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Preface

Digital Electronics: Principles and Applications, ninth edition, is an easy-to-read introductory text for students
new to the field of digital electronics. Providing entry-level knowledge and skills for a wide range of
occupations is the goal of this textbook and its ancillary materials. Prerequisites are general math and
introductory electricity/electronics. Binary math, Boolean concepts, simple programming, and various codes
are introduced and explained as needed. Concepts are connected to practical applications, and a systems
approach is followed that reflects current practice in industry. Earlier editions of the text have been used
successfully in a wide range of programs: electronic technology, electrical trades and apprenticeship training,
computer repair, communications electronics, and computer science, to name a few. This concise and practical
text can be used in any program needing a quick and readable overview of digital principles.

New to This Edition

Over 100 Multisim simulation files have been developed to bring the examples within these chapters to life.
These simulation files can be run within Multisim, to provide students with a firsthand experience with the
examples presented in the textbook. Multisim simulation files have also been developed for the laboratory
experiments to provide an improved learning experience for the student.

The experiments in the Experiments Manual are designed to provide a hands-on learning experience, to
reinforce the topics covered in this textbook. The titles of the individual experiments associated with each
chapter are listed in a new section, Correlational Experiments, following the summary at the end of each
chapter in this textbook. This listing will help the reader identify the experiments in the Experiments Manual
associated with the topics covered in each chapter.

Chapter 1
+ Expanded the formulas and examples.

* Revised the section on the oscilloscope.

Chapter 2
* Revised and expanded the section on binary to decimal conversion.

» Expanded the Bit, Bytes, Nibbles, and Words section.

Chapter 3
* Revised and expanded the section on the universal NAND gate.
* Added a new section on the use of a NOR gate as a universal gate.
» Revised the coverage of DeMorgan’s theorem.

* Revised the Summary section.

Chapter 4
* Added a new section on Boolean algebra.
+ Expanded the coverage of Karnaugh maps.

* Revised the Summary section.

Chapter 5



» Expanded the section on digital IC specifications.

* Added new examples for the calculation of fan-out and power dissipation.

Chapter 6
» Revised the coverage of the ASCII codes.

Chapter 8

* Revised and expanded the section on ripple counters.

Chapter 11

+ Revised the coverage of optical storage devices.

Chapter 12
* Introduced a real-time clock IC in the L.ST digital clock section.

+ Expanded the coverage of distance measurement using ultrasound.

Chapter 13

» Expanded the section on the microcomputer.

Chapter 14
» Revised the coverage of operational amplifiers in D/A conversion.

‘s _page 321
Additional Resources

An Experiments Manual for Digital Electronics contains a comprehensive test, a variety of hands-on lab
exercises and experiments, and additional problems for each chapter in the textbook.
McGraw-Hill Connect includes comprehensive Multisim files, keyed to circuits found in the ninth edition,
and a Multisim primer, which provides a tutorial on the software for new users.

Instructors can access instructor resources on McGraw-Hill Connect to find a wide selection of
information including:

* An Instructor’s Manual that includes a list of the parts and equipment needed to perform lab experiments,
learning outcomes for each chapter, answers to chapter review questions and problems, and more.

» PowerPoint presentations that provide comprehensive coverage of the topics in each chapter. A set of
questions at the end of each chapter’s slide deck provides a review of the topics covered.

* An image library that contains all of the figures presented in this textbook.

A test bank with questions for each chapter.

Remote Proctoring & Browser-Locking Capabilities

[ connect’ + @ ' proctorio

New remote proctoring and browser-locking capabilities, hosted by Proctorio within Connect, provide control
of the assessment environment by enabling security options and verifying the identity of the student.
Seamlessly integrated within Connect, these services allow instructors to control students’ assessment
experience by restricting browser activity, recording students’ activity, and verifying students are doing their
own work.

Instant and detailed reporting gives instructors an at-a-glance view of potential academic integrity
concerns, thereby avoiding personal bias and supporting evidence-based claims.
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Digital Electronics: Principles and Applications, ninth edition, is designed for a first course in digital
electronics. It provides a concise, modern, and practical approach that’s suitable for a range of electricity and

electronics programs. With its easy-to-read style, numerous full-color illustrations, and accessible math level,
the text is ideal for readers who need to learn the essentials of digital electronics and apply them to on-the-job

situations.

- CHAPTER 1

Digital Electronics
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The self-tests can either help students

identify areas that need further study or serve
as positive reinforcement for material that
students already know. After completing a
self-test, students may check their answers in
the Answers to Self-Tests sections at the end
of each chapter.

page xiii




comening » mom mpu-mn.
=

form =m =m]] m&mh: = gt rid
P T pryrey S N 15 TORY OF ELECTRONICS
The rew sxample ilkntrated in Fig. 472wl
the marierm expmmien (4 +5 +00 Gerge Boole wa bam N

+E+T) = I i ita mvinierm squivakent andd lelh England, on Novers-
alimirwin e ooy cos showr. Cumcdly follow t 2, BIE He was 2 sdi-
comrersing procans in Fig. 472, The meht of I:lglt n:mmlnm wha
this coversion yislds fhe mintrm fernd - B - s symbalc
C4k. :B C = ¥, which peciocns saciy the I:pc:mpulmnnnu-
o ﬁm..u-unmnp_u :ﬂ gﬁ*ﬂ:ﬂ:‘::ﬁwﬂ-
LN A, r.“'mﬁ‘: bra b b Lndai s ha hatry

A phetegraphic Fistory of tha compuise Ors: of tha Trst compLUIRrs was the Enlec
Ao ki), devalopad In tha 18403, The 1970s marked 1ha sxpandad s of the com-
putar by businesses. The malnframs compuiar kppar sght) was tha ool of the tims.

In the 180 personal computcrs ffowor ki) breught compuers Inte our homas and A B C4+R B €T T
schooks. Todky, personal compubers can go arywhars, as lapiop, tabled, and phans reioars or in. te sboris ned. kegboand verson = A
Dompumnbwngmlnumln populariy. ABC 4 A'B'C = ¥ ming spostrophe.
) TN TR O T T e
that would be wired wing the macem™
12 Why U D creatr
e ET&:@:;;‘:‘&‘:E The features History of Electronics and
it gystems. The designer mus decide if . .
PSRRI R L e ey About Electronics add depth to the topics and
dassas In dodridty, anilg and dghal dicul, ompuss | lc_:mﬂnlinl of The technicians st . . . 3 A
| echnelogy ant rsbtc, 2 cumrcatins. ML Py ST i e highlight new and interesting technologies or
facts.
/Inmruet connections encourage students to
do online research on certain topics.
computer modkle calcdaies the wverag-fak 2. Infarmation can be sioned far short H /
coaramptin and nilesmampty dus. The porinds nrindsfiniesly.
drivar man fhis informatios dapleed en an 3, Diata can be amd for peecies caldatian,
Lm a spn.c..t.a.q,-dm-ﬂ, Internat
bt will 't nowd that from e
mrmces in Fig. -3 comes is varioms forma. 5. Brhrnc-ll:- P'n,p'l.m:-llldﬂc-v SEhttawa
The fuel tank seacing i delivers » rerisble a0 masner of far HoFoliol
voliage signad 45 the compuer moduk. Wih 6 Alpkanarric, pictos, asdvides Forme: Al
highur levals of Fuel i thee tark the moding ot nfermutioncun bviessd misg nverny SO0 IR B
i . bighar positi s volage. of wlecirosic duplays. RAER good
ek TR - —— L uTrUT
Foquency signal. At lover rekich sends the sl ivical intmriemncs called nain. a
‘mrmce it @ bow-fmomacy sigral. At kighee 3. Such cioeaiis ars compuibe with the = I
apsucs o high-freguncy sgaal is st w te o rart aned comprimn. o
e sl L, . Tim Bembirisms of divial chosler um =
WN e
B i _ @l
. . - ekt Fig 142 Schemarie diagram of a fres-unning clack 5 tinwar IC.
Multisim examples and images used throughout this ——— " gl pomete T et g -

book “bring the material to life” for students. A

Multisim icon identifies circuit examples that have
associated Multisim simulation files.
Chapter 1Summary and Review

Critical facts and principles are reviewed in
the Summary and Review section at the end

L. Aealog sigmlavary graduslly axd costizoceniy. & Digina alectranics ix x bgp 2xd rpridly expanding

whils digital sigaals produce discres weligs el Drigital computers, ia al thair formus, s an
of each chapter. e A i A
l:ﬂq.lldﬁpﬂ:h’mh.} i o penerain digind sigaals. Thaose ue
1. Logic levsly sm diffemee for varioas Sginl logic ecmatirasy calle d lazba, - shoe, wad fras-
familins, wach aa TTL ared CMOE. T b bogic: rerming rudtivibrers, aly.
krals arm cormmenly refermd o a HIGH, LOW, 4. Logic-hrvel isdicaice may ke the form of ringle
st uradafirs d Figw 1-3) dotaila theo TTL ared lighe s it diceh aad muinier sirvin, val o,
continued
444, Refer o Fig 47305 and the FRASIC 445 Refer m Fg. 473 and the Fg. 474 lsing 11 -‘"‘“Cﬁq’fﬂ' review quest&ms are found at the end of
‘peogram lisked in Fig. 474, Which lines of oty pash-butions & and < we activaied ) . » »
e cefice which pocts e daps axd which epeemed, whick LEZVS) will Ight? each chapter, as are crifical thinking questions.
ax ot

Critical Thinking Questions

41. When implemenied, 3 minterm Boolsn ex- 47. Write the keyboard version of the Bookan
peession producesw bhat patieen of logic gaiesT empresmiond B O4+4 BT 44 F.o=)
42 When impemeried, 3mix enn Bocke @ expes- 25 you may hawe o0 do when emering informa-

Correlated Experiments at the end of

each chapter lists experiments in the
accompanying Experiments Manual that

Correlated Experiments

ide stud hand ; 27, Lab Exerient Usng Do 4 Mk B g Tt
. Lal periment; a . sim Experiment;
provi students hands-on experience e e

working on topics raised the chapter.




page xii

About the Author

Over several decades, Roger L. Tokheim has published many textbooks and lab manuals in the areas of digital
electronics and microprocessors. His books have been translated into nine languages. He taught technical
subjects including electronics for more than 35 years in public schools.

Patrick Hoppe has been the Division Chair for Engineering Technology and lead electronics instructor at
Gateway Technical College for the past 21 years. He is also the coauthor of Electronic Principles, 9th edition
(McGraw-Hill) and its Experiments Manual. Pat has received state and national awards for his teaching,
including the NISOD Excellence award.



page Xv

Safety

Electric and electronic circuits can be dangerous. Safe practices are necessary to prevent electrical shock, fires,
explosions, mechanical damage, and injuries resulting from the improper use of tools.

Perhaps the greatest hazard is electrical shock. A current through the human body in excess of 10
milliamperes can paralyze the victim and make it impossible to let go of a “live” conductor or component. Ten
milliamperes is a rather small amount of current flow: It is only ten one-thousandths of an ampere. An
ordinary flashlight can provide more than 100 times that amount of current!

Flashlight cells and batteries are safe to handle because the resistance of human skin is normally high
enough to keep the current flow very small. For example, touching an ordinary 1.5-V cell produces a current
flow in the microampere range (a microampere is one-millionth of an ampere). The amount of current is too
small to be noticed.

High voltage, one the other hand, can force enough current through the skin to produce a shock. If the
current approaches 100 milliamperes or more, the shock can be fatal. Thus, the danger of shock increases with
voltage. Those who work with high voltage must be properly trained and equipped.

When human skin is moist or cut, its resistance to the flow of electricity can drop drastically. When this
happens, even moderate voltages may cause a serious shock. Experienced technicians know this, and they also
know that so-called low-voltage equipment may have a high-voltage section or two. In other words, they do
not practice two methods of working with circuits: one for high voltage and one for low voltage. They follow
safe procedures at all times. They do not assume protective devices are working. They do not assume a circuit
is off even though the switch is in the OFF position. They know the switch could be defective.

Even a low-voltage, high-current-capacity system like an automotive electrical system can be quite
dangaas. Shat-circu ting sucha systanwtha ring or netal w ctbaxd cn @se ve 1y severe hrns—-
especially when the ring or band welds to the points being shorted.

As your knowledge and experience grow, you will learn many specific safe procedures for dealing with
electricity and electronics. In the meantime:

1. Always follow procedures.

2. Use service manuals as often as possible. They often contain specific safety information. Read, and
comply with, all appropriate material safety data sheets.

3. Investigate before you act.

4. When in doubt, do not act. Ask your instructor or supervisor.

General Safety Rules for Electricity and Electronics

Safe practices will protect you and your fellow workers. Study the following rules. Discuss them with others,
and ask your instructor about any you do not understand.

1. Do not work when you are tired or taking medicine that makes you drowsy.

2. Do not work in poor light.

3. Do not work in damp areas or with wet shoes or clothing.

4. Use approved tools, equipment, and protective devices.

5. Avoid wearing rings, bracelets, and similar metal items when working around exposed electric circuits.
6. Never assume that a circuit is off. Double-check it with an instrument that you are sure is operational.

7. Some situations require a “buddy system” to guarantee that power will not be turned on while a



technician is still working on a circuit.

8. Never tamper with or try to override safety devices such as an interlock (a type of switch that
automatically removes power when a door is opened or a panel removed).

9. Keep tools and test equipment clean and in good working condition. Replace insulated probes and leads
at the first sign of deterioration.

10.Some devices, such as capacitors, can store a lethal charge. They may store this charge for long periods
of time. You must be certain these devices are discharged before working around them.

11.Do not remove grounds and do not use adapters that defeat the equipment ground. page xvi

12.Use only an approved fire extinguisher for electrical and electronic equipment. Water can conduct
electricity and may severely damage equipment. Carbon dioxide (CO2) or Halotron-type extinguishers
are usually preferred. Foam-type extinguishers may also be desired in some cases. Commercial fire
extinguishers are rated for the type of fires for which they are effective. Use only those rated for the
proper working conditions.

13.Follow directions when using solvents and other chemicals. They may be toxic, flammable, or may
damage certain materials such as plastics. Always read and follow the appropriate material safety data
sheets.

14.A few materials used in electronic equipment are toxic. Examples include tantalum capacitors and
beryllium oxide transistor cases. These devices should not be crushed or abraded, and you should wash
your hands thoroughly after handling them. Other materials (such as heat shrink tubing) may produce
irritating fumes if overheated. Always read and follow the appropriate material safety data sheets.

15.Certain circuit components affect the safe performance of equipment and systems. Use only exact or
approved replacement parts.

16.Use protective clothing and safety glasses when handling high-vacuum devices such as picture tubes and
cathode-ray tubes.

17.Don’t work on equipment before you know proper procedures and are aware of any potential safety
hazards.

18.Many accidents have been caused by people rushing and cutting corners. Take the time required to
protect yourself and others. Running, horseplay, and practical jokes are strictly forbidden in shops and
laboratories.

19.Never look directly into light emitting diodes or fiber- optic cables; some light sources, although
invisible, can cause serious eye damage.

Circuits and equipment must be treated with respect. Learn how they work and the proper way of working
on them. Always practice safety. Your health and life depend on it.



Electronics workers use specialized safety knowledge.
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@AV Digital Electronics

Learning Outcomes

This chapter will help you to:

1-1 Identify several characteristics of digital circuits as opposed to analog circuits. Differentiate
between digital and analog signals, and identify the HIGH and LOW portions of a digital
waveform.

1-2 Classify the signals (analog or digital) in several application circuits. Analyze the operation of

several liquid-measuring circuits. Explain why converting analog inputs (currents and voltages)
from sensors to digital form can be useful.

1-3 List several common pieces of electronic gear that contain digital circuitry. Discuss the demand
for computer and electronics technicians, and identify training opportunities.

1-4 List three types of multivibrators, and describe how they generate types of digital signals.
Analyze several multivibrators and switch debouncing circuits.

1-5 Analyze several logic-level indicator circuits. Interpret logic probe readings during testing of a
digital circuit. Understand the definitions of HIGH, LOW, and undefined when observing logic
levels in both TTL and CMOS digital circuitry.

1-6 Demonstrate the use of several lab instruments.

Engineers generally classify electronic circuits as being either analog or digital in nature. Historically, most

electronic products contained analog circuitry. Most newly designed electronic devices contain digital
circuitry. This chapter introduces you to the world of digital electronics.

What are the clues that an electronic product contains digital circuitry? Signs that a device contains digital

circuitry include:

Identifying digital products

1. Does it have a display that shows numbers, letters, pictures, or video?
2. Does it have a memory or can it store information?

3. Can the device be programmed?

4. Can it be connected to the Internet?

If the answer to any one of the four questions is yes, then the product probably contains digital circuitry.
Digital circuitry is quickly becoming pervasive because of its advantages over analog including:

Advantages of digital

1. Generally, digital circuits are easier to design using modern integrated circuits.
2. Information storage is easier to implement with digital.

3. Devices can be made programmable with digital.

4. More accuracy and precision are possible.

5. Digital circuitry is less affected by unwanted electrical interference called noise.

All persons working in electronics must have knowledge of digital electronic circuits. You will use simple
integrated circuits and displays to demonstrate the principles of digital electronics.




1-1 What Is a Digital Signal? _page2

In your experience with electricity and electronics you have probably used analog circuits. The circuit in Fig. 1-
1(a) puts out an analog signal or voltage. As the wiper on the potentiometer is moved upward, the voltage from
points A to B gradually increases. When the wiper is moved downward, the voltage gradually decreases from 5
to 0 volts (V). The waveform diagram in Fig. 1-1(b) is a graph of the analog output. On the left side the voltage
from A to B is gradually increasing to 5 V; on the right side the voltage is gradually decreasing to 0 V. By
stopping the potentiometer wiper at any midpoint, we can get an output voltage anywhere between 0 and 5 V.
An analog device, then, is one that has a signal which varies continuously in step with the input.
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Fig. 1-1 (a) Analog output from a potentiometer. (b) Analog signal waveform.

Analog signal

A digital device operates with a digital signal. Figure 1-2(a) pictures a square-wave generator. The
generator produces a square waveform that is displayed on the oscilloscope. The digital signal is only at +5 V
or at 0V, as diagrammed in Fig. 1-2(b). The voltage at point A moves from 0 to 5 V. The voltage then stays at
+5 V for a time. At point B the voltage drops immediately from +5 to 0 V. The voltage then stays at 0 V for a
time. Only two voltages are present in a digital electronic circuit. In the waveform diagram in Fig. 1-2(b) these
voltages are labeled HIGH and LOW. The HIGH voltage is +5 V; the LOW voltage is 0 V. Later we shall call
the HIGH voltage (+5 V) a logical 1 and the LOW voltage (0 V) a logical 0. Circuits that handle only HIGH

and LOW signals are called digital circuits.
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Fig. 1-2 (a) Digital signal displayed on scope. (b) Digital signal waveform.

HIGH and LOW signals
Digital circuits

The digital signal in Fig. 1-2(b) could also be generated by a simple on-off switch. A digital signal could
also be generated by a transistor turning on and off. Digital electronic signals are usually generated and
processed by integrated circuits (ICs).

Both analog and digital signals are represented in graph form in Figs. 1-1 and 1-2. A signal can be defined
as useful information transmitted within, to, or from electronic circuits. Signals are commonly represented as a
voltage varying with time, as they are in Figs. 1-1 and 1-2. However, a signal could be an electric current that
either varies continuously (analog) or has an on-off (HIGH-LOW) characteristic (digital). Within most digital
circuits, it is customary to represent signals in the voltage versus time format. When digital circuits are
interfaced with nondigital devices such as lamps and motors, then the signal can be thought of as current
versus time.

The standard volt-ohm-millimeter (VOM) shown in Fig. 1-3(a) is an example of an analog measuring
device. As the voltage, resistance, or current being measured by the VOM increases, the needle gradually and
continuously moves up the scale. A digital multimeter (DMM) is shown in Fig. 1-3(b). This is an example of a
digital measuring device. As the current, resistance, or voltage being measured by the DMM increases, the
display jumps upward in small steps. The DMM is an example of digital circuitry taking over tasks previously
performed only by analog devices. This trend toward digital circuitry is growing. Currently, the modern
technician’s bench probably has both a VOM and a DMM.
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