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CUSTOMER SUPPORT
CUSTbMER SUPPORT . : ' '

Customer Support i$ Intel’s complete support service that provides Intel customers with hardware support, software
support, customer training, and consulting services. For more information contact your local sales offices.

‘After a customer purchases any system hardware or software product, service and support become major factors in
determining whether that product will continue to meet a customer’s expectations. Such support requires an interna-
tional support organization and a breadth of programs to meet a variety of customer needs. As you might expect,
Intel’s customer support is quite extensive. It includes factory repair services and worldwide field service offices
providing hardware repair services, software support services, customer training classes, and consulting services. -

HARDWARE SUPPORT SERVICES

Intel is committed to providing an international service support package through a wide variety of service offerings
available from Intel Hardware Support.

SOFTWARE SUPPORT SERVICES

Intel’s software support consists of two levels of contracts. Standard support includes TIPS (Technical Information
Phone Service), updates and subscription service (product-specific troubleshooting guides and COMMENTS Maga-
zine). Basic support includes updates and the subscription service. Contracts are sold in environments which repre-
sent product groupings (i.e., iRMX environment).

CONSULTING SERVICES

Intel provides field systems engineering services for any phase of your development or support effort. You can use
our systems engineers in a variety of ways ranging from assistance in using a new product, developing an application,
personalizing training, and customizing or tailoring an Intel product to providing technical and management con-
sulting. Systems Engineers are well versed in technical areas such as microcommunications, real-time applications,
embedded microcontrollers, and network services. You know your application needs; we know our products. Work-
ing together we can help you get a successful product.to market in the least possible time. '

CUSTOMER TRAINING

Intel offers a wide range of instructional programs covering various aspects of system design and implementation. In
just three to ten days a limited number of individuals learn more in a single workshop than in weeks of self-study.
For optimum convenience, workshops are scheduled regularly at Training Centers worldwide or we can take our
workshops to you for on-site instruction. Covering a wide variety of topics, Intel’s major course categories include:
architecture and assembly language, programming and operating systems, bitbus and LAN applications.
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PREFACE

Computer systems can be characterized as being ‘“‘re-
programmable” or “embedded”. Reprogrammable sys-
tems are those that look and behave like computers to
the ultimate user. An obvious example is the personal
computer. These systems contain some form of mass
storage device which stores a number of different com-
puter programs that the user may call up and use as
required. The input and output devices attached to
these systems are there to communicate with the user.
Embedded systems, as the name implies, are contained
within a final product which may not look or feel like a
computer to the end user. An example here is a com-
puter which controls the ubiquitous office copier ma-
chine. These systems rarely contain mass storage; the
programs are stored in ROM or EPROM devices. The
input and output devices attached are not limited to
communication with the user (e.g. the control panel);
they also monitor and control mechanisms and process-
es within the device (e.g. the paper feed mechanism).

Embedded control applications can be broken into
three broad categories; sequential control, closed loop
control, and data control. Sequential control deals with
the control and monitoring of a system as a sequence of
events; activate the paper feed roller, wait for the paper
feed indicator then activate the drum mechanism.
Closed loop control involves closely monitoring the
output of process or device and altering its inputs to
achieve the desired output; if the feed roller motor is
turning too slowly or is decelerating then increase the
drive to the motor to compensate. These two categories
involve fixed programs that interface directly with the
.outside world. The data structures involved are normal-
ly small and simple. The third category of embedded
control (data control) still runs fixed programs but the
interface to the outside word becomes more indirect
and the data structures become larger and more com-
plex. A high end copier might digitize an image and
then use image processing techniques to enhance con-
trast and then scale and rotate the image to fit the pa-
per being used.

Intel has consolidated four of its product families in-
tended: for embedded control applications into the Em-
bedded Control Operation.

MCS®-48: Designed for general purpose 8-bit sequen-
tial control applications. Versions of these parts are
available with program storage and up to 256 bytes of

xiii

data storage onboard. The maximum program size is
4 Kbytes. )

MCS®-51: Designed for advanced 8-bit sequential con-
trol applications. These parts are similar to the
MCS®-48 family parts but operate from 2 to 5 times
faster and include more on-board peripherals. A unique
feature of the MCS®-51 family is a built in Boolean
processor which performs calculations on Boolean (one
bit) variables. The maximum program size is
64 Kbytes.

MCS®-96: Designed for advanced 16-bit closed loop
control applications. These parts include a processor
capable of high performance integer arithmetic and 232
bytes of general purpose registers which can be used for
byte, word, or double-word operands. A separate sub-
system manages timer functions. Versions are available
with on-board A/D conversion and 8 Kbytes of on-
board program memory. A unique feature of the newer
(BH) members of the family is dynamic bus sizing
which allows the parts to operate on both 8-bit and 16-
bit busses. The maximum program size is 64 Kbytes.

80186/80188: These parts are highly integrated ver-
sions of the 8086 microprocessor intended for data con-
trol applications. They combine 15 to 20 of the most
common 8086.system components onto one device. In-
cluded with the CPU is the clock generator, an inter-
rupt controller, timers, DMA channels and chip select
logic. The 80186 operates on a 16-bit bus and the 80188
operates on an 8-bit bus. Both parts operate on a 16-bit
bus internally. B )

Part of the motivation for combining all of these prod-
ucts into one handbook was the realization that,
although the categorization of embedded control appli-
cations into the three segments (sequential, closed loop,
and data control) is useful for conceptualizing applica-
tion requirements, real applications of these parts
contain attributes from all three categories. Combining
these product lines into one handbook will make it easi-
er for customers involved with embedded applications
to find the information they require.

The remainder of this chapter will give a very brief
overview of each of the four products discussed. The
remainder of this book is intended to provide detailed
technical information on Intel’s embedded control
product line.
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MCS®-48 MICROCONTROLLERS

Intel’s MCS-48 family of 8-bit microcontrollers has be-
come a world standard and has been in production for
10 years. They are available in several versions: with on
board ROM, on board EPROM, or CPU only, to better
fit specific application needs. MCS-48 products are now
fabricated on advanced HMOS processes offering high-
er performance and reliability with less power con-
sumption.

Features common to all members of this family are:

o 8-bit CPU with 1.36 microsecond instruction cycle
® 27 I/0 lines

® 8-bit bit timer/counter

® 2 interrupts

¢ 4 Kbyte maximum program size

® 256 byte maximum on-board RAM size

® 256 -byte maximum off-board RAM size

Intel has over ten years of experience in manufacturing
both the EPROM and ROM versions of this chip. It
provides a low cost solution to applications such as key-
boards, low end printers, and electronic carburator con-
trol.

Table 1. MCS®-48 Microcontrollers

Device | ROMless | EPROM | ROM | RAM
Name Version | Version | Bytes | Bytes

8048AH | B035AHL | 8748H 1K 64 -
8049AH | 8039AHL | 8749H 2K 128

MCS®-51 MICROCONTROLLERS

Intel’s MCS-51 family is the industry standard for 8-bit
high performance microcontrollers. The family archi-
tecture is optimized for sequential real-time control ap-
plications. They are available in several versions with
on-board ROM, on-board EPROM, and CPU only to
better fit specific application needs. MCS-51 products
are available on advanced HMOS and CHMOS pro-
cesses.

Features common to all members of this family are:
e 8-bit CPU optimized for control applications

o Extensive Boolean processmg (single-bit logic) capa-
bilities

® 32 bidirectional and individually addressable I/O
lines ’
® Full-Duplex UART

® 5 source interrupt structure with 2 priority levels (6
sources on parts with 3 timer/counters)

® 64 Kbyte maximum program size

® 256 byte maximum on-board RAM size

® 64 Kbyte maximum off-board RAM size

® Power down/Idle modes for CHMOS parts

8050AH | 8040AHL —_ 4K 256
[ cLocK I PROGRAM , DATA
MEMORY MEMORY
AN
JV A 4 '
8 BIT
CcPU I I | l
8 BIT TIMER
EVENT
COUNTER 7o "'"Es

270253-1

Figure 1. MCS®-48 Block Diagram
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The MCS-51 family has found wide acceptance
throughout a wide range of applications, ranging from
those slightly more complex than a typical MCS-48 ap-
plication through medical instrumentation and anti-
skid braking modules for automobiles.

This year Intel added two new base products to the
MCS-51 family, the 80C152 and the 80C51FA. The
80C152 contains, in addition to a UART, a Global
Serial Channel capable of CSMA/CD and SDLC syn-
chronous communication. It also has two DMA chan-
nels, the first member of the MCS-51 to have such

capability. The 80C51FA contains, in addition to the
standard timer counters, a programmable counter array
(PCA) capable of measuring and generating pulse infor-
mation on five I/O pins.

MSC®-51 FAMILY DEVELOPMENT
TOOLS

ICET™-5100 emulators give design engineers full-
speed, real-time, nonintrusive control over 8051 family
system debugging at clock speeds up to 16 MHz. Each

Table 2. Advanced 8-Bit Microcontrollers

Device ROMiless EPROM ROM RAM 16-Bit Circuit
Name Version Version Bytes Bytes Timers Type
8051 8031 (8751) 4K 128 2 HMOS
8051AH 8031AH 8751H 4K 128 2 HMOS
8052AH 8032AH 8752BH 8K 256 3 HMOS
80C51BH 80C31BH 87C51 4K -128 2 CHMOS
83C152 80C152 8K 256 2 CHMOS
83C51FA 80C51FA 87C51FA 8K 256 4 CHMOS
oI ")
] ]
" L]
' ]
[} )
' ]
[ )
' '
' ' | 8K ROM
EXTERNAL INBO52 ¢ ~ 77T ' Ve Y
INTERRUPTS ; ' ! leosy ---
. ' ! | 256 RAM COUNTER
- - oy IN 8052 TMER 1 [ I \\puTs|
INTERRUPT f— 128
CONTROL  j&— RAM TMER O f¢—
D= ] :
AN
y
cPU <
-~ A !
N .
BUS SERIAL
osc CONTROL :> 41/0 PORTS PORT
1 1 o
T I TXD  RXD
- - PO P2 Pl P3
ADDRESS/DATA
270253-2

Figure 2. Block Diagram of the 8051/8052AH
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emulator lets the user view and modify system activity
at a symbolic, high-level language level, speeding and
simplifying the development and debug phases of mi-
crocontroller system design. All of the ICE-5100 emu-
lators can be hosted on IBM PC AT*s or compatibles,
or Intellec® Series ITI/IV development systems. Three
versions of ICE-5100 are-available today. ICE-5100-

252 supports HMOS and CHMOS versions of the fol-.

lowing components: 8031, 8051, 8751, 8032, 8052,
8752, 80C31, 80C51, 87C51, 83C51FA, 80C51FA, and
87C51FA. ICE-5100/452 supports: 80C452, 83C452,
87C452. The ICE 5100/044 supports: 8344, 8044, 8744,
and BITBUSTM components.

Auvailable for the 51 family, ASM-51 and PL/M-51
both contain a relocation and linkage utility and are
available for the IBM PC and Intel Microcomputer De-
velopment Systems running either iNDX or ISIS oper-
ating systems.

This complete, integrated design-in solution for the
MCS-51 family of microcontrollers speeds product de-
velopment, and improves design team productivity.

MCS©-96 MICROCONTROLLERS

The MCS-96 Family of microcontrollers was designed
for applications which combine high performance 16-
bit fixed-point arithmetic with an immediate interface
to real world devices and events. The architecture is

_based on a single 64 Kbyte address space. In addition to
being accessable as memory, the first 256 bytes of this
space are also 'directly addressable as registers. These
locations are on-chip for high performance and can be
treated as byte, word, or double-word, operands by the
programmer. Twenty-four bytes of these registers are
used to control the on-board peripherals; the remaining
232 bytes are usuable by the programmer as general
purpose registers. The combination of a register file, on-
board 1I/0, and a high performance 16-bit CPU makes
the MCS-96 family well matched to closed loop control
applications.

Features common to all members of this family are:
® 16-bit timer (Timerl)
® 16-bit counter (Timer2)

® Full-Duplex UART with independent baud-rate
generator

® Watchdog timer

® 8-bit resolution Pulse Width Modulator (PWM)
® 48 1/0 lines (33 for 48-pin parts)

‘e HSIO unit :

The HSIO (High Speed Input/Output) unit is an inde-
pendent timer subsystem which manages Timerl and
Timer2 for the programmer. Events (e.g. setting an 1/0
pin) can be scheduled to occur automatically when ei-
ther of the two timers reaches a preset value. External
events can be recorded in a FIFO along with the value
of Timer1 when the event occurred. The HSIO is con-
nected to eight pins on the 8096 and can generate and
monitor events with a 2 microsecond resolution (12
MHz crystal).

In addition to an EPROM version, the 8X9XBH offer
several improvements over the non BH parts:

® Dynamic selection of 8-/16-bit bus operation (versus
fixed 16-bit bus)

® Programmable READY logic
® Sample and Hold input to the A/D converter

During 1987 Intel added a new series to the MCS-96
family, the 80C196KA. This part is implemented on a
high performance CMOS process and offers significant-
ly more performance and reduced power levels. The
design also includes many detail improvements while
still retaining compatibility with the NMOS versions of
the MCS-96 family.

The MCS-96 family is being used now in a wide variety
of complex control tasks such as robotics, motor con-

Table 3. Advanced 16-Bit Microcontrollers

Device ROMliess EPROM ROM RAM 170 A/D
Name Version Version Bytes Bytes Pins Channels
8395 8095 — 8K 232 29 4
8396 8096 — 8K 232 48 —
8397 8097 — 8K 232 40 8
8395BH 8095BH 8795BH 8K 232 29 4
8396BH 8096BH 8796BH 8K 232 48 —
8397BH 8097BH . 87978BH 8K 232 40 8
83C196KB 80C196KA 87C196KB 8K - 232 48

*AT is a registered trademark of IBM Corporation.
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Figure 3. MCS®-96 Block Diagram

trol, hard disk mechanisms, printers, modems, automo-
tive engine control and high performance anti-skid
braking applications.

MCS®-96 FAMILY DEVELOPMENT
TOOLS

Intel offers a variety of development tools to support
the MCS-96 family of microcontrollers. The iSBE-96, a
low-cost single board emulator, emulates the 8X9X mi-
crocontrollers. VLSiCE-96 provides complete in-circuit
emulation of the 80C196KC microcontroller. The
ICET™-196PC In-Circuit emulator provides real-time,
transparent emulation of the 80C196KA microcontrol-
ler. All three emulators are efficient and versatile tools
for developing, debugging and testing real-time MCS-
96 applications.

Software for the MCS-96 family includes macroassem-
bler (ASM-96) which is available along with PL/M-96
and C-96 compilers. Each software package includes
relocation/linkage utility, library creation utility, and
FPAL-96, a 32-bit floating-point utility. Software runs
on IBM PC and Intellec Series III/IV.

80186 HIGH INTEGRATION
MICROPROCESSOR

The 80186 family of microprocessors was designed to
bring the 8086 architecture to embedded control appli-

cations. Six of the most often used functions of an 8086
system have been integrated onto a single chip. Along

. with higher integration, the 80186 offers higher per-
formance than the standard 8086 via detailed improve-
ments to the design. The 80186 family consists of two
processors; the 80186 and the 80188. These processors
have identical capabilities except that the 80186 oper-
ates on a 16-bit bus while the 80188 operates on an
8-bit bus. The 80186 offers higher system performance
with its 16-bit bus; the 80188 offers lower system cost
with its 8-bit bus. Both processors operate internally
with a 16-bit bus.and generates a 20-bit address to give
a total address space of 1 Megabyte.

Although these parts are object code compatible with
the 8086, most of the instructions complete in fewer
clock cycles because of enhanced CPU and bus control
logic. In addition, many new instructions have been in-
cluded to simplify assembly language programs and to
enhance operation with high level languages. These
new instructions have been included in the 80286 and
80386 high performance microprocessors.

Besides the processor itself, the major features of the
80186 and 80188 include:

® 2 Channel DMA (Direct Memory Access) unit
® 3 16-bit timer/counters

xvii
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® Interrupt controller
® Clock generator
® Chip select logic
® Ready control logic

Unlike the other embedded control products, the 80186
is intended for applications which need relatively large
amounts of program storage and require large and com-
plex data structures. Since it is impractical to integrate
the amount of memory required for typical applications
onto the processor chip, no attempt is made to incorpo-
rate memory on board. On the other hand, and for the
same reasons, the architecture incorporates more ele-
gent and powerful addressing modes than do the other
products offered by the Embedded Control Operation.
The bus structure offered by the 80186 is also more
powerful and flexible.

The 80186 processors are used in high end printers,
data concentrators, robotics, and many other applica-
tions which require the high performance of a 16-bit
microprocessor along with the cost-effectiveness of a
highly integrated computer system. Because it has ob-
ject code compatibility with the industry standard 8086
processor, a wide variety of support is readily available.
These range from simple programs written to run under
MS-DOS* to complex operating systems such as
iRMX®-86 and XENIX*. -

During 1987 Intel introduced CMOS versions of the
80188 and 80186. In addition to lower power these
parts offer increased performance (16 MHz vs 10 MHz
for the NMOS parts) and two new features: power save
and DRAM refresh.

80186 FAMILY DEVELOPMENT
TOOLS

Intel offers a full line of development tools to support
the 80186 and 80188 families of microprocessors.
I2ICE™ emulates the 80186 and 80188 microproces-
sors-at 8 MHz and 10 MHz and Intel’s new ICE 186
emulates the 80C186 to 12.5 MHz. Both emulators are
versatile, efficient tools for developing, debugging and
testing real-time applications for their respective micro-
Pprocessors.

Software support for the 80186 family consists of a
macroassembler, which also includes linker, locator,
mapper, numerics library, and librarian. High level lan-
guages include PL/M, C, Fortran, and Pascal compil-
ers with full source code display. Hosts include IBM
PC, VAX/VMS*, and Intel Development Systems. In-
tel’s software tools have been designed to provide opti-
mal performance when used with an I2ICE or Intel’s
ICE-186. i
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Figure 4. 80186/80188 Block Diagram—A CPU Board On a Single Silicon Chip

*VAX/VMS is a registered trademark of Digital Equipment Corporation.
*MS-DOS and XENIX are trademarks of Microsoft Corporation.
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THE SINGLE COMPONENT MCS®-48 SYSTEM

1.0 INTRODUCTION

Sections 2 through 5 describe in detail the func-
tional characteristics of the 8748H and 8749H EPROM,
8048AH/8049AH/8050AH ROM, and 8035AHL/
8039AHL/8040-AHL CPU only single component micro-
computers. Unless otherwise noted, details within these
sections apply to all versions. This chapter is limited to
those functions useful in single-chip implementations of

the MCS®-48. The Chapter on the Expanded MCS®-48 -

System discusses functions which allow expansion of
program memory, data memory, and input - output capa-
bility.

2.0 ARCHITECTURE

The following sections break the MCS-48 Family into
functional blocks and describe each in detail. The follow-
ing description will use the 8048AH as the representative
product for the family. See Figure 1.

2.1 Arithmetic Section

The arithmetic section of the processor contains the basic
data manipulation functions of the 8048AH and can be
divided into the following blocks:

e Arithmetic Logic Unit (ALU)
® Accumulator

@ Carry Flag
0' Instruction Decoder

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

The following is more detailed description of the function
of each block.

INSTRUCTION DECODER

The operation code (op code) portion of each program
instruction is stored in the Instruction Decoder and con-
verted to outputs which control the function of each of'
‘the blocks of the Arithmetic Section. These lines control
the source of data and the destination register as well as
the function performed in the ALU.

ARITHMETIC LOGIC UNIT

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

11

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

Bit Complement

Rotate Left, Right

Swap Nibbles

BCD Decimal Adjust

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

ACCUMULATOR

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

2.2 Prdgram Memory

Resident program memory consists of 1024, 2048, or 4096
words eight bits wide which are addressed by the program
counter. In the 8748H and the 8749H this memory is user
programmable and erasable EPROM; in the 8048AH/
8049AH/8050AH the memory is ROM which is mask
programmable at the factory. The 8035AHL/8039AHL/
8040AHL has no internal program memory and is used
with external memory devices. Program code is com-
pletely interchangeable among the various versions. To
access the upper 2K of program memory in the 8050AH,
and other MCS-48 devices, a select memory bank and a
JUMP or CALL instruction must be executed to cross the
2K boundary.

There are three' locations in Program Memory of special
importance as shown in Figure 2.

" LOCATION 0
‘Activating the Reset line of the processor causes the first

instruction to be fetched from location 0. = .

LOCATION 3 } :

Activating the Interrupt input line of the processor (if
interrupt is enabled) causes a jump to subroutine at lo-
cation 3.

LOCATION 7 :
A timer/counter interrupt resulting’ from timer counter
overflow (if enabled) causes a jump to subroutine at loca-
tion 7.

Therefore, the first instruction to be executed after ini-
tialization is stored in location 0, the first word of an
external interrupt service subroutine is stored in location
3, and the first word of a timer/counter service routines
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is stored in location 7. Program memory can be used to
store constants as well as program instructions. Instruc-
tions such as MOVP and MOVP3 allow easy access to
data ‘‘lookup’’ tables.

( 4095
2048 } SEL MB1
[ 2047 | SEL MBO
M
2 1024
2 1023
&.
I
(8]
2|
olg|x
2|l<
o | ®
HE:
g2 LOCATION 7 —
A E ~| TIMER INTERRUPT
z|G| 7 —4 VECTORS
o z 6 PROGRAM HERE
5
2 LOCATION 3 —
3 EXTERNAL
=~} INTERRUPT
2 VECTORS
1 PROGRAM HERE
of7]e][5]4]3[2]1]o}~ReseT vecTORS
ADDRESS PROGRAM HERE

'Figure 2. Program Memory Map

2.3 Data Memory

Resident data memory is organized as 64, 128, or 256 by
8-bits wide in the 8048AH, 8049AH and 8050AH. All
locations are indirectly addressable through either of two
RAM Pointer Registers which reside at address 0 and 1
of the register array. In addition, as shown in Figure 3,
the first 8 locations (0-7) of the array are designated as
working registers and are directly addressable by several
instructions. Since these registers are more easily ad-
dressed, they are usually used to store frequently accessed
intermediate results. The DINZ instruction makes very
efficient use of the working registers as program loop
counters by allowing the programmer to decrement and
test the register in a single instruction.

By executing a Register Bank Switch instruction (SEL
RB) RAM locations 2431 are designated as the working

registers in place of locations 0—7 and are then directly
addressable. This second bank of working registers may
be used as an extension of the first bank or reserved for
use during interrupt service subroutines allowing the reg-
isters of Bank O used in the main program to be instantly
‘‘saved’’ by a Bank Switch. Note that if this second bank
is not used, locations 2431 are still addressable as general
purpose RAM. Since the two RAM pointer Registers RO
and R1 are a part of the working register array, bank
switching effectively creates two more pointer registers
(R0/and R1/) which can be used with RO and R1 to easily
access up to four separate working areas in RAM at one
time. RAM locations (8-23) also serve a dual role in that
they contain the program counter stack as explained in
Section 2.6. These locations are addressed by the Stack
Pointer during subroutine calls as well as by RAM Pointer
Registers RO and R1. If the level of subroutine nesting is
less than 8, all stack registers are not required and can be
used as general purpose RAM locations. Each level of
subroutine nesting not used provides the user with two
additional RAM locations.

63
(127)
((255))
USER RAM
32x8
(96 x 8)
((224 x 8))
32
31 BANK 1
WORKING DIRECTLY
REGISTERS ADDRESSABLE
8x8 WHEN BANK 1
—————— AT~~~ — " IS SELECTED
2 RO’ |
23
8 LEVEL STACK ADdHESSED
OR INDIRECTLY
USER RAM THROUGH
16 < 8 R1OR RO
(RO’ OR RY1')
8 N
7 BANK 0
WORKING DIRECTLY
REGISTERS ADDRESSABLE
8x8 WHEN BANK 0
————— A1~ —~ "] 1S SELECTED
o RO
IN ADDITION RO OR R1 (R0’ OR R1')
MAY BE USED TO ADDRESS 256 () 8049AH, 8749H,
WORDS OF EXTERNAL RAM. (( )) 8050AH

Figure 3. Data Memory Map
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2.4 Input/Output

The 8048AH has 27 lines which can be used for input or
output functions. These lines are grouped as 3 ports of 8
lines each which serve as either inputs, outputs or bidi-
rectional ports and 3 ‘‘test’’ inputs which can alter pro-
gram sequences when tested by conditional jump
instructions.

PORTS 1 AND 2

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

The lines of ports 1 and 2 are called quasi-bidirectional

because of a special output circuit structure which allows-

each line to serve as an input, and output, or both even
though outputs are statically latched. Figure 4 shows
the circuit configuration in detail. Each line is continu-
ously pulled up to Ve through a resistive device of
relatively high impedance.

This pullup is sufficient to provide the source current for
a TTL high level yet can be pulled low by a standard TTL
gate thus allowing the same pin to be used for both input
and output. To provide fast switching times in a ‘‘0”’ to
“‘1’’ transition a relatively low impedance device is
switched in momentarily (= 1/5 of a machine cycle) when-
ever a ‘‘1”’ is written to the line. When a ‘‘0”’ is written
to the line a low impedance device overcomes the light
pullup and provides TTL current sinking capability. Since
the pulldown transistor is a low impedance device a ‘1"’
must first be written to any line which is to be used as an
input. Reset initializes all lines to the high impedance *‘1°’
state.

It is important to note that the ORL and the ANL are read/
write operations. When executed, the uC ‘‘reads’’ the
port, modifies the data according to the instruction, then
‘“writes’’ the data back to the port. The ‘‘writing’’ (es-
sentially an OUTL instruction) enables the low impedance
pull-up momentarily again even if the data was unchanged
from a ‘‘1.”” This specifically applies to configurations
that have inputs and outputs mixed together on the same
port. See also section 8 in the Expanded MCS-48 System
chapter.

BUS

Bus is also an 8-bit port which is a true bidirectional port
with associated input and output strobes. If the bidirec-
tional feature is not needed, Bus can serve as either a

statically latched output port or non-latching input port.
Input and output lines on this port cannot be mixed
however.

As a static port, data is written and latched using the OUTL
instruction and inputted using the INS instruction. The
INS and OUTL instructions generate pulses on the cor-
responding RD and WR output strobe lines; however, in
the static port mode they are generally not used. As a
bidirectional port the MOVX instructions are used to read
and write the port. A write to the port generates a pulse
on the WR output line and output data is valid at the
trailing edge of WR. A read of the port generates a pulse
on the RD output line and input data must be valid at the
trailing edge of RD. When not being written or read, the
BUS lines are in a high impedance state. See also sections
7 and 8 in the Expanded MCS-48 System chapter.

2.5 Test and INT Inputs

Three pins serve as inputs and are testable with the con-
ditional jump instruction. These are TO, T1, and INT.
These pins allow inputs to cause program branches without
the necessity to load an input port into the accumulator.
The TO, T1, and INT pins have other possible functions
as well. See the pin description in Section 3.

2.6 Program Counter and Stack

The Program Counter is an independent counter while the
Program Counter Stack is implemented suing pairs of reg-
isters in the Data Memory Array. Only 10, 11, or 12 bits
of the Program Counter are used to address the 1024,
2048, or 4096 words of on-board program memory of the
8048AH, 8049AH, or 8050AH, while the most significant
bits can be used for external Program Memory fetches.
See Figure 5. The Program Counter is initialized to
zero by activating the Reset line.

LAn

A10|A9|Aa|A7|AGIA5P4IA3|A2|A1IA0

T
| Program C:
e Counts 000H to 7FFH
* Overflows 7FFH to 000H

[o]

Figure 5. Program Counter

An interrupt or CALL to a subroutine causes the contents
of the program counter to be stored in one of the 8 register
pairs of the Program Counter Stack as shown in Figure
6. The pair to be used is determined by a 3-bit Stack
Pointer which is part of the Program Status Word (PSW).
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Figure 6..Program Counter Stack

Data RAM locations 8-23 are available as stack registers
and are used to store the Program Counter and 4 bits of
PSW as shown in Figure 6. The Stack Pointer .when
initialized to 000 points to RAM locations 8 and'9. The
first subroutine jump or interrupt results in the program
counter contents being transferred to locations 8 and 9 of
‘the RAM array. The stack pointer is then incremented by
one to point to locations 10 and 11 in anticipation of
another CALL. Nesting of subroutines wihtin subroutines
can continue up to 8 times without overflowing the stack.
It overflow does occur the deepest address stored (loca-
tions 8 and 9) will be overwritten and lost since the stack
pointer overflows from 111 to 000. It also underflows from
000 to 111.

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

2.7 Program Status Word

An 8-bit status word which can be loaded to and from the
accumulator exists called the Program Status Word
(PSW). Figure 7 shows the information available in

1-6

the word. The Program Status Word is actually a collection
of flip-flops throughout the machine which can be read or
written as a whole. The ability to write to PSW allows
for easy restoration of machine status, after a power down
sequence.

SAVED Il;l STACK STACK POINTER

1
r 1 r 1

.jJcy | AC FO | BS 1 S S1 So
MsB LsB
CY CARRY
AC AUXILIARV CARRY
FO FLAG

BS REGISTER BANK SELECT

Figure 7. Program Status Word (PSW)

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

'I‘he PSW bit definitions are as follows:

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

Bit 3: Not used (“‘1’* level when read)
Bit 4: Working Register Bank Switch Bit (BS)
= Bank 0

‘1 = Bank 1

Bit §: Flag 0 bit (FO) user controlled flag which can
be complemented or cleared, and tested with
the conditional jump instruction JFO.

Bit 6: ©=  Auxiliary Carry (AC) carry bit generated by
an ADD instruction and used by the decimai
-adjust instruction DA A.

Bit 7:©  Carry (CY) carry flag which indicates that the

previous operation has resulted in overflow of
the accumulator.

2.8 Conditional Branch Logic

The conditional branch logic within the processsor enables

several conditions internal and external to the processor
to be tested by the users program. By using the conditional
jump instruction the conditions that are listed in Table
1 can effect a change in the sequence of the program
execution:
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Table 1
Jump Conditions
Device Testable (Jump On)
not all
Accumulator All zeros Zeros
Accumulator Bit — 1
Carry Flag 0 1
User Flags (FO, F1) — 1
Timer Overflow Flag — 1
Test Inputs (TO, T1) 0 1
Interrupt Input (INT) 0 —

2.9. Interrupt

An interrupt sequence is initiated by applying a low ‘0’
level input to the INT pin. Interrupt is level triggered and
active low to allow ‘“WIRE ORing’’ of several interrupt
sources at the input pin. Figure 8 shows the interrupt
logic.of the 8048AH. The Interrupt line is sampled every
instruction cycle and when detected causes a ‘‘call to
subroutine’’ at location 3 in program memory as soon as
all cycles of the current instruction are complete. On 2-
cycle instructions the interrupt line is sampled on the 2nd
cycle only. INT must be held low for at least 3 machine
‘cycles to ensure proper interrupt operations. As in any
CALL to subroutine, the Program Counter and Program
Status word are saved in the stack. For a description of
this operation. see the previous section, Program Counter
and Stack. Program Memory location 3 usually contains
an unconditional jump to an interrupt service subroutine
elsewhere in program memory. The end of an interrupt
service subroutine is signalled by the execution of a Return
and Restore Status instruction RETR. The interrupt system
is single level in that once an interrupt is detected all
further interrupt requests are ignored until execution of an
RETR reenables the interrupt input logic. This occurs at
the beginning of the second cycle of the RETR instruction.
This sequence holds true also for an internal interrupt
generated by timer overflow. If an internal timer/counter
generated interrupt and an external interrupt are detected
at the same time, the external source will be recognized.
See the following Timer/Counter section for a-description
of timer interrupt. If needed, a second external interrupt
can be created by enabling the timer/counter interrupt,
loading FFH in the Counter (ones less than terminal
count), and enabling the event counter mode. A ‘‘1’’ to
‘0’” transition on the T1 input will then cause an interrupt
vector to location 7.

INTERRUPT TIMING
The interrupt input may be enabled or disabled under

Program Control using the EN I and DIS I instructions.
Interrupts are disabled by Reset and remain so until en-
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abled by the users program. An interrupt request must be
removed before the RETR instruction is executed upon
return from the service routine otherwise the processor
will re-enter the service routine immediately. Many pe-
ripheral devices prevent this situation by resetting their
interrupt request line whenever the processor accesses
(Reads or Writes) the peripherals data buffer register. If
the interrupting device does not require access by the
processor, one output line of the 8048AH may be des-
ignated as an ‘‘interrupt acknowledge’’ which is activated
by the service subroutine to reset the interrupt request.
The INT pin may also be tested using the conditional jump
instruction JNI. This instruction may be used to detect the
presence of a pending interrupt before interrupts are en-
abled. If interrupt is left disabled, INT may be used as
another test input like TO and T1.

2.10 Timer/Counter

The 8048AH contains a counter to aid the user in counting
external events and generating accurate time delays with-
out placing a burden on the processor for these functions.
In both modes the counter operation is the same, the only
difference being the source of the input to the counter.
The timer/event counter is shown in Figure 9.

COUNTER

The 8-bit binary counter is presettable and readable with
two MOV instructions which transfer the contents of the
accumulator to the counter and vice versa. The counter
content may be affected by Reset and should be initialized
by software. The counter is stopped by a Reset or STOP
TCNT instruction and remains stopped until started as a
timer by a START T instruction or as an event counter
by a START CNT instruction. Once started the counter
will increment to this maximum count (FF) and overflow
to zero continuing its count until stopped by a STOP TCNT
instruction or Reset.

The increment from maximum count to zero (overflow)
results in the setting of an overflow flag flip-flop and in
the generation of an interrupt request. The state of the
overflow flag is testable with the conditional jump instruc-
tion JTF. The flag is reset by executing a JTF or by Reset.
The interrupt request is stored in a latch and then ORed
with the external interrupt input INT. The timer interrupt
may be enabled or disabled independently of external in-
terrupt by the EN TCNT1 and DIS TCNT]1 instructions.
If enabled, the counter overflow will cause a subroutine
call to location 7 where the timer or counter service routine
may be stored.

If timer and external interrupts occur simultaneously, the
external source will be recognized and the Call will be to
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Figure 8. Interrupt Logic
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Figure 9. Timer/Event Counter

location 3. Since the timer interrupt is latched it will re-
main pending until the external device is serviced and
immediately be recognized upon return from the service
routine. The pending timer interrupt is reset by the Call
to location 7 or may be removed by executing a DIS
TCNT]1 instruction.

AS AN EVENT COUNTER

Execution of a START CNT instruction connects the T1
input pin to the counter input and enables the counter.
The T1 input is sampled at the beginning of state 3 or in
later MCS-48 devices in state time 4. Subsequent high to
low transitions on T1 will cause the counter to increment.
T1 must be held low for at least 1 machine cycle to insure
it won’t be missed. The maximum rate at which the
counter may be incremented is once per three instruction
cycles (every 5.7 usec when using an 8 MHz crystal) —
there is no minimum frequency. T1 input must remain
high for at least 1/5 machine cycle after each transition.

AS A TIMER

Eexcution of a START T instruction connects an internal
clock to the counter input and enables the counter. The
internal clock is derived bypassing the basic machine cycle
clock through a +32 prescaler. The prescaler is reset
during the START T instruction. The resulting clock in-
crements the counter every 32 machine cycles. Various
delays from 1 to 256 counts can be obtained by presetting
the counter and detecting overflow. Times longer than 256
counts may be achieved by accumulating multiple over-
flows in a register under software control. For time res-
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olution less than 1 count an external clock can be applied
to the T1 input and the counter operated in the event
counter mode. ALE divided by 3 or more can serve as
this external clock. Very small delays or ‘‘fine tuning’’
of larger delays can be easﬂy accomplished by software
delay loops.

Often a serial link is desirable in an MCS-48 family mem-
ber. Table 2 lists the timer counts and cycles needed
for a specific baud rate given a crystal frequency.

2.1 Clock and Timing Circuits

Timing generation for the 8048AH is completely selfcon-
tained with the exeception of a frequency reference which
can be XTAL, ceramic resonator, or external clock source.
The Clock and Timing circuitry can be divided into the
following functional blocks.

OSCILLATOR

The on-board oscillator is a high gain parallel resonant
circuit with a frequency range of 1 to 11 MHz. The X1
external pin is the input to the amplifier stage while X2
is the output. A crystal or ceramic resonator connected
between X1 and X2 provides the feedback and phase shift
required for oscillation. If an accurate frequency reference
is not required, ceramic resonator may be used in place
of the crystal. . .

For accurate clocking, a crystal should be used. An ex-
ternally generated clock may also be applied to X1-X2
as the frequency source. See. the data sheet for more
information.
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Table 2. Baud Raté Generation

Frequency Tcy TO Prr(1/5 Tcy) ‘Timer Prescaler
(MHz2) (32 Tey)
4 3.75us 750ns 120us
6 2.50us 500ns 80us
8 1.88us 375ns 60.2us
11 1.36us 275ns 43.5us
Baud 4 MHz 6 MHz 8 MHz 11 MHz
Rate Timer Counts + Timer Counts + Timer Counts + Timer Counts +
Instr. Cycles Instr. Cycles Instr. Cycles Instr. Cycles
110 75 + 24 Cycles 113 + 20 Cycles 151 + 3 Cycles 208 + 28 Cycles
.01% Error .01% Error .01% Error .01% Error
300 27 + 24 Cycles 41 + 21 Cycles 55 + 13 Cycles ‘76 + 18 Cycles
1% Error .03% Error .01% Error .04% Error
1200 6 + 30 Cycles 10 + 13 Cycles 12 + 27 Cycles 19 + 4 Cycles
.1% Error .1% Error .06% Error .12% Error
1800 4 + 20 Cycles 6 + 30 Cycles 9 + 7 Cycles 12 + 24 Cycles
. .1% Error .1% Error :17% Etrror .12% Error
2400 3 + 15 Cycles 5 + 6 Cycles 6 + 24 Cycles 9 + 18 Cycles
.1% Error 4% Error .29% Error .12% Error
4800 1 + 23 Cycles 2 + 19 Cycles 3 + 14 Cycles 4 + 25 Cycles
1.0% Error 4% Error .74% Error .12% Error
STATE COUNTER power supply is within tolerance.Only 5 machine cycles

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

‘CYCLE COUNTER

CLK is then divided by 5 in the Cycle Counter to pro-
vide a clock which defines a machme cycle consisting
of 5 machine states as shown in Figure 10. Figure 11
shows the different internal operations as divided into
the machine states. This clock is called Address Latch
Enable (ALE) because of its function in MCS-48_sys-
tems with external memory. It is provided contmuous-
ly on the ALE output pin.

2.12 Reset

The reset input provides a means for initialization for the
processor. This Schmitt-trigger input has an internal pull-
up device which in combination with an external 1 u fd
capacitor provides an internal reset pulse of sufficient
length to guarantee all circuitry is reset, as shown in Figure
12. If the reset pulse is generated externally the RESET
pin must be held low for at least 10 milliseconds after the

(6.8 us @ 11 MHz) are required if power is already on
and the oscillator has stabilized. ALE and PSEN (if EA
= 1) are active while in Reset.
Reset performs ihe following functions:
1) Sets program counter to zero.
2) Sets stack pointer to zero.
3) Selects register bank 0.

4) Selects memory bank 0.

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

6) Sets Ports 1 and 2 to input mode.
7) Disables interrupts (timer and external).
8) Stops timer.
9) Clears timer flag.
10) Clears FO and F1.

11) Disables clock output from TO.
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Figure 10. MCS®-48 Timing Generation and Cycle Timing

2.13 Single-Step half of Port 2. The user can therefore follow the program

through each of the instruction steps. A timing diagram,
This feature, as pictured in Figure 13, provides the  showing the interaction between output ALE and input
user with a debug capability in that the processor can be SS, is shown. The BUS buffer contents are lost during
stepped through the program one instruction at a time. single step; however, a latch may be added to reestablish
While stopped, the address of the next instruction to be  the lost I/O capability if needed. Data is valid at the leading
fetched is available concurrently on BUS and the lower  edge of ALE.

111




alt

weibeig Bujwiy uoponnsul HY6Y08/HV8Y08 “LL ainbid

W3LSAS 8b-0SOW LNINOJIWOD FTONIS

CYCLE 1 CYCLE2
INSTRUCTION s1 52 s3 s4 s5 s1 s2 s3 s4 s5
NAP FETCH INCREMENT _ *INCREMENT _ _ READ _ . _
INSTRUCTION |PROGRAM COUNTER TIMER PORT
OUTL PA FETCH INCREMENT _ “INCREMENT | OUTPUT _ _ _ . _ _
’ INSTRUCTION |PROGRAM COUNTER TIMER TO PORT
— DATA FETCH INCREMENT _ *INCREMENT | oo, FETCH _ INCREMENT *ouTPUT| _
ANLP,=DATA | INSTRUCTION |PROGRAM COUNTER TIMER READ PORT | \\MEDIATE DATA PROGRAM COUNTER | TO PORT
. FETCH INCREMENT _ *INCREMENT FETCH _ | INCREMENT soutPUT| _
ORLP,=DATA | INSTRUCTION |PROGRAM COUNTER _ TIMER READPORT | |mMEDIATE DATA PROGRAM COUNTER | TO PORT
INS A BUS FETCH INCREMENT _ INCREMENT _ _ READ _ - . _
’ INSTRUCTION |PROGRAM COUNTER TIMER PORT
OUTL BUS, A FETCH INCREMENT _ INCREMENT | OUTPUT _ _ _ . _ _
’ INSTRUCTION |PROGRAM COUNTER TIMER TO PORT
R FETCH INCREMENT _ *INCREMENT FETCH _ INCREMENT *OUTPUT| _
ANL BUS, = DATA | \NSTRUCTION [PROGRAM COUNTER TIMER READ PORT | \mmEDIATE DATA PROGRAM COUNTER | TO PORT
" FETCH INCREMENT *INCREMENT FETCH INCREMENT *OUTPUT
= —_ Al — -
ORL BUS, = DATA| ,\sTRUCTION |PROGRAM COUNTER TIMER READ PORT | |MMEDIATE DATA PROGRAM COUNTER | TO PORT
MOVX @ R.A FETCH INCREMENT OUTPUT RAM INCREMENT | OUTPUT _ _ _ . _ _
’ INSTRUCTION |PROGRAM COUNTER ADDRESS TIMER DATA TO RAM
MOVX A@R FETCH INCREMENT OUTPUT RAM INCREMENT _ _ READ _ . _
’ INSTRUCTION |PROGRAM COUNTER ADDRESS TIMER DATA | .
MOVD AP FETCH INCREMENT OUTPUT INCREMENT _ _ READP2{ _ . _ _
! INSTRUCTION |PROGRAIA COUNTER | OPCODE/ADDRESS | TIMER LOWER »
MOVD P: A FETCH INCREMENT ouTPUT INCREMENT |OUTPUT DATA _ _ _ . _
v INSTRUCTION |PROGRAIA COUNTER |OPCODE/ADDRESS |  TIMER TO P2 LOWER
ANLD PA FETCH INCREMENT OUTPUT INCREMENT | OUTPUT _ _ _ . _
’ INSTRUCTION |PROGRAIM COUNTER | OPCODE/ADDRESS | TIMER DATA
ORLD PA FETCH INCREMENT OUTPUT INCREMENT | . OUTPUT _ _ _ . _
’ INSTRUCTION |PROGRAM COUNTER | OPCODE/ADDRESS | TIMER DATA
J(CONDITIONAL)| __FETCH INCREMENT SAMPLE “INCREMENT _ FETCH _ UPDATE .o _
INSTRUCTION |PROGRAM COUNTER |  CONDITION SAMPLE IMMEDIATE DATA PROGRAM COUNTER
STRTT FETCH INCREMENT _ . START
STRT CNT INSTRUCTION |PROGRAM COUNTER COUNTER
FETCH INCREMENT . STOP
STOPTCNT INSTRUCTION |PROGRAM COUNTER COUNTER
NI FETCH INCRIEMENT _ * ENABLE _
INSTRUCTION [PROGRAM COUNTER INTERRUPT *VALID INSTRUCTION ADDRESSES ARE OUTPUT
oot FETCH INCREMENT — T DISABLE. - AT THIS TIME IF EXTERNAL PROGRAM MEMORY IS
INSTRUCTION |PROGRAM COUNTER INTERRUPT -
u (1) IN LATER MCS-48 DEVICES T1 IS SAMPLED IN S4.
ENTO CLK FETCH INCHEMENT * ENABLE _
: INSTRUCTION |PROGRAM COUNTER cLOCK




SINGLE COMPONENT MCS®-48 SYSTEM

EXTERNAL RESET
Vce
RESET
TTF 80 K0
ACTIVE
PULLUP

POWER ON RESET

Vce
O 1K RESET
80 KO
1uF.

TIMING

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

1) The processor is requested to stop by applying a low

level on SS.

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

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

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

5) To stop the processor at the next instruction SS must
be brought low again soon after ALE goes low. If SS
is left high the processor remains in a ‘‘Run’’ mode.

3

~

4

=

A diagram for implementing the single-step function of
the 8748H is shown in Figure 13. D-type flip-flop with
preset and clear is used to generate SS. In the run mode
SS is held high by keeping the flip-flop preset (preset has
precedence- over the clear input). To enter single step,
preset is removed allowing ALE to bring SS low via the

clear input. ALE should be buffered since the clear input
of an SN7474 is the equivalent of 3 TTL loads. The
processor is now in the stopped state. The next instruction
is initiated by clocking a *‘1°’ into the flip-flop. This *‘1”’
will not appear on SS unless ALE is high removing clear

~ from the flip-flop. In response to SS going high the pro-
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cessor begins an instruction fetch which brings ALE low
resetting SS through the clear input and causing the pro-
cessor to again enter the stopped state.

2.14 Power Down Mode
(8048AH, 8049AH, 8050AH,
8039AHL, 8035AHL, 8040AHL)

Extra circuitry has been added to the 8048 AH/8049AH/
8050AH ROM version to allow power to be removed from
all but the data RAM array for low power standby oper-
ation. In the power down mode the contents of data RAM
can be maintained while drawing typically 10% to 15%
of normal operating power requirements.

Vc serves as the 5V supply pin for the bulk of circuitry
while the Vi, pin supplies only the RAM array. In normal
operation both pins are a 5V while in standby, V¢ is at
ground and Vp, is maintained at its standby value. Ap-
plying Reset to the processor through the RESET pin
inhibits any access to the RAM by the processor and
guarantees that RAM cannot be inadvertently altered as
power is removed from V.

A typical power down sequence (Figure 14) occurs as
follows:

1) Imminent power supply failure is detected by user de-
fined circuitry. Signal must be early enough to allow
8048AH to save all necessary data before V. falls
below normal operating limits.

2) Power fail signal is used to interrupt processor and
vector it to a power fail service routine.

3) Power fail routine saves all important data and machine
status in the internal data RAM array. Routine may
also initiate transfer of backup supply to the Vp, pin
and indicate to external circuitry that power fail routine
is complete.

4) Reset is applied to guarantee data will not be altered
as the power supply falls out of limits. Reset must be
held low until Vc is at ground level.

Recovery from the Power Down mode can occur as any
other power-on sequence with an external capacitor on
the Reset input providing the necessary delay. See the
previous section on Reset.
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2.15 External Access Mode

Normally the first 1K (8048AH), 2K (8049AH), or 4K
(8050AH) words of program memory are automatically
fetched from internal ROM or EPROM. The EA input pin
however allows the user to effectively disable internal
program memory by forcing all program memory fetches
to reference external memory. The following chapter ex-
plains how access to external program memory is
accomplished.

The External Access mode is very useful in system test
and debug because it allows the user to disable his internal
applications program and substitute an external program

of his choice — a diagnostic routine for instance. In ad--

dition, the date sheet shows how internal program mem-

ory can be read externally, independent of the processor.’

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

2.16 Sync Mode

The 8048AH, 8049AH, 8050AH has incorporated a new
SYNC mode. The Sync mode is provided to ease the
design of multiple controller circuits by allowing the de-
signer to force the device into known phase and state time.
The SYNC mode may also be utilized by automatic test
equipment (ATE) for quick, easy, and efficient synchro-
nizing between the tester and the DUT (device under test).

SYNC mode is enabled when SS’ pin is raised to high
voltage level of + 12 volts. To begin synchronization, TO

is raised to 5 volts at least four clocks cycles after SS'.-

TO must be high for at least four X1 clock cycles to fully
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reset the prescaler and time state generators. TO may then
be brought down with the rising edge of X1. Two clock
cycles later, with the rising edge of X1, the device enters
into Time State 1, Phase 1, SS’ is then brought down to
5 volts 4 clocks later after TO. RESET' is allowed to go
high 5 tCY (75 clocks) later for normal execution of code.
See Figure 15.
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3.0 PIN DESCRIPTION
PROGRAM R
+5VGN r"iclw The MCS-48 processors are packaged in 40 pin Dual In-
l ‘D l l Line Packages (DIP’s). Table 3 is a'summary of the
functions of each pin. Figure 16 is the logic symbol
— for the 8048 AH product family. Where it exists, the sec-
PORT
XTAL {—— <.—_1—.{> # ond paragraph describes each pin’s function in an ex-
RESET —=Ol panded MCS-48 system. Unless otherwise specified, each
PORT input is TTL compatible and each output will drive one
SINGLE STEP #2 standard TTL load. ' . o
EXTERNAL | 8048AH . .o
MEM 8049AH
_[———— 8050AH o READ
TEST
o+ WRITE
: PROGRAM
INTERRUPT —=0 STORE ENABLE
ADDRESS
BUS [ LATCH ENABLE

Figure 16. 8048AH and 8049AH Logic Symbol
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T_able 3. Pin Description

Pin
Designation | Number* Function

Vss 20 Circuit GND potential

Vob 26 Programming power supply; 21V during program for the 8748H/8749H; + 5V during
operation for both ROM and EPROM. Low power standby pin in 8048AH and
8049AH/8050AH ROM versions.

Vee 40 Main power supply; +5V during operation and during 8748H and 8'749H pro-
gramming.

PROG 25 Program pulse; +18V input pin during 8748H /8749H programming. Qutput strobe
for 8243 1/O expander.

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

(Port 1)

P20-P27 21-24  |8-bit quasi- bldlrecuonal port (Internal Pullup SOK.(I)

(Port 2) 35-38
P20-P23 contain the four high order program counter bits during an external pro-
gram memory fetch and serve as a 4-bit 1/O expander bus for 8243.

D0-D7 12-19  |True bidirectional port which can be written or read synchronously using the RD,

(BUS) WR strobes. The port can also be statically latched. ‘
Contains the 8 low order program counter bits during an external program mem-
ory fetch, and receives the addressed instruction under the control of PSEN. Also

_|contains the address and data durmg an external RAM data store instruction,
'|under control of ALE, RD, and WR. ‘

TO 1 Input pin testable using the conditional transfer instructions JT0 and JNTO. TO
can be designated as a clock output using ENTO CLK instruction. TO is also used
durmg programming and sync mode.

Tl 39 Input pin testable usmg the JTI, and JNT l'instructions. Can be destgnated the

’ event counter input using the STRT CNT instruction..(See Section 2.10).

INT 6 lnterrupt input. Initiates an interrupt if interrupt is enabled. Interrupt is disabled
after a reset. (Active low)
Interrupt must remain low for at least 3 machine cycles to ensure prope‘r operation.

RD 8 Output strobe activated during a BUS read..Can be used to enable data onto the
BUS from an external device. (Active low)
Used as a Read Strobe to External Data Memory.

RESET 4 Input which is used to initialize the processor. Also used during EPROM prbgramming
and verification. (Active low) (Internal pullup =~ 80K Q)

WR 10 Output strobe during a BUS write. (Active low) Used as write strobe to external
data memory.

ALE 11 Address Latch Enable. This signal occurs once during each cycle and is useful as

|a clock output.

‘| The negative edge of ALE strobes address into external data and program memory.
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Table 3. Pin Description (Contlnhed)

Pin
Designation Number* Function

PSEN 9 Program Store Enable. This output occurs only durlng afetchtoexternal program
memory. (Active low)

SS 5 Single step input can be used in conjunction with ALE to “single step™ the processor
through each instruction. (Active low) (lnterna] pullup = 300K ) +12V for sync
modes (See 2.16).

EA 7 External Access input which forces all program memory fetches to reference ex-
ternal memory. Useful for emulation and debug; and essential for testing and pro-
gram verification. (Active high) +12V for 8048AH/8049AH /8050AH program
verification and +18V for 8748H/8749H program verification (Internal pullup =
10M () on 8048AH /8049AH /8035AHL/8039AHL/8050AH /8040AHL)

XTALI 2 |One side of crystal input for internal oscillator. Also input for external source.

XTAL2 3 Other side of crystal/external source input. ; ‘

*Unless otherwise stated, inputs do not have internal pullup resistors. 8048AH, 8748H, 8049AH, 8050AH, 8040AHL

4.0 PROGRAMMING, VERIFYING AND
'ERASING EPROM

The internal Program Memory of the 8748H and the
8749H may be erased and reprogrammed by the user as
explained in the following sections. See also the 8748H
and 8749H data sheets.

4.1 Programming/Verification

In brief, the programming process consists of: activating
the program mode, applying an address, latching the ad-
dress, applying data, and applying a programming pulse.
This programming algorithm applies to both the 8748H

' 8748H AND 8749H ERASURE
 CHARACTERISTICS

The erasure characteristics of the 8748H and 8749H are

‘such that erasure begins to occur when exposed to light

- with wavelengths shorter than approximately 4000 Angs-

troms (A). It should be noted that sunlight and certain

- types of fluorescent .lamps have wavelengths in the

and 8749H. Each word is programmed completely before

moving on to the next and is followed by a vpnﬁnahnq

step. The following is a list of the pins used for program-
ming and a descsription of their functions:

Pin Function

XTAL 1 Clock Input (3 to 4 MHz)

Reset Initialization and Address Latchmg

Test 0 Selection of Program (0V) or Verify

(5V) Mode

EA Activation of Program/Verify Modes

BUS Address and Data Input Data Output
i During Verify

P20-1 Address Input for 8748H

P20-2 Address Input for 8749H

Vop Programming Power Supply

PROG Program Pulse Input

P10-P11  Tied to ground (8749H only)

1-18

3000-4000A range. Data show that constant exposure to
room level fluorescent ‘lighting could erase the typical
8748H and 8749H in approximately 3 years while it would
take approximately 1 week to cause erasure when exposed
to direct sunlight. If the.8748H or 8749H is to be exposed
to these types of lighting conditions for extended periods
of time, opaque labels should be placed over the 8748H

window to nrevent unintentional eragure

ngeo ¢ prevent uninienlional erasure.

When erased, bits of the 8748H and 8749H Program Mem-
ory are in the logic “‘0’’ state.

The recommended erasure procedure for the 8748H and

8749H is exposure to shortwave ‘ultraviolet light which
has a wavelength of 2537 Angstroms (A). The integrated
dose (i.e., UV intensity X exposure time) for erasure
should be a minimum of 15W-sec/cm?. The erasure time
with this dosage is approximately 15 to 20 minutes using
an ultraviolet lamp with a 12000uW/cm? power rating.
The 8748H and 8749H should be placed within one inch
from the lamp tubes during erasure. Some lamps have a
filter in their tubes and this filter should be removed before
erasure.
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COMBINATION PROGRAM/VERIFY MODE (EPROMs ONLY)

18V
EA /
5V

PROGRAM -—vemsv——-’-——moenau—
tTw
TO ,\ J \
K AL
RESET X ( \ /
C AW twa ~—1D0—{
_ _ _{ ADDREss DATA TO BE _ DATA — — —{NEXT ADDR
DB0-DB7 ] (0-7) VALID /\PROGRAMMED VALID, N VALID VALID
LAST NEXT
P20-P22  ,nhpred . ADDRESS (8-10) VALID X ADDRESS
tvDDW ’VD?H
21 % wT
VoD
+5 j
tow twp
+18
PROG .. _ ______ R e
" i U

> VERIFY MODE (ROM/EPROM)

- /

*To,

me T\ /TN /T
DB0-DB7 _ ADDRESS DATAOUT \ _ _ _ NEXT NEXTDATAN  _ _ _
~ (0-7) VALID VALID ADDRESS OUT VALID

P20-P22 X ADDRESS (8-10) VALID X NEXT ADDRESS VALID

NOTES: ’
1. PROG MUST FLOAT IF EA IS LOW (L.E., = 18V).

*TO ON EPROM ONLY.

Figure 17. Program/Verify Sequence for 8749H/8748H
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EXPANDED MCS®-48 SYSTEM

1.0 INTRODUCTION

If the capabilities resident on the single-chip 8048AH/
8748H/8035AHL/8049AH/8749H/8039AHL are not suf-
ficient for your system requirements, special on-board cir-
cuitry allows the addition of a wide variety of external
memory, I/O, or special peripherals you may require The
processors can be directly and stmply expanded in the
following areas:

® Program Memory to 4K words

® Data Memory to 320 words (384 words with
. 8049AH)

® 1/O by unlimited amount
® Special Functions using 8080/8085AH peripherals

By using bank switching techniqueé, maximum capability
is essentially unlimited. Bank switching is discussed later
in the chapter. Expansion is accomplished in two ways:

1) Expander 'O — A special /O Expander circuit, the
8243, provides for the addition of four 4-bit Input/
Output ports with the sacrifice of only the lower half
(4-bits) of port 2 for inter-device communication. Mul-
tiple 8243’s may be added to this 4-bit bus by gen-
erating the required ‘‘chip select’” lines.

Standard 8085 Bus — One port of the 8048AH/
8049AH is like the 8-bit bidirectional data bus of the
“8085 microcomputer system allowing interface to the
numerous standard memories and peripherals of the
MCS®-80/85 microcomputer family.

~
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MCS-48 systenis can be configured using either or both
of these expansion features to optimize system capabilities
to the application.

Both expander devices and standard memories and pe-
ripherals can be added in virtually any number and com-
bmatlon required.

2.0 EXPANSION OF PROGRAM MEMORY

~ Program Memory is expanded beyond the resident 1K or
2K words by using the 8085 BUS feature of the MCS®-
48. All program memory fetches from the addresses less

.than 1024 on the 8048AH and less than 2048 on the
- 8049AH occur internally with no external signals being
generated (except ALE which is always present). At ad-
dress 1024 on the 8048AH, the processor automatically
initiates external program memory fetches.

2.1 Instruction Fetch Cycle (External)
As shown in Figure 1, for all instruction fetches from

addresses of 1024 (2048) or greater, the following will
occur:

1) The contents of the 12-bit program counter will be
output on BUS and the lower half of port 2.

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

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

4) BUS reverts to input (floating) mode and the processor

_ accepts its 8-bit contents as an instruction word.

ae [ L
v L[

FLOIATING

—

BUS

FLOATING FLOATING

ADDRESS INSTRUCTION

Figure 1. Instruction Fetch from
External Program Memory

All instruction fetches, including internal addresses, can be

* forced to be external by activating the EA pin of the 8048AH/

21

8049AH/8050AH. The 8035AHI/8039AHL/8040AHL pro-
cessors without program memory always operate in the ex-
ternal program memory mode (EA = 5V).

2.2 Extended Program Memory
Addressing (Beyond 2K)

For programs of 2K words or less, the 8048AH/8049AH
addresses program memory in the conventional manner.
Addresses beyond 2047 can be reached by executing a
program memory bank switch instruction (SEL MBO, SEL
MB1) followed by a branch instruction (JMP or CALL).
The bank switch feature extends the range of branch in-
structions beyond their normal 2K range and at the same
time prevents the user from madvertently crossing the 2K
boundary. .

PROGRAM MEMORY BANK SWITCH

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

A

-
by

A10!As|ABIA7|A6]A5|A4]A3IA2IA1IA0

—
Conventional Program Counter

® Counts 000H to 7FFH

® Overflows 7FFH to 000H
JMP or CALL i transfer
of internal flipflop to Aq4

* Fliptiop set by SEL MB1
® Flipflop reset by SEL MB0
or by RESET

During inlerrupt service routine
A11 is forced to “0” -
All 12 bits are saved in stack

Figure 2. Program Counter
INTERRUPT ROUTINES

Interrupts ‘always vector the program counter to’ locatlon
3 or 7 in'the first 2K bank, ‘and bit 11 of the program

counter is held at ‘‘0’’ during the interrupt service routine.
The end of the service routine is signalled by the execution
of an RETR instruction. Interrupt service routines should
therefore be contained entirely in the lower 2K words of

‘program memory. The execution of a SEL MBO or SEL
"MBI instruction within an interrupt routine is not rec-

ommended since it will not alter PC11 while in the routine,
but will change the internal flip-flop.

2.3 Restoring 1/0 Port Information

:Although the lower half of Port 2 is used to output the

four most significant bits of address during an external
program memory fetch, the I/O information is still out-
puted during certain portions of each machine cycle. I/O
information is always present on Port 2’s lower 4 bits at
the rising edge of ALE and can be sampled or latched at

this time.

2.4 Expansion Examples

Shown in Figure 3 is the addition of 2K words of
program memory using an 2716A 2K x 8 ROM to give

a total of 3K words of program memory. In this case no

chip select decoding is required and PSEN enables the
memory directly through the chip select input. If the sys-
tem requires only 2K of program memory, the same con-
figuration can be used with an 8035AHL substituted for
the 8048AH. The 8049AH would provide 4K of program
memory with the same configuration.

PORT 20-22

8048AH ALE

1tj> ADDRESS

78LS373
2716
ﬁ‘ 'LATCH gane
BUS <s oo

USING 2K ~ 8 EPROM

cs

Figure 3. Expanding MCS®-48 Program Memory U;Ing Standard Memory Products
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Figure 4 shows how the 8755/8355 EPROM/ROM with
I/O interfaces directly to the 8048AH without the need
ALE ALE . for an address latch. The 8755/8355 contains an internal
8-bit address latch eliminating the need for an 8212 latch.

i %Dw, In addition to a 2K x 8 program memory, the 8755/8355
- - El':));n? also contains 16 I/O lines addressable as two 8-bit ports.
:g:gﬁ: RD I0R  corom These ports are addressed as external RAM,; therefore the
WITH 1o RD and WR outputs of the 8048AH are required. See the
BUS ADo-7 MO, following section on data memory expansion for more
8755 : detail. The subsequent section on 1/0 expansion explains
P20-P23 i> Ag-Atp, CS the operation of the 16 1/0 lines.

3.0 EXPANSION OF DATA MEMORY

Data Memory is expanded beyond the resident 64 words
by using the 8085AH type bus feature of the MCS®-48.

TEST /O ' 3.1 Read/Write Cycle
INPUTS

All address and data is transferred over the 8 lines of

] BUS. As shown in Figure 5, a read or write cycle
Figure 4. External Program Memory Interface occurs as follows:

ALE I | I | I _ I

BUS FLOATINGXADDRESX X DATA X FLOATING
va
: 7

FLOATING

READ FROM EXTERNAL DATA MEMORY

ALE I I I |
WR | : l
BUS FLOATINGXADDRESSX FLOATINGX DATLX FLOATING

WRITE TO EXTERNAL DATA MEMORY

Figure 5. External Data Memory Timings

2-3
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1) The contents of register RO or R1 is outputed on BUS.

2) Address Latch Enable (ALE) indicates addresss is
valid. The trailing edge of ALE is used to latch the
address externally.

3) Aread (RD) or write (WR) pulse on the correspondmg
output pins of the 8048AH indicates the type of data
memory access in progress. Output data is valid at the
trailing edge of WR and input data must be valid at
the trailing edge of RD. -

4) Dat (8 bits) is transferred in or out over BUS.

3.2 Addressing External Data Memory

External Data Memory is accessed with its own two-cycle
move instructions. MOVXA, @R and MOVX@R, A,
which transfer 8 bits of data between the accumulator and
the external memory location addressed by the contents
of one of the RAM Pointer Registers RO and R1. This
allows 256 locations to be addressed in addition to the
resident locations. Additional pages may be added by
‘‘bank switching’’ with extra output lines of the 8048AH.

3.3 Examples of Data Memory Expansion

Figure 6 shows how the 8048-AH can be expanded -

using the 8155 memory and I/O expanding device. Since
the 8155 has an internal 8-bit address latch, it can interface
directly to the 8048AH without the use of an external
latch. The 8155 provides an additional 256 words of static
data memory and also includes 22 /O lines and a 14-bit
timer. See the following section on I/O expansion and the
8155 data sheet for more details on these additional
features.

4.0 EXPANSION OF INPUT/OUTPUT

There are four possible modes of I/O expansion with the
8048AH: one using a special low-cost expander, the 8243;
another using standard MCS-80/85 I/O devices; and a third
using the combination memory I/O expander devices the
8155, 8355, and 8755. It is also possible to expand using
standard TTL devices.

‘4.1 1/0 Expander Device

The most efficient means of I/O expansion for small sys-
tems is the 8243 I/O Expander Device which requires only
4 port lines (lower half of Port 2) for communication with
the 8048 AH. The 8243 contains four 4-bit I/O ports which

. serve as an extension of the on-chip I/O and are addressed

as ports #4-7 (see Figure 13-7). The following operations
may be performed on these ports:

® Transfer Accumulator to Port
® Transfer Port to Accumulator -
® AND Accumulator to Port

® OR Accumulator to Port

A 4-bit transfer from a port to the lower half of the Ac-
cumulator sets the most significant four bits to zero. All
communication between the 8048AH and the 8243 occurs
over Port 2 lower (P20-P23) with timing provided by an
output pulse on the PROG pin of the processor. Each trans-
fer 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.

susk” B
N
ALE

> ADg.7
[ 4

ALE oo <I> o
256 x 8

8048AH WA
- RD

WR RAM |, TIMERIN
RD — — ~ TIMER OUT

PORT

TEST
INPUTS

G
.|/o

rO/ﬁ

Figure 6. 8048AH Interface to 256 x 8 Standard Memories
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—,E—l

CHIP SELECT CONNECTION IF MORE
THAN ONE EXPANDER IS USED

PROG \

o e
2] e m— YT
PROG PROG
8050AH <Ij TS Ps \,/‘_‘—__:> o
8049AH 8243
s04sAH pek T o
P20-P23 DATA IN
P2
] ey

EXPANDER INTERFACE

—

BITS 0,1 BITS 2,3

00 00— READ
01 | PORT 01 WRITE
10 [ ADDRESS 10 | OR

11 11— AND

e X

7—_

ADDRESS
AND OPCODE
(4-BITS)

DATA (4-BITS)

OUTPUT EXPANDER TIMING

Figure 7. 8243 Expander I/O Interface

Nibble 1 Nibble 2
321 0 ' 321 0
1] [d[dfda]d]
Instruction Port data

Code Address
1 i AA
00 Read 00 — Port #4
01 Write 01 — Port #5
10 OR 10 — Port #6
11 AND 11 — Port #7

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

/O PORT CHARACTERISTICS
Each of the four4-bit ports of the 8243 can serve as either

input or output and can provide high drive capability in
both the high and low state.

2-5

4.2 /O Expansion with Standard
Peripherals

Standard MCS-80/85 type 1/O devices may be added to
the MCS®-48 using the same bus and timing used for Data
Memory expansion. Figure 8 shows an example of how
an 8048AH can be connected to an MCS-85 peripheral.
I/0 devices reside on the Data Memory bus and in the
data memory address space and are accessed with the same
MOVX instructions. (See the previous section on data
memory expansion for a description of timing.) The fol-
lowing are a few of the Standard MCS-80 devices which
are very useful in MCS®-48 systems:

@ 8214 Priority Interrupt Encoder

©® 8251 Serial Communications Interface

® 8255 General Purpose Programmable I/0

® 8279 Keyboard/Display Interface

® 8254 Interval Timer

4.3 Combination Memory and

I/0 Expanders
As mentioned in the sections on program and data memory
expansion, the 8355/8755 and 8155 expanders also contain
1/O capability.
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- KEYBOARD
_ INPUTS
INT <_°<_ INT

P20 c/o [~ SHIFT
[+=——cnrte
8279
‘ KEYBOARD 2 OSCAN
8048AH DISPLAY OUTPUTS
RD RD
— — :’\‘/ (A) DISPLAY
WR WR 4 OUTPUT

‘ DATA ___I\‘/
. susK 8 (B) DISPLAY
<:_/'\ BUS 4 OUTPUT

gl

Figure 8. Keyboard/Display Interface

8355/8755: These two parts of ROM and EPROM equiv-
alents and therefore contain the same I/O structure. /O
consists of two 8-bit ports which normally reside in the
external data memory address space and are accessed with
MOVX instructions. Associated with each port is an 8-
bit Data Direction Register which defines each bit in the
port as either an input or an output. The data direction

registers are directly addressable, thereby allowing the

user to define under software control each individual bit
of the ports as either input or output. All outputs are
statically latched and double buffered. Inputs are not
latched.

8155/8156: /O 611 the 8155/8156 is configured:as two
8-bit programmable 1/0 ports and one 6-bit programmable

port. These three registers and a Control/Status register
are accessible as external data memory with the MOVX
instructions. The contents of the control register deter-
mines the mode of the three ports. The ports can be pro-
grammed as input or output with or without associated
handshake communication lines. In the handshake mode,
lines of the six-bit port become input and output strobes
for the two 8-bit ports. Also included in the 8155 is a
14-bit programmable timer. The clock input to the timer
and the timer overflow output are available on external
pins. The timer can be programmed to stop on terminal
count or to continuously reload itself. A square wave or
pulse output on terminal count can also be specified.

!

8243

AN
4
BUS 8 > ' '

y N
PORT 1K 8 >
8048AH

PROG P20-3 «» ProG P20-3K 4 >|PROG P20-3

S N ST =
AN A__N AN
8243 “ v 8243 | Y v 8243 :
<I> PROG P20-3 «»

:

rorral 5 W

PROG - l - l

Figure 9. Low Cost 1/0 Expansion
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/0 EXPANSION EXAMPLES

Figure 9 shows the expansion of I/0 using multiple
8243’s. The only difference from a single 8243 system is
the addition of chip selects provided by additional 8048AH
output lines. Two output liens and a decoder could also
be used to address the four chips. Large numbers of 8243’s
would require a chip select decoder chip such as the 8205
to save I/O pins.

Figure 10 shows the 8048AH interface to a standard
MCS®-80 peripheral; in this case, the 8255 Programmable
Peripheral Interface, a 40-pin part which provides three
8-bit programmable I/O ports. The 8255 bus interface is
typical of programmable MCS®-80 peripherals with an
8-bit bidirectional data bus, a RD and WR input for Read/
Write control, a CS (chip select) input used to enable the
Read/Write control logic and the address inputs used to
select various internal registers.

Ap 8255
A7 PROGRAM-
MABLE
PERIPHERAL
__INTERFACE
RD

WR

ICH>r

8048AH ALE
RD

WR

BUS Do-7

iHsal

OPTION #1

P(i\RT
POBHT
POCRT

P20 Ag 8255 PORT
P21 Ay PROGRAM-
MABLE ““ A
PERIPHERAL roRT
804BAH __ INTERFACE “
RD b “ B
Wﬁ v_v'ﬁ PORT
c
susk 5 joor _
cs
L
OPTION#2 =

Figure 10. Interface to MCS®-80 Peripherals

Interconnection to the 8048AH is very straightforward
with BUS, RD, and WR connecting directly to the cor-
responding pins on the 8255. The only design consider-
ation is the way in which the internal registers of the 8255
are to be addressed. If the registers are to be addressed
as external data memory using the MOVX instructions,
the appropriate number of address bits (in this case, 2)
must be latched on BUS using ALE as described in the
section on external data memories. If only a single device
is connected to BUS, the 8255 may be continuously se-
lected by grounding CS. If multiple 8255’s are used, ad-
ditional address bits can be latched and used as chip
selects.

A second addressing method eliminates external latches
and chip select decoders by using output port lines as ad-
dress and chip select lines directly. This method, of
course, requires the setting of an output port with address
information prior to executing a MOV X instruction.

5.0 MULTI-CHIP MCS®-48 SYSTEMS

Figure 11 shows the addition of two memory expanders
to the 8048AH, one 8355/8755 ROM and one 8156 RAM.
The main consideration in designing such a system is the

addressing of the various memories and 1/O ports. Note
that in this configuration address lines A, and A, have
been ORed to chip select the 8355. This ensures that the
chip is active for all external program memory fetches in
the 1K to 3K range and is disabled for all other addresses.
This gating has been added to allow the I/O port of the
8355 to be used. If the chip was left selected all the time,
there would be conflict between these ports and the RAM
and I/O of the 8156. The NOR gate could be eliminated
and A, connected directly to the CE (instead of CE) input
of the 8355; however, this would create a 1K word ‘‘hole”’
in the program memory by causing the 8355 to be active
in the 2K and 4K range instead of the normal 1K to 3K
range.

In this system the various locations are addressed as
follows:
® Data RAM — Addresses 0 to 255 when Port 2 Bit
0 has been previously set = 1 and Bit 1-set = 0

® RAM I/O — Addresses 0 to 3 when Port 2 Bit 0 =

land Bitl =1
® ROM I/0O — Addresses 0 to 3 when Port 2 Bit 2 or
Bit3 =1

See the memory map in Figure 12.
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8156/8355
AB-10
ATl ” PORT
= 8755
RD  pom
EPROM
pooaf 4 'oR PonT
I WR
ALE 8 >ADO—7
PSEN|— 10/M
8048AH Rp T
WR ] =
o — T oor KTy
i PORT
A WR 8156 B
A: cE RAM
1o/ <E>PORT
c
TIMER
IN
— TIMER
ouT

Figure 11. The Three-Component MCS®-48 System

6.0 MEMORY BANK SWITCHING

Certain systems may require more than the 4K words of
program memory which are directly addressable by the
program counter or more than the 256 data memory and
/O locations directly addressable by the pointer registers
RO and R1. These systems can be achieved using ‘‘bank
switching’’ techniques. Bank switching is merely the se-
lection of various blocks of ‘‘banks’’ of memory using
dedicated output port lines from the processor. In the case
of the 8048AH, program memory is selected in blocks of
4K words at a time, while data memory and I/O are en-
- abled 256 words at a time. :

The most important consideration in implementing two or
more banks is the software required to cross the bank
boundaries. Each crossing of the boundary requires that
the processor first write a control bit to an output port
before accessing memory or I/O in the new bank. If pro-
gram memory is being switched, programs should be or-
ganized to keep boundary crossings to a minimum.

Jumping to subroutines across the boundary should be
avoided when possible 'since the programmer must keep
track of which bank to return to after completion of the
subroutine. If these subroutines are to be nested and ac-
cessed from either bank, a software *‘‘stack’’ should be
implemented to save the bank switch bit just as if it were
another bit of the program counter.

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

7.0 CONTROL SIGNAL SUMMARY

Table 1 summarizes the instructions which activate the
various control outputs of the MCS®-48 processors. Dur-
ing all other- instructions these outputs are driven to the
active state.
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Table 1. MCS®-48 Control Signals

8.0 PORT CHARACTERISTICS
8.1 BUS Port Operations

The BUS port can operate in three different modes: as a
latched I/O port, as a bidirectional bus port, or as a pro-
gram memory address output when external memory is
used. The BUS port lines are either active high, active
low, or high impedance (floating).

The latched mode (INS, OUTL) is intended for use in the

Control single-chip configuration where BUS is not begin used as
Signal When Active an expander port. OUTL and MOVX instructions can be
RD During MOVX, A, @R or INS Bus mixed if necessary. However, a previously latched output
— - - - - will be destroyed by executing a MOVX instruction and
WR During MOVX @R, A or OUTL Bus BUS will be left in the high impedance state. INS does
ALE Every Machine Cycle - not put the BUS in a high impedance state. Therefore,
PSEN During Fetch of external program mem- Phe use of MOVX after OUTL to put the BUS in a high
ory (instruction or immediate data) impedance state is necessary before an INS instruction
- intended to read an external word (as opposed to the pre-

PROG E‘:"(‘)gRI{Ig\;DAA’P ANLD P,AMOVD|  yjously latched value).

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

8.2 Port 2 Operations -

The lower half of Port 2 can be used in three different
ways: as a quasi-bidirectional static port, as an 8243 ex-
pander port, and to adddress external program memory.

PROGRAM MEMORY

SPACE )
BFFH
MB1
* 8355
- (2K)
EXTERNAL DATA
MEMORY SPACE
MBO 400H 7
300H 8155
RESIDENT o
200H RESIDENT DATA
(1K) 8155 (256) MEMORY
- 100H - (64)
000H v
SECTION | ADDRESS | DESIGNATION
PROG. MEM | 000—BFF
DATA MEM | 100—IFF
8155 PORTS | 300 CMD/STATUS
301 PORT A
302 PORT B
303 PORT C
304 - TIMER LOW
8355 PORTS | 305 TIMER HI
400 PORT A
401 | PORTB
402 DDR A
403 DDR B

Figure 12. Memory Map for Three-Component MCS®-48 Family
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In all cases outputs are driven low by an active device
and driven high momentarily by a low impedance device
and held high by a high impedance device to VCC.,

The port may contain latched I/0 data prior to its use in
another mode without affecting operation of either. If
lower Port 2 (P20-3) is used to output address for an
external program memory fetch. the IO information pre-

viously latched will be automatically removed temporarily

:while address is present, then retored when the fetch is
.complete. However, if lower Port 2 is used to commu- ~

nicate with an 8243, previously latched I/O information

. will be removed and not restored. After an input from the

8243, P20-3 will be left in the input mode (floating). After
an output to the 8243, P20-3 will contain the value written,
ANDed, or ORed to the 8243 port.

/0

_’::> 8243
=
=

/0 70 ‘ o
TIMER ‘
8355/8755 8155 )
STANDARD STANDARD
ROM/EPROM/I/O RAM I/0
ADDRESS ROM/EPROM RAM
2K x8 . 256 x 8 LATCH J R
8749H
8049AH ﬂr . ﬁr ﬁ . . m
8048AH . i L
8748H < _ 100
8035AHL :
8033AHL B ) _
8279
8255 8251 !
N\ PP USART KEYBOARD/
DISPLAY
::> 6243 "° SERIAL SERIAL - l l U
OUTPUT INPUT
170 KEYBOARD| | DISPLAY

Figure 13. MCS®-48 Expansion Capability

210



MCS®.48 Instruction Set







MCS®-48 INSTRUCTION SET

1.0 INTRODUCTION

The MCS®-48 instruction set is extensive for a machine
of its size and has been tailored to be straightforward and
very efficient in its use of program memory. All instruc-
tions are either one or two bytes in length and over 80%
are only one byte long. Also, all instructions execute in
either one or two cycles and over 50% of all instructions
execute in a single cycle. Double cycle instructions in-
clude all immediate instructions, and all I/O instructions.

The MCS-48 microcomputers have been designed to han-
dle arithmetic operations efficiently in both binary and
BCD as well as handle the single-bit operations required
in control applications. Special instructions have also been
included to simplify loop counters, table look-up routines,
and N-way branch routines.

1.1 Data Transfers

As can be seen in Figure 1 the 8-bit accumulator is
the central point for all data transfers within the 8048.
Data can be transferred between the 8 registers of each .
working register bank and the accumulator directly, i.e.,
the source or destination register is specified by the in-
struction. The remaining locations of the internal RAM
array are referred to as Data Memory and are addressed
indirectly via an address stored in either RO or R1 of the
active register bank. RO and R1 are also used to indirecly
address external data memory when it is present. Transfers
to and from internal RAM require one cycle, while trans-
fers to external RAM require two. Constants stored in
" Program Memory can be loaded directly to the accumu-
lator and to the 8 working registers. Data can also be
transferred directly between the accumulator and the on-

DATA
‘ PROGRAM MEMORY ‘
MEMORY MoV
(#DATA)
:> WORKING REG
ADD Mov MoV
Mov ADD ADD
MOVP ANL ANL
MOVP3 ORL ORL
ANL XRL XRL
MOVD ORL XCH XCH
ANLD XRL XCHD
EXPANDER | OBLD | | MOVX EXTERNAL
I/0 PORTS 4) ) ACCUMULATOR BUS (8) xﬁgORY
-7 ™ PERIPHERALS
IN ‘
MoV ouTL MoV
TIMER PROGRAM
COUNTER STATUS WORD l
8749H
A soroat |
ON CHIP I/0 8049AH
PORTS 1,2 BUS 8748H
8035AHL* | *NO PROGRAM
8039AHL* , MEMORY

—— T

Figure 1. Data Transfer Instructions
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board timer counter or the accumulator and the Program
Status word (PSW). Writing to the PSW alters machine
status accordingly and provides a means of restoring status
after an interrupt or of altering the stack pointer if
necessary.

1.2 Accumulator Operations

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

In addition, the lower 4 bits of the accumulator can be
exchanged with the lower 4-bits of any of the internal
RAM locations. This instruction, along with an instruction
which swaps the upper and lower 4-bit halves of the ac-
cumulator, provides for easy handling of 4-bit quantities,
including BCD numbers. To facilitate BCD arithmetic, a
Decimal Adjust instruction is included. This instruction
is used to correct the result of the binary addition of two
2-digit BCD numbers. Performing a decimal adjust on the
result in the accumulator produces the required BCD
result.

Finally, the accumulator can be incremented, decre-
mented, cleared, or complemented and can be rotated left
or right 1 bit at a time with or without carry.

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

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

® Complementing the accumulator
® Adding the vaiue to the accumuiator

® Complementing the accumulator

1.3 Register Operations

The working registers can be accessed via the accumulator
as explained above, or can be loaded immediate with
constants from program memory. In addition, they can be
incremented or decremented or used as loop counters using

- the decrement and jump, if not zero instruction, as ex-
plained under branch instructions.

All Data Memory including working registers can be ac-
cessed with indirect instructions via RO and R1 and can
be incremented.

1.4 Flags

There are four user-accessible flags in the 8048 AH: Carry,
Auxiliary Carry, FO and F1. Carry indicates overflow of
the accumulator, and Auxiliary Carry is used to indiate
overflow between BCD digits and is used during decimal-
adjust operation. Both Carry and Auxiliary Carry are ac-
cessible as part of the program status word and are stored
on the stack during subroutines. FO and F1 are undedicated
general-purpose flags to be used as the programmer de-
sires. Both flags can be cleared or complemented and
tested by conditional jump instructions. FO is also acces-
sible via the Program Status word and is stored on the
stack’ with the carry flags.

1.5 Branch Instructions

The unconditional jump instruction is two bytes and allows
jumps anywhere in the first 2K words of program memory.
Jumps to the second 2K of memory (4K words are directly
addressable) are made first by executing a select memory
bank instruction, then executing the jump instruction. The
2K boundary can only be crossed via a jump or subroutine
call instruction, i.e., the bank switch does not occur until
a jump is executed. Once a memory bank has been selected
all subsequent jumps will be to the selected bank until
another select memory bank instruction is executed. A
subroutine in the opposite bank can be accessed by a select .
memory bank instruction followed by a call instruction.
Upon completion of the subroutine, execution will auto-
matically return to the original bank; however, unless the
original bank is reselected, the next jump instruction en-
countered ‘will again transfer execution to the opposite
bank.

Conditional jumps can test the following inputs and ma-
chine status:

@ TO Input Pin '

® T1 Input Pin

& INIT Tnrnut¢

Din
= aiva afiput aoin

® Accumulator Zero
° Ahy bit of Accumulator
® Carry Flag

® FO Flag

® Fl Flag

Conditional jumps allow a branch to any address within
the current page (256 words) of execution. The conditions

_ tested are the instantaneous values at the time the con-

ditional jump is executed. For instance, the jump on ac-
cumulator zero instruction tests the accumulator itself, not
an intermediate zero flag.
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The decrement register and jump if not zero instruction
combines a decrement and a branch instruction to create
an instruction very useful in implementing a loop counter.
This instruction can designate any one of the 8 working
registers as a counter and can effect a branch to any address
within the current page of execution.

A single-byte indirect jump instruction allows the program
to be vectored to any one of several different locations
based on the contents of the accumulator. The contents
of the accumulator points to a location in program memory
which contains the jump address. The 8-bit jump address
refers to the current page of execution. This instruction
could be used, for instance, to vector to any one of several
routines based on an ASCII character which has been
loaded in the accumulator. In this way ASCII key inputs
can be used to initiate various routines.

1.6 Subroutines

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

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

1.7 Timer Instructions

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

1.8 Control Instructions

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

There are four memory bank select instructions, two to
designate the active working register bank and two to
control program memory banks. The operation of the pro-
gram memory bank switch is explained in Section 2.2
in the Expanded MCS-48 System chapter.

The working register bank switch instructions allow the
programmer to immediately substitute a second 8-register
working register bank for the one in use. This effectively
provides 16 working registers or it can be used as a means
of quickly saving the contents of the registers in response
to an interrupt. The user has the option to switch or not
to switch banks on interrupt. However, if the banks are
switched, the original bank will be automatically restored
upon execution of a return and restore status instruction
at the end of the interrupt service routine.

A special instruction enables an internal clock, which is
the XTAL frequency divided by three to be output on pin
TO. This clock can be used as a general-purpose clock in
the user’s system. This instruction should be used only to
initialize the system since the clock output can be disabled
only by application of system reset.

1.9 Input/Output Instructions

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

An 8-bit port called BUS can also be accessed via the
accumulator and can have statically latched outputs as
well. It too can have immediate data ANDed or ORed
directly to its outputs, however, unlike ports 1 and 2, all
eight lines of BUS must be treated as either input or output
at any one time. In addition to being a static port, BUS
can be used as a true synchronous bi-directional port using
the Move External instructions used to access external
data memory. When these instructions are executed, a
corresponding READ or WRITE pulse is generated and
data is valid only at that time. When data is not being
transferred, BUS is in a high impedance state. Note that
the OUTL, ANL, and the ORL instructions for the BUS
are for use with internal program memory only.

The basic three on-board I/O ports can be expanded via
a 4-bit expander bus using half of port 2. /O expander
devices on this bus consist of four 4-bit ports which are
addressed as ports 4 through 7. These ports have their
own AND and OR instructions like the on-board ports as

"well as move instructions to transfer data in or out. The

expander AND and OR instructions, however, combine
the contents of accumulator with the selected port rather
than immediate data as is done with the on-board ports.
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I/O devices can also be added externally using the BUS
port as the expansion bus. In this case the I/O ports become
‘‘memory mapped’’, i.e., they are addressed in the same
way as external data memory and exist in the external
data memory address space addressed by pointer register
RO or R1.

2.0 INSTRUCTION SET DESCRIPTION

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

The alphabetical listing includes the following
information. :

® Mnemonic

® Machine Code

® Verbal Description

® Symbolic Description

® Assembly Language Example

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

Arbitrary
Label: Mnemonic, Operand;
Descriptive Comment



MCS®-48 INSTRUCTION SET .

8048AH/8748H/8049AH/8050AH/8749H
Instruction Set Summary

Mnemohics copyright Intel Corporation 1983.
*For use with internal memory only.

Mnemonic Description Bytes | Cycle Mnemonic Description Bytes |Cycles
Accumulator Registers
ADD A, R Add register to A 1 1 INCR Increment register 1 1
ADD A, @R Add data memory to A 1 1 INC @R Increment data memory| 1 1
ADD A, # data| Add.immediate to A 2 2 DECR Decrement register 1 1
ADDC A, R Add register with carry 1 1
ADDC A, Add data memory 1 1 Branch
@R ! with carry JMP addr Jump unconditional 2 2
ADDC A, Add immediate 2 2 JMPP @A Jump indirect 1 2
# data with carry DJNZ R, addr | Decrement register 2 2
ANL A,R And register to A 1 1 and jump
ANLA, @R | And datamemorytoA | 1 1 JC addr Jump on carry =1 2 2
ANL A, # data | And immediate to A 2 2 JNC addr Jump on carry = 0, 2 2
ORL A, R Or register to A 1 1 JZ addr Jump on A Zero 2 2
ORL A @R Or data memory to A 1 1 JNZ addr Jump on A not Zero 2 2
ORL A, #data| Orimmediate to A 2 2 JTO addr Jump on TO =1 2 2
XRL A, R Exclusive Or register 1 1 JNTO addr Jump on TO =0 2 2
toA JT1 addr JumponTi=1 2 2
XRL A, @R Exclusive or data 1 1 JNT1 addr JumponT1=0 2 2
memofy to A , JFO addr JumponF0=1 2 2
XRL, A, # data| Exclusive or 2 2 JF1 addr Jump onF1=1 2 2
immediate to A .
INC A Increment A 1 1 JTF addr Jump on timer flag = 1 2 2
JNI addr Jump on INT =0 2 2
DEC A Decrement A ! ! JBb addr Jump on Accumulator 2 2
CLRA Clear A 1 1 Bit
CPLA Complement A 1 1
DA A Decimal adjust A 1 1 Subroutine
SWAP A Swap nibbles of A 1 1 CALL addr Jump to subroutine 2 2
RLA Rotate A left 1 1 RET Return 1 2
RLC A Rotate A left 1 1 RETR Return and restore 1 2
through carry status
RRA Rotate A right 1 1
RRC A Rotate A right 1 1 Flags
through carry CLRC Clear Carry 1 1
CPLC Complement Carry 1 1
Input/Output CLRFO Clear Flag 0 1] 1
INA, P Input port to A 1 2 CPL FO Complement Flag 0 1 1
OUTLP, A Output A to port 1 2 CLR F1 Clear Flag 1 1 1
ANL P, # data | And immediate to port 2 2 CPL F1 Complement Flag 1 1 1
ORL P, # data |- Or immediate to port 2 2
*INS A, BUS Input BUS to A 1 2 Data Moves
*OUTL BUS, A| Output A to BUS 1 2 MOV A, R Move register to A 1 1
*ANL BUS, And immediate to BUS 2 2 MOV A, @R Move data memory 1 1
# data to A
*ORL BUS, Or immediate to BUS 2 2 MOV A, # data] Move immediate to A 2 2
#data MOV R, A Move A to register 1 1
MOVD A, P Input Expander port 1 2 MOV @R, A Move A to data 1 1
to A memory
MOVDP,A | OutputAtoExpander | 1 | 2 MOV R, # data| Move immediate 2 | 2
: port . to register
ANLDP, A And A to Expander port| 1 2 MOV @R, Move immediate to 2 2
ORLDP, A Or A to Expander port 1 2 # data data memory
MOV A, PSW | Move PSWto A 1 1
MOV PSW, A | Move A to PSW 1 1
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8040AN/8748H/8049AH/8050AH/8749H

Instruction Set Summary (Con't)

Interrupt -

36

Mnemonics copyright Intel Corporation 1983.

Mnemonic Description Bytes | Cycle Mnemonic: Description Bytes | Cycle
Data Moves Control .
(Cont'd) . . ENI Enable external 1 1
" XCHA,R _[Exchange A and 1 1 Interrupt .
register . ' DIS| Disable external 1 1
XCHA, @R |Exchange A and 1 1 Interrupt ‘
data memory SEL RBO Select register bank 0 1 1
XCHD A, @R. |Exchange nibble of A 1 1 SEL RB1 Select register bank 1 1 1
and register SEL MBO Select memory bank 0 1 -1
MOVX'A, @R |Move external data 1 2 SEL MB1 Select memory bank 1 1 1
memory to A ENTOCLK | Enable clock output 1]
MOVX @R, A |Move A to external 1 2 on TO
) data memory i
. MOVP A, @A |Move to A from 1 2 NOP No Operation 1 1
: current page .
MOVP3 A, @A |Move to A from Page 3 1 2
Timer/Counter . .
“MOVA,T Read Timer/Counter . 1 1
"MOVT, A +|Load Tlmer/Counter . 1: 1.
STRTT Start Timer 1 1
STRT CNT Start Counter 1 1
STOP TCNT |Stop Timer/Counter 1 1
EN TCNT! Enable Tlmer/Counter 1 1
‘ Interrupt
DIS TCNTI Disable T|mer/Counter 1 1 I
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Symbols and Abbreviations Used

A Accumulator

AC Auxiliary Carry
addr 12-Bit Program Memory Address
Bb Bit Designator (b = 0-7)
- BS Bank Switch
BUS BUS Port
C Carry
CLK Clock
- CNT Event Counter
CRR Conversion Result Register
D Mnemonic for 4-Bit Digit (Nibble)
data 8-Bit Number or Expression

DBF Memory Bank Flip-Flop
FO, F1 Flag O, Flag 1

I Interrupt

P Mnemonic for “in-page” Operation -
PC Program Counter

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

Ri  Data memory Pointer (i= 0, or 1)
Rr Register Desognator (r = 0- 7)

SP Stack Pointer

T Timer

‘TF Timer Flag

TO, T1 Test 0, Test 1

X Mnemonic for External RAM

# Immediate Data Prefix

@ Indirect Address Prefix

$ Current Value of Program Counter
(X) Contents of X

((X)) Contents of Location Addressed by X
— Is Replaced by

Mnemonics copyright intel Corporation 1983.
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ADD A,R, Add Register Contents to Accumulator

Encoding: [0110[1r r—| ~68H-6FH
Description: The contents of register ‘r’ are added to the accumulator Carry is

affected.
Operation: (A) «— (A) + (Rr) r=0-7
Example: ADDREG: ADD A,R6 ;ADD REG 6 CONTENTS
;TOACC

ADD A,@R, Add Data Memory Contents to Accumulétdr

Encoding; (0110000 ]  60H-61H

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

Operation: (A) «— (A) + ((Ri)) i=0-1 ‘
Example: ADDM: MOV RO, #01FH .o sMOVE “1FP HEX TO REG 0
ADDA,@RO -~ ;. . - ;ADD VALUE OF LOCATION
B ;31.TO ACC

ADD A,#data Add Immediate Data't'dAvccumulator

Encoding: [0 000[00 1 1] [ dy dg dg dq]d3 dp dy dg]| 03H
Description: This is a 2-cycle mstructlon The specmed data is added to the accumulator.
Carry is affected. -
Operation: (A) «—(A) + data

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

ADDC AR; Add Carry and Register Contents to Accumulator

Encoding: [0111|1rrr|  78H-7FH

i A oA N TV - H A
u

Description: The content of the carry bit is adde
bit cleared. The content of registe
Carry is affected. -

uaccu...u!at r

t o} t andthec
‘r are then added to the accumulator.

A
a
r

Operation: (A) «— (A) + (Rr) + (C) - ‘ - r=0-7
Example: ADDRGC: ADDC A,R4 o ‘;AD_D‘CARRY AND REG 4
' : ;CONTENTS TO ACC

** 0-5 in 8048AH/8748H
0-6 in 8049AH/8749H
0-7 in 8050AH

3-8
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ADDC A,@R- Add Carry and Data Memory Contents to Accumulator

Encoding:
Description:

Operation:
Example:

lo111]o000i]

70H-71H

The content of the carry bit is added to accumulator location 0 and the carry bit
cleared. Then the contents of the resident data memory location addressed by
register ‘i’ bits 0—5** are added to the accumulator. Carry is affected.

(A) ~—

(A) +

((RD) +(C)

ADDMC: MOV R1,#40
ADDC A,@R1

i=0-1
;MOVE ‘40’ DEC TO REG 1

;ADD CARRY AND LOCATION 40
;CONTENTS TO ACC

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

Encoding:
Description:

Operation:
Example:

looo1/0011]

|d7 dg ds d4Td3 do dq dg 13H

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

(A) ~—

(A) + data + (C)

ADDC A #225

;ADD CARRY AND ‘225’ DEC
;TO ACC

ANL AR, Logical AND Accumulator with Register Mask

Encoding:
Description:

Operation:
Example:

ANL A,@R;

o1o1|1rrr|

58H-5FH

Data in the accumulator is Iogncally ANDed with the mask contained in
working register ‘r’.

(A) ~—

(A) AND (Rr)

ANDREG: ANL A,R3

r=0-7

;AND’ ACC CONTENTS WITHMASK
;INREG 3

Logical AND Accumulator with memory Mask

Encoding:
Description:

Operation:
Example:

lo1o1]o00 i

50H-51H

Data in the accumulator is logically ANDed with the mask contained in the
data memory location referenced by register ‘i’ bits 0-5*".

(A) —

ANDDM: MOV RO,#03FH
ANL A, @RO

(A) AND ((Ri))

** 0-5 in 8048AH/8748H
0-6 in 8049AH/8749H
0~7 in 8050AH

i=0-1

;MOVE ‘3F HEX TO REG 0
;’AND’ ACC CONTENTS WITH
;MASK IN LOCATION 63

3-9
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ANL A, #data

Logical AND Accumulator with Immediate Mask

Encoding:
Description:

Operation:
Examples:

[0101]001 1] [d7 dg d5 d4|dg dp dy dp] 53H
This is a 2-cycle instruction. Data in the accumulator is logically ANDed
with an immediately-specified mask.

(A) < (A) AND data
ANDID: ANL A #0AFH

yAND’ ACC CONTENTS
sWITH MASK 10101111
AND’ ACC CONTENTS
;WITH VALUE OF EXP
3+ XYY

ANL A #3 + X/Y

ANL BUS,#data* Logical AND BUS with ‘lmmediatev Mask

Encoding:
Description:

Operation:
Example:

1001[1000] |d7 dg dsdg4|d3 dp dq dg 98H
This is a 2-cycle instruction. Data on the BUS port is logically ANDed -
with an immediately-specified mask. This instruction assumes prior
specification of an ‘OUTL BUS, A’ instruction.

(BUS) «— (BUS) AND data
ANDBUS: ANL BUS #MASK

AND’ BUS CONTENTS
;WITH MASK EQUAL VALUE
;OF SYMBOL ‘MASK’

ANL Pp,#data Logical AND Port 1-2 with Immediate Mask

Encoding:
Description:

* For use with internal program memory ONLY.

: (Pp) — (Pp) AND DATA

A

[1T001]10pp| |d7dgdsds[dgdpdydg 99H-9AH
This is a 2-cycle instruction. Data on port ‘p’ is logically ANDed with an
immediately-specified mask.

p=1-2
JAND’ PORT 2 CONTENTS
;WITH MASK ‘FO" HEX

:(CLEAR P20-23)

ND2- AN
[ .

gL 188

D2 #0FENH
[NV eie

l_\l‘l el

3-10
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ANLD Pp,A Logical AND Port 4-7 with Accumulator Mask

Encoding: [1001]11pp|  9CH-9FH

Description: This is a 2-cycle instruction. Data on port ‘p’ is logically ANDed with the
digit mask contained in accumulator bits 0-3.

Operation: (Pp) «— (Pp) AND (A0-3) p=4-7
Note: The mapping of port ‘p’ to opcode bits 0-1 is as follows:
10 Port

00 4
01 5
10 6
11 7

Example: ANDP4: ANLD P4,A AND’ PORT 4 CONTENTS
sWITH ACC BITS 0-3

CALL address Subroutine Call

Encoding: | a1g ag ag 1 ‘ 0100 ] la-,- ag ag a4 | ag ap ay aOJ
Page Hex Op Code
0 14
1 34
2 54
3 74
4 94
5 B4
6 D4
7 F4

Description: This is a 2-cycle instruction. The program counter and PSW bits 4-7 are
saved in the stack. The stack pointer (PSW bits 0-2) is updated. Program
control is then passed to the location specified by ‘address’. PC bit 11 is
determined by the most recent SEL MB instruction.

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

Operation: ((SP)) «— (PC), (PSW4_7)
(SP) «— (SP) +1
(PCg_10) «— (addrg_1p)
(PCq-7) «— (addrg_7)
(PC1¢) «— DBF

311
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Example: Add three groups of two numbers. Put subtotals in locations 50, 51 and
‘ total in location 52.

MOV RO,#50 . ;MOVE ‘50’ DEC TO ADDRESS
- ;REGO
BEGADD: MOV A R1 ;MOVE CONTENTS OF REG 1
: ;TO ACC
- ADD AR2 ;ADD REG 2 TO ACC
CALL SUBTOT ;CALL SUBROUTINE ‘SUBTOT’
ADDCAR3 ;ADD REG 3 TO ACC
ADDC A,R4 ;ADD REG 4 TO ACC
CALL SUBTOT ;CALL SUBROUTINE ‘SUBTOT’
ADDC AR5 ;ADD REG 5 TO ACC
ADDC A,R6 ;ADD REG 6 TO ACC
CALL SUBTOT ;CALL SUBROUTINE ‘SUBTOT’
SUBTOT: MOV @RO0,A ;MOVE CONTENTS OF ACC TO
' ;LOCATION ADDRESSED BY
;REG 0
INC RO ;INCREMENT REG 0

RET - ;RETURN TO MAIN PROGRAM

CLR A Clear Accumulator

 Encoding: [0010J0111]  27H
Description: The contents of the accumulator are cleared to zero.

Operation: A— 0

CLR C Clear Carry Bit

Encoding: (1001]0111]  97H

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

Operation: C«— 0

CLR F1 ClearFlag 1

Encoding: {1010[(0101] ~AsH
Description: Flag 1 is cleared_ to zero.

Operation: (F1) «— 0

3-12
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CLR FO Clear Flag0

Encoding: [1000/0101]|  85H
Description: Flag 0 is cleared to zero.
Operation: (F0) «— 0

CPL A Complement Accumulator

Encoding: ,0 011 |0 11 1—| 37H

Description: The contents of the accumulator are complemented. This is strictly a one’s
complement. Each one is changed to zero and vice-versa.
Operation: (A) «— NOT (A)

Example: Assume accumulator contains 01101010.
CPLA: CPLA ;ACC CONTENTS ARE COMPLE-
;MENTED TO 10010101

CPL C Complement Carry Bit

Encoding: [1010[0111]  A7H

Description: The setting of the carry bit is complemented; one is changed to zero, and
zero is changed to one.
Operation: (C) «— NOT (C)

Example: Set C to one; current setting is unknown.
CTO1: CLRC ;C IS CLEARED TO ZERO
CPLC ;C IS SET TO ONE

CPL FO Compleménl Flag 0

Encoding: |[1001/010 1] 95H

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

Operation: FO «— NOT (F0)

CPLF1 Complement Flag 1

Encoding: [1011]0101]  BsH

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

Operation: (F1) «— NOT (F1)
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DA A Decimal Adjust Accumulator

Encoding: [0101]0111]|  57H

Description: The 8-bit accumulator value is adjusted to form two 4-bit Binary Coded
Decimal (BCD) digits following the binary addition of BCD numbers.
The carry bit C is affected. If the contents of bits 0-3 are greater than nine,
or if AC is one, the accumulator is incremented by six.

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

to one. _ :
Example: Assume accumulator contains 10011011
DA A ' ' ;ACC Adjusted to 00000001
sWITH C SET
C AC :
0 0

3 0
1011 : _
0110 ADD SIX TO BITS 0-7
0001 ,

ADD SIXTO BITS 4-7

7 4
1001
0000
0 11010
0110 : .
00000001 OVERFLOWTO C

10

DEC A Decrement Accumulator

Encoding: [0 0000111 07H

Description: The contents of the accumulator are'decremented by one. The carry flag
is not affected.

Operation: (A) «— (A) -1 )
Example: Decrement contents of external data memory focation 63.

MOV RO,#3FH ‘MOVE ‘3F’ HEX TO REG 0

MOVX A, @RO :MOVE CONTENTS OF
;LOCATION 63 TO ACC

DEC A :DECREMENT ACC ,

MOVX @R0,A :MOVE CONTENTS OF ACC TO

| | ;LOCATION 63 IN EXPANDED
:MEMORY

DEC Rr Decrement Register

Encoding: [1 100[1rrr]  C8H-CFH
Description: The contents of working register ‘r’ are decremented by one.
Operation: (Rr) «— (Rr) -1 : r=0-7

Example: DECR1: DEC R1 . ;DECREMENT CONTENTS OF REG 1
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DIS | External Interrupt

Encoding: | 0001[0101|  15H
Description: External interrupts are disabled. A low signal on the interrupt input pin has
no effect. :

DIS TCNTI Disable Timer/Counter interrupt

Encoding: [0011/0101]  35H

Description: Timer/counter interrupts are disabled. Any pending timer interrupt request
is cleared. The interrupt sequence is not initiated by an overflow, but the
timer flag is set and time accumulation continues.

DJNZ R, address Decrement Register and Test

Encoding: [1 110 |1 rrr| [a7agasay|agapay a E8H-EFH
Description: This is a 2-cycle instruction. Register ‘r' is decremented, then tested for
zero. If the register contains all zeros, program control falls through to the

next instruction. |f the register contents are not zero, control jumps to the
specified ‘address’.

The address in this case must evaluate to 8-bits, that is, the jump must be
to a location within the current 256-location page.

Example: (Rr) «— (Rr) -1 ) r=0-7
if Rrnot 0 '
(PCp-7) < addr
Note: A 12-bit address specification does not cause an error if the
DJNZ instruction and the jump target are on the same page. |f the DUNZ
instruction begins in‘location 255 of a page, it must jump to a target
address on the following page.

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

MOV RO,#50 :MOVE ‘50' DEC TO ADDRESS
:REG 0
MOV R3,#5 :MOVE ‘5’ DEC TO COUNTER
' :REG 3
INCRT: INC @RO :INCREMENT CONTENTS OF
’ :LOCATION ADDRESSED BY
: :REG 0
INC RO :INCREMENT ADDRESS IN REG 0
DJNZ R3, INCRT :DECREMENT REG 3 — JUMP TO
INCRT' IF REG 3 NONZERO
NEXT — “NEXT’' ROUTINE EXECUTED
:IF R31S ZERO
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EN1 Enable External interrupt

Encoding: (0 000[{010 1 05H

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

EN TCNTI Enable Timer/Counter Interrupt

Encoding: [0 0 10[010 1 25H

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

ENTO CLK Enable Clock Output

Encoding: [0 111[0101 75H

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

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

IN A,Pp Input Port or Data to Accumulator

Encoding: [0000[10pp|  09H-0AH

Description: This is a 2-cycle instruction. Data present on port 'p’ is
transferred (read) to the accumulator.

Operation: (A) «— (Pp) p=1-2
INP12: IN A,P1 JINPUT PORT 1 CONTENTS TO ACC
MOV R6,A ;MOVE ACC CONTENTS TO REG 6
IN A,P2 ;INPUT PORT 2 CONTENTS TO ACC

MOV R7,A iMOVE ACC CONTENTS TOREG 7 -

INC A Increment Accumulator

Encoding: (0001[0111|  17H
Description: The contents of the accumulator are incremented by one. Carry is not
“affected. '

Operatlon. (A) «— (A) +1
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Example: Increment contents of location 100 in external data memory.

INCA: MOV RO,#100 ;MOVE '100' DEC TO ADDRESS REG 0
MOVX A,@RO ;MOVE CONTENTS OF LOCATION
;100 TO ACC
INC A JINCREMENT A
MOVX @RO,A ;MOVE ACC CONTENTS TO

;LOCATION 101

INC R, Increment Register

Encoding: [0 001 | 1r rT]  18H-1FH
Description: The contents of working register ‘r’ are incremented by one.
Operation: (Rr) «— (Rr) +1 r=0-7
Example: INCRO: INC RO ;INCREMENT CONTENTS OF REG 0

INC @R, Increment Data Memory Location

Encoding: [0001]/000i]  10H-11H

Description: The contents of the resident data memory location addressed by register ‘i’ bits
0-5"* are incremented by one.

Operation: ((Ri)) «— ((Ri)) +1 i=0-1
Example: INCDM: MOV R1,#03FH ;MOVE ONES TO REG 1
: INC @R1 ;INCREMENT LOCATION 63

INS A,BUS* Strobed Input of BUS Data to Accumulator

Encoding: [0000[1000]  08H

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

Operation: (A) «— (BUS)
Example: INPBUS: INS A,BUS ;INPUT BUS CQNTENTS TO ACC

. * For use with internal program memory ONLY.
** 0-5 in 8048AH/8748H
0-6 in B049AH/8749H
0-7 in 8050AH
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Jump If Accumulator Bit Is Set

JBb address
Encoding: |by by bg 1.| 001 0] | ay ag ag a4 {az as aq ap
Accumulator Bit | Hex Op Code
0 12
1 32
2 52
3 72
4 92
5 B2
6 D2
7 F2
Description This is a 2-cycle instruction. Control passes to the specified address if
accumulator bit ‘b’ is set to one.
Operation: b=0-7
(PCq-7) «+— addr IfBb=1
- (PC)=(PC) +2 1fBb=0
Example: JB4IS1: JB4 NEXT ;JUMP TO ‘NEXT’ ROUTINE -
JIFACCBIT4=1
JC address Jump If Carry Is Set
Encoding: (111 1]01 10| a7 ag a5 a4 {a3 ap a4 ag F6H
Description: This is a 2-cycle instruction. Control pasées to the specified address if the
carry bit is set to one.
Operation: (PCq_7) «— addr 1fC=1
(PC)=(PC) +2 1fC=0
Example: JC1: JC OVFLOW ;JUMP TO ‘OVFLOW ROUTINE
’ IFC=1
JFO address Jump If Flag 0 Is Set
Encoding: [1011]/0110| |a;agasas|agapajag| B6H
Description: This is a 2-cycle instruction. Control passes to the specified address if
flag O is set to one.
Operation: (PCq_7) «— addr IfFO=1
(PC)=(PC) +2 1fFO=0
Example: JFOIS1: JFO TOTAL . ;JUMP TO ‘TOTAL’ ROUTINE IF FO = 1
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JF1 address

Jump If Flag 1 Is Set

Encoding: ‘0 111 |0 11 0| |a7 ag a5 a4 | ag ap a1 ag 76H
Description: This is a 2-cycle instruction. Control passes to the specified address if
flag 1 is set to one.
Operation: (PCgq_7) «— addr IfF1=1
(PC) =(PC +2) , IfF1=0
Example: JF1IS1: JF1 FILBUF ;JUMP TO ‘FILBUF
ROUTINE iF F1 =1
JMP address Direct Jump within 2K Block
Encoding: (a1g ag ag OLO 10 OJ ! ay ag ag a4| az ap aq ag
Page Hex Op Code
0 04
1 24
2 44
3 64
4 84
5 A4
6 Cc4
7 E4
Description: This is a 2-cycle instruction. Bits 0-10 of the program counter are replaced
with the directly-specified address. The setting of PC bit 11 is
determined by the most recent SELECT MB instruction.
Operation: (PCg_1g) «— addr 8-10
(PCq-7) «— addr 0-7
(PC44) «— DBF.
Example: JMP SUBTOT ;JUMP TO SUBROUTINE ‘SUBTOT'
JMP $-6 JUMP TO INSTRUCTION SIX
;LOCATIONS‘BEFORE CURRENT
- ;LOCATION
JMP 2FH ;JUMP TO ADDRESS ‘2F' HEX

JMPP @A Indirect Jump within Page

Encoding: [1011[0011] B3H

Description:

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

Example:

(PCp-7) «— ((A))
Assume accumulator contains OFH.

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

JNC address Jump If Carry Is Not Set

Encoding: L1 110 I 011 OI |a7 ag ag a4 | az ap aq ag E6H
Description: This is a 2-cycle instruction. Control passes to the specified address if

the carry bit is not set, that is, equals zero. :
Operation: (PCg_7) «— addr IfC=0
' (PC)= (PC) +2 IfC=1
Example: JCO: JNC NOVFLO ;JUMP TO ‘NOVFLO’ ROUTINE
;IFC=10

JNI address

Jump If Intérrupt Input Is Low

Encoding: (1000|0110 |a7 ag a5 a4 | a3 ap a4 ag 86H
Description: This is a 2-cycle instruction. Control passes to the specified address if the

interrupt input signal is low (= 0), that is, an external interrupt has been
signaled. (This signal initiates an interrupt service sequence if the external
interrupt is enabled.)

Operation: (PCq_7) «+— addr Ifl=0
(PC)=(PC) +2 fl=1

Example: -LOC 3: JNI EXTINT WJUMP TO ‘EXTINT ROUTINE
F1=0
JNTO address Jump If Test 0 is Low
Encoding: [ 0010 [ 0110] Jayagasas|agapayag|  26H

Description:

Operation:

Example:

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

(PCg_7) «— addr fTO=0

(PC) = (PC) +2 1f 70 = 1 .

JTOLOW: JNTO 60 :JUMP TO LOCATION 60 DEC
AFTO=0
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JNT1 address Jump If Test 1 Is Low

Encoding:
Description:

Operation:

JNZ Address

[0100][0110]| a7 agagay|agapaqag 46H
This is a 2-cycle instruction. Control passes to the specified address, if
the test 1 signal is low.

(PCq_7) «— addr
(PC) = (PC) + 2

IfT1=0
If71=1

Jump If Accumulator Is Not Zero

Encoding:
Description:

[1001|0110| |j7363534 ag ap aq ag 96H
This is a 2-cycle instruction. Control passes to the specified address if the
accumulator contents are nonzero at the time this instruction is executed.

Operation: (PCg_7) «— addr IfA#0
(PC)=(PC)+2 IfA=0
Example: JACCNO: JNZ 0ABH ;JUMP TO LOCATION ‘AB’' HEX
;IF ACC VALUE IS NONZERO
JTF address Jump If Timer Flag Is Set
Encoding: [0001]/0110] [a7 ag ag a4 | a3 ap aq ag| 16H
Description: This is a 2-cycle instruction. Control passes to the specified address if the
timer flag is set to one, that is, the timer/counter register has overflowed.
Testing the timer flag resets it to zero. (This overflow initiates an interrupt
service sequence if the timer-overflow interrupt is enabled.)
Operation: (PCq_7) «+— addr IfTF=1
, (PC) = (PC) +2 HTF=0
Example: JTF1: JTF TIMER ;JUMP TO 'TIMER’ ROUTINE
JFTF=1
JTO0 address Jump If Test 0 Is High
Encoding: IO 011 [0 1 1ﬂ |a7 ag ag a4 | az ap aq ag 36H
Descripﬁoni This is a 2-cycle instruction. Control passes to the specified address if
the test 0 signal is high (= 1).
Operation: (PC(_7) «+— addr 1fTO=1
(PC)=(PC)+2 IfT0=0
Example: JTOHI: JT0 53 ;JUMP TO LOCATION 53 DEC
IFTO=1
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JT1 address

Jump If Test 1 Is High

Encoding:
Description:

Operation:

Example:

F)101|0110| 'a7a6a5a4 a3a2a1a0]» 56H
This is a 2-cycle instruction. Control passes to the specified address if the
test 1 signal is high (= 1).

(PCq-7) «— addr FT1=1

(PC)=(PC)+2 fT1=0

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

JZ address Jump If Accumulator Is Zero

Encoding: (1 10 Ol 011 0| |a7 ag as a4J ag ap aq ag CéH
Description: This is a 2-cycle instruction. Control passes to the specified address if
the accumulator contains all zeros at the time this instruction'is executed.
Operation: (PCq_7) «— addr IfA=0.. .
(PC)=(PC) +2 A1
Example: JACCO: JZ 0A3H ;JUMP TO LOCATION ‘A3’ HEX
;IF ACC VALUE 1S ZERO .

MOV A i#data Move Immediate Data to Accumulator
lEncoding:[0010lOO11| |a7aea5a4ja3a2a1 aoJ 23H
Description: This is a 2-cycle mstructlon The 8- b|t value specified by ‘data’ is loaded

in the accumulator.
Operation: (A) «— data .
Example: MOV A #0A3H ;MOVE ‘A3’ HEX TO ACC
MOV A,PSW Move PSW Contents to Accumulator
Encoding: [1100][0111] C7H
Description: The contents of the program status word are moved to the accumulator.
Operation: (A) < (PSW) ’
Example: Jump to ‘RB1SET’ routine if PSW bank sw1tch bit 4, is set.

" BSCHK: MOV A,PSW

;MOVE PSW CONTENTS TO ACC

JB4 RB1SET ;JUMP TO ‘RB1SET IFACCBIT 4 =1
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MOV A,R, Move Register Contents to Accumulator

Encoding: [1 111 [1rrr | F8H-FFH
Description: 8-bits of data are removed from working register ‘r’ into the accumulator.
Operation: (A) «— (Rr) r=0-7
Example: MAR: MOV A,R3 ;MOVE CONTENTS OF REG 3 TO ACC

MOV A,@R; Move Data Memory Contents to Accumulator

Encoding [1111/000i|  FOH-FIH

Description: The contents of the resident data memory location addressed by bits 0—-5* of
register ‘i' are moved to the accumulator. Register ‘i’ contents are unaffected.

Operation: (A) «— ((Ri)) i =0-1
Example: Assume R1 contains 00110110.
MADM: MOV A,@R1 ;MOVE CONTENTS OF DATA MEM

;LOCATION 54 TO ACC

MOV A,T Move Timer/Counter Contents to Accumulator

Encoding: [0100/0010] 42+

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

Operation: (A) «— (T)
Example: Jump to “EXIT” routine when timer reaches ‘64’, that is, when bit 6 set—
assuming initialization 64,

TIMCHK: MOV AT ;MOVE TIMER CONTENTS TO ACC
JB6 EXIT WJUMP TO ‘EXIT' IF ACCBIT6 =1

MOV PSW,A Move Accumulator Contents to PSW

Encoding: [1101/0111| D7H

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

Operation: (PSW) «— (A)

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

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

** 0-5 in 8048AH/8748H
0-6 in B049AH/8749H
0-7 in 8050AH
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MOV R,,A Move Accumulator Contents to Register

Encoding:
Description:
Operation:
Example:

[1010[1rrr|  ABH-AFH

The contents of the accumulator are moved to register ‘r'.

(Rr) «— (A) r=0-7

MRA: MOV RO,A ;MOVE CONTENTS OF ACC TOREG 0

MOV R, #data Move Immediate Data to Register

Encoding: (10111 rpryrg| |d7 dgdsdg | d3 dp dy dg B8H-BFH
Description: This is a 2-cycle instruction. The 8-bit value specified by ‘data’ is moved to
register 'r’.
Operation: (Rr) « data r=0-7
Examples: MIR4: MOV R4 #HEXTEN ;THE VALUE OF THE SYMBOL
;'HEXTEN' IS MOVED INTO REG 4
MIR 5: MOV R5,#PI1*(R*R) ;THE VALUE OF THE EXPRESSION
, ;'PI*(R*R)’ IS MOVED INTO REG 5
MIR 6: MOV R6, #0ADH ;’AD’ HEX 1S MOVED INTO REG 6
MOV @ Ri,A' Move Accumulator Contents to Data Memory
Encoding: (1010[000i]|  AOH-ATH
Description: The contents of the accumulator are moved to the resident data memory
location whose address is specified by bits 0-5** of reglster ‘I". Register 'V’
contents are unaffected.
Operation: ((Ri)) «— (A) i=0-1
Example: Assume RO contains 00000111.

MDMA: MOV @RO,A ;MOVE CONTENTS OF ACC TO

;LOCATION 7 (REG 7)

MOV @ R;#data Move Immediate Data to Data memory

Encoding:
Description:

Operation:
Examples:

[1o11]o00i]| [d7dgdsdy |d;3dpdydg BOH-B1H

This is a 2-cycle instruction. The 8-bit value specified by ‘data’ is moved
to the reSIdent data memory Iocatlon addressed by register ', bits 0-5**.

((Ri)) «— data i=0-1

Move the hexadecimal value AC3F to locations 62-63. :
MIDM: MOV RO,#62 'MOVE ‘62’ DEC TO ADDR REG 0
MOV @RO0,#0ACH ;MOVE ‘AC’ HEX TO LOCATION 62
INC RO ;INCREMENT REG 0 to ‘63’
MOV @RO0,#3FH ;MOVE ‘3F HEX TO LOCATION 63

** 0-5 in 8048AH/8748H
0-6 in 8049AH/8749H

0-7 in 8050AH
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MOV T,A Move Accumulator Contents to Timer/Counter

Encoding: [0110]0010]  62H
Description: The contents of the accumulator are moved to the timer/event-counter
register.
Operation: (T) «— (A)
Example: Initialize and start event counter.
INITEC: CLR A ;CLEAR ACC TO ZEROS
MOV T,A ;MOVE ZEROS TO EVENT COUNTER
START CNT ;START COUNTER
MOVD A,Pp Move Port 4-7 Data to Accumulator
Encoding: (0000 [11pp|  OCH-OFH
Description: This is a 2-cycle instruction. Data on 8243 port 'p’ is moved (read) to
accumulator bits 0-3. Accumulator bits 4-7 are zeroed.
Operation: (0-3) «— (Pp) p=4-7
(4-7) «— 0
Note: Bits 0-7 of the opcode are used to represent ports 4-7. If you are
coding in binary rather than assembly language, the mapping is as
follows:
Bits 1 0 Port
00 4
01 5
10 6
11 7
Example: INPPT5: MOVD A,P5 ;MOVE PORT 5 DATA TO ACC
' ;BITS 0-3, ZERO ACC BITS 4-7
MOVD Pp,A Move Accumulator Data to Port 4-7
Encoding: [0 011 [11pp 3CH-3FH
Description: This is a 2-cycle instruction. Data in accumulator bits 0-3 is moved
- (written) to 8243 port ‘p.. Accumulator bits 4-7 are unaffected. (See NOTE
above regarding port mapping.)
Operation: (Pp) «— (Ag_3) P=4-7
Example: Move data in accumulator to ports 4 and 5.

OUTP45: MOVD P4,A
SWAP A
MOVD P5,A

;MOVE ACC BITS 0-3 TO PORT 4
JEXCHANGE ACC BITS 0-3 and 4-7
;MOVE ACC BITS 0-3 TO PORT 5
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MOVP A, @A Move Current Page Data to Accumulator

Encoding: [1010[001 1]  A3H

Description: The contents of the program memory location addressed by the
accumulator are moved to the accumulator. Only bits 0-7 of the program
counter are affected, limiting the program memory reference to the
current page. The program counter is restored following this operation.

Operation: (PCq._7) «— (A)
(A) < ((PC))
Note: This is a 1-byte, 2-cycle instruction. If it appears in location 255 of a
program memory page, @A addresses a location in the following page.

Example: MOV128: MOV A #128 ' ;MOVE ‘128 DEC TO ACC

MOVP A,@A * ,CONTENTS OF 129th LOCATION IN
;CURRENT PAGE ARE MOVED TO ACC

MOVP3 A,@A Move Page 3 Data to Accumulator

Encoding: |1 110][00 11|  E3H

Description: This is a 2-cycle instruction. The contents of the program memory location
(within page 3) addressed by the accumulator are moved to the |
accumulator. The program counter is restored following this operation.

Operation: (PCqg_7) + (A)
(PCg_11) «— 0011
(A) — ((PC))
Example: Look up ASCII equivalent of hexadecimal code in table contained at the
beginning of page 3. Note that ASCIl characters are designated by a
7-bit code; the eighth bit is always reset.

TABSCH: MOV A, #0B8H :MOVE ‘B8’ HEX TO ACC (10111000)
ANL A #7FH - ;LOGICAL AND ACC TO MASK BIT
:7 (00111000)
MOVP3 A @A ‘MOVE CONTENTS OF LOCATION ‘38’

;HEX IN PAGE 3 TO ACC (ASCII ‘8)
Access contents of location in page 3 labelled TAB1.
Assume current program location is not in page 3.
TABSCH: MOV A #LOW TAB 1 ;ISOLATE BITS 0-7 OF LABEL
;ADDRESS VALUE :
MOVP3 A, @A ;MOVE CONTENTS OF PAGE 3
;LOCATION LABELED ‘'TAB1' TO ACC |
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MOVX A,@R;

Move External-Data-Memory Contents to Accumulator

Encoding:
Description:

Operation:
Example:

MOVX @R;A

[1ooo0[o000i 80H-81H

This is a 2-cycle instruction. The contents of the external data memory
location addressed by register ‘i’ are moved to the accumulator. Register ‘i’
contents are unaffected. A read pulse is generated.

(A) — ((Ri)) i=0-1

Assume R1 contains 01110110.
MAXDM: MOVX A,@R1

;MOVE CONTENTS OF LOCATION
;118 TO ACC

Move Accumulator Contents to External Data Memory

Encoding:
Description:

Operation:
Example:

[1oo01][000i|  90H-91H

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

((Ri)) — A i=0-1

Assume RO contains 11000111.
MXDMA: MOVX @RO,A

;MOVE CONTENTS OF ACC TO
;LOCATION 199 IN EXPANDED
;DATA MEMORY

NOP The NOP Instruction

Encoding: 0000000 0]

Description:

00H

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

ORL AR, Logical OR Accumulator With Register Mask

Encoding:ﬁ100|1rrrl

Description:

Operation:
Example:

48H-4FH

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

(A) == (A) OR (Rr)
ORREG: ORL A,R4

r=0-7

;'OR’ ACC CONTENTS WITH
iMASK IN REG 4
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ORL A,@R; Logical OR Accumulator With Memory Mask

Encoding: [0 100[000i|  40H-41H

Description: Data in the accumulator is logically ORed with the mask contained in the
. -resident data memory location referenced by register “i”, bits 0-5**,

Operation: (A) «— (A) OR ((Ri)) i=0-1

Example: ORDM: MOV RO,#3FH ;MOVE ‘3F HEX TO REG 0
ORL A,@RO ;'OR’ AC CONTENTS WITH MASK

;IN LOCATION 63

ORL A,#data Logical OR Accumulator With Immediate Mask

Encoding: (0100|001 1| |d7 dgd5 dg | d3 dp dy dg|  43H
Description: This is a 2-cycle instruction. Data in the accumulator is logically ORed with
an immediately-specified mask.
‘Operation: (A) «— (A) OR data

Example: ORID: ORL A#X ;'OR’ ACC CONTENTS WITH MASK
: ;01011000 (ASCII VALUE OF 'X’)

ORL BUS,#data* Logical OR BUS With Immediate Mask

Encoding: [1000[1000]| [dy dgdgdy | d3 dp dy dg|  88H
Description: This is a 2-cycle instruction. Data on the BUS port is logically ORed with an
immediately-specified mask. This instruction assumes prior specification
on an ‘OUTL BUS, A’ instruction.
Operation: (BUS) «— (BUS) OR data

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

ORL Pp, #data Logical OR Port 1 or 2 With Immediate Mask

Encoding: (1 000[10pp| [d7dgdsds| dgdydydg]  89H-8AH
‘Description: This is a 2-cycle instruction. Data on port ‘p’ is logically ORed with an
immediately-specified mask. )
Operation: (Pp) «— (Pp) OR data p=1-2

Example: ORP1: ORL P1, #OFFH _ OR’ PORT 1 CONTENTS WITH MASK
'FF" HEX (SET PORT 1 TO ALL ONES)

* For use with internal program memory ONLY.
** 0-5 in 8048AH/8748H

0-6 in 8049AH/8749H

0-7 in 8050AH
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ORLD Pp,A

Logical OR Port 4-7 With Accumulator Mask

Encoding

Description:

Operation:
Example:

:(1000[11pp| 8CH-8FH

This is a 2-cycle instruction. Data on port ‘p’ is logically ORed with the
digit mask contained in accumulator bits 0-3.

(Pp) — (Pp) OR (Ag_3) p=4-7

ORP7: ORLD P7,A ;'OR’ PORT 7 CONTENTS WITH ACC
;BITS 0-3

OUTL BUS,A* Output Accumulator Data to BUS

Encoding:
Description:

Operation

Example:

OUTL Pp,A

00o0o0fo010] 02H

This is a 2-cycle instruction. Data residing in the
accumulator is transferred (written) to the BUS port and
latched. The latched data remains valid until altered by
another OUTL instruction. Any other instruction requiring
use of the BUS port (except INS) destroys the contents of
the BUS latch. This includes expanded memory operations
(such as the MOVX instruction). Logical operations on
BUS data (AND, OR) assume the OUTL BUS,A instruction
has been issued previously.

(BUS) «— (A)
OUTLBP: OUTL BUS, A

;OUTPUT ACC CONTENTS TO BUS

Output Accumulator Data to Port 1 or 2

Encoding:
Description:

Operation:
Example:

[oo11][10pp|]  B39H-3AH

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

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

OUTLP: MOV AR7 ;MOVE REG 7 CONTENTS TO ACC
OUTL P2,A ;OUTPUT ACC CONTENTS TO PORT 2
MOV A, Ré ;MOV REG 6 CONTENTS TO ACC
OUTL P1,A

;OUTPUT ACC CONTENTS TO PORT 1

* For use with internal program memory ONLY.
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RET Return Without PSW Restore

Encoding: 1000[0011]  83H

Description: This is a 2-cycle instruction. The stack pointer (PSW bits 0-2) is

decremented. The program counter is.then restored from the stack. PSW
" bits 4-7 are not restored. ' ‘

‘Operation: (SP) «— (SP)-1
(PC) < ((SP))

RETR Return with PSW Restore

Encoding: (1 00 1/00 1 1 93H

Description: This is a 2-cycle instruction. The stack pointer is decremented. The

program counter and bits 4-7 of the PSW are then restored from the stack.
Note that RETR should be used to return from an interrupt, but should
not be used within the interrupt service routine as it signals the end of an
interrupt routine by resetting the Interrupt in Progress flip-fiop.

Operation: (SP) «— (SP)-1
(PC) «— ((SP))
(PSW 4-7) «— ((SP))
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RL A Rotate Left without Carry

Encoding: [1110[0111]  E7H

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

Operation: (An + 1) «— (An)

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

RLC A Rotate Left through Carry

Encoding: [1111]/0111]  F7H

Description: The contents of the accumulator are rotated-left one bit. Bit 7 replaces the

carry bit; the carry bit is rotated into the bit 0 position.
Operation: (An + 1) «— (An)
n = 0-6
(AD) +— (C)
(C) «— (A7)
Example: Assume accumulator contains a ‘signed’ number; isolate sign without

changing value. . :
RLTC: CLRC ;CLEAR CARRY TO ZERO

RLC A ;ROTATE ACC LEFT, SIGN
;BIT(7) IS PLACED IN CARRY
RR A ;ROTATE ACC RIGHT — VALUE

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

RR A Rotate Right without Carry

Encoding: [0 11 1[0 111]  77H

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

Operation: (An) < (An + 1) : n=0-6
(A7) «— (A0)
Example: Assume accumulator contains 10110001.
RRNC: RR A ;NEW ACC CONTENTS ARE 11011000
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RRC A Rotate Right through Carry

Encoding: [0110[0111]  67H

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

Operation: (An) «— (An+1) n=0-6
(A7) «— (C) '
(C)— (Ap) : :

- Example: Assume carry is not set and accumulator contains 10110001.
RRTC: RRC A ;CARRY IS SET AND ACC

;CONTAINS 01011000

SEL MB0 Select Memory Bank 0

Encoding: [1110[010 1 E5H

Description: PC bit 11 is set to zero on next JMP or CALL instruction. All references to
program memory addresses fall within the range 0-2047.
Operation: (DBF) «— 0

Example: Assume program counter contains 834 Hex. :
SEL MBO ;SELECT MEMORY BANK 0
JMP $+20 - JJUMP TO LOCATION 58 HEX

SEL MB1 Select Memory Bank 1

Encoding: [1111[010 1 F5H

Description: PC bit 11 is set to one on next JMP or CALL instruction. All references to
program memory addresses fall within the range 2048-4095.

Operation: (DBF) «— 1
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SEL RBO Select Register Bank 0

Encoding: (1 100[010 1 C5H

Description:

Operation:

PSW bit 4 is set to zero. References to working registers 0-7 address data
memory locations 0-7. This is the recommended setting for normal
program execution.

(BS)«— 10

SEL RB1 Select Register Bank 1

Encoding: [1101]0101]  DsH

Description:

PSW bit 4 is set to one. References to working registers 0-7 address data
memory locations 24-31. This is the recommended setting for interrupt service
routines, since locations 0-7 are left intact. The setting of PSW bit 4 in
effect at the time of an interrupt is restored by the RETR instruction when
the interrupt service routine is completed.

Operation: (BS) «— 1
Example: Assume an external interrupt has occurred, control has passed to program
memory location 3, and PSW bit 4 was zero before the interrupt.
Operation: LOCS3: JNIINIT :JUMP TO ROUTINE ‘INIT’ IF
;INTERRUPT INPUT IS ZERO
INIT: MOV R7,A ;MOVE ACC CONTENTS TO
;LOCATION 7
SEL RB1 ;SELECT REG BANK 1
MOV R7,#0FAH ;MOVE ‘FA’ HEX TO LOCATION 31
SEL RBO ;SELECT REG BANK 0
MOV A,R7 ;RESTORE ACC FROM LOCATION 7
RETR ;RETURN — RESTORE PC AND PSW
STOP TCNT Stop Timer/Event-Counter
Encoding: (0110|0101 65H
Description: This instruction is used to stbp both time accumulation and event counting.
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Example Dlsable mterrupt but jump to interrupt routine after eight overflows and
stop timer. Count overflows in register 7.

START: DIS TCNTI ' :DISABLE TIMER INTERRUPT"
CLRA ;CL’EAR ACC TO ZEROS
MOV T,A :MOVE ZEROS TO TIMER
MOV R7,A :MOVE ZEROS TO REG 7
STRTT :START TIMER
MAIN: JTF COUNT :JUMP TO ROUTINE ‘COUNT’
:IF TF = 1 AND CLEAR TIMER FLAG
JMP MAIN :CLOSE LOOP
COUNT: INC R7 ‘INCREMENT REG 7
MOV A,R7 :MOVE REG 7 CONTENTS TO ACC
JB3INT :JUMP TO ROUTINE ‘INT' IF ACC
_ :BIT 31S SET (REG 7 = 8)
JMP MAIN :OTHERWISE RETURN TO ROUTINE
INT: STOP TCNT :STOP TIMER

JMP 7H ;JUMP TO LOCATION 7 (TIMER)
. JINTERRUPT ROUTINE

STRT CNT Start Event Conter

Encoding: [0100[0101]|  45H

Description: The test 1 (T1) pin is enabled as the event-counter input and the counter
is started. The event-counter register is incremented with each high-to-low
transition on the T1 pin.

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

input.

STARTC: EN TCNTI JENABLE COUNTER INTERRUPT
MOV A #OFFH ;MOVE ‘FF'HEX (ONES) TO ACC
MOV T,A ;MOVES ONES TO COUNTER
STRT CNT ;ENABLE T1 AS COUNTER

;INPUT AND START
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STRT T Start Timer

Encoding: [0101]/0101|  55H

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

Example: Initialize and start timer.

STARTT: CLRA ;CLEAR ACC TO ZEROS
MOV T,A ;MOVE ZEROS TO TIMER
EN TCNTI ;ENABLE TIMER INTERRUPT
STRTT ;START TIMER

SWAP A Swap Nibbles within Accumulator

Encoding: [0 100]01 11|  47H
Description: Bits 0-3 of the accumulator are swapped with bits 4-7 of the accumulator.

Operation: (A4_7) = (Ag-3)
Example: Pack bits 0-3 of locations 50-51 into location 50.

PCKDIG: MOV RO, #50 ;MOVE ‘50' DEC TO REG 0

MOV R1, #51 ;MOVE ‘51’ DEC TO REG 1

XCHD A,@RO ;EXCHANGE BITS 0-3 OF ACC
;AND LOCATION 50

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

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

MOV @R0,A MOVE CONTENTS OF ACC TO
;LOCATION 50

XCH A,R, Exchange Accumulator-Register Contents

Encoding: [0010[1rrr | 28H-2FH

Description: The contents of the accumulator and the contents of working register ‘r’
are exchanged.

Operation: (A) = (Rr) r=0-7
Example: Move PSW contents to Reg 7 without losing accumulator contents.
XCHART7: XCH A,R7 ;EXCHANGE CONTENTS OF REG 7
;AND ACC
MOV A, PSW ;MOVE PSW CONTENTS TO ACC
XCH A,R7 JEXCHANGE CONTENTS OF REG 7

"AND ACC AGAIN
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XCH A,@R; Exchange Accumulator and Data Memory Contents

Encoding: [0 010[000i]  20H-21H

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

Operation: (A) == ((Ri)) i=0-1
Example: Decrement contents of location 52
DEC52: MOV RO0,#52 ;MOVE ‘52" DEC TO ADDRESS REG 0
XCH A,@R0 ;EXCHANGE CONTENTS OF ACC
;AND LOCATION 52
DECA \ ;DECREMENT ACC CONTENTS
XCH A,@RO0 ;EXCHANGE CONTENTS OF ACC

;AND LOCATION 52 AGAIN

XCHD A,@R; Exchange Accumﬁlator and Data Memory 4-Bit Data

Encoding: 001 1/000i]  30H-31H

Description: This instruction exchanges bits 0-3 of the accumulator with bits 0-3 of
the data memory location addressed by bits 0-5** of register ‘i’. Bits 4-7 of
the accumulator, bits 4-7 of the data memory location, and the contents of
register ‘i’ are unaffected.

Operation: ' (Ag_3) = ((Ri0-3)) i=0-1
Example: Assume program counter contents have been stacked in locations 22-23.-
XCHNIB: MOV R0,#23 ;MOVE ‘23’ DEC TO REG 0
CLR A ;CLEAR ACC TO ZEROS
XCHD A,@RO ;EXCHANGE BITS 0-3 OF ACC AND

;LOCATION 23 (BTS 8-11 OF PC ARE
;ZEROED, ADDRESS REFERS
:TO PAGE 0)

XRL A,R, Logical XOR Accumulator With Register Mask

Encoding: [1101[1rrr|  D8H-DFH

Description: Data in the accumulator is EXCLUSIVE ORed with the mask contalned in
working register ‘r’. .

Operation: (A) — (A) XOR (Rr) ' r=0-7

‘Example: XORREG:.XRL AR5 ‘ “XOR’ ACC CONTENTS WITH
' :MASK IN REG 5

** 0-5 in 8048AH/8748H
0-6 in 8049AH/8749H
0-7 in 8050AH
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XRL A,@R; Logical XOR Accumulator With Memory Mask

Encoding: {1 101[000i|  DOH-DIH

Description:

Operation:
Example:

XRL A,#data

Data'in the accumulator is EXCLUSIVE ORed with the mask contained in the
data memory location addressed by register ‘i, bits 0-5.**
(A) «— (A) XOR ((Ri)) i=0-1

XORDM: MOV R1,#20H ;MOVE 20" HEX TO REG 1
XRL A,@R1 '’ XOR’ ACC CONTENTS WITH MASK
;IN LOCATION 32

Encoding:
Description:

Operation:
Example:

Logical XOR Accumulator With Immediate Mask

|

1101]001 1] [d7 dg d5 dg | dg dp dq dg D3H

‘This is a 2-cycle instruction. Data in the accumulator is EXCLUSIVE ORed

with an immediately-specified mask.
(A) «— (A) XOR data

XORID: XOR A #HEXTEN ;XOR CONTENTS OF ACC WITH MASK
;EQUAL VALUE OF SYMBOL 'HEXTEN’

** 0-5 in 8048AH/8748H
0-6 in 8049AH/8749H
0-7 in B0O50AH
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8243
MCS®-48 INPUT/OUTPUT EXPANDER

m 0°C TO 70°C Operation
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Figure 1. 8243 Block Diagram
October 1986
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8243
* Table 1. Pin Description
Symbol Pin No. Function

PROG 7 Clock Input. A high to low transition on PROG signifies that address
and control are available on P20-P23, and a low to high transition
signifies that data is available on P20-P23.

Cs 6 Chip Select Input. A high on CS inhibits any change of output or
internal status.

P20-P23 11-8 Four (4) bit bi-directional port contains the address and control bits on
a high to low transition of PROG. During a low to high transition, P2
contains the data for a selected output port if a write operation, or the
data from a selected port before the low to high transition if a read

. operation.

GND 12 OV supply.

P40-P43 2-5 Four (4) bit bi-directional 1/0 ports.

P50-P53 1,23-21 May be programmed to be input (during read), low impedance latched

P60-P63 20-17 output (after write), or a tri-state (after read). Data on pins P20~P23

P70-P73 13-16 may be directly written, ANDed or ORed with previous data.

Vece - 24 + 5V supply.

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:

o Transfer Accumulator to Port.
e Transfer Port to Accumulator.
e AND Accumulator to Port.

¢ OR Accumulator to Port.

All communication between the 8048 and the 8243
occurs over Port 2 (P20-P23) with timing provided
by an output puise on ihe PROG pin of ihe 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 in-
put/output Ports 4, 5, 6, and 7 to the tri-state and
Port 2 to the input mode. The PROG pin may be

1

4-2

either high or low when power is applied. The first
high to low transition of PROG causes the device to
exit power on mode. The power on sequence is ini-
tiated if Vog drops below 1V.

Address Instruction
P21 P20 Code P23 P22 Code
0 0 Port 4 0 0 Read
0 1 Port5 o 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 di-
rectly writes new data into the selected port and old

ata is lost. ORLD Pi, A takes new data, OR’s it with
the old data and then writes it to the port. ANLD Pi,
A takes new data, AND’s it with the old data and
then writes it to the port. Operation code and port
address are latched from the input Port 2 on the high
to low transition of the PROG pin. On the low to high
transition of PROG data on Port 2 is transferred to
the logic block of the specified output port.

After the iogic manipulation is performed, the data is

latched and outputed. The old data remains latched
until new valid outputs are entered. ’

Read Mode

The device has one read mode. The operation code
and port address are latched from the input Port 2
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on the high to low transition of the PROG pin. As

soon as the read operation and port address are

decoded, the appropriate outputs are tri-stated, and
the input buffers switched on. The read operation is
terminated by a low to high transition of the PROG
pin. The port (4, 5, 6 or 7) that was selected is
switched to the tri-stated mode while Port 2 is re-
turned to the input mode.

ABSOLUTE MAXIMUM RATINGS*

....... 0°Cto 70°C
—65°Cto +150°C

Ambient Temperature Under Bias
Storage Temperature

Voltage on Any Pin
with Respect to Ground

Power Dissipation

—0.5Vto +7V

Normally, a port will be in an output (write mode) or
input (read mode). If modes are changed during op-

" eration, the first read following a write should be ig-

nored; all following reads are valid. This is to allow
the external driver on the port to settle after the first
read instruction removes the low impedance drive
from the 8243 output. A read of any port will leave
that port in a high impedance state.

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings " may cause permanent dam-
age 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 opera-
tional sections of this specification is not implied. Ex-
posure lo absolute maximum rating conditions for
extended periods may affect device reliability.

D.C. CHARACTERISTICS T4 = 0°C1t070°C, Vo = 5V + 10%

Symbol Parameter Min Typ Max Units COJ;Titms
ViL Input Low Voltage .—0.5 0.8 \"

VIH Input High Voltage 2.0 Vg + 0.5 \"

VoL1 Output Low Voltage Ports 4-7 0.45 Vv loL = 4.5 mA*
VoL2 Output Low Voltage Port 7 1 \ loL = 20 mA
VoH1 Output High Voltage Ports 4-7 2.4 \ loq = 240 pA
{ITR] Input Leakage Ports 4-7 —-10 20 HA Vin = Voo to OV
liLe Input Leakage Port 2, CS,PROG | —10 10 HA Vin = Vgc to OV
VoLs Output Low Voltage Port 2 0.45 \" loL = 0.6 mA
lcc Vcc Supply Current 10 20 mA (Note 1)

VoH2 Output Voltage Port 2 2.4 loy = 100 pA
loL Sum of All o From 16 Outputs 72 mA 4.5 mA Each Pin

*Refer to Figure 3 for additional sink current capability.
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A.C. CHARACTERISTICS Tp = 0°Cto 70°C, Vgc = 5V + 10%

Symbol Parameter Min Max Units Test Conditions
ta Code Valid before PROG 50 ns 80 pF Load
I t2) Code Valid after PROG 60 ns 20 pF Load
tc Data Valid before PROG 200 ns 80 pF Load
tp Data Valid after PROG 20 ns 20 pF Load
tH Floating after PROG 0 150 ns 20 pF Load
tx 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
tLpq Ports 4-7 Valid before/after PROG 100 ns
tacc Port 2 Valid after PROG 650 ns 80 pF Load
NOTE: ‘
1. Icc (—40°C to 85°C EXPRESS options) 15 mA typical/25 mA maximum.
24 A
20 20
> TEST POINTS <
0.8 » ‘ 08 ‘
0.45 -
270161-3

A.C. Testing: Inputs are driven at 2.4V for a Logic “1”" and 0.45V for a Logic “0". Output timing measurements are made at 2.0V for Logic “1”

and 0.8V for a Logic “0".
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125 |
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75 -

50
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25 |-

GUARANTEED WORST CASE
CURRENT SINKING CAPABILITIES
OF ANY I/O PORT PIN vs. TOTAL
SINK CURRENT OF ALL PINS

l 1 1 l 1 1
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7 8 9 10 " 12 13

270161-5

Figure 3. 8243 Current Sink Capability

Sink Capability

The 8243 can sink 5 mA @ 0.45V on each of its 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 in-
creases as is shown by the accompanying curve.

For example, if only 5 of the 16 lines are to sink
cuirent at one time, the curve shows that each of
those 5 lines is capable of sinking 9 mA @ 0.45V (if
any lines are to sink 9 mA the total Ig. must not

exceed 45 mA or five 9 mA loads).

Example: How many pins can drive 5 TTL loads
(1.6 mA) assuming remaining pins are un-
loaded?
loL=5 X 1.6 mA = 8 mA
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 56 mA. This leaves 4 mA sink cur-
rent capability which can be divided in any
way among the remaining 8 1/0 lines of
the 8243.

‘ NOTE: .

A10 to 50 KQ pullup resistor to +5V should be

added to 8243 outputs when driving to 5V CMOS

directly.

Example: This example shows how the use of the
20 mA sink capability of Port 7 affects the
sinking capability of thev other 1/0 lines.
An 8243 will drive the following loads
simultaneously.

2 loads—20 mA @ 1V (Port 7 only)

8 loads—4 mA @ 0.45V

6 loads—3.2 mA @ 0.45V

Is this within the specified limits?

eloL = (2 X 20) + (8 X 4) + (6 X 3.2)
= 91.2 mA.

From the curve: for Ig. = 4 mA, elg, =

93 mA. Since 91.2 mA < 93 mA the loads
are within specified limits.

Although the 20 mA @ 1V loads are used
in calculating €elgy, it is the largest current
-required @ 0.45V. which determines the
maximum allowable elpy. -
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Figure 4. Expander Interface

11 ] AND 11
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270161-7

Figure 5. Output Expander Timing
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270161-8

Figure 6. Using Multiple 8243’s

4-7



' inter PRELIMINARY

P8748H/P8749H |
8048AH/8035AHL/8049AH/8039AHL/8050AH/8040AHL
HMOS SINGLE-COMPONENT 8-BIT
PRODUCTION MICROCONTROLLER

m High Performance HMOS i m Programmable ROMs Using 21V

H Interval Time/Event Counter m Easily Expandable Memory and 1/0
-m Two Single Level Interrupts m Up to 1.36 us Instruction Cycle All
m Single 5-Volt Supply Instructions 1 or 2 Cycles

m Over 96 Instructions; 90% Single Byte

The Intel MCS®-48 family are totally self-sufficient, 8-bit parallel computers fabricated on single silicon chips
using Intel’s advanced N-channel silicon gate HMOS process.

The family contains 27 1/0 lines, an 8-bit timer/counter, and on-board oscillator/clock circuits. For systems
that require extra capability, the family can be expanded using MCS®-80/MCS®-85 peripherals.

These microcontrollers are available in both masked ROM and ROMlIess versions as well as a new version,
The Programmable ROM. The Programmable ROM provides the user with the capability of a masked ROM
while providing the flexibility of a device that can be programmed at the time of requirement and to the desired
data. Programmable ROM'’s allow the user to lower inventory levels while at the same time decreasing delay
times and code risks. )

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 of mostly. single byte instructions and no instruc-
tions over 2 bytes in length. -

Device Internal Memory RAM STANDBY
8050AH 4K x 8 ROM ) 256 x 8 RAM yes
8049AH 2K x 8 ROM 128 x 8 RAM yes
8048AH 1K x 8 ROM 64 x 8 RAM yes
8040AHL None 256 x 8 RAM yes
8039AHL . None 128 x 8 RAM yes
8035AHL None 64 x 8 RAM ) yes
P8749H 2K x 8 Programmable ROM 128 x8 RAM no
P8748H 1K x 8 Programmable ROM 64 x 8 RAM no

- cLock PROGRAM | D
I I WMEMORY | HEHORY = 5> PorT
) XTAL -L v
W PORT
RESET —~| 2
SINGLE P8748H
8BIT STEP ™) PoTAH [ READ
CPu EXTERNAL ]
st Sosoan
BRI
8 BIT TIMER . INTERRUPT —= ENABLE
EVENT /0 LINES | aren
COUNTER ENABLE
270053-1 Bus © |- ExpanER
Figure 1. Block Diagram STROBE
270053-2

Figure 2. Logic Symbol

November 1987
4-8 Order Number: 270053-002
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Figure 3. Pin Configuration

Table 1. Pin Description

Figure 4. Pad Configuration

Symbol :': Function Device
Vss 20 Circuit GND potential. All
Vob 26 + 5V during normal operation. All
Low power standby pin. 8048AH
’ 8035AHL
8049AH
8039AHL
8050AH
8040AHL
Programming power supply (+21V). P8748H
P8749H
Veceo 40 Main power supply; + 5V during operation and programming. All
PROG 25 Output strobe for 8243 1/0 expander. All
Program pulse (+ 18V) input pin During Programming. P8748H
' P8749H
P10-P17 | 27-34 | 8-bit quasi-bidirectional port. All
Port 1
P20-P23 | 21-24 | 8-bit quasi-bidirectional port. P20-P23 contain the four high order All
P24-P27 | 35-38 | program counter bits during an external program memory fetch and
Port 2 serve as a 4-bit I/0 expander bus for 8243.
DB0-DB7 | 12-19 | True bidir(ition_al port which can be written or read synchronously All
BUS using the RD, WR strobes. The port can also be statically latched.
Contains the 8 low order program counter bits during an external
program memory fetch, and receives the addressed instruction under
the control of PSEN. Also contains the address and data during an
external RAM data store instruction, under control of ALE, RD, and
WR. ]
TO 1 Input pin testable using the conditional transfer instruction JTO and All
JNTO. TO can be designated as a clock output using ENTO CLK
instruction.
Used during programming. P8748H
P8749H

4-9




ntel MCSo48 PRELIMINARY

Table 1. Pin Description (Continued)

Symbol :2‘ Function bevlce
T 39 Input pin testable using the JT1, and JNT1 instructions. Can be All
designated the timer/counter input using the STRT CNT instruction.
INT 6 Interrupt input. Initiates an interrupt if interrupt is enabled. Interrupt is All
* disabled after a reset. Also testable with conditional jump instruction.

(Active low) interrupt must remain low for at least 3 machme cycles for

proper operation.

RD 8 Output strobe activated dunng a BUS read. Can be used to enable All
data onto the bus from an external device.

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

RESET 4 Input which is used to initialize the processor. (Active low) (Non TTL All

Vin)

Used during power down. 8048AH
8035AHL
8049AH

. 8039AHL
. 8050AH
8040AHL

Used during programming. ) P8748H
P8749H

Used during ROM verification. o 8048AH
P8748H
8049AH
P8749H
8050AH

WR 10 Output strobe during a bus write. (Active low) _ All

Used as write strobe to external data memory.

ALE 11 Address latch enable. This signal occurs once during each cycle and is All

useful as a clock output.

The negative edge of ALE strobes address into external data and

program memory.

PSEN 9 Program store enable. This output occurs only during a fetch to All
external program memory. (Active low)
SS 5 Single step input can be used in conjunction with ALE to “single step” All
the processor through each instruction.
(Active low) Used in sync mode. ’ 8048AH
. 8035AHL
8049AH
8039AHL
8050AH
8040AHL
EA 7 External access input which forces all program memory fetches to All
reference external memory. Useful for emulation and debug. (Active

high)

Used during (18V) programming. P8748H
P8749H

Used during ROM verification (12V). 8048AH

- 8049AH
- 8050AH
XTAL1 2 One side of crystal input for internal oscillator. Also input for external All
source. (Non TTL Viy)
XTAL2 3 Other side of crystal input. All

4-10
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Table 2. Instruction Set
Accumulator Input/Output
Mnemonic Description Bytes Cycles Mnemonic Description  Bytes Cycles|
ADD A, R Add register to A 1 1 IN A, P Input port to A 1 2
ADD A, @R Add data memory 1 1 OUTL P, A Output A to port 1 2
to A ANL P, #data  Andimmediateto 2 2
IADD A, #data AddimmediatetoA 2 2 port
ADDC A, R Add register with 1 1 ORL P, #data  Or immediate to 2 2
carry port
ADDC A, @R Add data memory 1 1 INS A, BUS Input BUS to A 1 2
with carry OUTLBUS,A  Output A to BUS 1 2
ADDC A, #data Add immediate with 2 2 ANL BUS, #data And immediate to 2 2
carry BUS
ANL A, R And register to A 1 1 ORL BUS, #data Or immediate to 2 2
ANL A, @R And data memory 1 1 BUS
to A MOVD A, P Input expander port 1 2
ANL A, #data AndimmediatetoA 2 2 toA
ORLA,R Or register to A 1 1 MOVD P, A Output A to 1 2
ORL A, @R Or data memory 1 1 expander port
toA IANLD P, A And A to expander 1 2
ORL A, #data Orimmediate to A 2 2 port
XRL A, R Exclusive or register 1 1 ORLD P, A Or A to expander 1 2
to A port
XRL A, @R Exclusive or data 1 1
memory to A -
XRL A, #data  Exclusive or 2 2 Registers
INC A :r:;?:rig: ;‘0 A 1 1 Mnemonic Description Bytes Cycles
DECA Decrement A 1 1 INCR Increment register 1 1
CLR A Clear A 1 1 INC@R  Incrementdatamemory 1 1
CPL A Complement A 1 1 DECR Decrement register 1 1
DA A Decimal adjust A 1 1
SWAP A Swap nibbles of A 1 1 Branch
RL A Rotate A left 1 1
RLC A Rotate A left 1 1 Mnemonic Description Bytes Cycles
BR A g’é‘t’:t%h:f;"y JMPaddr  Jumpuncondional 2 2
ght oo JMPP @A Jump indirect 1 2
RRC A Rotate A right 1 1 P ,
through carry DJNZ R, addr Decrerpent register 2 2
and skip
JC addr Jump on carry = 1 2 2
JNC addr Jumponcarry =0 2 2
JZ addr Jump on A zero 2 2
JNZ addr Jump on A not zero 2 2
JTO addr JumponTO = 1 2 2
JNTOaddr JumponTO =0 2 2
‘ JT1 addr JumponT1 =1 2 2
[ JNT1addr JumponTi =0 2 2
JFO addr - JumponF0 = 1 2 2
JF1 addr JumponF1 =1 2 2
JTF addr Jump on timer flag 2 2
JNI addr JumponINT =0 2 2
JBb addr Jump on accumulator 2 2

bit

4-11
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Table 2. Instruction Set (Continued)

Subroutine ' Timer/Counter
Mnemonic Description Bytes Cycles Mnemonic Description ~ Bytes Cycles
CALL addr Jump to subroutine 2 2 MOVA, T Read timer/counter 1 1
RET Return 1 2 MOVT, A Load timer/counter 1 1
RETR Return and restore 1 2 STRTT Start timer 1 1
status STRT CNT Start counter 1 1
STOP TCNT  Stop timer/counter 1 1
Fi EN TCNTI Enable timer/ 1 1
ags : counter interrupt
IS TCNTI Disable timer/ 1 1
Mnemonic Description Bytes Cycles DIS i céﬁg;r i:?;rrupt
CLRC Clear carry 1 1
CPLC Complement carry 1 1 .
CLRFO  Clearflag0 1 1 Control
gtll:_t ',::(1) ‘ g&g‘f :Iea'gim flag 0 : } Mnemonic Description Bytes Cycles
CPLF1 Complement flag 1 1 1 ENI Enable external 1 1
interrupt
DIS| Disable external 1 1
Data Moves ‘interrupt
Mnemonic Description  Bytes Cycles| |SELRBO  Selectregisterbank 0 1 !
MOV A R M . A SELRB1  Select register bank 1 1 1
MOV A @R Move Leglster to 1 1 SELMBO Select memory bank0 1 1
'@ Movedatamemory 1 1 | |SELMB1 Selectmemorybank1 1 1
MOV A, #data Moveimmediateto 2 2 ENTO CLK  Enable clock output 1 1
’ N onTO
MOVR, A Move A to register 1 1
MOV @R, A mg\r/r?o?y to data 1 1 Mnemonic  Description = Bytes Cycles
MOV R, #data Moveimmediateto 2. 2 NOP No operation 1 1
register ) »
MOV @R, #data Move immediateto 2 2
- data memory
MOV A,PSW = Move PSWto A 1 1
MOV PSW,A  Move A to PSW 1 1
XCH A, R . Exchange A and 1 1
~ register
XCHA, @R, Exchange A and 1 1
data memory -
XCHD A, @R Exchange nibbleof 1 1
A and data memory )
MOVX A, @R Move external data 1 2
memory to A
MOVX @R,A  Move Atoexternal 1 2
‘ data memory :
MOVP A, @A Move to A from 1 2
current page
MOVP3 A, @A Move to A from 1 2
page 3

412
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ABSOLUTE MAXIMUM RATINGS*

Case Temperature Under Bias . ... ... 0°Cto +70°C
Storage Temperature .......... —65°Cto +150°C
Voltage on any Pin with Respect
toGround...............ennn —0.5Vto +7V
Power Dissipation.......................... 1.5W

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings” may cause permanent dam-
age 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 opera-
tional sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for
extended periods may affect device reliability.

NOTICE: Specifications contained within the
following tables are subject to change.

D.C. CHARACTERISTICS T4 = 0°Cto +70°C; Vg = Vpp = 5V £10%; Vgg = OV

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

ViL Input Low Voltage (All —0.5 0.8 \" All
Except RESET, X1, X2)

ViLt Input Low Voltage -5 0.6 \" All
(RESET, X1, X2)

ViH Input High Voltage 2.0 Voo Vv Al
(All Except XTAL1,
XTAL2, RESET)

ViH1 Input High Voltage 3.8 Vee v , - Al
(X1, X2, RESET)

VoL Output Low Voltage 0.45 Vv loL = 2.0 mA All
(BUS)

VoLt Output Low Voltage 0.45 v loL = 1.8mA All
(RD, WR, PSEN, ALE)

VoL2 Output Low Voltage 0.45 \ loL = 1.0mA All
(PROG)

Vors | Output Low Voitage 0.45 v loL = 1.6 mA All
(All Other Outputs)

Vo Output High Voltage 2.4 v loH = —400 pA All
(BUS)

VoH1 Output High Voltage 24 \' loH = —100 pA All
(RD, WR, PSEN, ALE)

Vorz Output High Voltage 2.4 Vv loH = —40 pA Al
(All Other Outputs)
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D.C. CHARACTERISTICS T4 = 0°Cto +70°C; Vo = Vpp = 5V +10%; Vgs. = 0V (Continued)

Symboi Parameter Limits _ Unit- | Test Conditions Device
i Min | Typ | Max .
ILy Leakage Current ‘ £10 | pA | Vss < VN < Voo Al
(T1,1NT)_ - ‘ |
L1 Input Leakage Current —500° pA | Vgs + 0.45 < V)y < Vg All
(P10-P17, P20-P27, :
EA, SS) o
ILi2 Input Leakage Current —10 —300 | pA | Vgg < VN <38 All
RESET
Lo Leakage Current +10 | pA | Vss < VIN S Veo Al
(BUS, TO) (High
Impedance State) ) )
Ibp Vpp Supply Current 3 5 " mA 8048AH
(RAM Standby) 8035AHL
4 7 mA 8049AH
8039AHL
5 10 mA 8050AH
‘ 8040AHL
lop + Total Supply Current* 30 | - 65 mA 8048AH
lcc ) : ‘ 8035AHL
35 70 mA 8049AH
‘ 8039AHL
40 | 80 | mA 8050AH
_ N 8040AHL
30 100 mA P8748H
‘ 50 110 mA P8749H
Vob ' RAM Standby Voltage | 2.2 55 \" Standby Mode Reset 8048AH
<ViLy 8035AH
2.2 5.5 ' 8049AH
8039AH
2.2 5.5 vV 8050AH
8040AHL

4-14

*lcc + |pp are measured with all outputs in their high impedance state; RESET low; 11 MHz crystal applied; INT, SS, and EA floating.
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A.C. CHARACTERISTICS T, = 0°Cto +70°C; Vcc = Vpp = 5V £10%; Vgg = OV

Symbol Parameter (N:)ge) 3) Mir: ! MHl\zllax Unit C?;:ti(teic:;\s
t Clock Period 1/xtal freq 90.9 1000 ns (Note 3)
L ALE Pulse Width 3.5t-170 150 ns .
taAL Addr Setup to ALE 2t-110 70 ns (Note 2)
tLA Addr Hold from ALE t-40 50 ns
tcet Control Pulse Width (RD, WR) 7.5t-200 480 ns
tcea Control Pulse Width (PSEN) 6t-200 350 ns
tow Data Setup before WR 6.5t-200 390 ns
twp Data Hold after WR t-50 40 ns
tpR Data Hold (RD, PSEN) : 1.5t-30 0 110 ns
tRD1 RD to Datain 6t-170 375 ns
tRD2 PSEN to Data in 4.5t-170 240 ns
taw Addr Setup to WR 5t-150 300 ns-
taD1 Addr Setup to Data (RD) 10.5t-220 730 ns
tap2 Addr Setup to Data (PSEN) 7.5t-200 460 ns
taFCH Addr Float to RD, WR 2t-40 140 ns (Note 2)
taFc2 Addr Float to PSEN 0.5t-40 10 ns (Note 2)
tiarc1 |- ALE to Control (RD, WR) 3t-75 200 ns
tL AFC2 ALE to Control (PSEN) 1.5t-75 60 ns
toa1 Control to ALE (RD, WR, PROG) t-65 25 ns
toaz Control to ALE (PSEN) 4t-70 290 ns
tcp Port Control Setup to PROG 1.5t-80 50 ns
tpc Port Control Hold to PROG 4t-260 100 ns
tpR PROG to P2 Input Valid 8.5t-120 650 ns
tpr Input Data Hold from PROG 1.5t 0 140 ns
tpp Output Data Setup 6t-290 250 |- ns
tpp Output Data Hold 1.5t-90 40 ns
tpp PROG Pulse Width 10.5t-250 700 ns
tpL | Port21/0 Setup to ALE 4t-200 160 ns
tLp Port 2 1/0 Hold to ALE 0.5t-30 15 ns
tpv Port Output from ALE 4.5t+100 5.0 ns
toPRR TO Rep Rate 3t 270 ns
toy Cycle Time 15t 136 | 150 | ps
NOTES:

‘1. Control outputs: G| = 80 pF. BUS Outputs: C| = 150 pF.
2. BUS High Impedance Load 20 pF
3. f(t) assumes 50% duty cycle on X1, X2. Max clock period is for a 1 MHz crystal input.
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WAVEFORMS

INSTRUCTION FETCH FROM PROGRAM READ FROM EXTERNAL DATA MEMORY
MEMORY

o ey | —-’I LAFC1 f@— '
|~—¢|.L —-I'LAFczI- . I ALE l | I |
M I _ - 1ce1—+] tcat |-

ALE

wrce o |e—tcca—|  |o-rcaz

1AFC1 " oR
PSE
N " j n.omu-.l I‘
_.' ln. [ -] 'DRI__ BUS FLOATING - .- (DATAX FLOATING
BUS FLOATING FLOATING X X n.omucx I:Eﬁi;sn *:i AD1 '

IADDHESS [=tho2 -{ INSTRUCTION
~———tap2

270053-5

270053-4

WRITE TO EXTERNAL DATA MEMORY INPUT AND OUTPUT FOR A.C. TESTS

—e{tLarct 24v
X:':: TeEST Pomrs::':x
me [ 1 L oasv ‘ '

[=—tcC1—=|tCAt }=— 270053-7
A.C. testing inputs are driven at 2.4V for a logic “1” and 0.45V for
WR ] a logic “0”. Output timing measurements are made at 2.0V for a
ADDRESS | tow L—L.l wp logic 1" and 0.8V for a logic 0"
BUS FLOATINGX )( ‘( DATA >< FLOATING
FLOATING
AW

270053-6

PORT 1/PORT 2 TIMING

1ST CYCLE

2ND
t‘_tm.—-l CYCLE |—tPV —.I |
ALE JR / \ .
PSEN —| | I | | - |
e N I =
panoa I\/ U .
ouTpUT LA | PcH X PORT 20-23 DATA X wewrmzsoama  Xec
P24-27 ! ] | |
P10-17 PORT 24-27, RT 10-1' A
P L | PORT 10-17DATA | X NEW PORT DATA
| | l
e — ——0" Iﬂcn
EXPANDER 'AL-‘I‘—M lu—-'-——m ——I-——I"'P op 2
PORT — . r—-
ouTPUT D(

| ! N ' .
EXPANDER | ‘ | ] |-—lpn ———.I
INPUT :><: PCH —PQ:onT 20-23 DATAD(i:om cttmojx

PROG ! . |

PCH | PORT 20-23 DATAN PORT CONTROLX OuTPUT DATAI K
|

E

270053-8

4-16



intal .- MCS®-48  PRELIMINARY

CRYSTAL OSCILLATOR MODE CERAMIC RESONATOR MODE

2] xTALY 2| xTAL1

1-11 1-11
MHz MHz
f" C2 -+~ [ F C1=C2=33pF £5% )

- i XTAL2 " : XTAL2
c3 c3
270053-9 270053-10
C1 = 5pF £ pF + (STRAY < 5 pF)
C2 = (CRYSTAL + STAY) < 8 pF
C3 = 20 pF £1 pF + (STRAY < 5 pF)
Crystal series resistance should be less than 30 at 11 MHz; less
than 750 at 6 MHz; less than 1800} at 3.6 MHz.

+09

=9
a

DRIVING FROM EXTERNAL SOURCE

+5V

XTAL1

TTL OPEN
COLLECTOR
GATES

XTAL2

. 270053-11
For XTAL1 and XTAL2 define “high” as voltages above 1.6V and
“low” as voltages below 1.6V. The duty cycle requirements for
externally driving XTAL1 and XTAL2 using the circuits shown
above are as follows: XTAL1 must be high 35-65% of the period
and XTAL2 must be high 35-65% of the period. Rise and fall times
must be faster than 20 ns.
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PROGRAMMING AND VERIFYING THE
P8749H/48H PROGRAMMABLE ROM

Programming Verification

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

Pin Function
XTAL1 Clock Input (3 to 4.0 MHz)
XTAL2
RESET | Initialization and Address Latching
TO | Selection of Program or Verifying Mode
EA Activation of Program/Verify Modes
BUS Address and Data Input

.| Data Output During Verify

P20-P22 | Address Input
Vbp Programming Power Supply
PROG Program Pulse Input

4-18

WARNING:

An attempt to program a missocketed P8749H/48H
will result in severe damage to the part. An indication
of a properly socketed part is the appearance of the
ALE clock output. The lack of this clock may be
used to disable the programmer.

The Program/Verify sequence is:

1. Vpp = 5V, Clock applied or internal oscillator
operating, RESET = 0V, TO = 5V, EA = 5V,
BUS and PROG floating. P10 and P11 must be
tied to ground.

. Insert P8749H/48H in programming socket
. TO = 0V (select program mode)

EA = 18V (activate program mode)

. Address applied to BUS and P20-22

. RESET = 5V (latch address)

. Data applied to BUS

. Vpp = 21V (programming power)

. PROG = Vg or float followed by one 50 ms
pulse to 18V

. Vpp = 5V
11. TO = 5V (verify mode)

12. Read and verify data on BUS

13.70 = OV )
14. RESET = 0V and repeat from step 5

15. Programmer should be at conditions of step 1
when P8749H/48H is removed from socket.

NOTE:
Once programmed the P8749H/48H cannot be
erased.
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A.C. TIMING SPECIFICATION FOR PROGRAMMING P8748H/P8749H ONLY
Ta = 25°C +£5°C; Voo = 5V +5%; Vpp = 21 +£0.5V

Symbol Parameter Min Max Unit Test Conditions
taw Address Setup Time to RESET 4oy
twA Address Hold Time After RESET 4oy
tow Data in Setup Time to PROG Atcy
twp Data in Hold Time After PROG 4tcy
tpH RESET Hold Time to Verify ‘ 4tcy
tvDDw Vpp Hold Time Before PROG 0 1.0 ms
tvDDH Vpp Hold Time After PROG 0 1.0 ms
tpw | Program Pulse Width 50 60 ms
ttw TO Setup Time for Program Mode Atcy
twT TO Hold Time After Program Mode 4tcy
tbo TO to Data Out Delay Atcy
tww RESET Pulse Width to Latch Address 4oy
tr, t Vpp and PROG Rise and Fall Times 0.5 100 us
tcy CPU Operation Cycle Time 3.75 5 us
tRE RESET Setup Time before EA 4tcy

NOTE:

If Test 0 is high, tpo can be triggered by RESET.

D.C. CHARACTERISTICS FOR PROGRAMMING P8748H/P8749H ONLY
Ta = 25°C +5°C; Voo = 5V +£5%; Vpp = 21 +0.5V

Symbol Parameter Min Max Unit Test Conditions
VppH Vpp Program Voltage High Level 20.5 21.5 \

VppL Vpp Voltage Low Level . 4.75 5.25 \

VpH PROG Program Voltage High Level 17.5 18.5 \

VpL PROG Voltage Low Level 4.0 Veo Vv

VEAH EA Program or Verify Voltage High Level 17.5 18.5 \

Ibb Vpp High Voltage Supply Current 20.0 mA

IPROG PROG High Voltage Supply Current 1.0 mA

IEA EA High Voltage Supply Current 1.0 mA

4-19
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SUGGESTED ROM VERIFICATION ALGORITHM FOR ROM DEVICE ONLY

INITIALROMDUMP CYCLE

SUBSEQUENT ROMDUMP CYCLES

aceJU )
(NOTE 1) ! (OUTPUT)
“avp :
" 1}
54——-| L (INPUT)

ADDRESS

i

b8 ADDRESS ROM DATA ROM |
A DATA |
(INPUT) (OUTPUT) (INPUT) (outeuT)!
nsser___._]
I (INPUT) '
! h
P20-P23 __I ADDRESS H ADDRESS }
E(lupur) '
‘ 270053-12
48H | 49H | soH Ve = Vpp = +5V
A10 | o | ApDR [ ADDR Vss = OV
Al oo o | ADDR

NOTE:
ALE is function of X1, X2 inputs.

COMBINATION PROGRAM/VERIFY MODE (PROGRAMMABLE ROMS ONLY)

VEAH !
EA ~'RE
vee
PROGRAM vemrv—-r———paoenm——
veo Tw . ‘ .
™ \ _/ v \
viLl e tWW ———
vce '
RESET N )F . n____/
v . « ' .
L1 A L tWA ‘ - 350"’; .
DBo-DB _ _ { ApDREess DATA TO BE e DATA \__ _ _/NEXT ADDR
Bo-DB7 (0-7) VALID /\PROGRAMMED VALID, VALID VALID :
LAST - NEXT
Pao-Pa1  poooies ADDRESS (8-9) VALID X ADORESS
o tvoow VDDH
7l twr—
 VDDH
Vop X
Vee
tow twp
VPH —
PROG .
Vp ——— —m———————— L — e —————————

270053-13
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D8748H/D8749H
HMOS-E SINGLE-COMPONENT 8-BIT MICROCOMPUTER

m High Performance HMOS-E m Compatible with 8080/8085 Peripherals
W Interval Timer/Event Counter m Easily Expandable Memory and I/0
m Two Single Level Interrupts m Up to 1.35 us Instruction Cycle;

m Single 5-Volt Supply All Instructions 1 or 2 Cycles

m Over 96 Instructions; 90% Single Byte

The Intel D8749H/D8748H are totally self-sufficient, 8-bit parallel computers fabricated on single silicon chips
using Intel’s advanced N-channel silicon gate HMOS-E process.

The family contains 27 1/0 lines, an 8-bit timer/counter, on-chip RAM and on-board oscillator/clock circuits.
For systems that require extra capability, the family can be expanded using MCS®-80/MCS®-85 peripherals.

These microcomputers are designed to be efficient controilers 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 instruc-
tions over 2 bytes in length.

Device : : Internal Memory
D8749H ' 2K x 8 EPROM 128 x 8 RAM
D8748H 1K x 8 EPROM 64 x 8 RAM

——_’ :
) xm.‘-[ } \r/\T—> Pé,m
L CLOCK | PROGRAM DATA —
MEMORY MEMORY o
RESET 4———]  DB748H CI>P02RT
’ SINGLE - DB743H '
STEP . .
. = READ
EXTERNAL ]
8BIT MEM
— —> WRITE
cPU Test _[ .
PROGRAM
. i STORE
. : ENABLE
. INTERRUPT 4——r' ADDRESS
8 BIT TIMER 2 ) . —> Lach
EVENT . .
COUNTER 1/0 LINES BUs <_—5_—V'\ o
' [——> EXPANDER
210983-1 STROBE
Figure 1. ' 210983-2
Block Diagram .
Figure 2.
Logic Symbol -

. October 1987
4-21 Order Number: 210983-003
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Toft 40Vee
XTAL 102 390
XTAL 2003 38[3P27
RESET C]4 373P26

sofs 08748 seheas

g = {3 DB745H 55 ap2s

/Y= 4 3aae17

rROC]8 330P16

PSENCY9 320P15
wrRj10 310P14
ALEC] 11 30P13
0B, ] 12 29(3p12
oB,CJ13 | 28[3P11
pB, C}14 27[AP10
M= [H 26 vy
80,16 . 25[PROG
085 17 24[P23
[:¥ = (T 23[pP22
o8, 19 22[AP21
vgs]20 21[aP20

210983-3

" Figure 3. Pin Configuration

Table 1. Pin Description (40-Pin DIP)

Symbol Pin No. . Function
Vss 20 Circuit GND potential.
Vop 26 + 5V during normal operation.
Programming power supply (+21V).
Vee 40 Main power supply; + 5V during operation and programming.

PROG "25 Output strobe for 8243 I/0 expander. -

Program pulse (+ 18V) input pin during programming.

P10-P17 27-34 8-bit quasi-bidirectional port.

Port 1

P20-P23 21-24 8-bit quasi-bidirectional port. P20—-P23 contain the four high order program
counter bits during an external program memory fetch and serve as a 4-bit
1/0 expander bus for 8243.

P24-P27 35-38

Port 2

DB0-DB7 12-19 True bidirectional port which can be written or read synchronously using the

BUS RD, WR strobes. The port can alsc be statically latched. Contains the 8 low
‘order program counter bits during an external program memory fetch, and
receives the addressed instruction under the control of PSEN. Also contains
the address and data during an external RAM data store instruction, under

. control of ALE, RD; and WR.

TO 1 Input pin testable using the conditional transfer instructions JTO and JNTO.

TO can be designated as a clock output using ENTO CKL instruction.
~ Used during programming. .

T1 39 Input pin testable using the JT1, and JNT1 instructions. Can be designated
the timer/counter input using the STRT CNT instruction.

INT 6 Interrupt input. Initiates an interrupt if interrupt is enabled. Interrupt is
disabled after a reset. Also testable with conditional jump instruction. (Active
low) interrupt must remain low for at least 3 machine cycles for proper
operation.

RD 8 Output strobe activated during a BUS read. Can be used to enable data onto

~ the bus from an external device.

Used as a read strobe to external data memory. (Active low)
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Table 1. Pin Description (40-Pin DIP) (Continued)

Symbol Pin No. Function
RESET 4 Input which is used to initialize the processor. (Active low) (Non TTL V)
Used during programming.
WR 10 Qutput strobe during a bus write. (Active low)
Used as write strobe to external data memory.
ALE 11 Address latch enable. This signal occurs once during each cycle and is
. useful as a clock output.
The negative edge of ALE strobes address into external data and program
memory.
PSEN 9 Program store enable. This output occurs only during a fetch to external
program memory. (Active low.)
SS 5 Single step input can be used in conjunction with ALE to “single step” the
processor through each instruction.
EA 7 ‘External access input which forces all program memory fetches to reference
external memory. Useful for emulation and debug. (Actlve high.)
Used during (18V) programming.
XTAL1 2 One side of crystal input for internal oscillator. Also input for external source.
) (Non TTL Viy.)
XTAL2 3 Other side of crystal input.
Table 2. Instruction Set
Mnemonic Description Bytes Cycles Mnemonic Description Bytes Cycles
ACCUMULATOR ACCUMULATOR (Continued)
ADDA, R Add register to A 1 1 INCA Increment A 1 1
ADD A,@R Add data 1 1 DECA Decrement A 1 1
memory to A CLRA Clear A 1 1
ADD A, #data Add immediate 2 2 CPLA Complement A 1 1
. toA DAA Decimal adjust A 1 1
ADDC A, R Add register with 1 1 SWAP A Swap nibbles of 1 1
carry ' A
ADDC A, @R Add data 1 1 RLA Rotate A left 1 1
memory with RLCA Rotate A left 1 1
carry through carry
ADDCA, #data Add immediate 2 2 RRA Rotate A right 1 1
with carry RRCA Rotate A right 1 1
ANL A, R And register to A 1 1 through carry
ANL A, @R And data 1 1
memory to A INPUT/OUTPUT
ANLA, #data  Andimmediate 2 2 INA,P Input port to A 1 2
to A . OUTLP, A Output A to port 1 2
ORLA, R O register to A 1 1 ANL P, #data And immediate 2 2
ORLA, @R Or data memory 1 1 toport
to A ORL P, #data Or immediate to 2 2
ORLA, #data  Orimmediate to 2 2 port
A INS A, BUS Input BUS to A 1 2
XRLA, R Exclusive or 1 1 OuUTL BUS, A Output Ato BUS 1 2
’ . register to A ANL BUS, #data  And immediate 2 2
XRLA, @R Exclusive or 1 1 toBUS -
data memory to ORL BUS, #data Orimmediate to 2 2
. BUS
A
XRL A, #data Exclusive or 2 2 MOVD A, P Input expander 1 2
immediate to A portto A
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Table 2. Instruction Set (Continued)

Mnemonic Description Bytes Cycles Mnemonic Description Bytes Cycles
INPUT/OUTPUT (Continued) . ‘ DATA MOVES (Continued) :
MOVDP, A Output A to 1 2 MOVR, A Move A to register 1 1
expander port ) MOV @R, A Move A to data 1 1
ANLDP, A And A to expander 1 2 ) memory
port . MOVR, #data  Move immediate to 2 2
ORLDP, A Or A to expander 1 2 register
port ) MOV @R, #data Move immediate to 2 2
: data memory
REGISTERS ] ~ MOVA,PSW  Move PSWto A 1 1
INCR Increment register 1 1 MOV PSW, A Move A to PSW 1 1
INC @R Increment data 1 1 XCHA, R Exchange A and 1 1
memory register
DECR Decrement register 1 1 XCH A, @R Exchange A and 1 1
BRANCH . ' data memory
JMP addr Jump unconditional 2 2 XCHD A, @R Exchange nibble 1 1
JMPP @A Jump indirect 1 2 of A and register
DJINZ R, addr  Decrement register 2 2 MOVXA, @R Move external 1 2
and skip data memory to A
JC addr Jump on carry = 1 2 2 MOVX @R, A Move A to external 1 2
JNC addr Jump on carry = 0 2 2 data memory
JZ addr Jump on A zero 2 2 MOVP A, @A Move to A from 1 2
JNZ addr Jump on A not zero 2 2 current page
JTO addr JumponTO = 1 2 2 MOVP3 A, @A Move to A from 1 2
JNTO addr JumponTO = 0 2 2 page 3
JT1 addr JumponTi =1 2 2
JNT1 addr JumponT1 =0 2 2 L'g\f 2/$OUNTERR ead 1 9
JFO addr JumponFO0 =1 2 2 ' "
timer/counter
JF1 addr JumponF1 =1 2 2 MOVT. A /" Load 1 1
JTF addr Jump on timer flag 2 2 ’ timer/counter
JNI addr JumponINT =0 2 2 STRTT Start timer 1 1
JBb addr Jumpon 2 2 STRTCNT Start counter 1 1
accumulator bit STOP TCNT Stop timer/counter 1 1
EN TCNTI Enable timer/ 1 1
SUBROUTINE ) counter interrupt
CALL addr Jump to subroutine 2 2 DIS TCNTI Disable timer/: 1 1
RET: Return 1 2 counter interrupt
RETR :ltzitl:rsn and re;tpre 1 2 CONTROL
ENI . Enable external 1 1
- ; interrupt
FLAGS DIs! Disable external 1 1
CLRC Clear carry 1 1 ) interrupt ‘
CPLC Complement carry 1 1 SEL RBO Select register 1 1
CLRFO Clear flag 0 1 1 bank 0 i
CPLFO Complement flag 0 1 1 SEL RB1 Select register 1 1
| CLRF1 _ Clearflag1 1 1 , bank1 .
CPLF1 Complement flag 1 1 1 SEL MBO Select memory 1 1
DATA MOVES ' . bank0
MOV AR Move register to A 1 1 SEL MB1 Select memory 1 1
MOV A, @R Move data memory 1 1 bank 1
toA ) ENTO CLK Enable clock 1 1
MOV A, #data Move immediate 2 2 outputon TO
toA NOP No operation 1 1
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias ....0°Cto +70°C

Storage Temperature .......... —65°Cto +150°C
Voltage On Any Pin With Respect .
toGround.................ooln —0.5Vto +7V

Power Dissipation....................... 1.0 Watt

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings’’ may cause permanent dam-
age 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 opera-
tional sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for
extended periods may affect device reliability.

NOTICE: Specifications contained within the
following tables are subject to change.

D.C. CHARACTERISTICS T, = 0°Cto +70°C; Vec = Vpp = 5V £10%; Vgg = OV

! Limits
Symbol Parameter - Unit Test Conditions Device
Min | Typ | Max
ViL Input Low Voltage (All —-0.5 0.8 \" All
Except RESET, X1, X2)
ViLq Input Low Voltage —-0.5 0.6 \" All
(RESET, X1, X2)
ViH Input High Voltage 2.0 Vce \ All
(All Except XTALA1,
XTAL2, RESET
ViH1 Input High Voltage 3.8 Vee \ All
(X1, X2, RESET)
VoL Output Low Voltage (BUS) 0.45 V |loL=20mA All
Vo1 OQutput Low Voltage 045 | V |loL=18mA All
(RD, WR, PSEN, ALE) ‘
VoLz - Output Low Voltage 0.45 V |loL=1.0mA All
(PROG)
Vois Output Low Voltage 0.45 V {loL=16mA All
(All Other Outputs)
VOH Output High Voltage (BUS) | 2.4 V. | lon = —400 pA All
VOH1 Output High Voltage 24 V |loy = —100 pA All
(RD, WR, PSEN, ALE)
VoH2 Output High Voltage 24 V |loq = —40pA All
(All Other Outputs)
ILq Leakage Current +10 | pA | Ves < VN € Vo All
(T1, INT)
I Input Leakage Current —500 | pwA | Vg + 0.45 < V|y < Voo All
(P10-P17, P20-P27, '
EA, SS)
ILi2 Input Leakage Current —10 —300 | pA [Vgs < V|N <38V All
RESET
ILo Leakage Current +10 | pA | Vss < VN < Ve All
(BUS, TO) (High
Impedance State) Nt
Ipp + lcc | Total Supply Current* 80 | 100 | mA 8748H
' 95 | 110 | mA 8749H
NOTE:

*lcc + Ipp is measured with all outputs disconnected; SS, RESET, and INT equal to Vgg; EA equal to Vgs.
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A.C. CHARACTERISTICS T, = 0°Cto +70°C; Vgc = Vpp = 5V +10%; Vgg = OV

Symbol Parameter (ch)(tz 3) Mir:1 MH;ax Unit C:;?:ti:i?;s
t Clock Period 1/xtal freq 90.9 | 1000 ns (Note 3)
t ALE Pulse Width 35t—170 | 150 ns

taL Addr Setup to ALE 2t — 110 70 ns (Note 2)
tLA Addr Hold from ALE t— 40 50 ns

tect Control Puise Width (RD, WR) 7.5t — 200 480 ns

tcce Control Pulse Width (PSEN) 6t — 200 350 ns

tow Data Setup before WR 6.5t — 200 390 ns

twp Data Hold after WR t — 50 40 ns

tor Data Hold (RD, PSEN) 1.5t — 30 0 110 ns

tRD1 RD to Data In 6t — 170 375 ns

tRD2 PSEN to Data In 4.5t — 170 240 ns

taw Addr Setup to WR 5t — 150 300 ns

tAD1 Addr Setup to Data (RD) 10.5t — 220 730 | ns

tap2 Addr Setup to Data (PSEN) 7.5t — 200 460 ns

tarct Addr Float to RD, WR 2t — 40 140 ns (Note 2)
taFc2 Addr Float to PSEN 0.5t — 40 10 ns (Note 2)
tLAFCY ALE to Control (RD, WR) 3t—75 200 ns

tLAFC2 ALE to Control (PSEN) 15t — 75 60 ns

tca1 Control to ALE (RD, WR, PROG) t— 65 25 ns

tcaz Control to ALE (PSEN) 4t — 70 290 ns

tcp Port Control Setup to PROG 1.5t — 80 50 ns

tpc Port Control Hold to PROG 4t — 260 100 ) ns

teR PROG to P2 Input Valid 8.5t — 120 650 | ns

tpr Input Data Hold from PROG 1.5t 0 140 ns

ipp Cutput Data Sstup St — 200 250 ns

tep Output Data Hold 1.5t — 90 40 ns

tpp PROG Pulse Width 10.5t — 250 | 700 ns

tpL Port 2 /0 Setup to ALE 4t — 200 160 ns

e Port 2 1/0 Hold to ALE 0.5t — 30 15 ns

tpv Port Output from ALE 4.5t + 100 510 ns

toPRR TO Rep Rate 3t 270 ns

toy Cycle Time 15t 1.36 15.0 | pus

NOTES:

1. Control outputs CL = 80 pF; BUS outputs CL = 150 pF. -
2. BUS High Impedance Load 20 pF.
3. f(t) assumes 50% duty cycle on X1, X2. Max clock period is for a 1 MHz crystal input.
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WAVEFORMS
INSTRUCTION FETCH FROM PROGRAM
MEMORY WRITE TO EXTERNAL DATA MEMORY
ey |
|~—tLL —v|'LAFcz'-— | —+{tLarc "v
ALE [ I ALE | ] [
uu:clg -—— tccz2 — l—‘ tcaz . [-teer—|tom}—
PSEN — WR
ADDRESS tow H— twp
BUS FLOATINGX X DaTA X FLOATING
BUS FLOATING FLOATING FLOATING FLOA‘H;GX X
ADDRESS |_ tnpz - INSTRUCTION —taw—]
- o2 210983-6
210083-4

READ FROM EXTERNAL DATA MEMORY INPUT AND OUTPUT FOR A.C. TESTS

—Pl tLAFC1

ALE __| I I l- 2.4V eX) X0
0w -2 ><
TEST POINTS
_ 'o—-lcc1——| tcat |o 0.45V X;.B‘ ~0.8

RD 210983-7
tAFC1 r-— DR
‘., FLOA"'IN:?:1 l‘
BUS FLOATINGX X LOATING A.C. testing inputs are driven at 2.4V for a Logic “1” and 0.45V
. for a Logic “0”. Output timing measurements are made at 2.0V
ADDR%:; l‘__:l tRD1 for a Logic “1” and 0.8V for a Logic “0.”
210983-5
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PORT 1/PORT 2 TIMING

2ND
1T QYCLE '-—-'PL—-.l  CYCLE F—'PVA‘ | .
ALE \ / \
PSEN l I | I l !
I | | =
*ﬁ\—/ | |
Zﬁ’;vz’%r _x , PCH X Pc:mT 20-23 DATA )( NEW P20-23 DATA [XrcH
p2a-27 | | | | |
P10-17 . ] PORT 24-27, PORT 10-17 DATA | X NEW PORT DATA
OUTPUT. !
| O :
tLp —= | | _’1 |"CA1
| | | e 0
EXPANDER tAL LA tPL 1 { ,-——'DP
PORT | | |
OUTPUT >< PCH I><POHT 20-23 DATAI PORT CONTROL X| oOuTPUT DATA] 1X
— | I -
EXPANDER l l ' l Ny PR i
Expanoen | | L I
: : INPUT
INPUT | PCH IXPORT 20-23 DATA|X| PORT C(?NTROLD( X DATA

|1 tpp
PROG }\I
210983-8
CRYSTAL OSCILLATOR MODE CERAMIC RESONATOR MODE
c1
It 2| xTALY
1-11 1
MHz T 2] xTAL1
c2 === [ 1t
1-11
= MHz
it i XTAL2 '—l Ci = C2=33pF £ 5%
c3 3 L
210983-9 H XTAL2
3
C1 = 5pF £ pF + (STRAY < 5 pF) c3
C2 = (CRYSTAL + STRAY) < 8 pF 210983-10
C3 = 20 pF +1 pF (STRAY < 5 pF)
Crystal series resistance should be less than 3002 at 11 MHz; less
than 75Q at 6 MHz; less than 1800 at 3.6 MHz.
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DRIVING FROM EXTERNAL SOURCE

+5V

XTALY

TTL OPEN
COLLECTOR
GATES

XTAL2

210983-11
For-XTAL1 and XTAL2 define “high” as voltages above 1.6V and
“low” as voltages below 1.6V. The duty cycle requirements for
externally driving XTAL1 and XTAL2 using the circuit shown
above are as follows: XTAL1 must be high 35-65% of the period
and XTAL2 must be high 36-65% of the period. Rise and fall
times must be faster than 20 ns.

PROGRAMMING, VERIFYING AND
ERASING THE 8749H (8748H) EPROM

Programming Verification

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

Pin Function
XTAL 1 Clock Input (3 to 4.0 MHz)
XTAL 2
RESET Initialization and Address Latching
TESTO Selection of Program or Verify Mode
EA Activation of Program/Verify Modes
BUS Address and Data Input
Data Output During Verify
P20-P22 | Address Input
Vop Programming Power Supply
PROG Program Pulse Input

4-29

WARNING

An attempt to program a missocketed 8749H
(8748H) will result in severe damage to the part. An
indication of a properly socketed part is the appear-
ance of the ALE clock output. The lack of this clock
may be used to disable the programmer.

The Program/Verify sequence‘is:

1) Vpbp = 5V, Clock applied or internal oscillator op-
erating. RESET = 0V, TEST 0 = 5V, EA = 5V,
BUS and PROG floating. P10 and P11 must be
tied to ground.

2) Insert 8749H (8748H) in programming socket.
3) TEST 0 = OV (select program mode)

4) EA = 18V (activate program mode)

5) Address applied to BUS and P20-22

6) RESET = 5V (latch address)

7) Data applied to BUS

8) Vpp = 21V (programming power)

9) PROG = Vg or float followed by one 50 ms
pulse to 18V

10) Vpp = 5V

11) TEST 0 = 5V (verify mode)

12) Read and verify data on BUS

13) TEST O = OV

14) RESET = 0V and repeat from step 5

15) Programmer should be at conditions of step 1
when 8749H (8748H) is removed from socket.
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A.C. TIMING SPECIFICATION FOR PROGRAMMING 8748H/8749H

Ta.= 25°C +5°C; Vg = 5V £5%; Vpp = 21V +0.5V

Symbol Parameter Min Max Unit Test Conditions
taw Address Setup Time to RESET T 4tcy
twa Address Hold Time after RESET T 4tcy
tow Data in Setup Time to PROG T Aoy
twp - Data in Hold Time after PROG | 4ty
tpH RESET Hold Time to Verify ‘ 4ty
tvDDW Vpp Hold Time before PROG T 0 1.0 ms
tvDDH Vpp Hold Time after PROG | 0 1.0 ms
tpw Program Pulse Width ' 50 60 ms
ttw TEST 0 Setup Time for Program Mode 4tcy
twr TEST 0 Hold Time after Program Mode 4tcy
tbo TEST 0 to Data Out Delay T 4oy
tww RESET Pulse Width to Latch Address 4tcy
tr, t Vpp and PROG Rise and Fall Times 0.5 100 us
toy CPU Operation Cycle Time 3.75 5 us
tRE RESET Setup Time before EA T 4oy

NOTE: o -

If TEST 0 is high, tpp can be triggered by RESET T.

D.C. SPECIFICATION FOR PROGRAMMING 8748H/8749H

Ta = 25°C £5°C; Voo = 5V £5%; Vpp = 21V £0.5V
Symbol Parameter Min Max Unit | TestConditions
VDDH Vpp Program Voltage High Level 20.5 21.5 \"
VoL Vpp Voltage Low Level 4.75 5.25 \"
VpH PROG Program Voltage High Level 175 .| 185 \
Vpy PROG Voltage Low Level 40 | Veo v
VEAH EA Program or Verify Voltage High Level 17.5 18.5 \'%
Iob Vpp High Voltage Supply Current 20.0 ‘mA
lPROG PROG High Voltage Supply Current 1.0 mA
IEA EA High Voltage Supply Current 1.0 mA
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WAVEFORMS
COMBINATION PROGRAM/VERIFY MODE (EPROMs ONLY)
VEAH le-tRE
EA
vee
PROGRAM VERIFY —-'—pnoenm —
vee Tw
o T Y N
viu l—— tWww —— '
vee —— - ;
RESET \ / \ /
viL1
tAW <’.—.~——f— twa o tDO-——] .
DBo-DB _ _ _/ ADDRESS DATA TO BE ] DATA _ _ _{NEXT ADDR
0-DB7 (0-7) VALID A\PROGRAMMED VALID, VALID VALID
Pao-Pa2  ,hST X ADDRESS (8-10) VALID ADDAGSS
tvDDW tVDDH
t t —
VODH ‘l PW wT
Vop f
VppL
tow twp
VPH .
PROG ] ‘
Vpp——— —————————— —-— — e ————— —_——————————
210983-12
VERIFY MODE
TO RESET
tPH
DBo-DB _ ADDRESS DATAOUT \ __ _ NEXT NEXTDATA\ _ _ _ _
0-DB7 (0-7) VALID VALID ADDRESS OUT VALID
P20-P1 X ADDRESS (8-9) VALID x NEXT ADDRESS VALID
210983-13
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SUGGESTED EPROM VERIFICATION ALGORITHM FOR HMOS-E DEVICE ONLY

INITIAL EPROM DUMP CYCLE SUBSEQUENT EPROM DUMP CYCLES
ALE
((NOTE 1) (OUTPUT)

1

]

N Ll

1)

+18v T

]
EA—I . . | (INPUT)

. ] 1

‘ '
b8 ADDRESS ROM DATA ADDRESS ROM |
DATA |

1

. (INPUT) : (OUTPUT) (INPUT) (OUTPUT) 1
]

- 70, RESET ————I
. Ll
£20-P23 _____{ ADDRESS |’_L ADDRESS '

(

(INPUT)

I

“: (INPUT) '
: 210983-14
Voo = Vpp = +5V
48H 49H Vgg Z e
A10 0 ADDR
A1 | 0 0

NOTE: .
ALE is fqnction of X1, X2 inputs.
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MCS®-48
EXPRESS

m 0°C to 70°C Operation
m —40°C to +85°C Operation
m 168 Hr. Burn-In
m 8048AH/8035AHL m 8748H
m 8049AH/8039AHL m 8243
m 8050AH/8040AHL m 8749H

The new Intel EXPRESS family of single-component 8-bit microcomputers offers enhanced processing options
to the familiar 8048AH/8035AHL, 8748H, 8049AH/8039AHL, 8749H, 8050AH/8040AHL Intel components.
These EXPRESS products are designed to meet the needs of those applications whose operating require-
ments exceed commercial standards, but fall short of military conditions.

The EXPRESS options include the commercial standard and —40°C to +85°C operation with or without 168
+8 hours of dynamic burn-in at 125°C per MIL-STD-883, method 1015. Figure 1 summarizes the option
marking designators and package selections.

For a complete description of 8048AH/8035AHL, 8748H, 8049AH/8309AHL, 8749H, 8040AHL and 8050AH
features and operating characteristics, refer to the respective standard commercial grade data sheet. This
document highlights only the electrical specifications which differ from the respective commercial part.

Temp Range °C 0-70 —40-+85 0-70 —40-+85

Burnin O Hrs 0 Hrs 168 Hrs 168 Hrs
P8048AH TP8048AH QP8048AH LP8048AH
D8048AH TD8048AH QD8048AH LD8048AH
D8748H TD8748H QD8748H" LD8748H
P8035AHL TP8035AHL QP8035AHL LP8035AHL .
D8035AHL TD8035AHL QD8035AHL LD8035AHL
P8049AH TP8049AH QP8049AH LP8049AH
D8049AH TD8049AH QDB8049AH LD8049AH
D8749H TD8749AH QD8749H LD8749AH "
P8039AHL TP8039AHL QP8039AHL LP8039AHL
D8039AHL TD8039AHL QD8039AHL LD8039AHL
P8050AH TP8050AH QP8050AH LP8050AH
D8050AH TD8050AH QDB8050AH LD8050AH
P8040AHL TP8040AHL QP8040AHL LP8040AHL
D8040AHL TD8040AHL QD8040AHL LD8040AHL
P8243 TP8243 QP8243 —
D8243 TD8243 QD8243 . . LD8243

* Commercial Grade
P Plastic Package
D Cerdip Package

September 1987
4-33 Order Number: 270225-002
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Extended Temperature Electrical Specification Deviations*

TP8048AH/TP8035AHL/LP8048AH/LP8035AHL
TD8048AH/TD8035AHL/LD8048AH/LD8035AHL

D.C. CHARACTERISTICS T, = —40°Cto +85°C; Voo = Vpp = 5V £10%; Vgg = OV

Symbol Parameter Limits Unit Test Conditions
’ Min Typ Max
ViH Input High Voltage (All Except 2.2 Vee v
XTAL1, XTAL2, RESET)
IpD Vpp Supply Current 4 8 mA .
Iop + Icc Total Supply Current ) .| 40 80 mA

TP8049AH/TP8039AHL/LP8049AH/LP8039AHL
TD8049AH/TD8039AHL/LD8049AH/LD8039AHL

D.C. CHARACTERISTICS T5 = —40°Cto +85°C; Vog = Vpp = 5V +10%; Vgg = OV

Symbol Parameter !.imlts Unit Test Conditions
Min Typ Max
ViH Input High Voltage (All Except 2.2 Vee \)
XTAL1, XTAL2, RESET)
Iop Vpp Supply Current 5 i0 mA
Iop + Icc Total Supply Current 50 100 mA

TP8050AH/TP8040AHL/LP8050AHL/LP8040AHL
TD8050AH/TD8040AHL/LD8050AH/LD8040AHL

D.C. C_HARACTERISTICS‘TA = —40°Cto +85°C; Vgc = Vpp = 5V +£10%; Vg = OV

Symbol : Parameter Limits Unit Test Conditions
: ) Min Typ Max . )
ViH Input High Voltage (All Except 2.2 Vee v
XTAL1, XTAL2, RESET)
Ibp Vpp Supply Current 10 20 mA
Ipp + Icc Total Supply Current 75 120 mA
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~ Extended Temperature Electrical Specification Deviations*

TD8748H/LD8748H

D.C. CHARACTERISTICS T5 = —40°Cto +85°C; Vg = Vpp = 5V £10%; Vgg = OV

Symbol Parameter Limits Unit Test Conditions
Min Typ Max
ViH Input High Voltage (All Except | 2.2 Vece \
XTAL1, XTAL2, RESET)
Iop + lcc Total Supply Current 50 130 mA
TD8749H/LD8749H

D.C. CHARACTERISTICS T5 = —40°Cto +85°C; Vg = Vpp = 5V +£10%; Vgg = 0V

Symbol Parameter Limits Unit Test Conditions
Min Typ Max
ViH Input High Voltage (All Except 2.2 ' Vee \"
XTAL1, XTAL2, RESET)
Ipp + lcc Total Supply Current 75 150 mA
TP8743/TD8243/LD8243

D.C. CHARACTERISTICS Tp = —40°Cto +85°C; Voo = 5V £10%; Vgg = OV

Symbol Parameter Limits Unit Test Conditions
Min Typ Max C
lec Vce Supply Current 15 25 mA

*Refer to individual commercial grade data sheet for complete operating characteristics.
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8243 Expander, 2-4
8243 Port Characteristics, 2-5

A

Accumulator, 1-1

Addressing Beyond 2K, 2-1

‘Addressing External Data Memory, 2-4
ALE, 1-17, 2-9

ALU, 1-1

Arithmetic Logic Unit, 1-1

B
Bus, 1-5, 1-17, 2-9

Cc

Clock Circuits, 1-9
Conditional Branches, 1-6
Control-Signals, 2-8
Counter, 1-7

Cycle Counter, 1-10

D
Data Memory, 1-3

E

EA, 1-15

‘Erasing EPROM, 1-18

Erasure Characteristics, 1-18

Event Counter, 1-9

Expansion of Data Memory, 2-3
Expansion of 1/0, 2-4 )
Expansion of Program Memory, 2-1
Extended Addressing, 2-1

External Access Mode, 1-15

External Data Memory Addressing, 2-4
External Instruction Fetch, 2-1 -

MCS®-48 INDEX

I/0 Expander Device (8243), 2-4
1/0 Expansion, 2-4,2-5 .
1/0 Port Characteristics, 2-5

1/0 Port Restore, 2-2

Instruction Decoder, 1-1
Instruction Fetch (External), 2-1
INT, 1-17 ‘ i
Interrupt, 1-5, 1-7

Interrupt Routines, 2-2

TInterrupt Timing, 1-7

Memory Bank Switch, 2-1
Memory Bank Switching, 2-8
Memory Expansion; 2-5
Multi-Chip Systems, 2-7

0

Oscillator, 1-9

p

Pin Description, 1-16
Port 1, 1-5, 1-17

Port 2, 1-5, 2-9

Port Characteristics, 2-9
Power Down, 1-13
PROG, 1-17, 2-9
Program Counter, 1-5
Program Memory, 1-1
Program Status Word, i-6
Programming EPROM, 1-18
PSEN, 2-9

PSW, 1-6
R
RD, 1-17, 2-9

Read Cycle, 2-3
Reset, 1-10, 1-17
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ARCHITECTURAL OVERVIEW
OF THE MCS®-51 FAMILY OF MICROCONTROLLERS

MEMBERS OF THE FAMILY

The MCS®-51 family of microcontrollers consists of the devices listed in Table 1. The basic architectural structure of
these devices is shown in Figure 1.
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Figure 1. Block Diagram of the 8051/8052AH
Table 1. The MCS®-51 Family of Microcontrollers
Device ROMiess EPROM ROM . RAM 16-Bit Ckt
Name Version Version Bytes Bytes Timers Type
8051 8031 (8751) 4K 128 2 HMOS
8051AH 8031AH 8751H 4K 128 2 HMOS
8052AH 8032AH 8752BH : 8K 256 '3 HMOS
80C51BH 80C31BH 87C51 4K 128 2 CHMOS
83C51FA 80C51FA 87C51FA 8K 256 4 CHMOS
83C152 80C152 87C152 8K 256 2 CHMOS
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8051

The 8051 is the original member of the MCS-51 Fami-
ly, and has been in production since 1981. Among the
features of the 8051 are:

® 8-bit CPU optimized for control applications
e Extensive Boolean processing (single-bit logic)
capabilities

32 bidirectional and individually addressable 1/O
lines

128 bytes of on-chip Data RAM

Two 16-bit timer/counters

Full duplex UART

5-source interrupt structure with 2 priority levels

On-chip clock oscillator

4K bytes of on-chip Program Memory
® 64K Program Memory address space

® 64K Data Memory address space

The 8031 differs from the 8051 in not having the on-
chip Program ROM. Instead, the 8031 fetches all in-
structions from external memory.

The EPROM version of the 8051, the 8751, is no longer
in production. It has been superseded by the 8751H.

\

8051AH

The 8051AH is identical to the 8051, but is fabricated
with HMOS II technology. It is pin-for-pin compatible
with the 8051.

The ROMless version of the 8051AH is the 8031AH.
The EPROM version is the 8751H.

8052AH

“ The 8052AH is an enhanced 8051. It is fabricated with
HMOS II technology, and is backwards compatible
with the 8051. Its enhancements over the 8051 are as
follows:

256 bytes of on-chip Data RAM

Three timer/counters

® 6-source interrupt structure

8K bytes of on-chip Program ROM

The ROMless version of the 8052AH is the 8032AH.
The EPROM version is the 8752BH.

A separate product, the 8052AH-BASIC, is an
8052AH with a full BASIC interpreter in the on-chip
ROM.
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80C51BH

The 80C51BH is the CHMOS version of the 8051.
Functionally, it is fully compatible with the 8051, but
being CMOS it draws less current than its HMOS
counterpart. To further exploit the power savings avail-
able in CMOS circuitry, two reduced power modes are
added: )

® Software-invoked Idle Mode, during which the CPU
is turned off while the RAM and other on-chip
peripherals continue operating. In this mode, cur-
rent draw is reduced to about 15% of the current
drawn when the device is fully active.

Software-invoked Power Down Mode, during which
all on-chip activities are suspended. The on-chip
RAM continues to hold its data. In this mode the
device typically draws less than 10 pA.

Although the 80C51BH is functionally compatible with
its HMOS counterpart, specific differences between the
two types of devices must be considered in the design of
an application circuit if one wishes to ensure complete
interchangeability between the HMOS and CHMOS
devices. These considerations are discussed in the Ap-

plication Note AP-252, “Designing with the
80C51BH”.
The ROMless version of the 80C51BH . is the

80C31BH. The EPROM version is the 87C51.

83C51FA

The 83C51FA is an enhanced version of the 80C51BH
and is backwards compatible with the 80C51BH. The
new features which have been incorporated are as fol-
lows: - . :
® Programmable Counter Array with
Compare/Capture

High Speed Output

Pulse Width Modulator

Watchdog Timer

Programmable Serial Channel
Automatic Address Recognition
Framing Error Detection

Enhanced Power Down Mode
Up/down timer/counter

8 Kbytes of on-chip Program ROM
256 bytes of on-chip Data RAM

7-source interrupt structure

For further information on these new features, refer to
the “Hardware Description of the 83C51FA” chapter.

The ROMiless version of the 83C51FA is the 80C51FA.
The EPROM version is the 87CSIFA‘
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Figure 2. MCS®-51 Memory Structure

83C152

The 83C152 is an enhanced version of the 80C51BH
and is 100% compatible with code written for the
80C51BH. Some of the new features which have been
incorporated are:

® Global Serial Channel (GSC)—
A high speed serial communication link capable of
transmitting data in excess of 2 Mbps in either
HDLC or CSMA/CD protocols.

Two DMA Channels—

Each DMA channel is capable of transferring
64 Kbytes of data. Options include: automatic ad-
dressing, automatic servicing of the GSC or UART,
alternate cycle transfers, and burst data transfers.
- The source and/or destination can be internal
RAM, external RAM, or SFR memory space. Most
DMA transfers take 1 machine cycle to complete.

Port 4—

The 83C152 has added an additional port called
port 4. Because of the added port, the 83C152 is
available in 48-pin DIP or 68-pin PLCC packages.
8 Kbytes of on-chip program ROM

® 256 bytes of on-chip data RAM
‘¢ 11 interrupt vectors

For more information on the 83C152 please refer to the
“Hardware Description” chapter on this product.
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The ROMiless version of the 83C152 is the 80C152.
There is no EPROM version for the 83C152 but a ver-
sion is offered which has an additional two ports which
can be connected to an EPROM for ROM develop-
ment.

MEMORY ORGANIZATION IN
MCS®-51 DEVICES

Logical Separation of Program and
Data Memory

All MCS-51 devices have separate address spaces for
Program and Data Memory, as shown in Figure 2. The
logical separation of Program and Data Memory allows
the Data Memory to be accessed by 8-bit addresses,
which can be more quickly stored and manipulated by
an 8-bit CPU. Nevertheless, 16-bit Data Memory ad-
dresses can also be generated through the DPTR regis-
ter.

Program Memory can only be read, not written to.
There can be up to 64K bytes of Program Memory. In
the 8051, 8051AH, 80C51BH, and their EPROM ver-
sions, the lowest 4K bytes of Program Memory are on-
chip. The 8052AH, 83C51FA, and 83C152 provide 8
Kbytes of on-chip Program Memory storage. In the
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ROMless versions all Program Memory is - external.
The read strobe for external Program Memory is the
signal PSEN (Program Store Enable).

Data Memory occupies a separate address space from
Program Memory. Up to 64K bytes of external RAM
can be addressed in the external Data Memory space.

The CPU generates read and write signals, RD and |

‘WR, as needed during external Data Memory accesses.

External Program Memory and external Data Memory
may be combined if desired by applying the RD and
PSEN signals to the inputs of an AND gate and using
the output of the gate as the read strobe to the external
Program/Data memory.

Program Memory

Figure 3 shows a map of the lower part of the Program
Memory. After reset, the CPU begins execution from
location 0000H.

~ As shown in Figure 3, each interrupt is assigned a fixed

location in Program Memory. The interrupt causes the

CPU to jump to that location, where it commences exe-
cution of the service routine. External Interrupt 0, for
example, is assigned to location 0003H. If External In-
terrupt O is going to be used, its service routine must
begin at location 0003H. If the interrupt is not going to
be used, its service location is available as general pur-
pose Program Memory.

S

\\J\N
(=== (0033H)
002BH

0023H

INTERRUPT

LOCATIONS 001BH

8 BYTES
0013H Y

000BH

LI

0003H

RESET ——— 0000H
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Figure 3. MCS®-51 Program Memory

The interrupt service locations are spaced at 8-byte in-
tervals: 0003H for External Interrupt 0, 000BH for
Timer 0, 0013H for External Interrupt 1, 001BH for
Timer 1, etc. If an interrupt service routine is short
enough (as is often the case in control applications), it
can reside entirely within that 8-byte interval. Longer
service routines can use a jump instruction to skip over
subsequent interrupt locations, if other interrupts are in
use.

5-4

The lowest 4K (or 8K, in the 8052AH, 83C51FA and
83C152) bytes of Program Memory can be either in the
on-chip ROM or in an external ROM. This selection is
made by strapping the EA (External Access) pin to
either Ve or Vgs.

In the 8051 and its derivatives, if the EA pin is strapped
to Vce, then program fetches to addresses 0000H
through OFFFH are directed to the internal ROM. Pro-
gram fetches to addresses 1000H through FFFFH are
directed to external ROM.

In the 8052AH and the other 8K ROM parts, EA =
Vc selects addresses 0000H through 1FFFH to be in-
ternal, and addresses 2000H through FFFFH to be ex-
ternal.

If the EA pin is strapped to Vgg, then all program
fetches are directed to external ROM. The ROMiless
parts (8031, 8032AH, etc.) must have this pin external-
ly strapped to Vgg to enable them to execute from ex-
ternal Program Memory.

The read strobe to external ROM, PSEN, is used for all
external program fetches. PSEN is not activated for in-
ternal program fetches.

EPROM

INSTR.

ADDR

v \7

OF
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Figure 4. Executing from External
Program Memory

The hardware configuration for external program exe-
cution is shown in Figure 4. Note that 16 I/O lines
(Ports O and 2) are dedicated to bus functions during
external Program Memory fetches. Port 0 (PO in Figure
4) serves as a multiplexed address/data bus. It emits
the low byte of the Program Counter (PCL) as an ad-
dress, and then goes into a float state awaiting the arriv-
al of the code byte from the Program Memory. During
the time that the low byte of the Program Counter is
valid on PO, the signal ALE (Address Latch Enable)
clocks this byte into an address latch. Meanwhile, Port
2 (P2 in Figure 4) emits the high byte of the Program
Counter (PCH). Then PSEN strobes the EPROM and
the code byte is read into the microcontroller.
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Program Memory addresses are always 16 bits wide,
even though the actual amount of Program Memory
used may be less than 64K bytes. External program
execution sacrifices two of the 8-bit ports, PO and P2, to
the function of addressing the Program Memory.

Data Memory

The right half of Figure 2 shows the internal and exter-
nal Data Memory spaces available to the MCS-51 user.

Figure 5 shows a hardware configuration for accessing
up to 2K bytes of external RAM. The CPU in this case
is executing from internal ROM. Port O serves as a
multiplexed address/data bus to the RAM, and 3 lines
of Port 2 are being used to page the RAM. The CPU
generates RD and WR signals as needed during exter-
nal RAM accesses.

<::> P1 PO DATA
®_ EAp~
Mes —s1=A [~ VeC
WITH INTERNAL watcHb—N])  Rram
ROM pe > v
| A00R
) >
) >
_ Pz P2 >
RD C:>' /o X pace
I— WR BITS WE oF
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Figure 5. Accessing External Data Memory.
If the Program Memory is Internal, the Other
Bits of P2 are Available as 1/0.

There can be up to 64K bytes of external Data Memo-
ry. External Data Memory addresses can be either 1 or
2 bytes wide. One-byte addresses are often used in con-
junction with one or more other I/0 lines to page the
RAM, as shown in Figure 5. Two-byte addresses can
also be used, in which case the high address byte is
emitted at Port 2.

FFHg======== FFH
t AcCESSIBLE | ACCESSIBLE
UPPER 4 BY INDIRECT | BY DIRECT
128 ¥ ADDRESSING | ADDRESSING
¢ oNLY
80H 80H
PRI pccessiBLe | N\ speciaL
Lower | BY DIRECT FUNCTION ]g?:;js AND
1
s '}%%é'}ggﬂ? REGISTERS ] conTROL BITS
0 TIMER
REGISTERS
STACK POINTER
ACCUMULATOR
(€TC.)
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Figure 6. Internal Data Memory
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Internal Data Memory is mapped in Figure 6. The
memory space is shown divided into three blocks,
which are generally referred to as the Lower 128, the

Upper 128, and SFR space.

Internal Data Memory addresses are always one byte
wide, which implies an address space of only 256 bytes.
However, the addressing modes for internal RAM can
in fact accommodate 384 bytes, using a simple trick.
Direct addresses higher than 7FH access one memory
space, and indirect addresses higher than 7FH access a
different memory space. Thus Figure 6 shows the Up-
per 128 and SFR space occupying the same block of
addresses, 80H through FFH, although they are physi-
cally separate entities.

7FH
BANK 2FH
SELECT BIT-ADDRESSABLE SPACE
ggvsv IN (BIT ADDRESSES 0~7F)

1{

10{,on " |4 oanks oF
8 REGISTERS
o1 OFHI | Ro-R7
josi_ |
oo 07H|+{— RESET VALUE OF
0 STACK POINTER
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Figure 7. The Lower 128 Bytes of Internal RAM

The Lower 128 bytes of RAM are present in all
MCS-51 devices as mapped in Figure 7. The lowest 32
bytes are grouped into 4 banks of 8 registers. Program
instructions call out these registers as RO through R7.
Two bits in the Program Status Word (PSW) select
which register bank is in use. This allows more efficient
use of code space, since register instructions are shorter
than instructions that use direct addressing.

FFH

NO BIT~ADDRESSABLE
SPACES
AVAILABLE AS STACK
SPACE IN 8052AH,
83CS51FA, 83C152

NOT IMPLEMENTED IN 8051

80H
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Figure 8. The Upper 128 Bytes of Internal RAM
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Figure 10. PSW (Program Status Word) Register in MCS®-51 Devices

The next 16 bytes above the register banks form a block
of bit-addressable memory space. The MCS-51 instruc-
tion set includes a wide selection of single-bit instruc-
tions, and the 128 bits in this area can be directly ad-
dressed by these instructions. The bit addresses in this
area are O0H through 7FH.

All of the bytes in the Lower 128 can be accessed by
either direct or indirect addressing. The Upper 128
(Figure 8) can only be accessed by indirect addressing.
The Upper 128 bytes of RAM are not implemented in
the 8051, but are in the 8052AH, 83C51FA, and
83C152.

Figure 9 gives a brief look at the Special Function Reg-
ister (SFR) space. SFRs include the Port latches, tim-
ers, peripheral controls, etc. These registers can only be
accessed by direct addressing. In general, all MCS-51
microcontrollers have the same SFRs as the 8051, and
at the same addresses in SFR space. However, enhance-
ments to the 8051 have additional SFRs that are not
present in the 8051, nor perhaps in other proliferations
of the family.

FFH H
: REGISTER-MAPPED PORTS
EOH ACC -
ADDRESSES THAT END IN
H OH OR 8H ARE ALSO
! BIT~ADDRESSABLE .
BOH| PORT 3
; ~PORT PINS
! * =ACCUMULATOR
-PSW
AOH|  PORT 2 (ETC.)
90H PORT 1
;
.
80H| PORT O
270251-9
Figure 9. SFR Space

Sixteen addresses in SFR space are both byte- and bit-
addressable. The bit-addressable SFRs are those whose
address ends in 000B. The bit addresses in this area are
80H through FFH.

THE MCS®-51 INSTRUCTION SET

All members of the MCS-51 family execute the same
instruction set. The MCS-51 instruction set is opti-
mized for 8-bit control applications. It provides a vari-
ety of fast addressing modes for accessing the internal
RAM to facilitate byte operations on small data struc-
tures. The instruction set provides extensive support for
one-bit variables as a separate data type, allowing direct
bit manipulation in control and logic systems that re-
quire Boolean processing.

An overview of the MCS-51 instruction set is presented
below, with a brief description of how certain instruc-
tions might be used. References to “the assembler” in
this discussion are to Intel’s MCS-51 Macro Assembler,
ASMS51. More detailed information on the instruction
set can be found in the MCS-51 Macro Assembler Us-
er’s Guide (Order No. 9800937 for ISIS Sysiems, Order
No. 122752 for DOS Systems).

Program Status Word

The Program Status Word (PSW) contains several
status bits that reflect the current state of the CPU. The
PSW, shown in Figure 10, resides in SFR space. It con-
tains the Carry bit, the Auxiliary Carry (for BCD oper-
ations), the two register bank select bits, the Overflow
flag, a Parity bit, and two user-definable status flags.

The Carry bit, other than serving the functions of a
Carry bit in arithmetic operations, also serves as the
“Accumulator” for a number of Boolean operations.
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The bits RSO and RS are used to select one of the four
register banks shown in Figure 7. A number of instruc-
tions refer to these RAM locations as RO through R7.
The selection of which of the four banks is being re-
ferred to is made on the basis of the bits RSO and RS1
at execution time.

The Parity bit reflects the number of 1s in the Accumu-
lator: P = 1 if the Accumulator contains an odd num-
ber of 1s, and P = 0 if the Accumulator contains an
even number of 1s. Thus the number of 1s in the Accu-
mulator plus P is always even.

Two bits in the PSW are uncommitted and may be used
as general purpose status flags.

Addressing Modes

The addressing modes in the MCS-51 instruction set
are as follows:

DIRECT ADDRESSING

In direct addressing the operand is specified by an 8-bit
address field in the instruction. Only internal Data
RAM and SFRs can be directly addressed.

INDIRECT ADDRESSING

In indirect addressing the instruction specifies a register
which contains the address of the operand. Both inter-
nal and external RAM can be indirectly addressed.

The address register for 8-bit addresses can be RO or
R1 of the selected register bank, or the Stack Pointer.
The address register for 16-bit addresses can only be the
16-bit “‘data pointer” register, DPTR.

REGISTER INSTRUCTIONS

The register banks, containing registers RO through R7,
can be accessed by certain instructions which carry a
3-bit register specification within the opcode of the in-
struction. Instructions that access the registers this way
are code efficient, since this mode eliminates an address
byte. When the instruction is executed, one of the eight
registers in the selected bank is accessed. One of four
banks is selected at execution time by the two bank
select bits in the PSW.

REGISTER-SPECIFIC INSTRUCTIONS

Some instructions are specific to a certain register. For
example, some instructions always operate on the Ac-
cumulator, or Data Pointer, etc., so no address byte is
needed to point to it. The opcode itself does that. In-
structions that refer to the Accumlator as A assemble
as accumulator-specific opcodes.

IMMEDIATE CONSTANTS

The value of a constant can follow the opcode in Pro-
gram Memory. For example,

MOV A, #100

loads the Accumulator with the decimal number 100.
The same number could be specified in hex digits as
64H.

INDEXED ADDRESSING

Only Program Memory can be accessed with indexed
addressing, and it can only be read. This addressing
mode is intended for reading look-up tables in Program
Memory. A 16-bit base register (either DPTR or the
Program Counter) points to the base of the table, and
the Accumulator is set up with the table entry number.
The address of the table entry in Program Memory is
formed by adding the Accumulator data to the base
pointer.

Another type of indexed addressing is used in the “case
jump” instruction. In this case the destination address
of a jump instruction is computed as the sum of the
base pointer and the Accumulator data.

Arithmetic Instructions

The menu of arithmetic instructions is listed in Table 2.
The table indicates the addressing modes that can be
used with each instruction to access the <byte> oper-
and. For example, the ADD A, <byte> instruction can
be written as: . :

ADD A,7FH (direct addressing)

ADD A,@RO (indirect addressing)
ADD AR7 (register addressing)
ADD A,#127  (immediate constant)

The execution times listed in Table 2 assume a 12 MHz
clock frequency. All of the arithmetic instructions exe-
cute in 1 ps except the INC DPTR instruction, which
takes 2 us, and the Multiply and Divide instructions,
which take 4 ps.

Note that any byte in the internal Data Memory space
can be incremented or decremented without going
through the Accumulator.

One of the INC instructions operates on the 16-bit
Data Pointer. The Data Pointer is used to generate
16-bit addresses for external memory, so being able to
increment it in one 16-bit operation is a useful feature.

The MUL AB instruction multiplies the Accumulator
by the data in the B register and puts the 16-bit product
into the concatenated B and Accumulator registers.
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Table 2. A List of the MCS®-51 Arithmetic Instructions

) . Addressing Modes Execution

Mnemonic Operation ‘ i nd Reo PR Time (us)
ADD A, <byte> A = A + <byte> X X X X 1
ADDC A,<byte> A=A+ <byte> + C X X X X . 1
SUBB A, <byte> A=A — <byte> - C X X X X 1
INC A A=A+1 ) Accumulator only 1
INC  <byte> <byte> = <byte> + 1 x | x | x | 1
INC DPTR DPTR = DPTR + 1 Data Pointer only 2
DEC A A=A-1 Accumulator only 1
DEC <byte> <byte> = <byte> — 1 x | x | x | 1
MUL . AB B:A = BxA ACC and B only 4
DIV AB £z mfma)al ACC and B only 4
DA A Decimal Adjust Accumulator only 1

The DIV AB instruction divides the Accumulator by
the data in the B register and leaves the 8-bit quotient
in the Accumulator, and the 8-bit remainder in the B
register.

Oddly enough, DIV AB finds less use in arithmetic
“divide” routines than in radix conversions and pro-
grammable shift operations. An example of the use of
DIV AB in a radix conversion will be given later. In
shift operations, dividing a number by 27 shifts its n
- bits to the right. Using DIV AB to perform the division

completes the shift in 4 us and leaves the B register
holding the bits that were shifted out.

The DA A instruction is for BCD arithmetic opera-
tions. In BCD arithmetic, ADD and ADDC instruc-
tions should always be followed by a DA A operation,
to ensure that the result is also in BCD. Note that DA
A will not convert a binary number to BCD. The DA
A operation produces a meaningful result only as the
second step in the addition of two BCD bytes.

Table 3. A List of the MCS®-51 Logical Instructions

Addressing Modes ~Execution
Mnemonic ‘ Operation Dir [ ind | Reg | tmm Time (us)
ANL A, <byte> A = A .AND. <byte> X X X X 1
ANL <byte>,A <byte> = <byte> .AND. A X 1
ANL <byte>,#data <byte> = <byte> .AND. #data X 2
ORL A, <byie> A = A.CR. <byte> X X X X 1
ORL <byte>,A <byte> = <byte> .OR. A X 1
ORL <byte>,#data <byte> = <byte> .OR. #data X 2
XRL A, <byte> A = A XOR. <byte> X X X X 1
XRL <byte>,A <byte> = <byte> .XOR. A X 1
XRL <byte>,#data <byte> = <byte> .XOR. #data X 2
CRL A A = O0H Accumulator only 1
CPL A A = NOT.A Accumulator only 1.
RL A Rotate ACC Left 1 bit Accumulator only 1
RLC A Rotate Left through Carry Accumulator only 1
RR A Rotate ACC Right 1 bit Accumulator only - 1
RRC A " Rotate Right through Carry Accumulator only 1
SWAP A Swap Nibbles in A - Accumulator only 1




intel

MCS®-51 ARCHITECTURAL OVERVIEW

Logical Instructions

Table 3 shows the list of MCS-51 logical instructions.
The instructions that perform Boolean operations
(AND, OR, Exclusive OR, NOT) on bytes perform the
operation on a bit-by-bit basis. That is, if the Accumu-
lator contains 00110101B and <byte> contains
01010011B, then

ANL A, <byte>

will leave the Accumulator holding 00010001B.
The addressing modes that can be used to access the

<byte> operand are listed in Table 3. Thus, the ANL
A, <byte> instruction may take any of the forms

ANL A, TFH (direct addressing)
ANL A,@R1 (indirect addressing)
ANL A,R6 (register addressing)
ANL A,#53H (immediate constant)

All of the logical instructions that are Accumulator-
specific execute in 1pus (using a 12 MHz clock). The
others take 2 us.

Note that Boolean operations can be performed on any
byte in the internal Data Memory space without going
through the Accumulator. The XRL <byte>, #data
instruction, for example, offers a quick and easy way to
invert port bits, as in

XRL P1,#0FFH

If the operation is in response to an interrupt, not using
the Accumulator saves the time and effort to stack it in
the service routine. :

The Rotate instructions (RL A, RLC A, etc.) shift the
Accumulator 1 bit to the left or right. For a left rota-
tion, the MSB rolls into the LSB position. For a right
rotation, the LSB rolls into the MSB position.

The SWAP A instruction interchanges the high and
low nibbles within the Accumulator. This is a useful
operation in BCD manipulations. For example, if the
Accumulator contains a binary number which is known
to be less than 100, it can be quickly converted to BCD
by the following code:

MOV B,#10
DIV AB
SWAP A
ADD AB

Dividing the number by 10 leaves the tens digit in the
low nibble of the Accumulator, and the ones digit in the
B register. The SWAP and ADD instructions move the
tens digit to the high nibble of the Accumulator, and
the ones digit to the low nibble.,

Data Transfers

INTERNAL RAM

Table 4 shows the menu of instructions that are avail-
able for moving data around within the internal memo-
ry spaces, and the addressing modes that can be used .
with each one. With a 12 MHz clock, all of these in-
structions execute in either 1 or 2 us..

The MOV <dest>, <src> instruction allows data to
be transferred between any two internal RAM or SFR
locations without going through the Accumulator. Re-
member the Upper 128 byes of data RAM can be ac-
cessed only by indirect addressing, and SFR space only
by direct addressing.’

Note that in all MCS-51 devices, the stack resides in
on-chip RAM, and grows upwards. The PUSH instruc-
tion first increments the Stack Pointer (SP), then copies

the byte into the stack. PUSH and POP use only direct

addressing to identify the byte being saved or restored,

Table 4. A List of the MCS®-51 Data Transfer Instructions that Access Internal Data Memory Space

Mnemonic Operation Addressing Modes I-Er)_(ecution

Dir | Ind | Reg | Imm | Time (us)
MOV A, <src> .| A= <src> - X X X X 1
MOV  <dest>,A <dest> = A X1 X X 1
MOV  <dest>, <src> | <dest> = <src> X X X X 2
MOV DPTR,#data16 DPTR = 16-bitimmediate constant. X 2
PUSH <src> INC SP : MOV “@SP”,<src> . X 2
POP  <dest> MOV <dest>, “@SP” : DEC SP X 2
XCH A, <byte> " ACC and <byte> exchange data X X X 1
XCHD A,@Ri ACC and @Ri exchange low nibbles X 1
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but the stack itself is accessed by indirect addressing
using the SP register. This means the stack can go into
the Upper 128, if they are implemented, but not into
SFR space. :

The Upper 128 are not implemented in the 8051,
8051AH, or 80CS51BH, nor in their ROMless or
EPROM counterparts. With these devices, if the SP
points to the Upper 128, PUSHed bytes are lost, and
POPped bytes are indeterminate.

The Data Transfer instructions include a 16-bit MOV
that can be used to initialize the Data Pointer (DPTR)
for look-up tables in Program Memory, or for 16-bit
external Data Memory accesses.

The XCH A, <byte>. instruction causes the Accumu-
lator and addressed byte to exchange data. The XCHD
A,@Ri instruction is similar, but only the low nibbles
are involved in the exchange.

To see how XCH and XCHD can be used to facilitate
data manipulations, consider first the problem of shift-
ing an 8-digit BCD number two digits to the right. Fig-
ure 11 shows how this can be done using direct MOV,
and for comparison how it can be done using XCH
instructions. To aid in understanding how the code
works, the contents of the registers that are holding the
BCD number and the content of the Accumulator are
shown alongside each instruction to indicate their
status after the instruction has been executed.

| 2a | 28 | 2¢c | 20 | 2E | ACC
MOV  A,2EH 00 |12 | 34|56 | 78| 78
MOV 2EH,2DH | 00 | 12 | 34 | 56 | 56 | 78
MOV 2DH2CH | 00 | 12 | 34 | 34 | 56 | 78
MOV 2CH,2BH | 00 | 12 | 12 | 34 | 56 | 78
MOV 2BH,#0 |00l 0ol 12| 34|56 78
(a) Using direct MOVs: 14 bytes, 9 us
| 2o | 28 | 2c | 2p | 2E | AcC
CLR A |oo|12|34|5e|7e|oo
XCH A2BH [ 00 |00 84|56l 78! 12
XCH A2CH | 00 | 00 | 12 | 56 | 78 | 34
XCH A2DH | 00 | 00 | 12 | 34 | 78 | 56
XcH A2eH [ oo | ool 1213456 78
(b) Using XCHs: 9 bytes, 5 ps

Figure 11. Shifting a BCD Number
Two Digits to the Right

5-10

After the routine has been executed, the Accumulator
contains the two digits that were shifted out on the
right. Doing the routine with direct MOVs uses 14 code
bytes and 9 ps of execution time (assuming a 12 MHz
clock). The same operation with XCHs uses less code
and executes almost twice as fast.

To right-shift by an odd number of digits, a one-digit
shift must be executed. Figure 12 shows a sample of
code that will right-shift a BCD number one digit, us-
ing the XCHD instruction. Again, the contents of the
registers holding the number and of the Accumulator
are shown alongside each instruction.

. 2A|2B|2C|2D|2E|ACC
MOV R1,#2EH 00[12]34(56|78| XX
MOV RO,#2DH 00/121341561781 XX

loop for R1 = 2EH:

LOOP: MOV A,@R1 00{12|34(56|78| 78
XCHD A,@R0 00(12]|34|58|78| 76
SWAP A 00{12|34|58|78| 67
MOV @R1,A 00|12]|34(58|67| 67
DEC Ri 00{12|34{58|67| 67
DEC RO 001121341581671 67
CJNE R1,#2AH,LOOP

loop for R1 = 2DH: 00|12|38(45|67| 45

loop for R1 = 2CH: 00[18|23(45|67| 23

loop for R1 = 2BH: 081011231451671 01
CLR A Ios o1|23 45'67 00
XCH A2AH 00i011231451671 08
Figure 12. Shifting a BCD Number

One Digit to the Right

First, pointers R1 and RO are set up to point to the two
bytes containing the last four BCD digits. Then a loop
is executed which leaves the last byte, location 2EH,
holding the last two digits of the shifted number. The
pointers are decremented, and the loop is repeated for
location 2DH. The CINE instruction (Compare and
Jump if Not Equal) is a loop control that will be de-
scribed later.

The loop is executed from LOOP to CINE for R1 =
2EH, 2DH, 2CH and 2BH. At that point the digit that
was originally shifted out on the right has propagated
to location 2AH. Since that location should be left with
0Os, the lost digit is moved to the Accumulator.
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EXTERNAL RAM

Table 5 shows a list of the Data Transfer instructions
that access external Data Memory. Only indirect ad-
dressing can be used. The choice is whether to use a
one-byte address, @Ri, where Ri can be either RO or
R1 of the selected register bank, or a two-byte address,
@DPTR. The disadvantage to using 16-bit addresses if
only a few K bytes of external RAM are involved is
that 16-bit addresses use all 8 bits of Port 2 as address
bus. On the other hand, 8-bit addresses allow one to
address a few K bytes of RAM, as shown in Figure 5,
without having to sacrifice all of Port 2.

All of these instructions execute in 2 ps, with a
12 MHz clock.
Table 5. A List of the MCS®-51 Data
Transfer Instructions that Access
External Data Memory Space

A“”v‘i’;f:s Mnemonic Operation '.i.’i(:;u(t’i"s';
8bits | M