A BB SFHAB & oo
.9 Hfl:*{:uuﬂi- = Tiﬂ(%ﬂ?}ﬂ—}ﬁ@%  Ha

SEA e

% 2 ki F2ENhit

ELECTRONICS

Second Edition

l ALLAN R.HAMBLEY

EEFEHEHMRA

Higher Education Press

s saoen e —— e e P ———————



E¥:01-2003-6734 5

English reprint edition copyright © 2003 by PEARSON EDUCATION NORTH ASIA
LIMITED and HIGHER EDUCATION PRESS. (Electronics from Pearson Education’
edition of the Work)

Electronics, 2e by Hambley, Allan R, Copyright © 2000.
All Rights Reserved.

Published by arrangement with the original pubhsher, Prentice Hall,
publishing as Pearson Education.

This edition is authorized for sale only in the People’s Republic of China
(excluding the Special Administrative Regions of Hong Kong and Macau) .
ZHEHEHH Pearson Education(3FEH H HAREH ) HABHHRE,
EIRBEARBNE,

For sale and distribution in the People’s Republic of China
exclusively (except Taiwan, Hong Kong SAR and Macao S

AR).
R T ARIEAMEEN (RaBPEEE . BI1455)
TEXMPEHEEMX) #HELTT,

BELERRR (C1P) B

B, T o B B Rl = Electronics : 2K /() I A

hRAt, 2004.1
ISBN 7-04 — 013846 — 8

T.#... O.W... M. .BFHEBEBASLSSR—
B—¥*3x N.TN710

b (] i A B 548 CIP BB (2003) % 117123 &

HEZIT HEHE LR MEHE 010 - 64054588

o AETHHERERESAE4E £BEH 800 -810-0598
BBEIARED 100011 [ #it  http: / www. hep. edu. cn
B #Hl 01082028899 http: // www. hep. com. cn

8 W FEHELERTH
B B RS CERIT

F X 787x1092 1/16 )71 B 20041 HE 1R
B % 57 Ep W 2004 1 A% 1 RETRI
¥ # 900000 E #+ 70.00 T

AP AA BRI BT B TSR R U, BT B4 R 1B R
MEBRFH IR



it

Bl

20 K, UIFEA @S AR A RENE ERFREAAEREZHF. B,
EE HEAXHAFFETREAYY. EEHEHANREERFNA, Ha T it
REEBRESLYNEHLRE, AFFERFRT FENER.

HAN22 L, ARHEERE WA WTO, FEFVYHERESUEmEI. &

EEEFLYERE 0 LXK ETRAELE, E5REERMEL, £E5HEF.
ERZEEXMYL, TARALZE. HXERANLBRREMEEF VHERES
B, BRAHEBATERMFERRAANRENKE. 5IH#EIME EHFMEAR
REEM, EAXGNFEREDIARKLEVRENTERY, EHFH Y mERK
HEREHERBEARAL RIS —HEEEH,
T b REHERNBHERYT EHGE G £ R B AR B S R A
TH. AHRETHEAER, —REFGAT, —REMRNME. EHEHT L RLH
ERRFRAIABMERANENT, ERURENHE, £ —H3IHY 20 %
MUMCEABEER. XEEMEREZH T ZWGT, EFATOREREL
MEBRFBEL XK. BENER 2 EREBREEREBRRFH BN R BHE
i, RETEWHRAEERFHARTHN KA, TANBELRRAEN, 55
W IR X B bt A Y.

RHEHMG A TERELT R BEHTAMERLNAFALLT, HERNEE
MEFRALENER. %2455, EXREENAM#TS RS SN R L,
SETENMENEL AFA XL LHERRBEHTRLT H M. 2P, John Wiley
B R AR LB B A5 B R ¥ 5 b0 B & & Silberschatz #4% 0 4 B2k (3%
ERGBMAEY, RENEIREHRH, KT RS S H 4B U5 ##4. William Stallings
SEERE THEZERIAWHE AR FRRATI SN, HE A SR HMFBTE
E#MFFERBEH AL ENAEE TREM L, I H M T RA®
WAAZEE. §XFE¥# Jawei Han 64 8 (RELHE) RiZAEST LA BB
BXWEE. BB F ¥ Thomas Cormen FR L T ¥, BB T A%
TS H I BN ERFE (EERR), ELHT 1| FHESEZE T 2001 &£



W 7% —BK. B B{E# T % 5 Massachusetts X% # James Kurose #3%, Y& X
EZERAER 10 KKBABHFRAHKER, HHEERN GHENRELY H
WG, UERAFE. WALHTEIRY. AL IREIIARMENTE, §F
HERBREM T ABRARN THE, XEFHNEMELTHESE. EHHE. £#
Mo R AR

ZERBFLEEARENNEREFRSS LTI, FEREFEREEEA
HEAEREFYHNERE. RNESHFERATHEY, FNERZTHHE HEH
RAFHES, TELAEFHE RS LFRE TR, TS EMENES
EIWESHEMEY, i) AR FRFLEAEER, PENKTTHE A, SEEK
NEFENERAERIT AKTHEREXKL.

E5| #EAM R, RNENFFELREK, FEFIE/IEHHKFELR
HEFT®, REORBMNAT, ERINGHIPEMEARKE L, £E 5
BRWESLE, ERERFLANG TR LEARAN RPN .

B, BEHEELE IS FimRRa TSR EFRYE L MTE, KR
MRFEREEHFEARAA N EERESE 2 — FRBREFRETR TEALAE
REFANGEIRARREAL, 5ENpLERREL DV SELY, WERIZEL
IT W AEBREFEN, BEEAS LR RE LRI R, FERLFEHE
HEM I RHE.

BAOF LR, FARENRE, YREXF - AHETRENETEE
RAS, REBESBASWERESLY, RAREEEASVHBERE, ki
HERGEEARE, ATNEHENEBREFNERRALE,

BEHEBEHTH
ZOO4=ZH



Preface

This book is intended for use in the core electronics courses for undergraduate elec-
trical and computer engineering majors. The book frequently takes the designer’s point
of view in discussing circuits, illustrates design with numerous examples, shows how to
test circuit designs using SPICE, and provides numerous open-ended design problems
with which students can practice.

WHAT’S NEW IN THE SECOND EDITION

1. The entire book has been reorganized and rewritten with an eye toward reducing
its length and making it more student friendly.

2. Integrated-circuit techniques are treated earlier and receive greater emphasis
throughout.

3. The needs of computer-engineering students are addressed by treating the switch-
ing behavior of devices early in the book, adding a chapter on CMOS logic circuits,
and adding a discussion of data converters.

4. Several motivational examples are provided in the “Anatomy of a Design” sections
as asides from the main text to show how interesting circuits can be designed using
the material learned to that point in the book. For example just after the chapters
on op-amps and diodes, the design of a function generator is illustrated.

5. The introduction and the treatment of external amplifier characteristics have been
condensed into the first chapter.

6. MOSFET: are emphasized over JFETs.

7. Op-amps are treated in a single chapter.

8. The treatment of device physics has been shortened and appears in the various
chapters on an as needed basis.

9. The chapter on SPICE has been eliminated because most students learn to use
SPICE in their circuits courses.

ASSUMED BACKGROUND AND LEVEL
OF PRESENTATION

The background assumed is a first course in circuit analysis. In the beginning, the level
of presentation is appropriate for an introductory core course. Starting with Chapter 7,
the level gradually increases to that appropriate for juniors having a stronger interest
in the subject. Circuit analysis by Laplace transform methods is helpful (but not re-

quired) background for frequency response and compensation of feedback amplifiers in
Chapter 9.
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Preface

INSTRUCTIONAL AIDS

A website located at http://www.prenhall.com/hambley contains a number of resources
for instructors and students including:

e Answers to selected end-of-chapter problems

e PDF files of key figures from the book that can be used to make
transparency masters

e Schematic files for the circuits discussed in the book
e Schematic files that are the answers to Exercises that call for SPICE analysis

e A selection of links to manufacturers’ sites where additional data
may be downloaded

A solutions manual containing complete solutions for the exercises and problems is avail-
able to instructors who adopt the textbook for classroom use, To obtain a copy, contact
your local Prentice Hall sales representative or write to the publisher on your school
letterhead. The address of the publisher is:

Electrical and Computer Engineering Editor
Prentice Hall

1 Lake Street,

Upper Saddle River, NJ 07458

CONTENT

This book supports a wide variety of course plans. More than enough material is provided
for a two-semester (or three-quarter) course sequence, allowing topic selection suited to
the interests of the instructor and students.

Chapter 1 contains an overview of electronics and treats the external characteristics of
amplifiers. The first several sections acquaint students with the big picture and illustrate
how the details studied in this book fit into that picture. Usually, I assign this material
for reading but don’t spend class time on it. Next, we introduce basic amplifier concepts
including gain, input resistance, output resistance, frequency response, and circuit models
for amplifiers. The chapter concludes with a discussion of differential amplifiers, setting
the stage for op-amps.

Chapter 2 treats operational amplifier circuits including basic amplifiers, imperfec-
tions of op-amps, integrators, and differentiators. The discussion of amplifiers gives im-
mediate application for the concepts (that were introduced in Chapter 1) of gain, input
resistance, output resistance, and ideal amplifier types.

Chapter 3 treats diodes and diode circuits, including load lines, ideal diodes, rectifiers,
wave shapers, logic circuits, voltage regulators, device physics, and switching behavior.
The small-signal-equivalent-circuit concept is introduced in Section 3.8 setting the stage
for BJT and FET amplifier analysis.

“Anatomy of a Circuit Design: A Punction Generator” is set aside from the main text
and appears between Chapters 3 and 4. It shows students how the material from the first
three chapters can be used in designing a useful and interesting circuit.



Chapter 4 covers BJT characteristics, load-line analysis, large-signal models, bias-
ing, small-signal equivalent circuit analysis, the common-emitter amplifier, the emitter
follower, and use of the BJT as a switch in logic circuits.

Chapter 5 contains a similar treatment of FETs with the main emphasis on MOSFETs.
If desired, the order of Chapters 4 and 5 can be reversed with little difficulty.

“Anatomy of a Circuit Design: A Multistage Amplifier” appears immediately after
chapter 5 and illustrates how a multistage amplifier can be designed using what was
learned from Chapters 4 and S.

Chapter 6 treats digital logic circuits with very strong emphasis on CMOS. Basic logic
circuit concepts, the resistor-pull-up NMOS inverter, the CMOS inverter, propagation
delay, NOR and NAND gates, dynamic logic, and transmission gates are covered.

Differential and multistage integrated amplifiers including IC bias techniques are
treated in Chapter 7.

Chapter 8 covers amplifier frequency response, including the Miller effect, the BJT
hybrid-7 model, and common amplifier configurations.

Chapter 9 examines feedback and oscillators. Sections 9.1 through 9.4 deal with types
of feedback and their effects on gain and impedances. Then several design examples
are given in Section 9.5. Sections 9.6 through 9.9 treat transient response, frequency
response, and compensation of feedback amplifiers. Several examples of feedback am-
plifiers are discussed in Section 9.10. Finally, oscillator principles are discussed in Sections
9.11 and 9.12.

“Anatomy of a Circuit Design: A Cardiac Pacemaker” appears after Chapter 9 and
showsan interesting application of many of the circuits and concepts discussed in the book.

Output stages and power supplies are presented in Chapter 10 including thermal
considerations, power devices, Class A and B amplifiers, linear voltage regulators, and
power-supply design.

Chapter 11 treats active filters, tuned circuits, impedance-matching networks, LC
oscillators, and crystal oscillators.

Chapter 12 considers comparators, timer circuits and data converters, including the
Schmitt trigger, multivibrator circuits, the 555 timer IC, digital-to-analog converters, and
analog-to-digital converters.

Finally, “Anatomy of a Circuit Design: A Precision AC to DC Converter,” illustrates
another practical design using many of the concepts treated earlier in the book.

CHAPTER DEPENDENCY

The first five chapters form the foundation upon which the remainder of the book rests.
The order of coverage of the remaining chapters is extremely flexible. Chapter 5 on
MOSFET: can be covered before Chapter 4 on BJTs if desired.
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