O FEMNEBEBHRFERSB

INTERNATIONAL EDITION

MODERN DIGITAL ELECTROMICS

RO EDITION

R P JAIN

MR FHF=
(531K

Modern Digital Electronics

(Third Edition)

R P+ Jain

m
&
Nk

REFHhRtt

mo

/



Modern Digital
Electronics

(Third Edition)

DL FF

(553hk )

R. P. Jain

AERE ARt

b3t



Modern Digital Electronics( Third Edition)

R. P. JAIN

EISBN. 007-123670-8

Copyright © 2003 by The McGraw-Hill Companies, Inc.

Original language published by The McGraw-Hill Companies, Inc. All Rights reserved. No part of this publication
may be reproduced or distributed by any means, or stored in a database or retrieval system, without the prior
written permission of the publisher.

Authorized English language edition jointly published by McGraw-Hill Education (Asia) Co. and Tsinghua
University Press. This edition is authorized for sale only to the educational and training institutions, and within
the territory of the People’s Republic of China (excluding Hong Kong, Macao SAR and Taiwan). Unauthorized
export of this edition is a violation of the Copyright Act. Violation of this Law is subject to Civil and Criminal Penalties.
21K45?)€»'5L‘%Eflﬁiifﬁ‘?§ﬂ9j\”‘¥”i{l'.ﬁb’lﬁﬁl%i*ﬁaﬁ-%ﬁ(ﬁ’é R D 28 7 A A R Ot R A X BRAE AR A B
e 1 FE B P O 35 v [ A \?ﬁl‘jﬁﬁ‘lﬁﬂfi&rﬁ@‘ﬁ?’%lﬂ}.B‘.)ﬁﬁﬁﬁ&%ﬂllmmz%ﬁ’%o KAV Z A,
Wk T R K S R R

o 2 My 3% T A S iV T AR B AT ] 7 2 i A A B A T4

b 20T R AR 2 AR AR R B D S T :01-2007-4047

& B HE A McGraw-Hill 22 8 B th A5 & TAREEABHE.

KRAL R A . B AL B . B IR BmiE. 010-62782989 13701 121933

E 7R % B (CIP) #iE

A K T B3 J = Modern Digital Electronics, 3e: ¥/ HARBJAIN,R. P ) .
b at . WK A, 2008, 4

GG I NGE B A

ISBN 978-7-302-17068-6

1. B I A . ﬁ?%%—%?&*—g%%#‘ﬂﬁﬁﬁi V. TN79

vp [ A [ AR CIP IR A% T (2008) 55 022196 5

EEHRE: £ %

EEME. B

HRR & AT - W AR A it f . QLTI AR TR A
http: / www. tup. com. cn M 4. 100084
#t =1 #l. 010-62770175 Hp . 010-62786544

RS EERS: 010-62776969 ,c-service@ tup. tsinghua. edu. cn
B B R ®&: 010-62772015 , zhiliang@ tup. tsinghua. edu. cn
B . dbmEESCE R A BRA A

2 . 2EBFERE

FF A 200X260 EB  B: 35.75

i M. 2008 4F 4 A5 1R ED Y. 2008 4F 4 A1 UENA
Efl #. 1~3000

E #y. 49.80 JC

$%ﬁuﬁ&i$mﬁﬁﬂl\ﬁk‘rﬁ‘ﬁﬂﬁﬂ)@ﬁﬁi%@%ﬁ%l‘ﬁl@ﬁﬁﬁﬂéi%tﬁ#ﬁﬁtﬂﬁi%ﬁ@é%\
V. BERHLE . (010062770177 ¥ 3103 e g S . 026163—01



Modern Digital Electronics, Third Edition

% HI Ry

?‘fﬁiﬁrﬁﬁﬂ’ﬂfg?ﬁ*ﬂﬁﬁ]Fsi@gg—fr%ﬁ%ﬁff%%ﬁ*i%ﬁ%ﬁ%*ﬁ%TKE}%J‘&H"JK
HHFR S T, SEERAR B R RS #2488 R B AMB K E 9 — R R 2 1M fE &
B — A BB W SME A o W LA R W) B B2 ORI B 2 1k R S i T 1 S

?ﬁﬁ?%?&?ﬁ%ﬁﬂ%ﬁﬁﬁ%ﬂﬂﬁ@W%%W%Ji?i%’li&ﬂ@ﬁiﬁ)ﬁﬁﬁ?ﬁzﬁﬁ?%ﬂ-ﬁ,/Hi
AP NYESETOE €7 A F T A0 e R R 0 5 R P9 A A R4 5 Tk R S22 AR R
l«‘lgﬁ%li&ﬂ@ﬁiﬁ?ﬁﬁﬁm@i%ﬂiﬁ:%ﬁi%ﬂ?ﬂfﬁﬂ@«ﬁ?%?ﬁ*i%ﬁ?ﬁ%%zkﬁik>>$%_{1:&
Wia. FERWAALIEHM D A/D.D/A e B R Ik i BT B4 7 £ AR 33 T I 4 N 2
ﬁ%?ﬁzﬁﬂﬁﬁgiﬂiﬁiﬂﬁﬁ?‘EEE%E@%EMMRTL#?%H?fxﬁﬁ,1‘%5*&2&%%0 I A 3 6 B 1 #
MERIBEERK, A H L AR, DAL s AT 0 B R S Al R R 1 M B R
A,

TEXAH R P Jain 4% #9( Modern Digital Electronics)— 5 tp | A 72 7F I [fi 7 138 49 & #h i)
W, BE A 13 & Fundamentals of Microprocessors B 2 L) 5 S H N R SERF A AT R )
Bl N A, TR IE S RAE HE £, ZBNAERE G AR RGN, REMER, TR
Wﬁ@ﬁ?%%&*ﬁﬁﬁmﬁ%ﬂ%ﬂ@iﬁﬁkvE%ﬁﬁ*ﬁiﬁ?%%ﬁ*%ﬁﬂi%ﬁﬂ‘]%)‘(%%
A5 1% 4 B RS R FRATIR A T — A 5 S FAR 0 v 4%

& &
HER¥ASDR
2007 £ 5 H



PREFACE TO THE THIRD EDITION

The tremendous power and usefulness of digital techniques and systems can be seen from the
wide variety of industrial machinery, computers, microprocessors, household appliances (washing
machines, refrigerators, digital TVs, etc.), medical equipment, internet, e-banking, e-business,
e-governance, etc. which are based on the principles of digital electronics. The areas of
applications of digital electronics have been increasing day by day, resulting in an unprecedented
interest in the subject. In fact, digital systems have invaded all walks of life that has created
digital revolution.

One of the most important reason for the unprecedented growth of digital electronics is the
advent of integrated circuits (ICs). Developments in the IC technology have made it possible to
fabricate complex digital circuits, such as microprocessors, memories, complex programmable
logic devices (CPLDs) and field programmable gate arrays (FPGAs), etc.

The wonderchip microprocessor has been the most fantastic development of the recent
years. No other single development has affected our lives as much as the microprocessor in
such a short time. Its ever-increasing applications have resulted in developments which were
simply unheard of till a few years ago. The emergence of various programmable logic devices
have resulted in significant changes in the design methodologies of digital systems. The designers
of modern digital systems in industry rarely use conventional manual techniques. Instead,
computer aided design (CAD) tools are used. But this has not made the basic concepts and the
manual techiques of digital theory and practice obsolete. Rather, the manual techniques are the
foundation of CAD tools and they provide a clear insight into the CAD tools. Therefore, it is
very essential to have a strong foundation of the basic digital techniques for making effective
use of automation in design.

This has made it imperative for all those who aspire to design, develop, test, and maintain
various electronic systems to learn the principles of modern digital devices and systems.

The third edition of the book deals with the subject of digital techniques and systems from
the basic circuits (gates) to small scale integrated circuits (SSI), medium scale integrated circuits
(MSI), large scale integrated circuits (LSI), and very large scale integrated circuits (VLSI).
Computer aided design concepts, CAD tools and hardware description language VHDL have
been introduced to familiarize the readers with the CAD techniques.



Preface to the Third Edition

This book is self contained and is suitable for a course in digital electronics and logic design
for electrical, electronics, computer and other engineering disciplines and computer science
programmes. Students of physics specializing in electronics will also find the book useful. For
experimental work using SSI and MSI devices, the reader is advised to refer to Jain and Anand,
Digital Electronics Practice Using Integrated Circuits, Tata McGraw-Hill, New Delhi, 1933.

The book has been systematically organized and the presentation has been kept at a level
suitable for a student with the basic knowledge of circuit theory and electronics.

Chapter 1 introduces the fundamental concepts of digital electronics, advantages of digital
systems, and the basic digital circuits. Various number systems and commonly used codes in
digitial systems and microprocessors have been discussed in Chapter 2. Error-detecting and
error-correcting codes have also been included in this edition. Chapter 3 reviews semiconduc-
tor devices from the point of view of their applications in digital circuits. Based on these
devices, various digital circuits, referred to as logic families, have been discussed in Chapter 4.
Availability of various digital functions in ICs have changed the teaching of digital electronics
from the good old style using discrete devices to a new style using modern digital ICs. For
example, now it is no more important to minimize the number of gates for the design of a
digital circuit, since a number of similar gates are available in a single IC chip; rather it has
become necessary to minimize the number of IC packages. Thus the designers of digital
systems have to be thoroughly familiar with the principles of operation and flexibilities avail-
able in various ICs in order to optimize the design of digital systems from the point of view of
cost space, power requirement, speed of operation, etc. This chapter also deals with the
inter‘acing problems between ICs of the same logic families and between those of different
logic families to obtain maximum benefits.

Chapter 5 deals with the conventional methods of combinational circuit design. Quine-
Mcluskey method has also been included in this edition.

Combinational logic design using MSI circuits is covered in Chapter 6, which is important
for the design of digital systems considering the simplicity in design, cost, space, power require-
ment, speed and other factors.

Chapter 7 introduces the basic building block of a sequential circuit—the FLIP-FLOP. All
types of FLIP-FLOPs with their excitation tables and triggering methods have been discussed
in detail. Sequential logic design has been discussed in Chapter 8. Here again, both the
approaches, namely conventional design using FLIP-FLOPs and the modern approach using
available MSI circuits, have been discussed. Design of synchronous sequential as well as
asynchronous sequential circuits have been discussed.

Chapter 9 deals with timing circuits and their applications which are essential to a digital
system.

The analog-to-digital (A/D) and digital-to-analog (D/A) converters form an important part of
many digital systems and the commonly used techniques for such conversions have been
discussed in Chapter 10.

Chapter 11 deals with semiconductor memories which have assumed an important role in
present-day digital systems. Various semiconductor memories, such as static and dynamic shift
registers, static and dynamic RAMs, ROM, PROM, EPROM, EAROM, CAM, CCD, have
been discussed in detail. Programming techniques used for programmable ROMs and erasing
techniques used for erasable programmable ROMs have also been discussed.



Preface to the Third Edition

Chapter 12 presents various programmable logic devices (PLDs), such as programmable
logic arrays (PLA), programmable array logic (PAL), Complex Programmable logic devices
(CPLDs) and field programmable gate array (FPGA) devices. These devices are extremely
useful for the design of complex digital circuits.

Chapter 13 introduces computer aided design (CAD) approach to digital system design.
CAD tools needed for this purpose have been discussed. The VHDL, a hardware description
language has been introduced, which is the basic requirement of designing using CAD tools.

Glossary of the important terms used in the book and Review Questions with answers for
each chapter have been included to enhance the understanding of the users.

The solution manual for the third edition is also available with the publishers, for the
teachers who adopt this book.

R P JAIN
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