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PREFACE

This tenth edition of Digital Fundamentals continues a long tradition of presenting a strong
foundation in the core fundamentals of digital technology. This text provides basic con-
cepts reinforced by plentiful illustrations, examples, exercises, and applications. System
application activities, troubleshooting sections, programmable logic, signal interfacing and
processing, and computer technology are included in addition to the core fundamentals.
New topics and features have been added to this edition, and many other topics have been
strengthened or enhanced.

The approach used in Digital Fundamentals allows students to master the all-important
fundamental concepts before they get into more advanced or optional topics. The range of
topics provides the flexibility to accommodate a variety of program requirements. For ex-
ample, some of the design-oriented or system application topics may not be appropriate in
some courses. Some programs may not cover programmable logic, and others may not
have time to include computers or signal interfacing and processing. Also, some programs
may not cover the details of “inside-the-chip” circuitry. These and other areas can be omit-
ted or lightly covered without affecting the coverage of the fundamental topics. A back-
ground in transistor circuits is not a prerequisite for this textbook, and the coverage of
integrated circuit technology (inside-the-chip circuits) is optional.

The User’s Guide beginning on p. ix provides help in customizing your course, by illus-
trating a variety of approaches that allow tailoring the table of contents to meet your unique
requirements. The organization allows for inclusion or omission of various topics without
affecting the other topics that are covered.

New in This Edition

¢ New page layout and design for better visual appearance and ease of use.
¢ Revised and improved topics.
¢ Obsolete devices have been deleted.

¢ The System Application Activities (formerly Digital System Applications) have been
thoroughly revised and include a Multisim feature.

+ More end-of-chapter problems.
¢ A True/False Quiz at the end of every chapter.

+ Boolean simplification coverage now includes the Quine-McClusky method in an
appendix as an option.

+ Coverage of the cyclic redundancy code (CRC).

+ Introduction to multi-core processors.

Standard Features

¢ Core fundamentals are presented without being intermingled with advanced or
peripheral topics.

* Margin notes provide information in a condensed form.
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Key terms are listed on each chapter opener. Within the chapter, the key terms are
highlighted in color boldface. Each key term is defined at the end of the chapter as
well as in the comprehensive glossary at the end of the book. Glossary terms are in-
dicated by black boldface in the text.

Reminders inform students where to find the answers to the various exercises and
problems throughout each chapter.

Full-color format.

Chapter 14 is designed as a “floating chapter” to provide optional coverage of 1C
technology (inside-the-chip circuitry) at any point in the course.

An outline of main headings, list of objectives, introduction, device list, and preview
of the system application activity are on the chapter opener.

Introduction and objectives are at the beginning of each section within a chapter.
Checkup exercises conclude each section in a chapter.
Each worked example has a Related Problem.

Computer Notes throughout provide interesting information about computer technol-
ogy as it relates to the text coverage.

Hands-On Tips throughout provide useful and practical information.

System Application Activity, a feature at the end of many chapters, provides interest-
ing and practical use of digital concepts applied in a system environment.

Multisim files on a CD provide circuits that are referenced in the text for optional
simulation and troubleshooting.

Chapter summary.
Multiple-choice self-test at the end of each chapter.

Extensive sectionalized problem sets at the end of each chapter include trou-
bleshooting, system application activity, and special design problems.

The operation and application of test instruments, including the oscilloscope, logic
analyzer, function generator, and DMM are covered.

Troubleshooting sections in many chapters.
Introduction to programmable logic.
Introduction to signal interfacing and processing.
Introduction to computer concepts.

Coverage of CMOS and bipolar 1C technologies.

Accompanying Student Resources

*

*
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Experiments in Digital Fundamentals, Tenth Edition. Lab manual by Dave Buchla.

Multisim CD-ROM. Packaged with each text, this CD includes circuits from the text
simulated in both versions 9 and 10.

Companion Website (www.prenhall.com/floyd)

Instructor Resources

L 4

PowerPoint® CD-ROM This CD-ROM includes a completely new set of unique
PowerPoint slides developed by Dave Buchla. These innovative, interactive slides
are coordinated with each chapter and are an excellent tool to supplement classroom
presentations.



¢ Online Course Support If your program is offered in a distance learning format,
please contact your local Prentice Hall sales representative for a list of product solutions.

¢ Instructor’s Resource Manual Includes worked-out solutions to chapter problems,
solutions to System Application Activities, an overview of IEEE Std. 19-1984, and
worked-out lab results for the lab manual by Dave Buchla.

¢ TestGen This edition features over 900 questions.

To access supplementary materials online, instructors need to request an instructor access
code. Go to www.pearsonhighered.com/irc, where you can register for an instructor ac-
cess code. Within 48 hours after registering, you will receive a confirming e-mail, includ-
ing an instructor access code. Once you have received your code, go to the site and log on
for full instructions on downloading the materials you wish to use.

Hlustration of Book Features

Chapter Opener Each chapter begins with an opener, which includes a list of the sec-
tions in the chapter, chapter objectives, introduction, a list of specific devices, a list of key
terms, a brief preview of the System Application Activity, and a website reference for chap-
ter study aids. A typical chapter opener is shown in Figure P-1.

FuNcTiONS OF
COMBINATIONAL LoGiC

CHAPTER OUTLINE

6-1  Basic Adders
6-2  Parallel Binary Adders
6-3  Ripple Carry Versus Look-Ahead Carry Adders
6-4  Comparators
6-5  Decoders
66  Encoders
6-7  Code Converters
68 Multiplexers (Data Selectors)
6-9  Demultiplexers
6-10  Parity Generators/Checkers
6-11  Troubleshooting
System Application Activity

+ Parity bit
+ Glitch

. Memder
+ Multiplexer (MUX)

VISIT THE COMPANION WEBSITE

Study alds for this chapter are available at
http://www.prenhall.com/floyd

INTRODUCTION

In this chapter, several types of combinational logic circuits
are introduced including adders, comparators, decoders, en-
coders, code converters, multiplexers (data selectors), demul-
tiplexers, and parity generators/checkers. Examples of
fixed-function IC devices are included. Each device Intro-
duced may also be available in other logic families.
CHAPTER OBJECTIVES

Distinguish between half-adders and full-adders

Use full-adders to implement multibit parallel binary adders
Explain the differences between ripple carry and look-
ahead carry parallel adders

Use the magnitude comparator to determine the relation-
ship between two binary numbers and use cascaded com-
parators to handle the comparison of larger numbers

% FIXED-FUNCTION LOGIC DEVICES

74XX42  74XX47
74XX138  74XX139
74XX148  74XX151
74XX157  74XX280

74XX85

74XX147
TAXX154
74XX283

Implement a basic binary decoder
Use BCD-to-7-segment decoders in display systems

Apply a decimal-to-BCD priority encoder in a simple key-
board application

# Convert from binary to Gray code, and Gray code to
binary by using logic devices

~ # Apply data selectors/multiplexers in multiplexed displays
and as a function generator

Use decoders as demultiplexers
Explain the meaning of parity
Use parity generators and checkers to detect bit errors in
digital systems
+ Implement a simple data communications system
# Identify glitches, common bugs in digital systems

KEY TERMS
+ Half-adder
* Full-adder
* Cascading

+ Ripple carry
¢ Look-ahead carry
# Decoder

=

SYSTEM APPLICATION ACTIVITY PREVIEW

The System Application Activity lllustrates concepts from
this chapter and deals with one portion of a traffic signal
control system. The system applications in Chapters 6, 7,
and 8 focus on various parts of the traffic signal control sys-
tem. This system controls the traffic signal at the intersec-
tion of a busy street and a lightly traveled side street. The
system includes a combinational logic section to which the
topics in this chapter apply, a timing circuit section to which
Chapter 7 applies, and a sequential logic section to which
Chapter 8 applies. The Multisim activities are optional.

OPTION.
' INTEGRATED CIRCUIT TECHNOLOGIES

All or parts of Chapter 14 may be introduced at this point or
at other appropriate points later in the text.

PREFACE *

v

Instructor
Resource
Center

to access instructor resources digitally.

Register today at www.prenhall.com |

FIGURE P-1

Chapter opener.
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Hands-On Tips are found through-
out the chapter.

Checkup exercises end each
section.

Introductory paragraph and
a list of performance-based
section objectives begin each
section.

/

Section Opener Each section in a chapter begins with a brief introduction that includes
a general overview and section objectives. An illustration is shown in Figure P-2.

Section Checkup Each section ends with a review consisting of questions or exercises that
emphasize the main concepts presented in the section. This feature is shown in Figure P-2.
Answers to the Section Checkups are at the end of the chapter.

Decopers + 303

Hands-On Tip ;

Also,
logic level (ground or Vec). Unused

) are applied to the inputs of a 741585.

d | 010100 are applied to the 8-bit com-
i@ states of the outputs on each comparator.

6-5 DECODERS

A decoder is a digital circuit that detects the presence of a specified combination of
bits (code) on its inputs and indicates the presence of that code by a specified output
level. In its general form, a decoder has n input lines to handle n bits and from one to
2" output lines to indicate the presence of one or more #-bit combinations. In this sec-
tion, several decoders are introduced. The basic principles can be extended to other
types of decoders.

After completing this section, you should be able to

+ Define decoder

+ Design a logic circuit to decode any combination of bits

+ Describe the 74HC154 binary-to-decimal decoder

+ Expand decoders to accommodate larger numbers of bits in a code
+ Describe the 74LS47 BCD-to-7-segment decoder

+ Discuss zero suppression in 7-segment displays

+ Apply decoders to specific applications

The Basic Binary Decoder

Suppose you need to determine when a binary 1001 occurs on the inputs of a digital cir-
cuit. An AND gate can be used as the basic decoding element because it produces a HIGH
output only when all of its inputs are HIGH. Therefore, you must make sure that all of the
inputs to the AND gate are HIGH when the binary number 1001 occurs; this can be done
by inverting the two middle bits (the Os), as shown in Figure 6-26.

The logic equation for the decoder of Figure 6-26(a) is developed as illustrated in
Figure 6-26(b). You should verify that the output is 0 except when Ay = 1,4, = 0,4, =0,
and A3 = 1 are applied to the inputs. A is the LSB and A; is the MSB. In the representa-
tion of a binary number or other weighted code in this book, the LSB is the right-most bit

4 FIGURE P-2

Section opener, section checkup, and hands-on Tip.

Worked Examples and Related Problems There is an abundance of worked-out ex-
amples that help to illustrate and clarify basic concepts or specific procedures. Each exam-
ple ends with a Related Problem that reinforces or expands on the example by requiring the

student to work through a problem similar to the example. A typical worked example with
a Related Problem is shown in Figure P-3.

Troubleshooting Section Many chapters include a troubleshooting section that relates
to the topics covered in the chapter and that emphasizes troubleshooting techniques and the

use of test instruments and circuit simulation. A portion of a typical troubleshooting section
is illustrated in Figure P—4.
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A special icon indicates
selected circuits that are
on the CD-ROM packaged
with the text.

Examples are set off

from text. \

Each example contains a
problem related to the

example. \
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Representative pages from a portion of a typical Troubleshooting section.

System Application Activity Appearing at the end of many chapters, this feature presents
a practical application of the concepts and procedures covered in the chapter. This feature
presents a “real-world” system in which analysis, troubleshooting, design, and simulation are
included. Some System Application Activities are limited to a single chapter, whereas others
extend over two or more chapters. A reference to a related laboratory experiment is provided.
Figure P-5 shows a portion of a typical System Application Activity.
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FIGURE P-5

Representative pages from a typical System Application Activity.

Chapter End  The following features are at the end each chapter.

*

L2

Summary

Key tzrm glossary
True/false quiz
Self-test

Problem set that includes some or all of the following categories: Basic, Troubleshoot-
ing, System Application Activity, Design, and Multisim Troubleshooting Practice.

Answers to Section Checkups
Answers to Related Problems for Examples
Answers to True/False Quiz

Answers to Self-Test

Book End

*

Appendices: Code conversion and table of powers of two, Karnaugh Map POS Min-
imunization, The Quine-McClusky Method, and NI Multisim for Circuit Simulation.

Comprehensive glossary
Answers to selected odd-numbered problems

Index

To the Student

Digital technology pervades almost everything in our daily lives. For example, cell phones
and other types of wireless communications, television, radio, process controls, automotive



electronics, consumer electronics, aircraft navigation—to name only a few applications—
depend heavily on digital electronics.

A strong grounding in the fundamentals of digital technology will prepare you for the
highly skilled jobs of the future. The single most important thing you can do is to under-
stand the core fundamentals. From there you can go anywhere.

In addition, programmable logic is important in many applications and that topic is in-
troduced in this book. Of course, efficient troubleshooting is a skill that is also widely
sought after. Troubleshooting and testing methods from traditional prototype testing to
manufacturing techniques such as bed-of-nails, flying probe, and boundary scan are cov-
ered.

User’s Guide for Instructors

Generally, time limitations or program emphasis determines the topics to be covered in a
course. It is not uncommon to omit or condense topics or to alter the sequence of certain
topics in order to customize the material for a particular course. The author recognizes this
and has designed this textbook specifically to provide great flexibility in topic coverage.

Certain topics are organized in separate sections or features such that if they are omit-
ted, the rest of the coverage is not affected. Also, if these topics are included, they flow
seamlessly with the rest of the coverage. The book is organized around a core of funda-
mental topics that are, for the most part, essential in any digital course. Around this core,
there are other topics that can be included or omitted, depending on the course emphasis or
other factors. Figure P-6 illustrates this concept.

PROGRAMMABLE LOGIC

SYSTEM
APPLICATIONS

CORE
FUNDAMENTALS

| THOUBLESHOUTING

SPECIAL TOPIES

@ Core Fundamentals The fundamental topics of digital technology should, for the
most part, be covered in all programs. Linked to the core are several “satellite” top-
ics that may be considered for inclusion or omission, depending on your course
goals. Any block surrounding the core can be omitted without affecting the core
fundamentals.

#® Programmable Logic Although it is an important topic, programmable logic can
be omitted, although it is recommended that you cover this topic if at all possible.
You can cover as little or as much as you consider appropriate for your program.

% Troubleshooting Troubleshooting sections appear in many chapters.
@ System Application Activities System applications appear in many chapters.

# Integrated Circuit Technologies Some or all of the topics in Chapter 14 can be
covered at selected points if you wish to discuss details of the circuitry that make up

« FIGURE P-6

PREFACE
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digital integrated circuits. Chapter 14 can be omitted without any impact on the rest
of the book.

# Special Topics These topics are Signal Interfacing and Processing and Computer
Concepts in Chapters 12 and 13, respectively. These are special topics that may not
be essential for your course. They can omitted without any impact on the rest of the
book.

Also, within each block in Figure P—6 you can choose to omit or deemphasize some top-
ics because of time constraints or other priorities. For example, in the core fundamentals,
cyclic redundancy code, carry look-ahead adders, or sequential logic design could possibly
be omitted. Additionally, any or all of Multisim features throughout the book can be treated
as optional.

Customizing the Table of Contents You can take any one of several paths through
Digital Fundamentals, Tenth Edition, depending on the goals of your particular program.
Whether you choose a minimal coverage of only core fundamentals, a full-blown coverage
of all the topics, or anything in between, this book can be adapted to your needs. The Table
of Contents following this preface is color-coded to match the blocks in Figure P-6. This
allows you to identify topics for omission or inclusion when customizing your course.

Examples of some of the options for use of Digital Fundamentals, Tenth Edition, are
shown in Table P-1 in terms of the color-coded topics in Figure P-6. Many other combi-
nations of topics are possible, too, including partial coverage of some topics.

¥ TABLE P-1

Examples of topic combinations.

TOPICS CORI SYSTEM APPLICATIONS TROUBLESHOOTING PROG LOGIC 1C TECH SPECIAL

Option 1 v

Option 2 v v

Option 3 v v

Option 4 v 4 v/

Option 5 4 4

Option 6 v/ v v

Option 7 4 v v

Option 8 v/ v/ v

Option 9 4 v v/ v

Option 10 v o/ v v v v
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APTER OUTLINE

Digital and Analog Quantities
Binary Digits, Logic Levels, and Digital Waveforms
Basic Logic Operations

Introduction to the System Concept
Fixed-Function Integrated Circuits
Test and Measurement Instruments
Introduction to Programmable Logic

+ Explain the basic differences between digital and analog
quantities

+ Show how voltage levels are used to represent digital
quantities

¢ Describe various parameters of a pulse waveform such as
rise time, fall time, pulse width, frequency, period, and
duty cycle

+ Explain the basic logic operations of NOT, AND, and OR

+ Describe several types of logic functions and explain their
application in an example system

¢ Identify fixed-function digital integrated circuits accord-
ing to their complexity and the type of circuit packaging

¢ Identify pin numbers on integrated circuit packages

# Recognize various instruments and understand how they

are used in measurement and troubleshooting digital
circuits and systems

¢ Describe programmable logic, discuss the various types,
and describe how PLDs are programmed

& KEY TERMS

Key terms are in order of appearance in the chapter.

¢ Analog ¢ Gate

+ Digital ¢ NOT

¢ Binary <+ Inverter

+ Bit ¢ AND

¢ Pulse ¢ OR

¢ Duty cycle + Integrated circuit (10)
¢ Clock + Fixed-function logic
¢ Timing diagram ¢ Troubleshooting

+ Data ¢ Programmable logic
+ Serial ¢ SPLD

¢ Parallel ¢ CPLD

¢ Logic + FPGA

¢ Input ¢ Compiler

¢ Output

VISIT THE COMPANION WEBSITE

Study aids for this chapter are available at
http://www.prenhall.com/floyd

INTRODUCTION

The term digital is derived from the way operations are
performed, by counting digits. For many years, applications
of digital electronics were confined to computer systems.
Today, digital technology is applied in a wide range of areas
in addition to computers. Such applications as television,
communications systems, radar, navigation and guidance
systems, military systems, medical instrumentation,
industrial process control, and consumer electronics use
digital techniques. Over the years digital technology has
progressed from vacuum-tube circuits to discrete transistors
to complex integrated circuits, some of which contain
millions of transistors.

This chapter introduces you to digital electronics and
provides a broad overview of many important concepts,
components, and tools.



2 ¢ INTRODUCTORY CONCEPTS

1-1 DiGITAL AND ANALOG QUANTITIES

> FIGURE 1-1

Graph of an analog quantity
(temperature versus time).

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 something about analog because many applications
require both; and interfacing between analog and digital is important.

After completing this section, you should be able to

*

Define analog

*

Define digital

L

Explain the difference between digital and analog quantities

*

State the advantages of digital over analog

+ 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 hav-
ing a discrete set of values. Most things that can be measured quantitatively occur 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° instan-
taneously; it takes on all the infinite values in between. If you graphed the temperature
on a typical summer day, you would have a smooth, continuous curve similar to the

curve in Figure 1-1. Other examples of analog quantities are time, pressure, distance,
and sound.
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Time of day

Rather than graphing the temperature on a continuous basis, suppose you just take a tem-
perature reading every hour. Now you have sampled values representing the temperature at
discrete points in time (every hour) 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 repre-
senting each sampled value by a digital code. It is important to realize that Figure 1-2 itself
is not the digital representation of the analog quantity.

*All bold terms are important and are defined in the end-of-book glossary. The blue bold terms are key terms and
are included in a Key Term glossary at the end of each chapter.
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The Digital Advantage Digital representation has certain advantages over analog repre-
sentation in electronics applications. For one thing, digital data can be processed and trans-
mitted more efficiently and reliably than analog data. Also, digital data has a great advantage
when storage is necessary. For example, music 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. Noise (unwanted voltage fluctuations) does not affect digital data nearly as
much as it does analog signals.

An Analog Electronic System

A public address system, used to amplify sound so that it can be heard by a large audience,
is one simple example of an application of analog electronics. The basic diagram in Figure
1-3 illustrates that sound waves, which are analog in nature, are picked up by a micro-
phone and converted to a small analog voltage called the audio signal. This voltage varies
continuously as the volume and frequency of the sound changes and is applied to the input
of a linear amplifier. The output of the amplifier, which is an increased reproduction of
input voltage, goes to the speaker(s). The speaker changes the amplified audio signal back
to sound waves that have a much greater volume than the original sound waves picked up
by the microphone.

-
=, Original sound waves
=

Microphone Reproduced
sound waves
Linear amplifier
Audio signal
Speaker

Amplified audio signal

A System Using Digital and Analog Methods

The compact disk (CD) player is an example of a system in which both digital and ana-
log circuits are used. The simplified block diagram in Figure 1-4 illustrates the basic
principle. Music in digital form is stored on the compact disk. A laser diode optical

“ FIGURE 1-2

Sampled-value representation
(quantization) of the analog quantity
in Figure 1-1. Each value
represented by a dot can be digitized
by representing it as a digital

code that consists of a series of

1s and Os.

« FIGURE 1-3

A basic audio public address system.



