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Preface to the Seventh Edition (SIE)

The seventh edition of Digital Principles and Applications continues with the upgradation of the work started
in its previous edition. The job was to build upon the strengths of one of the best introductory and authentic
texts in the field of Digital Electronics—its lucid language, down-to-earth approach, detailed analysis and
ready-to-use information for laboratory practices. The sixth edition sought improvement primarily by (i)
strengthening the design or synthesis aspect that included advanced material, such as a simple computer
design, and (ii) incorporating many new topics like Hardware Description Language, Asynchronous
Sequential Circuit, Algorithm State Machine chart, Quine-McClusky algorithm, Look Ahead Carry Adder,
ete.

The tremendous response to the improvements made in the sixth edition from the academic community
prompted us to work on their suggestions and come out with this seventh edition.

NEW TO THIS EDITION

The seventh edition has been revised extensively and restructured to emphasize new and important concepts
in Digital Principles and Applications. This edition increases the depth and breadth of the title by incorporat-
ing latest information on existing topics like Boolean Algebra, Schmitt Trigger, 355 Timer, Edge Triggering,
Memory Cell, Computer Architecture, and also introduces new topics like Noise Margin, Error Detection and
Correction, Universal Shift Register and Content Addressable Memory.

The most notable change in this edition is the inclusion of two completely new features—problem solving
by multiple methods and laboratory experiments—that will enable the student community devetop deeper
understanding of the application side of digital principles. Problem soiving by multiple methods help students
in understanding and appreciating different alternatives to reach a solution, without feeling stuck at any point
of time. Laboratory experiments facilitate experimentation with different analysis and synthesis problems
using digital integrated circuits (IC). Each experiment describes its aim, a short reference to theory, apparatus
required and different work elements.

THE BASIC FEATURES

The new edition retains its appeal as a complete self-study guide for a first-level course on Digital Logic
and Digital Circuits, It will serve the purpose of a textbook for undergraduate students of CSE, ECE, EEE,
Electronics and Instrumentation and IT. It will also be a valuable reference for students of MCA, BCA,
DOEACC ‘A’ Level, as well as BSc/MSc (Computer Science/IT).
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The key features are:

» Presence of various applications and lab experiments considering the common digital circuit design
employed in industries (e.g., LCD display and ADC0804 operation).

» In-depth coverage of important topics like clock and timing circuits, D/A-A/D conversion, register,
counters and memory.

¥ Tutorial-based approach with section-end self test questions and problem solving through various
methods.

» Useful discussion on TTL and CMOS devices and pin diagrams

» Rich Pedagogy

*+ 180 Soived Examples
+ 290 Section-end Problems
= 500 Chapter-end Problems

COMPREHENSIVE WEBSITE

An important addition to this title is the accompanying website——htip.//www.mhhe.com/leach/dpa7, designed
to be an exhaustive Online Learning Centre (OLC). This website contains the following:

For Students

* Downloadable codes for HDL examples in the book
» Supplementary Reading material

Besides Quine-McClusky code and HDL examples, additional information and discussion on various
supplementary materials like five-variable Karnaugh Map and Petrick’s Algorithm will be available here.
Regular updates on different topics of Digital Electronics will be posted to keep the reader informed about
recent changes in this field.

For Instructors

Instructors who have adopted this textbook can access a password-protected section that offers the following
resources.

+ Solution manual
» Chapterwise PowerPoint slides with diagrams and notes
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Prof. P Mandal, Prof. S Mahapatra, Prof. T K Bhattacharya, and all my faculty colleagues at Indian Institute
of Technology (IIT) Kharagapur, especially, from the Department of Electronics and Electrical Communica-
tion Engineering and G S Sanyal School of Telecommunications. But for the paucity of space, I would have
named many others.
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PURPOSE

The fifth edition of Digital Principles and Applications is completely recorgnized. It is written for the
individual who wishes to learn the principles of digital circuits and then apply them to useful, meaning-
ful design. Thus the title. The material in this book is appropriate for an introductory course in digital
logic in either a computer or an electronics program. It is also appropriate for “self-study” and as a *‘ref-
erence” for individuals working in the field. Emphasis is given to the two most popular digital circuit
(IC) families—transistor-transistor logic (TTL) and complementary metal oxide silicon (CMOS) logic.
Many of these individual ICs are discussed in detail, and pinouts for more than 60 digital IC chips are
summarized in Appendix 8. Standard logic symbols are used along with the new [EEE standard logic. A
review of the new IEEE symbols is given in the appendix.

BACKGROUND

It is not necessary to have a background in electronics to study this text. A familiarity with Ohm’s law
and voltage and current in simple dc resistive circuits is helpful but not required. If you have no desire
to learn about electronics, you can skip Chap. 13. To the extent possible, the remaining chapters are
written to be independent of this material. If you have not studied electronics, Chap. 13 will provided
the necessary background for you to converse successfully with those who have. Study it any time after
Chap. 1. For “old-times” who have studied electronics, Chap. 13 will provide a good review and perhaps
a new and valuable point of view. In any case, the material in Chap. 13 will certainly enhance both the
knowledge and ability of anyone!

ORGANIZATION

Each chapter begins with a contents that lists the subjects in each section. The contents listing is fol-
lowed by a list of chapter objectives. At the end of each chapter section are review questions, called
self-tests, which are intended to be a self-check of key ideas and concepts. At the end of each chapter,
answers are supplied for the self-tests, A summary and a glossary are provided at the end of each chap-
ter. In any subject area, there are many terms and concepts to be learned. The summary and glossary
* will provide you with the opportunity to be sure that you understand the exact meaning of these terms,
phrases, and abbreviations, The end-of-chapter problems are arranged according to chapter sections.
The problems reinforce ideas and concepts presented and allow you to apply them on your own. Solu-
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tions to selected odd-numbered problems are given at the end of the book. In addition, the appendix
contains reference material that will be useful from time to time.

LABORATORY EXPERIMENTS
A complete set of experiments keyed to this text is available in a laboratory manual, Experiments for

Digital Principles.

DonaLp P. LeacH
ALBERT PavL Marvino
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Statc machine design wsing Moore model and Mealy model

State Mtlon diagram and g ion. of state synthesis table

Derivation of design equation from state sintthesis lable using Kamawgh map
Circuit implementation: flip-flop based approach and ROM based approach
Use of Algorithm Slate Machite chart

State reduction 1echniques

Analysis of asynchronous sequential circuit

Problems specific to asynchronous sequential circuit

Design isswes relaied to asynchronous sequential circuit

LE R E R R &R J

Every chapter opens with a set of chapter ob-

Dresign problem pormadly stars with a word description of input owput relation and ends with & circuit J’ectives_
dlagrm baving sequentin and combinatorial iogic elements. The word descniption is first converted w
1 state wansition diageam o7 Algoritbmic State Muchine {ASM) chart followed by preparation of state

 syorhesjs wble. For fip-flop based implemanearion, excifatian tables are 1sed t geneeat design equAlions Benefits: These provide a quick look into
* through Kamaugh Map. The final circuir diagram is developed from these design equations. [n Read Only - N 1}
" Mesmory (ROM) based implermentation, sxciiation tablex are ot required however. fip-flops are used 1s the concepts that will be discussed in the
< delay elements. In this chapter, we show how these techniques can be used in sequential circuit design

There wr two different approaches of state mackine design calied Moors model and Mealy model. In ChaPten

| Moore model circun outpuis, also called primary outputs are generated solely from secondary outputs or
< memory values. [n Mealy modet circuit inputs, aiso kmown as primary inputs combine with memory elementy
: to generate cincuit outpul, Both the methods are discussed in detail in this chapter.

In general, sequential logic circuit design refers to syacronous clock-triggered circuif because of iy
design and ages. Bt there is ing attention to asy#chronous sequential logic

14
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examples totalling to 180 in the book,

Benefits: These will guide the students
while understanding the concepts and
working out the exercise problems.
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We start with hardware design of multiplexers using Verilog code. The data fow mode! provides a differem

use of kKeyward assign in the form of
assign X=574:8;

This stalement does following assignment. If, §= 1. X =A and if =10, X = 5. Cne can use this statement

or the lagic squation 1o realize a 2 to 1 multipleser showt iz Fig, 4.2(a) in one of the following ways.

il e mox2tal (A DO, 01, ) modnle mux2tcl (A, 00,01, £y
Ingut A.D0,D1: /* Circult dhown ipput A, D0, DLl: /* Circuwit shown in 3
in Fig. 4.3(a) %/ Fig. 4.3(@1*7
outpot ¥ owkpat ¥; :
el Y- {~AEDO) ] IREVLS 7 asaiga ¥~ K ¥ DL : DO; /*Conditional:
anduodile assignomntt/ B
sodiodule
The i et can be used 10 describe the 2 @ | mulripl in following different ways, one

using If ... else staiement and the other using ease statement. The case svalustes an expression or a variable
that can have omlfipie values cach onc corrcaponding to anc statement in the following block. Depending on
valuc of the cxpression, onc of those statements get executed. The behavioral model of 2 to 1 muliiplexer in

both is given below:

wbdole aviltol (A, 00, DL, ¥hy motule muxztol (A, D0, D1, Y);
o dopet K, D6, Di; /% Circuir shown, . | dpput A, PO, Bl: /= Circufr ghown .o
in Fig: 4. 5w B o COEdFig, &3Te ) I
[ X7 sutput Y;
g X1 rhg 1
& (A or DO or DL} always @ {A oxr DO or D1}
§AL {Re-l) ¥-DLy caps 1A}

Yo L

LIRRS &L TR
e 1y YaDL:

Figures are used exhaustively in the text.

Benefits: These illustrate the concepts
and methods described for better
understanding.

New to this edition, HDL, an interesting
development in the field of hardware design,
has been introduced.

Benefits: The relevant HDL description
and codes are weaved into chapters
to help students implement and design
digital circuits.

R\

Programming a PAL

A PAL is different from a PROM because it has a programmabls AND wray and a fixed OR array For
instance. Fig. 4.43 shows u PAL with 4 inputs and 4 outputs. The x's on the input side arc fusiblc links, while
the selid black bullets on the output side are fixed connections. With & PROM programmer, we can bum in
the desired fundamental products, which ase then ORed by the fixed tutpat connections.

a4 g il

YIV[Y

Fixed OR amay
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. I the OR gate in Fig. £ 15: had an additionsd. mpm(V}.andV ¥

Analog signalks are {codtmuons, discrete).

The operation of a digital circuit is genenally considered to be nonknear. (T or F}

Wiite the binary aumber for the decimai number 7.

Acxtain digital circwit is designed te operate with voltage levels of - ozw:-a-a.nw: I!'H'
=1--uzvuw;-o-«sovmummmmmumm? ‘
Rebex to Fig, 1:4c and dosoribe the Dawaning of the e P, . and ¥y o

Cad ¥, e barvs w valbac within the forbldden bund in Fig. 147 P.xplll.

InFig .58, H=-+30 Vdcasd L= +] OVM.WM-IHV*:FMWM#M
and full times are meaneed?

‘What is the vaine of Duty cycle & if the waveform iz Fig. 1.6b is high for 2-me and bow for 3 ms?
Refer only 10 the tri-stete buffer syrabal in Fig. 1.5¢ rodl determing the: Stete of ¥, i both -G and ¥,
st o, Clibck your reaposisc with the trath teble in Fig. 1.9b: Repest if50@ & ind ¥ arc high
Refer oaly to the mverting &i-stise bifflex symbol i Fig. 1.11c and determine the stwte of ¥, i
MG“VMMMMwmthbkmﬁ; £.11b. Repest if both &
= ¥ are high,

. For the AND gste in Fig. L.13c; ?-Kwﬂl’ L. What isthe shite of K¥
.ifhmwﬂﬁ!lhuﬂwm(l’jmﬂ? LA Hmd?=l.w§-'mu

wumarvmmeumummwm
= H, ad V= L, what woukl
be the state of 72 Whee wouke It take 80 produce ¥ = L7 .

A Cnymmdﬁﬁnm'mwmawmwemmwtw

terme such as do-off, i-oul, wp-down, sight-tef, cotd-do, wed-dry, ofe.?

. What kigic bevel will appont at A if the Wip-flop ia Fig, 1.16 has SET = | and RESET = 17
- Look & the binury eepeeseniition of the decicual tazaber 9 in Tablo 1.1, How vy bils arc hore

in this binary psimber? Tf it is soved in the reginier in Fig. 117, what st the bit valiss of DCBA?

.H.mmmamaluwmmmmanmmw

aumber into the paraliel egister in ¥ig, 1.1847 How long would it txke 1o enter an 8-bit nambes
inka the serisl regisber in Plg. LIRG?

Wik we dpoak of  mi whﬂlsmmbyﬂmmmpwﬂ

What binary auamber will be storod & the counter in Pig. 12ia if the clock i allowod e rum for
seven periods?

Hew many &ip-Sops ae An. souatuct a digitsl costar Gepuble of commting 1000 ovents?

SmMuwm!beALUmFu.Iﬂwnumlmmﬁhmdﬁm ®
2ed 3RS 5 (<) 9md 9.
What are the digital

ounpue Jevels of the encoder in Fig. 26 if caly ispot tie & ia high?

A section called Self-Test appears after every
section in every chapter.

Benefits: This will help students check
their understanding of the concepts
discussed in a section before moving on
to the next section. Answers to Self-Tests
are given at the end of that chapter.

A Brief summary is provided at the end of the
chapters.

Benefits: Summary gives the essence of
each chapter in brief and will be helpful
for a quick review during the examina-
tions.
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chapter.

A glossary containing the important definitions
and abbreviations is listed at the end of each

Benefits: It helps in memorising the
important terms discussed in the chapter.

21 List as many bistable devices as you can think
of —cither clectrical o1 mechanicat, {Hint:
Magnets, Lungs, relays, cte.)

83 Redww the NOR-gme flig-flop in Fig, 8.3b
wnd Iabel the logic level on ewch pin for 8=+ §
=0.Repestfor R=5=1, for R -Gund 5~ 1,
and for R = 1 and $=0.

B.3 Redraw the NAND-gate fiip-fiop in Fig §.72
2 Lubel the logic lovel on cach pig for K =
S=0Repestfor #=F =, for R =1, and
S =0 andfor R=0and S =1,

84 Redraw. the NAND-gme flig-flop m Fig.
8.8 and Labe! the logic level on each pin for
R=S=0 Repestfor R=5= |, fox R =0 aod
S=1,mndforR=1and §=0.

8.5 The waveforms in Fig. 8.5 drive the clocked
RS flip-fop in Fig. 8.11. The cleck sipnal goes
o 3w 10 high ot points A, C, E, and G. 1 §
i8 kow Defore point 4 in time:

& At what poimt docs (7 becomse a 17
b. Whea does O reset to 07

K .
ABLCDEFGH

r

€ R

8.6 Use the infortnation in the preceding probiem
and draw the wavefortn at (.

8.7 Prove thar the flip-flop realizations in Fig.

8.12 are equivalent by writing the logic level

8% The waveforms in Fig 851 dnve a 22 lach
as shown in Fig. 8.3%. What is the valuz of D
stared in the fip-fiop after the clock pulsz is
over?

(st )
(BF Toction B3

8.9 What i1 the advermage offered by an edge-
triggered A5 flip-Aop over & clocked o gated
RS flig-flop?

810 The waveforms in Fig. 8.18d illustrate the
typical operstion of an edge-triggered RS
flip-flop. This circuit was connected in the
lboratory, but te R and 5 inguts were
misiakenly reversed. Praw the sefulting
waveform for Q.

811 An sdge-triggered RS flip-flop will be used
to produce the wveform f with respect to
the clock a8 shown in Fig. 8.52a. First, would
you uEe B positive-edge- of 2 negative-edge-

d #ip-Nop? Why? Draw th
necessary a1 K and 5 10 produce .
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= ALY Arithmetic logic unit.

* analog signal A sigoal whose amplitude
can take any value between given limits, A
continuous signal.

= binary pumber A nuiber code thal uses coly

the digits O and [ 1o represcnt quanitities.

Dipadar Having two typed of charge caniers; a

bipolar transistor is Ry of pHp.

e binary digit,

duffer A digital circuit capable of maintaining

u required logic level while acting as a cmTent

saurce of a current sick For » given load,

« thip A anall piece of semiconductor on which

an IC i3 fovmed.

CMOS Coatplessentary metal-oxide silicon.

An IC using both rchaonel snd p-channe]

field-effect transiston (FETs).

CPU Centnal processing unit.

CRT Cathode-ray fube.

efock A periodic, rectangular waveform used

a5 a bagic timing signal,

compuer

= comnter A digital circut designed to keep
track of {to count) a number of events,

* decoder A unit desipned to change a digitl
number inle another form.

* demuitiplexer {DEMUX) A digital circuir that
will setect onilv one of manv inputs. .

The text contains more than 250 section-end

practice problems.

Benefits: These will help the students in
improving their problem-solving skills.

» digisal sigmal A sigral whose amplirude can
have only given discrete values between
defincd Limits. & signal that chunges smplitude
in discrete stops.

= DIP Dual-inlime package.

= DMA Direct ineanory access.

® Dwey cyclke For a periodic digital signal, the
o of high kvel tane to the period or the
Tutio of Tow level time 10 the petiod.

ome bit of 3 binary number.

= fMoppy dizk A magnctically coated digk wsed to
store digital dats.

= gate A digital circuit having two or more
ingyuds and & single output.

* Asndshaking A “roquest” w transfer dais
into or out of a computer, followed by an
“acknowledge” signal, allewing data transfer
to begin,

* FC Iotegrated circuit.

* leglc clrewlt A diginl cinuil, & switching
circyit, of My kind of two-state circuit that
duplicates meneal processes.

* LST Large-scale misgration,

* memory The area of a digital computer used

1 <tnre nenorame aned dwin
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Visual Walkthrough
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Each chapter contains numerous problems
solved using multiple methods.

ultipte

Benefits: Problem solving by multiple
methods helps students in understanding
and appreciating different alternatives fo
reach a solution, without feeling stuck at
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any point of time.
o)

Each chapter contains a lab experiment.
Beneﬁfs.Laboratory_experzmentsfacrhta{e usmcppiyn s m foikips -wb.m
experimentation with different analysis e cors B G s Lo
and synthesis problems using digital S SR A R SUA k“"’“‘” ,";"‘"‘" w""“'“"‘-""
. A ; : o *xemih M.ndu
;Integrated circuits (ICi. The;e give a R :: % nr@%ﬁ e
ands-on experience to the reader. \ : CLEAR
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