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Preface

This is the eighth edition of Digital Fundamentals. As with previous editions, it provides
comprehensive coverage in a clear, straightforward, and well-illustrated format. Many
topics have been strengthened or enhanced, and numerous improvements can be found
throughout the book. This edition further reflects the shift from fixed-function logic
devices to programmable logic devices (PLDs) by introducing programmable logic in
Chapter | and continuing with a complete section in many chapters devoted to the topic
of PLDs. As before, the programming of PLDs using the ABEL hardware description lan-
guage is covered in two chapters. A new chapter on digital signal processing has been
added. Also, a new text design and layout enhance the text’s appearance and usability.
You will probably find more topics in this text than you can cover in a single course.
This range of topics provides the flexibility to accommodate a variety of program require-
ments. For example, some of the design-oriented or system application topics may not be
appropriate in some courses. Other programs may not cover PLDs or ABEL, while some
may not have time to discuss microprocessors or digital signal processing. Also, there are
programs that may not need to delve into the details of “inside-the-chip” circuitry. These
and other topics can be omitted or covered lightly without affecting the coverage of the fun-
damental topics. A background in transistor circuits is not a prerequisite for this textbook.

New Features and Improvements

Programmable logic devices (PLDs) are covered early in the text, beginning with an
introduction in Chapter 1.

CPLDs and FPGAs are introduced.
An entire chapter is devoted to digital signal processing.

EWB and Multisim circuit files on CD-ROM simulate many of the logic circuits
that are illustrated in the text. These are indicated by the CD logo.

Multisim files in addition to the EWB files are now included for the troubleshoot-
ing problems at the end of most chapters. These are indicated by the CD logo.

Coverage of specific fixed-function logic devices and specific PLDs is set apart
graphically in the tex!.

Margin notes provide information in a very condensed form.

Key terms are listed in each chapter opener. Within the chapter, the key terms are
highlighted in boldface color. Each key term is defined at the end of the chapter, as
well as at the end of the book in the comprehensive glossary along with other glos-
sary terms.

Error detection and correction codes are covered in Appendix B.

Answer reminders are used to remind the student where to find the answers to the
various exercises and problems throughout each chapter.

Additional Features
Full-color format.

Chapter 15 is designed as a “floating chapter” to provide optional coverage of IC
technology (“inside-the-chip circuitry”) at any point in your course.
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Overview and objectives in each chapter opener.

Introduction and objectives at the beginning of each scction within a chapter.
Review questions and exercises at the end of each section in a chapter.
Related Problem in each worked example.

Computer Notes interspersed throughout to provide interesting information about
computer technology as it relates to the text coverage.

Hands-On Tips interspersed throughout to provide useful and practical infor-
mation.

Digital System Application feature at the end of many chapters.
Chapter summaries.

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

Extensive sectionalized problem sets at the end of each chapter.
Comprehensive glossary at the end of the book.

A selection of device data sheets in Appendix A.

Accompanying Student Resources

Experiments in Digital Fundamentals, Sixth Edition, a laboratory manual by
David Buchla. Solutions are available in the Instructor’'s Resource Manual.

Digital Experiments Emphasizing Troubleshooting, Sixth Edition, by Jerry V.
Cox and Vincent P. Palagi. Solutions are available in the Instructor’s Resource
Manual.

Electronics Workbench®/Multisim® CD-ROM. Packaged with each text, this
software includes a set of EWB simulation circuits and a corresponding set of Mul-
tisim simulation circuits for logic circuits within the text and EWB/Multisim trou-
bleshooting problems in the text. Also included on this CD is the Electronics Work-
bench Enhanced Textbook Edition of Multisim.

Texas Instruments Manufacturer’s Data Sheets CDD-ROM.

EWRB tutorials online at www.prenhall.com/floyd.

Instructor Resources

PowerPoint® CD-ROM. Contains slides featuring all figures from the text as
well as lecture presentations for every chapter. This CD-ROM also includes innova-
tive PowerPoint slides for the lab manual by Dave Buchla.

Companion Website (www.prehall.com/floyd). For the instructor, this website
offers the ability to post a syllabus online with Syllabus Manager. This is a great
solution for classes taught online, self-paced, or in any computer-assisted manner.

Online Course Support. Instructors whose programs are offered in a distance

learning format can contact their local Prentice Hall sales representative for a list of
product solutions.

Instructor’s Resource Manual. Includes worked-out solutions to chapter prob-
lems, solutions to Digital System Applications, a summary of EWB/Multisim simu-
lation results, and solutions to the experiments in the laboratory manuals.

Prentice Hall Test Manager. This is an electronic test bank.
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FIGURE P-1

Chapter opener.

lllustration of Chapter Features

Chapter Opener Each chapter begins with a two-page spread, as shown in Figure P—1.
The left page includes a list of the sections in the chapter and a list of chapter objectives.
A typical right page includes a chapter introduction, a list of specific devices introduced
in the chapter, a brief Digital System Application preview, a list of key terms, and a web-
site reference for chapter study aids.

Section Opener Each of the sections 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 Review 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 Fig-
ure P-2. Answers to the Section Reviews are at the end of the chapter.

Worked Examples and Related Problems There is an abundance of worked-out exam-
ples that help illustrate and clarify basic concepts or specific procedures. Each example
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. A portion of a typical troubleshooting section is illustrated in Figure P—4.

Digital System Application Appearing at the end of many chapters, this feature presents
a practical application of the concepts and devices covered in the chapter. This feature
presents a “‘real-world” system in which analysis, troubleshooting, and design elements

vii
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FIGURE P-2

Section opener and section review.

FIGURE P-3

An example and related problem.

Review exercises end each section.

Introductory paragraph and a list of —
performance-based section objectives

begin each section.

Computer Notes are found throughout
the text (not part of section opener).

THE AND GATE = 109

1. When a 1 is on the input of an inverter, what s the output?
2. An active HIGH pulse (HIGH level when asserted, LOW level when not) i required
on an inverter input.
() Draw the appropriate logic symbol, using the distinctive shape and the negation
indicator, for the inverter in this application.
(b) Describe the output when a positive-going pulse is applied to the input of an
inverter.

3-2 THE AND GATE

The AND gate is one of the basic gates that can be combine to form any logic function
An AND gate can have two or more inputs and performs what is known as logical mul-
tiplication.

After completing this section, you should be able o
| — pleting ¥

« Identify an AND gate by it distinetive shape symbal or by its rectangular outline
symbol = Describe the operation of an AND gate  » Generate the truth table for an
AND gate with any number of inputs » Produce a liming diagram for an AND gate
with any specified input waveforms = Write the logic expression for an AND gate
with any number of inputs = Discuss examples of AND pate applications

The term gate s used to describe a cireuit that pecfine - hasic logic o
autput. as nd
standard logic symbols shown in Figure 3-8 Inputs e o1 1he et snd the outpu
the tight in cach symbol < with two inputs are
have any number of inputs greater than one. Altho
symbols and rectangular outfine symbols are shown. 1
0 part (@), is used predominantly in this book

1
e catt | Logic gates are the building blocks
of computen Mot of the func-

tionsin & computer, with the
exception of certain type, of
memary, are implemente: with
logic gates uved on a very lrge
scale. For example, » microproces-
101, which i the main part of
computer, i made up of hundredsy
of thowsands of logic gate

FIGURE 3-8
Standard logic symbols for the AND.

gate showing twa inputs (s
Std. 91-1984).

a1 Drstmive shape

Operation of an AND Gate

A AND gate produces o HIGH vutput only when u/l 11 the nputs are HIGH. Wh
of the inputs is LOW. the output is LOW. Therefore. the b purpose of an AND
10 determine when certain conditions are simultaneousls (i as indicated by HIGH fev
els onall of its inputs, and to produce & HIGH on its syt (o indicate that all these con
ditions are true. The inputs of the 2-input AND gate 1 1 igure 3-8 are labeled A and A
and the output is labeled X. The gate operation can be <tated o« follows

For a 2-input AND gate, output X is HIGH if inputs A und B are H
LOW if either A or B is LOW, or if hoth A and 5 are | OW.

A special icon indicates selected
circuits that are on the EWB CD-ROM
packaged with the text.

Examples are set off from text. \

Euch example contains a problem

related to the e

imple.

\

240 = COMBINATIONAL LOGIC

shown i part (b1 1 1 AND-OR-Insert cincunt can liave any number of AND

ates cach with any b nputs

FIGURE 5-3

. Ca
An AND-OR-lwver! produces ‘Dl L iad
2 POS output. s ‘> R

Open file F05-03 1o ,D rD x

RWW <ty the operation.

The oper

ol e AN OR-Inven cireunt in Figure $-3 15 stated as follows

For a 4-input AND-OR-nvert logic circuit. the output X is LOW (0) if bo
A and input & are HIGI () or both input C and input 2 are HIGH (1.

A truth table can be deselped from the AND-OR tuth table i Table S-1 by sonply
changing all 1510 08 4l 01 0 10 15 i the vuiput colusin

Iexnmns 5-2
“The sensors in the cheimical 1nks of Example 5-1 arc bemg rep

that produces a LOW soltage instead of a HIGH voltage wher the
1in the tank drops below o - ritical point

Modify the circuit 1n Fizure 5-2 o operate with the different mpot levels and stfl
produce i HIGH output 10 s rivate the indicator when the level in any two of the tanks
drops below the eritical poini Show the logic diagram

“d hy o new mode |
wel of the chem

Soution The AND-OR-Invert circuit 11 Figure 5. has inputs from the sensors on tanks 4. 8
and € as shown. The AND e G, checks the levels in tanks A and B, gate G checks
tanks A nd C. and gate G, liccks tanks 8 and € When the che
of the tanks gets 100 low. <t AND gate will have s LOW o ai &
ing its output 10 be LOW andl. thus, the final output X from the inverter is HIGH. This
HIGH output is then used 1 octivate an indicator

FIGURE 5-4

Related Problem  Write the Boolean expressiu for the AND-OR-Tnvert logic in Figure 54 and show
that the output is HIGH (11 hen any two of the inputs A, B, snd C are LOW (0)
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TROUBLESHOOTING ® 433 434 = FLIP-FLOPS AND RELATED DEVICES
The cure IKAdCIK
EXAMPLE 8-16 By that hav e hall the 1,
A 555 timer conlpured (o run in the astable mode (oscillator) i shown in Figure présisr it

%63 Determune (he frequency of the output and the duty cycle

FIGURE 563 —

FIGURE 8¢ - - =
LFIGURE B 58y Tuo-phase dock generator with | D
s e FOB-4] Lo verify oper- o
o Open file FOB-4 ideal waveformu. Open file FO8-64 s
ver — T and venfy the operation.
ax 1

&
N T Vex 0o
visch
§ 3 5!

4 555
b —|TuRESH  OUT |—

TRIG cont
GND

i}

Solution  Use Equations ¥ - and ¥-7

= — Qana | _—. | i
(v 2RC, @2k oanmonmz Sk

R + Ry )um _ (llkll + 47k

Duy exte {53 22400 £ 94kQ

- )um - 59.5%

Related Problem  Determine the 01y ¢y le in Figure 8-63 if a diode is connected across R as indicated
in Figure $-62

I:‘.m?,""’ 1. Explain the difference in operation between an astable multivbrator and 3 mono-

stable multivibrator.
2. For a certain astable multivibrator, t = 15 ms and T = 20 ms. What is the duty cycle
of the output?

snnected. Furthes

between the CLK wgs

3-8 TROUBLESHOOTING

1 s standard practice (0 test & new circuit design 10 be sure that it is operating as speci-
fied. New designs are usually simulated on a computer and then " and
tested before the design is finalized. The term breadboard refers 10 a method of tem-
porarily hooking up a circuit so that its operation can be verified and any faults (bugs)
worked out before a prototype unit is built. In this scction. we will consider an cxample

case.

After completing this section, you should be able 1o il

* Describe how the timing of a circuit can produce erroneous glitches ® Approach
the debugging of a new design with greater insight and awareness of potential problems FIGURE §-83

Logic analyzer dinplays for the cire

FIGURE P-4

Representative pages from a portion of a typical Troubleshooting section.

are implemented in a series of activities called System Assignments. Some Digital Sys-
tem Applications are limited to a single chapter and others extend over two or more chap-
ters. Specific Digital Systenm Applications are as follows:

Tablet counting and control system: Chapters | and 2
Digital display: Chapter 4

Storage tank control system: Chapter 5

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

Although they are not intended or designed for use as laboratory projects, many of the Dig-
ital System Applications utilize realistic representations of printed circuit boards and
instruments to provide experience in relating schematics to actual boards, identifying IC
packages, and obtaining data from certain instrument readings and displays. Because omis-
sion will not affect any other material in the text, Digital System Applications may be
treated as optional. Figure P-5 shows a portion of a Digital System Application feature.

Chapter End Matter
The following study aids end each chapter.
Summary

Key term glossary

ix
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System Assignment provides a series of an design, or tre

Many applications include a printed circuit

wbleshooting

and mstrumentation

APPLICATION

Digital System Application

DIGITAL SYSTEM APPLICATION = 439

The overallsystem block diagram was dit-
cussed in the digital tem application for

| Chapter 6 and i thown agaia in Figure

8-70 for reference. The state decoder,

| output lagic. and trigger logic block has
| been developed, and now we are going to

the Ve and ground pads are on the back
side of the board. Circuit interconnec-
tioms 0n the back de of the board feed
thiough to the pach on the component
side.

= Activity I Using the PC board, add
the timing circuit portion of the syr-

must produce 2 4 s poritive pulse or 25 3
positive pulic when triggered by the trigger
logic and 3 10 kiHz clock signal. All three of

| theie outputs are used by the sequential

hapter9. |

tem that you began
in the digital system application in
Chapter 6

| ™ Activity 2: Verify that the timing cir-
cuit portion of the PC board i correct

The timing circuits consst of the long |
timer,  and the clock oxcil- |

|
|
|
' DIGITAL SYSTEM
\'
|

In this digtal sytem application, you wil
| continue working with the traffic light

| control system that was started in Chapter |

6. You shoukd review The Digtal System
Application in Chapter 6 before continu-

Iator as shown in Figure 8-71. The long

timer and the short tmer are imple-
mented with one-shots, and the clock
oncllator is implemented with a 555 timer
connected in the astable mode.

to the state
decoder and output logic.

 Activty 3: _ Identify the function of
each of the points on the PC board to
the right of each of the three circled
numbers at the bottom of the board.

 Activity4:  Determine 3 value for

ing, In this chapter, the focu i on the

timing circuits that produce the 4 1 inter- System ment 1: Cloost Veevification with the one-shots on the board that
val for the caution light, the 25 vinterval | 20d0eign 00000000 will produce 2 4 s positive pubse, 2 25 ¢
o the red and green lights, and the For this system anignment, refer to Figure positive pubie, 20d 3 10 kHz pubie
dock 8-72. As before, 2l of the connections to | waveform (duty cycle i not critical).
/
/
/
/ e [
/ outpot logic. and |
rigger logc e Tratfic ‘
| light
) Red i i |
ogic |
a Main{ el |
Vele 3 3
| —] senser Gm ‘
inpun |

[TTTTT

e 7|
J"" mu:m(m;__[_l

| FGURE 8-70

Traffic light control system block diagram. |

Syitem Auignment 2:Testing

determine from the indication: at the

DIGITAL SYSTEM APPLICATION = 441

Digital System Application Review

and

w Activity 1: Apply logic levels to simu- |

Late the Gray code inputs from the
sequential portion of the system, 21
thown in Figure 8-73, 3nd develop a

test poiots  the circled
umben if the circuit » cperating

o of the system board.

| = Activity 2: i

1. Explain the purpose of the two

propery for each caie and, & not, inputs in System Asignment 2
what the mont likety probicm n 2. Wiy are the 4, one-shot and the
25 1 one-thot triggered wepaately!
Y The-FC baipg gic o 3. Upon what other parts of the system
does the operation of the dock.
g S Sk foglc and oxcilltor depend?

‘each of the levels shown in the table,

FIGURE 8-73

X |
¢ system apph

iion 1s provided before the

FIGURE P-5

Reference to EWB/Multisim simulat

CD-ROM

Representative pages from a typical Digital System Application.

Self-test

Problem set that includes some or all of the following categories: Basic. Trou-
bleshooting, Digital System Application, Design, and EWB/Multisim Trou-

bleshooting Practice

Answers to Section Reviews

Answers to Related Problems for Examples

Answers to Self-Test

Book End Matter

Data Sheets

Error Detecting and Correcting Codes

Code conversion and table of powers of two

Comprehensive glossary

Answers to odd-numbered problems

Index




Suggestions for Teaching with Digital Fundamentals

Generally, course emphasis or time limitations determine the topics to be covered in a
course. It is not uncommon (o omit or condense topics or to alter the sequence of certain
topics in order to customize the material for a particular course. The following sugges-
tions for selective coverage. light coverage, or omission do not imply that a given topic is
less important than others, but in the context of a specific program, the topic may not
require the emphasis that the more fundamental topics do. Also, these suggestions do not
necessarily reflect all possibilities for sequence alteration, selective or light coverage, or
omission. In any particular program, there may be other areas that can be considered.

Suggestions for altering the sequence of chapters:

1. If you wish to cover logic gates earlier in the course, Chapter | can be covered
lightly or some of its topics can be postponed. Chapter 3 on logic gates can be
covered before Chapter 2 on number systems, operations, and codes.

2. Coverage of Chapter 7 on Programming PLDs can be postponed until after Chap-
ter 10. This way, Chapters 7 and 11 can be covered consecutively, if that works
best in your course.

3. All or parts of Chapter 15 can be covered at just about any point in the text begin-
ning in Chapter 3, or it can be omitted.

Some chapters that can be considered for selective coverage:

—

. Chapter 1, Introductory Digital Concepts

2. Chapter 2, Number Systems, Operations, and Codes

3. Chapter 4, Boolean Algebra and Logic Simplification

4. Chapter 15, Integrated Circuit Technologies
Chapters that can be considered for omission without affecting other coverage:
1. Chapter 7, Combinational Logic Programming with ABEL

2. Chapter 11, Sequential Logic Programming with ABEL

3. Chapter 13, Introduction to Microprocessors, Computers, and Buses

4. Chapter 14, Introduction to Digital Signal Processing

5. Chapter 15, Integrated Circuit Technologies

Depending on your program. there may be additional topics that can be treated lightly or
omitted. For example, the Digital System Application features can be omitted without
affecting any other topics, or they may be assigned for extra credit or as special projects.

Acknowledgments

This revision of Digital Fundamentals has been realized by the combined work and skills
of many people. I think that we have accomplished what we set out to to, and that was to
further improve an already very successful textbook and make it even more useful to the
student.

Those at Prentice Hall who have, as always, contributed a great amount of time, talent,
and effort to move this project through its many phases in order to produce the book as
you see it, include, but are not limited to, Rex Davidson, Kate Linsner, and Dennis
Williams. 1 am grateful that Lois Porter once again agreed to edit the manuscript on this
project. Without her help, I would probably be—well, I don’t want to think about that.
Also, Jane Lopez and Steve Botts have done another beautiful job with the graphics. Gary
Snyder created all of the EWB and Multisim circuit files for the Electronics Workbench

PREFACE =

xi



xii

PREFACE

CD-ROM. My thanks and appreciation go to all of these people and others who were
directly involved in the project.

In the revision of this and all textbooks, we depend on expert input from many users as
well as nonusers. My sincere thanks to the following reviewers who submitted many
valuable suggestions and provided lots of constructive criticism for the preparation of this
new edition.

Sudqi H. Alayyan, Texas Tech University

Farahzad Behi, Embry Riddle University

Bob L. Bixler, Austin Community College

Bruce Bush, Albuquerque Technical Vocational Institute

Albert A. Heaney, California State University, Fresno

Keith Quigley, Midlands Technical College

Saeed Shaikh, Miami-Dade Community College

Johnny W. Wortham, Southwest Tennessee Community College

I also want to thank all of the members of the Prentice Hall sales force whose efforts
have helped to make this text available to a large number of users. In addition, I am grate-
ful to all of you who have adopted this text for your classes or for your own use. Without
you we would not be in business. I hope that you find this eighth edition of Digital Fun-
damentals to be even better than earlier editions and that it will continue to be a valuable
learning tool for the student.

Tom Floyd



10
1

Introductory Digital Concepts 1

Number Systems, Operations,
and Codes 40

Logic Gates 104

Boolean Algebra and
Logic Simplification 168

Combinational Logic 236
Functions of Combinational Logic 288

Combinational Logic
Programming with ABEL 362

Flip-Flops and Related Devices 392
Counters 458
Shift Registers 530

Sequential Logic
Programming with ABEL 582

12
13

14

15

Memory and Storage 616

Introduction to Microprocessors,
Computers, and Buses 692

Introduction to Digital Signal
Processing 756

Integrated Circuit Technologies 798

APPENDICES

A
B

Data Sheets 838
Conversions 890

Answers to Odd-Numbered
Problems 892

Glossary 926

Index 937

xiii



Contents

1-1
1-2

1-3
14
1-5
1-6
1-7

2-1
2-2
2-3
24

2-6
2-7
2-8

2-10
2-11

Introductory Digital Concepts 1

Digital and Analog Quantities = 2

Binary Digits, Logic Levels, and Digital
Waveforms 4

Introduction to Logic Operations 10
Overview of Logic Functions 12
Fixed-Function Integrated Circuits 17
Programmable Logic Devices (PLDs) 21
Introduction to Test Instruments 23

Digital System Application 30

Number Systems, Operations, and Codes 40

Decimal Numbers 42

Binary Numbers 44

Decimal-to-Binary Conversion 47

Binary Arithmetic 50

I's and 2's Complements of Binary Numbers 54
Signed Numbers 56

Arithmetic Operations with Signed Numbers 62
Hexadecimal Numbers 69

Octal Numbers 75

Binary Coded Decimal (BCD) 78

Digital Codes and Parity 81

Digital System Application 91

Logic Gates 104

The Inverter 106

The AND Gate 109

The OR Gate 116

The NAND Gate 21

The NOR Gate 126

The Exclusive-OR and Exclusive-NOR Gates 131
Fixed-Function Logic: IC Gates 135
Troubleshooting 146

Programmable Logic 152

4-1
4-2
4-3

4-5

4-7

49

4-10
4-11
4-12

5-1
5-2
5-3
54
5-5

5-6
5-7

6-1
6-2
6-3

6-5

Boolean Algebra and Logic Simplification 168

Boolean Operations and Expressions 170
Laws and Rules of Boolean Algebra 171
DeMorgan’s Theorems 177

Boolean Analysis of Logic Circuits 180
Simplification Using Boolean Algebra 182
Standard Forms of Boolean Expressions 186
Boolean Expressions and Truth Tables 192
The Karnaugh Map 196

Karnaugh Map SOP Minimization 198
Karnaugh Map POS Minimization 207
Five-Variable Karnaugh Maps 211
Programmable Logic 214

Digital System Application 220

Combinational Logic 236
Basic Combinational Logic Circuits 238
Implementing Combinational Logic 243

The Universal Property of NAND and NOR

Gates 249

Combinational Logic Using NAND and NOR

Gates 251

Logic Circuit Operation with Pulse

Waveforms 256

Troubleshooting 260

Programmable Logic 266

Digital System Application 270

Functions of Combinational Logic 288

Basic Adders 290
Parallel Binary Adders 293
Comparators 301
Decoders 304

Encoders 313

Code Converters 318

XV



xvi ®

6-7
6-8
6-9
6-10
6-11

7-1
7-2
7-3

8-1
8-2
8-3
84
8-5
86

8-8
8-9

9-1
9-2
9-3
94
9-5
9-6
9-7
9-8
9-9
9-10

10

10-1
10-2

CONTENTS

Multiplexers (Data Selectors) 320
Demultiplexers 329

Parity Generators/Checkers 330
Troubleshooting 334
Programmable Logic 336
Digital System Application 340

Combinational Logic Programming
with ABEL

The GAL22V10 364

The GAL16VS 371
Introduction to ABEL 374
Digital System Application 384

Flip-Flops and Related Devices

Latches 394

Edge-Triggered Flip-Flops 400
Master-Slave Flip-Flops 412
Flip-Flop Operating Characteristics 414
Flip-Flop Applications 417
One-Shots 422

The 555 Timer 427

Troubleshooting 433

Programmable Logic 436

Digital System Application 439
Counters

Asynchronous Counter Operation 460
Synchronous Counter Operation 468
Up/Down Synchronous Counters 476
Design of Synchronous Counters 479
Cascaded Counters 489

Counter Decoding 493

Counter Applications 497
Troubleshooting 501

362

392

458

Logic Symbols with Dependency Notation 506

508
Digital System Application

Programmable Logic
512

Shift Registers

Basic Shift Register Functions 532

Serial In/Serial Out Shift Registers 533

530

10-3
104
10-5
10-6
10-7
10-8
10-9
10-10
10-11

11

11-1
11-2
11-3

12

12-1
12-2
12-3
124

12-5
12-6
12-7
12-8
12-9
12-10

13

13-1
13-2
13-3

134
13-5
13-6
13-7
13-8

537
540

Serial In/Parallel Out Shift Registers
Parallel In/Serial Out Shift Registers
Parallel In/Parallel Out Shift Registers
Bidirectional Shift Registers 545
548
Shift Register Applications
559

Logic Symbols with Dependency Notation

Introduction to CPLDs 563

Shift Register Counters
552

Troubleshooting

Digital System Application 567

Sequential Logic Programming

with ABEL

Implementing Shift Registers with PLDs
Implementing Counters with PLDs 588
596

606

PLD System Implementation
Digital System Application

Memory and Storage

Basics of Semiconductor Memory 618
Random-Access Memories (RAMs) 621
Read-Only Memories (ROMs) 634

Programmable ROMs (PROMs and

EPROMs) 639
Flash Memories 643
Memory Expansion 647
Special Types of Memories 654
659

665

Magnetic and Optical Storage
Testing and Troubleshooting
Introduction to FPGAs 669

Digital System Application 676

Introduction to Microprocessors,
Computers, and Buses

The Microprocessor and the Computer

543

561

584

694

Historical Review of Microprocessor Families
The 8086/8088 Microprocessor and Software

Model for the Pentium Processor 703
Microprocessor Programming 710
The Central Processing Unit (CPU)
The Memory 723

The Input/Output (I/0) Port
730

718

727

Interrupts

582

616

692

699



13-9
13-10
13-11

14

14-1
14-2
14-3
144
14-5

15
15-1

15-2

Direct Memory Access (DMA) 732
Internal System Interfacing 734

Standard Buses 738

Introduction to Digital Signal Processing 756

758

Converting Analog Signals to Digital

Digital Signal Processing Basics
759
Analog-to-Digital Conversion Methods 765
The Digital Signal Processor (DSP) 776

Digital-to-Analog Conversion Methods 782

Integrated Circuit Technologies 798

Basic Operational Characteristics and
Parameters 800

CMOS Circuits 808

CONTENTS ®  xvii

15-3 TTL Circuits 813
15-4 Practical Considerations in the Use of TTL 818
15-5 Comparison of CMOS and TTL Performance 825
15-6 Emitter-Coupled Logic (ECL) Circuits 826
15-7 PMOS, NMOS. and E’XCMOS 827
APPENDICES
A Data Sheets 838
B Error Detection and Correction Codes 884
C Conversions 890

Answers to Odd-Numbered Problems 892

Glossary 926
Index 937



Identify pin numbers on integrated circuit packages

Describe the PLD, discuss the various types, and state how PLDs
are programmed

Recognize digital test instruments and understand how they are
used in troubleshooting digital circuits and systems

Show how a complete digital system is formed from the basic
functions in a practical application

KEY TERMS

Key terms are in order of appearance in the chapter.
Analog
Digital
Binary
Bit
Pulse
Clock
Timing diagram
Data
Serial
Parallel
a Logic
Input
Output
Gate
NOT
Inverter
AND
OR
Integrated circuit (1C)
PLD

Troubleshooting

INTRODUCTION

The term digital is derived from the way computers perform
operations, 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 sys-
tems, military systems, medical instrumentation, industrial
process control, and consumer electronics use digital tech-
niques. 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 pro-
vides a broad overview of many important concepts, com-
ponents, and tools.

EEE DIGITAL SYSTEM APPLICATION PREVIEW

The last feature in many chapters of this textbook uses a sys-
tem application to bring together the principal topics cov-
ered in the chapter. Each system is designed to fit the partic-
ular chapter to illustrate how the theory and devices can be
used. Throughout the book, four different systems are intro-
duced, some covering two or more chapters.

All of the systems are simplified to.make them manage-
able in the context of the chapter material. Although they
are based on actual system requirements, they are designed
to accommodate the topical coverage of the chapter and
are not intended to necessarily represent the most efficient
or ultimate approach in a given application.

This chapter introduces the first system, which is an indus-
trial 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 a useful objective.

VISIT THE COMPANION WEBSITE
Study aids for this chapter are available at

http://www.prenhall.com/floyd



