect jump is shown in Figure 3-22. '

* Short Jump

* Jump-If-Bit-Set

* Jump-li-Bit-Not-Set

* Jump-if-Bit-Set-Then-Clear-Bit

® Jump-If-A-Zero

* Jump-If-A-Not-Zero
 Decrement-And-Jump-If-Not-Zero
® Compare-And-Jump-1f-Not-Equal

REGISTER
PC
16
REGISTER
PC 16 8
IMMED
# data

Figure 3-21. Unconditional Short Branch and
Conditional Branch Operations

REGISTER
DPTR

16
REGISTER |
PC

16 8

REGISTER
A

Figure 3-22. Unconditional Branch (Indirect)
Operation

Arithmetic Flags

The program status word (PSW) contains eight bits. Four
bits are hardware status flags set or cleared by the CPU to
show the result of certain calculations. In general, these
flags are used for the following purposes:

Carry: The carry flag (CY) is set by an arithmetic instruc-
tionifthereisacarry-out of the highest order bit (from ad-
dition) or if a borrow is needed for the highest-order bit
(from subtraction or a comparison); otherwise it is
cleared. It is also affected by several rotate operations.
The carry flag is also the Boolean accumulator. When
treated as a Boolean accumulator, the carry mnemonic is
“C”; otherwise it is CY which denotes an address.

Auxiliary Carry: The auxiliary-carry flag (AC) is set if an
arithmetic instruction results in a carry-out of bit 3 (from
addition) or a borrow into bit 3 (for subtraction); other-
wise it is cleared. This flag is useful for BCD arithmetic.

Overflow: The overflow flag (OV) is set if the addition or
subtraction of signed variables produces an overflow er-
ror (i.e., if the magnitude of the sum or difference is too
great for the seven magnitude bits in two’s complement
representation); otherwiseit is cleared. The same flag also
indicates when the product resulting from multiplication
overflows one byte, and if division by zero was attempted.

Parity: The parity flag (P) is updated after every instruc--
tion cycletoindicate the parity of the accumulator. Itisset

if the number of “1” bits in the accumulator is odd, other-

wise, it is cleared.

The other four PSW bits consist of a general purpose flag,
FO, two bits, RS1 and RS0, which select one of four work-
ing register banks, and a reserved bit location.

Instruction Definitions

The rest of this chapter defines all the instructions and
operations which the MCS-51 CPU can perform. Thereis
a separate section for each of the 51 basic operations,
ordered alphabetically according to the operation
mnemonic.

When an operation may apply to more than one data type
(generally bit and byte data), the MCS-51 assembly
language uses the same mnemonic for each, reducing the
number of mnemonics the programmer must remember.
The assembler determines which instruction is ap-
propriate from the operands specified. Thus, the
mnemonic “CLR” can operate on the eight-bit ac-
cumulator (“CLR A”), or on one-bit variables (“CLR
F0”). The mnemonics ANL, ORL, CPL, and MOV can
relate to more than one data type as well. These operations
present each data type in a separate section.

Each section then describes the action taken by the opera-
tion, the flags and registers affected, and shows a short ex-
ample of how an instruction might be used in a program.
Next comes the number of bytes and machine cycles re-
quired, the corresponding binary machine-language en-
coding, and a symbolic description or restatement of the
function implemented.

Note: Only the carry, auxiliary-carry, and overflow flags
are discussed in these instruction descriptions. Since the
parity bit (PSW.0) is recomputed after every instruction
cycle any instruction that alters the accumulator — either
inherently or as a special function register — could affect
the parity flag. Similarly, instructions which alter directly
addressed registers could affect the other status flagsif the
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instruction is applied to the PSW. Status flags can also be
modified by the generalized bit-manipulation instruc-
tions.

Nineteen operations allow more than one addressing
mode for the source and/or destination operand. The
headings for these sections show the instruction format
with such operands enclosed in angle brackets (for exam-
ple, MOV <dest-byte> , <src-byte> ). The operation
description tells what modes (or combinations of modes)

ACALL addri1

are allowed, and gives the assembly language notation,
byte and cycle counts, encoding format, and a symbolic
description for each.

The information in this chapter is directed towards defin-
ing the capabilities of the MCS-51 architecture and hard-
ware. For details on the assembly language or ASMS1
capabilities refer to the MCS-51 Macro Assembler User’s
Guide, publication number 9800937.

Function: Absolute Call

Description:

ACALL unconditionally callsasubroutine located at the indicated address. Theinstructionincrements
the PC twice to obtain the address of the following instruction, then pushes the 16-bit result onto the
stack (low-order byte first) and increments the stack pointer twice. The destination address is obtained
by successively concatenating the five high-order bits of the incremented PC, opcode bits 7-5, and the
second byte of the instruction. The subroutine called must therefore start within the same 2K block of
the program memory as the first byte of the instruction following ACALL. No flags are affected.

Example: Initially SP equals 07H. The label “SUBRTN” is at program memory location 0345H. After executing
the instruction,
ACALL SUBRTN
at location 0123H, SP will contain 09H, internal RAM locations 08 H and 09H will contain 25H and
01H, respectively, and the PC will contain 0345H.
Bytes: 2
Cycles: 2
Encoding: al0 a9 a8 1 l 000 ﬂ I a7 a6 a5 a4 |a3 a2 al a0
Operation:  ACALL

(PC)<— (PC) + 2

(SP) <—(SP) + 1
((SP))«—(PC7.0)

(SP) <—(SP) + 1
((SP))=«—(PC5.8)
(PC10-0)~— page address
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YT 7.

ARy A o~
ARUU A<sic-byte>

Function: Add
Description: ADD adds the byte variable indicated to the accumulator, leaving the result in the accumulator. The
carry and auxiliary-carry flags are set, respectively, if there is a carry-out from bit 7 or bit 3, and cleared
otherwise. When adding unsigned integers, the carry flag indicates an overflow occurred.

OV issetif thereis a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not bit 6; otherwise
OV is cleared. When adding signed integers, OV indicates a negative number produced as the sum of
two positive operands, or a positive sum from two negative operands.

Four source operand addressing modes are allowed: register, direct, register-indirect, or immediate.
Example: The accumulator holds 0C3H (11000011B) and register 0 holds 0AAH (10101010B). The instruction,

ADD A,RO
willleave 6DH (01101101B) in the accumulator with the AC flag cleared and both the carry flag and OV
setto 1.
ADD A,Rn
Bytes: 1
Cycles: 1|

Encoding: rO 0 1 Oll rr r]

Operation: ADD
(A)=«—(A) + (Rn)

ADD Addirect
Bytes: 2
Cycles:

Encoding: [0 0 1 0J0 1 0 1] [ direct address |

Operation: ADD
(A)-«—(A) + (direct)

—

ADD A,@Ri
Bytes: 1
Cycles: 1

Encoding: [0 0 1 0o 1 1 il

Operation: ADD
(A)=—(A) + (RY)
ADD A,#data
Bytes:
Cycles:

— N

Encoding: |0 0 1 010 10 0] ‘limmediatedataj

Operation: ADD
(A)=—(A) + #data
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ADDC A, <src-byte>

Function:  Add with Carry

Description: ADDC simultaneously adds the byte variable indicated, the carry flag and the accumulator contents,
leaving the result in the accumulator. The carry and auxiliary-carry flags are set, respectively, if thereis
a carry-out from bit 7 or bit 3, and cleared otherwise. When adding unsigned integers, the carry flag in-

dicates an overflow occurred.

OV issetif thereis a carry-out of bit 6 but not out of bit 7, or acarryout of bit 7 but not out of bit 6; other-
wise OV is cleared. When adding signed integers, OV indicates a negative number produced as the sum

of two positive operands or a positive sum from two negative operands.

Four source operand addressing modes are allowed: register, direct, register-indirect, orimmediate.
Exampile: The accumulator holds 0OC3H (11000011B) and register 0 holds 0OAAH (10101010B) with the carry flag

set. The instruction,
ADDC A,RO

will leave 6EH (01101110B) in the accumulator with AC cleared and both the carry flagand OV setto 1.

ADDC A,Rn
Bytes: 1
Cycles: 1

Encoding: LO 01 lll rrr

Operation: ADDC
, (A)=—(A) + (O) + Rp)

ADDC A, direct
Bytes: 2
Cycles: 1

Encoding: 0 0 1 1[0 1 0 1] birect addressJ

Operation: ADDC
(A)=—(A) + (C) + (direct)

ADDC A,@Ri
Bytes: 1
Cycles: 1

Encoding: [0 0 1 1[0 1 1 i]

Operation: ADDC
(A)=—(A) + (O + (R
ADDC A, idata
Bytes: 2
Cycles: 1

Encoding: Lo 01 1[0 10 of | immediate data |

Operation: ADDC
(A)=—(A) + (C) + #data

3-17
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AdMP addrit
Function:  Absolute Jump
Description:  AJMP transfers program execution to the indicated address, which is formed at run-time by con-
catenating the high-order five bits of the PC (affer incrementing the PC twice), opcode bits 7-5, and
the second byte of the instruction. The destination must therefore be within the same 2K block of
program memory as the first byte of the instruction following AJMP.
Example: The label “JMPADR?” is at program memory location 0123H. The instruction,
AJMP  JMPADR
is at location 0345H and will load the PC with 0123H.
Bytes: 2
Cycles: 2
Encoding: al0 a9 a8 0|0 0 0 1 a7 a6 a5 a4|a3 a2 al a0
Operation: AJMP

(PC) <«—(PC) +.2
(PC10-0) <« page address

ANL <dest-byte> , <src-byte>

Function:
Description:

Example:

ANL A,Rn
Bytes:
Cycles:
Encoding:

Operation:

Logical-AND for byte variables
ANL performs the bitwise logical-AND operation between the variables indicated and stores the
results in the destination variable. No flags are affected.

The two operands allow six addressing mode combinations. When the destination is the ac-
cumulator, the source can use register, direct, register-indirect, or immediate addressing; when the
destination is a direct address, the source can be the accumulator or immediate data.

Note: When this instruction is used to modify an output port, the value used as the original port
data will be read from the output data latch, not the input pins.

If the accumulator holds 0C3H (11000011B) and register 0 holds OAAH (10101010B) then the in-
struction,

ANL A,RO

will leave 41H (01000001B) in the accumulator.

When the destination is a directly addressed byte, this instruction will clear combinations of bits in
any RAM location or hardware register. The mask byte determining the pattern of bits to be cleared

would either be a constant contained in the instruction or a value computed in the accumulator at
run-time. The instruction,

ANL P1,#01110011B
will clear bits 7, 3, and 2 of output port 1.

010 1|1 rrxf

ANL
(A)=—(A) A (Rn)
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ANL A,direct

Bytes: 2
Cycles: 1
Encoding: 01 0 1J]0 1 0 1 direct address

Operation: ANL
(A)=—(A) A (direct)

ANL A,@Ri
Bytes:
Cycles:

——

Encoding: 01 0 1}J0 1 1 i

Operation:  ANL
(A)=—(A) A ((Ri))

ANL A t#data
Bytes: 2
Cycles: 1
Encoding: [0 1o t1lo1 o o] immediate data

Operation:  ANL
(A)=— (A) N\ f#data

ANL direct,A

Bytes: 2
Cycles: 1
Encoding: [0 1 0 1[0 0 I o| Hrect address]

Operation:  ANL
(direct)-e— (direct) A (A)

ANL direct,#data

Bytes: 3
Cycles: 2
Encoding: 010 1/]0 011 Iiirect addressl fimmedia[e data

Operation:  ANL
(direct)-e— (direct) A #data
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Function:  Logical-AND for bit variables
Description: If the Boolean value of the source bit is a logical O then clear the carry flag; otherwise leave the carry
flag in its current state. A slash (“/”) preceding the operand in the assembly language indicates that
the logical complement of the addressed bit is used as the source value, but the source bit itself is not
affected. No other flags are affected.

Only direct bit addressing is allowed for the source operand.
Example: Set the carry flag if, and only if, P1.0=1, ACC. 7=1, and OV =0:

MOV C,P1.0 ;LOAD CARRY WITH INPUT PIN STATE
ANL C,ACC.7 ;AND CARRY WITH ACCUM. BIT 7
ANL C,/0V ;AND WITH INVERSE OF OVERFLOW FLAG
ANL C,bit
Bytes: 2
Cycles: 2

Encoding: |1 0 0 0]0 0 1 o [bicaddress

Operation:  ANL
(O=—(O) A (bi)

ANL C,/bit
Bytes: 2
Cycles: 2
Encoding: [1 0 1 1[0 0 0 0| |bit addressl

Operation:  ANL
(C)=—(C) "7 (bit)
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CJNE <dest-byte>,<src-byte>,rel

Function:
Description:

Example:

Compare and Jump if Not Equal.

CJNE compares the magnitudes of the first two operands, and branches if their values are not
equal. The branch destination is computed by adding the signed relative-displacement in the last in-
struction byte to the PC, after incrementing the PC to the start of the next instruction. The carry
flag is set if the unsigned integer value of <dest-byte> is less than the unsigned integer value of <src-
byte>; otherwise, the carry is cleared. Neither operand is affected.

The first two operands allow four addressing mode combinations: the accumulator may be com-
pared with any directly addressed byte or immediate data, and any indirect RAM location or work-
ing register can be compared with an immediate constant.

The accumulator contains 34H. Register 7 contains 56H. The first instruction in the sequence,

CJNE R7,#60H, NOT_EQ
3 cee e ; R7 = 60H.
NOT__EQ: JC REQ_LOW ; IF R7<60H.
H el e ; R7>60H.

sets the carry flag and branches to the instruction at label NOT__EQ. By testing the carry flag, this
instruction determines whether R7 is greater or less than 60H.

If the data being presented to port 1 is also 34H, then the instruction,

WAIT: CINE A,bPl,WAIT

clears the carry flag and continues with the next instruction in sequence, since the accumulator does
equal the data read from P1. (If some other value was being input on P1, the program will loop at
this point until the P1 data changes to 34H.)

CJIJNE Adirect,rel

Bytes: 3

Cycles: 2
Encoding: [ 1 01 110 1 0 1 I ldirect addressJ I rel. address
Operation:  CJNE

(PC)«—(PC) + 3
IF (direct) < (A)
THEN (PC)=—(PC) + rel and (C)=«—0
OR
IF (direct) > (A)
THEN (PC)-«—(PC) + rel and (C) w—1

CJNE A,#data,rel

Bytes:
Cycles:

Encoding:

Operation:

3

2

Ll 01 ILO 1 0 01 Iimmediate data] Lrel. addressl
CJNE

(PC) <=— (PC) + 3
IF #data < (A)
THEN (PC)-«—(PC) + rel and (C)=—0
OR
IF #data > (A)
THEN (PC) «—(PC) + rel and (C)=—1
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CINE Rnda

Encoding:

Operation:

a,rel

3

2

Ll 0 1 lll rr r] Iimmediate dataJ Eel. acldressl
CJINE

(PC)<«——(PC) + 3
IF #data < (Rn) .
THEN (PC)«—(PC) + rel and (C)=—0
OR
IF #data > (Rn)
THEN (PC)<—(PC) + rel and (C)=—1

CJNE @Ri,#data,rel

Bytes: 3
Cycles: 2
Encoding: 1 01 1]0 1 1 i I I immediate dzgl I rel. address
Operation:  CINE
(PC)=—(PC) + 3
IF #data < ((Ri)
THEN (PC)«—(PC) + rel and (C)=—1
- OR
IF #data > ((Ri))
THEN (PC)«—(PC) + rel and (C) «—0
CLR A
Function:  Clear Accumulator
Description:  The accumulator is cleared (all bits set to zero). No flags are affected.
Example:  The accumulator contains SCH (01011100B). The instruction,
CLR A
will leave the accumulator set to OOH.(OOOOOOOOB).
Bytes: 1
Cycles: 1
Encoding: [1 1 1 0/0 1 0 0
Operation: CLR
(A)=-—0

3-22
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CLR bit
Function:  Clear bit
Description:  The indicated bit is cleared (reset to zero). No other flags are affected. CLR can operate on the carry flag
or any directly addressable bit.
Example: Port 1 has previously been written with SDH (01011101B). The instruction,
CLR P1.2
will leave the port set to 59H (01011001B).
CLR C
Bytes: 1
Cycles: 1
Encoding: 1 1.0 0/0 01 1
Operation: CLR
(C)=—0
CLR bit
Bytes: 2
Cycles: 1
Encoding: [ 1100 I 0010 bit address
Operation: CLR
(bit)-«—0
CPL A
Function:  Complement Accumulator
Description: Each bit of the accumulator is logically complemented (one’s complement). Bits which previously
contained a one are changed to zero and vice-versa. No flags are affected.
Example: The accumulator contains SCH (01011100B). The instruction,
CPL A
will leave the accumulator set to 0A3H (10100011B).
Bytes: 1
Cycles: 1
Encoding: 1111101 00
Operation: CPL
(A)= 1(A)
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CPL bit

Function:
Description:

Complement bit
The bit variable specified is complemented. A bit which had been a one is changed to zero and vice-
versa. No other flags are affected. CLR can operate on the carry or any directly addressable bit.

Note: When this instruction is used to modify an output pin, the value used as the original data will
be read from the output data latch, not the input pin.

Example: Port 1 has previously been written with SBH (01011101B). The instruction sequence,
CPL Pl.1
CPL P1.2
will leave the port set to SBH (01011011B).
CPL C
Bytes: 1
Cycles: 1
Encoding: 1 01 110 01 1
Operation:  CPL
(Cre 5 (O
CPL bit
Bytes: 2
Cycles: 1
Encoding: |1 0 1 1[0 0 1 0 | bit address |
Operation: CPL
(bit)— 4 (bit)
DA A
Function:  Decimal-adjust Accumulator for Addition
Description: DA A adjusts the eight-bit value in the accumulator resulting from the earlier addition of two

variables (each in packed-BCD format), producing two four-bit digits. Any ADD or ADDC instruc-
tion may have been used to perform the addition.

If accumulator bits 3-0 are greater than nine (xxxx1010-xxxx1111), or if the AC flag is one, six is
added to the accumulator producing the proper BCD digit in the low-order nibble. This internal ad-
dition would set the carry flag if a carry-out of the low-order four-bit field propagated through all
high-order bits, but it would not clear the carry flag otherwise.

If the carry flag is now set, or if the four high-order bits now exceed nine (1010xxxx-1111xxxx),
these high-order bits are incremented by six, producing the proper BCD digit in the high-order nib-
ble. Again, this would set the carry flag if there was a carry-out of the high-order bits, but wouldn’t
clear the carry. The carry flag thus indicates if the sum of the original two BCD variables is greater
than 100, allowing multiple precision decimal addition. OV is not affected.

All of this occurs during the one instruction cycle. Essentially, this instruction performs the decimal

conversion by adding 00H, 06H, 60H, or 66H to the accumulator, depending on initial accumulator
and PSW conditions.
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Note: DA A cannot simply convert a hexadecimal number in the accumulator to BCD notation, nor
does DA A apply to decimal subtraction.

Example: The accumulator holds the value 56H (01010110B) representing the packed BCD digits of the
decimal number 56. Register 3 contains the value 67H (01100111B) represénting the packed BCD
digits of the decimal number 67. The carry flag is set. The instruction sequence,

ADDC A,R3
DA A

will first perform a standard twos-complement binary addition, resulting in the value OBEH
(10111110) in the accumulator. The carry and auxiliary carry flags will be cleared.

The Decimal Adjust instruction will then alter the accumulator to the value 24H (00100100B), in-
dicating the packed BCD digits of the decimal number 24, the low-order two digits of the decimal
sum of 56, 67, and the carry-in. The carry flag will be set by the Decimal Adjust instruction, in-
dicating that a decimal overflow occurred. The true sum 56, 67, and 1 is 124.

BCD variables can be incremented or decremented by adding 01H or 99H. If the accumulator in-
itially holds 30H (representing the digits of 30 decimal), then the instruction sequence,

ADD A #99H
DA A

will leave the carry set and 29H in the accumulator, since 30 + 99 = 129. The low-order byte of the
sum can be interpreted to mean 30 — 1 = 29.
Bytes: 1
Cycles: 1

Encoding: 1 10 1701 00

Operation: DA
-contents of Accumulator are BCD
IF  [I[(A3-0) >91 V [(AC) = 1]]
THEN (A3.0)«—(A3.0) + 6
AND
IF [I(A7-4) >91 V [(O) = 1]]
THEN (A7.4)«—(A7-4) + 6
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neA [ 2S¥T P
vey oytle

Function:
Description:

Decrement

The variable indicated is decremented by 1. An original value of 00H will underflow to OFFH. No
flags are affected. Four operand addressing modes are allowed: accumulator, register, direct, or
register = indirect.

Note: When this instruction is used to -modify an output port, the value used as the original port
data will be read from the output data latch, not the input pins.

Example: Register 0 contains 7FH (01111111B). Internal RAM locations 7EH and 7FH contain 00H and 40H,
respectively. The instruction sequence,
DEC @RO
DEC RO
DEC @RO
will leave register O set to 7EH and internal RAM locations 7EH and 7FH set to OFFH and 3FH.
DEC A '
Bytes: 1
Cycles: 1
Encoding: 000 1{0 1 00
Operation:  DEC
(A)=e—(A) - 1
DIV AB
Function: Divide

Description:

Example:

Bytes:
Cycles:

Encoding:
Operation:
DEC Rn

Bytes:
Cycles:

DIV AB divides the unsigned eight-bit integer in the accumulator by the unsigned eight-bit integer in
register B. The accumulator receives the integer part of the quotient; register B receives the integer
remainder. The carry and OV flags will be cleared.

Exception: if B had originally contained O0H, the values returned in the accumulator and B-register
will be undefined and the overflow flag will be set. The carry flag is cleared in any case.

The accumulator contains 251 (OFBH or 11111011B) and B contains 18 (12H or 00010010B). The in-
struction, .

DIV AB

will leave 13 in the accumulator (0DH or 00001101B) and the value 17 (11H or 00010001B) in B,
since 251 = (13 x 18) + 17. Carry and OV will both be cleared.

1

4

1 000|101 00

DIV
(A)15-8

(B)7-0 -«— (A) / (B)
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Encoding:

Operation:

DEC direct
Bytes:
Cycles:
Encoding:

Operation:

DEC @Ri
Bytes:
Cycles:
Encoding:

Operation:

0001|lrrr|

DEC
(Rn)-e—(Rn) — 1

2
1

000 1101 01

direct address

DEC
(direct) «—(direct) — 1

1
1

000 1/0 1 1 i

DEC
((R))=-—(RD) — 1
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DJNZ <byte> <rel-addr>

Function:
Description:

Example:

DJNZ Rn,rel
Bytes:
Cycles:
Encoding:

Operation:

Decrement and Jump if Not Zero

DJNZ decrements the location indicated by 1, and branches to the address indicated by the second
operand if the resulting value is not zero. An original value of 00H will underflow to OFFH. No
flags are affected. The branch destination would be computed by adding the signed relative-
displacement value in the last instruction byte to the PC, after incrementing the PC to the first byte
of the following instruction.

The location decremented may be a register or directly addressed byte.

Note: When this instruction is used to modify an output port, the value used as the original port
data will be read from the output data latch, not the input pins.

Internal Ram locations 40H, SOH, and 60H contain the values 01H, 70H, and 15H, respectively.
The instruction sequence,

DINZ 40H,LABEL__1
DINZ SOH,LABEL__2
DINZ 60H,LABEL__3

will cause a jump to the instruction at label LABEL__2 with the values 00H, 6FH, and 15H in the
three RAM locations. The first jump was not taken because the result was zero.

This instruction provides a simple way of executing a program loop a given number of times, or for
adding a moderate time delay (from 2 to 512 machine cycles) with a single instruction. The instruc-
tion sequence,

MOV  R2,#8
TOGGLE: CPL P17
DIJNZ R2,TOGGLE

will toggle P1.7 eight times, causing four output pulses to appear at bit 7 of output port 1. Each
pulse will last three machine cycles; two for DJNZ and one to alter the pin.

2

2

1 10 1|1 rrr direct address
DINZ

(PC)=—(PC) + 2
(Rn)<—(Rn) — 1
IF (Rn)>0 or (Rn)<0
THEN
(PC)«—(PC) + rel

DJNZ direct,rel

Bytes:
Cycles:

Encoding: |1 1 0 1]o0 1 0 1} | direct address

Operation:

3
2

[Tel. addresﬂ

DINZ
(PC)=—(PC) + 2
(direct)-e—(direct) — 1
IF (direct) > O or (direct) <0
THEN
(PC)«a—(PC) + rel
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INC <byte>

Function:  Increment
Description: INC increments the indicated variable by 1. An original value of OFFH will overflow to 00H. No
flags are affected. Three addressing modes are allowed: register, direct, or register = indirect.

Note: When this instruction is used to modify an output port, the value used as the original port
data will be read from the output data latch, not the input pins.

Example: Register 0 contains 7EH (011111110B). Internal RAM locations 7EH and 7FH contain OFFH and
40H, respectively. The instruction sequence,

INC @RO
INC RO
INC @RO

will leave register O set to 7FH and internal RAM locations 7EH and 7FH holding (respectively) 00H
and 41H.

INC A
Bytes: 1
Cycles: 1

Encoding: 000 O[O0 100

Operation: INC

(A)=—(A) + 1
INC Rn
Bytes: 1
Cycles: 1

Encoding: 00 O0O0|! rrr

Operation: INC
(Rn) «—(Rn) + 1

INC direct
Bytes: 2
Cycles: 1
Encoding: 000 O0l0 10 1‘ Idirect address

Operation:  INC
(direct)-e—(direct) + 1

INC @Ri
Bytes: 1
Cycles: 1

Encoding: 000 0j0 1 1 i

Operation: INC
(Ri))=—((Ri)) + 1
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INC DPTR

Function:
Description:

Increment Data Pointer

Increment the 16-bit data pointer by 1. A 16-bit increment (modulo 216) is performed; an overflow
of the low-order byte of the data pointer (DPL) from OFFH to O0H will increment the high-order
byte (DPH). No flags are affected.

This is the only 16-bit register which can be incremented.

Example: Registers DPH and DPL contain 12H and OFEH, respectively. The instruction sequence,
INC DPTR
INC DPTR
INC DPTR
will change DPH and DPL to 13H and O1H.
Bytes: 1
Cycles: 2
Encoding: 1 01 0[O0 0 I 1
Operation:  INC
(DPTR)«—(DPTR) + 1
JB bit,rel
Function: Jump if Bit set

Description:

Example:

Bytes:
Cycles:

Encoding:

Operation:

If the indicated bit is a one, jump to the address indicated; otherwise proceed with the next instruc-
tion. The branch destination is computed by adding the signed relative-displacement in the third in-
struction byte to the PC, after incrementing the PC to the first byte of the next instruction. The bit
tested is not modified. No flags are affected.

The data present at input port 1 is 11001010B. The accumulator holds 56 (01010110B). The instruc-
tion sequence,

JB P1.2,LABEL1
JB ACC.2,LABEL2

will cause program execution to branch to the instruction at label LABEL2.
3
2

001 0fo oo o |bit addressl ]rel. address

JB
(PC)=—(PC) + 3
IF (bit) = 1
THEN
(PC)=<—(PC) + rel

3-30 AFN-01739A



MEMORY, ADDRESSING, INSTRUCTION SET-

JBC bit,rel

Function: Jump if Bit is set and Clear bit
Description: If the indicated bit is one, branch to the address indicated: otherwise proceed with the next
instruction. In either case, clear the designated bit. The branch destination is computed by adding
the signed relative-displacement in the third instruction byte to the PC, after incrementing the PC
to the first byte of the next instruction. No flags are affected.
Note: When this instruction is used to test an output pin, the value used as the original data will be
read from the output data latch, not the input pin.
Example: The accumulator holds 56H (01010110B). The instruction sequence,
JBC ACC.3,LABELI
JBC ACC.2,LABEL2
will cause program execution to continue at the instruction identified by the label LABEL2, with the
accumulator modified to 52H (01010010B).
Bytes: 3
Cycles: 2

Encoding: LO 0 0t I 0000 l bit address | I rel. address

Operation: JBC
(PC)«——(PC) + 3
IF (bit) = 1

THEN
(bit) -— 0
(PC)«——(PC) + rel
JC rel
Function: Jump if Carry is set

Description:

Example:

Bytes:
Cycles:

Encoding:

Operation:

If the carry flag is set, branch to the address indicated; otherwise proceed with the next instruction.
The branch destination is computed by adding the signed relative-displacement in the second in-
struction byte to the PC, after incrementing the PC twice. No flags are affected.

The carry flag is cleared. The instruction sequence,

IC LABELI1
CPL C
iC LABEL2

will set the carry and cause program execution to continue at the instruction identified by the label
LABEL2.

2
2

0100/0000 tel. address
JC

(PC)<—(PC) + 2

IF (C) = 1

THEN
(PC)e—(PC) + rel
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JMP  @A+DPTR

Function:
Description:

Jump indirect

Add the eight-bit unsigned contents of the accumulator with the sixteen-bit data pointer, and load
the resulting sum to the program counter. This will be the address for subsequent instruction
fetches. Sixteen-bit addition is performed (modulo 216): a carry-out from the low-order eight bits
propagates through the higher-order bits. Neither the accumulator nor the data pointer is altered.
No flags are affected.

Example: An even number from 0 to 6 is in the accumulator. The following sequence of instructions will
branch to one of four AJMP instructions in a jump table starting at JMP__TBL:
MOV DPTR,#JMP__TBL
JMP @A +DPTR
JMP_TBL: AJMP LABELO
AJMP LABELI
AJMP LABEL2
AJMP LABEL3
If the accumulator equals 04H when starting this sequence, execution will jump to label LABEL2.
Remember that AJMP is a two-byte instruction, so the jump instructions start at every other ad-
dress.
Bytes: 1
Cycles: 2
Encoding: [0 1 1 1o o 1 1]
Operation: JMP
(PC)w—(A) + (DPTR)
JNB bit,rel
Function:  Jump if Bit Not set
Description:  If the indicated bit is a zero, branch to the indicated address; otherwise proceed with the next in-
struction. The branch destination is computed by adding the signed relative-displacement in the
third instruction byte to the PC, after incrementing the PC to the first byte of the next instruction.
The bit tested is not modified. No flags are affected.
Example:  The data present at input port 1 is 11001010B. The accumulator holds 56H (01010110B). The in-
struction sequence,
JNB P1.3,LABELI1
JNB ACC.3,LABEL2
will cause program execution to continue at the instruction at label LABEL2.
Bytes: 3
Cycles: 2
Encoding: |0 0 1 1]0 0 0 0| [bitaddress| |rel. address |
Operation: JNB
(PC)<«—(PC) + 3
IF (bit) = 0

THEN (PC)«——(PC) + rel.
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JNC rel
Function: Jump if Carry not set
Description:  If the carry flag is a zero, branch to the address indicated; otherwise proceed with the next instruc-
tion. The branch destination is computed by adding the signed relative-displacement in the second
instruction byte to the PC, after incrementing the PC twice to point to the next instruction. The
carry flag is not modified.
Example: The carry flag is set. The instruction sequence,
JNC LABELI1
CPL C
JNC LABEL2
will clear the carry and cause program execution to continue at the instruction identified by the label
LABEL2.
Bytes: 2
Cycles: 2
Encoding: 010 1{0 000 rel. address
Operation:  JNC
(PC)=—(PC) + 2
IF (O =0
THEN (PC)=—(PC) + rel
JNZ rel
Function:  Jump if accumulator Not Zero

Description:

Example:

Bytes:
Cycles:

Encoding:

Operation:

If any bit of the accumulator is a one, branch to the indicated address; otherwise proceed with the
next instruction. The branch destination is computed by adding the signed relative-displacement in
the second instruction byte to the PC, after incrementing the PC twice. The accumulator is not
modified. No flags are affected.

The accumulator originally holds 00H. The instruction sequence,

JNZ LABELI
INC A
JNZ LABEL2

will set the accumulator to 01H and continue at label LABEL2.

011 110 0 00 rel. address

INZ
(PC)<—(PC) + 2
IF (A) =0

THEN (PC)=<—(PC) + rel
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Jz rel
Function: Jump if Accumulator Zero
Description: If all bits of the accumulator are zero, branch to the address indicated; otherwise proceed with the
next instruction. The branch destination is computed by adding the signed relative-displacement in
the second instruction byte to the PC, after incrementing the PC twice. The accumulator is not
modified. No flags are affected.
Example:  The accumulator originally contains 01H. The instruction sequence,
JZ LABELI1
DEC A
JZ LABEL2
will change the accumulator to 00H and cause program execution to continue at the instruction
identified by the label LABEL2.
Bytes: 2
Cycles: 2
Encoding: [0 1 1 0 [ 0000 l | rel. addressJ
Operation: JZ
(PC)=<— (PC) + 2
IF (A)=20

THEN (PC)=—(PC) + rel

LCALL addr16

Function:
Description:

Example:

Bytes:
Cycles:

Encoding:

Operation:

Long Call

LCALL calls a subroutine located at the indicated address. The instruction adds three to the pro-
gram counter to generate the address of the next instruction and then pushes the 16-bit result onto
the stack (low byte first), incrementing the stack pointer by two. The high-order and low-order
bytes of the PC are then loaded, respectively, with the second and third bytes of the LCALL in-
struction. Program execution continues with the instruction at this address. The subroutine may
therefore begin anywhere in the full 64K-byte program memory address space. No flags are af-
fected.

Initially the stack pointer equals 07H. The label “SUBRTN?” is assigned to program memory loca-
tion 1234H. After executing the instruction,

LCALL SUBRTN

at location 0123H, the stack pointer will contain 09H, internal RAM locations 08 H and 09H will
contain 26H and 01H, and the PC will contain 1235H.

3

2

000 110010 addrl$ - addr8 addr7 - addr0

LCALL
(PC)y=—(PC) + 3
(SP)«—(SP) + 1
((SP))=—(PC7.0)
(SP)«—(SP) + 1
((SP))=—(PC15.8)
(PC)=—addrs5.¢
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LJMP addr16

Function:  Long Jump
Description: LJIMP causes an unconditional branch to the indicated address, by loading the high-order and low-
order bytes of the PC (respectively) with the second and third instruction bytes. The destination
may therefore be anywhere in the full 64K program memory address space. No flags are affected.
Example: The label “JMPADR? is assigned to the instruction at program memory location 1234H. The in-
struction,

LIMP JMPADR
at location 0123H will load the program counter with 1234H.

Bytes: 3
Cycles: 2
Encoding: |0 0 0 0/0 0 1 0‘ [addrlS-addrSl |addr7-addr0

Operation: LIJMP
(PC)=<¢—addr15-0

MOV <dest-byte>,<src-byte>

Function:  Move byte variable
Description: The byte variable indicated by the second operand is copied into the location specified by the first
operand. The source byte is not affected. No other register or flag is affected.

This is by far the most flexible operation. Fifteen combinations of source and destination address-
ing modes are allowed.

Example: Internal RAM location 30H holds 40H. The value of RAM location 40H is 10H. The data present at
input port 1 is 11001010B (0OCAH).

MOV  RO,#30H :RO<= 30H
MOV A,@RO ;A <= 40H
MOV RI1,A :R1 <= 40H
MOV R,@R! :B <= 10H
MOV @RI,PI ;RAM (40H) <= 0CAH
MOV P2,Pl ;P2 #0CAH

leaves the value 30H in register 0, 40H in both the accumulator and register 1, 10H in register B, and
0CAH (11001010B) both in RAM location 40H and output on port 2.

MOV A,Rn
Bytes: 1
Cycles: 1

Encoding: 111 Oll r rr

Operation: MOV
(A)<—(Rn)
MOV Adirect
Bytes: 2
Cycles:

1
Encoding: ILI 1 o]o 10 1] |direct address

Operation: MOV
(A)==—(direct)
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MOV A @RI
Bytes: 1
Cycles: 1

Encoding: 1 11 0}|0

Operation: MOV

(A)=<=—((Ri))
MOV A idata
Bytes:
Cycles: 1

Encoding: LO 11 1|0

0 O—I

I immediate dataJ

Operation: MOV

(A)=—#data
MOV Rn,A
Bytes: 1
Cycles: 1
Encoding: 111 1]1 ror
Operation: MOV
(Rn) =—(A)
MOV Rn.,direct
Bytes: 2
Cycles: 2
Encoding: 1 01 Oll r r| Idirect addr.
Operation: MOV
(Rn) <«—(direct)
MOV Rn,#data
Bytes: 2
Cycles: 1
Encoding: 01 1 1)1 r rl Iimmediate data
Operation: MOV
) (Rn)-=— #data
MOV direct,A
Bytes: 2
Cycles: 1
Encoding: 1 1 1 10 0 1| l direct address

Operation: MOV

(direct)-=— (A)
MOV direct,Rn
Bytes: 2
Cycles: 2

Encoding: 11 00 0|1

‘ l direct address
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Operation: MOV

(direct)=e— (Rn)
MOV direct,direct
Bytes: 3
Cycles: 2
Encoding: ILO 00 Io 10 1| Uir. addr. (src)] Idir. addr. (dest)
Operation: MOV
(direct)-e— (direct)
MOV direct,@Ri
Bytes: 2
Cycles: 2
Encoding: 1 00 0[O0 1 1 i direct addr.
Operation: MOV
(direct)-—((R1))
MOV direct,#data
Bytes: 3
Cycles: 2
Encoding: 01111010 1| Idirect address| !immediate data
Operation: MOV
(direct)-e— #data
MOV @Ri,A
Bytes: 1
Cycles: 1
Encoding: 1 11 10 1t 1 i
Operation: MOV
((Ri))=—(A)
MOV @Ri,direct
Bytes: 2
Cycles: 2
Encoding: 1 01 0JO0 1 1 i direct addr.
Operation: MOV
((Ri))==—(direct)
MOV @Ri,#data
Bytes: 2
Cycles: 1

-

Encoding: |0 1 1 1|0 1 1 rimmediatedata]

Operation: MOV
((RI))=—#data
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MOV <dest-bit>,<src-bit>

Function:  Move bit data
Description: The Boolean variable indicated by the second operand is copied into the location specified by the
first operand. One of the operands must be the carry flag; the other may be any directly addressable
bit. No other register or flag is affected.
Example: The carry flag is originally set. The data present at input port 3 is 11000101B. The data previously
written to output port 1is 35H (00110101B).

MOV P1.3,C
MOV C,P3.3
MOV P1.2,C
will leave the carry cleared and change port 1 to 39H (00111001B).
MOV C,bit
Bytes: 2
Cycles: 1

Encoding: |1 0 1 00 0 1 0| |bitaddress

Operation: MOV

(C)=— (bit)
MOV bit,C

Bytes: 2

Cycles: 2
Encoding: |1 0 0 1[0 0 1 0| [bitaddress

Operation: MOV
(bit) =—(C)

MOV DPTR,#data16

Function: Load Data Pointer with a 16-bit constant
Description:  The data pointer is loaded with the 16-bit constant indicated. The 16-bit constant is loaded into the
second and third bytes of the instruction. The second byte (DPH) is the high-order byte, while the
third byte (DPI.:) holds the low-order byte. No flags are affected.

This is the only instruction which moves 16 bits of data at once.
Example: The instruction,

MOV DPTR,#1234H
will load the value 1234H into the data pointer: DPH will hold 12H and DPL will hold 34H.

Bytes: 3
Cycles: 2
Encoding: 1 00 1]00 00 immed. datal5 - 8 immed. data7 -0

Operation: MOV
(DPTR)-=— #data]5-0
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MOVC A,@A +<base-reg>

Function:
Description:

Example:

Move Code byte

The MOVC instructions load the accumulator with a code byte, or constant from program memory.
The address of the byte fetched is the sum of the original unsigned eight-bit accumulator contents
and the contents of a sixteen-bit base register, which may be either the data pointer or the PC. In the
latter case, the PC is incremented to the address of the following instruction before being added
with the accumulator: otherwise the base register is not altered. Sixteen-bit addition is performed so
a carry-out from the low-order eight bits may propagate through higher-order bits. No flags are af-

fected.

A value between 0 and 3 is in the accumulator. The following instructions will translate the value in

the accumulator to one of four values defined by the DB (define byte) directive.

REL_PC: INC A
MOVC A,@A+PC
RET
DB 66H
DB 7TH
DB 88H
DB 99H

If the subroutine is called with the accumulator equal to 01H, it will return with 77H in the ac-
cumulator. The INC A before the MOVC instruction is needed to “get around” the RET instruction
above the table. If several bytes of code separated the MOVC from the table, the corresponding

number would be added to the accumulator instead.

MOVC A,@A+DPTR

Bytes:
Cycles:

Encoding:

Operation:

1
2

L1001|0011

MOVC
(Ay<—((A) + (DPTR))

MOVC A,@A+PC

Bytes:
Cycles:

Encoding:

Operation:

1
2

1 00 0(0 0 1 1

MOVC
(PC)=«—(PC) + 1
(A)=—((A) + (PC))
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MOVX <dest-byte>,<src-byte>

Function:
Description:

Example:

MOVX A,@Ri
Bytes:
Cycles:
Encoding:

Operation:

Move External

The MOVX instructions transfer data between the accumulator and a byte of external data
memory, hence the “X” appended to MOV. There are two types of instructions, differing in whether
they provide an eight-bit or sixteen-bit indirect address to the external data RAM.

In the first type, the contents of RO or R1 in the current register bank provide an eight-bit address
multiplexed with data on PO. Eight bits are sufficient for external 1/O expansion decoding or a
relatively smail RAM array. For somewhat larger arrays, any output port pins can be used to output
higher-order address bits. These pins would be controlled by an output instruction preceding the
MOVX.

In the second type of MOVX instruction, the data pointer generates a sixteen-bit address. P2 out-
puts the high-order eight address bits (the contents of DPH) while PO multiplexes the low-order
eight bits (DPL) with data. P2 retains the high-order bits; any data previously on P2 is lost. This
form is faster and more efficient when accessing very large data arrays (up to 64K bytes), since no
additional instructions are needed to set up the output ports.

It is possible in some situations to mix the two MOVX types. A large RAM array with its high-
order address lines driven by P2 can be addressed via the data pointer, or with code to output high-
order address bits to P2 followed by a MOVX instruction using RO or R1.

An external 256 byte RAM using multiplexed address/data lines (e.g., an Intel® 8155
RAM/1/0/Timer) is connected to the 8051 Port 0. Port 3 provides control ones for the external
RAM. Ports 1 and 2 are used for normal I/0. Registers 0 and 1 contain 12H and 34H. Location
34H of the external RAM holds the value 56H. The instruction sequence,

MOVX  A,@Rl
MOVX  @RO,A

copies the value S6H into both the accumulator and external RAM location 12H.

[ S Y

1 1.1 00 0 1 i

MOVX
(A)=—((Ri)

MOVX A,@DPTR

Bytes:
Cycles:

Encoding:

Operation:

MOVX @Ri,A

Bytes:
Cycles:

1
2

11100000]

MOVX
(A)y=—((DPTR))

1
2

Encoding: |1 11 1[0 0 1 i

Operation:

MOVX
(Ri))=—(A)
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MOVX @DPTR,A

Bytes: 1
Cycles: 2
Encoding: 111 1(0 000
Operation:. MOVX
(DPTR))=—(A)
MUL A
Function:  Multiply
Description:  MUL AB multiplies the unsigned eight-bit integers in the accumulator and register B. The low-order
byte of the sixteen-bit product is left in the accumulator, and the high-order byte in B. If the pro-
duct is greater than 255 (OFFH) the overflow flag is set; otherwise it is cleared. The carry flag is
always cleared.
Example:  Originally the accumulator holds the value 80 (50H). Register B holds the value 160 (JAOH). The in-
struction,
MUL AB
will give the product 12,800 (3200H), so B is changed to 32H (00110010B) and the accumulator is
cleared. The overflow flag is set, carry is cleared.
Bytes: 1
Cycles: 4
Encoding: 1 010}j01 00
Operation: MUL
(B) 15-3«—(A) X (B)
(A)7-0
NOP
Function:  No Operation

Description:

Example:

Bytes:
Cycles:

Encoding:

Operation:

Execution continues at the following instruction. Other than the PC, no registers or flags are af-
fected.

It is desired to produce a low-going output pulse on bit 7 of port 2 lasting exactly 5 cycles. A simple
SETB/CLR sequence would generate a one-cycle pulse, so four additional cycles must be inserted.
This may be done (assuming no interrupts are enabled) with the instruction sequence,

CLR P2.7
NOP
NOP
NOP
NOP
SETB P2.7

1
1

000000001

NOP
(PC)e—(PC) + 1
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ORL <dest-byte> <src-byte>

Function:
Description:

Example:

Logical-OR for byte variables
ORL performs the bitwise logical-OR operation between the indicated variables, storing the results
in the destination byte. No flags are affected.

The two operands allow six addressing mode combinations. When the destination is the ac-
cumulator, the source can use register, direct, register-indirect, or immediate addressing; when the
destination is a direct address, the source can be the accumulator or immediate data.

Note: When this instruction is used to modify an output port, the value used as the original port
data will be read from the output data latch, not the input pins.
If the accumulator holds 0C3H (11000011B) and RO holds 55H (01010101B) then the instruction,

_ORL  A,R0

ORL A,Rn
Bytes:
Cycles:
Encoding:

Operation:

ORL Adirect
Bytes:
Cycles:
Encoding:

Operation:

ORL A,@Ri
Bytes:
Cycles:
Encoding:

Operation:

ORL A,#data
Bytes:
Cycles:

Encoding:

will leave the accumulator holding the value 0D7H (11010111B).

When the destination is a directly addressed byte, the instruction can set combinations of bits in any
RAM location or hardware register. The pattern of bits to be set is determined by a mask byte, which
may be either a constant data value in the instruction or a variable computed in the accumulator at run-
time. The instruction,

ORL P1,#00110010B
will set bits 5, 4, and 1 of output port 1.

1
1

[OlOOIlrrrl

ORL

(A)=—(A) V (Rn)

2

1

010001 01 direct address
ORL :

(A)<=—(A) V (direct)

1
1

0100]011i|

ORL
(A)=—(A) V ((Ri)

2

1

010001 o—ol !immediatedata
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Operation: ORL
(A)=—(A) V #data

ORL direct,A
Bytes: 2
Cycles: 1

Encoding: |0 1 0 0[0 0 1 0]

| direct address

Operation:  ORL
(direct)-«—(direct) V (A)

ORL direct,#data
Bytes: 3
Cycles: 2

Encoding: 01 0 0,0 01 1

direct addr.

immediate data

Operation: ORL
(direct)-e— (direct V #data

ORL C, <src-bit>

Function: Logical-OR for bit variables

Description  Setthe carry flag if the Boolean value is alogical I; leave the carry in its current state otherwise. A slash
(“/”) preceding the operand in the assembly language indicates that the logical complement of the ad-
dressed bit is used as the source value, but the source bit itselfis not affected. No other flags are affected.

Example:  Setthe carry flagif and only if P1.0 = 1, ACC.7 = 1, or OV = 0:

;LOAD CARRY WITH INPUT PIN P10
;OR CARRY WITH THE ACC. BIT 7
:OR CARRY WITH THE INVERSE OF OV

MOV C,P1.0
ORL C,ACC.7
ORL C,/0V
ORL C,bit
Bytes: 2
Cycles: 2
Encoding: [0 I 1 1[0 0 1 0 bitaddress]
Operation:  ORL
(C)=—(C) V (bit)
ORL C,bit
Bytes: 2
Cycles: 2
Encoding: |1 0 1 o|o 00 o] [bitaddress|

Operation: ORL
(C)=—(C) V /(bit)
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POP direct
Function:  Pop from stack
Description:  The contents of the internal RAM location addressed by the stack pointer is read, and the stack
pointer is decremented by one. The value read is the transfer to the directly addressed byte
indicated. No flags are affected.
Example: The stack pointer originally contains the value 32H, and internal RAM locations 30H through 32H
contain the values 20H, 23H, and 01H, respectively. The instruction sequence,
POP DPH
POP DPL
will leave the stack pointer equal to the value 30H and the data pointer set to 0123H. At this point
the instruction,
POP SP
will leave the stack pointer set to 20H. Note that in this special case the stack pointer was
decremented to 2FH before being loaded with the value popped (20H).
Bytes: 2
Cycles: 2
Encoding: t 10 1 | 0000 | | direct address—l
Operation: POP
(direct)-—((SP))
(SP)<«—(SP) — 1
PUSH direct
Function:  Push onto stack

Description:

Example:

*  Bytes:
Cycles:

Encoding:

Operation:

The stack pointer isincremented by one. The contents of theindicated variableisthen copiedintothein-
ternal RAM location addressed by the stack pointer. Otherwise no flags are affected.

On entering an interrupt routine the stack pointer contains 09H. The data pointer holds the value
0123H. The instruction sequence,

PUSH DPL
PUSH DPH

will leave the stack pointer set to 0BH and store 23H and 01H in internal RAM locations 0AH and
O0BH, respectively.

2
2

Iil 0 0[0 00 0] ]directaddresq
PUSH

(SPy=<—(SP) + 1

((SP))«—(direct)
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RET
Function:  Return from subroutine
Description:  RET pops the high- and low-order bytes of the PC successively from the stack, decrementing the stack
pointer by two. Program execution continues at the resulting address, generally the instruction im-
mediately following an ACALL or LCALL. No flags are affected.

Example: The stack pointer originally contains the value 0BH. Internal RAM locations 0AH and OBH contain

the values 23H and O1H, respectively. The instruction,
RET
will leave the stack pointer equal to the value 09H. Program execution will continue at location 0123H.
Bytes: 1 s
Cycles: 2
Encoding: |o 0100010
Operation: RET
(PCy5-8)=—((SP))
(SP)=—(SP) — 1
(PC7-0)«—((SP))
(SP)=—(SP) — 1
RETI
Function:  Return from interrupt
Description: RETI pops the high- and low-order bytes of the PC successively from the stack, and restores the inter-
rupt logic to accept additional interrupts at the same priority level as the one just processed. The stack
pointer is left decremented by two. No other registers are affected; the PSW is not automatically
restored to its pre-interrupt status. Program execution continues at the resulting address, which is
generally the instruction immediately after the point at which the interrupt request was detected. If a
lower- or same-level interrupt had been pending when the RETI instruction is executed, that one in-
struction will be executed before the pending interrupt is processed.

Example: The stack pointer originally contains the value 0BH, An interrupt was detected during the instruction
ending at location 0122H. Internal RAM locations 0OAH and OBH contain the values 23H and 01H,
respectively. The instruction,

RETI
will leave the stack pointer equal to 09H and return program execution to location 0123H.
Bytes: 1
Cycles: 2
Encoding: Bo 11 |0 010
Operation:  RETI

(PCy5-8)<—((SP))
(SP)=«—(SP) — |
(PC7.0)=—((SP))
(SP)«—(SP) — 1
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RL A

Function:
Description:

Rotate accumulator Left :
The eight bitsin the accumulator are rotated one bit to the left. Bit 7 is rotated i mto the bit 0 position. No
flags are affected.

Example:  The accumulator holds the value 0CSH (11000101B). The instruction,
RL A
leaves the accumulator holding the value 8BH (10001011B) with the carry unaffected.
Bytes: 1
Cycles: 1
Encoding: [0 0 1 olo 0 1 1J
Operation:  RL
(Ap+ 1)=<—(An) n=0-6
(A0)y=—(A7)
RLC A
Function: Rotate accumulator Left through the Carry flag
Description: Theeight bits in the accumulator and the carry flag are together rotated one bit to theleft. Bit 7 movesin-
to the carry flag; the original state of the carry flag moves into the bit 0 position. No other flags are af-
fected.
Example: The accumulator holds the value 0C5H (11000101B), and the carry is zero. The instruction,
RLC A
leaves the accumulator holding the value 8BH (10001010B) with the carry set.
Bytes: 1
Cycles: 1
Encoding: 001 °1{0 0 11
Operation:  RLC
(An+1)<—(An) n=0-6
(AQ)y=—(C)
(O=—(A7)
RR A
Function: Rotate accumulator Right
Description:  The eight bits in the accumulator are rotated one bit to the right. Bit 0 is rotated into the bit 7 posi-
tion. No flags are affected. .
Example: The accumulator holds the value 0C5H (11000101B). The instruction,
RR A
leaves the accumulator holding the value OE2H (11100010B) with the carry unaffected.
Bytes: 1 .
Cycles: 1
Encoding: 000 0{0 0 1 1
Operation: RR
(An)«—(Ap4+)) n=0-6
(A7)=—(A0)
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RRC A
Function: Rotate accumulator Right through Carry flag
Description: The eight bits in the accumulator and the carry flag are together rotated one bit to the right. Bit 0
moves into the carry flag; the original value of the carry flag moves into the bit 7 position. No other
flags are affected.
Example:  The accumulator holds the value 0C5H (11000101B), the carry is zero. The instruction,
RRC A
leaves the accumulator holding the value 62 (01100010B) with the carry set.
Bytes: 1
Cycles: 1
Encoding: F) 0 0 1]0 011
Operation:  RRC ‘
(An)<«—(Ap4+1) n=0-6
(AT)y=—(C)
(C)y=<+—(A0)
SETB <bit>
Function: Set Bit
Description:  SETB sets the indicated bit to one. SETB can operate on the carry flag or any directly addressable
bit. No other flags are affected.
Example: The carry flag is cleared. Output port 1 has been written with the value 34H (00110100B). The in-
structions,
SETB C
SETB P1.0
will leave the carry flag set to 1 and change the data output on port 1 to 35H (00110101B).
SETB C
Bytes: 1
Cycles: 1
Encoding: 11 0 110 0 1 1
Operation: SETB
(C)=—1
SETB bit
Bytes:
Cycles: 1
Encoding: Ll 10 ﬂ 0 01 ;l bt address J
Operation: SETB
(bit)-~-—1
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SJMP el
Function:  Short Jump
Description: Program control branches unconditionally to the address indicated. The branch destination is com-
puted by adding the signed displacement in the second instruction byte to the PC, after incremen-
ting the PC twice. Therefore, the range of destinations allowed is from 128 bytes preceding this in-
struction to 127 bytes following it.
Example:  The label “RELADR?” is assigned to an instruction at program memory location 0123H. The in-
struction,
SIMP RELADR
will assemble into location 0100H. After the instruction is executed, the PC will contain the value
0123H.
(Note: Under the above conditions the instruction following SIMP will be at 102H. Therefore, the
displacement byte of the instruction will be the relative offset (0123H-0102H) = 21H. Put another
way, an SJIMP with a displacement of OFEH would be a one-instruction infinite loop.)
Bytes: 2
Cycles: 2
Encoding: 1 00 0(0 0 0 O rel. address
Operation:  SJMP

(PCye«—(PC) + 2
(PC)=—(PC) + rel

susB A, <src-byte>

Function:
Description:

Example:

Subtract with borrow

SUBB subtracts the indicated variable and the carry flag together from the accumulator, leaving the
result in the accumulator. SUBB sets the carry (borrow) flag if a borrow is needed for bit 7, and
clears C otherwise. (If C was set before executing a SUBB instruction, this indicates that a borrow
was needed for the previous step in a multiple precision subtraction, so the carry is subtracted from
the accumulator along with the source operand.) AC is set if a borrow is needed for bit 3, and
cleared otherwise. OV is set if a borrow is needed into bit 6, but not into bit 7, or into bit 7, but not
bit 6.

When subtracting signed integers OV indicates a negative number produced when a negative value is
subtracted from a positive value, or a positive result when a positive number is subtracted from a
negative number.

The source operand allows four addressing modes: register, direct, register-indirect, or immediate.
The accumulator holds 0C9H (11001001B), register 2 holds 54H (01010100B), and the carry flag is
set. The instruction,

SUBB AR2
will leave the value 74H (01110100B) in the accumulator, with the carry flag and AC cleared but OV

set.

Notice that 0C9H minus 54H is 75H. The difference between this and the above result is due to the
carry (borrow) flag being set before the operation. If the state of the carry is not known before star-
ting a single or multiple-precision subtraction, it should be explicitly cleared by a CLR C instruc-
tion.
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SUBB A,Rn
Bytes: 1
Cycles: 1

Encoding: 1 00 1|1 rrr

Operation:  SUBB
(A)y=—(A) — (O) ~ (Rn)

SUBB A,direct
Bytes: 2
Cycles: 1

Encoding: |1 0 0 1[0 1 0 1] | direct address |

Operation:  SUBB
(A)y<—(A) — (C) — (direct)

SUBB A,@Ri
Bytes: 1
Cycles: 1

Encoding: [1 00 IIO 11 i1

Operation: SUBB
(A)=—(A) — (O) — ((RD)
SUBB A,#data
Bytes:
Cycles: 1

Encoding: Il 00 110 10 0] Limmediate data

Operation:  SUBB
(A)=—(A) — (C) — #data

SWAP A

Function: Swap nibbles within the Accumulator
Description: SWAP A interchanges the low- and high-order nibbles (four-bit fields) of the accumulator (bits 3-0
and bits 7-4). The operation can also be thought of as a four-bit rotate instruction. No flags are af-

fected.
Example: The accumulator holds the value OC5H (11000101B). The instruction,
SWAP A
leaves the accumulator holding the value SCH (01011100B).
Bytes: 1
Cycles: 1

Encoding: 1 10 OJO 1 00

Operation: SWAP
(A3-00=(A7-4), (A7-4)=—(A3-0)
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XChH Axbyte>
Function: Exchange Accumulator with byte variable
Description:  XCH loads the accumulator with the contents of the indicated variable, at the same time writing the
original accumulator contents to the indicated variable. The source/destination operand can use
register, direct, or register-indirect addressing.
Example: RO contains the address 20H. The accumulator holds the value 3FH (00111111B). Internai RAM
location 20H holds the value 75H (01110101B). The instruction,
XCH A,@RO0
will leave RAM location 20H holding the values 3FH (00111111B) and 75H (01110101B) in the ac-
cumulator.
XCH A,Rn
Bytes: 1
Cycles: 1
Encoding: [1 1 0 0]1 ror r]
Operation: XCH
(A)‘__' (Rn)
XCH A,direct
Bytes: 2
Cycles: 1
Encoding: 1100 ] 010 1] l direct address
Operation: XCH
(A) > (direct)
XCH A,@Ri
Bytes: 1
Cycles: 1
Encoding: 1 1 00 IO 1 1 1'1
Operation:  XCH
(A) e~ ((R1))

XCHD A,@Ri

Function:
Description:

Example:

4Bytes:
Cycles:

Exchange Digit

XCHD exchanges the low-order nibble of the accumulator (bits 3-0), generally representing a hex-
adecimal or BCD digit) with that of the internal RAM location indirectly addressed by the specified
register. The high-order nibbles (bits 7-4) of each register are not affected. No flags are affected.
RO contains the address 20H. The accumulator holds the value 36H (00110110B). Internal RAM
location 20H holds the value 75H (01110101B). The instruction, '

XCHD A,@R0

will leave RAM location 20H holding the value 76H (01110110B) and 35H (00110101B) in the ac-
cumulator.

Encoding:

Operation:

XCHD
(A3.0) T ((Ri3.0))
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XRL <dest-byte>,<src-byte>

Function:
Description:

Example:

XRL A,Rn
Bytes:
Cycles:
Encoding:

Operation:

XRL A.direct
Bytes:
Cycles:
Encoding:

Operation:

XRL A,@Ri
Bytes:
Cycles:

Encoding:

Operation:

XRL A, #data
Bytes:
Cycles:

Logical Exclusive-OR for byte variables
XRL performs the bitwise logical Exclusive-OR operation between the indicated variables, storing
the results in the destination. No flags are affected.

The two operands allow six addressing mode combinations. When the destination is the ac-
cumulator, the source can use register, direct, register-indirect, or immediate addressing; when the
destination is a direct address, the source can be the accumulator or immediate data.

‘(Note: When this instruction is used to modify an output port, the value used as the original port

data will be read from the output data latch, #ot the input pins.)
If the accumulator holds 0C3H (11000011B) and register 0 holds 0AAH (10101010B) then the in-
struction,

XRL A,RO

will leave the accumulator holding the value 69H (01101001B).

When the destination is a directly addressed byte, this instruction can complement combinations of
bits in any RAM location or hardware register. The pattern of bits to be complemented is then

determined by a mask byte, either a constant contained in the instruction or a variable computed in
the accumulator at run-time. The instruction,

XRL P1,#00110001B

will complement bits 5, 4, and 0 of output port 1.

XRL
(A)=—(A) & (Rn)

—_ N

011 0j0 1 01 direct address

XRL
(A)=—(A) & (direct)

1
1

0110|011ﬂ

XRL
(A)=—(A) & ((RD)

2
1

Encoding: |0 1 1 0o 1 0 of limmediate data J
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Operation:  XRL
(A)=— (A) @ #data

XRL direct,A
Bytes: 2
Cycles: 1

Encoding: lo 1 1 0j0 0 1 (ﬂ ldirect addressJ

Operation:  XRL
(direct)-— (direct) & (A)

XRL direct,#data

Bytes: 3
Cycles: 2
Encoding: 01 1 0j0 0 I 1 direct addressl Iinmediale data

Operation: XRL
(direct)=— (direct) @ #data
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Chapter 4
EXPANDED 8051 FAMILY

This chapter shows in very general terms some basic
circuits for expanding the 8051 Family. As the product
matures and Intel tests specific circuits, the User
Manual will be updated. Also application notes will be
published to help show actual, tested circuits designed
by Intel personnel. The schematics included in this
chapter should give the designer an insight into connec-
ting external peripherals and memories to the 8051.
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Figure 4-1. The Standalone 8051
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The following software driver is required to

Interface to the 8243.

Mixing Parallel Output, input, and

Control Strobes on Port 2

;IN8243
H CONNECTED TO P23-P20
H P25 & P24 MIMIC CS/ & PROG
H P27-P26 USED AS INPUTS
H PORT TO BE READ IN ACC
IN8243: ORL A,#110100008
Mov P2A ;OUTPUT IN:
CLR P24
ORL P2,#00001111B
MOV AP2
SETB P24

INPUT DATA FROM AN 8243 |/O EXPANDER

STRUCTION CODE
;FALLING EDGE OF PROG
,SET FOR INPUT
;READ INPUT DATA

;RETURN PROG HIGH

4.3

Figure 4-2. 1/Q Expansion Using an 8243
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¢ Both /O and RAM are addressed as data memory.

¢ Writing a bit to P2.0 determines whether RAM or 1/0 is to be accessed.
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Figure 4-9. Multiple 8051’s Using Half-Duplex Serial Communication
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CHAPTER 5 :
8051 SOFTWARE ROUTINES

Chapter 5 contains two sections:

e 8051 Programming Techniques

¢ Peripheral Interfacing Techniques
The first section has 8051 software examples for some
common routines in controller applications. Some
routines included are multiple-precision arithmetic and
table look-up techniques.

Peripheral Interfacing Techniques include routines for
handling the 8051’s I/O ports, serial channel and
timer/counters. Discussed in this section is I/0 port
reconfiguration, software delay timing, and transmit-
ting serial port character strings along with other
routines.

8051 PROGRAMMING TECHNIQUES

Radix Conversion Routines

The divide instruction can be used to convert a number
from one radix to another. BINBCD is a short
subroutine to convert an eight-bit unsigned binary in-
teger in the accumulator (between O & 255) to a three-
digit (two byte) BCD representation. The hundred’s
digit is returned in one variable (HUND) and the ten’s
and one’s digits returned as packed BCD in another
(TENONE).

;DETERMINE NUMBER OF HUNDREDS

;DIVIDE REMAINDER BY TEN TO
;DETERMINE NUMBER OF TENS LEFT
;TEN’S DIGIT IN ACC, REMAINDER IS

;BINBCD CONVERT 8-BIT BINARY VARIABLE IN ACCUMULATOR
H TO 3-DIGIT PACKED BCD FORMAT.
H HUNDREDS’ PLACE LEFT IN VARIABLE ‘HUND’,
H TENS’ AND ONES’ PLACES IN ‘TENONE’.
HUND DATA 21H
TENONE DATA 22H
BINBCD: MoV B,#100 ;DIVIDED BY 100 TO
DIV AB
MOV HUND,A
MoV A#10
XCH A,B
DIV AB
;ONE’S DIGIT
SWAP A
ADD A,B ;PACK BCD DIGITS IN ACC
MoV TENONE,A

RET

The divide instruction can also separate data in the ac-
cumulator into sub-fields. For example, dividing packed
BCD data by 16 will separate the two nibbles, leaving
the high-order digit in the accumulator and the low-
order digit (remainder) in B. Each is right-justified, so

the digits can be processed individually. This example
receives two packed BCD digits in the accumulator,
separates the digits, computes their product, and returns
the product in packed BCD format in the accumulator.

:MULBCD

UNPACK TWO BCD DIGITS RECEIVED IN ACCUMULATOR,

; FIND THEIR PRODUCT, AND RETURN PRODUCT
; IN PACKED BCD FORMAT IN ACCUMULATOR

AEN A47204
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MULBCOD: MoV 8,#10H ;DIVIDE INPUT BY 16

DIV AB ;A & B HOLD SEPARATED DIGITS
;(EACH RIGHT JUSTIFIED IN REGISTER).

MUL AB ;A HOLDS PRODUCT IN BINARY FORMAT (0-
;99 (DECIMAL) = 0 — 63H)

Mov B,#10 ;DIVIDE PRODUCT BY 10

DIV AB ;A HOLDS NUMBER OF TENS, B HOLDS
;REMAINDER

SWAP A

ORL AB ;PACK DIGITS

RET

Multiple Precision Arithmetic

The ADDC and SUBB instructions incorporate the
previous state of the carry (borrow) flag to allow
multiple-precision calculations by repeating the opera-
tion with successively higher-order operand bytes. If the
input data for a multiple-precision operation is an un-
signed string of integers, the carry flag will be set upon

completion if an overflow (for ADDC) or underflow
(for SUBB) occurs. With two’s complement signed data,
the most significant bit of the original input data’s most
significant byte indicates the sign of the string, so the
overflow flag (OV) will indicate if overflow or
underflow occurred.

;LOAD MINUEND BYTE
;SUBTRACT SUBTRAHEND BYTE
;STORE DIFFERENCE BYTE

;BUMP POINTERS TO NEXT PLACE

;SUBSTR SUBTRACT STRING INDICATED BY R1
; FROM STRING INDICATED BY RO TO
5 PRECISION INDICATED BY R2.
H CHECK FOR SIGNED UNDERFLOW WHEN DONE.
SUBSTR: CLR C ;BORROW =0.
SuBS1: MOV A,@R0

SUBB A,@R1

MoV @RO,A

INC RO

INC R1

DJINZ R2,SUBS1

ON LAST ITERATION OF LOOP.

JNB OV,0V_0OK

;LOOP UNTIL DONE
WHEN DONE, TEST IF OVERFLOW OCCURRED

(OVERFLOW RECOVERY ROUTINE)
;RETURN

Table Look-Up Sequences

The two versions of the MOVC instructions are used as
part of a three-step sequence to access look-up tables in
ROM. To use the DPTR version, load the Data Pointer
with the starting address of a look-up table; load the ac-
cumulator with (or compute) the index of the entry
desired; and execute MOVC A,@A + DPTR. The data
pointer may be loaded with a constant for short tables,
or to allow more complicated data structures, and tables
with more than 256 entries, the values for DPH and
DPL may be computed or modified with the standard
arithmetic instruction set.

The PC-based version is used with smaller, “local”
tables, and has the advantage of not affecting the data
pointer. This makes it useful in interrupt routines or
other situations where the DPTR contents might be

significant. Again, a look-up sequence takes three steps:
load the accumulator with the index; compensate for the
offset from the look-up instruction’s address to the start
of the table by adding that offset to the accumulator;
then execute the MOVC A,@A + PC instruction.

As a non-trivial situation where this instruction would
be used, consider applications which store large multi-
dimensional look-up tables of dot matrix patterns, non-
linear calibration parameters, and so on in the linear
(one-dimensional) program memory. To retrieve data
from the tables, variables representing matrix indices
must be converted to the desired entry’s memory ad-
dress. For a matrix of dimensions (MDIMEN x
NDIMEN) starting at address BASE and respective in-
dices INDEXI and INDEX]J, the address of element
52
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(INDEXI, INDEX]J) is determined by the formula,

Entry Address = [BASE + (NDIMEN x INDEXI) +
INDEX]J]

The subroutine MATRX1 can access an entry in any ar-
ray with less than 255 elements (e.g., an 11x21 array
with 231 elements). The table entries are defined using
the Data Byte (“DB”) directive, and will be contained in

the assembly object code as part of the accessing
subroutine itself.

To handle the more general case, subroutine MATRX2
allows tables to be unlimited in size, by combining the
MUL instruction, double-precision addition, and the
data pointer-based version of MOVC. The only restric-
tion is that each index be between 0 and 255.

‘MATRX1

LOAD CONSTANT READ FROM TWO DIMENSIONAL LOOK-UP
: TABLE IN PROGRAM MEMORY INTO ACCUMULATOR
: USING LOCAL TABLE LOOK-UP INSTRUCTION, ‘MOVC A,@A + PC’.
: THE TOTAL NUMBER OF TABLE ENTRIES IS ASSUMED TO
: BE SMALL, I.E. LESS THAN ABOUT 255 ENTRIES.
: TABLE USED IN THIS EXAMPLE IS 11 x 21.
: DESIRED ENTRY ADDRESS IS GIVEN BY THE FORMULA,
; [(BASE ADDRESS) + (21 X INDEXI) + (INDEXJ)]
INDEXI EQU R6 :FIRST COORDINATE OF ENTRY (0-10).
INDEXJ DATA  23H ‘SECOND COORDINATE OF ENTRY (0-20).
MATRX1: MOV A,INDEXI
MOV B, #21
MUL AB %21 X INDEXI)
ADD A,INDEXJ "ADD IN OFFSET WITHIN ROW
: ALLOW FOR INSTRUCTION BYTE BETWEEN “MOVC” AND
: ENTRY (0,0).
’ INC A
MOVC  A@A+PC
RET
BASE1: DB 1 s(entry 0,0)
DB 2 Jentry 0,1)
’ DB 21 “(entry 0,20)
DB 22 ientry 1,0)
’ DB a2 sentry 1,20)
: DB 231 slentry 10,20)

MATRX2: MOV

AINDEXI ;LOAD FIRST COORDINATE
MoV B,#NDIMEN
MUL AB (INDEXI X NDIMEN
ADD A,#LOW(BASE2) ;ADD IN 16-BIT BASE ADDRESS
Mov DPL,A
Mov A,B

A#HIGH(BASE2)
MoV DPH,A

MOV A,INDEXJ
A,@A+DPTR

;DPTR =(BASE ADDR) + (INDEXI+ NDIMEN)
;ADD INDEXJ AND FETCH BYTE
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BASEZ: DB 1] Hent
DB 0
DB 0

rv 0,0)

Vyvy

;(entry 0,1)

entry 0, NDIMEN-1)
sentry 1,0)

Jentry 1, NDIMEN-1)

;(entry MDIMEN-1, NDIMEN-1)

Saving CPU Status during Interrupts

When the 8051 hardware recognizes an interrupt re-
quest, program control branches automatically to the
corresponding service routine, by forcing the CPU to
process a Long CALL (LCALL) instruction to the ap-
propriate address. The return address is stored on the
top of the stack. After completing the service routine,
an RETI instruction returns the processor to the
background program at the point from which it was in-
terrupted.

Interrupt service routines must not change any variable
or hardware registers modified by the main program, or
else the program may not resume correctly. (Such a
change might look like a spontaneous random error. An
example of this will be given later in this section, in the

second method of 1/0 port reconfiguration.) Resources
used or altered by the service routine (Accumulator,
PSW, etc.) must be saved and restored to their previous
value before returning from the service routine. PUSH
and POP provide an efficient and convenient way to
save such registers on the stack.

If the SP register held 1FH when the interrupt was
detected, then while the service routine was in progress
the stack would hold the registers shown in Figure 5-1;
SP would contain 26H. This is the most general case; if
the service routine doesn’t alter the B-register and data
pointer, for example, the instructions saving and restor-
ing those registers could be omitted.

LOC_TMP EQU $

3

ORG 0003H

;REMEMBER LOCATION COUNTER

;STARTING ADDRESS FOR INTERRUPT ROUTINE
;3JUMP TO ACTUAL SERVICE ROUTINE LOCATE

;ELSEWHERE

;RESTORE LOCATION COUNTER
;SAVE ACCUMULATOR (NOTE DIRECT ADDRESS

:NOTATION)

LIMP  SERVER
’ ORG LOC_TMP
SERVER: PUSH  PSW

PUSH  ACC

PUSH B

PUSH  DPL

PUSH  DPH

MoV PSW,#00001000B

POP DPH

POP DPL
POP B

POP ACC
POP PSW

‘SAVE B REGISTER
‘SAVE DATA POINTER
"SELECT REGISTER BANK 1

;RESTORE REGISTERS IN REVERSE ORDER

;RESTORE PSW AND RE-SELECT ORIGINAL

;REGISTER BANK
RETI ;RETURN TO MAIN PROGRAM AND RESTORE
JINTERRUPT LOGIC

. AFN-01739A



8051 SOFTWARE ROUTINES

Passing Parameters on the Stack

The stack may also pass parameters to and from
subroutines. The subroutine can indirectly address the
parameters derived from the contents of the stack
pointer, or simply pop the stack into registers before
processing.

One advantage here is simplicity. Variables need not be
allocated for specific parameters, a potentially large
number of parameters may be passed, and different
calling programs may use different techniques for deter-
mining or handling the variables.

For example, the subroutine HEXASC converts a hex-
adecimal value to ASCII code for its low-order digit. It
first reads a parameter stored on the stack by the calling
program, then uses the low-order bits to access a local
16-entry look-up table holding ASCII codes, stores the
appropriate code back in the stack and then returns.
The accumulator contents are left unchanged.

RAM
ADDR

7FH

26H ~a—— (SP)

25H

24H B

23H ACC

22H Psw

21H PC (HIGH)

20H PC (LOW)

1FH

00H

Figure 5-1. Stack contents during interrupt

;ACCESS LOCATION PARAMETER PUSHED INTO

;READ INPUT PARAMETER AND SAVE ACCUMULATOR
;MASK ALL BUT LOW-ORDER 4 BITS

;ALLOW FOR OFFSET FROM MOVC TO TABLE

;READ LOOK-UP TABLE ENTRY

;PASS BACK TRANSLATED VALUE AND RESTORE

;ACCUMULATOR

HEXASC: MOV RO,SP
DEC RO
DEC RO
XCH A,@R0
ANL A, #OFH
ADD A#2
MOVC A,@A+PC
XCH A,@R0
RET

ASCTBL: DB ‘0’

DB ‘1’
DB ‘2
DB ‘3
DB ‘q
DB ‘5’
DB ‘6’
DB ‘v
DB ‘8’
DB ‘9’
DB ‘A’
DB ‘B’
DB ‘¢’
DB ‘D’
DB ‘E’
DB ‘F

;RETURN TO BACKGROUND PROGRAM
;ASCIlI CODE FOR 00H
;ASCII CODE FOR 01H
;ASCIl CODE FOR 02H
;ASCII CODE FOR 03H
;ASCIlI CODE FOR 04H
;ASCIl CODE FOR 05H
;ASCII CODE FOR 06H
;ASCII CODE FOR 07H
;ASCH CODE FOR 08H
;ASCII CODE FOR 09H
;ASCII CODE FOR 0AH
;ASCIl CODE FOR 0BH
;ASCII CODE FOR 0CH
;ASCII CODE FOR 0DH
;ASCII CODE FOR 0EH
;ASCII CODE FOR OFH

The background program may reach this subroutine
with several different calling sequences, all of which
PUSH a value before calling the routine and POP the
result to any destination register or port later. There is
even the option of leaving a value on the stack if it won’t

5-5

be needed until later. The example below converts the
three-digit BCD value computed in the Radix Conver-
sion example above to a three-character string, calling a
subroutine SP__OUT to output an eight-bit code in the
accumulator.
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PUSH HUND
CALL HEXASC
POP ACC
CALL SP_OUT
PUSH TENONE
CALL HEXASC

;CONVERT HUNDREDS DIGIT
;TRANSMIT HUNDREDS CHARACTER
;CONVERT ONE’S PLACE DIGIT

;BUT LEAVE ON STACK!

MoV A, TENONE
SWAP A

PUSH ACC
CALL HEXASC
POP ACC
CALL SP_OUT
POP ACC

CALL SP__OUT

;RIGHT-JUSTIFY TEN’'S PLACE
;CONVERT TEN’S PLACE DIGIT

;TRANSMIT TEN’S PLACE CHARACTER
;TRANSMIT ONE’S PLACE CHARACTER

N-Way Branching

There are several different means for branching to sec-
tions of code determined or selected at run time. (The
single destination addresses incorporated into condi-
tional and unconditional jumps are, of course, fixed at
assembly time.) Each has advantages for different ap-
plications.

In a typical N-way branch situation, the potential
destinations are generally known at assembly time. One
of a number of small routines is selected according to
the value of an index variable determined while the pro-
gram is running. The most efficient way to solve this
problem is with the MOVC and an indirect jump in-
struction, using a short table of offset values in ROM to
indicate the relative starting addresses of the several
routines.

JMP @A +DPTR is an instruction which performs an
indirect jump to an address determined during program

execution. The instruction adds the eight-bit unsigned
accumulator contents with the contents of the sixteen-
bit data pointer, just like MOVC A,@A +DPTR. The
resulting sum is loaded into the program counter and is
used as the address for subsequent instruction fetches.
Again, a sixteen-bit addition is performed: a carry-out
from the low-order eight-bits may propagate through
the higher-order bits. In this case, neither the ac-
cumulator contents nor the data pointer is altered.

The example subroutine below reads a byte of RAM in-
to the accumulator from one of four alternate address
spaces, as selected by the contents of the variable
MEMSEL. The address of the byte to be read is deter-
mined by the contents of RO (and optionally RI). It
might find use in a printing terminal application, where
four different model printers all use the same ROM
code but use different types (and sizes) of buffer
memory for different speeds and options.

MEMSEL  EQU R3

JUMP_4: MOV A,MEMSEL
MoV DPTR,#JMPTBL
MOVC  A,@A-+DPTR
JMP @A +DPTR

JMPTBL: DB MEMSPO0-JMPTBL
DB MEMSP1-JMPTBL
DB MEMSP2-JMPTBL
DB MEMSP3-JMPTBL

MEMSPO: MOV A,@RO
RET

MEMSP1: MOVX  A,@R0
RET

MEMSP2: MOV DPL,RO
MOV DPH,R1
MOVX  A,@DPTR
RET

;READ FROM INTERNAL RAM
;READ 256 BYTE EXTERNAL RAM
;READ 64K BYTE EXTERNAL RAM
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MEMSP3: Mov A,R1
ANL AH#O7TH
ANL P1,#11111000B
ORL P1,A
MOVX A,@R0
RET

;READ 4K BYTE EXTERNAL RAM

To use this approach, the size of the jump table plus the
length of the alternate routines must be less than 256
bytes. The jump table and routines may be located
anywhere in program memory and are independent of
256-byte program memory pages.

For applications where up to 128 destinations must be
selected, all residing in the same 2K page of program
memory, the following technique may be used. In the
printing terminal example, this sequence could process
128 different codes for ASCII characters arriving via the
8051 serial port.

OPTION  EQU R3
JMP128: MOV A,OPTION
RL A
MoV DPTR,#INSTBL
JMP @A+ DPTR
INSTBL:  AJMP  PROCO0
AJMP  PROCO1
AJMP  PROCO2
’ AJMP  PROCTE
AJMP  PROCTF

;MULTIPLY BY 2 FOR 2-BYTE JUMP TABLE
;FIRST ENTRY IN JUMP TABLE
;JUMP INTO JUMP TABLE

1128 CONSECUTIVE
'AJMP INSTRUCTIONS

The destinations in the jump table (PROC00-PROC7F)
are not all necessarily unique routines. A large number
of special control codes could each be processed with
their own unique routine, with the remaining printing
characters all causing a branch to a common routine for
entering the character into the output queue.

Computing Branch Destinations
at Run Time

In some rare situations, 128 options are insufficient, the
destination routines may cross a 2K page boundary, or a
branch destination is not known at assembly time (for
whatever reason), and therefore cannot be easily includ-
ed in the assembled code. These situations can all be

handled by computing the destination address at run-
time with standard arithmetic or table look-up instruc-
tions, then performing an indirect branch to that ad-
dress. There are two simple ways to execute this last
step, assuming the 16-bit destination address has
already been computed. The first is to load the address
into the DPH and DPL registers, clear the accumulator
and branch using the JMP @A + DPTR instruction; the
second is to push the destination address onto the stack,
low-order byte first (so as to mimic a call instruction)
then pop that address into the PC by performing a
return instruction. This also adjusts the stack pointer to
its previous value. The code segment below illustrates
the latter possibility.

RTEMP EQU R7
JMP256: MoV DPTR,#ADRTBL
MOV A,OPTION
CLR Cc
RLC A
JNC LOW128
INC DPH

5-7

;FIRST ADDRESS TABLE ENTRY
;LOAD INDEX INTO TABLE

;MULTIPLY BY 2 FOR 2-BYTE JUMP TABLE

;FIX BASE IF INDEX >127.
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LOW128: MOV RTEMP A ;SAVE ADJUSTED ACC FOR SECOND READ
INC A ;READ LOW-ORDER BYTE FIRST
Movce A,@A+DPTR ;GET LOW-ORDER BYTE FROM TABLE
PUSH ACC
MOV A,RTEMP ;RELOAD ADJUSTED ACC
MOVC A,@A+DPTR ;GET HIGH-ORDERED BYTE FROM TABLE
PUSH ACC

H THE TWO ACC PUSHES HAVE PRODUCED

; A “RETURN ADDRESS” ON THE STACK WHICH CORRESPONDS

H TO THE DESIRED STARTING ADDRESS.

H IT MAY BE REACHED BY POPPING THE STACK

; INTO THE PC.
RET

ADRTBL: DW PROC00 ;UP TO 256 CONSECUTIVE DATA
DW PROCO1 ;WORDS INDICATING STARTING ADDRESSES
DW PROCFF

In-Line-Code Parameter-Passing

Parameters can be passed by loading appropriate
registers with values betfore calling the subroutine. This
technique is inefficient if a lot of the parameters are
constants, since each would require a separate register
to carry it, and a separate instruction to load the register
each time the routine is called.

If the routine is called frequently, a more code-efficient
way to transfer constants is “in-line-code” parameter-
passing. The constants are actually part of the program
code, immediately following the call instruction. The
subroutine determines where to find them from the
return address on the stack, and then reads the
parameters it needs from program memory.

For example, assume a utility named ADDBCD adds a
16-bit packed-BCD constant with a two-byte BCD

variable in internal RAM and stores the sum in a dif-
ferent two-byte buffer. The utility must be given the
constant and both buffer addresses. Rather than using
four working registers to carry this information, all four
bytes could be inserted into program memory each time
the utility is called. Specifically, the calling sequence
below invokes the utility to add 1234 (decimal) with the
string at internal RAM address 56H, and store the sum
in a buffer at location 78H.

The ADDBCD subroutine determines at what point the
call was made by popping the return address from the
stack into the data pointer high- and low-order bytes. A
MOVC instruction then reads the parameters from pro-
gram memory as they are needed. When done, ADD-
BCD resumes execution by jumping to the instruction
following the last parameter.

CALL ADDBCD
DW 1234H
DB 56H

78H

;BCD CONSTANT

;SOURCE STRING ADDRESS
;DESTINATION STRING ADDRESS
;CONTINUATION OF PROGRAM

AFN-01739A



8051 SOFTWARE ROUTINES

ADDBCD:  POP DPH
POP DPL
MOV A 42
MOVC  A@A+DPTR
MoV RO,A
MoV A#3
MOVC  A,@A+DPTR
MOV R1,A
MOV A
MOVC  A,@A+DPTR
ADD A,@R0O
DA A
MOV @R1,A
INC RO
INC R1
CLR A
MOVC  A,@A+DPTR
ADDC  A,@RO
DA A
MOV @R1,A
MOV A4
JMP @A +DPTR

;POP RETURN ADDRESS INTO DPTR

;INDEX FOR SOURCE STRING PARAMETER
;GET SOURCE STRING LOCATION

;INDEX FOR DESTINATION STRING PARAMETER
;GET DESTINATION ADDRESS

;INDEX FOR 16-BIT CONSTANT LOW BYTE
;GET LOW-ORDER VALUE

;COMPUTE LOW-ORDER BYTE OF SUM
;DECIMAL ADJUST FOR ADDITION

;SAVE IN BUFFER

;INDEX FOR HIGH-BYTE = 0
;GET HIGH-ORDER CONSTANT

;DECIMAL ADJUST FOR ADDITION

;SAVE IN BUFFER

;INDEX FOR CONTINUATION OF PROGRAM
;3JUMP BACK INTO MAIN PROGRAM

This example illustrates several points:

pushed these registers onto the stack (after popping
the parameter list starting address), and popped

1) The “subroutine” does not end with a normal return before returning.
statement; instead, an indirect jump relative to the
data pointer returns execution to the first instruc- Passing parameters through in-line-code can be used in
tion following the parameter list. The two initial conjunction with other variable passing techniques.
POP instructions correct the stack pointer contents.

The utility can also get input variables from working

2) Either an ACALL or LCALL works with the registers or from the stack, and return output variables
subroutine, since each pushes the address of the to registers or to the stack.
next instruction or data byte onto the stack. The
call may be made from anywhere in the full 8051 PERIPHERAL INTERFACING
address space, since the MOVC instruction accesses TECHNIQUES
all 64K bytes.

3) The parameters passed to the utility can be listed in /O Port Recontiguration (First Approach)
whatever order is most convenient, which may not 1/0 ports must often transmit or receive parallel data in
be that in which they’re used. The utility has essen- formats other than as eight-bit bytes. For example, if an
tially “random access” to the parameter list, by application requires three five-bit latched output ports
loading the appropriate constant into the ac- (called X, Y, and Z), these “virtual” ports could be
cumulator before each MOVC instruction. mapped onto the pins of “physical” ports 1 and 2 as

shown below:

4) Other than the data pointer, the whole calling and
processing sequence only affects the accumulator,

PSW and pointer registers. The utility could have
PORT “Z2” PORT “Y” PORT “X”
- PZ0 PZ1 PZ2 PZ3 PZ4 PY4 PY3 PY2 PYl PYO PX4 PX3 PX2 PXl1 PXO0
p2.7 P2.6 P2.5 P2.4 P2.3 P2.2 P2.1 P2.0 Pl1.7 Pl.6 Pl.5 P1.4 Pl1.3 P1.2 Pl.1 P1.0

This pin assignment leaves P2.7 free for use as a test
pin, input data pin, or control output through software.

5-9
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Notice that the bits of port Z are reversed. The highest-
order port Z pin corresponds to pin P2.2, and the
lowest-order pin of port Z is P2.6, due to P.C. board
layout considerations. When connecting an 8051 to an
immediately adjacent keyboard column decoder or
another device with weighted inputs, the corresponding
pins may not be aligned. The interconnections must be
“scrambled” to compensate either with interwoven
circuit board traces or through software (as shown

Writing to the virtual ports must not affect any other
pins. Since the virtual output aigorithms are non-iriviai,
a subroutine is needed for each port: OUT__PX,
OUT_PY and OUT__PZ. Each is called with data to
output right-justified in the accumulator, and any data
in bits ACC.7-ACC.5 is insignificant. Each subroutine
saves the data in a “map” variable for the virtual port,
then calls other subroutines which use the data in the
various map bytes to compute and output the eight-bit

below).

pattern needed for each physical port affected.

PX__MAP DATA 20H
PY__MAP DATA 21H
PZ__MAP DATA 22H
OUT_PX: ANL A,#00011111B
MOV PX__MAP,A
ACALL OUuT_P1
RET
OUT_PY: MOV PY_MAP,A
ACALL  OUT_P1
ACALL OUT_P2
RET
OuUT__PZ: MOV PZ_MAP.A
ACALL OUT_P2
RET
OUT_P1: = MOV A,PY_MAP
SWAP A
RL A
ANL A,#11100000B
ORL A,PX_MAP
MoV P1,A
RET
ouT__P2: MOV C,PZ__MAP.0
RLC A :
Mov C,PZ_MAP.1
RLC A
MoV C,PZ_MAP.2
RLC A i
MOV C,PZ_MAP.3
RLC A
MOV C,PZ_MAP.4
RLC A
MOV C,PZ_MAP.4
RLC A
MOV C,PZ_MAP.3
RLC A
SETB ACC.7
MOV P2.A
RET

;CLEAR BITS ACC.7 - ACC. 5

- ;SAVE DATA IN MAP BYTE

;UPDATE PORT 1 OUTPUT LATCH

;SAVE IN MAP BYTE
;UPDATE PORT 1
;AND PORT 2 OUTPUT LATCHES

;SAVE DATA IN MAP BYTE
;UPDATE PORT 2.

;OUTPUT ALL P1 BITS

;SHIFT PY_MAP LEFT 5 BITS
;MASK OUT GARBAGE
;INCLUDE PX__MAP BITS

;LOAD CY WITH P2.6 BIT
;AND SHIFT INTO ACC.
;LOAD CY WITH P2.5 BIT
;AND SHIFT INTO ACC.
;LOAD CY WITH P2.4 BIT
;AND SHIFT INTO ACC.
;LOAD CY WITH P2.3 BIT
;AND SHIFT INTO ACC.
;LOAD CY WITH P2.2 BIT
;AND SHIFT INTO ACC.
;LOAD CY WITH P2.1 BIT
;AND SHIFT INTO ACC.
;LOAD CY WITH P2.0 BIT
;AND SHIFT INTO ACC.
JASSUMING INPUT ON P2.7)

The two level structure of the above subroutines can be
modified somewhat if code efficiency and execution
speed are critical: incorporate the code shown as
subroutines OUT__P1 and OUT__P2 directly into the
code for OUT_PX and OUT__PZ, in place of the

5-10

corresponding ACALL instructions. OUT_PY would
not be changed, but now the destinations for its
ACALL instructions would be alternate entry points in
OUT_PX and OUT_PZ, instead of isolated
subroutines.
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110 Port Reconfiguration
(Second Approach)

A trickier situation arises if two sections of code which
write to the same port or register, or call virtual output
routines like those above, need to be executed at
different interrupt levels. For example, suppose the
background program wants to rewrite Port X (using the
port associations in the previous example), and has
computed the bit pattern needed for P1. An interrupt is
detected just before the MOV P1,A instruction, and the
service routine tries to write Port Y. The service routine
would correctly update P1 and P2, but upon returning
to the background program P1 is immediately re-written
with the data computed before the interrupt! Now pins
P2.1 and P2.0 indicate (correctly) data written to port Y
in the interrupt routine, but the earlier data written to
P1.7-P1.5 is no longer valid. The same sort of confusion
could arise if a high-level interrupt disrupted such an
output sequence.

One solution is to disable interrupts around any section
of code which must not be interrupted (called a “critical
section”), but this would adversely affect interrupt
latency. Another is to have interrupt routines set or
clear a flag (“semaphore”) when a common resource is
altered — a rather complex and elaborate system.

An easier way to ensure that any instruction which
writes the port X field of P1 does not change the port Y
field pins from their state at the beginning of that
instruction, is shown next. A number of 8051 operations
read, modify, and write the output port latches all in
one instruction. These are the arithmetic and logical
instructions (INC, DEC, ANL, ORL, etc.), where an
addressed byte is both the destination variable and one
of the source operands. Using these instructions, instead
of data moves, eliminates the critical section problem
entirely.

OUT_PX: ANL P1,#11100000B
ORL P1,A
RET
OUT_PY: MOV B,#20H
MUL AB
ANL P1,#00011111B
ORL P1,A
MOV AB
ANL P2,#11111100B
ORL P2,A
RET
OUT_PZ  RRC A
MoV P2.6,C
RRC A
MOV P2.5,C
RCC A
MoV P2.4,C
RRC A
MoV P2.3,C
RRC A
MoV P2.2,C
RET

;CLEAR BITS P1.4 - P1.0
;SET P1 PIN FOR EACH ACC BIT SET.

;SHIFT <B><A>LEFT 5 BITS.
;CLEAR PY FIELD OF PORT 1
;SET PY BITS ON PORT 1
;LOAD 2 BITS SHIFTED INTO B
;AND UPDATE P2

;MOVE ORIGINAL ACC.0 INTO CY
;AND STORE TO PIN P2.6.
;MOVE ORIGINAL ACC.1 INTO CY
;AND STORE TO PIN P2.5.
;MOVE ORIGINAL ACC.2 INTO CY
;AND STORE TO PIN P2.4.
;MOVE ORIGINAL ACC.3 INTO CY
;AND STORE TO PIN P2.3.
;MOVE ORIGINAL ACC.4 INTO CY
;AND STORE TO PIN P2.2.

8243 Interfacing

The 8051’s quasi-bidirectional port structure lets each
[/0 pin input data, output data, or serve as a test pin or
output strobe under software control. An example of
these modes ‘operating in conjunction is the host-
processor interface expected by an 8243 I/0O expander.

5-11

Even though the 8051 does not include 8048-type
instructions for interfacing with an 8243, the parts can
be interconnected and the protocol may be emulated
with simple software; see Figure 5.2.
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{IN8243

INPUT DATA FROM AN 8243 I/O EXPANDER
; CONNECTED TO P23-P20.
H P25 & P24 MIMIC CS &PROG.
; P27.P26 USED AS INPUTS. CODE FOR
H PORT TO BE READ IN ACC.1-ACC.0
PROG BIT P2.4
IN8243: ORL A,#11010000B

MoV P2,A

CLR PROG

ORL P2,#00001111B

MOV A,P2

ORL P2,#00110000B

;SYMBOLIC PIN DESCRIPTION

;SET PROG AND PINS USED AS INPUT
;OUTPUT PORT CODE AND OPERATION CODE
;LOWER PROG TO LATCH ADDRESS

;SET LOW ORDER PINS FOR INPUT

;READ IN PORT DATA

;SET PROG AND CS HIGH

Software Delay Timing

Many 8051 applications involve exact control over
output timing. A software-generated output strobe, for
instance, might have to be exactly 50 usec. wide. The
DJNZ operation can insert a one instruction software

delay into a piece of code, adding a moderate time delay
of two instruction cycles per iteration. For example, two
instructions can add a 49-usec. software delay loop to
code to generate a pulse on the WR pin.

CLR WR
MOV R2,#24
DJNZ $2,$
SETB WR

The dollar sign in this example is a special character
meaning “the address of this instruction.” It can be used
to eliminate instruction labels on nearby source lines.

Serial Port and Timer Mode Configuration

Configuring the 805!’s Serial Port for a given data rate
and protocol requires essentially three short sections of
software. On power-up or hardware reset the serial port
and timer control words must be initialized to the
appropriate values. Additional software is also needed
in the transmit routine to load the serial port data
register and in the receive routine to unload the data as
it arrives.

To choose one arbitrary example, assume the 8051
~ should communicate with a standard CRT operating at
2400 baud (bits per second). Each character is
transmitted as seven data bits, odd parity, and one stop
bit. The resulting character rate is 2400 baud/9bits,
approximately 265 characters per second.

For the sake of clarity, the transmit and receive
subroutines here are driven by simple-minded software
status polling code rather than interrupts. The serial
port must be initialized to 8-bit UART mode (SMO,
SM1 = 01), enabled to receive all messages (SM2=0,

REN=1). The flag indicating that the transmit register -

is free for more data will be artificially set in order to let

8351
8751
8243 @
Pa
P27 }mvurs
P2.6 fet— 4
P25 cs Ps m
P2.4 PROG
4
P23 P23 P m
P2.2 s P22
P21 P21 4
P20 o P20 p7 @

Figure 5-2. Connecting an 8051 with an 8243
1/10 Expander

the output software know the output register is
available. All this can be set up with instruction at label
SPINIT.

Timer 1 will be used in auto-reload mode as a baud rate
generator. To achieve a data rate of 2400 baud, the
timer must divide the IMHz internal clock by

1 x 106
(32) (2400)

which equals 13 (actually, 13.02) instruction cycles. The
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timer must reload the value —13, or OF3H, as shown by
the code at label TIINIT. (ASM51 will accept both the
signed decimal or hexadecimal representations.)

; INITIALIZE SERIAL PORT

> FOR 8-BIT UART MODE

; & SET TRANSMIT READY FLAG.
SPINIT: MOV SCON,#01010010B

H INITIALIZE TIMER 1 FOR

; AUTO-RELOAD AT 32 X 2400HZ

; (TO USED AS GATED 16-BIT COUNTER.)

sTHNIT: MOV TCON,#11010010B
Mov TH1,#13

SETB TR1

Simple Serial 1/O Drivers

SP__OUT is a simple subroutine to transmit the
character passed to it in the accumulator. First it must
compute the parity bit, insert it into the data byte, wait
until the transmitter is available, output the character,
and then return.

SP__IN is an equally simple routine which waits until a
character is received, sets the carry flag if there is an
odd-parity error, and returns the masked seven-bit code
in the accumulator.

;SP_OUT ADD ODD PARITY TO ACC AND
H TRANSMIT WHEN SERIAL PORT READY.

SP_OUT: MOV CcP

CPL Cc

MOV ACC.7,C

JNB TS

CLR Tl

MoV SBUF,A

RET
;SP_IN INPUT NEXT CHARACTER FROM SERIAL PORT.
H SET CARRY IF ODD-PARITY ERROR
SP_IN: JNB RLS

CLR RI

MoV A,SBUF

MoV C,P

CPL Cc

ANL AH#TFH

RET

Transmitting Serial Port Character
Strings

Any application which transmits characters through a
serial port to an ASCII output device will on occasion
need to output “canned” messages, including error

messages, diagnostics, or operator instructions. These
character strings are most easily defined with in-line
data bytes defined with the DB directive.
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CR EQU ODH ;ASCIlI CARRIAGE RET
LF EQU 0AH ;ASCII LINE-FEED
ESC EQU 1BH ;ASCIlI ESCAPE CODE

CALL XSTRING

DB CR,LF ;NEW LINE

DB ‘INTEL DELIVERS’ ;MESSAGE

DB ESC ;ESCAPE CHARACTER

(CONTINUATION OF PROGRAM)

XSTRING: POP DPH

POP DPL
XSTR_1: CLR A

MOVC A,@A+DPTR
XSTR__2: JNB TI1,$

CLR Tl

Mov SBUF,A

INC DPTR

CLR A

MOVC A,@A+DPTR

-CJNE AH#ESC,XSTR__2

MOV At

JMP @A +DPTR

;LOAD DPTR WITH FIRST CHARACTER

J(ZERO OFFSET)

;FETCH FIRST CHARACTER OF STRING
sWAIT UNTIL TRANSMITTER READY
;MARK AS NOT READY

;OUTPUT NEXT CHARACTER

;BUMP POINTER

;GET NEXT OUTPUT CHARACTER
;LOOP UNTIL ESCAPE READ

;RETURN TO CODE AFTER ESCAPE

Recognizing and Processing
Special Cases

Before operating on the data it receives, a subroutine
might give “special handling” to certain input values.
Consider a word processing device which receives
ASCII characters through the 8051 serial port and
drives a thermal hard-copy printer. A standard routine
translates most printing characters to bit patterns, but
certain control characters (<DEL> <CR>, <LF>,

<BEL>,<ESC>, or <SP>) must invoke corresponding
special routines. Any other character with an ASCII
code less than 20H should be translated into the <NUL>
value, 00H, and processed with the printing characters.
The CJNE operation provides essentially a one-
instruction CASE statement.

CHAR EQU R7

iNTERP: CJNE CHAR,#7FH, INTP__1

' RET
INTP_1:  CJNE
’ RET
INTP_2:  CJNE
’ RET
INTP_3:  CJNE
' RET
INTP_4:  CJNE
' RET
INTP_5:  CJNE
' RET
INTP_6:  JC PRINTC
MOV CHAR,0

;CHARACTER CODE VARIABLE

;SKIP UNLESS RUBOUT
..... (SPECIAL ROUTINE FOR RUBOUT CODE)

;SKIP UNLESS BELL
..... (SPECIAL ROUTINE FOR BELL CODE)

;SKIP UNLESS LFEED
..... (SPECIAL ROUTINE FOR LFEED CODE)

;SKIP UNLESS RETURN
..... (SPECIAL ROUTINE FOR RETURN CODE)

;SKIP UNLESS ESCAPE
..... (SPECIAL ROUTINE FOR ESCAPE CODE)

;SKIP UNLESS SPACE
..... (SPECIAL ROUTINE FOR SPACE CODE)

;JUMP IF CODE >20 H
;REPLACE CONTROL CHARACTER WITH

;NULL CODE

514
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PRINTC:

RET

;PROCESS STANDARD PRINTING
;CHARACTER

Buffering Serial Port Output Characters

It is not always efficient to transmit characters through
the serial port one-at-a-time. Most applications generate
a short burst of characters all at once (English words or
multi-digit numbers, for instance), with the bursts
themselves occurring at longer intervals. Instead of
waiting while the UART outputs each character, it
would be more efficient if the background program
could enter all the characters into a first-in first-out
(FIFO) data structure, and continue about its business,

letting an interrupt routine transmit each character as
the serial port becomes available.

Assume there is a 16-byte output data buffer starting at
70H. QHEAD and QTAIL keep track of the head and
tail portion of the buffer being used. The subroutine
ENTERQ waits until there is space in the queue, then
copies a character code from the accumulator to the
queue.

QHEAD DATA 6EH
QTAIL DATA 6FH
BOTLIM EQU 70H

TOPLIM EQU 7FH

;LAST BYTE ENTERED INTO QUEUE
;LAST BYTE READ FROM QUEUE.

5 QUEUE IS EMPTY WHEN QHEAD = QTAIL AND
H FULL WHEN QHEAD + 1 (WITHIN RANGE) = QTAIL.

MOV QHEAD #TOPLIM
MoV QTAIL,#TOPLIM

3’

ENTERQ: Mov RO,A
MoV A,QHEAD
INC A
CJNE A#TOPLIM +1,ENTQ__1
MoV A#BOTLIM

ENTQ__1: CJNE A,QTAILLENTQ_2
SJMP ENTQ_ 1

ENTQ__2: XCH A,RO
MoV @RO,A
MOV QHEAD,RO
SETB ES
RET

;SAVE ACC DATA
;LOAD HEAD POINTER
;PRE-INCREMENT POINTER

;RELOAD ON OVERFLOW

;TEST IF QUEUE FULL

;LOOP UNTIL SPACE AVAILABLE
;STORE POINTER AND RELOAD ACC
;ENTER INTO QUEUE

;UPDATE HEAD POINTER

;ENABLE SERIAL PORT INTERRUPTS

The interrupt routine DQUEUE is invoked when the
transmitter is ready for another character. First it deter-
mines if any characters are available for transmission,
indicated by QHEAD and QTAIL being not equal. If
more data is available, it is written to the transmit buf-

fer (SBUF) and the pointers are updated. If not,
DQUEUE disables serial port interrupts and returns to
the background program. ENTERQ will re-enable such
interrupts as more data is available. (This example does
not consider interrupt-driven serial input.)

ORG 0023H

PUSH ACC

PUSH PSW

MOV PSW,#30Q
DQUEUE: MOV A,QTAIL

CJNE A,QHEAD,DQ__1

CLR ES

SJMP TI_RET

;SAVE CPU STATUS
;SELECT BANK 3

;TEST IF QUEUE EMPTY
;IF SO, CLEAR ENABLE BIT AND RETURN
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DQ__1: CLR Ti
INC A
CJNE A4#TOPLIM +1,DQ__2

MOV A,#BOTLIM
DQ_2: MoV RO,A

MoV SBUF,@R0

Mov QTAIL,A

TI__RET: POP PSW
POP A
RETI

;ELSE ACKNOWLEDGE REQUEST
;COMPUTE NEXT BYTE’S ADDRESS

:REVISE ACC IF POINTER OVERFLOWED
;LOAD INDEX REGISTER

;RELOAD TRANSMITTER

;SAVE LAST POINTER USED.

;RESTORE STATUS AND RETURN

Synchronizing Timer Overflows

8051 timer overflows automatically generate an internal
interrupt request, which will vector program execution
to the appropriate interrupt service routine if interrupts
are enabled and no other service routines are in progress
at the time. However, it is not predictable exactly how
long it will take to reach the service routine. The service
routine call takes two instruction cycles, but 1, 2, or 4
additional cycles may be needed to complete the instruc-
tion in progress. If the background program ever
disables interrupts, the response latency could further
increase by a few instruction cycles. (Critical sections
generally involve simple instruction sequences — rarely
multiplies or divides.) Interrupt response delay is
generally negligible, but certain time-critical application
must take the exact delay into account. For example,
generating interrupts with timer 1 every millisecond
(1000 instruction cycles) or so would normally call for
reloading it with the value — 1000 (OFC30H). But if the

interrupt interval (averaged over time) must be accurate
to 1 instruction cycle, the 16-bit value reload into the
timer must be computed, taking into account when the
timer actually overflowed.

- This simply requires reading the appropriate timer,

which has been incremented each cycle since the
overflow occurred. A sequence like the one below can
stop the timer, compute how much time should elapse
before the next interrupt, and reload and restart the
timer. The double-precision calculation shown here
compensates for any amount of timer overrun within
the maximum interval. Note that it also takes into ac-
count that the timer is stopped for seven instruction
cycles in the process. All interrupts are disabled, so a
higher priority request will not be able to disrupt the
time-critical code section.

CLR EA

CLR TR1

MoV A#LOW(—1000 +7)
ADD ATL1

MoV TL1,A
MoV A #HIGH(—1000+7)

ADDC A, TH1
MOV TH1,A

SETB THA1

;DISABLE ALL INTERRUPTS

;STOP TIMER 1

;LOAD LOW-ORDER DESIRED COUNT
;CORRECT FOR TIMER OVERRUN
;RELOAD LOW-ORDER BYTE.
;REPEAT FOR HIGH-ORDER BYTE.

;RESTART TIMER

Reading a Timer/Counter “On-the-Fly”

The preceding example simply stopped the timer before
changing its contents. This is normally done when
reloading a timer so that the time at which the timer is
started (i.e. the “run” flag is set) can be exactly con-
trolled. There are situations, though, when it is desired
to read the current count without disrupting the timing
process. The 8051 timer/counter registers can all be read
or written while they are running, but a few precautions
must be taken.

Suppose the subroutine RDTIME should return in <R1>

<RO0> a sixteen-bit value indicating the count in timer 0.
The instant at which the count was sampled is not as
critical as the fact that the value returned must have
been valid at some point while the routine was in pro-
gress. There is a potential problem that between reading
the two halves, a low-order register overflow might in-
crement the high-order register, and the two data bytes
returned would be “out of phase.” The solution is to
read the high-order byte first, then the low-order byte,
and then confirm that the high-order byte has not
changed. If it has, repeat the whole process.
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RDTIME:

MOV
Mov
CJNE
MOV
RET

A,THO ;SAMPLE TIMERO (HIGH)
RO,TLO ;SAMPLE TIMERO (LOW)
A,THO,RDTIME ;REPEAT IF NECESSARY
R1,A ;STORE VALID READ

5-17
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8031/8051/8751
SINGLE-COMPONENT 8-BIT MICROCOMPUTER

m 8031 - Control Oriented CPU With RAM and I/O
® 8051 - An 8031 With Factory Mask-Programmable ROM
@ 8751 - An 8031 With User Programmable/Erasable EPROM

® 4K x 8 ROM/EPROM m Boolean Processor
B 128 x 8 RAM ® MCS-48° Architecture Enhanced with:
m Four 8-Bit Ports, 32 1/0 Lines ¢ Non-Paged Jumps
® Two 16-Bit Timer/Event Counters ¢ Direct Addressing
® High-Performance Full-Duplex ¢ Four8-Register Banks
Serial Channel e Stack Depth Up to 128-Bytes
m External Memory Expandable to 128K e Multiply, Divide, Subtract, Compare
® Compatible with MCS-80®/MCS-85® m Most Instructions Executein 1ps
Peripherals B 4ps 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 technolgy and packaged in a40-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 memoty; a volatile 128 x 8 read/write data memory; 32 /O
lines; two 16-bit timer/counters;afive-source, two-priority-level, nested interrupt structure; aserial I/O port foreither multi-
processor communications, /O expansion, or full duplex UART; and on-chip oscillator and clock circuits. The 8031 is in-
dentical,except that it lacks the program memory. For systems that require extra capability, the 8051 can be expanded us-
ing 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 capabilities. Efficient use of pro-
gram memory results from aninstruction set consisting of 44 % one-byte, 41% two-byte,and 15% three-byte instructions.
Witha12MHzcrystal, 58 % of the instructions execute in 1us,40% in 2ps and multiply and divide require only 4 us. Among
the many instructions added to the standard 8048 instruction set are multiply, divide, subtract and compare.
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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/O 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 O can sink/source two TTL loads.

Port 1

Port 1 is an 8-bit quasi-bidirectional 1/O 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 1/0 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 /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

6-2

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). Input 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 Vs drops below spec,
Vpp will provide standby power to the RAM. When
Vpp is low, the RAM's current is drawn from Voe.

ALE/PROG

Provides Address Latch Enable output used for
latching the address into external memory during
normal operation. Receives the program pulse
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/VpDD

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.

XTALt

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.
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8031/8051/8751

PRELIMINARY

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias .......... 0°Cto70°C
Storage Temperature......-........... -65°C to +150°C
Voltage on Any Pin With

Respect to Ground (Vgg) «--.vnvvvenenen. -0.5V to +7V
Power Dissipation ................. ... .. oL 2 Watts

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation
of the device at these or any other conditions above those
indicated in the operational sections of this specification
is not implied. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.

D.C. CHARACTERISTICS Ta=0°CTO70°C; Ve = 5V £ 5%; Vgg = OV

Symbol Parameter Min. Typ. Max. Units Test Conditions
ViL Input Low Voitage (All except XTAL1) -0.5 0.8 Y
VL Input Low Voltage (XTAL1) -0.5 TBD Y
ViH Input High Voltage 20 Vcet0.5 \
(All Except XTAL1, RST/VPD)
VIH1 Input High Voltage (XTAL1) TBD Veet+0.5 \
ViH2 Input High Voltage (RST) 3.0 Vee + 0.5 \Y
ViH3 Input High Voltage (Vpp) 4.5 55 " Power Down Only
(Vee = 0)
VoL Output Low Voltage 0.45 \ 1.6 mA
(All Outputs Except Port 0)
VoLt Output Low Voltage (Port 0) 0.45 \Y 3.2mA
VOH Output High Voltage (All Outputs 24 \ loy=-100 LA
Except Port 0, ALE and PSEN)
VOH1 Output High Voltage (ALE and PSEN, 24 v Iop = -400 LA
Port 0 In External Bus Mode)
Lo Pullup Resistor Current (P1, P2, P3) -500 uA 45V VINSVCCe
Lot Output Leakage Current (P0) +10 HA 45V <VIN sVce
Icc Power Supply Current 150 mA Ta=25°C
(All Outputs Disconnected)
IPD Power Down Supply Current 20 mA Ta=25°C, Vpp=5V,
Vec=ov
Cio Capacitance Of 1/0 Buffer 10 pF fc=1MHz




intel 8031/8051/8751 PRELIMINARY

A.C. CHARACTERISTICS
Ta= 0°CTO70°C; Vo=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 us 12TCLCL 12TCLCL ns
TLHLL ALE Pulse Width 140 ns 2TCLCL-30 ns
TAVLL Address Set Up To ALE 60 ns TCLCL-25 ns
TLLAX Address Hold After ALE 50 ns TCLCL-35 ns
TPLPH PSEN Width 230 ns 3TCLCL-20 ns
TLHLH | PSEN, ALE Cycle Time 500 ns 6TCLCL ns
TPLIV | PSEN To Valid Data In 150 ns 3TCLCL-100 ns
TPHDX | Input Data Hold After PSEN 0 ns 0 ns
TPHDZ | Input Data Float After PSEN 75 ns TCLCL-10 ns
TAVIV, Address To Vaiid Data In 320 ns 5TCLCL-100 ns
TAZPL Address Float To PSEN 0 ns o] ns

External Data Memory Characteristics
T 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 | RD To Valid Data In 250 ns 5TCLCL-170 ns
TRHDX | Data Hold After RD 0 ns 0 ns
TRHDZ Data Fioat 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 2 to 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.

6-4
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osc

ALE

PORT 2

PORT 0 ¢ ‘FLOA1X A7-A0 JFLOATX INSTR IN |FLOAT] A7-Ag

T2 ™ T2 T3 T4 TS5 T6 T7 T8 T9 Tt0 ™ T12 T T2
TCY -
[——TLHLL —] TLHLH

., [*——TPLPH

/TN / \ /

1

> <ADDRE$$ OR
X ADDRESS A5-Ag >< ADDRESS Ay5-Ag SFR P2

TLLAX —8 .—
TAVLL —~ [-—
= TPLIV->] -—J TPHDZ
TAZPL |— TPHDX - la—

FLOA'IXINSTH IN FLOAT

e TAVIV ——»]
Program Memory Read Cycle

ALE / \ I
PSEN ’
L——— TRLRH
_  —
RD
A
PORT 2 X ADDRESS Aq5-Ag APPRESS OR
TAVWL TRLDV TRHDZ
TAVDV TRHDX —»  [—
PORT 0 < INSTR IN ‘FLOATX A7-Ag ‘ FLOAT # DATA IN FLOAT ggDFT.%sAST
Data Memory Read Cycle
ALE ’ \ /
PSEN ,
j—————  TWIWH—————————
N e
WR
PORT 2 X ADDRESS A15-Ag >< ApoREss or
rf TAVWL
TQVWH TWHQX—j

PORT 0 <INSTR IN IE.OMX Az7-Ag >< DATA OUT x S';DFT.E)SAST

Data Memory Write Cycle

6-5
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Serial Port Characteristics

Symbol p t 12 MHz Clock Variable Clock

ymbo arameter Min. Max. Min. Max.
TDVPL Data Setup to PROG 10us 3 TCY + 10us
TPHDX Data Hold from PROG 10us 3TCY + 10us
TAVQV Address to Data Valid 10us 3TCY + 10us
TELQV Output Enable (P27) to Data Valid 10us 3 TCY + 10us
TEHQZ Output Enable Off to Data Float 0 10us 0 3TCY + 10us
TVHPL VDD Setup to PROG 10us 10us
TPHVL VDD Hold after PROG 10us 10us
TPLPH PROG Width 49ms | 51ms 49ms 51ms

Input and Output Waveforms for A.C. Tests

24

20 _.20
TEST POINTS
0.8 «— —~08
0.45

PROGRAM VERIFY

PORT 27 \ {
L

d .
PORT10-17—* ADDRESS 4 ADDRESS )—y  avORESS - 1

TAVPL—+—,{ t‘——- TPHAX "_‘. TAVQV
PORT 2023 —{ ADDRESS — ADDRESS ADDRESS -+ 1
TDVPL -ptagt - - TPHDX ke TELQV ] -—‘ TEHQZ
PORT 00-07 DATA IN SYABLEW FLOATING Vm DATA OUT STABLE )@( DATA IN
o }‘—J‘ TPLPH
PROGIALE \ J

TVHPL P 4 TPHVL

vcc

VDD/EA

NOTES: 1) PSEN = VIL, VPD/RST = VIH1
2) MSB of address is Port 23, LSB is Port 0
3) All levels are VIL, VIH, VOL, VOH except VDD/EA.










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
m Single 5V Supply (+4.5V to 6.5V)

® Interval Timer/Event Counter
= 8.38 usec Cycle With 3.58 MHz XTAL;

All Instructions 1 or 2 Cycles 8 Clock Generated With Single Inductor
or Crystal :
¥ Instructions— 8048 Subset ® Zero-Cross Detection Capability
& High Current Drive Capability—2 Pins = Easily Expandable I/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 I/ 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 /O
features is included.

1024 WORDS 64 WORDS
cLock PROGRAM DATA —
MEMORY MEMORY — P22 1 281 vee
)(TAL{ n ng P23 (]2 27[1 P21
——= prROG (J 3 261 p20
“ PORT poo [ 4 250 P17
#1 po1 []5 241 P16
RESET ——m] po2 (6 23] P15
PORT
8BIT 8021 <:I>,,z po3 7 sgo21 22[J P1a
cPU N TEST-—DW Po4 (18 211 P13
ADDRESS pos o 2013 P12
F——— LATCH po6 (10 19 P11
. po7 11 18 P10
PORT ALE 12 17 [J RESET
——» EXPANDER m1d13 180 xTAL?2
STROBE
8-BIT vss 14 15 [J XTAL Y
21
TIMER/
EVENT COUNTER 17O LINES
Figure 1. Figure 2. Figure 3. Pin
Block Diagram Logic Symbol Configuration

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
©INTELCORPORATION, 1980 7_1 AFN-01567A-01
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ABSOLUTE MAXiMUM RATINGS* *NOTICE: Siresses above thoss listed under "Absolute
. . Maximum Ratings” may cause permanent damage to the
Ambient Temperature Under Bias ........ 0°Cto70°C device. This is agstressyraring only and func!iongl opera-
Storage Temperature ............... -65°C to +150°C tion of the device at these or any other conditions above
_— those indicated in the operational sections of this specifi-
Volitage on Any Pin with cation is not implied. Exposure to absolute maximum
Respectto Ground .................... -0.5Vto+7V rating conditions for extended periods may affect device
Power DisSipatONn ........ovvvirriiniiniiinannn. 1W reliability.

D.C. CHARACTERISTICS T5 =0°Ct070°C, VGG = 5.5V £ 1V, Vgg = OV

Limits
Symbol Parameter { Unit Test Conditions
Min. | Typ. | Max.
ViL " Input Low Voltage -05 08 | Vv
VIH Input High Voltage (All except 3.0 \ol0] \
XTAL 1 & 2, T1 RESET) B
VIH{ Input High Volitage (XTAL 1 & 2, 38 vee | Vv
T1 RESET) ,
VIH(10%) Input high voltage (All except XTAL 2.0 VCC \% VCC =5.0V+10%
1 &2, T1, RESET) .
ViH1 (10%) Input high voltage (XTAL 1 & 2, 35 oo v VCC = 5.0V + 10%
T1, RESET) )
VoL Output Low Voltage 0.45 \ 1oL = 1.6 mA
VOoL1 Qutput Low Voltage (P10, P11) 25 |V IOL =7 mA
VOH Output High Voltage 2.4 ; Vv I0H = 40 uA
(All unless Open Drain) !
ILO Output Leakage Current +10 | wA VSS+0.45<VINSVCC
(Open Drain Option— Port 0)
Icc VCG Supply Current 40 | 75 | irnA

T1 ZERO CROSS CHARACTERISTICS Tp =0°C1070°C, Vo = 5.5V % 1V, Vgg = OV, CL = 80pF

Symbol Parameter Min. Max. Unit Test Conditions
VZX Zero-Cross Detection Input (T1) 1 3 . VPP AC Coupled, C =.2uF
AZX Zero-Cross Accuracy +135 | mVv 60 Hz Sine Wave
FzXx Zero-Cross Detection Input Frequency (T1) 0.05 1 kHZ

7-2 g AFN-01567A-02
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Table 1. Pin Description

Desig- | Pin Desig- | Pin
nation No. Function nation No. Function
Vss 14 | Circuit GND potential CNT instruction. Also allows
vee 28 |+5V power supply zero-crossover sensing of slowly
PROG 3 |o be for 8243 1/0 moving Inputs.
utput strobe for 1/ Lo
Expapnder RESET 17 [Input used to initialize the proc-
] o essor by clearing status flip-fiops
PO0-PO7 4-11 |8-bit quasi-bidirectional port and setting program counters to
Port0 : zero.
P10-P17 18-25 |8-bit quasi-bidirectional port ALE 12 |Address Latch Enable. Signal
Port 1 occurring once every 30 input
. clocks, used as an output clock.
P20-P23 26-27 | 4-bit quasi-bidirectional port XTAL1 15 |One side of crystal or inductor
Port 2 1-2 {P20-P23 also serve as a 4-bit I/0 input for internal oscillator. Also
expander bus for 8243 input for external source. (Not
T 13 |Input pin testable using the JT1 TTL compatible.)
and JNT1 instructions. Can be XTAL2 16 |Other side of timing control
designated the timer/event element.
counter input using the STRT
Table 2. Instruction Set Summary
Hexadecimal Hexadecimal
Mnemonic Description Bytes Cycle Opcode Mnemonic Description Bytes Cycle Opcode
ADD AR, 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 e DJINZR,,addr Decrement register and 2 2 EB-EF
ADDC A@R  Add data memory with 1 1 7071 g jump on R not zero
carry @ JC addr Jump on carry=1 2 2 F8
ADDC A, #data Add immediate with 2 2. 13 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 t t  58-6F JNZ 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 2 586
ANL A #data And immediate to A 2 2 53 JNT1 addr Jump on T1=0 2 2 46
ORL AR, Or register to A 1 1 48-4F JTF addr Jump on timer flag 2 2 16
5 ORLA@R Or data memory to A 1 t . 40-41 >
2 ORL A #data  Orimmediate to A 2 2 43 £ CALLaddr  Jump to subroutine 1 2 14,34,54,74
E XRL AR, Exclusive Or register 1 1 D8-DF 3
8 to A < 2 RET Return 1 2 83
< XRLA@R Exclusive Or data 17 1 DO-Dt 2]
memory to A ) . & CLRC Clear carry 1 197
XRL A, #data E:(ocI:swe Or immediate 2 2- D3 E CPL C Complement carry 1 1 A7
INC A Increment A oo MOV AR, Move register to A 1 1 FaFF
DEGC A Decrement A ! 107 MOV A@R  Move data memory to A 1 1 FOF1
CLR A Glear A oo MOV A #data Move immediateto A 2. 2 23
CPL A Complement A R T MOV R,,A Move A to register 1 1 AB-AF
DA A Decimal adjust A ! 10 57 MOV @R,A  Move A to data memory 1 1 AO-A1
SWAP A Swap nibbles of A Tt ar MOV R, #data Move immediate to 2 2 B8BF
RL A Rotate A left 1 1 E7 H register .
RLC A Rotate A left through 1 1 F7 £ MOVER.#data Move immediate to 2 2 BOBI
carry R ) = data memory
RR A Rotate A right IR % XCHAR,  Exchange A and 1 1 282F
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 080904 memory -
p .09, .
3 OUTLP,A  Output A to por 17 2 90,39,3A XCHDA.@R E:s;‘ar:ziesf;?b'e ofA 11 363
£ MovD AP -OF
3 OVD A, P Intiulexpander pon’ 1 2 "0C-0F MOVP A@A Move to A from current 1 2 A3
‘\5 MOVD Pp,A Output A to exbander 1 2 3C-3F page
g port S
ANLD Pp,A And A to expanderport 1 - 2 . 9C-9F £ MOVAT Read timer/counter ! 142
ORLD Pp,A  Or Atoexpander port 1~ 2 8C-8F 3 MOVTA Load timer/counter ! 1. 82
Q STRTT Start timer 1 1 85
[ ) @ STRT CNT Start counter 1 145
% INC R, Increment register - 1. 100 18-1F E STOP TCNT  Stop timer/counter 1 1 66
® INC@R Increment data ivemory - 1.1 48-11
L NOP No operation 1 100

7-3
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Intel ADVANGE INEORMATION

8021L
SINGLE COMPONENT 8-BIT MICROCOMPUTER
LOW POWER 10mA

m 8-Bit CPU, ROM, RAM, I/O in Single m 1K x 8 ROM
28-Pin Package 64 x 8 RAM
21 1/0 Lines
® Single 5V Supply (+4.5V to 8V)
® Interval Timer/Event Counter
m 8.38 usec Cycle With 3.58 MHz XTAL;

Allinstructions 1 or 2 Cycles B Clock Generated With Single Inductor
' or Crystal
® Instructions —8048 Subset B Zero-Cross Detection Capability

® High Current Drive Capability—2 Pins m Easily Expandable I/O

The Intel® 8021L is a totally self-sufficient 8-bit paraliel computer fabricated on a single silicon chip using
Intel’sN-channel silicon gate MOS process. The features of the 8021L include a subset of the 8048 optimized
for low cost, high volume applications, plus additional I/0 flexibility and power.

The 8021L 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 |/O capability, the
8021L 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 8021L 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 8021L system can be easily designed using
the 8021L emulation board, the EM-1. The EM-1 contains a40-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 8021L’s
additional 1/0 features is included.

1024 WORDS 64 WORDS
CLOCK PROGRAM DATA —— —
MEMORY MEMORY —] P22 d 1 2803 vee
XTAL n PORT P23 g 2 271 p21
— #0 PROG (]3 26 1 p20
PORT Poo []a 251 P17
#1 P01 [ 5 241 P16
J RESET ——— PORT P02 6 23[] P15
8BIT 8021 <I>”2 P03 )7 go21 2207 P14
CPU TEST ~— Poa (8 211 P13
ADDRESS Pos (]9 200 p12
———> LATCH P06 [] 10 10 e
ENABLE ro7 411 [t s 2
PORT ALE O 12 17 [J RESET
[ ExpanDER palis KK 16 1 xTAL2
8.BIT n vss 14 15 [ XTAL1
EVENTTI %gz/men VO LINES
Figure 1. Figure 2. Figure 3. Pin
Block Diagram Logic Symbol Configuration

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.
©INTELCORPORATION, 1980 7_4 AFN-01813A-01
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias .......0°Cto70°C

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the

Storage Temperature . .....oo0. . -65°C to +150°C device. This is a stress rating only and functional opera-
Voltage on Any Pin with tion of the device at these or any other conditions above
Respectto Ground ........ . ve.. =0.5Vto+7V those indicated in the operational sections of this specifi-
Power Dissipation .. .....vieveennen. ceees TW cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device

reliability.

D.C. CHARACTERISTICS TA =0°C to 70°C, VCC = 5.5V + 1V, VSS = 0V

Symbol Parameter Limits Unit Test Conditions
Min. | Typ. | Max.

ViL tnput Low Voltage -0.5 0.8 \Y

VIH Input High Voltage (All except 3.0 vVccC \
XTAL 1 &2, T1 RESET)

ViH4 Input High Voltage (XTAL 1 & 2, 3.8 vce v
T1 RESET)

ViHoow |Input high voltage (All except 2.0 VCC " VCC =5.0V + 10%
1 &2, T1, RESET)

VIH10%) | Input high voltage (XTAL 1 & 2, 3.5 VCC \" VCC =5.0V £ 10%
T1, RESET)

VOL Output Low Voltage 0.45 \ IOL +1.6 mA

VOL1 Output Low Voltage (P10, P11) 2.5 \ IOL =7 mA

VOH Output High Voltage 2.4 \" IOH =40 vA
(All unless Open Drain)

ILO Output Leakage Current +10 uA VSS+0.45<VINSVCC
(Open Drain Option —Port 0)

IcCc VCC Supply Current 40 75 mA

T1 ZERO CROSS CHARACTERISTICS 714 =0°C t0 70°C, Vg = 5.5V £ 1V, Vgg = 0V, C|_= 80 pF

Symbol Parameter Min. | Max. | Unit Test Conditions
vzXx Zero-Cross Detection Input (T1) 1 3 VPP AC Coupled, C =.2uF
AZX Zero-Cross Accuracy +135| mV 60 Hz Sine Wave
FzX Zero-Cross Detection Input 0.05 kHZ
Frequency (T1)
tcy Cycle Time 8.38 | 50.0 3.58 MHz XTAL =
8.38 us tCy

AFN-01813A-02
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8022

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

8-Bit CPU, ROM, RAM, |/0 in Single 40-Pin ® 2K x 8 ROM, 64 x 8 RAM, 28 I/0 Lines
Package

m 8.38 usec Cycle; All Instructions 1 or 2

8 On-Chip 8-Bit A/D Converter; Two Input Cycles
Channels
m 8 Comparator Inputs (Port 0) ® |nstructions—8048 Subset
m Zero-Cross Detection Capability ® Interval Timer/Event Counter
® Single 5V Supply (4.5V to 6.5V) ® Clock Generated with Single Inductor or
® High Current Drive Capability—2 Pins Crystal
® Two Interrupts—External and Timer ® 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), 28 1/0 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 |/ 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

Vee Vss
4
PORT 0
- «———— THRESHOLD —
XTAL REFERENCE P26 (] 1 40 [J Ve
2048 WORDS 64 WORDS 1 P27 []2 38 [] p2s
cLOCK PROGRAM DATA
MEMORY MEMORY B Avee 3 38 P
RESET ~ <a>ponro Varer (] 4 370 pROG
aN1 []s 36 [J p23
anNo (e 35(] P22
TEST 0~ _ avss (] 7 3a[] P21
E PORT1 To E 8 3D P20
8022
88T TEST 1+ vin o 2] P17
e Po0 [J10 8022 31{1 P16
;>Ponrz Po1 [ 11 0] P1s
- P02 (] 12 20 [ P14
AID .
REFERENCE "] P03 []13 28] P13
Poa (] 14 27 [J P12
Pos [] 15 267 P11
ADDRESS Pos (] 16 25{7 P10
ANO~ I 'éﬁ;f:a’:: po7 (] 17 24 [ RESET
8BIT 2 TWO CHANNEL AE(] 18 28] xTAL2,
TIMER/EVENT DIGITAL 8-BIT A/D 1119 22 [ xTAL1
COUNTER 11O LINES CONVERTER
ANt~ vss [] 20 21| sussT
|———= EXPANDER
STROBE
AD  ‘AID SUBSTRATE
Vcc  Vss
Figure 1. Figure 2. Figure 3. Pin
Block Diagram Logic Symbol Contfiguration

Intel Corporation Assumes No Responsibility tor the Use ot any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied.
©INTELCORPORATION, 1980 7_6 AFN-00187A-01
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Table 1. Pin Description

Desig- Pin Desig- Pin
nation No. Function nation No. Function
VsS 20 |Circuit GND potential. RESET 24 [Input used to initialize the pro-
P cessor by clearing status flip-
+ .
vec 40 5V circuit power supply flops and setting the program
PROG 37 Sutput stgobe for Intel® 8243 counter to zero.
O.expan er. ) AVSS 7 |A/D converter GND Potential.
P00-PO7 10-17 |8-bit open-drain port with com- Also establishes the lower limit of
Port 0 {aharatrc:r (ijnputs. The swit(’:hlrl;g the conversion range.
reshold is set externally by
VTH. Optional pull-up resistors AVCC 3 |A/D+ 5V power supply.
may be added via ROM mask SUBST 21 [Substrate pin used with a bypass
selection. capacitor to stabilize the sub-
VTH 9 |Port 0 threshold reference pin. :tc':;‘:a‘é‘;'tage and improve A/D
P10-P17 25-32 |8-bit quasi-bidirectional port. VAREF 4 |A/D converter reference voltage.
Port 1 Establishes the upper limit of the
P20-P27 33-36 |8-bit quasi-bidirectional port. conversion range.
Port 2 38-39 | P20-23 also serve as a 4-bit I/0 ANO, AN1 6,5 |Analog inputs to A/D converter.
1-2 |expander for Intel® 8243. Software selectable on-chip via
. . . SEL ANO and SEL AN1 instruc-
TO 8 }Interrupt input and input pin tions.
testable using the conditional .
transfer instructions JTO and ALE 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), used
rupt is enabled. Interrupt is as an output clock.
disabled after a reset. XTAL 1 22 |One side of crystal or inductor
T 19 |Input pin testable using the JT1 input for internal oscillator. Also
and JNT1 conditional transfer input for external frequency
instructions. Can be designated source. (Not TTL compatible.)
the timer/event counter input XTAL 2 23 |Other side of timing control ele-
using the STRT CNT instruction. ment. This pin is not connected
Also serves as the zero-cross when an external frequency
detection input to allow zero- source is used.
crossover sensing of slowly mov-
ing AC inputs. Optional puli-up
resistor may be added via ROM
mask selection.
+5V
¥
40 24
Veo RESET 1o 125 -
4 P11 p2e—
VaAREF Pz |2L
3 P13 28 INPUT
Avee P14 29 |- PORT 1 [ AND ]
10-2000F Bis L:?—- OUTPUT,
e 3 e
7 Avss P17 p—
2 Vss P20 23—
_TL vooprl I wF 8022 ::2' %
SILVER mch pos E INPUT
SUBST p2a L I PORT 2 [ AND ]
s P25 ’ﬁ_ OUTPUT.
A/D mpu'rs' e p26 ;—
31 ant c:: [0~
T 23] xraLt :‘;‘: ﬁw
“ = po2 P12
i T b Lora [ 5]
224 yvaL2 Po4 5 OQUTPUT.
POS e
I 16
’W _-ItF 19 i ALE PROG TO :g: 17 -

hs

137
NC

1E]

Figure 3.The Stand Alone 8022
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ABSOLUTE MAXIM
Ambient Temperature Un
Storage Temperature
Voltage on Any Pin with

Respect to Ground
Power Dissipation

M RATINGS*
ias ....... 0°Cto70°C
............... -65°C to +150°C

Q

-0.5V to +7V
1 Watt

*NOTICE. 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 T4 =0°Cto 70°C, Vo = 5.5V + 1V, Vgg = OV

Symbol Parameter Limits Unit | Test Conditions
Min. Typ. | Max.
ViL Input Low Voltage -05 08 \ VTH Floating
VIH1 Input Low Voltage (Port 0) -0.5 VTH-0.1 \
VIH High Voltage 2.0 vce \ VCC = 5.0V £ 10%
(All except XTAL 1, RESET) VTH Floating
ViH1 Input High Voltage 3.0 vVCcC \ VCC=55VE1V
(All except XTAL 1, RESET) VTH Floating
VIH2 Input High Voltage (Port 0) VTH+0.1 VCC Vv
VIH3 Input High Voltage (RESET, XTAL 1) 3.0 VCC \ VCC = 5.0V £ 10%
VTH Port 0 Threshold Reference Voltage 0 4VCC \
VoL Output Low Voltage 0.45 \' IOL = 1.6 mA
VoL1 Output Low Voltage (P10, P11) 25 \" 10L =7 mA
VOH Output High Voltage (all unless 24 v IOH =50 A
Open Drain Option—Port 0)
ILI Input Current (T1) + 200 uA VCC=VIN=VSS+.45V
ILO Output Leakage Current +10 uA VCC=VIN=VSSs+0.45V
(Open Drain Option— Port 0)
Icc VCC Supply Current 50 100 mA
A.C. CHARACTERISTICS T =0°Ct070°C, VGG = 5.5V + 1V, Vgg = OV
Symbol Parameter Min. Max. Unit Test Conditions
tcy Cycle Time 8.38 50.0 uS 3 MHz XTAL =10 us tCY
VZXx 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 0.05 1 kHz
Frequency (T1)

AFN-00187A-03
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A.C. CHARACTERISTICS 7T4=0°Ct070°C, VoG =55V £ 1V, Vgg =0V

Test Conditions: Ci =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 PR PROG to Time P2 Input Must Be Valid 1.0 us
Operation 4, Output Data Setup Time 7.0 us
tpp Output Data Hold Time 8.3 us
tpF Input Data Hold Time 6] .150 us
tpp PROG Pulse Width 8.3 us
tPRL ALE to Time P2 Input Must Be Valid 3.6 us
Normai tpi Output Data Setup Time 0.8 us
Operation , Output Data Hold Time 1.6 us
tPFL Input Data Hold Time 0 us
tL ALE Pulse Width 3.9 | 230 us | tcy=8.38 us for min
Port 2 Timing
-—l |<_ w NORMAL OPERATION
ALE /_\ /_\
ourrur X X_oam X

ALE / \.

e S g SR
/\

PORT

INPUT

X

DATA

'PRL

X A

S

EXPANDER OPERATION

ALE J/ \

ALE / \ / \
PROG \ /
IL“ tpp *!
PORT PORT
ouTPUT CONTROL X D“L)(
tep top _.r-
tpc "‘— tpp

PROG

PORT
INPUT

ONTROL

DATA

ke

=

70



intal 8022 PRELIMINARY

A/D CONVERTER CHARACTERISTICS TA=0°C1070°C, Vo = 5.6V £ 1V, Vg5 = 0V, AVeG =55V £ 1V,
AVgs =0V, AVcc/2 < VAREF < AVce

Parameter Min. Typ. Max. Unit Comments
Resolution 8 Bits
Absolute Accuracy 8% FSR+ V2 LSB LSB (Note 1)
Sample Setup Before Falling Edge of ALE (tgg) 0.20 toy
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

v/ X /S

}..— 15§ —w [ tsH

ANALOG
INPUT

NOTE:
1. The analog input must be maintained at a constant voltage during the sample time (tgg + tgy).

7-10 AFN-00187A-05
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Table 2. Instruction Set Summary

Hexadecimal Hexadecimal
Mnemonic Description Bytes Cycle Opcode Mnemonic Description 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
ADI i i ith e
DC A.#data Add immediate wit 2 28 £ CALLaddr  Jump to subroutine 1 2 14345474
carry H 94,84.D4.F4
ANL AR, And register to A 1 1 58-5F § et Ret . o oaa
ANL A@R And data memory to A 1 1 50-51 3 eturn g
ANL A #data Andimmediate to A 2 2 53
ORL AR, Or register to A 1 1 48-4F & CLRC Clear carry 1 1 97
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 data memory to A 1 1 FO-F1
3 XRL A@R Exclusive Or data 1 1 DO-D1 MOV A,#data Move immediate to A 2 2 23
2 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 § register
DEC A Decrement A 1 1 07 :o MOV@R.#data Move immediate to 2 2 BO-B1
CLR A Clear A 1 127 @ data memory
CPL A Complement A 1 137 g XCHAR, Exchange A and 1 1 28-2F
DA A Decimal adjust A 1 1 57 register
SWAP A Swap nibbles of A 1 1 47 XCHA@R Exchange A and data 1 1 20-21
RLA 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 MOV AT Read timer/ counter 1 142
IN A, Pp Input port to A 1 2 08,09,0A § MOV T A Load timer/counter 1 1 62
. OUTLP,A Output A to port 1 2 90,39,3A O STRTT Start timer 1 1 85
3 MOVDAP,  Input expander port 1 2  OC-OF 5 STRT CNT Start counter 1 145
g to A E STOP TCNT  Stop timer/counter 1 165
=~ MOVD Pp,A Output A to expander 1 2 3C-3F
3
a port % RAD Move conversion resuli 1 2 80
= ANLD Pp,A And A to expander port 1 2 9C-9F E register to A
ORLD Pp,A Or A to expander port 1 2 8C-8F E SEL ANO Select analog input 1 1 85
© zero
4 . © SEL AN1 Select analog input one 1 1 95
% INC R, Increment register 1 1 18-1F <
‘D t 1 1 10-11
co:,‘ INC@R Increment data memory ENI Enable external 1 1 05
interrupt
JMP addr Jump unconditional 2 2 04244464, L s Di':lae‘:li;’“e'"a' L
84,A4,C4.E4 °
IMPP @ A Jump indirect 1 2 B3 g EN TCNTI Elr:lx:rlreu;:ner/counter 1 125
£ i -
2 DJNZ R.adar Qecrement register and 2 2 EBEF £ DIS TCNTI Disable timer/counter 1 1 35
I jump on R not zero interrupt
@
JC addr Jump on carry=1 2 2 F6 .
ING addr Jump on carry=0 > > E6 RET Return from interrupt 1 2 93
JZ addr Jump on A zero 2 2 Cé .
JNZ addr Jump on A not zero 2 2 96 NoP No operation . ! oo
SYMBOLS AND ABBREVIATIONS USED
P Mnemonic for “in-page” Operation
A Accumulator Pp Port Designator (P=0, t, 2 or 4-7)
addr 11-Bit Program Memory Address R, 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
| Interrupt @ Indirect Address Prefix

7-11 AER AA4OTA N



int I@ ADVANCE INFORMATION

8022H
HIGH PERFORMANCE
SINGLE COMPONENT 8-BIT MICROCOMPUTER
WITH ON-CHIP A/D CONVERTER

m 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 m 5 usec Cycle; All Instructions 1 or 2
On-Chip 8-Bit A/D Converter; Two Input Cycles (6 MHz Clock)

Channels m Instructions—8048 Subset
8 Comparator Inputs (Port 0) Interval Time/Event Counter

]
® Zero-Cross Detection Capability m Clock Generated with Single Inductor or
a
]

Single 5V Supply (4.5V to 6.5V) Crystal
Two Interrupts —External and Timer m Easily Expanded 1/0

The Intel® 8022H 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 8022H 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 8022H include 2K bytes of program memory (ROM), 64 bytes of data memory (RAM), 28
1/0 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 timer interrupts, and
zero-cross detection capability. 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 8022H 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 8022H’s
hardware implementation of the A/D converter which simplifies interfacing to analog signals.

Vee Vss
'
PORT 0
- «———— THRESHOLD
XTAL REFERENCE  p26 []1 [1 Vee
2048 WORDS 64 WORDS - p27 [] 2 g P25
cLocK PROGRAM DATA
MEMORY MEMORY Avee [§3 P24
RESET = 8 > PORT 0 Varer [] 4 [1 PROG
aN1 []s [ p23
ano (1 s P22
TEST 0~ — Avss []7 P21
K2 PORT1 Tos N P20
8022
8BIT | TEST 1+] . Vm§e ) P17
cPu POO 13 p1s
< r_a > PORT 2 PO1 [ P15
_ P02 [ P14
AID
REFERENCE ™| po3 [ P13
PO4 [] P12
P05 [ P11
ADDRESS PO [] P10
ANO - ———=LATCH po7 RE
ENABLE - Reser
8BIT 26 TWO CHANNEL ALE ) xTaL2
TIMER/EVENT DIGITAL 8-BIT AD T [ xTAL1
COUNTER 10 LINES CONVERTER
ANt PORT Vss [] suesT
|———~ EXPANDER
STROBE
AID  A/D SUBSTRATE
) Vee  Vss
Figure 1. Figure 2. Figure 3. Pin
Block Diagram Logic Symbol Configuration

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.
©INTELCORPORATION, 1980 7-12 AFN-01814A
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intel
8048H/8048H-1/8035HL/8035HL-1
HMOS SINGLE COMPONENT 8-BIT MICROCOMPUTER

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

m 8-BIT CPU, ROM, RAM, I/O in Single m 1Kx8 ROM
Package 64 x RAM

m High Performance HMOS 27 110 Lines

B Reduced Power Consumption m Interval Timer/Event Counter

m 1.4 psec and 1.9 usec Cycle Versions m Easily Expandable Memory and I/O
All Instructions 1 or 2 Cycles B Compatible with 8080/8085 Series

m Over 90 Instructions: 70% Single Byte Peripherals

m Two Single Level Interrupts

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

The8048H contains a 1K X8 program memory,a64 X 8 RAM datamemory, 27 I/O lines,and an 8-bit timer/counterin addition
toon-board oscillator and clock circuits. For systems that require extra capability the 8048H can be expanded using stan-
dard 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.

Toreduce development problems to a minimumand provide maximum flexibility, alogically and functionally pin compati-
ble versionof the8048H with UV-erasable user-programmable EPROM program memory is available. The 8748 willemulate
the 8048H up to 6 MHz clock frequency with minor differences.

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

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 byte instructions and no instructions over 2 bytes in length.

‘;’ PORT
cLocK 1024 WORDS 64 WORDS - -1
PROGRAM DATA XTAL
MEMORY MEMORY —
“ PORT
o =2
SINGLE
STEP | — READ
EXTERNAL 8048H
scf,'J MEM ‘ﬁ 8035HL
8048H-1 | o wRITE
—  B803SHL-1
TEST
. PROGRAM
|—> STORE
ENABLE
INTERRUPT —
ADDRESS
88IT
TIMER 2 —* LATCH
EVENT COUNTER /0 LINES ENABLE
BUS @ PORT
| EXPANDER
STROBE

Figure 1. Figure 2. Figure 3. Pin
Block Diagram Logic Symbol Configuration
(top view)

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 7.13 AFN-01491B-01
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Table 1. Pin Description

Symbol {Pin No. Function Symbol [Pin No. Function
Vss 20 Circuit GND potential Also testable with conditional
VoD 26 Low power standby pin . jump instruction. (Active low)
Voc | 40 | Main power supply; +5V during e ® | BUS end. Can be used 10 ensre
operation. data onto the bus from an
PROG 25 Output strobe for 8243 I/0 external device.
expander,‘ . Used as a read strobe to external
P10-P17 27-34 | 8-bit quasi-bidirectional port. data memory. (Active low)
Port 1 o RESET | 4 Input which is used to initialize
P20-P27 21-24 | 8-bit quasi-bidirectional port. the processor. (Active low)
Port 2 (Non TTL ViH)
35-38 | P20-P23 contain the four high WR 10 Output strobe during a bus write.
order program counter bits dur- (Active low)
ing an external program memory ) )
fetch and serve as a 4-bit I/O :;Jsted as write strobe to external
expander bus for 8243. ata memory.
DBO-DB7 | 12-19 | True bidirectional port which ALE " Address latch enable. This signal
BUS can be written or read __ _ ocgqrs ontf:el uring ea'((: cycle
synchronously using the RD, WR and is useful as a clock output.
strobes. The port can also be The negative edge of ALE strobes
statically latched. address into external data and
Contains the 8 low order pro- program memory. ,
gram counter bits during an PSEN 9 Program store enable. This out-
external program memory fetch, put occurs only during a fetch to
and receives the addressed external program memory.
instruction under the control of (Active low)
PSEN. Also contains the address o f ;
. SS 5 Single step input can be used
gnd data during an external RAM in conjunction with ALE to “single
ata stlor;:- /';E‘E"UF%O"' “"—d-%r step” the processor through each
control o ’ - and WR. instruction. (Active low)
To 1 lang.tPin tf?tab'ef using thet EA 7 External access input which
conditional transfer instructions
forces all program memory
J70 and JNTO. TO can be fetches to reference external
designated as a clock output memory. Useful for emulation
using ENTO CLK instruction. and debug, and essential for
T 39 Input pin testable using the JT1, testing and program verification.
and JNT1 instructions. Can be (Active high)
designated the timer/counter XTALA 2 One side of cr .
) . ystal input for
!ntht using the STRT CNT internal oscillator. Also input for
_ instruction. external source. (Non TTL V)
INT 6 Interrupt input. Initiates an XTAL2 | 3 Other side of crystal input.

interrupt if interrupt is enabled.
Interrupt is disabled after a reset.

AFN-01491B8-02
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Table 2. Instruction Set

Accumulator

Mnemonic Description

ADD A R Add register to A

ADD A, @R Add data memory to A

ADD A, #data Add immediate to A

ADDC A, R Add register with carry
ADDC A, @R Add data memory with carry

ADDC A, # data Add immediate with carry

Bytes Cycles
1

1

1 1
2 2
1 1
1 1
2 2
ANL A R And register to A 1 1
ANL A, @R And data memory to A 1 1
ANL A, #data  And immediate to A 2 2
ORL A R Or register to A 1 1
ORL A @R Or data memory to A 1 1
ORL A, #data  Or immediate to A 2 2
XRL A. R Exclusive or register to A 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
DEC A Decrement A 1 1
CLR A Clear A 1 1
CPL A Complement A 1 1
DA A Decimal adjust A 1 1
SWAP A Swap nibbles of A 1 1
RL A Rotate A left 1 1
RLC A Rotate A left through carry 1 1
RR A Rotate A right 1 1
RRC A Rotate A right through carry 1 1
Input/Qutput
Mnemonic Description Bytes Cycles
INA P Input port to A 1 2
OUTL P, A Output A to port 1 2
ANL P, # data And immediate to port 2 2
ORL P, # data Or immediate to port 2 2
INS A, BUS Input BUS to A 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
MOVD P, A Qutput A to expander port 1 2
ANLD P, A And A to expander port 1 2
ORLD P, A Or A to expander port 1 2
Registers
Mnemonic Description Bytes Cycles
INCR Increment register 1 1
INC @R increment data memory 1 1
DECR Decrement register 1 1
Branch
Mnemonic Description Bytes Cycles
JMP addr Jump unconditional 2 2
JMPP @A Jump indirect 1 2
DJNZ R, addr Decrement register and skip 2 2
JC addr Jump on carry = 1 2 2
JNC addr Jump on carry = 0 2 2
JZ addr Jump on A zero 2 2
JNZ addr Jump on A not zero 2 2
JTO addr Jump on TO =1 2 2
JNTO addr JumponTO =0 2 2
JT1 addr Jumpon Tt =1 2 2
JNT1 addr Jumpon Tt =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
JNT addr Jump on INT =0 2 2
JBb addr Jump on accumulator bit 2 2

Subroutine
Mnemonic Description Bytes Cycles
CALL addr Jump to subroutine 2 2
RETR Return 1 2
RETR Return and restore status 1 2
Flags
Mnemonic Description Bytes Cycles
CLR C Clear carry 1 1
CPLC Complement carry 1 1
CLR FO Clear flag 0 1 1
CPL FO Complement flag 0 1 1
CLR F1 Clear flag 1 1 1
CPL F1 Complement flag 1 1 1
Data Moves
Mnemonic Description Bytes Cycles
MOV A R Move register to A 1 1
MOV A, @R Move data memory to A 1 1
MOV A, # data  Move immediate to A 2 2
MOV R, A Move A to register 1 1
MOV @R, A Move A to data memory 1 1
MOV R, # data Move immediate to register 2 2
MOV @R, #data Move immediate to data memory 2 2
MOV A, PSW Move PSW to A 1 1
MOV PSW, A Move A to PSW 1 1
XCH A R Exchange A and register 1 1
XCH A, @R Exchange A and data memory 1 1
XCHD A, @R Exchange nibble of A and 1
register
MOVX A, @R Move external data memoryto A 1 2
MOVX @R. A Move A to external data memory 1 2
MOVP A, @A Move to A from current page 1 2
MOVP3A, @  Move to A from page 3 1 2

Timer/Counter

Mnemonic Description Bytes Cycles
MOV A T Read timer/counter 1 1
MOV T, A Load timer/counter 1 1
STRT T Start timer 1 1
STRT CNT Start counter 1 1
STOP TCNT Stop timer/counter 1 1
EN TCNT1 Enable timer/counter interrupt 1 1
DIS TCNT1 Disable timer/counter interrupt 1 1
Control

Mnemonic Description Bytes Cycles
EN 1 Enable external interrupt 1 1
DIs 1 Disabie external interrupt 1 1
SEL RBO Select register bank 0 1 1
SEL RB1 Select register bank 1 1 1
SEL MBO Select memory bank 0 1 1
SEL MBt Select memory bank 1 1 1
ENT 0 CLK Enable clock output on TO 1 1
Mnemonic Description Bytes Cycles
NOP No operation 1 1

AFN-01491B-03
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias ....... 0°C to 70°C
Storage Temperature -65°C to +150°C
Voitage On Any Pin With Respect

to Ground
Power Dissipation

-0.5V to +7V
1.5 Watt

*NOTICE: 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 device atthese or any other conditions above those

indicated in the operational sections of this specification
is not implied.

D.C. CHARACTERISTICS (TA = 0°C to 70°C, Vgg = Vpp = 5V + 10%, Vgg = OV)

Limits
Symbol Parameter - Unit Test Conditions
Min. | Typ. | Max.
ViL Input Low Voltage -5 .8 \Y
(All Except RESET, X1, X2)
ViLs Input Low Voltage -5 .6 \
(RESET, X1, X2) .
ViH Input High Voltage 2.0 Vee \
(All Except XTAL1, XTAL2, RESET)
ViK1 Input High Voltage (X1, X2, RESET) 3.8 Voo \Y
VoL Output Low Voltage (BUS) .45 V {loL=20mA
\ Output Low Voltage .45 V |lgL=18mA
L1 il bl
© (RD, WR, PSEN, ALE)
VoL2 Output Low Voltage (PROG) .45 V |lgL=10mA
VoLs Output Low Voltage .45 V |loL=16mA
(All Other Outputs)
VOH Output High Voltage (BUS) 2.4 V| loH = -400pA
VOoH1 Qutput High Voltage 2.4 V. | lon = -100pA
(RD, WR, PSEN, ALE)
VoHr2 Output High Voltage 2.4 V| lon = -40uA
(All Other Outputs)
I Input Leakage Current (T1, INT) +10 | pA |Vss<VINSVCC
L Input Leakage Current -500 KA | Vgg *.45<VINSVCC
(P10-P17, P20-P27, EA, SS)
Lo Output Leakage Current (BUS, TO) +10 HA | Vgg *+ .45<VINSV(C
(High Impedance State)
DD Vpp Supply Current 4 8 mA
Ipp * Total Supply Current 40 80 mA
fcc
VDD RAM Standby Pin Voitage 2.2 5.5 V |Standby Mode, Reset <0.6V
50 mA BUS 500 #A P1, P2 50 mA - BUS, P1, P2
I -30 mA :-300 uor 64 30 mA TYPICAL
o L] =
[ ryeica !
-10 mA -100 pA ;- 10 mA | /"—
1 p— I " 1 1 J
ov ov 2v av ov v av
VoH VOH VoL

AFN-014918-04



1. Control QOutputs CL = 80pF
BUS Outputs CL = 150pF
2. BUS High Impedance Load 20pF

. o
Intel 8048H/8048H-1/8035HL-1/8035HL-1 PRELIMINARY
A.C. CHARACTERISTICS (Ta =0°Ct0 70°C, V¢ = Vpp = 5V * 10%, Vgg = OV)
8048H 8048H-1
8035HL 8035HL-1
6 MHz 8 MHz 11 MHz Conditions

Symbol Parameter F (tcy) |Min. Max. |Min. |Max. | Min. {Max. |Unit| (Note 1)
tLL ALE Pulse Width 7/30 tcy -170 | 410 260 150

tAL Addr Setup to ALE 1/5 tcy -110 390 260 160

tLA Addr Hold from ALE 1/15 tCy -40 120 80 50

tcc1 Control Pulse Width 1/2 tcy -200 1050 730 480

(RD, WR)

tcce Control Pulse Width (PSEN)|2/5 tgy -200 800 550 350

tow Data Setup before WR 13/30 tCcy -200{ 880 610 390

twD Data Hold after WR 1/5 tcy -150 350 220 120 (Note 2)
tDR Data Hold (RD, PSEN) 1/10 tcy -30 0 220 0 160 0 110

tRD1 RD to Datain 2/5 tgy -200 800 550 350

tRD2 PSEN to Data in 3/10 tcy -200 550 360 210

tAW Addr Setup to WR 2/5 tgy -150 850 600 300

tAD1 Addr Setup to Data (RD) 23/30 toy -250, 1670 1190 750

taD2 Addr Setup to Data (PSEN) [3/5 tgy -250 1250 880 480

tAFC1 Addr Float to RD, WR 2/15 tcy -40 290 210 140

tAFC2 Addr Float to PSEN 1/30 tcy -40 40 20 10

tLAFC1 |ALE to Control (RD, WR) 1/5 tgy -75 420 300 200

tLAFC2 |ALE to Control (PSEN) 1/10 tcy -75 170 110 60

tcAa1 Control to ALE 1/15 tcy -40 120 80 50

(RD, WR, PROG)

tca2 Control to ALE (PSEN) 4/15 tgy -40 620 460 320

tcp Port Control Setup to PROG|1/10 tcy -40 210 140 100

tpc Port Control Hold to PROG [4/15 tcy -200 | 460 300 160

tPR PROG to P2 Input Valid 17/30 toy 1300 940 650

-120

tpF Input Data Hold from PROG|1/10 tcy 250 0 190 0 140

topP Output Data Setup 2/5 tcy -150 850 600 400

tPD Output Data Hold 1/10 tcy -50 200 130 90

tpp PROG Pulse Width 7/10 tcy -250 | 1500 1060 700

tpL Port 2 1/0 Setup to ALE 4/15 tCy -200 | 460 300 160

tLp Port 2 1/0 Hold to ALE 1/10 tgy -100 | 150 80 40

tpv Port Output from ALE 3/10 tCcy +100 850 660 510

tcy Cycle Time 25 1.875 1.36

t0OPRR TO Rep Rate 3/15 tcy 500 370 270
Notes:

AFN-01491B-05
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I tey
‘4—! LL——I 1LAFC2 [=—
ALE I I
|

taFc2 ——| [ tcc2 —»=| tca2

-

—

tLa
tAL [=

taFct "— — DR
—*| ‘bR FLOATING
BUS n.oxrmsx FLOATING FLOATING

BUS FLOATING
ADDRESS

AODHESX XEATAX FLOATING
|<—'R02 _.‘ INSTRUCTION [

taD2

Instruction Fetch From External Program Memory
tLarct

Read From External Data Memory

ALE I

1

IG—‘cm >’ tcat }4——

WR
24v

20w resypoiNTs 720

. ‘oW~ —'wo 045V > ( 084" ~a0.8
BUS FLOATINGXADDRESSXFLOATINGX DATA X FLOATING
1AW - —»
Write to External Data Memory Input and Output for A.C.Tests.
PORT 2 TIMING

EXPANDER
PORT

OuUTPUT

——=tcAl ’q‘
le— tPL— <'LP>| F—— (1Y J—— -

> <|
PORT 20-23 DATA | PORT CONTROL . OUTPUT DATA

PCH

EXPANDER
PORT

INPUT

uui

PF
f#——1pg —0‘ [ -
PCH PORT 20-23 DATA

INPUT

| PORT CONTROL K X DATA

| I
L—'CP—— ls—tPC ——|

PROG

AFN-014918-06
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I/0 PORT TIMING

1ST CYCLE

ALE / \

2ND CYCLE

l«.pv_.l

- __\___./

R
|

£20-23 x x ]
i PCH PORT 20-23 DATA x NEW P20-23 DATA X PCH
| |
P2a-27
P10-17 PORT 24-27, PORT 10-17 DATA NEW PORT DATA
ouTPUT
Crystal Oscillator Mode LC Oscillator Mode
c1 ) =~ _‘7_
2m\/LC’
- XTALY XTAL1
! 1-6MHz ,_c-3ce
2yl (3 2
< ! Cpp =~ 5-10 pF
: PIN-TO-PIN
XTAL2
3 XTAL2 CAPACITANCE
c3
C1: 5pF - 1/2pF + STRAY - 5pF
C2 = CRYSTAL ' STRAY - 8pF L c NOMINAL ¢
€3 - 20pF + 1pF - STRAY - 5pF 45 uH 20pF 5.2 MHz
120 wH 20pF 3.2 MHz

EACH C SHOULD BE APPROXIMATELY 20pF,
INCLUDING STRAY CAPACITANCE

Driving From External Source

+5V

{ XTAL

OPEN COLLECTOR
TTL GATES

XTAL2

AFN-01491B-07
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8048L
SPECIAL LOW POWER CONSUMPTION SINGLE
COMPONENT 8-BIT MICROCOMPUTER

m Typical Power Consumption 100mwW ® 1K x 8 ROM
64 x 8 RAM
m Typical Standby Power 10mW 27 1/0 Lines

Vpp minimum of 2.2V .
B [nterval Timer/Event Counter

® 8-Bit CPU, ROM, RAM, I/O in Single m Easily Exbandable Memory and I/0
Package
B Compatible with 8080/8085 Series

B 4.17 ysec Instruction Cycle.

All Instructions 1 or 2 Cycles. Peripherals

B Two Single Level interrupts
B 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 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 8048L can be expanded using standard memories and MCS-80®/MCS-85® periph-
erals. 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 avail-
able. 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 pro-
gram memory results from an instruction set consisting mostly of single byte instructions and no instructions
over two bytes in length.

PROGRAM DATA
MEMORY MEMORY

PORT
CLOCK 1024 WORDS 64 WORDS -1 1
XTAL

—

PORT
p— 2

SINGLE

STEP | = READ
s BIT EXTERNAL
cPu MEM 8048L
= wWRITE
_—
TEST
] PROGRAM
| STORE
ENABLE
INTERRUPT —=
8 BIT 2 ADDRESS
= LATCH

TIMER 1/0 LINES

EVENT COUNTER ENABLE
BUS PORT

— EXPANDER
STROBE

Figure 1. Figure 2. Figure 3.
8048L Block Diagram 8048L Logic Symbol 8048L 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 7-20 AFN-01591A-01



intel

PRELIMINARY

8048L
PIN DESCRIPTION
Designation Pin = Function Designation Pin = Function
Vss 20 Circuit GND potential testable with conditional
\ 26 Low power standby pin jump instruction.
VDD 40 Mai P | 4 ESV (Active low)
ain power su ; — .
ccC during operatiopnp. y RD 8 Output strobe activated
during a BUS read. Can be
PROG 25 Output strobe for 8243 1/0 used to enable data onto the
expander. bus from an external device.
P10-P17 27-34 8-bit quasi-bidirectional Used as a read strobe to
Port 1 port. external data memory.
ll;—:20t—227 21-24 8-bit quasi-bidirectional (Active tow)
or! port. s
35-38  P20-P23 contain the four RESET 4§ Ineutwhioh Is used to
high order program counter ;Ziclt? ':TO € processor.
bits during an externa! pro- N VTTLW\;
gram memory fetch and _ (Non IH)
serve as a 4-bit 1/0 expander WR 10 Output strobe during a bus
bus for 8243. write. (Active low)
DBO-DB7 12-19  True bidirectional port Used as write strobe to
BUS which can be written or read external data memory.
synchronously using the ALE 11 Address latch enable. This
RD, WR strobes. The port signal occurs once during
can also be statically each cycle and is useful as a
latched. clock output.
Contains the 8 low order The negative edge of ALE
program counter bits during strobes address into ex-
an external program ternal data and program
n:‘emgzjy fetcl;, and receives memory.
the addressed instructi ——
under the contlrol c';tfj p—%. PSEN 9 Program store enable. This
Aiso contains the address output occurs only during a
and data during an external fetch to ex';e';nal 'program
RAM data store instruction, . memory. (Active low)
under control of ALE, RD, SS 5 Single step input can be
and WR. used in conjunction with
TO 1 Input pin testable using the vl su:gle stehp thﬁ
conditional transfer in- processor through eac
structions JT0 and JNTO. TO instruction. (Active low)
can be designated as a clock EA 7 External access input which
output using ENTO CLK forces all program memory
instruction. fetches to reference external
T1 39 Input pin testable using the memory. Useful for emula-
JT1, and JNT1 instructions. tlor] aqd debug, f"nd
Can be designated the essential for.t'estl.ng and
timer/counter input using program yerlflcatlon.
the STRT CNT instruction. (Active high)
iNT 6 Interrupt input. Initiates an XTAL1 2 One side of crystal input for
interrupt if interrupt is internal oscillator. Also
enabled. Interrupt is dis- input for external source.
abled after a reset. Also (Non TTL ViH)
XTAL2 3 Other side of crystal input.

7-21
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INSTRUCTION SET

Accumulator Subroutine

Mnemonic Description Bytes Cycles Mnemonic Description Bytes Cycles

ADDA, R Add register to A 1 1 CALL addr Jump to subroutine 2 2

ADDA, @R Add data memory to A 1 1 RET 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 Mnemonic Description Bytes Cycles

ANL A, @R And data memory to A 1 1 CLRC Clear carry 1 3

ANL A, # data And immediate to A 2 2 CPL C Complement carry 1 1

ORLA, R Or register to A 1 1 CLR FO ClLear flag 0 1 1

ORLA @R Or data memory to A 1 1 CPL FO Complement flag 0 1 1

ORLA, #data  Or immediate to A 2 2 CLR F1 Clear flag 1 3 1

XRLA, 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

DECA Decrement A 1 1

CLR A Clear A 1 1 Mnemonic Description Bytes Cycles

CPL A Complement A 1 1 MOV A, R 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 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 3 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
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
XCHA, @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 memory to A 1 2

ANL P, # data  And immediate to port 2 2 MOVX @R. A Move A to external data memory 1 2

ORLP, #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 MOVA, 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 TCNTI Enable timer/counter interrupt 1 1

Mnemonic Description Bytes Cycles DIS TCNTI Disable timer/counter interrupt 1 1

INC R 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 externai interrupt 1 1

. DIS 1 Disable externat interrupt 1 1

Mnemonic Description Bytes Cycles SEL RBO Select register bank 0 y y

JMP addr Jump unconditional 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 y y

JC addr Jump on carry = 1 22 ENT 0 CLK Enable clock output on TO 1 1

JNC addr Jump on carry = 0 2 2

JZ addr Jump on A zero 2 2

JINZ addr Jump on A not zero 2 2 Mnemonic Description Bytes Cycles

JTO addr JumponTO =1 2 2 NOP No operation 1 1

JNTQO addr Jumpon TO =0 2 2

JT1 addr Jumpon Tl =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

JN1 addr Jump on INT = 0 2 2

JBb addr Jump on accumulator bit 2 2

7-22 AFN-01591A-03
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias 0°C to 70°C
Storage Temperature
Voltage On Any Pin With Respect
toGround ...l
Power Dissipation

-0.5V to +7V
1.5 Watt

* 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°Ct0o70°C,VCC =VDD = 5V 10%, VSS =0V

Limits
Symbol Parameter Unit Test Conditions
Min. | Typ. | Max.
ViL Input Low Voltage -5 .8 \'
(Al Except RESET, X1, X2)
Vitd Input Low Voltage -5 .6 \'
(RESET, X1, X2)
VIH Input High Voltage 2.0 Vee \'
(All Except XTAL1, XTAL2, RESET)
ViH1 Input High Voltage (X1, X2, RESET) 3.8 Vee \Y
VOL Output Low Voltage (BUS) .45 V | VoL =2.0 mA
Vo1 Output Low Voltage .45 V [loL=18mA
(RD, WR, PSEN, ALE)
VoL2 Output Low Voltage (PROG) .45 VvV |loL=1.0mA
VoLs Output Low Voltage .45 V jloL=16mA
(All Other Outputs)
VOH Output High Voltage (BUS) 2.4 V | loH =-400 uA
VoH1 Output High Voltage 2.4 V jloH =-100 uA
(RD, WR, PSEN, ALE)
Vor2 Output High Voltage 2.4 V | loH =-40 1A
(All Other Outputs)
L1 input Leakage Current (T1, INT) +10 | uA | Vgg < VN < Vee
'LI1 Input Leakage Current -500 | uA Vgg + '45<VIN§VCC
(P10-P17, P20-P27, EA, SS) B
Lo Output Leakage Current (BUS, TO) +10 | #A | Vgg+ 45<ViNSVee
(High Impedance State)
Iop Vpp Supply Current 2 4 mA
lop Total Supply Current 20 40 mA
lcc
Vpp Ram Standby Pin Voltage 22 5.5 V  |Standby Mode, Reset< 0.6V
BUS P1, P2 BUS, P1, P2
-50 mA ~ -500 uA -~ 50 mA
5 -30 mA -1-vp|CA|_ g.:mo u _5 30 mA TYPICAL
I [ TYPICAL r
-10 mA -100 A 10 mA F /—
o * ZAV av ! ov : ZIV — 4av ov ' ZlV : 4LV )
VoH VOH Vo

7-23

AFN-01591A -04



'ntel 8048L

PRELIMINARY

A.C. CHARACTERISTICS (PORT 2 TIMING)

T,=0°C1070°C, Vo = 5V + 10%, Vo  — OV

Ss
TCY =417 uS
Symbol Parameter Min. Max. Unit Test Conditions
tcp Port Control Setup Before Falling 185 ns
Edge of PROG
tpc Port Control Hold After Falling 160 ns
Edge of PROG
tpr PROG to Time P2 Input Must Be Valid 1.35 MS
tpr Input Data Hold Time 0 250 ns
top Output Data Setup Time 420 ns
tpp Output Data Hold Time 110 ns
tpp PROG Pulse Width 2.0 us
tpL Port 2 I/0 Data Setup 585 ns
tLp Port 2 I/0 Data Hold 250 ns
PORT 2 TIMING
|
ALE / \ /
‘ —_— .c,.’._
EXPANDER 'PL.——QlL» e 1DP e lea!PD
f
PORT T‘i |. ‘
OUTPUT PCH PORT 20 3 DATA N PORT CONTROL X OUTPUT DATAl

!

EXPANDER
PORT

; 3
i [&————1pR ———-' [ -
\

INPUT

)

a

|
| ! | INPUT
PCH PORT 20 3 DATA % PORT c?nmm : | DATA
l | '
i

F—'CP»*'PC—q

PROG M

BUS TIMING AS A FUNCTION OF TCY *

SYMBOL | FUNCTION OF TCY SYMBOL| FUNCTION OF TCY
TLL 7/30 Toy MIN Trp (1) |2/5 Tcy MAX | Tgp (1) :RD
TAL 2/15 Tcy MIN Trp (2) }3/10 Tcy MAX | Tgpp(2) : PSEN
TLA 1/15 Tcy MIN . Taw 1/3 Tcy MIN -
Tee (1) (172 Tcy MIN |Teo (1) : RD/WR| Tap (1) 11715 Tgy  MAX | Tap (1) :RD
Tcc (2 [2/5  Tgy MIN |Tge (2 :PSEN | Tap (2 (8/15  Tgy MAX | Tap (2) : PSEN
Tow [13/30 Tgy MIN Tarc (2715 Tgy  MIN | Tafc (1): RD
TWD 1/15 Tcy MiN TaFC (2);1/30 Tcy MIN | Tarc (2): PSEN
TDR 0 MIN Tea (1) |1/15 Tcy MIN | Toa (1) :RD, WR
* APPROXIMATE VALUES NOT INCLUDING GATE DELAYS. LTCA (2) |12/15  Tcy MIN [ Tca (2) 1 PSEN

7-24
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WAVEFORMS

| ey

5

-—Tcc—| T¢

>

ALE I l

—-—= ipR

BUS FLOATING X ! X FLomNGX X

ADDRESS

ST

FLOATING X

INSTRUCTION

\<—'RD—»
[———tAD

Instruction Fetch From External Program Memory

ALE I |

i

- -tcc —|| tca

tow- —twp
BUS FLOATlNGXADnnessx FLOAT|NEX DATA X FLOATING

e

Write to External Data Memory

%—'cc—% tca l‘*
RD |
taFC '_; — -tDR
FLOATING

BUS FLOATlNG)@DREssX ‘

'dlnpb

|————1tAD

Read From External Data Memory

x DATA x FLOATING

20 20
><;_8/155T POINTS T

0.45v

Input and Output for A.C.Tests.

A.C. CHARACTERISTICS T,=0°C1070°C, Vo =V = 5V + 10%, Vg = OV

Symbol Parameter Unit | Conditions (Note 1)
Min. | Max.

t ALE Pulse Width 600 ns

taL Address Setup to ALE 150 ns

tLa Address Hold from ALE 80 ns

tcc Control Pulse Width (PSEN, RD, WR) 1500 ns

tpw Data Setup before WR 640 ns

twp Data Hold After WR 120 ns |C_ =20pF

tcy Cycle Time 4.17 | 150 | us ‘

tor Data Hold 0 200 ns

trD PSEN, RD to Data In 750 ns

taw Address Setup to WR 260 ns

taD Address Setup to Data In 1450 ns

tarc Address Float to RD, PSEN 0 ns

tca Control Pulse to ALE 20 ns

Note 1: Control outputs: CL =80 pF
BUS Outputs: CL =150 pF

AFN-01591A-06
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CRYSTAL OSCILLATOR MODE

2
1t XTAL 1

b JRO G
l 4 c2 =l

S

3 XTAL 2

C1 = SpF + 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 18052 AT 3.6MHz

LC OSCILLATOR MODE

L c NOMINAL 1 T
aspH  20pF 5.2 MHz F-
120pH  20pF 3.2 MHz 2m \7 Lc
XTAL1
c-LrCep

Cpp = 5-10 pF PIN TO PIN
[of

XTAL2 APACITANCE

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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intel
8049H/8039HL

HMOS SINGLE COMPONENT 8-BIT MICROCOMPUTER

® 8049H Mask Programmable ROM
® 8039HL CPU Only with Power Down Mode

@ 8-BIT CPU, ROM, RAM, I/O in Single ® 1K x 8 ROM
Package 64 x 8 RAM
27 1/0 Lines
® High Performance HMOS
®m Interval Timer/Event Counter
m Reduced Power Consumption
. m Easily Expandable Memory and I/O
B 1.4 usec and 1.9 psec Cycle Versions
All Instructions 1 or 2 Cycles. m Compatible with 8080/8085 Series
Peripherals
m Over 90 instructions: 70% Single Byte

m Two Single Level Interrupts

The Ihtel® 8049H/8039HL are totally self-sufficient, 8-bit parallel computers fabricated on single silicon chips
using Intel's advanced N-channel silicon gate HMOS process.

The 8049H contains a 2K X 8 program memory, a 128 X 8 RAM data memory, 27 I/0 lines, and an 8-bit
timer/counter in addition to on-board oscillator and clock circuits. For systems that require extra capability
the 8049H can be expanded using standard memories and MCS-80®/MCS-85@ peripherals. The 8039HL is
the equivalent of the 8049H 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 8049H with UV-erasable user-programmable EPROM program memory will
soon be available. The 8749 will emulate the 8049H up to 1 MHz clock frequency with minor differences.

The 8049H is fully compatible with the 8049.

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 byte instructions and no
instructions over 2 bytes in length.

e “ PORT
CLOCK 2048 WORDS 128 WORDS =1
PROGRAM DATA XTAL
MEMORY MEMORY —
“ PORT
- =2
8049H 8049H
SINGLE
STEP 8039HL READ = 8 8039HL 3
EXTERNAL
o
— WRITE
il
TEST -[
PROGRAM
™ | sTORE
ENABLE
INTERRUPT —o=f
8 BIT 27 ADDRESS
TIMER 1/0 LINES [ reH
EVENT COUNTER ENABLE
BUS @ PORT
[— EXPANDER
STROBE
Figure 1. Figure 2. Figure 3.
‘Block Diagram Logic Symbol Pin Configuration

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Gircuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied
“INTEL CORPORATION, 1980 7-27 AFN-01784A-01
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Table 1. Pin Description

Symbol | Pin No. Function Symbol | Pin No. Function
Vss 20 Circuit GND potential RD 8 Output strobe activated during a
Voo | 2 |Low power siancby pir
Vee 40 Main power supply; +5V during external device.
operation. Used as a read strobe to external
PROG 25 Output strobe for 8243 I/0 data memory. (Active low)
expander. RESET 4 Input which is used to initialize
P10-P17 27-34 8-bit quasi-bidirectional port. the processor. (Active low)
Port 1 (Non TTL V)
P20-P27 21-24 8-bit quasi-bidirectional port. WR 10 Output strobe during a bus write.
Port 2

35-38 P20-P23 contain the four high
order program counter bits dur-
ing an external program memory
fetch and serve as a 4-bit I/0
expander bus for 8243.

DB0-DB7 12-19 True bidirectional port which
BUS can be written orread __ _
synchronously using the RD, WR
strobes. The port can also be
statically latched. PSEN 9

Contains the 8 low order pro-
gram counter bits during an
external program memory fetch,
and receives the addressed SS 5
instruction under the control of
PSEN. Also contains the address
and data during an external RAM
data store instruction, under EA 7
control of ALE, RD, and WR.

TO 1 Input pin testable using the
conditional transfer instructions
JTO and JNTO. TO can be
designated as a clock output
using ENTO CLK instruction.

T1 39 Input pin testable using the JT1, XTAL1 2
and JNT1 instructions. Can be
designated the timer/counter
input using the STRT CNT
instruction.

ALE 1

XTAL2 3

|

z
—
(o2}

Interrupt input. Initiates an
interrupt if interrupt is enabled.
Interrupt is disabled after a reset.
Also testable with conditional
jump instruction. (Active low)

(Active low)

Used as write strobe to external
data memory.

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

The negative edge of ALE strobes
address into external data and
program memory.

Program store enable. This out-
put 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 emulation
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 VIH)

Other side of crystal input.

7-28
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Table 2. 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 ™ + D ipti Bytes Cycles

ANL A, @R And data memory to A 1 1 CLRC Clear carry 1 1

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 B

ORL A, #data  Or immediate to A 2 2 CLR F1 Clear flag 1 1 B

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

CLR A Clear A 1 1 Mnemonic Description Bytes Cycles

CPL A Complement A 1 1 MOV A R 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 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 immediate 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 XCH A, 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 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 memory to 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 pageb 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 A.P 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
STRTT 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

Mnemonic Description . Bytes Cycles DIS TCNT1 Disable timer/counter interrupt 1 1

INC R Increment register 1 1

INC @R Increment data memory 1 1

DECR Decrement register 1 1 Control
Mnemonic Description Bytes Cycles

Branch EN1 Enable external intérrupt 1 1

1 i inter|

Mnemonic Description Bytes Cycles ?ESL RBO g;:::i:;:z:a;;:?g upt : :

JIMP adar Jump yngondutlonal 2 2 SEL RB1 Select register bank 1 1 1

JMPP @A Jump indirect , ooz 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 TO 1 1

JNC addr Jump on carry = 0 2 2

JZ addr Jump on A zero 2 2

j:‘_‘é 32‘;’ j”"‘p on ‘T\Cr)w‘ 129'° : g Mnemonic . Description Bytes Cycles

addr ump on = .

UNTOaddr  JumponTO =0 2 2 NoP No operation vt

JT1 addr JumponT1=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

JN1 addr Jumpon INT =0 2 2

JBb adar Jump on accumulator bit 2 2
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PRELIMINARY

ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias 0°C to 70°C
Storage Temperature -65°C {o + 150°C
Voltage On Any Pin With Respect

to Ground
Power Dissipation

-0.5V to +7V
1.5 Watt

*NOTICE: 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 device at these or any other conditions above those
indicated in the operational sections of this specification
is not implied.

D.C. CHARACTERISTICS (TA=0°C1070°C, Vog = VDD = 5V * 10%, Vgg = 0V)

Limits
Symbol Parameter Unit Test Conditions
Min Typ. | Max.
ViL Input Low Voltage -5 8 \Y
(All Except RESET, X1, X2)
ViLq Input Low Voltage -5 6 \'
(RESET, X1, X2)
VIH Input High Voltage 2.0 Vee Vv
(All Except XTAL1, XTAL2, RESET)
VIH1 Input High Voltage (X1, X2, RESET) 3.8 Vee v
VoL Output Low Voltage (BUS) .45 v loL =2.0 mA
Vou1 Output Low Voltage 45 v loL =1.8 mA
(RD, WR, PSEN, ALE)
VoLz Output Low Voltage (PROG) 45 | v | IgL=10mA
VoLs Output Low Voltage 45 v loL = 1.6 mA
(All Other Outputs)
VOH Output High Voltage (BUS) 2.4 v loH=-400 A
VOH1 OitpLLHigh Voltage 2.4 Vv |0H=-100 uA
(RD, WR, PSEN, ALE)
VOH2 Output High Voltage 2.4 Y loH =-40 u A
(All-Other Outputs)
Iy Input Leakage Current (T1, INT) +10 | HA Vsgs <VIN <Vce
L Input Leakage Current ___ -500 | HA Vgg + 45 <V|N< Ve
(P10-P17, P20-P27, EA, SS)
Lo Output Leakage Current (BUS, TO) +10 HA Vgg + 45 <V|N <Vce
(High Impedance State)
Ipb Vpp Supply Current 5 10 mA
Ipp + Total Supply Current 50 100 mA
lcc
BUS P1, P2 BUS, P1, P2
-50 mA -500 uA ~ 50 mA -
ig -30 mA -g-aoo u _al 0 mA TYPICAL
- 3
TYPICAL
-10 mA -100 uA - 10 mA /"__
1 1 L 1 1 1 1 J
ov o v 4av ov 2v v
VoH VoH VoL

AFN-01784A-04



intel 8049H/8039HL PRELIMINARY
A.C. CHARACTERISTICS (15 =0°Cto 70°C, VG = Vpp = 5V * 10%, Vgg =OV)
f(tcy) 11 MHz Conditions
Symbol Parameter (Note 3) Min. | Max. | Unit| (Note 1)
tL ALE Pulse Width 7/30 tgy -170 150 ns
taL Addr Setup to ALE 1/6 tgy -110 160 ns
ta Addr Hold from ALE 1/15 tgy -40 50 ns
tcgy | Control Pulse Width (RD, WR) 1/2 tgy -200 480 ns
tcoo Control Pulse Width (PSEN) 2/5 toy -200 350 ns
tow Data Setup before WR 13/30 tgy -200 390 ns
two Data Hold after WR 1/5 tgy -150 120 ns |(Note 2)
toR Data Hold (RD, PSEN) 1/10 toy -30 o | 110 ns
tRD1 RD to Data in 2/5 tgy -200 350 ns
tRD2 PSEN to Data in 3/10 tgy -200 210 ns
taw Addr Setup to WR 2/5 toy =150 300 ns
tAD1 Addr Setup to Data (RD) 23/30 toy -250 750 | ns
tape | Addr Setup to Data (PSEN) 3/5 toy -250 480 | ns
taFcy | Addr Float to RD, WR 2/15 tgy -40 140 ns
taAFc2 | Addr Float to PSEN 1/30 tey -40 10 ns
t aFcy | ALE to Control, (RD, WR) 1/5 toy -75 200 ns
t AFG2 | ALE to Control (PSEN) 1710 toy <75 60 ns
oA Control to ALE (RD, WR, PROG) 1/15 tay -40 50 ns
tcaz | Control to ALE (PSEN) 4/15 toy -40 320 _ ns
top Port Control Setup to PROG 1/10 toy -40 100 ns
toc Port Control Hold to PROG 4/15 toy -200 160 ns
tpR PROG to P2 Input Valid 17/30 tey -120 650 | ns
tp Input Data Hoid from PROG 1/10 tgy 0 140 ns
tpp Output Data Setup 2/5 tny 150 400 ns
tep Output Data Hold 1/10 tgy -50 90 ns
tpp PROG Pulse Width 7/10 toy -250 700 ns
tPL Port 2 1/0 Setup to ALE 4/15 ty -200 160 ns
tp Port 2 1/0 Hold to ALE 1710ty -100 40 ns
tpy Port Output from ALE 3/10 tCY +100 510 ns
toy Cycle Time 1.36 us
toprr | 10 Rep Rate 3/15 ey 270 ns
Notes:
1. Control Outputs CL = 80pF 2. BUS High Impedance Load 20pF 3. Calculated values will be equal

BUS Outputs CL = 150pF
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WAVEFORMS

PRELIMINARY

!

tey |
lk' LL_" TLAFC2 [@— ‘

tAFC2 -’I [*— Tcca — }-’ Tca2

PSEN

tLa
AL (=

BUS FLOATING

‘<_ 1RD2 ~| INSTRUCTION
| 1AD2

Instruction Fetch From External Program Memory
_" TLaFCH "‘

ALE I I | |
|-——-'cc1—-| tcat }-——

—twp

A

Write to External Data Memory

2.4v
| tow-

.

TLAFCH

tAFC1

—=| IpR
FLOATING X X FLOATING X BUS FLOATING ADDRESSX
ADDRESS

l‘—— —| toR
FLOATING

XDAYA x FLOATING

Read From External Data Memory

taD1

! D1

2.0~ 20
x [
g s> TESTPOINTS T
: 0.45v
BUS rLomN@(ADnassg(rLonch DATA X FLOATING

Input and Output for A.C. Tests

PORT 2 EXPANDER TIMING

ALE

EXPANDER
PORT

lae— 1PL—o]

allpey

PORT 20-23 DATA

r—-'DP 1P D

—_—

—
-

1
PORT CONTROL X

OUTPUT DATA

EXPANDER
PORT

INPUT

OUTPUT x PCH

PCH

PORT 20-23 DATA

tPR

s
1 [ -

e
I

PORT CONTROL K
\

PROG

L—'CP—» *'PC—J
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PRELIMINARY

1/0 PORT TIMING

18T CYCLE

-

2ND CYCLE

l‘fﬁpv—’

P20-23 x x

OUTPUT PCH PORT 20-23 DATA X NEW P20-23 DATA PCH
| |

P24-27

P10-17 PORT 24-27, PORT 10-17 DATA NEW PORT DATA

OUTPUT

OSCILLATOR MODE

| H xratt
LAY R
i 1-6MHz
_L—' 2yl 3
1

= I
.

- S[XTAL2

c3

C1 = 5pF & 1/2pF + STRAY < 5pF
C2 = CRYSTAL + STRAY < 8pF
C3 = 20pF + 1pF = STRAY < 5pF

CRYSTAL SERIES RESISTANCE SHOULD
BE LESS THAN 75 () AT 6MHz; LESS THAN
180 2 AT 3.6MHz.

LC OSCILLATOR MODE

o
2m/iLc’

C=3Cpp
T2

{XTAL1

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

L C

NOMINAL f

45 uH 20pF 5.2 MHz
120 wH 20pF 3.2 MHz

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

DRIVING FROM
EXTERNAL SOURCE

+5V

{ XTAL1

OPEN
COLLECTOR
TTL GATES
XTAL2

FOR THE 8048, XTAL1 MUST BE HIGH
35-65% OF THE PERIOD AND XTAL2
MUST BE HIGH 35-65% OF THE PERIOD.

RISE AND FALL TIMES MUST
NOT EXCEED 20ns
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MCS-48® INPUT/OUTPUT EXPANDER

B Low Cost

B Simple Interface
Microcomputers

to MCS-48®

B Four 4-Bit 1/0 Ports
B AND and OR Directly to Ports

8243

B 24-Pin DIP

B Single 5V Supply
B High Output Drive

M Direct Extension of Resident 8048 I/0
Ports

The Intel® 8243 is an input/output expander designed specifically to provide a low cost means of /0
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 1/0 ports and one 4-bit port which serves as an interface to
the MCS-48 microcomputers. The 4-bit interface requires that only 4 1/0 lines of the 8048 be used for /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/0O facilities of the MCS-48 microcomputers

and are accessed by their own MOV, ANL, and ORL instructions.

PORT 2 <:> mux

PROG-———1 CONTROL

r:'> ADDRESS
DECODER
[

LATCH

o

INPUT

BUFFER

INSTRUC.
DECODER

LATCH

| [ X1 1] {i

=

INPUT

BUFFER

i} -

LATCH

AND/OR
LOGIC

RESET
CIRCUIT

INPUT

BUFFER

LATCH

INPUT

BUFFER

I
if

Figure 1. 8243
Block Diagram

PORT 4

PORTS

PORT 6

PORT 7

PS0 []
Pao (]
Pa1 [}

Pa3 (]
[+
PROG 3
P23 ]
P22 ]

P21[]
P20

GNo ()

8243

[ Vee
[1ps1
[ P52
1 P53
[ P60
[ P61
] P62
[ P63
P73

P72

O r71

P70

Figure 2. 8243
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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8243

Table 1. Pin Description

Symbol |Pin No. Function

PROG 7 Clock Input. A high to low transi-
tion on PROG signifies that ad-
dress and control are available on
P20-P23, and a low to high transi-
tion signifies that data is available

on P20-P23.

Chip Select Input. A high on CS
inhibits any change of output or
internal status.

Four (4) bit bi-directional port con-
tains the address and control bits
on a high to low transition of
PROG. During a low to high tran-
sition contains the data for a sel-
ected output port if a write opera-
tion, or the data from a selected
port before the low to high transi-
tion if a read operation.

GND 12 0 volt supply.

P40-P43 2-5 Four (4) bit bi-directional 1/0 ports.
P50-P53 | 1, 23-21 | May be programmed to be input
P60-P63 | 20-17 | (during read), low impedance
P70-P73| 13-16 | latched output (after write), or a tri-
state (after read). Data on pins
P20-P23 may be directly written,
ANDed or ORed with previous
data.

+5 volt supply.

P20-P23 | 11-8

Vce 24

FUNCTIONAL DESCRIPTION

General Operation

The 8243 contains four 4-bit I/0 ports which serve
as an extension of the on-chip 1/0 and are ad-
dressed as ports 4-7. The following operations may
be performed on these ports:

e Transfer Accumulator to Port.
® 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 proces-
sor. Each transfer consists of two 4-bit nibbles:

The first containing the “op code” and port address
and the second containing the actual 4-bits of data.
A high to low transition of the PROG line indicates
that address is present while a low to high transition
indicates the presence of data. Additional 8243’s
may be added to the 4-bit bus and chip selected
using additional output lines from the 8048/8748/
8035.

Power On Initialization

Initial application of power to the device forces
input/output ports 4, 5, 6, and 7 to the tri-state and
port 2 to the input mode. The PROG pin may be
either high or low when power is applied. The first
high to low transition of PROG causes device to
exit power on mode. The power on sequence is
initiated if VCC drops below 1V.

Address Instruction
P21 P20 Code P23 P22 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 dir-
ectly 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 ad-
dress are latched from the input port 2 on the high
to low transition of the PROG pin. On the low to high
transition of PROG data on port 2 is transferred to
the logic block of the specified output port.

After the logic manipulation is performed, the data
is latched and outputed. The old data remains
latched until new valid outputs are entered.

Read Mode

The device has one read mode. The operation code
and portaddress 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 termina-
ted by a low to high transition of the PROG pin. The
port (4, 5, 6 or 7) that was selected is switched to the
tri-stated mode while port 2 is returned to the input
mode.

Normally, a port will be in an output (write mode) or
input (read mode). If modes are changed during
operation, the first read following a write should
be ignored; all following reads are valid. This is to
allow the external driver on the port to settle after
the first read instruction removes the low imped-
ance drive from the 8243 output. A read of any port
will leave that port in a high impedance state.

AFN-00214A-02
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “Absolute

Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-

Ambient Temperature Under Bias ........ 0°C to 70°C tion of the device at these or any other conditions above
Storage Temperature ............... -65°C to +150°C those indicated in the operational sections of this specifi-
Voltage on Any Pin cation is not implied. Exposure to absolute maximum

With Respect to Ground .............. -05Vto+7V rating conditions for extended periods may affect device
Power Dissipation .............cccveviininiin.. 1 Watt reliability.

D.C. CHARACTERISTICS T4 =0°Ct0o70°C,Voc =5V 10%

Symbol . Parameter Min. Typ. Max. Units CorT;:itons
VIL Input Low Voltage -0.5 0.8 \Y
VIH Input High Voltage 2.0 VCcc+0.5 \Y
VoLt Output Low Voltage Ports 4-7 0.45 \ 0L = 4.5 mA*
VoL2 Output Low Voltage Port 7 1 \ 1oL =20 mA
VOH1 Output High Voitage Ports 4-7 2.4 v 1OH = 240uA
Lt Input Leakage Ports 4-7 -10 20 nA Vin =VCC to OV
L2 Input Leakage Port 2, CS, PROG -10 10 A Vin =VCC to OV
voL3 Output Low Voltage Port 2 .45 \ 1oL = 0.6 mA
Icc VCC Supply Current 10 20 mA
VOH2 Output Voltage Port 2 2.4 I0H = 100uA
oL Sum of all 1oL from 16 Outputs 72 mA 4.5 mA Each Pin

*See following graph for additional sink current capability
A.C. CHARACTERISTICS Ta=0°Ct070°C,Vcc =5V 10%

Symbol Parameter Min. Max. Units Test Conditions
tA Code Valid Before PROG 100 ns 80 pF Load
tB Code Valid After PROG 60 ns 20 pF Load
tC Data Valid Before PROG 200 ns 80 pF Load
tb 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
tLP1 Ports 4-7 Valid Before/After PROG 100 ns
tACC Port 2 Valid After PROG 650 ns 80 pF Load

24

20

20
TEST POINTS <

0.8 0.8
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PROG
/|
ey L3
,-—'A L's |-— tC —m o I-s—
PORT 2 INSTRUCTION FLOAT DATA FLOAT
tacc |
— ty
PORT 2 OuTPUT
VALID
|e— PO
PORTS 4-7 PREVIOUS OUTPUT VALID ouTPUT
VALID
Yp  fe— — e
PORTS 4-7 INPUT VALID
tcs > st 'CS
cs

7-37

AFN-00214A-04



Il

8243

125

100

75

TOTAL SINK CURRENT (X IoL) (mA)

25

1 | i 1 1

GUARANTEED WORST CASE
CURRENT SINKING CAPABILITIES
OF ANY I/0 PORT PIN vs. TOTAL
SINK CURRENT OF ALL PINS

| i I |

L] 1 2 3 4 5 8

MAXIMUM SINK CURRENT ON ANY PIN @ .45V
MAXIMUM i01. WORST CASE PIN (mA)

7 8 9

Figure 3

Sink Capability

The 8243 cansink5 mA @ .45V on each ofits 16 1/0
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 IQOL must not
exceed 45 mA or five 9 mA loads).

Example: How many pins candrive 5 TTL loads (1.6 mA)
assuming remaining pins are unloaded?

IOL=5x1.6 mA=8mA
elOL =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
56mA. This leaves 4 mA sink current capability
which can be divided in any way among the
remaining 8 I/0 lines of the 8243.

Example: This examplie shows how the use of the 20 mA
sink capability of Port 7 affects the sinking
capability of the other I/0 lines.

An 8243 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?

elOL = (2x20) + (8x4)+(6x3.2) =912 mA.
From the curve: for IOL =4 mA, «lQL = 93 mA.
since 91.2 mA < 93 mA the loads are within
specified limits.

Although the 20 mA @ 1V loads are used in
calculating ¢lOL, it is the largest current re-
quired @ .45V which determines the maximum
allowable ¢lOL.

NOTE: A10 to 50K  pullup resistor to +5V shouid be added to 8243 outputs when driving to 5V CMOS directly.

7-38

AFN-00214A-05



intal 8243

ﬂ

1o cs
P4 o

——

PROG PROG

TEST [ Cj_“>|/o
8048 INPUTS 8243
] e
£20-P23 <I:> DATA IN

P2

] eI

Figure 4. Expander Interface

Fes _\_—_/— e e

00 READ 00

01 WRITE o1 PORT

10 OR 10 ADDRESS
11_] AND 11 B
P20P23 _( x >_

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

Figure 5. Output Expander Timing

h @ ® <I:> : <I> " <I>
4 8243 ] [ 8243 [ 8243 [ 8243 ] [
BUS 3 : 3 t :: : j C
PROG P20-3 @ PROG P20-3 <:I> PROG P20-3 <I:> PROG P20-3 @

PORT 1

PORT 2

| L ! |

il

Figure 6. Using Multiple 8243’s
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8155/8156/8155-2/8156-2
2048 BIT STATIC MOS RAM WITH I/0 PORTS AND TIMER

B 256 Word x 8 Bits B 1 Programmable 6-Bit /O Port
W Single +5V Power Supply B Programmable 14-Bit Binary Counter/
. . Timer
|
W Completely Static Operation B Compatible with 8085A and 8088 CPU
B Internal Address Latch B Multiplexed Address and Data Bus
M 2 Programmable 8 Bit 1/0 Ports H 40 Pin DIP

The 8155 and 8156 are RAM and I/O chips to be used in the 8085A and 8088 microprocessor systems. The RAM portion
is designed with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns to permit use with
no wait states in 8085A CPU. The 8155-2 and 8156-2 have maximum access times of 330 ns for use with the 8085A-2 and
the full speed 5 MHz 8088 CPU.

The 170 portion consists of three general purpose |/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 either a square wave or terminal count pulse
for the CPU system depending on timer mode.

PIN CONFIGURATION BLOCK DIAGRAM
P, O 1 ~ wpb Vee
rc, [ 2 39 7 rc, —
TIMER IN [] 3 38 [] pc, \O/i PORT A
reseT [] 4 37 [1 PCy A PA0\7
pc; [ s 36 [ P8, A0 256 X
TiMER ouT [] 6 35[] PB o7 8 L |
T (g STATIC —
1o/M 07 34 [] pBg RAM PORT B
CEORCE*[]s8 33[] rs, — s
__ P
Ao o 321 pB, ALE Bo~7
. 8155/ — "
WR Q10 g5 31P PB, B L
ALE [] 11 gi55.2/ 30[0 P8, RD— ™ ]
Apy 12 81562 29[ pB, WA PORT C
ap, [ 13 287 pa, c <I>Pco\5
A, 14 771 pag RESET ———
Ap, 018 26 [ PAg —
Ap, [ 16 257 PA L
AD" d. »h on TIMER CLK Vee (+5V)
5 3
TIMER OUT Vss (OV)
ADg [ 18 23[] PA, ss
AD; [ 19 22 PA,
Vgs [ 20 21[] pa,

*:8155/8155-2 = CE, 8156/8156-2 = CE
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8155/8156/8155-2/8156-2

8155/8156 PIN FUNCTIONS

Symbol

RESET
(input)

ADo-;
(input/output)

CE or CE
(input)
RD
(input)

WR
(input)

Function
Pulse provided by the 8085A to ini-

tialize the system (connect to 8085A -

RESET OUT). Input high on this line
resets the chip and initializes the
three 1/O ports to input mode. The
width of RESET pulse shouldtypically
be two 8085A clock cycle times.

3-state Address/Data lines that inter-
face with the CPU lower 8-bit Ad-
dress/Data Bus. The 8-bit address is
latched into the address latch inside
the 8155/56 on the falling edge of
ALE. The address can be either for
the memory section or the I/O section
depending on the IO/M input. The
8-bit data is either written into the
chip orread from the chip, depending
on the WR or RD input signal.

Chip Enable: On the 8155, this pin is
CEandis ACTIVE LOW. Onthe 8156,
this pin is CE and is ACTIVE HIGH.

Read control: Input low on this line
with the Chip Enable active enables
and ADo-7 buffers. If IO/M pin is low,
the RAM content will be read out to
the AD bus. Otherwise the content
of the selected 1/0 port or command/
status registers will be read to the
AD bus.

Write control: Input low on this line
with the Chip Enable active causes
the data on the Address/Data bus to
be written to the RAM or I/O ports and
command/status register depending
on I0/M.

Symbol

ALE
(input)

10/M

(input)
PAo-7(8)
(input/output)

PBo-7(8)
(input/output)

PCo-5(6)
(input/output)

TIMER IN
(input)

TIMER OUT

(output)

Vce
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 10/M into the chip at the
falling edge of ALE.

Selects memory if low and I/0O 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 PCq-5 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

ABSOLUTE MAXIMUM RATINGS*

TemperatureUnderBias ................ 0°Cto +70°C
Storage Temperature ............... -65°Cto+150°C
Voltage on Any Pin

WithRespecttoGround ............... -0.5V to +7V
Power Dissipation .................... ...l 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; Ve = 5V * 5%)
SYMBOL| PARAMETER MIN. MAX. UNITS . TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 \%
Vin Input High Voltage 2.0 Vec+0.5 v
VoL Output Low Voltage 0.45 \ loL =2mA
VoH Output High Voltage" 2.4 \ lon = -400uA
e Input Leakage +10 uA Vin = Vge to OV
lio Output Leakage Current +10 HA 0.45V < VouTt < Vce
lcc Vcc Supply Current 180 mA
1)L (CE) Chip Enable Leakage
8155 +100 uA Vin = Veg to OV
8156 -100 kA
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8155/8156/8155-2/8156-2

A.C. CHARACTERISTICS (1, - 0°C to 70°C; V¢ = 5V * 5%)

sorse | Spaes
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
tie Latch to READ/WRITE Controt 100 40 ns
tRD Valid Data Out Delay from READ Control 170 140 ns
tAD Address Stable to Data Out Valid 400 330 ns
L Latch Enable Width 100 70 ns
tRDF Data Bus Float After READ 0 100 0 80 ns
tor READ/WRITE Control to Latch Enable 20 10 ns
tee READ/WRITE Control Width 250 200 ns
tow - 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 Port Output 400 300 ns
tpr Port Input Setup Time 70 50 ns
tRrp Port Input Hold Time 50 10 ns
tsBF Strobe to Buffer Full 400 300 ns
tss Strobe Width 200 150 ns
tRBE READ to Buffer Empty 400 300 ns
tg 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
tsBE Strobe to Buffer Empty 400 300 ns
wer WRITE to Buffer Full 400 300 ns
twi WRITE to INTR Off 400 300 ns
trL 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
3] TIMER-IN Low Time 80 40 ns
ta TIMER-IN High Time 120 70 ns

Input Waveform for A.C. Tests:

2.4

20—, > 20
TEST POINTS
Xu.a - ~= o8
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8155/8156/8155-2/8156-2

WAVEFORMS

a. Read Cycle

)

N

N

CE (8155)
OR
CE (8156) 7
10/M \_
X
tap
ADg_; >< ADDRESS
N
[ taL —>| | ta—>

N

—

N

DATA VALID

b. Write Cycle

——— o ————

.

\

CE (8155) / \
r
OR
s X
CE (8156) /| \ /
10/M \ / \
Z
= r X
ADg ADDRESS >< >Z DATA VALID §<
b =3 =
le— ta, —> |e—t,y — tow toL |
ALE /

Figure 12. 8155/8156 Read/Write Timing Diagrams
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8155/8156/8155-2/8156-2

a. Strobed Input Mode

" / N

seF
|
STROBE &< :
tss L'm 4" trae
INTR 2 \v
o1 /
" i
[ tess tons

INPUT DATA n
FROM PORT

b. Strobed Output Mode
>
BF / \r
<—‘sl’sﬁ |
STROBE )

twer

<t

INTR \\5
-
twi /

twe

OQUTPUT DATA
TO PORT

Figure 13. Strobed I/0 Timing
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8155/8156/8155-2/8156-2

a. Basic Input Mode
tap —f=—>]

Y
INPUT X

DATA BUS* x

b. Basic Output Mode

twp —

QUTPUT

X

*DATA BUS TIMING IS SHOWN IN FIGURE 7.

Figure 14. Basic I/0 Timing Waveform

LOAD COUNTER FROM CLR —-1

| 2 | 1 5 I 4 | 3 | ) |
t t2
TIMER IN
t o
tcve
oUT ‘\ 7
TIMER OU
(PULSE) \ (NOTE 1) /
————

P < /
TIMER OUT \
(SQUARE WAVE) \ (NOTE 1) /

A e e o e o —— v o

NOTE 1: THE TIMER OUTPUT IS PERIODIC IF IN AN AUTOMATIC
RELOAD MODE (M1 MODE BIT=1)

RELOAD COUNTER FROM CLR —|

1

<

tTH

tTH

Figure 15. Timer Output Waveform Countdown from 5 to 1
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intel
8185/8185-2
1024 x 8-BIT STATIC RAM FOR MCS-85"

B Multiplexed Address and Data Bus m Low Standby Power Dissipation

m 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 (11 183 Vee
AD [} 2 17 [JRD
AD; 3 16 [ wr
abs s 1s|]ace 05—
8185 i CE
AD 1
s ]5 140 cs ce,—————  aw
ADg |: 6 13 :l CE, RD ————* LOGIC
CE D R ——
ADs (17 12[] CE; ALE
AD; (s 1[0 A
Vss [ o 10[] As 1
DATA 1K x 8
- RAM
ADy-AD7 surER MEMCRY
ARRAY
X-Y DECODE
PIN NAMES
ADg-AD; | ADDRESS/DATA LINES
Ag. As | ADDRESS LINES ______‘/ ACRTeH
cs CHIP SELECT  _ Ae A .
CE, CHIP ENABLE (10/M) ALE |
CE, CHIP ENABLE
ALE ADDRESS LATCH ENABLE
RD READ ENABLE
WR WRITE ENABLE
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8185/8185-2

OPERATIONAL DESCRIPTION .
The 8185 has been designed to prowde fordirectinterface [_H:”—l Is lcc |

FEIe R 1

to the multipiexed bus structure and bus timing of the

. RESET IN
8085A microprocessor. —=] TRAP HOLD
. . —=1 RST7,5 HLDA
At the beginning of an 8185 memory access cycle, the 8- —o]rsTes . o0
bit address on ADo-7, Ag and Ag, and the status of CE1 and —]rsTss 8085A o

CEz are all latched internally in the 8185 by the falling edge INTR aeser
of ALE. If the latched status of both CE1 and CE2 are WA appr/ out S
active, the 8185 powers itself up, but no action occurs until ADDR_DATA ALE RD WRIO/M ROV CLK ] w v
the CSline goes low and the appropriate RD or WR control ® {B)\ ¥
signal input is activated. l
The CS input is not latched by the 8185 in order to allow H— ce "°“}
the maximum amount of time for address decoding in WR sorT
selecting the 8185 chip. Maximum power consumption RD 8156 s
savings will occur, however, only when CE1 and CE2 are ALE  pomt
activated selectively to power down the 8185 wheniitis not DATA/ c
in use. A possible connection would be to wire the 8085A’s < ADDR
10/M line to the 8185's CE1 input, thereby keeping the \orm T,ME':._
8185 powered down during I/0O and interrupt cycles. peser OUTH—
TABLE 1. o
TRUTH TABLE FOR Ro
POWER DOWN AND FUNCTION ENABLE N ‘_LE ot
—1 CE
CE, | CE, | CS |(cs")? 8185 Status || -
1 X X 0 |Power Down and | 837:’:,’555,_(
Function Disable[1) DATA/
ADDR
X 0 X 0 Power Down and
Function Disable(1] 1o PORT
RESET
0 1 1 0 Powered Up and DY
Function Disable[1}
$—=1CLK
0 1 0 1 Powered Up and 7
Enabled Vss Vee Voo PROG
Notes: —_
X: Don't Care. WR
1: Function Disable implies Data Bus in high impedance state RD
and not writing. ___ CEy 8185
2: C§' = (CE1=0)+ (CE2=1)+(CS=0) ALE
CS8" = 1 signifies all chip enables and chip select active _
H— TS, cE,
H— Ag. Ag
TABLE 2. <1r ADg
TRUTH TABLE FOR
CONTROL AND DATA BUS PIN STATUS bt
Vss  Vec
| __ |ADg.7 During Data VWV Vee
(CS*) | RD | WR |Portion of Cycle (8185 Function VN W Ve
0 X X |Hi-Impedance No Function
1 0 | 1 [Datafrom Memory|Read Figure 1. 8185 in an MCS-85 System.
1 1 0 [Data to Memory [Write
R . 4 Chips:
1 1 1 |Hi-Impedance Reading, but not 2K Bytes ROM
Driving Data Bus 1.25K Bytes RAM
38 1/0 Lines
1 Counter/Timer
Note: 2 Serial I1/0 Lines
X: Don’t Care. 5 Interrupt Inputs
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8185/8185-2

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature

Voltage on Any Pin

with Respect to Ground
Power Dissipation

0°C to +70°C
-65°C to +150°C

-0.5V to +7V
1.5W

‘COMMENT

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

D.C. CHARACTERISTICS (Ta=0°C to 70°C; Ve = 5V * 5%)

Symbol Parameter Min. Max. Units Test Conditions
ViL Input Low Voltage -0.5 0.8 \
Vin Input High Voltage 2.0 Vcct+0.5 \
VoL Output Low Voltage 0.45 " loL=2mA
VoH Output High Voltage 24 loH = — 400pA
liL Input Leakage +10 uA VIN = Vcc to OV
ILo Output Leakage Current +10 uA 0.45V < Vourt < Vce
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
tLL 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 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:

24

) (z.n ~— > 20
TEST POINTS
0.8~ o3,
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8185/8185-2

taLce —|

ALE
- v
tLACE L -
(CE1=0)e
(CE2=1)
we
—— tRD —»| le—tcL
i
R, 7 Z
. - 7
taL | tLa — |<— tROF
—— e — —— e ———
A(Z)Q-AAD'; ADDRESS DATA OUT (READ CYCLE)
- I U
! o 1
—>| [~—1two tcc
tow
- N
ADg-AD7 ADDRESS WRITE DATA (WRITE CYCLE)
— tgc [e— —| tcs [&—
R
cs
7
(SELECTED) (DESELECTED)

Figure 3. 8185 Timing.
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8355/8355-2
16,384-BIT ROM WITH 1/0

m 2048 Words x 8 Bits m Each |/O Port Line Individually

Programmable as Input or Output
m Single + 5V Power Supply

. s Multiplexed Address and Data Bus
& Directly compatible with 8085A

and 8088 Microprocessors ® |Internal Address Latch
a 2 General Purpose 8-Bit /O Ports = 40-Pin DIP

The Intel® 8355 is a ROM and |/ O chip to be used in the 8085A and 8088 microprocessor systems. The ROM por-
tion is organized as 2048 words by 8 bits. It has a maximum acess time of 400 ns to permit use with no wait states in
the 8085A CPU.

The 1/0 portion consists of 2 general purpose |/0O ports. Each |/0 port has 8 port lines and each 1/0 port line is
individually programmable as input or output.

The 8355-2 has a 300ns access time for compatibility with the 8085A-2 and full speed 5 MHz 8088 microprocessors.

PIN CONFIGURATION BLOCK DIAGRAM

40 (v
39 I']pB,

CLK
38 1]PBg 1

37 [ esg

READY g
N.C. (NOT CONNECTED) [

2
3
'
5 36 [1PB,
READY []6 35 [es, ADo~7<:>
oMl 3 [1ps,
8
9
1

PORT A
RD C 8355/8355-2 32 ] P8o

iow (] 10 3nfra, CEy——— 2K X8

ALE[] 11 30[0pa, CEy ™ ROM

Ap, (12 2 BPAS 'E/L"g——" &PBON,
ap,[]13 28[pa, s “
AD, [ 14 27{7pA, o

Aap, [ 15 26 [pa, RESET

ap, [ 16 25 [ra, R

ap; [ 17 2af]pay

apg [ 18 204, t_

ap, [ 19 2214, Vee (+5V)

v [ 20 2[4, Vg fOV)

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodred in an Intel Product. No Other Circuit Patent Licenses are Implied.
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8355/8355-2

Symbol

ALE
(Input)

ADo-7
(Input)

Ag-10
(Input)

CEy
CEz
(Input)

10/M
(Input)

RD

(Input)

IOW
(Input)

Function

When ALE (Address Latch Enable is
high, ADo-7, 10/M, Ag_10, CE, and CE
enter address latched. The signals
(AD, 10/M, As-10, CE, CE) are latched
in at the trailing edge of ALE.

Bidirectional Address/Data bus. The
lower 8-bits of the ROM or 1/0 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
ADog. 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 ofthe ROM
address. They do not affect 1/O oper-
ations.

Chip Enable Inputs: CEj is active low
and CEz2 is active high. The 8355 can be
accessed only when BOQTH 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 |1/O port.
When both RD and 1OR are high, the
ADo-7 output buffers are 3-state.

If the latched Chip Enables are active,
a low on {OW causes the output port
pointed to by the latched value of ADg
to be written with the data on ADo-7.
The state of 10/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
CE1, CE2, ALE and CLK. READY is
forced low when the Chip Enables are
active during the time ALE is high, and
remains low until the rising edge of the
next CLK (see Figure 6).

These are general purpose I/O pins.
Their input/output direction is deter-
mined by the contents of Data Direction
Register (DDR). Port A is selected for
write operations when the Chip Enables
are active and TOW is low and a 0 was
previously latched from ADo.

Read operation is selected by either
iOR low and active Chip Enables and
ADg low, or 10/M high, RD low, active
chip enables, and ADg 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 Enables are active, a low
on IOR will output the selected I/0 port
onto the AD bus. IOR low performs the
same function as the combination I0/M
high and RD low. When 10OR is not used
in a system, 1OR should be tied to Vcc
(“1").

+5 volt supply.

Ground Reference.
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8355/8355-2

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 ....... ... ... . ...l 1.5W

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-
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.

(Ta = 0°C to 70°C; Vg = 5V * 5%)

SYMBOL | PARAMETER MIN. MAX. UNITS TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 \ Vee = 5.0V

Vin Input High Voltage 2.0 Vect0.5 \ Vee =5.0V

VoL Output Low Voltage 0.45 \ loL =2mA

Von Qutput High Voltage 2.4 \Y loy = -400uA

he Input Leakage 10 UA - VN = Ve to OV

Lo Output Leakage Current +10 HA 0.45V <Voyt SVce
lcc Vce Supply Current 180 mA

A.C. CHARACTERISTICS (1, =0°Cto 70°C; Ve = 5V + 5%)

8355 8355-2
Symbol Parameter Min. Max. Min. Max. Units
tcyc Clock Cycle Time 320 200 ns
T CLK Pulse Width 80 40 ns
T2 CLK Pulse Width 120 70 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
tLe 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
tLL 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
twp 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
trpP Port tnput 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

Input Waveform for A.C. Tests:

24

2.0 w—, > 20
TEST POINTS
x 0.6« ~= 03

0.45
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8355/8355-2

2.0v

[e— Ty —

teve

Figure 3. Clock Specification for 8355

I teve — T2
[ T
CLK

ADDRESS x

Ag10
o/M
tap
- 4
ADo7 x ADDRESS tr ! X DATA
- K.

(CE4=0 - CEx=1) ;F \ x
e ta
ALE !
[+ ta trpE~"1 i
[‘— tRD

13
s
\L

o
!

e
fe——————— tow —*———j "‘- twp —=f

tee
\ L
| tep —

g

Figure 4. ROM Read and 1/0 Read and Write
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8355/8355-2

a. Input Mode

AN /

ter

b. Output Mode

twe

PORT -
ouTPUT

GLITCH FREE

/ OUTPUT

P ———

*DATA BUS TIMING IS SHOWN IN FIGURE 4.

Figure 5. 1/0 Port Timing

le— tap —»

(CE;=1-TE4=0)

L

ALE

4
READY = == = e o \

Figure 6. Wait State Timing (Ready = 0)
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8755A /18755A-2
16,384-BIT EPROM WITH 1/0

m 2048 Words x 8 Bits m 2 General Purpose 8-Bit 1/O Ports

m Single + 5V Power Supply (V¢c) a Each 1/O Port Line Individually
Programmable as Input or Output
= Directly Compatible with 8085A

and 8088 Microprocessors = Multiplexed Address and Data Bus
m U.V. Erasable and Electrically = 40-Pin DIP
Reprogrammable

m Internal Address Latch

The Intel® 8755A is an erasable and electrically reprogrammable ROM (EPROM) and |/ O chip to be used in the 8085A
and 8088 microprocessor systems. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum
access time of 450 ns to permit use with no wait states in an 8085A CPU.

The 1/0 portion consists of 2 general purpose I/0 ports. Each 1/0 port has 8 port lines, and each {/0 port line is
individually programmable as input or output.

The 8755A-2 is a high speed selected version of the 8755A compatible with the 5 MHz 8085A-2 and the full speed 5
MHz 8088.

PROG AND CE, []
CLK CE; [
1 cik 38 []PBg

READV...—J RESET [} 37 [JPBg

1
2
3
4
Yoo O 5 36 []PB,
AD°‘7<:> READY [} 6 35 [ 1PB;
7
8
9

40 3 Vee
39 [OJP8,

PORT A 1o/M O 34 [1P8B,
CEp —————— } 7o 32 EFBO
10/M — ] gli(nxors;/l iow (] 10 87588/ 31[1PA;

ALE (] 11 8755A-2 39[PAg

PORT 8
]
e L E I =
RD ——————] AD, C

13 28 [APA,
oW AD, (] 14 27 [1PA;
RESET —————»} a0, 15 5 hea,
ioR " ADy [ 16 25 [JPA,
ADg [ 17 24 [1PA,
PROG/CE, —-1 L—vcc (+5v) ADg [ 18 23[1A0
Voo Vgs (0V) AD; (] 19 22[dAe
Vs [ 20 21[)As

Figure 1. Block Diagram Figure 2. Pin Configuration

Intei 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 7-56 AFN-01841B



8755A/8755A-2

Table 1. Pin Description

Symbol Type Name and Function Symbol Type Name and Function

ALE | Address Latch Enable: When Address READY o Ready is a 3-state output controlled by
Latch Enable goes high, ADy—7, I0/M, CEp, CEq, ALE and CLK. READY is forced
Ag—-10, CE2, and CE4 enter the address low when the Chip Enables are actove
latches. The signals (AD, IO/M, Ag_10. during the time ALE is high, and remains
CE) are latched in at the trailing edge of low until the rising edge of the next CLK.
ALE. (See Figure 6.)

ADg—7 1 Bidirectional Address/Data Bus: The PAG_7 /O | Port A: These are general purpose /0
lower 8-p|ts of the PRQM orl/O addre§s pins. Their input/output direction is de-
alre applied to the bus lines when ALE is termined by the contents of Data Direc-
high. tion Register (DDR). Port Ais selected for
During an 1/O cycle, Port A or B are write operations when the Chip Enables
selected based on the latched value of are active and IOW is low and a 0 was
AD,,. IFRD or IOR is low when the latched previously latched from ADg, AD;.

Chip Enables are active, the output buf- Read Operation is selected by either TOR
fers present data on the bus. low and active Chip Enables and ADg

Ag—1p [ Address: These are the high order bits and AD4 low, or IO/M high, RD low, active
of the PROM address. They do not affect Chip Enables, and ADg and ADq low.
1/0 operations. PBg--7 /0 | Port B: This general purpose I/O port is

PROG/CE;, || Chip Enable Inputs: CE; is active low identical to Port A except that it is

CE» and CE; is active high. The 8755A can be selected by a 1 latched from ADgand a0
accessed only when both Chip Enables from AD;.
are active at the time the ALE signal RESET I | Reset: In normal operation, an input
!atcheg them up. 4If either Ciip Enable high on RESET causes all pins in Ports A
input is not active, the ADy 7 and and B to assume input mode (clear DDR
READY outputs will be in a i, mpe- register).
dance state.CE4 is also used as a pro- —
gramming pin. (See section on IOR | 1/0 Read: When the Chip Enables are
programming.) active, a low on IOR will output the

— — selected I/O port onto the AD bus. IOR

10/M | 1/0 Memory: If the latched 10/M is high low performs the same function as the
when RD is low, the output data comes combination of 10/M high and RD low.
from an I/O port. If it is low the output When iOR is not used in a system, 1OR
data comes from the PROM. should be tied to Ve (“17).

RD (| Read: If the latched Chip Enables are Voo Power: 5 volt supply.
active when RD goes low, the ADg-7
output buffers are enabled and output Vss Ground: Reference.
either the selected PROM location or /O Vpb Power Supply: Vpp is a programming
port. When both RD and IOR are high, voltage, and must be tied to Ve when
the ADg-7 output buffers are 3-stated. the 8755A is being read.

iow I | /O Write: If the latched Chip Enables are For programming, a high voltage is
active, a low on IOW causes the output supplied with Vpp = 25V, typical. (See
port pointed to by the latched value of section on programming.)

ADg to be written with the dataon ADg_7.
The state of IO/M is ignored.
CLK I Clock: The CLK is used to force the

READY into its high impedance state
after it has been forced low by CEq low,
CE> high, and ALE high.
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FUNCTIONAL DESCRIPTION
PROM Section
The 8755A contains an 8-bit address latch which allows it

to interface directly to MCS-48, MCS-85 and iAPX 88/10
Microcomputers without additional hardware.

The PROM section of the chip is addressed by the 11-bit
address and CE. The address. CE1 and CE? are latched
into the address latches on the falling edge of ALE. If the
latched Chip Enables are active and 10/M is low when RD
goes low, the contents of the PROM location addressed
by the latched address are put out on the ADg.7 lines
(provided that Vpp is tied to V¢c.)

1/0 Section

The 1/0O section of the chip is addressed by the latched
value of ADo-1. Two 8-bit Data Direction Registers . DDR
in 8755A determine the input/output status of each pin
in the corresponding ports. A “0" in a particular bit posi-
tion of a DDR signifies that the corresponding 1/0 port bit
is in the input mode. A 1" in a particular bit position signi-
fies that the corresponding I/O port bit is in the output
mode. In this manner the I/O ports of the 8755A are bit-by-
bit programmable as inputs or outputs. The table
summarizes port and DDR designation. DDR's cannot be
read.

AD1 ADo Selection
0 0 Port A
0 1 Port B
1 0 | Port A Data Direction Register (DDR A)
1 1 Port B Data Direction Register (DDR B»

When IOW goes low and the Chip Enables are active, the
data on the AD is written into I/0O port selected by the
latched value of ADo-1. During this operation all I/0 bits
of the selected port are affected, regardless of their 1/0
mode and the state of I0/M. The actual output level does
not change until IOW returns high. «glitch free output.

A portcan be read out when the latched Chip Enables are
active and either RD goes low with IO/M high, or IOR goes
low. Both input and output mode bits of a selected port
wiil appear on lines ADg-7.

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

8755A
ONE BIT OF PORT A AND DDR A

AN OUTPUT
9 (oo LATCH
D ¢

ouTPUT
ENABLE

WRITE PA

|
I
CLK l
|
|
|
|
I

DDR
D
0 o LATCH a

CLR oLk

RESET

INTERNAL DATA BUS

|
|
WRITE DDR A |
|
|
|

- ‘G‘——
READ PA

WRITE PA - (Wﬂ- (CHIP ENABLES ACTIVE} ® tPORT A ADDRESS SELECTED)
WRITE DDR A - {10W=0} o (CHIP ENABLES ACTIVE) o (DDR A ADDRESS SELECTED)
READ PA = { [{i0/M=1) @ (RD=0)] + (i0R:0)} & (CHIP ENABLES ACTIVE) o (PORT A ADDRESS SELECTED)

NOTE: WRITE PA (S NOT QUALIFIED BY 10/M

Note that hardware RESET or writing a zero to the DDR
latch will cause the output latch’'s output buffer to be
disabled, preventing the data in the Output Latch from
being passed through to the pin. This is equivalent to
putting the portin the input mode. Note also that the data
can be written to the Output Latch even though the Output
Buffer has teen disabled. This enables a port to be ini-
tialized with a value prior to enabling the output.

The diagram also shows that the contents of PORT A and
PORT B can be read even when the ports are configured
as outputs.

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. 13-34 of 1978 Data Catalog.
2. Special adaptor socket.

3. Described on p. 13-39 of 1978 Data Catalog.
4. Described on p. 13-71 of 1978 Data Catalog.
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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
(A1 It should be noted that sunlight and certain types of
fluorescent lamps have wavelengths in the 3000-4000A
range. Data show that constant exposure to room level
fluorescent lighting could erase the typical 8755A in
approximately 3 years while it would take approximately 1
week to cause erasure when exposed to direct sunlight.
If the 8755A is to be exposed to these types of lighting
conditions for extended periods of time, opaque labels
are available from Intel which should be placed over the
8755 window to prevent unintentional erasure.

The recommended erasure procedure for the 8755A is
exposure to shortwave ultraviolet light which has a wave-
length of 2537 Angstroms (A). The integrated dose ii.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 (UPPi, 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 Tabie 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 7.

SYSTEM APPLICATIONS

System Interface with 8085A and 8088

A system using the 8755A can use either one of the two 1/0
Interface techniques:

e Standard /O
* Memory Mapped I/0

It a standard |/0 technique is used, the system can use
the feature of both CE3 and CE . By using a combination
of unused address lines A,,_,; and the Chip Enable
inputs, the 8085A system can use up to 5 each 8755A’s
without requiring a CE decoder. See Figure 2a and 2b.

If a memory mapped /O 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.

= B
1
soss <Aoo, >

ALE
RD
WR
CLK (22)
READY
10/M
vic
_ ADg; Agyp  RD CLK  10/M
i0R ALE 0W READY CE
8755A

Figure 3. 8755A in 8085A System
(Memory-Mapped 1/0)
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature
Voltage on Any Pin
With Respectto Ground
Power Dissipation

0°Cto+70°C
-65°Cto +150°C

............... -0.5V to +7V
1.5W

D.C. CHARACTERISTICS

*NOTICE: 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.

(Ta = 0°C to 70°, Ve = Vpp = 5V + 5%;

Vee = Vpp = 5V +10% for 8755A-2)

SYMBOL| PARAMETER MIN. MAX. UNITS TEST CONDITIONS
VL Input Low Voltage -0.5 0.8 \ Vee = 5.0V

Vi Input High Voltage 2.0 Vec+0.5 \% Vee = 5.0V

VoL Output Low Voltage v 0.45 \Y% loL =2mA

VoH Output High Voltage 2.4 \ loy = -400uA

L Input Leakage 10 HA Vss < ViN < Ve
ILo Output Leakage Current *10 HA Vgs=< 0.45V < VoyT < Vi
lcc Vec Supply Current 180 mA

Ipp Vpp Supply Current 30 mA Vpp = Veo

Cin Capacitance of Input Buffer 10 pF fc = 1uHz

Cio Capacitance of I/O Buffer 15 pF fc = 1uHz

D.C.CHARACTERISTICS — PROGRAMMING

(Ta=0°Cto70°, Vg = 5V + 5%, Vgg = OV, Vpp = 25V £1V;
Vee = Vpp = 5V £10% for 8755A-2)

Symbol Parameter Min. Typ. Max. Unit
Vbp Programming Voltage (during Write
to EPROM) 24 25 26 Vv
Ipp Prog Supply Current 15 30 mA
7-60 AFN-018418



intel

8755A/8755A-2

A.C. CHARACTERISTICS

(Ta = 0°C to 70°, Vg = 5V = 5%;

Vee = Vpp = 5V +10% for 8755A-2)

8755A (Prae{fni)#\fry)
Symbol Parameter Min. Max. Min. Max. Units
tcyc Clock Cycle Time 320 200 ns
T CLK Pulse Width 80 40 ns
T2 CLK Pulse Width 120 70 ns
te,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 45 ns
tLe Latch to READ/WRITE Control 100 40 ns
trD Valid Data Out Delay from READ Control 170" 140" ns
tAD Address Stable to Data Out Valid 450 330 ns
tLL Latch Enable Width 100 70 ns
tROF 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
twp Data In Hold Time After WRITE 30 10 ns
twp WRITE to Port Output 400 300 ns
trR Port Input Set Up Time 50 50 ns
tRP Port Input Hold Time to Control 50 50 ns
tRYH READY HOLD Time to Control 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
tio ALE to Data Out Valid 350 270 ns
NOTE:

CLOAD = 150pF.

*Or Tap — (Tar + Tic), whichever is greater.

A.C. CHARACTERISTICS — PROGRAMMING

Vee = Vpp = 5V £10% for 8755A-2)

(TA =0°Ct070°, Vg = 5V + 5%, Vgg = OV, Vpp = 25V 1V;

7-61

Symbol Parameter Min. Typ. Max. Unit
tps 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
trPR Prog Pulse Rise Time 0.01 2 us
ter Prog Pulse Fall Time 0.01 2 us
tPRG Prog Pulse Width 45 50 msec
AFN-018418
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A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

INPUTIOUTPUT

2.0 2.0
> TEST POINTS <:
0.8 0.8

A.C. TESTING: INPUTS ARE DRIVEN AT 24V FORA LOGIC 1 AND 045V FOR
A LOGIC 0. TIMING MEASUREMENTS ARE MADE AT 20V FOR A LOGIC 1
AND 08V FOR A LOGIC ©

0.45

WAVEFORMS

DEVICE
UNDER
TEST

Co

150 pf

l C_ 150pF

C, INCLUDES JIG CAPACITANCE

CLOCK SPECIFICATION FOR 8755A

-

Ty —

teve

PROM READ, I/0 READ AND WRITE

ADDRESS

tec

Please note that CE1 must remain low for the entire cycle.

[— teL ——f

Ag.10 g ADDRESS %X X
7
‘Aol
A 4 X
ADg7 ADDRESS P DATA E— —_— ADDRESS
X 7 - N by,
fette
|
ALE
\N 7
[ taL le——tLa ——»
(PROG)/CE, Sk /
s
CE, 7 \
— r‘*‘RDE —» tRDF fe——
iol k / N\
tic — tRp tow twop
) p
oW J& z N\
7
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WAVEFORMS (Continued)

/0 PORT

A. INPUT MODE

RD OR ‘
iOR )

h
- > tpg - - - tgp

| GLITCH FREE
e T ™~ ouTPuT

PORT

ouTPUT ]
DATA*
BUS .

WAIT STATE (READY = 0)

b 1A —»

(CE=1) « (CE=0)

READY = — = om o] 2N \«/r \\4\_______

~ tARY ->| e - tayn
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WAVEFORMS (Continued)

8755A PROGRAM MODE

FUNCTION

PROGRAM CYCLE i

AIDg.7

VERIFY CYCLE* ——‘4—— PROGRAM CYCLE

DATA TO BE
PROGRAMMED

ADDRESS

tpp ——~| |—

X

A
X

AB-10 X
/

CE; ’

PROG/CE 2
tpg ——]
1 [
+25
Vop
+5
PR
——
RD

*VERIFY CYCLE IS A REGULAR MEMORY READ CYCLE (WITH Vpp = +5V FOR 8755A)
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UNIVERSAL PERIPHERAL INTERFACE
8-BIT MICROCOMPUTER

m 8-Bit CPU plus ROM, RAM, 1/O, Timer = Fully Compatible with MCS-48™,
and Clock in a Single Package MCs-80™, MCS-85™, and MCS-86™

m One 8-Bit Status and Two Data Regis- Microprocessor Families
ters for Asynchronous Slave-to-Master m Interchangeable ROM and EPROM
Interface Versions

m DMA, Interrupt, or Polled Operation " 3.6 MHz 8741A-8 Available

Supported = Expandable 1/0

= 1024 x 8 ROM/EPROM, 64 x 8 RAM, = RAM Power-Down Capability
8-Bit Timer/Counter, 18 Programmable m Over 90 Instructions: 70% Single Byte
/O Pins = Single 5V Supply

The intel® 8041A/8741A is a general purpose, programmable interface device designed for use with a variety of 8-bit
microprocessor systems. It contains a low cost microcomputer with program memory, data memory, 8-bit CPU, I/0
ports, timer/counter, and clock in a single 40-pin package. Interface registers are included to enable the UPI device to
function as a peripheral controller in MCS-48™, MCS-80™, MCS-85™, MCS-86™, and other 8-bit systems.

The UPI-41A™ has 1K words of program memory and 64 words of data memory on-chip. To allow full user flexibility the
program memory is available as ROM in the 8041A version or as UV-erasable EPROM in the 8741A version. The 8741A
and the 8041A are fully pin compatible for easy transition from prototype to production level designs. The 8641A is a
one-time programmable (at the factory) 8741A which can be ordered as the first 25 pieces of a new 8041A order. The
substitution of 8641A’s for 8041A’s allows for very fast turnaround for initial code verification and evaluation results.

The device has two 8-bit, TTL compatible /O ports and two test inputs. Individual port lines can function as either in-
puts or outputs under software control. O can be expanded with the 8243 device which is directly compatible and has
16 I/O lines. An 8-bit programmable timericounter is included in the UPI device for generating timing sequences or
counting external inputs. Additional UPI features include: single 5V supply, low power standby mode (in the 8041A),
single-step mode for debug (in the 8741A), and dual working register banks.

Because it's a complete microcomputer, the UPI provides more flexibility for the designer than conventional LS| inter-
face devices. It is designed to be an efficient controller as well as an arithmetic processor. Applications include key-
board scanning, printer control, display multiplexing and similar functions which involve interfacing peripheral
devices to microprocessor systems.

PIN CONFIGURATION BLOCK DIAGRAM
INTERNAL
BUS
o8B
L) su;uss. @ )
[_\ J ] REGIST
TESTO []1 40 EVCC PROGRAM v B
TATUS R |
XTAL1 [ 2 39 [JTEST + . s -] PORTH <::>P:$}
xTAL2 (3 38 [ )P27IDACK j E
oBBOUT DATA
AESET (] 4 37 [ ]P26/ORG Bo- " w MEMORY
§s[]s 36 [ P2s/iBF or eem Y g REG. BANK 1 RESSAI?EJN'
= j 2 RANOOM
cs[]s 35 [ ) P24/OBF MASTER o STACK toras
eal]7 3 [JP17 SYSTEM X REG.BANKO | MEMORY
€A INTERFACE | o MULTIPLEXER
Aol]s 331P1s P
ER
A 2P1s L ‘2‘—‘0 pecoo! | PERIPHERAL
INTERFACE
WRJ10 goata 31 [JP1a CONTROL ——
swoctn 0o W = ~ .o
Do [} 12 5[1P12 R ] R 15
0113 28[]P11 PROG +————
RESEY———of ARITHMETIC]
02} 14 27 P10 LOGIC UNIT
p3[]1s 26 [ Voo (l__“—w Kx8
PROGRAM
0a[]1s 25['1PROG crvsTAL [ xTALY . MEMORY CONDITIONAL |~ TESTO
DY P; LC, OR BRANCH
5[] 17 24[1P23 ook xrarz . Logic TEST 1,
0g[] 18 23[]P22 "1
o7[] 10 22[]P21 T
10 81
vss |: 20 21[1P20 Voo PROM PROGRAM SUPPLY PROGRAM
POWER-| Ve +5 SUPPLY COUNTER
Vas GROUND eBIT
EVENT COUNTER
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PIN DESCRIPTION : UPI™ INSTRUCTION SET ,
Mnemonic Description Bytes Cycles
ACCUMULATOR
Signal  Description ADD A Rr Add register o A 1 1
—— ) ADD A @Rr Add data memory to A 1 1
Do—D;  Three-state, bidirectional DATA BUS BUFFER lines ADD A #data  Add immediate to A 2 2
(BUS) used to interface the UPI-41A to an 8-bit master ADDC A.Rr Add register to A with carry 1 1
system data bus. ADDC A.@Rr  Add data memory to A with carry . 1 1
P1o-Py; 8bit, PORT 1 quasi-bidirectional I/O lines. ADDC A#data Add immed. to A with carry 2 2
ANL A Rr AND register to A 1 1
Py~-Py;  8-bit, PORT 2 quasi-bidirectional /O lines. The lower ANL A.@Rr AND data memory to A 1 1
4 bits (Pyo-P,9) interface directly to the 8243 I/O ex- ANL A #data  AND immediate to A 2 2
pander device and contain address and data infor- ORL A.Rr OR register to A 1 1
mation during PORT 4-7 access. The upper 4 bits ORL A.@Rr OR data memory to A 1 1
(P,4-P,;) can be programmed to provide Interrupt ORL A#data . OR immediate to A 2 2
Request and DMA Handshake capability. Software XRL A.Rr Exclusive OR register to A 1 1
control can configure Py, as OBF (Output Buffer XRL A.@Rr Exclusive OR data memory to A 1 1
Full), Pz as IBF (input Buffer Full), Py as DRQ XRL Afidata  Exclusive OR immediate to A 2 2
(DMA Request), and P,; as DACK (DMA INC A Increment A 1 1
ACKnowiedge). DEC A Decrement A 1 1
WR IO write input which enables the master CPU to CLR A Clear A 1 !
write data and command words to the UPI-41A IN- CPLA Compiement A 1 1
PUT DATA BUS BUFFER. DA A Demmall Adjust A 1 1
e SWAP A Swap nibbles of A 1 1
RD IO read input which enables the master CPU to RL A Rotate A left 1 1
read data and status words from the OUTPUT DATA RLC A Rotate A left through carry 1 1
BUS BUFFER or status register. RR A Rotate A right 1 1
cs Chip select input used to select one UPI-41A out of RRC A Rotate A right through carry 1 1
several connected to a common data bus.
Ag Address input used by the master processor to in- INPUT/QUTPUT
dicate whether byte transfer is data or command. IN A.Pp Input port to A 1 2
) ) . ) . OUTL Pp A Qutput A to port 1 2
TEST O, Input pins which can be directly tested using condi- ANL Pp.#data  AND immediate to port 2 2
TEST 1 tional branch instructions. ORL Pp.#data  OR immediate to port 2 2
T, also functions as the event timer input (under [N A.DBB (nput DBB to A. clear IBF 1 1
software control). Ty is used during PROM program- 0UT DBB.A Output A to DBB. set OBF 1 1
ming and verification in the 8741A. MOV STS,A  A4=Aq to Bits 4-7 of Status 1 1
o MOVD A.Pp input Expander port to A 1 2
XTAL1, Inputs for a crystal, LC or an external timing signal MOVD Pp.A Output A to Expander port 1 2
XTAL2 to determine the internal oscillator frequency. ANLD Pp.A AND A to Expander port 1 2
SYNC Output signal which occurs once per UPI-41A in- ORLD Pp.A OR A to Expander port 1 2
struction cycle. SYNC can be used as a strobe for-
external circuitry; it is also used to synchronize DATA MOVES
single step operation. MOV A Rr Move register to A 1 1
EA External access input which allows emulation, MOV A .@Rr Move data memory to A 1 1
testing and PROM/ROM verification. MOV A #data  Move immediate to A 2 2
PR . . MOV Rr.A Move A to register 1 1
PROG g"u”r'i:;”;;‘(';a pp;gg‘:z;"maif];"e program puise input MOV @Rr.A  Move A to dagta memory 1 1
. MOV Rr.#data Move immediate to register 2 2
During 1/O expander access the PROG pin acts as MOV @Rr #data Move immediate to data memory 2 2
an address/data strobe to the 8243, mgx éSF;ASIVI: mOVe isw ;% V/; 1 1
SFaET : ) ove A to 1
RESET :)r;g;:a\:'s;idosz;:rsf; Zs;?(t)us flip-flops and to set the XCH A Rr Exchange A and register 1 1
: XCH A @Rr Exchange A and data memory 1 1
RESET is also used during PROM programming and XCHD A,@Rr  Exchange digit of A and register 1 1
verification. MOVP A.@A Move to A from current page 1 2
— . . . . ) ) MOVP3, A @A Move to A from page 3 1 2
SS Single step input used in the 8741A in conjunction
with the SYNC output to step the program through
i i TIMER/COUNTER
each instruction.
, MOV AT Read Timer/Counter 1 1
Vee +5V main power supply pin. MOV T,A Load Timer/Counter 1 1
Voo +5V during normal operation. + 25V during pro- STRTT Start Timer 1 1
gramming operation. Low power standby pin in STRT CNT Start Counter 1 1
ROM version. STOP TCNT Stop Timer/Counter 1 1
v Giroul ) EN TCNTI Enable Timer/Counter Interrupt 1 1
ss ircuit ground potential. DIS TCNTI  Disable Timer/Counter Interrupt 1 1
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Mnemonic Description Bytes Cycles Mnemonic Description Bytes  Cycles
CONTROL CPL FO Complement Flag 0 1 1
EN DMA Enable DMA Handshake Lines 1 1 CLR F1 Clear F1 Flag 1 1
EN | Enable IBF Interrupt 1 1 CPLF1 Complement F1 Flag 1 1
DIS | Disable {BF Interrupt 1 1
EN FLAGS Enable Master Interrupts 1 1
SEL RBO Select register bank 0 1 1 BRANCH
SEL RB1 Select regilster bank 1 1 1 JMP addr Jump unconditional 2 2
NOP No Operation 1 1 JMPP @A Jump indirect 1 2
DJNZ Rr, addr  Decrement register and jump 2 2
REGISTERS JC addr Jump on Carry = 1 2 2
INC Rr Increment register 1 1 JNC addr Jump on Carry=0 2 2
INC @Rr Increment data memory 1 1 JZ addr Jump on A Zero 2 2
DEC Rr Decrement register 1 1 JNZ addr Jump on A not Zero 2 2
JT0 addr Jump on TO=1 2 2
SUBROUTINE JINTO addr Jump on T0=0 2 2
CALL addr Jump to subroutine 2 2 JT1 addr JumponT1=1 2 2
RET Return 1 2 JNT1 addr Jump on T1=0 2 2
RETR Return and restore status 1 2 JFO addr Jump on FO Flag= 1 2 2
JF1 addr Jump on F1 Flag=1 2 2
FLAGS JTF addr Jump on Timer Flag = 1, Clear Flag 2 2
CLRC Clear Carry 1 1 JNIBF addr Jump on IBF Flag=0 2 2
CPLC Complement Carry 1 1 JOBF addr Jump on OBF Flag=1 2 2
CLR FO Clear Flag 0 1 1 JBb addr Jump on Accumulator Bit 2 2
o (5
DATA 8741A D AD
8085A 2 Cs - WA “
2 Ao PERIPHERAL 8048 soa1a/ ©
h AD A N PERIPHERAL
ADDR 3 WR PORT CONTROL 2)|% .y, | DEVICES
TR
CONTROL beB T4 susk’ DATA BUS ak> Dgg T4
14
Figure 1. 8085A-8041A Interface Figure 2. 8048-8041A Interface
DOT MATRIX PRINTER
[3
4 /\—\r——-“~—4 » FORM
P <I § PRINT _L.F. HOLD SOLENOIDS
8243 5 3 KEYBOARD
EXPANDER 5] MATRIX z
Pes 4 o g s| B
® =& 3
F? <I 8 ROWS MOTOR g & a SOLENOID
e 5 DRIVERS el ol & DRIVERS
a Zl & F oW z g i
- gl & |e 3 e 1y AN
PORT 2 PROG 0 2 7OR®
PORT 1
PORT 2 PORT 2 PORT 2 PORT 1/PORT 2
8041A/8741A
8041A/8741A
DBB CONTROL DBB CONTROL
‘ a )
¢ DATA BUS ] | [{ ¢ SATABUS T
T 1
q CONTROL BUS S q CONTROL BUS 7
Figure 3. 8041A-8243 Keyboad Scanner Figure 4. 8041A Matrix Printer Interface
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature UnderBias ......... 0°Cto70°C
Storage Temperature .............—65°Ct
Voltage on Any Pin With Respect

toGround ........... ... it 0.5Vto +7V
PowerDissipation ...................... ... 1.5 Watt

*COMMENT: Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device. This is a stress
rating only and functionat operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure 10 absolute maximum rating con-
ditions for extended periods may affect device reliability.

D.C. AND OPERATING CHARACTERISTICS
Ta=0°C to 70°C, Vgg =0V, 8041A: Voc=Vpp= +5V+ 10%, 8741A: Voc=Vpp= +5V+5%

Symbol Parameter Min. | Max. | Unit Test Conditions
Vi input Low Voltage (Except XTAL1, XTAL2, RESET) | -0.5 | 0.8 v
Vius Input Low Voltage (XTAL1, XTAL2, RESET) -05 | 06 v
Vin input High Voltage (Except XTAL1, XTAL2, RESET) 22 Vee
ViHg Input High Voltage (XTAL1, XTAL2, RESET) 3.8 Vee Vv
Vou Output Low Voltage (Dg-D5) 0.45 v loL=2.0 mA
Vo1 Output Low Voltage (P1gP17, P2oPa7, Sync) 0.45 V | lg.=1.6mA
Vo2 Output Low Voltage (Prog) 0.45 Y loL=1.0mA
VoH Output High Voltage (Dy-D5) 2.4 \' lop= — 400 uA
VoHi Output High Voltage (All Other Outputs) 2.4 \ lop= —50 A
I Input Leakage Current (Tg, T, RD, WR, CS, Ag, EA) +10 | pA | Vgs = Vin = Veo
loz Output Leakage Current (Dy-D, High Z State) +10 nA Vss+0.45 < V| = Ve
I Low Input Load Current (P1oP47, PooP27) 0.5 mA | V, =08V
Iui Low Input Load Current (RESET, SS) 0.2 mA | V,_ =08V
Ipp Vpp Supply Current 15 mA | Typical =5 mA
lcc+1lpp | Total Supply Current 125 mA | Typical=60 mA
A.C. CHARACTERISTICS
TA=0°C to 70°C, Vgg= 0V, 8041A: Vo= Vpp= +5V + 10%, 8741A: Vgo=Vpp= +5V 5%
DBB READ
Symbol Parameter Min. Max. Unit Test Conditions
tar CS, A, Setup to RD! 0 ns
tha CS, Ag Hold After RDt 0 ns
tar RD Pulse Width 250 ns
tap CS, Aq to Data Out Delay 225 ns C, =150 pF
tro RD! to Data Out Delay 225 ns C_=150 pF
tor RD! to Data Float Delay 100 ns
toy Cycle Time (Except 8741A-8) 25 15 us 6.0 MHz XTAL
toy Cycle Time (8741A-8) 417 15 us 3.6 MHz XTAL
DBB WRITE
Symbol Parameter Min. Max. Unit Test Conditions
taw TS, Ag Setup to WRI 0 ns
twa CS, Ag Hold After WR1 0 ns
tww WR Pulse Width 250 ns
tow Data Setup to WR! 150 ns
two Data Hold After WR! 0 ns
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8041A/8641A/8741A

INPUT AND OUTPUT WAVEFORMS FOR A.C. TESTS

24
2.2 22
X 08— TEST POINTS T’

CL =150 pF

0.45

WAVEFORMS

1. READ OPERATION—DATA BUS BUFFER REGISTER.

(SYSTEM'S

TIOR Ag

ADDRESS BUS)

-—— taR —»‘

[ — In— tha —|

-

AD \ 4
‘*, ~tgo ——| -—— tOF —»

-— ——-——tap————>

\ {READ CONTROL)

DATABUS
(OUTPUT} DATA VALID

2. WRITE OPERATION~DATA BUS BUFFER REGISTER.

(SYSTEM'S

ADDRESS BUS)

— taw ﬂ‘ ‘4 - gy —— | ‘<—‘WA—>

-ty | |e—eftwp

(WRITE CONTROL)

iyt MAY CHANGE X ~—— DATAVALID——| X MAY CHANGE
TYPICAL 8041/8741A CURRENT
80mA
60 mA -
2
+ 40 mA -
8
20 mA -
{ 1 1 ]
20° 40° 60° 80°
TEMP (°C)
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8041A/8641A/8741A

A.C. CHARACTERISTICS—PORT 2
To=0°C to 70°C, 8041A: Veo= +5V +10%, 8741A: Vo= +5V +5%

pF

Symbol Parameter - Min. Max. Unit Test Conditions
tcp Port Control Setup Before Falling
Edge of PROG 110 ns
trc Port Control Hold After Falling
Edge of PROG 100 ns
tPR PROG to Time P2 Input Must Be Valid 810 ns
trr Input Data Hold Time 0 150 ns
toP Output Data Setup Time 250 ns
trD Output Data Hold Time 65 ns
tep PROG Pulse Width 1200 ns
PORT 2 TIMING
SYNC / \ / \ /
EXPANDER . o
PORT ) op 1o
OuTPUT )( PORT 2.3 DATA x‘ PORT CONTROLyi OUTPUT DATA 4:2
EXPANDER 1 )
PORT }"— R

e

INPUT

LJ

PCRT 2.3 DATA

>

PORT CONTROL

CINPUT Y
DATA

~tCP— |+ tpC

PROG

A.C. CHARACTERISTICS—DMA

——Vtpp ——————

Symbol Parameter Min. Max. Unit Test Conditions
tace DACK to WR or RD 0 ns
tCAC R_-D or WR to DACK 0 ns
taco DACK to Data Valid 225 ns C_ =150 pF
tcra RD or WR to DRQ Cleared 200 ns
WAVEFORMS—DMA
pReK —\L____/[(——\N «

NS

_ —=tacCl=— —*‘CACL—

WR \

—tacc{~— —=|tcAC|=—

DATA BUS

X VALID

DRQ

X .
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8041A/8641A/8741A

CRYSTAL OSCILLATOR MODE

- XTAL1

< 15 pF
(INCLUDES XTAL, == =
SOCKET, STRAY) |
f

l
I 3! xTaL2

1525 pF
(INCLUDES SOCKET, I
STRAY)

CRYSTAL SERIES RESISTANCE SHOULD BE <75Q AT 6 MHz; <180Q AT 3.6 MHz.

DRIVING FROM EXTERNAL SOURCE

XTAL1

XTAL2

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

L C NOMINAL f
45uH 20 pF 5.2 MHz
120,H  20pF 3.2 MHz

PR
= sn/LE
2
XTAL1 o C+3Chp
2
Cpp = 5- 10 pF PIN-TO-PIN
XTAL2 CAPACITANCE

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

PROGRAMMING, VERIFYING, AND
ERASING THE 8741A 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 tnput (1 to 6MHz)
Reset Initialization and Address Latching
Test 0 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
Vpp Programming Power Supply
PROG Program Pulse Input

WARNING:

An attempt to program a missocketed 8741A will resuit in severe
damage to the part. An indication of a properly socketed part is the
appearance of the SYNC clock output. The lack of this clock may
be used to disable the programmer.

The Program/Verify sequence is:
1. Ag=0V,CS=5V, EA =5V, RESET =0V, TESTO =5V,

Vpp =5V, clock applied or internal oscillator operating,
BUS and PROG floating.

2. Insert 8741A in programming socket

3. TEST 0= 0v (select program mode)

4,  EA =23V (activate program mode)

5. Address applied to BUS and P20-1

6. RESET = 5v (latch address)

7. Data applied to BUS

8. Vpp = 25v (programming power)

9. PROG = Ov followed by one 50ms pulse to 23V
10. Vpp=5v

11. TEST O = 5v (verify mode)

12,  Read and verify data on BUS
13, TESTO=0v
14. RESET = Ov and repeat from step 5

15,  Programmer should be at conditions of step 1 when
8741A is removed from socket.
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8041A/8641A/8741A

8741A Erasure Characteristics

The erasure characteristics of the 8741A are such that
erasure begins to occur when exposed to light with
wavelengths shorter than approximately 4000 Ang-
stroms (A). It should be noted that sunlight and certain
types of fluorescent lamps have wavelengths in the
3000-4000A range. Data show that constant exposure to
room level fluorescent lighting could erase the typical
8741A in approximately 3 years while it would take ap-
proximately one week to cause erasure when exposed
to direct sunlight. If the 8741A is to be exposed to these
types of lighting conditions for extended periods of
time, opaque labels are available from Intel which

should be placed over the 8741A window to prevent
unintentional erasure.

The recommended erasure procedure for the 8741A is
exposure to shortwave ultraviolet light which has a
wavelength of 2537A. The integrated dose (i.e., UV inten-
sity x exposure time) for erasure should be a minimum
of 15 w-sec/cm?. The erasure time with this dosage is
approximately 15 to 20 minutes using an ultraviolet
lamp with a 12,000 uWicm? power rating. The 8741A
should be placed within one inch of the lamp tubes dur-
ing erasure. Some lamps have a filter on their tubes
which should be removed before erasure.

A.C. TIMING SPECIFICATION FOR PROGRAMMING

Tp = 25°C +5°C, Vg = 5V 5%, Vpp = 25V =1V

Symbol Parameter Min. Max. Unit Test Conditions
taw Address Setup Time to RESET ! 4rcy
twa Address Hold Time After RESET ! 4icy
tow Data in Setup Time to PROG 1 4icy
two Data in Hold Time After PROG | 4icy
tPH RESET Hold Time to Verify 4icy
tvoow Vpp Setup Time to PROG t 4rcy
tvDOH Voo Hold Time After PROG | 0
tPw Program Pulse Width 50 60 mS
trw Test 0 Setup Time for Program Mode 4tcy
twt Test 0 Hold Time After Program Mode 4ricy
too Test 0 to Data Out Delay dicy
tww RESET Puise Width to Latch Address 4icy
tr, tf Voo and PROG Rise and Fall Times 0.5 20 us
tcy CPU Operation Cycle Time 5.0 us
tRE RESET Setup Time Before EA 1, 4rcy

Note: If TEST 0 is high, tng can be triggered by RESET 1.

D.C. SPECIFICATION FOR PROGRAMMING

Ta = 25°C £5°C, Vge = 5V £5%, Vpp = 25V = 1V
Symbol Parameter Min. Max. Unit Test Conditions
VboH Vop Program Voltage High Level 240 26.0 \
VobL Vpp Voltage Low Level 4.75 5.25 \
VpPH PROG Program Voltage High Level 215 24.5 v
VpL PROG Voltage Low Level 0.2 Y
VEAH EA Program or Verify Voltage High Level 215 245 \
VEAL EA Voltage Low Level 5.25 \"
lop Vpp High Voitage Supply Current 30.0 mA
IPROG PROG High Voltage Supply Current 16.0 mA
17 EA High Voltage Supply Current 1.0 mA
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8041A/8641A/8741A

WAVEFORMS FOR PROGRAMMING

COMBINATION PROGRAM/VERIFY MODE (EPROM'S ONLY)

23V
EA

L

PROGRAM —- VERIFY i PROGRAM

X / \
RESET _\k ’/ \I

w ﬁ.—»«—.r— twa xooﬂ
:
NEXT ADDR
VALID

A -
ADDRESS DATA TO BE —_——— DATA —
DBo-DBy - (0-7) VALID PROGRAMMED VALID VALID
LAST NEXT
P20-Py ADDRESS X ADDRESS (8-9) VALID X

TESTO

ADDRESS
tyopw —  je— ] tVDDH
rixw1—>
+25
Voo .
5 tew

tow two

+23

VERIFY MODE (ROM/EPROM)

RESET

DBy-DB _— ADDRESS DATA OUT - NEXT NEXT DATA e e
St : (0-7) VALID VALID ADDRESS OUT VALID
P20-Pq X ADDRESS (8-9) VALID X NEXT ADDRESS VALID

NOTES:

1. PROG MUST FLOAT IF EA IS LOW (l.e., #23V), OR IF T0=5V FOR THE 8741A. FOR THE
8041A PROG MUST ALWAYS FLOAT.

2. XTAL1 AND XTAL 2 DRIVEN BY 3.6 MHz CLOCK WILL GIVE 4.17 usec tcy. THIS IS ACCEPT-
ABLE FOR 8741A-8 PARTS AS WELL AS STANDARD PARTS.

3. AO MUST BE HELD LOW (lL.e.,=0V) DURING PROGRAM/VERIFY MODES.

The 8741A 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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8205

HIGH SPEED 1 OUT OF 8 BINARY DECODER

m /O Port or Memory Selector

m Simple Expansion — Enable Inputs

= High Speed Schottky Bipolar

Technology — 18 ns Max Delay

u Directly Compatible with TTL Logic

Circuits

= Low Input Load Current — 0.25 mA
Max, 1/6 Standard TTL Input Load

m Minimum Line Reflection — Low

Voltage Diode Input Clamp
u 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

\ 4
A 16 Vee
a e 15[ o,
W F 1o,
g, [ 13 Jo,

8205
g []s 12| Jo,
e, (e 1o,
o, o[ TJo,
Ggro[|s of Jog
PIN NAMES

Ag A, ADDRESSINPUTS |
Ey E3  ENABLEINPUTS

05 O; DECODED OUTPUTS

LOGIC SYMBOL

Ao Oo
— Ay o jo——
— A2 0z fo—
O3
8205
04 JO——
—E 05 fo——
— &2 O¢ Jo——
—E3 o; o——
ADDRESS | ENABLE ouUTPUTS
Ay Ay Ar|E, E; E3l0 1 2 3 4 5 ¢ 7
L L Lt L H[L H H H H H H H
H L Lt L H|{H t H H H H H H
L H L L L H H H L H H H H H
H H L L L H H H H L H H H H
L L H|L L H|H H H H L H H H
H L H L L H H H H H H L H H
L H H L L H H H H H H H L H
H H HIL 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 ULIH H H H H H H H
X X X t 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 XIH L H|H H H H H H H h
X X XL 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

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 AO,
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 (E1, 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.

7-75

Aq o——— 0,
A, - ]
A, F—-———*O_z
o——— 0,
DECODER
jo——— 0,
jo——— 0,
lo——— 05
jo—— 0,
ENABLE GATE
&
E"z (E1-E2-€3)
Es
Figure 1. Enable Gate
ADDRESS | ENABLE OUTPUTS
Ag Ay A;|Ey E; Ezfo0 1 2 3 5 6 7
L L LfL 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}JH H L H H H H H
H H t|L L H[{H H H L H H H H
L L H|L L HI!H H H H L H H H
H L H|L L H[H H H H H L H H
L H HI{L L HI/H H H H H H L H
H H HI|L L HIH H H H H H H L
X X X|fL L L|H H H H H H H H
X X X |H t 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 XL H HIH H H H H H H H
X X X|H H H{H H H H H H H H
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8205

ABSOLUTE MAXIMUM RATINGS*

Ceramic
Plastic

Temperature Under Bias:

Storage Temperature

All Output or Supply Voltages
All Input Voltages

Output Currents

D.C. CHARACTERISTICS
Ta = 0°Cto +75°C, Vgg = 5V 5%

—65°C to +126°C
—65°C to +75°C
—65°C to +160°C

—0.5 to +7 Volts
—1.0 to +5.5 Volts

*COMMENT

125 mA device reliability.

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

“Absofute Maximum Rat-

8205
sYMBoL PARAMETER LIMIT UNIT TEST CONDITIONS
MIN. MAX.
I INPUT LOAD CURRENT 025 | mA | Voo =525V, V, =045V
‘R INPUT LEAKAGE CURRENT 10 pA VCc =5.25V, VR =5.25V
VC INPUT FORWARD CLAMP VOLTAGE -1.0 \ VCC =4.75V, |c =-6.0mA
VOL OUTPUT “LOW” VOLTAGE 0.45 \Y VCC =4.75V, ’OL = 1070 mA
VOH OUTPUT HIGH VOLTAGE 2.4 \Y VCC =475V, lOH: —-1.5mA
Vi INPUT “LOW" VOLTAGE 085 | V Vee = 5.0V
VIH INPUT “HIGH” VOLTAGE 2.0 \Y VCC =5.0v
lSC OUTPUT HIGH SHORT -=40 -120 mA VCc =5.0V, VOUT =0V
CIRCUIT CURRENT
VOX QUTPUT 'fLOW" VOLTAGE 0.8 \Y VCc =5.0V, IOX =40 mA
@ HIGH CURRENT
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
Ta = 75°|C ~ P _\]/CC Js_o_VF TR\L Ve = 5.0V
" Ta=25°C, / ~10 | LA 4.0
I Vee = 8.0V Tazoc| Ta=0C ] Ta=75C | o
£ E w P Ta=0°C
= 5 -2 g 30 ~}
o
3 l( 3 > Ta = 25°C ———\-A
5 40 ~ —30 5 20 +
& 2 g Tp = 75°C ] a) W \
3 Ta= 76°C—y é 3 | \
20 40 10
Ta-oc \
/ ~TAI= 2°C \
0 L 50 0
o 2 a 6 8 10 0 10 20 30 40 50 0 2 4 6 8 10 12 14 16 18 20

OUTPUT “LOW” VOLTAGE (V)

QUTPUT “HIGH” VOLTAGE (V)
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8205

SWITCHING CHARACTERISTICS

Conditions of Test:

Input pulse amplitudes: 2.5V

Input rise and fall times: 5 nsec
between 1V and 2V

Measurements are made at 1.5V

Test Load

I i

Vee

390Q

All Transistors 2N2369 or Equivalent. CL = 30 pF

j’\—Q_j

Test Waveforms

ADDRESS OR ENABLE
INPUT PULSE

QUTPUT

L LT T )

Cecssmcccencaaane

A.C. CHARACTRISTICS

Ta = 0°Cto +75°C, Voo = 5V £5% unless otherwise specified.

SYMBOL PARAMETER MAX. LIMIT UNIT TEST CONDITIONS
Ty 18 ns
t_, ADDRESS OR ENABLE TO 18 ns
t_ OUTPUT DELAY 18 ns
t_ 18 ns
Cn ' INPUT CAPACITANCE  P8205 4(typ.) pF f =1 MHz, Voo = OV
C8205 5(typ.) pF VBIAS = 2.0V, Tp = 25°C
1. This parameter is periodically sampled and is not 100% tested.
TYPICAL CHARACTERISTICS
ADDRESS OR ENABLE TO OUTPUT ADDRESS OR ENABLE TO OUTPUT
DELAY VS. LOAD CAPACITANCE DELAY VS. AMBIENT TEMPERATURE
20 T 20 T
Vee =50V p Ve = 5.0V
Ty =25'C Pt c, = 30pF
°o_ 5 ‘:"/” o 18
Pt
zs = %
g8 10 . — « E 10
[ 22 s}
gg T §§ Toy
83 £5
2 5 2 5
0 0
[ 50 100 150 200 0 25 50 75
LOAD CAPACITANCE (pF) AMBIENT TEMPERATURE (°C)
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In e 8251A/S2657
PROGRAMMABLE COMMUNICATION INTERFACE

& Synchronous and Asynchronous s Asynchronous Baud Rate — DC to
Operation 19.2K Baud

= Full Duplex, Double Buffered, Trans-

m Synchronous 5-8 Bit Characters; mitter and Receiver

Internal or External Character Synchro- . .
nization; Automatic Sync Insertion m Error Detection — Parity, Overrun and
Framing

= Asynchronous 5-8 Bit Characters; = Fully Compatible with 8080/8085 CPU

Clock Rate—1, 16 or 64 Times Baud

Rate; Break Character Generation; 1, m 28-Pin DIP Package

1%2, or 2 Stop Bits; False Start Bit

Detection; Automatic Break Detect u All Inputs and Outputs are TTL
and Handling. Compatible

ingl 5V S |
m Synchronous Baud Rate — DC to 64K w Single + upply

Baud m 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. Simuitaneously, 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

N

o, 1 2810,
o, 2 27 [ o,
RxD [ 3 26 (] v,
GND L4 25 ] RxC <:> DATA TRANSMIT D
o 5 24 MY OTR BUS . BUFFER |
E - D; g BUFFER P-S)
o, 6 23 ] RTS
o, [} 7 8261A 22 ] OsR
o, s 21 [ RESET ]
T=C 9 20 CLK RESET .| TXRDY
— |
WR 10 193 10 CLK——=1 READ/WRITE
R c/B CONTROL TRANSMIT TXE
csOn 18 ] TxEMPTY m_N LoGIC CONTROL o
— — —q > | «—TxC
1 17 T ™
e G2 cTs WR
RO [ 13 16 [7] SYNDET/BD =
rRxROY [] 14 15 ] TxRDY cs
OSR— o
PIN NAMES OTR
— TR «—of MODEM RECEIVE AxD
D;-Dg Data Bus (8 bits) DSR Data Set Ready o CONTROL BUFFER |=—"x
c/D Control or Data 1s 10 be Written or Read ‘\ DTR Data Terminal Ready CTS —df <:> . (S-P)
RD Read Data Command SYNDET/BD | SyncDetect/ RTS «—q
WR Write Data or Control Command Break Detect
cs Chip Enable e
cLk Clock Pulse (TTL) RTS Request to Send Data ”
RESET Reset CTs Clear to Send Data s ! | RxRDY
TxC Teansmitter Clock Lo TxE Transmitter Empty / RECEIVE e
TxD Transmitter Data Vee +5 Volt Supply INTERNAL CONTROL
RxC Receiver Clock N P Ground DATA BUS |+ SYNDET
RxD Recewver Data
RxRDY | Recewer Ready (has character for 8080) : N
TxRDY | Transmitter Ready (ready for char from 8080) |
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8251AI/S2657

FEATURES AND ENHANCEMENTS

8251A is an advanced design of the industry stan-
dard USART, the Intel® 8251. The 8251A oper-
ates with an extended range of Intel micropro-
cessors that includes the new 8085 CPU and main-
tains compatibility with the 8251. Familiarization
time is minimal because of compatibility and
involves only knowing the additional features and
enhancements, and reviewing the AC and DC speci-
fications of the 8251A.

The 8251A incorporates all the key features of
the 8251 and has the following additional features
and enhancements:

e 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.

7-79

Tx Enable logic enhancement prevents a
Tx Disable command from halting trans-
mission until all data previously written has
been transmitted. The logic also prevents
the transmitter from turning off in the middle
of a word.

When External Sync Detect is programmed,
Internal Sync Detect is disabled, and an Ex-
ternal Sync Detect status is provided via a
flip-flop which clears itself upon a status read.

Possibility of false sync detect is minimized
by ensuring that if double character sync is
programmed, the characters be contiguously
detected and also by clearing the Rx register
to all ones whenever Enter Hunt command is
issued in Sync mode.

As long as the 8251A is not selected, 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.
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8251A/S2657

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bia

@

Voltage On Any Pin

o o
.0Ct70C

Storage Temperatura . . ... ......... —65°C to +150°C

*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

With Respect to Ground. . . .. ....... —0.5V to +7V rating conditions for extended periods may affect device
Power Dissipation . . ... .................. 1 Watt reliability.
D.C. CHARACTERISTICS
Ta =0°C t0.70°C; Ve = 5.0V 5%; GND = 0V
Symbol Parameter Min. Max. Unit Test Conditions
Vi Input Low Voltage ~0.5 0.8 \%
ViH Input High Voltage 2.2 Vee \
VoL Output Low Voltage 0.45 \ ' loL =2.2mA
VoH Output High Voltage 24 \Y lon = -400 uA
loFL Output Float Leakage +10 MA Vout = V¢c TO 0.45V
e Input Leakage +10 pA VN = Ve TO 0.45V
lce 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 = tMHz
Cio 1/0 Capacitance 20 pF Unmeasured pins returned to GND
+20
R L e
v >
5
4200 8 ol
E \ SPEC.
1Ng14 2
o
8251A out ARSI N S AU B
6K
I /
= = 2000 50 [) 450 +100

€, = 150 pF.

A CAPACITANCE (pF)

Figure 16. Test Load Circuit

7-80

Figure 17. Typical A Output Delay vs. A

Capacitance (pF)
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A.C. CHARACTERISTICS

Ta = 0°C to 70°C; Ve = 5.0V £5%; GND = OV

Bus Parameters (Note 1)

Read Cycle:

SYMBOL PARAMETER MIN. MAX. UNIT 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
toF 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
two Data Hold Time for WRITE 50 ns
tRrv Recovery Time Between WRITES 6 tey Note 4
NOTES: 1. AC timings measured VoH = 2.0, VoL = 0.8, and with load circuit of Figure 1.
2. Chip Select (CS) and Command/Data (C/D} are considered as Addresses.
3. Assumes that Address is valid before Rp4.
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 tgy.

Input Waveforms for AC Tests

24

N &
0.45 0.8

TEST 20
POINTS 08

7-81
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Other Timings: )

SYMBOL PARAMETER MIN. MAX. UNIT TEST CONDITIONS
toy Clock Period 320 1350 ns Notes 5, 6
% Clock High Pulse Width 140 tcy-90 ns

R Clock Low Pulse Width 90 ns
iR, tf Clock Rise and Fall Time 20 ns
tDTx TxD Delay from Falling Edge of TxC 1 us
fr Transmitter Input Clock Frequency
1x Baud Rate DC 64 kHz
16x Baud Rate DC 310 kHz
64x Baud Rate DC 615 kHz
tTew Transmitter Input Clock Pulse Width
1x Baud Rate 12 tcy
16x and 64x Baud Rate 1 tcy
tTPD Transmitter Input Clock Pulse Delay
1x Baud Rate . 15 tcy
16x and 64x Baud Rate 3 toy
fRx Receiver Input Clock Frequency
1x Baud Rate DC 64 kHz
16x Baud Rate DC 310 kHz
64x Baud Rate DC 615 kHz
tRPW Receiver Input Clock Pulse Width
1x Baud Rate 12 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 tcy Note 7
tR,RDY CLEAR RxRDY ! from Leading Edge of RD ) 6 toy Note 7
t Internal SYNDET Delay from Risin
s B of FxC v sing 2 tey Note 7
t External SYNDET Set-Up Time Before
= Falling Edge of RXC i 16 tey Note 7
ITXEMPTY TxEMPTY Delay from Center of Last Bit 20 tey Note 7
twe Control Delay from lisin_g_gdge of 8 toy Note 7
WRITE (TxEn,DTR, RTS)
tcr Control to READ Set-Up Time (DSR, CTS) 20 tey Note 7

5. The TxC ahd RxC frequencies have the following limitations with respect to CLK.

For 1x Baud Rate , fTx or fry < 1/{30 tcy)
For 16x and 64x Baud Rate, fy or fRyx < 1/(4.5tcy)

6. Reset Pulse Width = 6 tcy minimum; System Clock must be running during Reset.
7. Status update can have a maximum delay of 28 clock periods from the event affecting the status.

7-82
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8253/8253-5
PROGRAMMABLE INTERVAL TIMER

s MCS—85™ Compatible 8253-5 = Count Binary or BCD

= 3 Independent 16-Bit Counters
u Single + 5V Supply
s DC to 2 MHz

m 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 microcormputer 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
~—_ ~
07[j 1 24 :lvCc
0,0 2 230 wR le——— ctko
6 o /L__! DATA (\._! COUNTER
o, []3 220 /D 0,0, 8 B8US 0 j}«———— GATEO
ode 2bes N guFFer | NV
n L~ outo
0,5 20a,
o,Js 8253 19[4, ‘
0,037 18 cik2 | ,——T
o, & v our2
cLk o] o 16 [JGATE 2 RO 3 fe———— CLK 1
outo(] 10 15 ek we READ/ COUNTER
WRITE 1 GATE 1
Gate o] 1 1wcaten Ay LOGIC
Gno[ 12 12fJouT F———=ouT1!
Ay — |
cs —————T
PIN NAMES e ——— cLK 2
D,D DATA BUS (88IT) conTROL oA COUNTER
KN COUNTER CLOCK TWFUTS WoRD =2 GATE 2
REGISTER \f"_‘
GATEN COUNTER GATE INPUTS L . out2
OUTN __ COUNTER OUTPUTS
RD READ COUNTER
WR WRITE COMMAND OR DATA L J
cs CHIP SELECT
A A, COUNTER SELECT
Ve +5 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 7-83 AFN-00745A-01
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FUNCTIONAL DESCRIPTION
General

The 8253 is a programmable interval timer/counter
specifically designed for use with the Intel™ Micro-
computer systems. Its function is that of a general
purpose, multi-timing element that can be treated as an
array of I/0O ports in the system software.

The 8253 solves one of the most common problems in any
microcomputer system, the generation of accurate time
delays under software control. Instead of setting up timing
loops in systems software, the programmer configures the
8253 to match his requirements, initializes one of the
counters of the 8253 with the desired quantity, then upon
command the 8253 will count out the delay and interrupt
the CPU when it has completed its tasks. It is easy to see
that the software overhead is minimal and that multiple
delays can easily be maintained by assignment of priority
levels.

Other counter/timer functions that are non-delay in
nature but also common to most microcomputers can be
implemented with the 8253.
& Programmable Rate Generator
Event Counter
Binary Rate Multiplier
Real Time Clock
Digital One-Shot
Complex Motor Controller

Data Bus Buffer

This 3-state, bi-directional, 8-bit buffer is used to interface
the 8253 to the system data bus. Data is transmitted or
received by the buffer upon execution of INput or OUTput
CPU instructions. The Data Bus Buffer has three basic
functions.

1. Programming the MODES of the 8253.

2. Loading the count registers.
3. Reading the count values.

Read/Write Logic

The Read/Write Logic accepts inputs from the system bus
and in turn generates control signals for overall device
operation. It is enabled or disabled by CS so that no
operation can occur to change the function unless the
device has been selected by the system logic.

RD (Read)

A “low” on this input informs the 8253 that the CPU is
inputting data in the form of a counters value.

WR (Write)

A “low” on this input informs the 8253 that the CPU is

outputting datain 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. '

BUFFER

- T

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 4] 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
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Control Word Register

The Control Word Register is selected when AQ, Al are 11.
It then accepts information from the data bus buffer and
stores it in a register. The information stored in this
register controls the operational MODE of each counter,
selection of binary or BCD counting and the loading of
each count register.

COUNTER
=0

The Control Word Register can only be written into; no
read operation of its contents is available.

Counter #0, Counter #1, Counter #2
COUNTER

These three functional blocks are identical in operation so =1
only a single Counter will be described. Each Counter
consists of a single, 16-bit, pre-settabie, 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, ] C%g:,?" COUNTER
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.

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 1 ADDRESS BUS (16) §

software as an array of peripheral 1/0 ports; three are A |A,
counters apd the fourth is a control register for MODE ¢ CONTROLBUS —
programming.

A - [T oo
Basically, the select inputs A0, A1 connect to the A0, A1
address bus signals of the CPU. The CS can be derived § DATA BUS (8) )
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, TS Dy-D,
8253
COUNTER COUNTER COUNTER
y 1 :
"out cate crk' "our 6ate ek’ Mout Gate cik!

ik

Figure 3. 8253 System Interface
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MODE 0: Interrupt on Terminal Count

ceock LALLM
i i

whe L i

! |
4 3 2 1 0
OUTPUT (INTERRUPT) i I
=4 |e—t—o—n
I
: 1
WRm 1 I 1 I
' I
i I
GATE 1 —

5 4 3 2 1 0

QUTPUT (INTERRUPT) ! ! I

. (m=5) e——

A B

A+B=m

MODE 1: Programmable One-Shot

WRn ] I
TRIGGER I
4 3 2 1 0
OUTPUT 1 I
n=4)

TRIGGER I | '
4 3 2 4 3 2 1
—_

)

OUTPUT I

MODE 2: Rate Generator

ctock MMM MU

4 2 1 4 1
ouTPUT 3 0(4) 3 2 032 1 0
0(3) 3 2 1032 1 032 1
OUTPUT (n=3} LT —1_J W

RESET T™1____ [

MODE 3: Square Wave Generator

a4 2 4 2 4 2 4 2 4 2 4 2 4
ouTPUT (=4 ___J© | | — 1 I~

$ 4 2 5 2 5 4 2 5 2 5 4 2
OUTPUT (n=5) ___[ 1 [ 1 I

MODE 4: Software Triggered Strobe

WR n=4
4 3 2 1 0
OQuUTPUT 1 ]
LOAD n n=4
GATE L ]
4 4 3 2 1 0O
OUTPUT l l

MODE 5: Hardware Tfiggered Strobe

GATE '
4 3 2 1 0

OUTPUT (n=4) | J
GATE I I I
4 3 4 3 2 1 0
QUTPUT (n=4) | S|

Figure 5. 8253 Timing Diagrams
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8253 READ/WRITE PROCEDURE
Write Operations

The systems software must program each counter of the
8253 with the mode and quantity desired. The program-
mer must write out to the 8253 a MODE control word and
the programmed number of count register bytes (1 or 2)
prior to actually using the selected counter.

The actual order of the programming is quite flexible.
Writing out of the MODE control word can be in any
sequence of counter selection, e.g., counter #0 does not
have to be first or counter #2 last. Each counter's MODE
control word register has a separate address so that its
loading is completely sequence independent. (SCO, SC1)

The loading of the Count Register with the actual count
value, however, must be done in exactly the sequence
programmed in the MODE control word (RLO, RL1). This
loading of the counter’'s count register is still sequence
independent like the MODE control word loading, but
when a selected count register is to be loaded it must be
loaded with the number of bytes programmed in the
MODE control word (RLO, RL1). The one or two bytes to
be loaded in the count register do not have to follow the
associated MODE control word. They can be programmed
at any time following the MODE control word loading as
long as the correct number of bytes is loaded in order.

All counters are down counters. Thus, the value loaded
into the count register will actually be decremented.
Loading all zeroes into a count register will result in the
maximum count (2'¢ for Binary or 104 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
Redi
LSB Count Register byte
Counter n
MSB Count Register byte

Counter n

Note: Format shown is a simple example of loading the 8253 and
does not imply that it is the only format that can be used.

Figure 6. Programming Format

A1 | AO
MODE Control Word
No. 1 Counter 0 ! !
No. 2 MODE Control Word 1 1
Counter 1
MODE Control Word
No. 3 Counter 2 ! !
No.4 | LSB Count Register Byte 0 1
Counter 1
Count Register Byte 0 1
No.5 | MSB Counter 1
No.6 | LSB Count Register Byte 1 0
Counter 2
Count Register Byte
No.7 | MSB Counter 2 1 0
Count Register Byte
No.8 | LSB Counter 0 0 0
No. 9 | MsB Count Register Byte 0 0
Counter 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
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Read Operations

In most counter applications it becomes necessary to read
the value of the count in progress and make a
computational decision based on this quantity. Event
counters are probably thé most common application that
uses this function. The 8253 contains fogic 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 1/0 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 AOQ,
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 externallogic that inhibits
the clock input. The contents of the counter selected will
be available as follows:

first 1/0 Read contains the least significant byte (LSB).

second /O Read contains the most significant byte
(MSB).

Due to the internal logic of the 8253 it is absolutely
necessary tocomplete the entire reading procedure. If two
bytés 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 lllegal

Reading While Counting

In order for the programmer to read the contents of any
counter without effecting or disturbing the counting
operation the 8253 has special internal logic that can be
accessed using. simple WR commands to the MODE
register. Basically, when the programmer wishes to read
the contents of a selected counter "on the fly" 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 DS | 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

“If 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 Respectto Ground ......... ... .. -0.5Vto+7V
Power Dissipation .......... ... ... ... ... ... .. 1 Watt

"COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (14 = 0°Cto 70°C; Vigc = 5V +5%)
SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 \4
Viu input High Voltage 2.2 | Vge+5V v
VoL Output Low Voltage 0.45 \ Note 1
VoH Output High Voltage 2.4 \ Note 2
TR Input Load Current +10 uA Vin = V¢ to OV
loFL Output Float Leakage 10 LA Vout = Ve to OV
lec Ve Supply Current 140 mA
Note 1: 8253, ig|_ = 1.6 mA; 8253-5, I = 2.2 mA.
Note 2: 8253, oy = -150 pA; 8253-5, Igy = -400 pA.
CAPACITANCE T, = 25°C; Vigc = GND = OV
Symbol Parameter Min. Typ. Max Unit Test Conditions
Cin Input Capacitance 10 pF fc=1MHz
Cio 1/Q Capacitance 20 pF Unmeasured pins returned to Vgg

7-89
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A.C. CHARACTERISTICS T, =0°C to 70°C; V¢ = 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 READI!? 300 200 ns
toF READ to Data Floating 25 125 25 100 ns
try Recovery Time Between. READ 1 1 us
and Any Other Control Signal
Write Cycle:
8253 8253-5
SYMBOL ) PARAMETER : MIN. MAX. MIN. MAX. UNIT
taw Address Stable Before WRITE 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 ! L Hs
and Any Other Control Signal
Notes: 1. AC timings measured at Vo = 2.2, Vo= 0.8
2. Test Conditions: 8253, C|_ = 100pF; 8253-5: C|_= 150pF.
Write Timing: Read Timing:
Ag.1. CS Ao.1. CS K
e tan ‘ »’ ~—tha
DATA BUS i : K 5 /R
t
- “Dw—'<—‘wo"‘ tho ﬂ‘ost‘—
o f——— % 4 ,
WR Lz‘ DATA BUSWHIGH IMPEDANCE VALID ;HIGH IMPEDANCE

T

Input Waveforms for A.C. Tests:

2.4
2.2 2.2
> TEST POINTS <
0.8 0.8
0.45
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Clock and Gate Timing:

8253 82535
SYMBOL PARAMETER MIN, MAX. MIN. MAX. UNIT
teLk Clock Period 380 dc 380 dc ns
towH High Pulse Width 230 230 ns
trwL 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 CLKIY! 400 400 ns
topG Output Delay From Gate ! 300 300 » ns
Note 1: Test Conditions: 8253: C|_= 100pF; 8253-5: C_ = 150pF.
ton>] [ tows—] e — k] g ]
CLK /_\___
'Gs_’| ~— o
GATEG /( & j ) x /
ton ‘f’GLH’l - = top—] '
OUTPUT 0 X X'-

l< topG —*

791
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PROGRAMMABLE PERIPHERAL INTERFACE

m MCS-85™ Compatible 8255A-5 = Direct Bit Set/Reset Capability Easing

= 24 Programmable 1/O Pins Control Application Interface

s Completely TTL Compatible s 40-Pin Dual In-Line Package

m Fully Compatible with Intel® Micro-

processor Families m Reduces System Package Count

s Improved Timing Characteristics = Improved DC Driving Capability

The Intel® 8255A is a general purpose programmable /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 I/O pins may be programmed in sets of 4 to be input or output. In MODE 1, the second
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand-
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking.

PIN CONFIGURATION 8255A BLOCK DIAGRAM
el N e .
2 (]2 39 [ pas l
p1[]3 38 [ ere ~
oo [« ar [ sowen i erovp
o] s e L——ow | e KD S
‘GROUP PORT PA7-PA
A \7-PAQ
we as [ ] meser | conreor <: @
ano (7 34 7o P—
Risl 27 o T
Ao E B 32 :I D2 1
pc7 [ 10 8255A a1 Joy v
ece ] 11 30 0 L o
PORT C
pes [ 12 29[ o5 /‘\4———*\—‘/ ”'ﬁ:‘“ v—:> PC7-PCa
pca E 1 28 : o6 BI-DIRECTIONAL DAI: BUS R oAt 3 .
reo [ 1 2 E or o0 & | e [ V)
wer (s 2 vec e GoUP
8
rc2[] 16 25| ) r7 I DATA BUS <—‘: rorrc K> Pc:‘,gco
LOWER N L4
pc3 [ 17 24[] pas )
e[ e 2a[ ] res i
e[ e 22[] vea [
w2 ] 20 21[] pas 5 ————=0)
WR ~o e R [/ E— GROUP
CONTROL 8 B A
A | CONTRO controL [N k:b poAT :> o
. . N P7-PEQ
PIN NAMES o ————»f ®
RESET ————————m{ L) [+—1
0,-0p DATA BUS (BI-DIRECTIONAL) t
RESET RESET INPUT
3 CHIP SELECT
Ehad
RD READ INPUT
WR WRITE INPUT =
AD, A PORT ADDRESS

PA7-PAO PORT A (BIT)
P87-PBO PORT 8 (BIT)
PC7-PCO PORT C (BIT)
Vee 45 VOLTS
GND gVOoLTS
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8255A FUNCTIONAL DESCRIPTION

General

The 8255A is a programmable peripheral interface (PPI)
device designed for use in Intel® microcomputer
systems. Its function is that of a general purpose I/0
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 A,)

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,).

8255A BASIC OPERATION

Ay | Ag| RD | WR | CS | INPUT OPERATION {(READ)

0| o 0 1 0 | PORT A=DATA BUS

0 1 0 1 0 | PORTB=DATA BUS

1 0 0 1 0 | PORT C= DATA BUS
OUTPUT OPERATION
(WRITE)

o] o 1 0 0 | DATA BUS=PORT A

o] 1 1 0 0 | DATABUS=PORTB

1 0 1 0 0 | DATABUS=PORTC

1 1 1 0 0 | DATABUS=CONTROL
DISABLE FUNCTION

X | x X X 1 | DATABUS= 3-STATE

1 1 0 1 0 | ILLEGAL CONDITION

X | x 1 1 0 | DATA BUS=3-STATE

BUS
BUFFER

Figure 1

-
ctions
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(RESET)

Raset. 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-CO)
The Control Word Register can Only be written into. No
Read operation of the Control Word Register is allowed.

Ports A, B, and C

The 8285A contains three 8-bit ports (A, B, and C). Al
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 S 40[7) Pas
raz (]2 39[] Pas
Pa1[]3 38 pPas
" —1 pao )¢ 37 pa7
+5v i s w W
s:g:e]:s _[ GﬂguP s (s 35 [ RESET
o onoup 1. ::) eoRt :> - Gno (7 330,
] contror [N———— ) a1(]s 3370,
[~ a0 (}9 3200,
ec? 10 no,
1 pce (]11 8255 [,
e res nf o,
:L____k ‘:ﬁ,’s‘;f (‘;—:) ac;-‘:a pca]13 [ o,
BI-DIRECTIONAL DATA BUS il 7 o r« " ” : D’
A N DATA N pc1 s w0 Ve
o700 &, V] o [ v se2 (16 [ ver
INTERNAL SRoUP pc3 (12 24[7 Pas
oRTABUS | vomr ¢ | ™ pel S rao []1e 23[ ) pes
r N towen | v/ Pea-PCo -
“w e P81 19 22[ 1 PBa
t p82{}20 2171 B3
B e} L
L g —— rcee
a— o c?nozlcot cou-mot N | A—N ws” A_.ﬂ n,_z! PIN NAMES
NV 8 N 7-PBo
Ao —— @ 0, 0, | DATABUS (BIDIRECTIONAL
RESET ——————a T L ~ 1 RESET | RESET INPUT
r cs CHIP SELECT
RD READ INPUT
WR WRITE INPUT
= AC, A1 PORT ADDRESS
PA7-PAO PORT A (BIT)
PB7.P80 PORT 8 (BIT) B
PC?-PCO PORT C {BIT)
Vee +5 VOLTS
GND dVOLTS

Figure 2. 8225A Block Diagram Showing Group A and
Group B Control Functions
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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 opera-

Ambient Temperature Under Bias. . . . ... .. 0°C to 70°C tion of the device at these or any other conditions above
Storage Temperature . . .. ... ....... —65"C to +150°C those indicated in the operational sections of this specifi-
Voltage on Any Pin cation is not implied. Exposure to absolute maximum

With Respect to Ground. . . ... ...... —0.5V to +7V rating conditions for extended periods may affect device

Power Dissipation . ... ...... ............. 1 Watt reliability.

D.C. CHARACTERISTICS
Ta = 0°C to 70°C, Ve = +5V  +5%; GND = 0V

SYMBOL PARAMETER MIN. [ MAX. | UNIT TEST CONDITIONS
ViL Input Low Voltage -0.5 | 0.8 \

ViH Input High Voltage 20 | Ve \%

VoL (DB) | Output Low Voltage (Data Bus) 0.45 \ loL = 2.6mA

VoL {PER)| Output Low Voltage (Peripheral Port) 0.45 \Y loL = 1.7mA

Vou (DB) | Output High Voltage (Data Bus) 2.4 \% lon = -400uA

Vou {PER)| Output High Voltage (Peripheral Port) | 2.4 \Y loq = -200uA

Ipar!!l | Darlington Drive Current -1.0 | -40 | mA RexT = 75082; VexT= 1.5V
lec Power Supply Current 120 mA

he Input Load Current 10 | umA Vin = Ve to 0V

loFL Output Float Leakage 10 MA » Vout = Vec to OV

Note 1:  Available on any 8 pins from Port B and C.

CAPACITANCE
Ta = 25°C; Vec = GND = OV

SYMBOL PARAMETER MIN. TYP. MAX. UNIT TEST CONDITIONS

CiNn Input Capacitance 10 pF fc = TMHz )

Cio 1/O Capacitance 20 pF Unmeasured pins returned to GND

750¢
D.U.T. Vext®
I 100pF

“VexT is set at various voltages during testing to guarantee the specification.

Figure 24. Test Load Circuit (for dB)
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A.C. CHARACTERISTICS

Ta = 0°C to 70°C; Vg = +5V £5%; GND = 0V

Bus Parameters

Read:
8255A
SYMBOL PARAMETER MIN. MAX.
tAR Address Stable Before READ 0
tRA Address Stable After READ 0
tRR READ Pulse Width 300
tRD Data Valid From READI 250
tor Data Float After READ 10 150
tRv Time Between READs and/or WRITEs 850
Write:
8255A
SYMBOL PARAMETER MIN. MAX.
taw Address Stable Before WRITE 0
twa Address Stable After WRITE 20
tww WRITE Pulse Width 400
tow Data Valid to WRITE (T.E.) 100
twb Data Valid After WRITE 30
Other Timings:
8255A
SYMBOL PARAMETER MIN. MAX.
tws WR =1 to Output!!] 350
tir Peripheral Data Before RD 0
tHR Peripheral Data After RD 0
tak ACK Pulse Width 300
tsT STB Pulse Width 500
tpg Per. Data Before T.E. of STB 0
tpH Per. Data After T.E. of STB 180
tAD ACK = 0 to Outputl?] 300
tkp ACK =1 to Output Float 20 250
twos WR =1 to OBF = 0l1] 650
taoB ACK = 0 to OBF = 1111 350
tsig STB=0to IBF = 111 300
trig RD =1to IBF = 0!l 300
tRIT RD = 0 to INTR = 0l"] 400
tgiT STB =1to INTR = 111l ; 300
taIT ACK=1to INTR =11l 350
twit WR =0to INTR = ol"I 850

Notes: 1. Test Conditions: 8255A: C|_= 100pF; 8255A-5: C_ = 150pF.
2. Period of Reset pulse must be at least 50us during or after power on.
Subsequent Reset pulse can be 500 ns min.
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24

70 - — 20
TEST POINTS
084" =038
0.45

Figure 25. Input Waveforms for A.C. Tests

g —| [+— R —|
-\
INPUT K .
/
[\ —— -+ tRp
CS. A1, A0

Figure 26. MODE 0 (Basic Input)

CS, A1, A0 x\ /K

OuTPUT

Figure 27. MODE 0 (Basic Output)
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- tgp >

S8

~—tsig—>
IBF

INTR

'sn“‘"}-

INPUT FROM _ _
PERIPHERAL

tes

triB

Figure 28. MODE 1 (Strobed Inut)

a .
fe———taos ]
T ,
~—twos />
INTR
/
[ twit /
TR \
tak i ' tar
OUTPUT

[ — tyg

Figure 29. MODE 1 (Strobed Output)
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DATA FROM

8080 TO 8255
WR

. \

< twos —=

|«——1ta0B ———»|

\ e~ |
\e_/_/;/

thp/e— —| p |[«—
PERIPHERAL

I ) S e W .

DATA FROM DATA FROM
PERIPHERAL TO 8255 8255 TO PERIPHERAL

DATA FROM
8256 TO 8080

Figure 30. MODE 2 (Bidirectional)

NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permnsslble

(INTR = IBF « MASK « STB « RD + OBF * MASK * ACK - WR)
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_ 271/8271-6/8271-8
PROGRAMMABLE FLOPPY DISK CONTROLLER

m IBM 3740 Soft Sectored Format Compatible = Internal CRC Generation and Checking

= Programmable Record Lengths a Programmable Step Rate, Settle-Time, Head

Load Time, Head Unload Index Count
m Multi-Sector Capability

_80™ _a5T™
= Maintain Dual Drives with Minimum Software = Fully MCS-80™" and MCS-85"" Compatible
Overhead E dable to 4 Drives
verneac Expanaadie v = Single +5V Supply
@ Automatic Read/Write Head Positioning and

Verification = 40-Pin Package

The Intel® 8271 Programmable Floppy Disk Controller (FDC) is an LS| component designed to interface one to 4 floppy
disk drives to an 8-bit microcomputer system. Its powerful control functions minimize both hardware and software
overhead normally associated with floppy disk controllers.

PIN CONFIGURATION BLOCK DIAGRAM

FAULT RESET/OPO ] 1 ~ a0 vee
SELECTO [] 2 39 [] LOW CURRENT
amm ek [ 3 38 [J LoaD HEAD REGISTERS ~
RESET [] 4 37 [] DIRECTION STATUS REG.| COMMAND REG.
READY 1 [] 6 36 Lj SEEK/STEP RESULT REG. |PARAMETER REG
seLecT1 [ 6 35 ] WR ENBLE RESET
pack [ 7 34 {J INDEX
ora (& 330 wreroOT
"a E nl OTECT e WRDATA
RS (o 321 READY
j o }—————————= NSYNC
wr [0 a3 TRKO 08 <r‘—j|> DATA BUS @ SERIAL
0-7 BUFFER INTERFACE
INT 0 30 [J COuNT/OPI CONTROLLER
oo [] 12 29 [] WRDATA p«————— RDDATA
os1 [J13 28{] FAULT fo——— DATA WINDOW
os2 (] 14 27 (] UNSE? DATA bRQ — T
oe3 [ 15 26 [J paTA wiNnDOW BACK pLosss
o84 [ 16 25 |1 PLO/SS INT
oss [] 17 24{] cs
o086 Jo~— READY 0
8 RE 230 iNsyNC & b READY 1
DB7 (] 19 200 Ay R weut [P TRACKD
ono ] 20 7 BUFFER P COUNT/OPI
P % e R e
DMA o-—— WRPROTECT
Ay ]
CONTROL FAULT
Ay, ———{ “LoGic DRIVE
INTERFACE
CONTROLLER
PIN NAMES RESET — o) — SELECTO
— SELECT1
DATA BUS {BI-DIRECTIONAL) PLO/SS PLO/SINGLE SHOT WR ENABLE
CLOCK INPUT (TTL) GATA WINGOW | DATA WiNDOW &= :J\ > OUTPUT b—— LOAD HEAD
SELECT 1,0 UNSEP DAT, S| D/ - ——
FAULT RESET/OPTIONAL OUTPUT FAULT * aoLr TATEDBATA BUFFER SEEK/STEP
CHIP RESET DATA WRITE DATA DIRECTION
READY 1,0 Souliom | counTropTionaL euT INTERNAL |—— Low CURRENT
OMA ACKNOWLEDGE Ko TAACK 0
DMA REQUEST WAPROTECT | WAITE PROTECT DATA BUS [~ FAULT RESET/OPO
P READ INPUT iNDEX e
CPU WAITE INPUT WRENABLE | whITE enABLE
INTERRUPT SEEK/STEP SEEK/STEP
REGISTER SELECT DIRECTION DIRECTION
READ DATA INSYNC LOAD HEAD LOAD HEAD CPU INTERFACE ~ DISK INTERFACE
CHIP SELECT LOW CURRENT | LOW CURRENT

7-100

AFN-00223A



8271/8271-6/8271-8

8271 BASIC FUNCTIONAL DESCRIPTION Pin Pin
Name No. /0 Description
General - :
The 8271 Floppy Disk Controlier (FDC) interfaces either Ao (@220 1 These two lines are CPU Inter-
two single or one dual floppy drive to an eight bit ace Hegister select lines.
DRQ 8) O The DMA request signal is used to

microprocessor and is fully compatible with Intel’s
new high performance MCS-85 microcomputer system.
With minimum external circuitry, this innovative controlier
supports most standard, commonly-available flexible disk DACK 7)
drives including the mini-floppy.

The 8271 FDC supports a comprehensive soft sectored
format which is IBM 3740 compatible and includes
provision for the designating and handling of bad tracks. it
is a high level controller that relieves the CPU (and user) of
many of the control tasks associated with implementing a
floppy disk interface. The FDC supports a variety of high
level instructions which allow the user to store and retrieve

data on a floppy disk without dealing with the low level Fault Reset/ (1)

OPO

details of disk operation.

Select 1- 6)
Select 0 (2)

In addition to the standard read/write commands, a scan
command is supported. The scan command allows the
user program to specify a data pattern and instructs the
FDC to search for that pattern on a track. Any application
that is required to search the disk for information (such as

point of sale price lookup, disk directory search, etc.), may Write Enable (35)
use the scan command to reduce the CPU overhead. Once
the scan operation is initiated, no CPU intervention is Seek/Step (36
required.

Direction 37)

Hardware Description

The 8271 is packaged in a 40 pin DIP. The following is a
functional description of each pin.

Pin Pin
Name No. /O Description

Vee (40) +5V supply
GND 20 Ground
Clock @) I A square wave clock Low Current (39)

Reset (4) I A high signal on the reset input
forces the 8271 to an idle state. Ready 1, ®)
The 8271 remains idle untit a com- Ready 0 = (32)
mand is issued by the CPU. The e
output signals ofythe drive inter- Fault 28
face are forced inactive (LOW).
Reset must be active for 10 or Count/OPl  (30)
more clock cycles.

(43 24) I The /O Read and I/O Write inputs
are enabled by the chip select signal.

DB;-DBg (19-12) /O The Data Bus lines are bidirection-
al, three-state lines (8080 data ‘Write Protect (33)
. bus compatible).
WR (10) | The Write signal is used to signal
the control logic that a transfer of TRKO (31)
data from the data bus to the 8271
is required.

Load Head (38)

RD (9 | The Read signal is used to signal Index R

the control logic that a transfer of
data from the 8271 to the data bus PLO/SS (25)
is required.
INT (11} O The interrupt signal indicates that
the 8271 requires service. Write Data  (29)

7-101

o

request a transfer of data between
the 8271 and memory.

The DMA acknowledge signal
notifies the 8271 that a DMA cycle
has been granted. For non-DMA
transfers, this signal should be
driven in the manner of a “Chip
Select”.

These lines are used to specify the
selected drive. These lines are set
by the command byte.

The optional fault reset output line
is used to reset an error condition
which is latched by the drive. If
this line is not used for a fault
reset it can be used as an optional
output line. This line is set with
the write special register com-
mand.

This signal enables the drive write
logic.

This multi-function line is used dur-
ing drive seeks.

The direction line specifies the
seek direction. A high level on
this pin steps the R/W head
toward the spindle (step-in), a
low level steps the head away
from the spindle (step-out).

The load head line causes the
drive to load the Read/Write head
against the diskette.

This line notifies the drive that track
43 or greater is selected.

These two lines indicate that the
specified drive is ready.

This line is used by the drive to
specify a file unsafe condition.

If the optional seek/direction/
count seek mode is selected, the
count pin receives pulses to step
the R/W head to the desired track.
Otherwise, this line can be used
as an optional input.

This signal specifies that the
diskette inserted is write pro-
tected.

This signal indicates when the R/W
head is positioned over track zero.
The index signal gives an indication
of the relative position of the diskette.
This pin is used to specify the type
of data separator used. Phase-
Locked Oscillator/Single Shot.

Composite write data.

00223A
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Pin Pin
Name No. /O Description

Unseparated (27) |  This input is the unseparated data
Data and clocks.

Data Window (26) | Thisis adata window established
by a single-shot or phase-locked

oscillator data separator.

INSYNC 23) O This line is high when 8271 has
attained input data synchroni-
zation, by detecting 2 bytes of
zeros followed by an expected
Address Mark. It will stay high
until the end of the ID or data
field.

CPU Interface Description

This interface minimizes CPU involvement by supporting
a set of high level commands and both DMA and non-DMA
type data transfers and by providing hierarchical status
information regarding the result of command execution.

The CPU utilizes the control interface (see the Block
diagram) to specify the FDC commands and to determine
the result of an executed command. This interface is
supported by five Registers which are addressed by the
CPU via the A1, Ao, RD and WR signals. If an 8080 based
system is used, the RD and WR signals can be driven by
the 8228's T/OR and T/OW signals. The registers are
defined as follows:

Command Register

The CPU loads an appropriate command into the
Command Register which has the following format:

Ay Ag D; Dg Ds Dg D3 Dz Dy Do

lefel [ T T 7 T T [ 1

Il COMMAND OPCODE

SURFACE/DRIVE
(SELECT 0, 1)

Parameter Register

Accepts parameters of commands that require further
description; up to five parameters may be required,
example:

A Ay Dy Dg Ds Dy D3 Dz Dy Do

I 0 T O O O B
\

/

‘_— EXPECTED PARAMETER

7-102

Result Register

The Result Register is used to supply the outcome of FDC
command execution (such as a good/bad completion) to
the CPU. The standard Result byte format is:

A1 Ay D7 Dg Ds Dy D3 D2 Dy Do

[efrfofol T T | [ Jof

‘7 NOT USED =0

COMPLETION CODE

COMPLETION TYPE

DELETED DATA FOUND

NOT USED = 00

BUFFER

s -

Figure 1. 8271 Block Diagram Showing CPU
Interface Functions

Status Register
Reflects the state of the FDC.

A1 Ag D7 Dg Ds Dg D3 Dz D1 Do’

Lofoe] T I T[] Jofof

\——— 1= NON-DMA DATA REQUEST

1= INTERRUPT REQUEST

1=RESULT REGISTER FULL

1= PARAMETER REGISTER FULL

1=COMMAND REGISTER FULL

1 = COMMAND BUSY

Reset Register

Allows the 8271 to be reset by the program. Reset must
be active for 11 or more chip clocks.

INT (Interrupt Line)

Another element of the control interface is the Interrupt
line (INT). This line is used to signal the CPU that an FDC
operation has been completed. It remains active until the
result register is read.
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8271/8271-6/8271-8

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . . ... .. 0°C to 70°C’
Storage Temperature............. —65°C to +150°C
Voltage on Any Pin with
RespecttoGround................. -0.5Vto +7V
Power Dissipation.......................... 1 Watt

D.C. CHARACTERISTICS
Veg= +5.0V £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 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.

8721 and 8271-8: To=0°C to 70°C; 8271-6: Tp=0°C to 50°C

Symbol Parameter Min, Max. Unit Test Conditions
Vi Input Low Voltage -05 0.8 \
ViH Input High Voltage 20 (Vog +0.5) v
Voo Output Low Voltage (Data Bus) 0.45 v lor=2.0 mA
Vou Output Low Voltage (Interface Pins) 0.5 \ lop=1.6 MA
Vou Output High Voltage 2.4 v lon= —220 xA
he Input Load Current +10 A Vin=Vgc to OV
loz . Off-State Output Current +10 A Vour=Vgcto OV
lce Ve Supply Current 180 mA
CAPACITANCE
Ta=25°C, Voc=GND=0V
Symbol Parameter ‘Min. Typ. Max. Unit Test Conditions
Cin Input Capacitance 10 pF te=1MHz
Cio /0 Capacitance 20 pF Unmeasured Pins Returned to GND
NOTE: 1. Ambient temperature under bias for 8271-6 is 0°C to 50°C.

7-1N?

NN223A



8271/8271-6/8271-8

A.C. CHARACTERISTICS
Vee=+5.0V £5%

8271 and 8271-8: T4 =0°C to 70°C; 8271-8: T4, =0°C to 50°C
Read Cycle
Symbol ' Parameter Min. | Max. | Unit Test Conditions
tac Select Setup to RD : 0 ns Note 2
tca Select Hold from RD 0 ns Note 2
trR RD Pulse Width 250 ns
tao Data Delay from Address 250 ns Note 2
tap Data Delay from RD 150 | ns | C_=150 pF, Note 2
tor Output Float Delay 20 | 100 | ns fst():pz’f fpo': ;’;xr’r"‘m‘m
toc DACK Setup to RD 25 ns
tco DACK Hold from RD 25 ns
tkp Data Delay from DACK 250 ns
Write Cycle
Symbol Parameter Min. | Max. [ Unit Test Conditions
tac Select Setup to WR ' 0 ns
tca Select Hold from WR 0 ns
tww WR Pulse Width 250 ns
tow Data Setup to WR 150 ns
two Data Hoid from WR 0 ns
toc DACK Setup to WR 25 ns
tco DACK Hold from WR 25 ns
DMA
Symbol Parameter Min. | Max. | Unit Test Conditions
tca Request Hold from WR or RD (for Non-Burst Mode) 150 | ns
Other Timing
8271/8271-6 8271-8
Symbol Parameter Min. | Max. | Min. | Max. Unit | Test Conditions
trstw | Reset Pulse Width 10 10 tey
t, Input Signal Rise Time 20 20 | ns
1 Input Signal Fall Time 20 20 ns
trsts | Reset to First IOWR 2 2 toy
toy Clock Period 250 500 Note 3
toL Clock Low Period 110 215 ns
ten Clock High Period 125 250 ns
tos Data Window Setup to Unseparated Clock and Data | 50 50 ns
ton Data Window Hold from Unseparated Clock and Data | 0 0 ns
NOTES:

1. All timing measurements are made at the reference voltages unless otherwise specified: Input 1" at 2.0V, “0" at 0.8V
Output 1" at 2.0V, “0" at 0.8V

2.taD. tRD. tAC. and tca are not concurrent specs.

3. Standard Floppy: tcy =250 ns +0.4% Mini-Floppy: tcy =500 ns £0.4%
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WAVEFORMS

Read Waveforms

DACK K

tpe tcp
A, Ay, CS K

tRR [—tcA—>
AD N A
tac tRD tDF
DATABUS r= —t+— e e e — — — — —————— —
tAD
(]

Write Waveforms

DACK 5(

«——tpC tcp
Ag, Ay, CS |
¢—1Ac—-‘rs<—» tww re—tCA—
. s
DATA BUS K
tow twD

DMA Waveforms

f«—tcc—
DACK \
RD OR WR N\
tey
CHIP CLOCK N\ [ \ /
—1cL fcH
7-105
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writEpATA Pw—] |1 [} M
PULSE WIDTH PW = tcy =30 ns *tcy = 250 ns 0.4% **tcy = 500 ns +0.4%
H (HALF BIT CELL) = 8 tcy 250 ns =30 ns 500 ns £30 ns
F (FULL BIT CELL) = 16 tcy 20us = 8ns 40us 16 ns
40us =16 ns 8.0us £32ns
Figure 24. Write Data
READ DATA L Ll
B
-~——F - F g
*tcy = 250 ns **tcy = 500 ns
F

16 tcy =8 toy
8 tcy x4 tcy

= o
nn

Figure 25. Read Data

*STANDARD FLEXIBLE DISK DRIVE TIMING
**MINI-FLOPPY TIMING
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UNSEPARATED ™\ / \ / \ /_——!
DATA
tps=>50 ns
DATA 7
WINDOW
tpH20ns

Figure 26. Single-Shot Data Separator

e AV A VA VAV
tps>50 ns
*DATA
WINDOW _/_\._.4
tpH=0ns

*DATA WINDOW MAY BE 180° OUT OF PHASE
IN PLO DATA SEPARATION MODE.

Figure 27. PLO Data Separator
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Intel PRELIMINARY
8273, 8273-4, 8273-8
PROGRAMMABLE HDLC/SDLC PROTOCOL

CONTROLLER

CCITT X.25 Compatible : u
HOLC/SDLC Compatible .

Full Duplex, Half Duplex, or Loop
SDLC Operation

m Up to 64K Baud Synchronous

Programmable NRZI Encode/Decode

Two User Programmable Modem
Control Ports

a Digital Phase Locked Loop Clock
Recovery

Transfers a Minimum CPVU Overhead
s Automatic FCS (CRC) Generation and

Checking m Fully Compatible with 8048/8080/8085/
m Up to 9.6K Baud with On-Board Phase 8088/8086 CPUs

Locked Loop m Single +5V Supply

The intel® 8273 Programmable HDLC/SDLC Protocol Controller is a dedicated device designed to support the 1SO/
CCITT's HDLC and IBM’s SDLC communication line protocols. It is fully compatible with Intel’s new high performance
microcomputer systems such as the MCS-88/86™. A frame level command set is achieved by a unique microprogrammed
dual processor chip architecture. The processing capability supported by the 8273 relieves the system CPU of the low
level real-time tasks normally associated with controllers.

PIN CONFIGURATION BLOCK DIAGRAM

—\ ] REGISTERS
FLAG DET (] 40 [ Vee TxINT RESULT COMMAND
TxINT [} 2 39 [] 7B,
RxINT RESULT [ PARAMETER
ck s s [] 8
RESET [] 4 w7 TEST MODE STATUS
TxDACK [] 5 s g RESULT
Txora [ 6 35 [] RTS
RxDACK [} 7 3¢ [ PA,
RxDRQ ({8 33{] PA;
"D o 32{] P&,
WR 10 DATA
wWa 1o g3 [ o8,., <:‘-’> e
Rx INT (] 11 03 T3 BUFFER oI ™
x =
oBo []12 29[ TxD bye——— TxC
o8y (J13 28[] TxC
oB2 (14 27 AxC
o3 [} 1s 26 {1 RxD
oB4 {J 16 25 [] 32xCLK TT:)L;: | SRl
oss (] 17 4[] Cs ; oRa pe—— 32XCLK
DB6 [ 18 23] opPLL Py CONTROL }—— RTS
RxDACK LOGIC
0B7 [} 19 2 A, l _—_> 78, ,
GND [ 20 0[] Ay TXINT  —] e CTs
AXINT ~— oe—— O
B —d  penn K
WR —=9  WRITE
Dma/
A, —=] CONTROL
LOGIC
Ay —l
PIN NAMES nesen .
Rx LOGIC [pe—— RxC
0B0-087_ [ DATA BUS {8 BITS) [ CHIP SELECT _ f
FUAG OET| FLAG DETECT 32xCLK | 32 TIMES CLOCK. cs .
TxINT TRANSMITTER INTERRUPT Rx D RECEIVER DATA CLK FLAG DET
cLK CLOCK INPUT AxC RECEIVER CLOCK
RESET RESET ™C TRANSMITTER CLOCK INTERNAL DATA BUS —
x TRANSMITTER DMA ACKNOWLEDGE TxD TRANSMITTER DATA
TxDRQ TRANSMITTER DMA REQUEST 44 CLEAR TO SEND CPU INTERFACE MODEM INTERFACE
L1] READ INPUT ) CARRIER DETECT L
wR WRITE INPUT PA2-PA4 | GP INPUT PORTS
RxDACK | RECEIVER DMA ACKNOWLEDGE FBL-F!. GP OUTPUT PORTS
RxDRQ | RECEIVER DMA REQUEST ATE AEQUEST TO SEND
RxINT | RECEIVER INTERRUPT Vee +6 VOLT SUPPLY
AO-A1 | COMMAND REGISTER SELECT ADDRESS | | GND GROUND
OPLL DIGITAL PHASE LOCKED LOOP
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A BRIEF DESCRIPTION OF HDLC/SDLC
PROTOCOLS

General

The High Level Data Link Control (HDLC) is a standard
communication link protocol established by International
Standards Organization (ISO). HDLC is the discipline
used to implement 1ISO X.25 packet switching systems.

The Synchronous Data Link Control (SDLC) is an IBM
communication link protocol used to implement the
System Network Architecture (SNA). Both the protocols
are bit oriented, code independent, and ideal for full
duplex communication. Some common applications
include terminal to terminal, terminal to CPU, CPU to
CPU, satellite communication, packet switching and other
high speed data links. In systems which require expensive
cabling and interconnect hardware, any of the two
protocols could be used to simplify interfacing (by going
serial), thereby reducing interconnect hardware costs.
Since both the protocols are speed independent, reducing
interconnect hardware could become an important
application. ’

Network

In both the HDLC and SDLC line protocols, accordingtoa
pre-assigned hierarchy, a PRIMARY (Control) STATION
controls the overall network {(data link) and issues
commands to the SECONDARY (Slave) STATIONS. The
latter comply with instructions and respond by sending
appropriate  RESPONSES. Whenever a transmitting
station must end transmission prematurely it sends an
ABORT character. Upon detecting an abort character, a
receiving station ignores the transmission block called a
FRAME. Time fill between frames can be accomplished by
transmitting either continuous frame preambles called
FLAGS or an abort character. A time fill within a frame is
not permitted. Whenever a station receives a string of
more that fifteen consecutive ones, the station goes into
an IDLE state.

Frames

A single communication element is called a FRAME which
can be used for both Link Controi and data transfer
purposes. The elements of aframe are the beginning eight
bit FLAG (F) consisting of one zero, six ones, and a zero,
an eight bit ADDRESS FIELD (A), an eight bit CONTROL
FIELD (C), a variable (N-bit) INFORMATION FIELD (1), a
sixteen bit FRAME CHECK SEQUENCE (FCS), and an
eight bit end FLAG (F), having the same bit pattern as the
beginning flag. In HDLC the Address (A) and Control (C)
bytes are extendable. The HDLC and the SDLC use three

types of frames; an Information Frame is used to transfer
data, a Supervisory Frame is used for control purposes,
and a Non-sequenced Frame is used for initialization and
control of the secondary stations.

Frame Characteristics

An important characteristic of a frame is that its con-
tents are made code transparent by use of a zero bit
insertion and deletion technique. Thus, the user can adopt
any format or code suitable for his system — it may even
be a computer word length or a “memory dump”. The
frame is bit oriented that is, bits, not characters in each
field, have specific meanings. The Frame Check
Sequence (FCS) is an error detection scheme similar to
the Cyclic Redundancy Checkword (CRC) widely used in
magnetic disk storage devices. The Command and
Response information frames contain sequence numbers
in the control fields identifying the sent and received
frames. The sequence numbers are used in Error
Recovery Procedures (ERP) and asimplicitacknowledge-
ment of frame communication, enhancing the true full-
duplex nature of the HDLC/SDLC protocols.

In contrast, BISYNC is basically half-duplex (two way
alternate) because of necessity to transmit immediate
acknowledgement frames. HDLC/SDLC therefore saves
propagation delay times and have a potential of twice the
throughput rate of BISYNC.

It is possible to use HDLC or SDLC over half duplex lines
but there is a corresponding loss in throughput because
both are primarily designed for full-duplex communi-
cation. As in any synchronous system, the bit rate is
determined by the clock bits supplied by the modem,
protocois themselves are speed independent.

A byproduct of the use of zero-bit insertion-deletion
technique is the non-return-to-zero invert (NRZI) data
transmission/reception compatibility. The latter allows
HDLC/SDLC protocols to be used with asynchronous
data communication hardware in which the clocks are
derived from the NRZI encoded data.

References

IBM Synchronous Data Link Control General Information, |BM, GA27-
3093-1. ’

Standard Network Access Protocol Specification, DATAPAC, Trans-
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System Network Architecture, Technical Overview, 1BM, GA 27-3102

System Network Architecture Format and Protocol, IBM GA 27-3112

OPENING ADDRESS CONTROL INFORMATION FRAME CHECK CLOSING
FLAG (F) FIELD (A) FIELD (C) FIELD (1) SEQUENCE (FCS) FLAG (F)
01111110 8 BITS 8 BITS VARIABLE LENGTH

(ONLY IN | FRAMES)

16 BITS 01111110

Figure 1. Frame Format
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FUNCTIONAL DESCRIPTION

General

The Intei® 8273 HDLC/SDLC controller is a microcom-
puter peripheral device which supports the International
Standards Organization (ISO) High Level Data Link
Control (HDLC), and IBM Synchronous Data Link Control
(SDLC) communications protocols. This controller
minimizes CPU software by supporting a comprehensive
frame-level instruction set and by hardware implemen-
tation of the low level tasks associated with frame
assembly/disassembly and data integrity. The 8273 can be
used in either synchronous or asynchronous applications.
In asynchronous applications the data can be program-
med to be encoded/decoded in NRZI code. The clock is
derived from the NRZI data using a digital phase locked
loop. The data transparency is achieved by using a zero-
bit insertion/deletion technique. The frames are automati-
cally checked for errors during reception by verifying the
Frame Check Sequence (FCS); the FCS is automatically
generated and appended before the final flag in transmit.

The 8273 recognizes and can generate flags (01111110),
Abort, Idle, and GA (EOP) characters.

The 8273 can assume either a primary (control) or a
secondary (slave) role. It can therefore be readily
implemented in an SDLC loop configuration as typified by
the IBM 3650 Retail Store System by programming the
8273 into a one-bit delay mode. In such a configuration, a
two wire pair can be effectively used for data transfer
between controllers and loop stations. The digital phase
locked loop output pin can be used by the loop station
without the presence of an accurate Tx clock.
Hardware Description

The 8273 is packaged in a 40 pin DIP. The following is a
functional description of each pin.

Pin Name (No.) 1/O Description

Vce (40) +5V Supply

GND (20) Ground

RESET (4) I A high signal on this pin will force
the 8273 to anidle state. The 8273
will remain idle until a command
is issued by the CPU. The modem
interface output signals are forc-
ed high. Reset must be true for a
minimum of 10 TCY.

The RD and WR inputs are en-
abled by the chip select input.
The Data Bus lines are bidirec-
tional three-state lines which in-
terface with the system Data Bus.
The Write signal is used to con-
trol the transfer of either a com-
mand or data from CPU to the
8273.

The Read signal is used to con-
trol the transfer of either a data
byte or a status word from the
8273 to the CPU.

The Transmitter interrupt signal
indicates that the transmitter
logic requires service.

The Receiver interrupt signal in-
dicates that the Receiverlogicre-
quires service.

CS (24) I

DB7-DBo (19-12) 1I/O

WR (10} |

TXINT (@) e}

RxINT (11) (0]

TxDRQ (6)
RxRDQ (8)

TxDACK (5)

RxDACK (7)

A1-Ao (22-?1)
TxD (29)
TxC (28)
RxD (26)

RxC (27)

32X CLK (25)

DPLL (23)

FLAG DET (1)

RTS (35)

CTS 30

CD 31

PA2-4 (32-34)

PB1_4 (36-39)

CLK 3)
7-110

o

Requests a transfer of data be-
tween memory and the 8273 for a
transmit operation.

Requests a transfer of data be-
tween the 8273 and memory for a
receive operation.

The Transmitter DMA acknow-
ledge signal notifies the 8273 that
the TxDMA cycle has been
granted.

The Receiver DMA acknowledge
signal notifies the 8273 that the
RxDMA cycle has been granted.

These two lines are CPU Inter-
face Register Select lines.

This line transmits the serial data
to the communication channel.

The transmitter clock is used to
synchronize the transmit data.

This line receives serial data from
the communication channel.

The Receiver Clock is used to
synchronize the receive data.

The 32X clock is used to provide
clock recovery when an asyn-
chronous modem is used. Intoop
configuration the loop station
can run without an accurate 1X
clock by using the 32X CLK in
conjunction with the DPLL out-
put. (This pin must be grounded
when not used).

Digital Phase Locked Loop out-
put can be tied to RxC and/or
TxC when 1X clock is not avail-
able. DPLL is used with 32X CLK.

Flag Detect signals that a flag
(01111110) has been received by
an active receiver.

Request to Send signais that the
8273 is ready to transmit data.

Clear to Send signals that the
modem is ready to accept data
from the 8273.

Carrier Detect signals that the
line transmission has started and
the 8273 may begin to sample
data on RxD line.

General purpose input ports. The
logic levels on these lines can be
Read by the CPU through the
Data Bus Buffer. )

General purpose output ports.
The CPU can write these output
lines through Data Bus Buffer.

A square wave TTL clock.



8273, 8273-4, 8273-8

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature UnderBias ........ 0°Cto70°C
Storage Temperature ............... -65°Cto +150°C
Voltage on Any Pin With

RespecttoGround ..................... -0.5Vto+7V
Power Dissipation ............. ... 0.0 1 Watt

D.C. CHARACTERISTICS (8273, 8273-4, 8273-8)
Ta=0°C to 70°C, Vo= +5.0V£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
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. Unit Test Conditions
ViL Input Low Voltage -05 0.8 \
Viy Input High Voltage 20 Vec+0.5 \
lop=2.0mA for Data Bus Pins
VoL Output Low Voltage 0.45 \ loL= 1.0mA for Output Port Pins
loL= 1.6 mA for All Other Pins
. loy= —200uA for Data Bus Pins
Von Output High Voltage 24 V' | 1on= —1004A for All Other Pins
I Input Load Current +10 uA ViNn= Ve to OV
loz Off-State Output Current +10 uA Vour= Vcc to OV
lcc Vee Supply Current 180 mA
CAPACITANCE (8273, 82734, 8273-8)
Ta=25°C, Vec=GND =0V
Symbol Parameter Min. Typ. Max. Unit Test Conditions
Cin Input Capacitance 10 pF te=1MHz
: Unmeasured Pins
Cio 1/0 Capacitance 20 pF Returned to GND
A.C. CHARACTERISTICS
Ta=0°C to 70°C, Voc=+50Vt5%
Clock Timing (8273)
Symbol Parameter Min. Typ. Max. Unit Test Conditions
tey Clock 250 ns
64K Baud Max
toL Clock Low 120 ns Operating Rate
tch Clock High 120 ns
Clock Timing (8273-4)
Symbol Parameter Min. Typ. Max. Unit Test Conditions
toy Clock 286 ns
56K Baud Max
toL Clock Low 135 ns Operating Rate
tcH Clock High 135 ns
Clock Timing (8273-8)
Symbol Parameter Min. Typ. Max. Unit Test Conditions
toy Clock - 330 ns
48K Baud Max
teL Clock Low 150 ns Operating Rate
toH Clock High 150 ns .
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A.C. CHARACTERISTICS (8273, 8273-4, 8273-8) T,=0°C to 70°C, Voo = +5.0V £ 5%

Read Cycle
Symbol Parameter Min. Max. Unit Test Conditions
tac Select Setup to RD 0 ns Note 3
tca Select Hold from RD 0 ns Note 3
trRR RD Pulse Width 250 ns
tap Data Delay from Address 300 ns Note 3
tro Data Delay from RD 200 ns C_=150pF, Note 3
Cr=20pF for Minimum;
tor Output Float Delay 20 100 ns 150 pF for Maximum
toc DACK Setup to RD 25 ns
teo DACK Hold from RD 25 ns
tkp Data Delay from DACK 300 ns
Write Cycle
Symbol Parameter Min. Max. Unit Test Conditions
tac Select Setup to WR 0 ns
tca Select Hold from WR 0 ns
tww WR Pulse Width 250 ns
tow Data Setup to WR 150 ns
twp Data Hold from WR 0 ns
toe DACK Setup to WR 25 ns
tco DACK Hold from WR 25 ns
DMA
Symbol Parameter Min. Max. Unit Test Conditions
Request Hold from WR or RD
tca (for Non-Burst Mode) 200 ns
Other Timing
Symbol Parameter Min. Max. Unit Test Conditions
trsTW Reset Pulse Width 10 toy
t, Input Signal Rise Time 20 ns
t¢ Innut Signal Fall Time 20 ns
trsTs Reset to First IOWR 2 tcy
tovaz 32X Clock Cycle Time 9.7 - toy ns
tos2 32X Clock Low Time 4 - toy ns
toHa2 32X Clock High Time 4 - tcy ns
topLL DPLL Output Low 1:tey—50 ns
tocL Data Clock-Low 1-tcy—50 ns
tocH Data Clock High 2ty ns
tocy Data Clock ' 62.5 - tey ns
tp Transmit Data Delay 200 ns
tps Data Setup Time 200 ns
toH Data Hold Time 100 ns
teo FLAG DET Output Low 8- tcy+50 ns
NOTES:

1. All timing measurements are made at the reference voltages unless otherwise specified: input “1” at 2.0V, “0” at 0.8V;

Output “1” at 2.0V, “0” at 0.8V.
2. tap, tRD, tac, and tca are not concurrent specs.
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WAVEFORMS

Read Waveforms
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Write Waveforms

DACK
R i
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tac Tww [*—tca =™
WR N
DATA BUS )
tow two

DMA Waveforms

DRQ ’ /
DACK \
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Transmit Data Waveforms
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Receive Data Waveforms
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DPLL Output Waveform
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Flag Detect Output Waveform
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8275
PROGRAMMABLE CRT CONTROLLER

a Fully MCS-80™ and MCS-85™

s Programmable Screen and Character

Format

= 6 Independent Visual Field Attributes

m 11 Visual Character Attributes
(Graphic Capability)

m Cursor Control (4 Types)
a Light Pen Detection and Registers

Compatible

a Dual Row Buffers

= Programmable DMA Burst Mode

m Single + 5V Supply

= 40-Pin Package

The Intel® 8275 Programmable CRT Controlier is a single chip device to interface CRT raster scan displays with
Intel® microcomputer systems. Its primary function is to refresh the display by buffering the information from main
memory and keeping track of the display position of the screen. The flexibility designed into the 8275 will allow simple
interface to aimost any raster scan CRT display with a minimum of external hardware and software overhead.

PIN CONFIGURATION

S

Les g 40 vee
Lc2 2 »[LAg
Lc1ds B[] LAY
Lco O+ 37 QLTEN
DRa {5 36 [J RVV
DACK (& 35 [J vsp
HRTC O 7 34 [] GPA1
VRTC [} 33[] GPAg
RD Qs 323 HLGT
WR 10 a27s N[ IRQ
LPEN Q1 30 [J ccLK
pBg (12 2[]cCg
DB1([{ 13 28]]CCs
DBz (] 14 7] ccy
pB3 15 26 [1CC3
DB4 [ 16 s[]ccz
DBs [ w7 20 cce
DBg [ 18 23f]cco
pBy [ 19 2 cs
GND (J 20 a0 Ag
PIN NAMES
" DBo_1 | B1 DATABUS || LCo_3 | LINE COUNTER OUTPUTS
DRQ ‘DMA REQUEST OUTPUT LAg—1 LINE ATTRIBUTE OUTPUTS
DACK | DMA ACKNOWLEDGE INPUT HRTC RETRACE OUTPUT
%IRD INTERRUPT REQUEST OUTPUT VRTC VERTICAL RETRACE QUTPUT
L] READ STROBE INPUT HLGT HIGHLIGHT OUTPUT
wR WRITE STROBE INPUT AVV REVERSE VIDEQ QUTPUT
AQ REGISTER ADDRESS INPUT LTEN LIGHT ENABLE OUTPUT
cs CHIP SELECT INPUT v§P VIDEO SUPPRESS OUTPUT
cCLK ‘CHARACTER CLOCK INPUT GPAQ-1 | GENERAL PURPOSE ATTRIBUTE OUTPUTS
CCo-6 [ CHARACTER CODE OUTPUTS LPEN I.IGN’VPEN INPUT

DATA

BLOCK DIAGRAM

| CHARACTER | - K
COUNTER e

(2)80%8

oBg_y (N Bus KON
BUFFER
DRO e LINE
COUNTER — tCo-3
BACK
RQ
] ROW
COUNTER
RD—>q ReAD/
WRITE/
- ) LAo—
WA —ed OMA k|
CONTROL |— HRTC
LOGIC RASTER TIMING  [~—= VRTC
Ap —= C) AND —= HLGT
VIDEO CONTROL AR
? — vsp
[ [ 6pag_,

LIGHT PEN
) REGISTERS
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PIN DESCRIPTIONS

Pin # Pin Name 1O

Pin Description

Pin # Pin Name /O

Pin Description

GO HWN =

12
13
14
15
16
17
18
19

20

LC3
LC2
LCq
LCo

DRQ

DACK

HRTC

VRTC

LPEN

DBg
D81
DB2
DB3
DBa
DBsg
DBg
DBy

Ground

o]

1/0

Line count. Output from the line count-
er which is used to address the character
generator for the line positions on the
screen.

DMA request. Output signal to the 8267
DMA controller requesting a DMA cycle.

DMA acknowledge. Input signal from
the 8257 DMA controller acknowledging
that the requested DMA cycle has been
granted.

Horizontal retrace. Output signal which
is active during the programmed hori-
zontal retrace interval. During this peri-
od the VSP output is high and the
LTEN output is low.

Vertical retrace. Output signal which is
active during the programmed vertical
retrace interval. During this period the
VSP output is high and the LTEN out-
put is low.

Read input. A control signal to read
registers.

Write input. A controf signal to write
commands into the control registers or
write data into the row buffers during a
DMA cycle.

Light pen. Input signal from the CRT
system signifying that a light pen signal
has been detected.

Bi-directional three-state data bus lines.
The outputs are enabled during a read of
the C or P ports.

Ground

0

39
38

36

35

34
33

32

31
30

28
27
26
25
24
23

22

21

7-116

Vee
LAg
LA4

LTEN

RVV

VSsP

GPA,
GPAq

HLGT

IRQ
CCLK

CCg
CCs
CCs
CC3
CCy
CCq
CCo

cs

Ao

(0]

(o]

+5V power supply

Line attribute codes. These attribute
codes have to be decoded externally by
the dot/timing logic to generate the
horizontal and vertical line combinations
for the graphic displays specified by the
character attribute codes.

Light enable. Output signal used to
enable the video signal to the CRT. This
output is active at the programmed
underline cursor position, and at posi-
tions specified by attribute codes.

Reverse video. Output signal used to
indicate the CRT circuitry to reverse the
video signal. This output is active at the
cursor position if a reverse video block
cursor is programmed or at the positions
specified by the field attribute codes.

Video suppression. Output signal : -ed to
blank the video signal to the CRT. This
output is active: )

— during the horizontal and vertical re-
trace intervals.

— at the top and bottom lines of rows if
underline is programmed to be number
8 or greater.

— when an end of row or end of screen
code is detected.

— When a DMA underrun occurs.

— at regular intervals (1/16 frame fre-
quency for cursor, 1/32 frame fre-
quency for character and field attri-
butes} — to create blinking displays
as specified by cursor, character attri-
bute, or field attribute programming.

General purpose attribute codes. Out-
puts which are enabled by the general
purpose field attribute codes.

Highlight. Output signal used to intensi-
fy the display at particular positions on
the screen as specified by the character
attribute codes or field attribute codes.

Interrupt request.
Character clock (from dot/timing logic).

Character codes. Output from the row
buffers used for character selection in
the character generator.

Chip select. The read and write are en-
abled by CS.

Port address. A high input on Ag selects
the “C’’ port or command registers and a
low input selects the ‘P’ port or param-
eter registers.
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FUNCTIONAL DESCRIPTION

Data Bus Buffer

This 3-state, bidirectional, 8-bit buffer is used to interface
the 8275 to the system Data Bus.

This functional block accepts inputs from the System Con-
trol Bus and generates control signals for overall device
operation. It contains the Command, Parameter, and Status
Registers that store the various control formats for the
device functional definition.

Ag OPERATION REGISTER
0 Read PREG

0 Write PREG

1 Read SREG

1 Write CREG

RD (Read)

A “low” on this input informs the 8275 that the CPU is
reading data or status information from the 8275,

WR (Write)

A “low” on this input informs the 8275 that the CPU is
writing data or control words to the 8275.

cs (Chip Select)

A “low"” on this input selects the 8275. No reading or writ-
ing will occur unless the device is selected. When CS is high,
the Data Bus in the float state and RD and WR will have no
effect on the chip.

DRQ (DMA Request)
A ‘high’* on this output informs the DMA Controller that
the 8275 desires a DMA transfer.

DACK (DMA Acknowledge)

A “low” on this input informs the 8275 that a DMA cycle
is in progress.

IRQ (Interrupt Request)

A “high” on this output informs the CPU that the 8275
desires interrupt service.

7117

CHARACTER
COUNTER coLk

ROWBUFFERS

DATA BUFFER |[ BUFFER
08g_7 ()| BUS NPUT | OUTPUT | ccq_g
BUFFER controt.-|controL-
LER LER

2016 X7

RD —=d READ/
WRITE/
WR —ed DMA LAg.q
CONTROL HRTC
LOGIC VRTC
a0 RASTEARN;IMING VRTC
VIDEO CONTROL [ 5¥¥N
? |— vsp
s :} GPAg_1
LIGHT PEN

~ REGISTERS LPEN

Figure 1. 8275 Block Diagram Showing Data Bus Buffer
-and Read/Write Functions

Ao RD WR CS

0 0 1 0  Write 8275 Parameter
0 1 0 0  Read 8275 Parameter
1 0 1 0  Write 8275 Command
1 1 0 o} Read 8275 Status

X 1 1 0  Three-State

X X X 1 Three-state
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Character Counter

The Character Counter is a programmable counter that is
used to determine the number of characters to be displayed
per row and the length of the horizontal retrace interval. It
is driven by the CCLK (Character Clock) input, which
should be a derivative of the external dot clock.

Line Counter

The Line Counter is a programmable counter that is used to
determine the number of horizontal lines (Sweeps) per
character row. Its outputs are used to address the external
character generator ROM.

Row Counter

The Row Counter is a programmable counter that is used to
determine the number of character rows to be displayed per
frame and length of the vertical retrace interval.

Light Pen Registers

The Light Pen Registers are two registers that store the con-
tents of the character counter and the row counter when-
ever there is a rising edge on the LPEN (Light Pen) input.

Note: Software correction is required.

Raster Timing and Video Controls

The Raster Timing circuitry controls the timing of the
HRTC (Horizontal Retrace) and VRTC (Vertical Retrace)
outputs. The Video Control circuitry controls the genera-
tion of LAg_1 (Line Attribute), HGLT (Highlight), RVV
(Reverse Video), LTEN (Light Enable), VSP (Video Sup-
press), and GPAg_; (General Purpose Attribute) outputs.

Row Buftfers

The Row Buffers are two 80 character buffers. They are
filled from the microcomputer system memory with the
character codes to be displayed. While one row buffer is
displaying a row of characters, the other is being filled with
the next row of characters.
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| CHARACTER I.
r\— COUNTER coLk

‘ROW BUFFERS

DATA
0Bo_7 ()| sus L:j

COUNTER [ LCo-3

IRQ
ROW
COUNTER
RD —=of READ/
WRITE/
WR —of OMA D :> LA
CONTROL — HRTC
LOGIC RASTER TIMING  }—= VRTC
Ag —| = AND —> HLGT
|— RVV
VIDEO CONTROL TTEN
T [~ v
cs [ GPAGq

LIGHT PEN LPEN

\ REGISTERS

Figure 2. 8275 Block Diagram Showing Counter and
Register Functions

FIFOs

There are two 16 character FIFOs in the 8275. They are
used to provide extra row buffer length in the Transparent
Attribute Mode (see Detailed Operation section).

Buffer Input/Output Controllers

The Buffer Input/Output Controllers decode the characters
being placed in the row buffers. If the character is a charac-
ter attribute, field attribute or special code, these con-
trollers control the appropriate action. {Examples: An
“End of Screen—Stop DMA'’ special code will cause the
Buffer Input Controller to stop further DMA requests. A
“Highlight’’ field attribute will cause the Buffer Output
Controller to activate the HGLT output.)
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SYSTEM OPERATION

The 8275 is programmable to a large number of different It is designed to interface with the 8257 DMA Controller
display formats. It provides raster timing, display row buf- and standard character generator ROMs for dot matrix
fering, visual attribute decoding, cursor timing, and light decoding. Dot level timing must be provided by external
pen detection. circuitry.

MEMORIES

U

< . SYSTEM BUS

DBg..7
WEMR Ao
1oW DBg—7
MEMW WR
OR RD
[ [
HRQ IRQ
HACK
DRQ LCo—3
8257
DMA CHARACTER ::::::::>
CONTROLLER DACK L \| GENERATOR
8275 CCo_,
CRT 0-6
CONTROLLER
CCLK
VIDEO CONTROLS

DOT
TIMING
AND
INTERFACE

VIDEO SIGNAL

——————

HORIZONTAL SYNC

b———

VERTICAL SYNC
————

INTENSITY

Figure 3. 8275 Systems Block Diagram Showing Systems Operation

7-119

00224A



8275

General Systems Operational Description

The 8275 provides a ‘“‘window’” into the microcomputer
systermn memory.

Display characters are retrieved from memory and dis-

-played on a row by row basis. The 8275 has two row buf-
fers. While one row buffer is being used for display, the
other is being filled with the next row of characters to be
displayed. The number of display characters per row and
the number of character rows per frame are software pro-
grammable, providing easy interface to most CRT displays.
(See Programming Section.)

The 8275 requests DMA to fill the row buffer that is not
being used for display. DMA burst length and spacing is
programmable. (See Programming Section.)

The 8275 displays character rows one line at a time.

The number of lines per character row, the ‘underline posi-
tion, and blanking of top and bottom lines are program-
mable. (See Programming Section.)

The 8275 provides special Control Codes which can be used
to minimize DMA or software overhead. It also provides
Visual Attribute Codes to cause special action or symbols
on the screen without the use of the character generator
(see Visual Attributes Section).

The 8275 also controls raster timing. This is done by gen-
erating Horizontal Retrace (HRTC) and Vertical Retrace
(VRTC) signals. The timing of these signals is program-
mable.

The 8275 can generate a cursor. Cursor location and format
are programmable. (See Programming Section.)

The 8275 has a light pen input and registers. The light pen
input is used to load the registers. Light pen registers can be
read on command. (See Programming Section.)

st 2nd 3rd

4th

Sth 6th th

Character Character Character Character Character Character Character

P S S S R S —
ODeess0COsOCoOe00RRees 000000000 EECO000NEN000e000R0

First Line of a Character Row

1st 2nd 3rd 4th 5th 6th 7th
Character Character Character Character Character Character Character

e, " m—. p— e, p—r— p—— —— ——

OOmENEO0CN0000s00eNEes000000000NENR00CORER000RC00N0
0800008000000 0a00000000000COR000e00R000N00e00080

Second Line of a Character Row

st 2nd 3rd 4th Sth 6th 7th
Character Character Character Character Character Character Character

OOsEEeOCOR00C0ECCNSREE000000000RER0C00NE80008000R0
OROCOOMCONM000NC 080000000000000N000NCOR000N008000R0
OM0000s0080000R00R0000000000000M00CACO8COOR0O0OM000R0
Third Line of a Character Row
1st 2nd 3rd 4th 5th 6th 7th

Character Character Character Character Character Character Character

uim] 1 ]| winim] mwiwin] wie] ] )1 Iu}
n] minnn @6 | w6 sl [slels(ss)
OR000ORCONCE0ORCOR00000
o] _[sialu/e] |sju] [ajwislu] wju] | | | Jeis}
Oe0000OR00eCON0ecOe0000000a0 0o00m00
Oe0000w00e000esCORCO000000000000R00R0CCOwN000
OCeses00OROO0ORCONESERC00000000N0CORN0000 ANE

ooaoo
oocoo
gooo
gogo
ooooco
ooooo
ooooo
ooggo
EBEES
ceooe
[ ] Juln] )
Bgom
oasQ

Seventh Line of a Character Row

Figure 4. Display of a Character Row
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Display Row Buffering

Before the start of a frame, the 8275 requests DMA and

one row buffer is filled with characters.

After all the lines of the character row are scanned, the

roles of the two row buffers are reversed and the same
procedure is followed for the next row.

DATA
0B s

CHARACTER
COUNTER

7 R
BUFFER

READ/
WRITE/
DMA
CONTROL
LOGIC

~

RASTER TIMING

VIDEO CONTROL

LIGHT PEN
REGISTERS

CCLK

CCo-6

LCo-3

LPEN

Figure 5. First Row Buffer Filled

DATA

CHARACTER
COUNTER

DBo_7

BYS:
BUFFER

READ/
WRITE/
DMA
CONTROL
LOGIC

CCLK

LCo-3

RASTER TIMING

VIDEO CONTROL

\

LIGHT PEN
REGISTERS

LPEN

Figure 7. First Buffer Filled with Third Row,

When the first horizontal sweep is started, character codes
are output to the character generator from the row buffer
just filled. Simultaneously, DMA begins filling the other
row buffer with the next row of characters.

Second Row Displayed

This is repeated until all of the character rows are dis-

DATA
BUS
BUFFER

0807 ()

)

K

CHARACTER
COUNTER

(2)80x 8

BUFFER

[CONTROL-
LER

CCLK

OUTPUT 4 cco_g

AD —=a READ/
WRITE/
WR—=o OMA [T
CONTROL
N LOGIC RASTER TIMING  }—= VRTC
0 = HLGT
RVV
- VIDEO CONTROL - LTEN
f — vsp
cs [ Gragy
1]
LIGHT PEN
REGISTERS LPEN

Figure 6. Second Buffer Filled, First Row Displayed
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played.

00224A



8275

Display Format

Screen Format

The 8275 can be programmed to generate from 1 to 80
characters per row, and from 1 to 64 rows per frame.

4 )
123456789 . .............. 80
2
3
4
5
6
7
8
9
64
N )

Figure 8. Screen Format

The 8275 can also be programmed to blank alternate rows.
In this mode, the first row is displayed, the second blanked,
the third displayed, etc. DMA is not requested for the
blanked rows.

8 N\
123456789, . ............. 80
2
3
4
5
64

\ _J

Figure 9. Blank Alternate Rows Mode
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Row Format

The 8275 is designed to hold the line count stable while
outputting the appropriate character codes during each
horizontal sweep. The line count is incremented during
horizontal retrace and the whole row of character codes are
output again during the next sweep. This is continued until
the whole character row is displayed.

The number of lines (horizontal sweeps) per character row
is programmable from 1 to 16.

The output of the line counter can be programmed to be in
one of two modes.

In mode 0, the output of the line counter is the same as the
line number.

In mode 1, the line counter is offset by one from the line
number.

Note: In mode 1, while the first line (line number 0) is being dis-
played, the /ast count is output by the line counter {see

examples).

Line Line
Line Counter  Counter
Number Mode 0 Mode 1
0 0O0OO0OO0CO0OO0OODOGDO 0000 1111
1 0000 ®sEOO0O0O0 0001 0000
2 OO0 ®mD®O0OO0OO 0010 0001
3 OO®sEO0OO0OOCEe OO0 0011 0010
4 O®mMO0OO0OO0OOCO®O 0100 0011
5 OmMODOOCO®O 0101 0100
6 OmEEse®E®O0 0110 0101
7 OmMOO0OO0OOCO®DO 0111 0110
8 O®M00O0O0DO0O® O 1000 0111
9 O O0O0OCO0OO0O®O 1001 1000
10 00D D0DO0ODDO0OO0OO0OO0O 1010 1001
11 DOO0OODDODOOOO0O 1011 1010
12 000000000 1100 1011
13 0D oooOooooo 1101 1100
14 0O0ODO0DO0OO0OoOD0DO0OO0 1110 1101
15 00 o0o0o0Ooo0o0o0 1111 1110

Figure 10. Example of a 16-Line Format

Line Line
Line Counter  Counter
Number Mode 0 Mode 1
0 cobocoooo 0000 1001
1 OOO0C®sO0O0oaOo 0001 0000
2 OO0O®sO0O®Q0a0 0010 0001
3 omRCcOCeD 0011 0010
4 O&ao0oDO0weDO 0100 0011
5 O e s ®B8Q 0101 0100
6 Oe0cCD0DOomeaQ 0110 0101
7 OsocOoOOCcenDn 0111 0110
8 coooocoao 1000 0111
9 O0DO0OO0OO0Ooao

1001 1000

Figure 11. Example of a 10-Line Format

Mode 0 is useful for character generators that leave address
zero blank and start at address 1. Mode 1 is useful for char-
acter generators which start at address zero.
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Underline placement is also programmable (from line num-
ber 0 to 15). This is independent of the line counter mode.

If the line number of the underline is greater than 7 (line
number MSB = 1), then the top and bottom lines will be
blanked.

Line Line

Line Counter  Counter
Number Mode 0 Mode 1
0 000000000 0000 1011

1 OO0 OCO®EDO0OO0 0001 0000

2 DODO®RO®O0D0O0 0010 0001

3 OoDeEO0O00C®O0OO0 0011 0010

4 Om00O00OCS®O 0100 0011

§ O0O®D0D0O0O0OO0OM®OC 0101 0100

6 Csem s wEE®®0 0110 0101

7 0OwW.000CO0O0O®O0 0111 0110

8 O 00O O0OOCEO 1000 0111

9 O®WO0O0OCO0OO0®O 1001 1000

10 a e EBEmRBEESE 1010 1001

11 0 DOCODOOOODO 1011 1010

Top and Bottom
Lines are Blanked

Figure 12. Underline in Line Number 10

If the line number of the underline is less than or equal to 7
(line number MSB = 0), then the top and bottom lines will
not be blanked.

Line Line

Line Counter  Counter
Number Mode 0 Mode 1
0 0O0co0O®s0D0DO0 0000 0111

1 OO’ O®O0O0 0001 0000

2 OwDOOD®SDO 0010 0001

3 Ooso0oO0oa8o0 0011 0010

4 O s am8s 0 0100 0011

5 O®sEDO0ODMNDO 0101 0100

6 O®s0DOa®D 0110 0101

7 " "8 swEsa 0111 0110

Top and Bottom
Lines are not Blanked

Figure 13. Underline in Line Number 7

If the line number of the underline is greater than the maxi-
mum number of lines, the underline will not appear.
Blanking is accomplished by the VSP (Video Suppression)
signal. Underline is accomplished by the LTEN (Light
Enable) signal.

Dot Format

Dot width and character width are dependent upon the
external timing and control circuitry.

Dot level timing circuitry should be designed to accept the
parallel output of the character generator and shift it out
serially at the rate required by the CRT display.
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DOT
[— cLoCK
L ‘
CHARACTER A\| SHIFT
__J—v TOR|

8275 REGISTER

VIDEO

VSP | SYNCHRONIZER

Figure 14. Typical Dot Level Biock Diagram

Dot width is a function of dot clock frequency.
Character width is a function of the character generator
width.

Horizontal character spacing is a function of the shift
register length.

Note: Video control and timing signals must be synchronized with
the video signal due to the character generator access delay.
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Raster Timing

The character counter is driven by the character clock input
(CCLK). It counts out the characters being displayed
(programmable from 1 to 80). it then causes the line
counter to increment, and it starts counting out the hori-
zontal retrace interval (programmable from 2 to 32). This
is constantly repeated.

The row counter is an internal counter driven by the line
counter. It controls the functions of the row buffers and
counts the number of character rows displayed.

CCLK | l
HRTC
¢
—

=

v
PROGRAMMABLE 1 TO 80 CCLKS | PROGRAMMABLE
270 32CCLKS

. T NEXT
LCoa PRESENT LINE COUNT LINE COUNT

Figure 15. Line Timing

The line counter is driven by the character counter. It is
used to generate the line address outputs (LC, ) for the
character generator. After it counts all of the lines in a
character row (programmable from 1 to 16), it increments
the row counter, and starts over again. (See Character For-
mat Section for detailed description of Line Counter
functions.)

ONE CHARACTER ROW

L¢3
S—

INTERNAL o

O RTER PRESENT ROW NEXT ROW
.

PROGRAMMABLE 1 TO 16
LINE COUNTS
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Figure 16. Row Timing

After the row counter counts all of the rows in a frame
(programmable from 1 to 64), it starts counting out the
vertical retrace interval (programmable from 1 to 4).

ONE FNAME

INTERNAL
ROW COUNTER
FIRST

LAST  FIRST LAST
DISPLAV DISPI.AV RETRACE RETRACE

PROGRAMMABLE
1 TO 64 ROW COUNTS

PROGRAMMABLE
170 4 ROW COUNTS

Figure 17. Frame Timing

The Video Suppression Output (VSP) is active during
horizontal and vertical retrace intervals.

Dot level timing circuitry must synchronize these outputs
with the video signal to the CRT Display.
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DMA Timing

The 8275 can be programmed to request burst DMA trans-
fers of 1 to 8 characters. The interval between bursts is also
programmable {from O to 55 character clock periods *1).
This allows the user to tailor his DMA overhead to fit his
system needs.

The first DMA request of the frame occurs one row time
before the end of vertical retrace. DMA requests continue
as programmed, until the row buffer is filled. If the row
buffer is filled in the middle of a burst, the 8275 terminates
the burst and resets the burst counter. No more DMA
requests will occur until the beginning of the next row.
At that time, DMA requests are activated as programmed
until the other buffer is filled.

The first DMA request for a row will start at the first char-
acter clock of the preceding row. If the burst mode is used,
the first DMA request may occur a number of character
clocks later. This number is equal to the programmed burst
space.

If, for any reason, there is a DMA underrun, a flag in the
status word will be set.

LAST RETRACE ROW

INTERNAL
ROW
COUNTER

FIRST DISPLAY ROW

e

NEXT
ROW BUFFER
FILLED

—————

070 S5

170 8 CHARACTERS
CHARACTER CLOCI

PROGRAMMABLE
PROGRAMMABLE

o{
z
m

ROW BUFFER
FILLED

Figure 18. DMA Timing

The DMA controller is typically initialized for the next
frame at the end of the current frame.
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Interrupt Timing

The 8275 can be programmed to generate an interrupt
request at the end of each frame. This can be used to
reinitialize the DMA controller. If the 8275 interrupt
enable flag is set, an interrupt request will occur at the
beginning of the /ast display row.

INTERNAL
ROW
COUNTER
L, 1
DISPLAY RETRACE
ROW ROW
VRTC \ /
{

IRQ }l

Figure 19. Beginning of Interrupt Request

IRQ will go inactive after the status register is read.

IRQ

RD

Figure 20. End of Interrupt Request

A reset command will also cause IRQ to go inactive, but
this is not recommended during normal service.

Another method of reinitializing the DMA controller is to
have the DMA controller itself interrupt on terminal count.
With this method, the 8275 interrupt enable flag should not
be set.

Note: Upon power-up, the 8275 Interrupt Enable Flag may be set.

As a result, the user’s cold start routine should write a reset
command to the 8275 before system interrupts are enabled.
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VISUAL ATTRIBUTES AND SPECIAL
CODES

The characters processed by the 8275 are 8-bit quantities.
The character code outputs provide the character generator
with 7 bits of address. The Most Significant Bit is the extra
bit and it is used to determine if it is a normal display
character (MSB = 0), or if itis a Visual Attribute or Special
Code (MSB = 1).

There are two types of Visual Attribute Codes. They are
Character Attributes and Field Attributes.

Character Attribute Codes

Character attribute codes are codes that can be used to gen-
erate graphics symbols without the use of a character
generator. This is accomplished by selectively activating the
Line Attribute outputs (LAg_1), the Video Suppression
output {VSP), and the Light Enable output. The dot level
timing circuitry can use these signals to generate the proper
symbols.

Character attributes can be programmed to blink or be
highlighted individually. Blinking is accomplished with the
Video Suppression output (VSP). Blink frequency is equal
to the screen refresh frequency divided by 32. Highlighting
is accomplished by activating the Highlight output (HGLT).

Character Attributes
MsB LSB
t11cCcCCCBH
HIGHLIGHT
BLINK

L—— —— CHARACTER ATTRIBUTE CODE

DOT CLOCK

=D—
—D—
=D

SHIFT
REGISTER

HORIZ. RIGHT
HALF ~
CHAR. GEN.
ENABLE ™
o2 ] >—
[CHARACTER 1
GENERATOR]
ROM . ' ama
:ﬁ 2718 2 | I )
" —1 )
” —1 )
8275
= —1 )
VERT.
LINE

1>

,_
>
3

PIPELINE E

ouT

(] \HORIZ_ LEFT HALF
ey
VIDEO

LTEN

SYNCHRO- | LTEN

vsp ——

HGLT

NIZATION
HIGHLIGHT

Figure 21. Typical Character Attribute Logic
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Character attributes were designed to produce the following graphics:

CHARACTER ATTRIBUTE
CODE “cccce”

OUTPUTS

,_
g

LAg | VSP

LTEN SYMBOL

DESCRIPTION

[Above Underline

0000 Underline

Below Underline

Top Left Corner

Above Underline

0001 Underline

Below Underline

Top Right Corner

Above Underline

0010 Underline

Below Underline

Bottom Left Corner

Above Underline

0011 Underline

Below Underline

Bottom Right Corner

Above Underline

0100 Underline

Below Underline

Top Intersect

Above Underline

0101 Underline

Below Underiine

Right Intersect

Above Underline

0110 Underline

Below Underline

Left Intersect

Above Underline

o1 Underline

Below Underline

Bottom Intersect

Above Underline

1000 Underline

Below Underline

Horizontal Line

Above Underline

1001 Underline

Below Underline

Vertical Line

Above Underline

1010 Underline

Below Underline

Crossed Lines

Above Underline

1011 Underline

Below Underline

Not Recommended *

Above Underline

1100 Underline

Below Underline

o|0|O|0o|0|O|0lo|00|O|C|o|o|o|o|o|o|o|=m|o|0o|=|0o|o|o|o|o|—=|cio|=io|lo|—=|Ojo|=|O

== =|O0/0C00|I0I00I0O|— 0= =0|000[0|0|O(0/I0|0|==0/C]|=|0O|0(0|0|=O(0O|—

OO0 0|O|=|O|==|i==0(0o/0o|o|O|=|=|O|=|=—=|=—0O|00|=|=lo|Oo|=|=|—{Oo=|O]jO

[=} =}l ol el ol dlellolle] ol Ed ==l Bl llo o=} el He =P {allel ol ool lolfelleHoll=l ol -]}a]

Special Codes

Above Underline

1101 Underline Undefined Iltegal
Below Underline
Above Underline

1110 Underline Undefined 1llegal
Below Underline |
Above Underline I

1111 Underline Undefined Iltegal

Below Underline

*Character Attribute Code 1011 is not recommended for

normal operation. Since none of the attribute outputs are

active, the character Generator will not be disabled, and

an indeterminate character will be generated.

Blinking is active when B = 1.

Highlight is active when H = 1.
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Character Attribute Codes 1101, 1110, and 1111 are illegal.

00224A



8275

Special Codes

Four special codes are available to help reduce memory,
software, or DMA overhead.

Special Control Character

mss Lss
1111 0 0SS

SPECIAL CONTROL CODE

FUNCTION

End of Row

End of Row-Stop DMA
End of Screen

End of Screen-Stop DMA

- - 00 |®n
- O =0|®n

The End of Row Code (00) activates VSP and holds it to
the end of the line.

The End of Row-Stop DMA Code (01) causes the DMA
Control Logic to stop DMA for the rest of the row when it
is written into the Row Buffer. It affects the display in the
same way as the End of Row Code (00).

The End of Screen Code (10) activates VSP and holds it to
the end of the frame.

The End of Screen-Stop DMA Code (11) causes the DMA
Control Logic to stop DMA for the rest of the frame when
it is written into the Row Buffer. It affects the display in
the same way as the End of Screen Code (10).

If the Stop DMA feature is not used, all characters after an
End of Row character are ignored, except for the End of
Screen character, which operates normally. All characters
after an End of Screen character are ignored.

Note: If a Stop DMA character is not the last character in a burst or .

row, DMA is not stopped until after the next character is
read. In this situation, a dummy character must be placed in
memory after the Stop DMA character.

Field Attributes

The field attributes are control codes which affect the

visual characteristics for a field of characters, starting at the
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character following the code up to, and including, the
character which precedes the next field attribute code, or
up to the end of the frame. The field attributes are reset
during the vertical retrace interval.

There are six field attributes:

1. Blink — Characters following the code are caused
to blink by activating the Video Suppression out-
put (VSP). The blink frequency is equal to the
screen refresh frequency divided by 32.

2. Highlight — Characters following the code are
caused to be highlighted by activating the High-
light output (HGLT).

3. Reverse Video — Characters following the code are
caused to appear with reverse video by activating
the Reverse Video output (RVV).

4. Underline — Characters following the code are
caused to be underlined by activating the Light
Enable output (LTEN).

6,6. General Purpose — There are two additional 8275
outputs which act as general purpose, independ-
ently programmable field attributes. GPA°_1 are
active high outputs.

Field Attribute Code

MsB LSB
1TO0OURGGBH

l L HIGHLIGHT
BLINK
GENERAL PURPOSE

REVERSE VIDEO
UNDERLINE

H =1 FOR HIGHLIGHTING
B =1 FOR BLINKING

R =1 FOR REVERSE VIDEO
U =1FOR UNDERLINE

G =G

G PA1, GPAq

*More than one attribute can be enabled at the same time.
If the blinking and reverse video attributes are enabled
simultaneously, only the reversed characters will blink.
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The 8275 can be programmed to provide visible or invisible
field attribute characters.

If the 8275 is programmed in the visible field attribute
mode, all field attributes will occupy a position on the
screen. They will appear as blanks caused by activation of
the Video Suppression output (VSP). The chosen visual
attributes are activated after this blanked character.

ﬁABCDE FGHI JKLM
NOPQRSTUV
12345 6789
N — J

Figure 22. Example of the Visible Field Attribute Mode
(Underline Attribute)

If the 8275 is programmed in the invisible field attribute
mode, the 8275 FIFO is activated.

DATA’
8us
BUFFER

Figure 23. Block Diagram Showing FIFO Activation
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Each row buffer has a corresponding FIFQ. These FIFOs
are 16 characters by 7 bits in size.

When a field attribute is placed in the row buffer during
DMA, the buffer input controller recognizes it and places
the next character in the proper FIFO.

When a field attribute is placed in the Buffer Output Con-
troller during display, it causes the controller to immedi-
ately put a character from the FIFO on the Character Code
outputs (CCg_g). The chosen Visual Attributes are also
activated.

Since the FIFO is 16 characters long, no more than 16 field
attribute characters may be used per line in this mode.
If more are used, a bit in the status word is set and the first
characters in the FIFO are written over and lost.

Note: Since the FIFO is 7 bits wide, the MSB of any characters put
in it are stripped off. Therefore, a Visual Attribute or Special
Code must not immediately follow a field attribute code. if
this situation does occur, the Visual Attribute or Special
Code wili be treated as a normal display character.

1234567809
\ J

Figure 24. Example of the Invisible Field Attribute
Mode (Underline Attribute)

Field and Character Attribute Interaction

Character Attribute Symbols are affected by the Reverse
Video (RVV) and General Purpose (GPAg_4) field attri-
butes. They are not affected by Underline, Blink or High-
light field attributes; however, these characteristics can be
programmed individually for Character Attribute Symbols.
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Cursor Timing

The cursor location is determined by a cursor row register
and a character position register which are loaded by com-
mand to the controller. The cursor can be programmed to
appear on the display as:

1. a blinking underline

2. a blinking reverse video block

3. anon-blinking underline

4. anon-blinking reverse video block

The cursor blinking frequency is equal to the screen refresh
frequency divided by 16.

If a non-blinking reverse video cursor appears in a non-
blinking reverse video field, the cursor will appear as a
normal video block.

If a non-blinking underline cursor appears in a non-blinking
underline field, the cursor will not be visible.

Light Pen Detection

A light pen consists of a micro switch and a tiny light
sensor. When the light pen is pressed against the CRT screen,
the micro switch enables the light sensor. When the raster
sweep reaches the light sensor, it triggers the light pen
output.

If the output of the light pen is presented to the 8275
LPEN input, the row and character position coordinates are
stored in a pair of registers. These registers can be read on
command. A bit in the status word is set, indicating that
the light pen signal was detected. The LPEN input must be
a 0 to 1 transition for proper operation.

Note: Due to internal and external delays, the character position
coordinate will be off by at least three character positions.
This has to be corrected in software.
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Device Programming

The 8275 has two programming registers, the Command
Register {CREG) and the Parameter Register (PREG). it
also has a Status Register (SREG). The Command Register
can only be written into and the Status Registers can only
be read from. They are addressed as follows:

Ag OPERATION REGISTER
0 Read PREG

0 Write PREG

1 Read SREG

1 Write CREG

The 8275 expects to receive a command and a sequence
of 0 to 4 parameters, depending on the command. If the
proper number of parameter bytes are not received before
another command is given, a status flag is set, indicating an
improper command.

Instruction Set
The 8275 instruction set consists of 8 commands.

COMMAND NO. OF PARAMETER BYTES

Reset
Start Display
Stop Display
Read Light Pen
Load Cursor
Enable Interrupt
Disable Interrupt
Preset Counters 0
In addition, the status of the 8275 (SREG) can be read by
the CPU at any time.

OO NNOO S
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1. Reset Command:

Parameter — UUUU

Undertine Placement

Number of Lines per Character Row

DATA BUS LINE NUMBER OF
OPERATION [ Ag| DESCRIPTION| MSB LS8 VUuUuuu UNDERLINE
Command Write 1 | Reset Command| 0 0 0 0 0 0 O O 0 00O 1
Write 0 Screen Comp SHHHHHHEH 0 0 0 1 2
Byte 1 0010 3
Write o | Screen Comp VVRRRRRR [
> Byte 2 |
write | o [ScreenComo |y oy L oL L L |
Byte 3 . "
11 11 16
Wiite |0 [SereenComp |y & ¢ ¢ 7 2 72 2 |
Byte 4
Action — After the reset command is written, DMA re-
quests stop, 8275 interrupts are disabled, and the VSP Parameter — LLLL
output is used to blank the screen. HRTC and VRTC con-
. .. L LLL NO. OF LINES/ROW
tinue to run. HRTC and VRTC timing are random on
power-up. 0000 1
. L. . 0 00 1 2
As parameters are written, the screen composition is 0010 3
defined.
Parameter — § Spaced Rows ' :
11 11 16

S FUNCTIONS

o} Normai Rows
1 Spaced Rows

Parameter — HHHHHHH

Horizontal Characters/Row

NO. OF CHARACTERS

HHHHHHH PER ROW
0000000 1
000000 1 2
0000010 3
|
|
. l )
10 1111‘ 80
1010000 Undefined
|
|
. | .
1111111i Undefined

Parameter — VV

Vertical Retrace Row Count

NO. OF ROW COUNTS PER VRTC

\%
[
0
1
1

- N-RE

SN =

Parameter — RRRRRR Vertical Rows/Frame

o oo

0
[0}
0

R

0
0
0

R R
00
0o 1
10

l NO. OF ROWS/FRAME

1
2
3

64

Parameter — M Line Counter Mode
LINE COUNTER MODE

0 Mode 0 (Non-Offset)
1 Mode 1 (Offset by 1 Count)

Parameter — F  Field Attribute Mode
FIELD ATTRIBUTE MODE

F

0
1

Transparent
Non-Transparent

Parameter — CC  Cursor Format

o

CURSOR FORMAT

- = 00
-0 =00

Blinking reverse video block
Blinking underline

Nonblinking reverse video block

Nonblinking underling

Parameter — 2222

Horizontal Retrace Count

NO. OF CHARACTER

zz2zz COUNTS PER HRTC
0000 2
0001 4
0010 6
|
|
. | .
1111| 32

Note: uuuu MSB determines blanking of top and bottom lines
(1 = blanked, 0 = not blanked).
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2. Start Display Command:

5. Load Cursor Position:

DATA BUS DATA BUS
OPERATION |Ag| DESCRIPTION | MSB LsB oPeRATION | Ag | DESCRIPTION | MSB LS8
Command Write | 1 | StartDisplay (0 0 1 S S S BB Command Write | 1 | Load Cursor 10000000
No parameters Write 0 | Char. Number (Char. Position in Row)
Parameters Write 0 | Row Number {Row Number)

$SS BURST SPACE CODE

NO. OF CHARACTER CLOCKS
BETWEEN DMA REQUESTS

0

7
15
23
31
39
47
55

-~ s aamso0000|®w
- —=00=-=00|®n
w0 -0-=0=0|®n

BB BURST COUNT CODE
NO. OF DMA CYCLES PER

B B BURST
00 1
01 2
10 4
1 8

Action — 8275 interrupts are enabled, DMA requests begin,
video is enabled, Interrupt Enable and Video Enable status
flags are set.

3. Stop Display Command:

DATA BUS
OPERATION |Ag | DESCRIPTION | MSB LS8

Command Write 1 IStop Display 01 000O0O0ODO

No parameters

Action — Disables video, interrupts remain enabled, HRTC
and VRTC continue to run, Video Enable status flag is
reset, and the ““Start Display’’ command must be given to
re-enable the display.

4. Read Light Pen Command

Action — The 8275 is conditioned to place the next two
parameter bytes into the cursor position registers. Status
flags not affected.

6. Enable Interrupt Command:

DATA BUS
OPERATION |Ag | DESCRIPTION {MSB LS8

Command Write 1 | Enable Interrupt |1 0 1 O 0 0 0 O

No parameters

Action — The interrupt enable status flag is set and inter-
rupts are enabled.

7. Disable Interrupt Command:

DATA BUS
OPERATION| Ag| DESCRIPTION | MSB Lss

Command Write 1 | Disable Interrupt}j1 1 0 0 0 0 0 O

No parameters

Action — Interrupts are disabled and the interrupt enable
status flag is reset.

8. Preset Counters Command:

DATA BUS
OPERATION| Ag| DESCRIPTION | MSB Ls8

DATA BUS i 1 111 0
OPERATION |Ag| DESCRIPTION | MsB LsB Command Write Preset Counters 0 000
Command Write |1 | Read LightPen | 0 1 1 0 0 0 0 O No parameters
Parameters Read 0 | Char. Number (Char. Position in Row)
Read 0 | Row Number (Row Number) Action — The internal timing counters are preset, corre-

Action — The 8275 is conditioned to supply the contents
of the light pen position registers in the next two read
cycles of the parameter register. Status flags are not af-
fected.

Nota: Software correction of light pen position is required.
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sponding to a screen display position at the top left corner.
Two character clocks are required for this operation. The
counters will remain in this state until any other command
is given.

This command is useful for system debug and synchroniza-
tion of clustered CRT displays on a single CPU.
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Status Flags

OPERATION

DATA BUS

Ag| DESCRIPTION( MSB LS8

Command

Read 1 | Status Word 0 IE IRLPICVEOUFO

IE

LP

— (Interrupt Enable) Set or reset by command. It

enables vertical retrace interrupt. It is auto-
matically set by a ‘“Start Display’’ command
and reset with the ‘“Reset” command.

(Interrupt Request) This flag is set at the begin-
ning of display of the last row of the frame if
the interrupt enable flag is set. It is reset after
a status read operation.

This flag is set when the light pen input (LPEN)
is activated and the light pen registers have been
loaded. This flag is automatically reset after a
status read.
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VE

DU

FO

(Improper Command) This flag is set when a
command parameter string is too long or too
short. The flag is automatically reset after a
status read.

(Video Enable) This flag indicates that video
operation of the CRT is enabled. This flag is
set on a “‘Start Display’” command, and reset
on a “’Stop Display’’ or “Reset’’ command.

(DMA Underrun) This flag is set whenever a
data underrun occurs during DMA transfers.
Upon detection of DU, the DMA operation is
stopped and the screen is blanked until after
the vertical retrace interval. This flag is reset
after a status read.

(FIFO Overrun) This flag is set whenever the
FIFO is overrun. It is reset on a status read.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . .. ... .. 0°C to 70°C
Storage Temperature . . . ........... -65°C to +150°C *COMMENT: Stresses above those listed under “Absolute Maxi-
Voltage On Any Pin mum Ratings’’ may cause permanent damage to the device. This is a
. stress rating only and functional operation of the device at these or
With Respectto Ground . . . . ... ... -0.5V to +7V any other conditions above those indicated in the operational sec-
Power Dissipation . . . ................. ... 1 Watt tions of this specification is not implied.
D.C. CHARACTERISTICS
Ta=0°Cto 70°C; V¢ = 5V 5%
SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 v
ViH Input High Voltage 2.0 Vcct0.5V \
Vou Output Low Voltage 0.45 Y loL=2.2mA
Vou Output High Voltage 24 v low = -400 A
he Input Load Current 10 MA VN = Vg to OV
lorL Output Float Leakage +10 uA Vourt = Ve to OV
lee Ve Supply Current 160 mA
CAPACITANCE
Ta=25°C; Vgc=GND =0V
SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS
Cin Input Capacitance 10 pF fe=1MHz
Cijo 1/0 Capacitance 20 pF Unmeasured pins returned to Vggs.

7-134 00224A



8275

Other Timing:

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS
tce Character Code Output Delay 150 ns C_ =50 pF
tHR Horizontal Retrace Output Delay 200 ns C_ =50 pF
tic Line Count Output Delay 400 ns C =50 pF
taT Control/Attribute Output Delay 275 ns C, =50 pF
tvR Vertical Retrace Output Delay 275 ns C_=50pF
tRi IRQ{ from RD?t 250 ns C_=50pF
twa DRQ? from WRt 250 ns C_ =50 pF
tra DRQ! from WR{ 200 ns C_ =50 pF
tLR DACK/{ to WR{ 0 ns

tRL WR* to DACK? 0 ns

tPR LPEN Rise 50 ns

tpH LPEN Hold 100 ns

Note: Timing measurements are made at the following reference voltages: Output "*1” =20V, “0” = 0.8V.

WAVEFORMS

Input “1"'=2.4V, “0"=0.45V

CCLK'I | l I |

CCo_g * FIRST CHARACTER CODE

X SECOND CHARACTER CODE *

,‘4- ROM ACCESS ———»{

CHARACTER
GENERATOR |
OUTPUT

FIRST CHARACTER X SECOND CHARACTER

ATTRIBUTES ><
& CONTROLS ATTRIBUTES & CONTROLS FOR FIRST CHAR. X x

SHIFT REGISTER SETUP——»]

VIDEQ
{FROM SHIFT
REGISTER)

ATTRIBUTES

& CONTROLS
(FROM
SYNCHRONIZER)

FIRST CHARACTER SECOND CHARACTER

x ATTRIBUTES & CONTROLS
ATTRIBUTES & CONTROLS FOR FIRST CHAR. X FOR 2ND CHAR.

*CCLK IS A MULTIPLE OF THE DOT CLOCK AND AN INPUT TO THE 8275.

Figure 25. Typical Dot Level Timing
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cew \x_/—\N __
W '_V-\
FIRST LAST
CCo-¢ RETRACE RETRACE
CHARACTER CHARACTER
—
HRTC \
*—%c
{0
EERRA
LCo-3 PRESENT LINE COUNT NEXT LINE COUNT
L4
B! +—1taT
— g —
VIDEO ) —
CONTROLS
AND ATTRIBUTES * £
) -
*LAg_1, VSP, LTEN, HGLT, RVV, GPAg_1
Figure 26. Line Timing
-
ceLK | S | SR
_'/R__/—\_/—\_, N
HRTC
et —=he—
LG, FIRST LINE SECOND LINE LAST LINE
0-3 COUNT COUNT
l«————— PROGRAMMABLE FROM 1 TO 16 LINES ——————
f
INTERNAL =7
ROW  LAST ROW PRESENT ROW NEXT ROW
COUNTER - (
T

Figure 27. Row Timing

I

x DISPLAY
——]

CCLK

INTERNAL
ROW

LAST
RETRACE
ROW

Of E FROI
170 4 ROWS
= 1

COUNTER

VRTC

Figure 28. Frame Timing
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——
CCLK
CCo-¢ LAST RETRACE FIRST RETRACE
. CHARACTER CHARACTER
LCo_3 FIRST LINE COUNT
HRTC
INTERNAL
ROW LAST DISPLAY ROW
COUNTER
B | 1
IRQ R

aad 1]

IRQ

Figure 29. Interrupt Timing

tKa I__

DRC ﬂ

DACK

R =

LPEN

tRQ

RL

‘PRA—I PH

Figure 30. DMA Timing
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A.C. CHARACTERISTICS
Ta =0°C to 70°C; V¢c = 5.0V £6%; GND =0V
Bus Parameters (Note 1)

Read Cycle:
SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS
tAR Address Stable Before READ 0 ns
tRA Address Hold Time for READ 0 ns
tRR READ Pulse Width 250 ns
tRD Data Delay from READ 200 ns Cyp =150 pF
toF READ to Data Floating 20 100 ns
Write Cycle:
SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS
taw Address Stable Before WRITE 0 ns
twa Address Hold Time for WRITE 0 ns
tww WRITE Pulse Width 250 ns
tow Data Setup Time for WRITE 150 ns
twD Data Hold Time for WRITE 0 ns
Clock Timing:
SYMBOL PARAMETER MiN. MAX. UNITS TEST CONDITIONS
tcLk Clock Period 480 ns
tkH Clock High 240 ns
txL Clock Low 160 ns
tkR Clock Rise 5 30 ns
tkF Clock Fall 5 30 ns
Note 1: AC timings measured at Vo = 2.0, Vg =0.8 V \y=24, Vv, =045
Write Timing Read Timing

— X
Ag. CS INVALID VALIO INVALID

taw tww - = twa>]
4
WA h /
‘ow [*—>{*wD

DBy_7 INVALID X VALID 8 INVALID

DF
' 0Bg_y HIGH IMPEDANCGE oaTA VALIDEZZERICH 7
/M 773

Clock Timing Input Waveforms (For A.C. Tests)

CCLK
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= MCS-85™ Compatible 8279-5

8279/8279-5
PROGRAMMABLE KEYBOARDI/DISPLAY INTERFACE

s Simultaneous Keyboard Display

Operations

= Scanned Keyboard Mode

s Scanned Sensor Mode

s Strobed Input Entry Mode

a 8-Character Keyboard FIFO

m 2-Key Lockout or N-Key Rollover with
Contact Debounce

= Dual 8- or 16-Numerical Display

= Single 16-Character Display

. Right or Left Entry 16-Byte Display

RAM

a» Mode Programmable from CPU

m Programmable Scan Timing

m interrupt Output on Key Entry

The Intel® 8279 is a general purpose programmable keyboard and display /O interface device designed for use with
Intel® microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix. The
keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the hall effect and
ferrite variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are debounced and strobed.in
an 8-character FIFO. If more than 8 characters are entered, overrun status is set. Key entries set the interrupt output

line to the CPU.

The display portion provides a scanned display interface for LED, incandescent, and other popular display
technologies. Both numeric and alphanumeric segment displays may be used as well as simple indicators. The 8279
has 16X8 display RAM which can be organized into dual 16X4. The RAM can be loaded or interrogated by the CPU. Both
right entry, calculator and left entry typewriter display formats are possible. Both read and write of the display RAM
can be done with auto-increment of the display RAM address.

PIN CONFIGURATION

ALy (]
RESET (]
RD
WR
b8, [ 12
D8, q
o8, (]
08,
os,(]
o8]
o8]
os, ]

Vgs (]

CNTL/STB
SHIFT

LOGIC SYMBOL

T

PIN NAMES
«———— RQ
. DATA
{DBgy 1.0 | DATA BUS (BI DIRECTIONAL) | 8US
LK 1 CLOCK INPUT |
[T AL 1 .
! 1| CHIP SELECT o — R
] 1 | READ INPUT ST
(W 1| WRITE INPUT
Ao 1| BUFFER ADDRESS .
) O | INTERRUPT REGUEST OUTPUT - —*|WR
- [Stos O | SCAN (INES i

Alos 1 | RETURN LINES T INTERFACE -
SHIFT t ! SHIFTINPUT cs
[CNTU/STB | 1 CONTROL/STROBE INPUT |
OUT Ag; | O | DISPLAY (A1 OUTPUTS
OUTBes | O | DISPLAY (B] OUTPUTS a0
—E_ ) BLANK DISPLAY OUTPUT

RESET

———|CLK

RLoy
SHIFT
C'NTL'STB
Stos
OUTAg3

QUT Bg3

()

- KEY DATA

——— e

)
=

DISPLAY
DATA
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8279/8279-5

HARDWARE DESCRIPTION

The 8279 is packaged in a 40 pin DIP. The following is
a functional description of each pin.
No. Of

Pins Designation Function

8 DBo-DB7 Bi-directional data bus. All data

and commands between the

CPU and the 8279 are trans-

mitted on these lines.

Clock from system used to gen-

erate internal timing.

A high signal on this pin resets

the 8279. After being reset the

8279 is placed in the following

mode:

1) 16 8-bit character display
—left entry.

2) Encoded scan keyboard—2
key lockout.

Along with this the program

clock prescaler is set to 31.

Chip Select. A low on this pin
enables the interface functions
to receive or transmit.

Buffer Address. A high on this
line indicates the signals in or
out are interpreted as a com-
mand or status. A low indicates
that they are data.
Input/Output read and write.
These signals enable the data
buffers to either send data to
the external bus or receive it
from the external bus.
Interrupt Request. In a keyboard
mode, the interrupt line is high
when there is data in the FIFO/
Sensor RAM. The interrupt line
goes low with each FIFO/
Sensor RAM read and returns
high if there is still informa-
tion in the RAM. In a sensor
mode, the interrupt line goes
high whenever a change in a
sensor is detected.

1 CLK

1 RESET

1 IRQ

2 Vs Vee
4 SLo-SL3

Ground and power supply pins.
Scan Lines which are used to
scan the key switch or sensor
matrix and the display digits.
These lines can be either en-
coded (1 of 16) or decoded (1 of
4).

Return line inputs which are
connected to the scan lines
through the keys or sensor
switches. They have active in-
ternal pullups to keep them
high until a switch closure pulls
one low. They also serve as an
8-bit input in the Strobed Input
mode.

8 RLo-RL7
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1 SHIFT The shift input status is stored
along with the key position on
key closure in the Scanned

No. Of

Pins Designation Function

Keyboard modes. It has an ac-
tive internal pullup to keep it
high until a switch closure pulls
it low.

1 CNTL/STB For keyboard modes this line is
used as a control input and
stored like status on a key clo-
sure. The line is also the strobe
line that enters the data into the

FIFO in the Strobed Input mode.

(Rising Edge). It has an active
internal pullup to keep it high
until a switch closure pulls it
low.

4 OUT Ao-OUT A3z These two ports are the outputs

4 OUT Bo-OUT B3a for the 16 x 4 display refresh
registers. The data from these
outputs is synchronized to the
scan lines (SLo-SL3) for multi-
plexed digit displays. The two 4
bit ports m