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PREFACE

Digital Fundamentals, Sixth Edition, offers comprehensive coverage in an easy-to-read
style. As in previous editions, this edition provides a well balanced coverage of basic con-
cepts, up-to-date technology, practical applications, and troubleshooting. Some topics
have been strengthened and improved, and two new chapters on programmable logic de-
vices (PLDs) have been added. This book has been thoroughly reviewed, and every effort
has been made to ensure that the coverage is accurate and up to date.

You will probably find more topics than can be covered in one term because of time
limitations or program emphasis. This breadth of topics provides flexibility in designing
your course to meet the specific goals of your program. For example, some of the mathe-
matical, design-oriented, troubleshooting, or system application topics may not be appro-
priate for certain programs. Some programs do not cover PLDs or do not provide an intro-
duction to microprocessors in the digital fundamentals course. These topics can be easily
omitted or lightly touched on without affecting other coverage.

Features

® Two new chapters on PLDs (Chapter 7 and Chapter 11).

Digital System Application sections with “Digital Workbench” assignments that include
analysis, design, and troubleshooting.

A revised chapter on memories, including a new section on flash memories.

A comprehensive glossary at the end of the book.

New coverage of 5-variable Karnaugh maps.

A full-color format.

A related exercise in each worked example.

An overview and list of objectives at the opening of each chapter.

An introduction and objectives at the beginning of each section within a chapter.
Review questions at the end of each chapter section.

A summary at the end of each chapter.

A multiple-choice self-test at the end of each chapter.

Extensive problem sets

The improved ancillary package for this edition includes

= Two lab manuals: Digital Experiments Emphasizing Systems and Design, Fourth Edi-
tion, by David Buchla, and Digital Experiments Emphasizing Troubleshooting, Fourth
Edition, by Jerry V. Cox.

Instructor’s Resource Manual.

Test Item File (hard copy).

DOS PH Custom Test (Test Item File on disk).

Transparency masters and 4-color transparencies.

Electronics Workbench Data Disk.

Bergwall Video.

vii



viii = PREFACE
lllustration of Chapter Features
Chapter Opener Each chapter begins with a two-page opener, as shown in Figure P-1.
The left page includes a listing of the sections within the chapter and a list of chapter ob-
jectives. The right page has a chapter overview, a list of specific devices introduced in the
chapter, and a preview of the Digital System Application.
Section Opener Each section within a chapter begins with a brief introduction that pro-
vides a general overview of the material to be covered and a list of section objectives. This
is illustrated in Figure P-2.
Section Review Each section ends with a review consisting of questions or exercises
that focus on the main concepts presented in the section. Answers to these section reviews
are at the end of the chapter. This is also illustrated in Figure P-2.
Worked Examples and Related Exercises Frequent examples help to demonstrate
and clarify basic concepts or illustrate specific procedures. Each example concludes with a
related exercise that reinforces or expands on the example. Some related exercises require
a repetition of the example using different parameters or conditions. Others focus on a
more limited part of the example or encourage further thought. Answers to all the related
Chapter overview
and a list of devices
introduced in this chapter.
List of chapter objectives.
3 ® CHAPTER OBJECTIVES ® CHAPTER OVERVIEW jices il the companent level cun be
LOGIC GATES = SPECIFIC DEVICES
1 Thetmer o
3-2 The AND Gate ;R
3-3  The OR Gate
3-4  The NAND Gate -
3-5  The NOR Gate | m DIGITAL SYSTEM APPLICATION tem introduced carlier is implemented and snalyzed in |
3-6  The Exclusive-OR and Exclusive- Section 3-9. Also 3 cenain systcm timing problem is ex- |
NOR Gates = | This Digital System Application ilusiraies conocpts  amined and » modification 1 presenrd using basic ogic
17 Integrated Circuit Logic Families & 5 bbb v iyt ks
3-8 Troubleshooting cific devices that cantain the various e
3-9 Digital System Application
Section listing. In'tr(')duclion to the o System block diagram
Digital System Application. with highlighted
circuit board.
FIGURE P-1

Chapter opener.



FIGURE P-2
Section opener and section
review.

Introductory paragraph
and a list of performance-based

section objectives begin \

cach section.

THEAND CATE = 69

HGURE -7

Example of a 1's complement circuit using inverters
1. Whena 1 s on the input of an inverter, what is the output?
2. Anactive HIG LOW & requileod

on an inverter input.

(@) Draw the appropriate lugic symbol, using the distinctive shape and the negation
indicator, for the invester in this application.

® put when a positive-goir
verter.

SECTION 3-1
REVIEW

input of an in-

3-2 ® THEA AND GATE

The AND gate is ane o ./un basic ates from which al logic fnndmn: are constructed,
An AND gate can have v
fiplicatian. After eompist i secfon,Sou shetdbe able 1o

o i AND gate by it isinctive shape symbol or by ts rectangular owtline
AN

p
an rwm,u it any number of inputs L Dincusvemmpls \l/\‘nga(r applica.
oy

The term gate is used to deseribe  circuit that performs i busic logic operation. The AND

inpu as indicated hy the standard
d the output is on the right in
AND gate can ave any num-
istinctive shape symbols and
shupe symhol. shown in pat (a). is

ol

FIGURE 3-8

SHIEEE St Y1-1984),

Jor the AN

V

exercises are found at the end of the book. A typical worked example and related exercise
are shown in Figure P-3.

Troubleshooting Section Many chapters include special troubleshooting sections that

emphasize troubleshooting techniques and the use of test instruments as applied to situa-
tions related to chapter topics. These sections are optional and can be omitted without af-

fecting the rest of the material.

FIGURE P-3
An example and related exercise.

Each example is
contained within a
ruled box.

Each example contains
an exercise related

to the example. \

THEORGATE ® 107

Pulsed Operation

Now let's louk o
ical operation. A

i of am OR gate with pulsed inputs, keeping in mind it log-

input 15 HIGH (). he out

rval 1, so there is 1 LOW (0)
output .n......gmmm During time wnterval £, the output is S HIGH (1) became iopul A
HIGH (1),

HGURE 19

showing input and outpu time relationships.

o this illustration. we have simply applid the teuth table operation of the OR gt to
cach of the time ntervals during which the levels ure noochanging. Examples 3-6 through
3-8 further illustrate OR gate opeation with waveforms on the inputs,

1 the two input waveforms. 4 and A in Figure 3-20 are applied to the OR gute, what is
the sesulting output waveform®

— M ) i ‘

| Outpot X - !

FIGURE 5-20

Solution The output waveform X of a 2-input OR gate is HIGH swhen either or both
pats are HIGHL a5 shown in the timing digrom. I this casc. hoth mputs are ncver
WIGH at the same time.

is the
it is HIGH from the beginning of g o ot e
b b ding sceond pulsc l

PREFACE =

Review exercises
end each section.
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x ® PREFACE

Digital System Application The last section of each chapter (except Chapters 14 and
15) presents a practical application of the concepts and devices covered in the chapter.
Each application is based on a “real world” system. Many include analysis, design, and
troubleshooting elements that are implemented in a series of “Workbench” activities.
Some system applications are limited to a single chapter and others extend over two or
more chapters. The Digital System Applications and their associated chapters are as fol-
lows:

Tablet counting and control system: Chapters 1, 2, 3, and 4
Digital control system for a lumber mill: Chapter 5

Traffic light control system: Chapters 6, 7, 8,9, and 11
Security entry system: Chapters 10 and 12

Satellite antenna positioning system: Chapter 13

Many of the system applications involve realistic representations of printed circuit
boards that provide experience in relating schematics to actual circuits and identifying
physical devices. Solutions to the Workbench activities are in the Instructor’s Resource
Manual. Although the Digital System Application is a very effective feature, it is optional
and can be omitted or given limited coverage without affecting other material. A portion of
a typical Digital System Application section is shown in Figure P—4.

Opener with a list of objectives.

“Digital Workbench” provides a series of
analysis, design, or troubleshooting
activities. Many applications include a
printed circuit board and instrumentation.

LR LOGK: GATES

i this sitwation, The Togic profe sndicaes only the presence of pulsest it does not i

I bt I DIGIAL SATEN ALCATION. ® 141

SECTION 3-8 1. What ure the most common: ypdk of Galures in 1Cx?

REVIEW 2. If two different input wavetormQl ure applied to a 2-input TT1 NAND gate and the
output wiveform i just like oncf the inpus. but inverted, what is the most likely
problem?

3. Name one advantage of the oscilfscope over the logic probe,
4. Name one advintage of the logic brobe over the oseilloscope.

3-9 ® DIGITAL SYSTEM APPLICATION

The tablet counting and control systeh that you studied in Chapters I and 2 is again
the subject of the system application, and you may wish to resiew those sections be-
fore beginning this one. U this section, the focus is on the application of logic gates
in certain system functions. his section, you

O Implement the comparator functicn with the basic gates covered in this
chapter 0 Explain how i AND gite and inverier can be used (0 solye u cemin tim;
ing problens in the system 3 Use a timing disgram (0 analyze the comparator logic
and system operaiion =1 Troubleshoot the implemented comparator logic using a
loglc probe and pulser

The Comparator Function

et
bt b number of tablei qnd he valve must he
teut il the
Although there are 16 wwors, which you wall sy

wpardor is mpl

IXOR) can
The oceurmence

The comparator in 1l when the binary aumher 1 the couster, which 1
the current nurnher ary number 1hat e
s When th ¢ ambers

/
An overall introduction to the system
application is provided before the
Workbench activities.

FIGURE P-4

Representative pages from a typical Digital System Application section.

r . — B

| ® DIGITAL WORKBENCH 1: Analysis and Design

* Activity I Check the portion of the system board duce the number of ICs without changing the
sgainst the schematic 10 verify that they corre- aversll logic function. Thix redesign will require
spond. Based on the bourd connections, label the that different types of gates he suhstituted for the
schematic with pin numbers and input und output cxisting ones. You may wish (o refer to a data
labels. book 10 determine the ICs vailable 10 aceomplish

this redesign.

* Activity 2 The logic analyzer screen shows &
portion of the timing diagram of the waveforms
from the counter W the comparator mputs and the
comparater output. Deétermine how many 1sblets

2 o each botde.

* Activity 3 Deleamine ihe bit on each of the in-
pu1s (@, b, c. etc.) 1o this portion of the systems
board from the BCD-to-binsry code converter.

* Activity 4 dentify the thiee lines labeled 4. B,
und € at the bottom of this portion of the system
board using the schiematic a5 reference.

® Activity 5 Verify that the DMM readings are
within data sheet specifications for each of the
poinis on the system board that are being mea-
sured

* Activity 6 The comparator and counter inhibit
togic can be simplified. Modify the circuit 1o re-

dvivivivivivivivfl
VVVYVVVY
0
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Chapter End Matter At the end of cach chapter are a summary, a multiple-choice self
test, and a sectionalized problem set (except Chapter 14). The problem sets include basic
problems, troubleshooting problems, system application problems, and special design
problems when applicable.

Content and Organization

This textbook contains fifteen chapters, beginning with basic digital concepts in Chapter 1
and progressing through number systems, logic gates, Boolean algebra, combinational
logic including PLD implementation, sequential logic including PLD implementation,
memories, and interfacing, and ending with a basic introduction to microprocessors and
microcomputers in Chapter 14.

Chapter 15 covers digital circuit technologies and discusses the operating character-
istics and parameters of the major IC families. This chapter can be used in whole or in part
at various appropriate points as a “floating” chapter, at the discretion of the instructor. Its
placement as the last chapter in the book is intended to facilitate this flexible usage, and a
tab edge design is provided for quick and easy reference.

Chapters 7 and 11 provide an introduction to programmable logic devices (PLDs)
and can be treated as optional if desired. Either or both of these chapters can be omitted
without affecting other topics. Chapter 7 follows the coverage of combinational logic and
provides an introduction to PLDs and PLD programming for combinational logic func-
tions. Chapter 11 follows the coverage of sequential logic and continues the PLD coverage
from Chapter 7 with an introduction to the implementation of sequential logic using PLDs.

Chapter 14 provides a brief introduction to microprocessor and microcomputer con-
cepts and the development of the major microprocessor families. The Intel 8088 micro-
processor is used as a basic model or “launching pad” for teaching basic concepts because
of its relative simplicity. The basic elements are common to more recent devices, so the
concepts learned can be applied to other, more advanced, microprocessors.

As in previous editions, the ANSI/IEEE std. 91-1984 logic symbols with dependency
notation are introduced gradually and conservatively at appropriate points, while the use of
the more traditional symbols is retained throughout. Although it is important to become fa-
miliar with this standard, its symbols and notation represent, in many cases, a significant de-
parture from many traditional symbols, and thus a gradual and limited introduction is quite
appropriate. A full treatment of the ANSI/IEEE standard is provided in the Instructors Re-
source Manual. Omission of this coverage will not affect the rest of the material.

At the end of the book are the answers to odd-numbered end-of-chapter problems,
answers to the related exercises for examples, several representative data sheets, a table of
code conversions, a table of powers-of-two, a short coverage of error detection and correc-
tion codes, a comprehensive glossary, and the index.

Suggestions for Use

If time limitations or course emphasis restricts the topics that can be covered, as is generally
the case, several possibilities for selective coverage exist. Suggestions for light treatment or
omission do not imply that a given topic is less important than others, but that, in the context
of a specific program, the topic does not require the emphasis that the more fundamental top-
ics do. Since course emphasis, level, and available time vary from one program to another,
the omission or lighter treatment of selected topics must be made on an individual basis and,
therefore, the following suggestions are intended only as a general guide.

1. Chapters that may be considered for selective coverage:
Chapter 1 Introductory Digital Concepts
Chapter 2 Number Systems, Operations, and Codes
Chapter 4  Boolean Algebra and Logic Simplification
Chapter 15 Integrated Circuit Technologies
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2. Chapters that may be considered for omission:
Chapter 7 Introduction to Programmable Logic Devices
Chapter 11  Sequential Logic Applications of PLDs
Chapter 13  Interfacing
Chapter 14 Introduction to Microprocessors and Microcomputers
3. Troubleshooting sections and/or Digital System Application sections can be omitted.
Other specific topics on a section-by-section basis that may be considered for omis-
sion are:
2-7 Arithmetic Operations with Signed Numbers
2-9 Octal Numbers
4-10  Karnaugh Map POS Minimization
4-11  Five-Variable Karnaugh Maps
6-3 Ripple Carry versus Look-Ahead Carry Adders
6-10  Parity Generators/Checkers
8-3 Master-Slave Flip-Flops
94 Design of Synchronous Counters
9-9 Logic Symbols with Dependency Notation
107  Shift Register Counters
10-10 Logic Symbols with Dependency Notation
12-7  Special Types of Memories

Depending on your program, there may be additional topics that could be skimmed over or
omitted.

The order in which certain topics appear in the text can be altered at the instructor’s
discretion. For example, portions of Chapter 2 (Number Systems and Codes) can be cov-
ered at a later point in the chapter sequence. As another example, Chapter 7 (Introduction
to Programmable Logic Devices) can be delayed until after Chapter 10 and covered in se-
quence with Chapter 11 (Sequential Logic Applications of PLDs).

Digital System Applications These sections are very useful for motivation and as an
introduction to real-world applications of basic concepts and devices. Possible uses are

1. As an integral part of the chapter to illustrate how the concepts and devices can be ap-

plied in a practical situation. The Workbench activities can be assigned for homework

or as a class miniproject.

As extra credit assignments.

3. As in-class activities to promote discussion and interaction and to help answer the
“need-to-know” question that many students have.

b

For the Student

All of the material in this preface is intended to help both you and your instructor make the
most effective use of this textbook as a teaching and a learning tool.

Acquiring knowledge and skills in any discipline is hard work, and perhaps even
more so in the field of electronics. You must use this book as more than just a reference.
You must really dig in by reading, thinking, and doing. Don’t expect every concept or pro-
cedure to become immediately clear. Most of the topics are not overly difficult but some
may take several readings, working many problems, and help from your instructor before
you really understand them.

In order to master the material in each section you should first read the material, then
go through each example step-by-step, work the related exercises, and complete the review
exercises. After completing a chapter, you should first work through the self-test and then,
as a minimum, work the problems assigned by your instructor. Check your answers at the
end of the chapter or book. Be sure to ask questions in class about anything that you do not
understand.
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The problems at the end of each chapter provide varying degrees of difficulty. In any
technical field, it is important that you work lots of problems. Working through a problem
gives you a level of insight and understanding that reading or classroom lectures alone do
not provide. Never think that you can fully understand a concept or procedure by simply
watching or listening to someone else. In the final analysis, you must do it yourself.
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B CHAPTER OVERVIEW

The concept of a digital computer can be traced to
Charles Babbage, who developed a crude mechanical
computation device in the 1830s. The first functioning
digital computer was built in 1944 at Harvard Univer-
sity, but it was electromechanical, not electronic. Mod-
ern digital electronics began in 1946 with an electronic
digital computer called ENIAC, which was imple-
mented with vacuum-tube circuits. Even though it took
up an entire room, ENIAC didn’t have the computing
power that your hand-held calculator does.

The term digital is derived from the way com-
puters perform operations, by counting digits. For
many years, applications of digital electronics were
confined to computer systems. Today, digital technol-
ogy is applied in a wide range of areas in addition to
the computer. Such applications as telephone systems,
radar, navigation and guidance systems, military sys-
tems, medical instrumentation, industrial process con-
trol, and consumer electronics use digital techniques.
Digital technology has progressed from vacuum-tube
circuits to integrated circuits.

¥ DIGITAL SYSTEM APPLICATION

The last section in most chapters of this textbook uses a
system application to bring together many of the principal
topics covered in the chapter. Each system is designed
to fit the particular chapter to illustrate how the theory
and devices can be used. Throughout the book, five
different systems are introduced, some covering two or
more chapters.

All of the systems are simplified to make them man-
ageable in the context of the chapter material. Although

they are based on actual system requirements, they are de-
signed to accommodate the topical coverage of the chapter
and are not intended to necessarily represent the most effi-
cient or ultimate approach in a given application.

Section 1-7 introduces the first system, which is an
industrial control system for counting and controlling
items for packaging on a conveyor line. It is designed to
incorporate all of the logic functions that are introduced in
this chapter so that you can see how they are used and how
they work together to achieve an overall objective.
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INTRODUCTORY DIGITAL CONCEPTS

1-1 ® DIGITAL AND ANALOG QUANTITIES

Electronic circuits can be divided into two broad categories, digital and analog. Digital
electronics involves quantities with discrete values, and analog electronics involves
quantities with continuous values. Although you will be studying digital fundamentals
in this book, you should also know about analog because many applications require
both. After completing this section, you should be able to

O Define digital O Define analog O Explain the difference between digital and
analog quantities O Give examples of how digital and analog quantities are used in
electronics

An analog* quantity is one having continuous values. A digital quantity is one having
a discrete set of values. Most things that can be measured quantitatively appear in na-
ture, in analog form. For example, the air temperature changes over a continuous range
of values. During a given day, the temperature does not go from, say, 70° to 71° in-
stantancously; it takes on all the infinite values in between. If you graphed the temper-
ature on a typical summer day, you would have a smooth, continuous curve similar
to Figure 1-1. Other examples of analog quantities are time, pressure, distance, and
sound.
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FIGURE 1-1
Graph of an analog quantity (temperature versus time).

Rather than graphing the temperature on a continuous basis, suppose you just take a
temperature reading every hour. Now you have sampled values representing the tempera-
ture at discrete points in time over a 24-hour period, as indicated in Figure 1-2. You have
effectively converted an analog quantity to a form that can now be digitized by represent-
ing each sampled value by a digital code. It is important to realize that Figure 1-2 is not the
digital representation of the analog quantity.

Digital has certain advantages over analog in electronics applications. For one thing,
digital data can be processed and transmitted more efficiently and reliably than analog
data. Also, digital data has a great advantage when storage is necessary. For example, mu-
sic when converted to digital form can be stored more compactly and reproduced with
greater accuracy and clarity than is possible when it is in analog form.

*Boldface terms in the text are defined in the glossary.
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