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Preface

By the time this fourth edition is published, this mi-
croprocessor textbook will have been in the field for
fifteen years. It is gratifying to see such acceptance
of the integrated approach to teaching microproces-
sor concepts. The text is intended for introductory
microprocessor courses at the undergraduate level in
technology and engineering. It is a comprehensive
treatment of the microprocessor, covering both
hardware and software based on the 8085 micro-
processor family. The text assumes a course in digi-
tal logic as a prerequisite; however, it does not as-
sume any background in programming. At the
outset, though, we need to answer the following
three critical questions.

1. In the late 1990s, is an 8-bit microproces-
sor an appropriate device through which to teach
microprocessor concepts when 32-bit microproces-
sors are readily available? If we consider the
worldwide sales volume of microprocessor chips,
the answer is a resounding yes: 8-bit microproces-
sors (including single-chip microcontrollers) ac-
count for more than 85 percent of the total.
Consider an analogy from the auto industry. For
transportation, we need trucks, sports cars, family
cars, and compact cars. Each serves a different pur-
pose. The 8-bit microprocessor has already estab-
lished its market in the areas of industrial control,
such as machine control, process control, instru-
mentation, and consumer appliances; these systems
that include a microprocessor are known as embed-
ded systems or microprocessor-based products. The
recent 32-bit microprocessors are used primarily in
microcomputers and workstations; they are so pow-

erful that their applications are better suited in such
areas as high-speed data processing, CAD/CAM,
multitasking, and multiuser systems. The 32-bit mi-
croprocessors are less likely to replace 8-bit micro-
processors in industrial control applications. In
many applications, even 8-bit microprocessors are
utilized at less than 50 percent of their capacity.

We are interested in teaching the basic con-
cepts underlying a programmable device, such as
buses, machine cycles, various processes of data
flow (parallel, serial, interrupts, and DMA), internal
register architecture, programming, and interfacing.
A general-purpose 8-bit microprocessor is an ideal
device to teach these concepts, especially in a
rapidly changing technological environment. When
students master the basic concepts, they will be able
to apply those concepts in such an environment,
whether it is based on a microcontroller, an 8-bit
processor with a different set of instructions, or a
32-bit processor.

2. Why shouldn’t we focus on the Intel 16-bit
processor when PCs (personal computers) are com-
monly available in college laboratories? To teach
basic concepts, we need a simple processor with an
adequate instruction set. The Intel 16-bit processors
are too complex at the introductory level because of
the concepts involved in memory segmentation and
a large instruction set, which is suited for high-level
languages. These 16-bit processors were used pri-
marily in PCs, and they are being replaced by 32-bit
processors. Technologically, they are obsolete as
general-purpose processors; they may be revived as
16-bit microcontrollers.
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3. Why teach the 8085 microprocessor? Any
commonly available 8-bit microprocessor will
meet the teaching criteria, and the 8085 is one of
the most widely used microprocessors in college
laboratories. It has simple architecture and an ade-
quate instruction set, which enable instructors to
teach necessary programming concepts. It is in-
consequential which microprocessor is selected as
the focus; the concepts are easily transferable
from one device to another. Having learned basic
concepts with the 8085 microprocessor, students
can adapt to the microcontroller (such as the Intel
8051 or Motorola 68HC11) environment or to the
PC environment. Furthermore, peripheral devices
(such as the 8255A, 8254, and 8259) are used
commonly in the PC environment. One can argue
for a microcontroller as a basis for an introductory
course. However, the experiences of many institu-
tions suggest that a microcontroller is an appropri-
ate device for a higher-level course; at an intro-
ductory level, the pedagogy becomes quite
cumbersome. Furthermore, general-purpose 8-bit
processors are being used in small systems. As an
example, some Texas Instruments graphic calcula-
tors use the 8-bit Z80 processor.

PEDAGOGICAL APPROACH
AND TEXT ORGANIZATION

The microprocessor is a general-purpose program-
mable logic device. A thorough understanding of the
microprocessor demands concepts and skills from
two different disciplines: hardware concepts from
electronics and programming skills from computer
science. Hardware is the physical structure of the
microprocessor, and programming makes it come
alive; one without the other is meaningless.
Therefore, this text presents an integrated approach
to hardware and software in the context of the 8085
microprocessor. Part I focuses on microprocessor
architecture and interfacing; Part II introduces pro-
gramming; and Part III integrates hardware and soft-
ware concepts from the earlier sections in interfac-
ing and designing microprocessor-based products.
Each topic is covered in depth from basic concepts
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to industrial applications and is illustrated by nu-
merous examples with complete schematics. The
material is supported with assignments of practical
applications.

Part 1 has four chapters dealing with the
hardware aspects of the microcomputer as a sys-
tem, presented with the spiral approach similar to
the view from an airplane that is getting ready to
land. As the plane circles around, what one ob-
serves is a view without any details. As the plane
starts descending, one begins to see the same view
but with more details. This approach is preferable
because students need to use a microcomputer as a
system in their laboratory work in the early stages
of a course, without having an understanding of all
aspects of the system. Chapter 1 presents an
overview of microprocessor-based systems. It pre-
sents the 8-bit microprocessor as a programmable
device and an embedded controller, rather than a
computing device or CPU used in computers.
Chapters 2, 3, and 4 examine microprocessor archi-
tecture, memory, and I/O, with increasing depth in
each chapter, from registers to instruction timing
and interfacing.

Part II has seven chapters dealing with 8085
instructions, programming techniques, program de-
velopment, and software development systems. The
contents are presented in a step-by-step format. A
few instructions that can perform a simple task are
selected. Each instruction is described fully with il-
lustrations of its operations and its effects on the se-
lected flags. Then, these instructions are used in
writing programs, accompanied by programming
techniques and troubleshooting hints. Each illustra-
tive program begins with a problem statement, pro-
vides the analysis of the problem, illustrates the pro-
gram, and explains the programming steps. Chapters
conclude with reviews of all the instructions dis-
cussed. The contents of Part II are presented in such
a way that, in a course with heavy emphasis on
hardware, students can teach themselves assembly
language programming if necessary.

Part III synthesizes the hardware concepts of
Part T and the software techniques of Part II. It
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deals with interfacing of 1/Os, with numerous in-
dustrial and practical examples. Each illustration
analyzes the hardware, includes software, and de-
scribes how hardware and software work together
to accomplish given objectives. Chapters 12
through 16 include various types of data transfer
between the microprocessor and its peripherals
such as interrupts, interfacing of data converters,
I/O with handshake signals using programmable
devices, and serial I/O. Chapter 14 discusses spe-
cial-purpose programmable devices used primarily
with the 8085 systems (such as the 8155), while
Chapter 15 discusses general-purpose programma-
ble devices (such as the 8255A, 8254, 8259, and
8237). Chapter 17 deals primarily with the project
design of a single-board microcomputer that
brings together all the concepts discussed in the
text. Chapter 18 focuses on how to extend 8-bit mi-
croprocessor concepts to higher level processes and
microcontrollers. It also discusses trends in micro-
processor technology ranging from recent micro-
controllers to the latest general-purpose 32-bit mi-
CrOprocessors.

NEW AND IMPROVED FEATURES
IN THE FOURTH EDITION

The fourth edition preserves the focus as described
and includes the following changes and additions,
suggested by reviewers and by faculty who have
used the book in their classrooms:

1. Chapter 1 is revised to include the most recent
technological changes.

2. Part II (Chapters 5 through 11) has few changes
in the content, except in Chapter 11, which is re-
vised to include technological changes.

3. In Chapter 15, the DMA controller 8257 is re-
placed by the 8237, which is commonly used in
newer systems. The 8237 is thoroughly dis-
cussed with illustrations.

4. Chapter 17 includes an additional interfacing ap-
plication: how to interface an LCD module,
which has become a popular display device in
industrial systems.

5. Chapter 18 is updated to include the latest tech-
nological changes in 32-bit microprocessors.

6. In Appendix B, the Intel SDK-85 system is re-
placed by the EMAC Primer, a stand-alone
single-board microcomputer system with a Hex
keyboard and LED displays. Its enhanced ver-
sion can be used with a PC. Students can write
assembly language programs using an editor on
a PC, assemble the programs, download the bi-
nary code from a PC to the Primer trainer, and
execute the programs. EMAC Primer is a com-
plete development system, ideally suited to an
educational environment.

7. In Appendix D, complete data sheets for the
8237, 8259, and an LCD panel are included.
These data sheets will enable students to perform
many experiments outside the scope of this in-
troductory text.

A WORD WITH FACULTY

This text is based on my teaching experience, my
course development efforts, and my association with
industry engineers and programmers. It is an at-
tempt to share my classroom experiences and my
observations in industrial practices. Some of my as-
sumptions and observations of 15 years ago appear
still valid today:

1. Software (instructions) is an integral part of the
microprocessor and demands emphasis equal to
that of the hardware.

2. In industry, for development of microprocessor-
based projects, 70 percent of the effort is devoted
to software and 30 percent to hardware.

3. Technology and engineering students tend to be
hardware oriented and have considerable diffi-
culty in programming.

4. Students have difficulty in understanding mne-
monics and realizing the critical importance of
flags.

In the last fifteen years, numerous faculty mem-
bers shared their classroom experiences, concerns,
and student difficulties with me through letters and



e-mail messages. [ have made every effort to incorpo-
rate those concerns and suggestions in the fourth edi-
tion. This revised edition can be used flexibly to meet
the objectives of various courses at the undergraduate
level. If used for a one-semester course with 50 per-
cent hardware and 50 percent software emphasis, the
following chapters are recommended: Chapters 1
through 4 for hardware lectures and Chapters 5
through 9 and selected sections of Chapter 10 for soft-
ware laboratory sessions. For interfacing, the initial
sections of Chapters 12 and 16 (introduction to inter-
rupts and serial I/O) are recommended. If the course is
heavily oriented toward hardware, Chapters 1 through
4 and Chapters 12 through 17 are recommended, and
necessary programs can be selected from Chapters 5
through 9. If the course is heavily oriented toward
software, Chapters 1 through 11 and selected por-
tions of Chapters 12 and 16 can be used. For a two-
semester course, it is best to use the entire text.

A WORD WITH STUDENTS

Microprocessor technology is an exciting, challeng-
ing, and growing field; it will pervade industry for
decades to come. To meet the challenges of this
growing technology, you will have to be conver-
sant with the programmable aspect of the micro-
processor. Programming is a process of problem
solving and communication in a strange language of
mnemonics. Most often, hardware-oriented students
find this communication process very difficult. One
of the questions frequently asked by students is:
How do I get started in a given programming as-
signment? One approach to learning programming
is to examine various types of programs and imitate
them. You can begin by studying the illustrative pro-
gram relevant to an assignment, its flowchart, its
analysis, program description, and particularly the
comments. Read the instructions from Appendix F
as necessary and pay attention to the flags. This text
is written in such a way that simple programming
aspects of the microprocessor can be self-taught.
Once you master the elementary programming tech-

®
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niques, then interfacing and design become exciting
and fun.
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CHAPTER 1
Microprocessors, Microcomputers, and
Assembly Language

CHAPTER 2
Microprocessor Architecture and
Microcomputer Systems

CHAPTER 3
8085 Microprocessor Architecture and
Memory Interfacing

CHAPTER 4
Interfacing I/0 Devices

Part I of this book is concerned primarily with the
microprocessor architecture in the context of micro-
processor-based products. The microprocessor-
based systems are discussed in terms of the three
components—microprocessor, memory, and I/O (in-
put/output)—and their communication process. The
role of the programming languages, from machine
language to higher-level languages, is presented in
the context of the system.

The material is presented in a format similar
to the view from an airplane that is getting ready to
land. As the plane circles around, a passenger ob-
serves a view without any details. As the plane
starts descending, the passenger begins to see the
same view but with more details. In the same way,
Chapter 1 presents the microprocessor from two
points of view: the microprocessor as a program-
mable embedded device in a product and as an el-
ement of a computer system, and how it communi-
cates with memory and I/O. The chapter also
discusses the role of assembly language in micro-
processor-based products and presents an overview
of various types of computers—from large com-
puters to microcomputers and their applications.

Microprocessor-
Based Systems:
Hardware and
Interfacing




2 MICROPROCESSOR-BASED SYSTEMS: HARDWARE AND INTERFACING

Chapter 2 provides a closer look at a microcom-
puter system in relation to the 8085 microproces-
sor. Chapter 3 examines the details of the 8085 mi-
croprocessor and memory interfacing. Chapter 4
discusses the interfacing of input/output (I/0) de-
vices.

PREREQUISITES

The reader is expected to know the following con-
cepts:

O Number systems (binary, octal, and hexadecimal)
and their conversions.

O Boolean algebra, logic gates, flip-flops, and reg-
isters.

O Concepts in combinational and sequential logic.



Microprocessors,
Microcomputers,
and Assembly
Language

The microprocessor plays a significant role in the
everyday functioning of industrialized societies. The
microprocessor can be viewed as a programmable
logic device that can be used to control processes or
to turn on/off devices. On the other hand, the micro-
processor can be viewed as a data processing unit or
a computing unit of a computer. The microproces-
sor is a programmable integrated device that has
computing and decision-making capability similar
to that of the central processing unit (CPU) of a
computer. Nowadays, the microprocessor is being
used in a wide range of products called micro-
processor-based products or systems. The micro-
processor can be embedded in a larger system, can
be a stand alone unit controlling processes, or it can
function as the CPU of a computer called a micro-
computer. This chapter introduces the basic struc-
ture of a microprocessor-based product and shows
how the same structure is applicable to microcom-
puters and other large (mini- and mainframe) com-
puters. Later in the chapter, microprocessor applica-
tions are presented in the context of the entire
spectrum of various computer applications.

The microprocessor communicates and oper-
ates in the binary numbers 0 and 1, called bits. Each
microprocessor has a fixed set of instructions in the
form of binary patterns called a machine language.

However, it is difficult for humans to communicate
in the language of Os and 1s. Therefore, the binary
instructions are given abbreviated names, called
mnenomics, which form the assembly language
for a given microprocessor. This chapter explains
both the machine language and the assembly lan-
guage of the microprocessor, known as the 8085.
The advantages of assembly language are compared
with high-level languages (such as BASIC, FOR-
TRAN, C, and C++).



MICROPROCESSOR-BASED SYSTEMS: HARDWARE AND INTERFACING

OBJECTIVES O Explain the terms low-level and high-level lan-
O Draw a block diagram of a microprocessor-based guages.
system and explain the functions of each compo- U Explain the advantages of an assembly language
nent: microprocessor, memory, and 1/0, and their over high-level languages.
lines of communication (the bus). O Define the term ASCII code and explain the rela-
O Explain the terms SSI, MSI, and LSI. tionship between the binary code and alphanu-
O Define the terms bit, byte, word, instruction, soft- meric characters.
ware, and hardware. O Define the term operating system.
O Explain the difference between the machine lan- [ List components and peripherals of a typical per-
guage and the assembly language of a computer. sonal computer (PC).

1.1

MICROPROCESSORS

A microprocessor is a multipurpose, programmable, clock-driven, register-based elec-
tronic device that reads binary instructions from a storage device called memory, accepts
binary data as input and processes data according to those instructions, and provides re-
sults as output. A typical programmable machine can be represented with three compo-
nents: microprocessor, memory, and I/O as shown in Figure 1.1. These three components
work together or interact with each other to perform a given task; thus, they comprise a
system. The physical components of this system are called hardware. A set of instruc-
tions written for the microprocessor to perform a task is called a program, and a group
of programs is called software. The machine (system) represented in Figure 1.1 can be
programmed to turn traffic lights on and off, compute mathematical functions, or keep
track of a guidance system. This system may be simple or sophisticated, depending on its
applications, and it is recognized by various names depending upon the purpose for which
it is designed. The microprocessor applications are classified primarily in two categories:
reprogrammable systems and embedded systems. In reprogrammable systems, such as
microcomputers, the microprocessor is used for computing and data processing. These
systems include general-purpose microprocessors capable of handling large data, mass
storage devices (such as disks and CD-ROMs), and peripherals such as printers; a per-
sonal computer (PC) is a typical illustration. In embedded systems, the microprocessor is
a part of a final product and is not available for reprogramming to the end user. A copy-

FIGURE 1.1
A Programmable Machine Memory

Micro-
processor

1/0




MICROPROCESSORS, MICROCOMPUTERS, AND ASSEMBLY LANGUAGE

ing machine is a typical example of an embedded system. The microprocessors used in
these systems are generally categorized as: (1) microcontrollers that include all the
components shown in Figure 1.1 on one chip, and (2) general-purpose microprocessors
with discrete components shown in Figure 1.1. Embedded systems can also be viewed as
products that use microprocessors to perform their operations; they are known as micro-
processor-based products. Examples include a wide range of products such as washing
machines, dishwashers, automobile dashboard controls, traffic light controllers, and auto-
matic testing instruments.

BINARY DIGITS

The microprocessor operates in binary digits, O and 1, also known as bits. Bit is an ab-
breviation for the term binary digit. These digits are represented in terms of electrical
voltages in the machine: Generally, O represents one voltage level, and 1 represents an-
other. The digits 0 and 1 are also synonymous with low and high, respectively.

Each microprocessor recognizes and processes a group of bits called the word, and
microprocessors are classified according to their word length. For example, a processor
with an 8-bit word is known as an 8-bit microprocessor, and a processor with a 32-bit
word is known as a 32-bit microprocessor.

A MICROPROCESSOR AS A PROGRAMMABLE DEVICE

The fact that the microprocessor is programmable means it can be instructed to perform
given tasks within its capability. A piano is a programmable machine; it is capable of gen-
erating various kinds of tones based on the number of keys it has. A musician selects keys
depending upon the musical score printed on a sheet. Similarly, today’s microprocessor is
designed to understand and execute many binary instructions. It is a multipurpose ma-
chine: It can be used to perform various sophisticated computing functions, as well as
simple tasks such as turning devices on or off. A programmer can select appropriate in-
structions and ask the microprocessor to perform various tasks on a given set of data.

The person who designs a piano determines the frequency (tone) for a given key
and the scope of the piano music. Similarly, the engineers designing a microprocessor de-
termine a set of tasks the microprocessor should perform and design the necessary logic
circuits, and provide the user with a list of the instructions the processor will understand.
For example, an instruction for adding two numbers may look like a group of eight binary
digits, such as 1000 0000. These instructions are simply a pattern of Os and 1s. The user
(programmer) selects instructions from the list and determines the sequence of execution
for a given task. These instructions are entered or stored in storage, called memory, which
can be read by the microprocessor.

MEMORY

Memory is like the pages of a notebook with space for a fixed number of binary numbers
on each line. However, these pages are generally made of semiconductor material.
Typically, each line is an 8-bit register that can store eight binary bits, and several of these
registers are arranged in a sequence called memory. These registers are always grouped
together in powers of two. For example, a group of 1024(2'%) 8-bit registers on a semi-
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conductor chip is known as 1K byte of memory; 1K is the closest approximation in thou-
sands.* The user writes the necessary instructions and data in memory through an input
device (described below), and asks the microprocessor to perform the given task and find
an answer. The answer is generally displayed at an output device (described below) or
stored in memory.

INPUT/OUTPUT

The user can enter instructions and data into memory through devices such as a keyboard
or simple switches. These devices are called input devices. The microprocessor reads the
instructions from the memory and processes the data according to those instructions. The
result can be displayed by a device such as seven-segment LEDs (Light Emitting Diodes)
or printed by a printer. These devices are called output devices.

MICROPROCESSOR AS A CPU (MPU)

We can also view the microprocessor as a primary component of a computer.
Traditionally, the computer is represented in block diagram as shown in Figure 1.2(a).
The block diagram shows that the computer has four components: Memory, Input,
Output, and the central processing unit (CPU), which consists of the Arithmetic/Logic
Unit (ALU) and Control Unit. The CPU contains various registers to store data, the ALU
to perform arithmetic and logical operations, instruction decoders, counters, and control
lines. The CPU reads instructions from the memory and performs the tasks specified. It
communicates with input/output devices either to accept or to send data. These devices
are also known as peripherals. The CPU is the primary and central player in communi-
cating with devices such as memory, input, and output. However, the timing of the com-
munication process is controlled by the group of circuits called the control unit.

In the late 1960s, the CPU was designed with discrete components on various
boards. With the advent of the integrated circuit technology, it became possible to build
the CPU on a single chip; this came to be known as a microprocessor, and the traditional
block diagram shown in Figure 1.2(a) can be replaced by the block diagram shown in
Figure 1.2(b). It is also known as an MPU (microprocessor unit).

1.11 Advances in Semiconductor Technology

In the last forty years, semiconductor technology has undergone unprecedented changes.
After the invention of the transistor, integrated circuits (ICs) appeared on the scene at the
end of the 1950s; an entire circuit consisting of several transistors, diodes, and resistors
could be designed on a single chip. In the early 1960s, logic gates known as the 7400 se-
ries were commonly available as ICs, and the technology of integrating the circuits of a
logic gate on a single chip became known as small-scale integration (SSI). As semicon-
ductor technology advanced, more than 100 gates were fabricated on one chip; this was
called medium-scale integration (MSI). A typical example of MSI is a decade counter
(7490). Within a few years, it was possible to fabricate more than 1000 gates on a single
chip; this came to be known as large-scale integration (LSI). Now we are in the era of

“In computer terminology, 1K is equal to 1024. In scientific terminology, 1k is equal to 1000.



