GLOBAL &
EDITION S,

Electronic Devices

Conventional Current Version

TENTH EDITION

Thomas L. Floyd

— 0 ;
A Ko - . ————
® o0 = ~

Iy e - — - — A AN ———

I = AN R =—————~4 WY
. . Yo s s e Em @RS Vg e ee oo
; i e PN N\ T\ A

SC10

m#a'~‘“ ei¢.;_@fjr'”
= ’D Pearsan

=~




ELECTRONIC
DEVICES

Conventional Current Version

Tenth Edition
Global Edition



This page intentionally left blank

1UaE.33.



Vice President, Portfolio Management: Andrew Gilfillan Content Producer: Nikhil Rakshit

Portfolio Manager: Tony Webster Managing Content Producer, Global Edition:
Editorial Assistant: Lara Dimmick Vamanan Namboodiri

Senior Acquisitions Editor, Global Edition: Sandhya Ghoshal Senior Manufacturing Controller, Global Edition:
Editor, Global Edition: Punita Kaur Mann Angela Hawksbee

Senior Vice President, Marketing: David Gesell Manager, Rights Management: Johanna Burke

Field Marketing Manager: Thomas Hayward Operations Specialist: Deidra Smith

Marketing Coordinator: Elizabeth MacKenzie-Lamb Cover Design: Cenveo® Publisher Services

Director, Digital Studio and Content Production: Brian Hyland Cover Photo: phomphan. Shutterstock

Managing Producer: Cynthia Zonneveld Full-Service Project Management and Composition:
Managing Producer: Jennifer Sargunar Jyotsna Ojha, Cenveo Publisher Services

Content Producer: Faraz Sharique Ali

Credits and acknowledgments for materials borrowed from other sources and reproduced, with
permission, in this textbook appear on the appropriate page within text.

Pearson Education Limited
KAO Two

KAO Park

Harlow

CM17 9NA

United Kingdom

and Associated Companies throughout the world
Visit us on the World Wide Web at: www.pearsonglobaleditions.com
© Pearson Education Limited 2018

The rights of Thomas L. Floyd to be identified as the author of this work have been asserted by him
in accordance with the Copyright, Designs and Patents Act 1988.

Authorized adaptation from the United States edition, entitled Electronic Devices (Conventional
Current Version), 10th Edition, ISBN 978-0-13-441444-7 by Thomas L. Floyd, published by
Pearson Education © 2016.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system,

or transmitted in any form or by any means, electronic, mechanical, photocopying, recording

or otherwise, without either the prior written permission of the publisher or a license permitting
restricted copying in the United Kingdom issued by the Copyright Licensing Agency Ltd, Saffron
House, 6-10 Kirby Street, London ECIN 8TS.

All trademarks used herein are the property of their respective owners. The use of any trademark in

this text does not vest in the author or publisher any trademark ownership rights in such trademarks,
nor does the use of such trademarks imply any affiliation with or endorsement of this book by such

owners.

ISBN 10: 1-292-22299-9
ISBN 13: 978-1-29-222299-8

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

Typeset in Times LT Pro by Cenveo Publisher Services
Printed and bound by Vivar in Malaysia

1uUadsg.



PREFACE

This tenth edition of Electronic Devices reflects changes recommended by users and
reviewers. As in the previous edition, Chapters 1 through 11 are essentially devoted to dis-
crete devices and circuits. Chapters 12 through 17 primarily cover linear integrated circuits.

®

Multisim™ circuit files in version 14 and LT Spice circuit files are available at the website:

www.pearsonglobaleditions.com/Floyd.

New Features

*

*

*

LT Spice circuit simulation.
Mutlisim files upgraded to Version 14 and new files added.
Several new examples.

Expanded coverage of FETs including JFET limiting parameters, FINFET,
UMOSFET, Current source biasing, Cascode dual-gate MOSFET, and tunneling
MOSFET.

Expanded coverage of thyristors including SSRs using SCRs, motor speed control.
Expanded coverage of switching circuits including interfacing with logic circuits.
Expanded PLL coverage.

Many new problems.

Standard Features

*

*

Full-color format.

Chapter openers include a chapter outline, chapter objectives, introduction, key
terms list, Device Application preview, and website reference.

Introduction and objectives for each section within a chapter.

Large selection of worked-out examples set off in a graphic box. Each example has
a related problem for which the answer can be found at: www _pearsonglobaleditions
.com/Floyd

Multisim® circuit files for selected examples, troubleshooting, and selected prob-
lems are on the companion website.

LT Spice circuit files for selected examples and problems are on the companion website.

Section checkup questions are at the end of each section within a chapter. Answers
can be found at: www.pearsonglobaleditions.com/Floyd.

Troubleshooting sections in many chapters.
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+ A Device Application is at the end of most chapters.
+ A Programmable Analog Technology feature is at the end of selected chapters.

+ A sectionalized chapter summary, key term glossary, and formula list at the end of
each chapter.

+ True/false quiz, circuit-action quiz, self-test, and categorized problem set with basic
and advanced problems at the end of each chapter.

+ Appendix with answers to odd-numbered problems, glossary, and index are at the
end of the book.

+ Updated PowerPoint® slides, developed by Dave Buchla, are available online. These
innovative, interactive slides are coordinated with each text chapter and are an excel-
lent tool to supplement classroom presentations.

+ A laboratory manual by Dave Buchla and Steve Wetterling coordinated with this
textbook is available in print.

Student Resources

Digital Resources (www.pearsonglobaledifions.com/Floyd) This section offers stu-
dents an online study guide that they can check for conceptual understanding of key top-
ics. Also included on the website are tutorials for Multisim® and LT Spice. Answers to
Section Checkups, Related Problems for Examples, True/False Quizzes, Circuit-Action
Quizzes, and Self-Tests are found on this website.

Circut Simulation (www.pearsonglobaleditions.com/Floyd) These online files include
simulation circuits in Multisim® 14 and LT Spice for selected examples, troubleshoot-
ing sections, and selected problems in the text. These circuits were created for use with
Multisim® or LT Spice software. These circuit simulation programs are widely regarded
as excellent for classroom and laboratory learning. However, no part of your textbook is
dependent upon the Multisim® or LT S pice software or provided files.

Instructor Resources

To access supplementary materials online, instructors need to request an instructor access
code. Go to www.pearsonglobaleditions.com/Floyd to register for an instructor access code.
Within 48 hours of registering, you will receive a confirming e-mail including an instructor
access code. Once you have received your code, locate your text in the online catalog and
click on the Instructor Resources button on the left side of the catalog product page. Select
a supplement, and a login page will appear. Once you have logged in, you can access
instructor material for all Pearson textbooks. If you have any difficulties accessing the site
or downloading a supplement, please contact Customer Service at: http://support.pearson
.com/getsupport

Online Instructor’s Resource Manual Includes solutions to chapter problems,
Device Application results, summary of Multisim® and LT Spice circuit files, and a test
item file. Solutions to the lab manual are also included.

Online Course Support If your program is offering your electronics course in a dis-
tance learning format, please contact your local Pearson sales representative for a list
of product solutions.

Online PowerPoint® Slides This innovative, interactive PowerPoint slide presenta-
tion for each chapter in the book provides an effective supplement to classroom lectures.

Online TestGen This is a test bank of over 800 questions.



Chapter Features

Chapter Opener Each chapter begins with an opening page, as shown in Figure P-1.
The chapter opener includes a chapter introduction, a list of chapter sections, chapter
objectives, key terms, a Device Application preview, and a website reference for associ-
ated study aids.

Chapter outline
DioDES AND APPLICATIONS
Sty aies, M s, an LT Spice s for ks chapuer 7 --.x_____“"ehsite
— reference
In Chapser 1, you Ieamed cha many sermicenducior devioss: i
ST ™~ Introduction
e e R
List Of abliny 10 maden TSt I ane Sretion whike bockng
based chapter —| .
objectives
\H“““axl)evice
* Expiain and asatyre she operarion of diode wiage
- = dafml. Application
: preview
Key terms
FIGURE P-1

A typical chapter opener.

Section Opener Each section in a chapter begins with a brief introduction and section
objectives. An example is shown in Figure P-2.

Section Checkup Each section in a chapter ends with a list of questions that focus on the
main concepts presented in the section. This feature is also illustrated in Figure P-2. The
answers to the Section Checkups can be found at: www.pearsonglobaleditions.com/Floyd.

Troubleshooting Sections Many chapters include a troubleshooting section that relates

to the topics covered in the chapter and that illustrates troubleshooting procedures and tech-
niques. The Troubleshooting section also provides Multisim® Troubleshooting exercises.
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FIGURE P-2

A typical section opener and section
review.

FIGURE P-3

A typical example with a related
problem and Multisim™/LT Spice
exercise.
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Worked Examples, Related Problems, and Circuit Simulation Exercises Numerous
worked-out examples throughout each chapter illustrate and clarify basic concepts or spe-
cific 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 exam-
ple. Selected examples feature a Multisim® or LT Spice exercise keyed to a file on the
companion website that contains the circuit illustrated in the example. A typical example
with a Related Problem and a Multisim® or LT Spice exercise are shown in Figure P-3.
Answers to Related Problems can be found at: www.pearsonglobaleditions.com/Floyd.

Tus Coumon-Souncs Amrurme * 455

: MOSFET

Equation 3-4) lo salve for .

"‘"{n?m)‘b"
Ty = ¥ — Vg
Vi = Won — Ik
Examples are set off from e e o T a1 MOSHET
‘stanctan wolipe divider ias The ac inpul resistance for the ciroual in e 5-14iz) is
text. R = Byl R | R Equation 3.6
where R = Wi/ s

EXAMPLE 5-9 A 17, Find Vi,
Vi frumg = 20MA
al Vs = 4V, Vi = 2V, 280 g = TS Vig = 5@V

iGuRE 3-17

Each example contains a
related problem relevant
to the example.

- (-

kib
)uv-mv
For Vi =4V,

Jivent 20mA
=R

Selected examples include
a Multisim“/LT Spice

exercise coordinated with
the circuit simulation files —
on the website.

Thereiore,
iy = KW — Vil = (S0 MA/VIH2I3 ¥V — 2VF = ZeSmA.
Wor = Voo — oy = 15V — (RESMANIIEL) — 626V
By = Ry | By = 33kd1 | ki) = 3k00
The ac outpul wlkape is
Vi = b = Ry = (23 MENIRIEI M) = LT3V

in Fgme 17, v V. Vizsany = 15V, and
e~ MO TS, i Vi, iy, Vi, 20 e outpu voliage. ¥, — 35 mv..

W Open the Muisim ke EXMIS-00 or the 1T Space file EXS09.09 i e Examples
Vs, 204 ¥ ¥
Compar wilk (he cakcutaied valses. 1




Device Application This feature follows the last section in most chapters and is identi-
fied by a special graphic design. A practical application of devices or circuits covered
in the chapter is presented. The student learns how the specific device or circuit is used
and is taken through the steps of design specification, simulation, prototyping, circuit
board implementation, and testing. A typical Device Application is shown in Figure P—4.
Device Applications are optional. Results are provided in the Online Instructor’s Resource
Manual.
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FIGURE P-4

Portion of a typical Device Application section.

Chapter End Matter The following pedagogical features are found at the end of most
chapters:

*

*

*

Summary

Key Term Glossary

Key Formulas

True/False Quiz

Circuit-Action Quiz

Self-Test

Basic Problems

Advanced Problems

Datasheet Problems (selected chapters)
Device Application Problems (many chapters)

Multisim® Trou bleshooting Problems (most chapters)
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Sugdestions for Using This Textbook

As mentioned, this book covers discrete devices and circuits in Chapters 1 through 11 and
linear integrated circuits in Chapters 12 through 17.

Option 1 (two terms) Chapters 1 through 11 can be covered in the first term. Depending
on individual preferences and program emphasis, selective coverage may be necessary.
Chapters 12 through 17 can be covered in the second term. Again, selective coverage may
be necessary.

Option 2 (one term) By omitting certain topics and by maintaining a rigorous schedule,
this book can be used in one-term courses. For example, a course covering only discrete
devices and circuits would use Chapters 1 through 11 with, perhaps, some selectivity.

Similarly, a course requiring only linear integrated circuit coverage would use
Chapters 12 through 17. Another approach is a very selective coverage of discrete
devices and circuits topics followed by a limited coverage of integrated circuits (only
op-amps, for example). Also, elements such as the Multisim® and LT Spice exercises,
and Device Application can be omitted or selectively used.

To the Student

When studying a particular chapter, study one section until you understand it and only then
move on to the next one. Read each section and study the related illustrations carefully;
think about the material; work through each example step-by-step, work its Related Problem
and check the answer; then answer each question in the Section Checkup, and check your
answers. Don’t expect each concept to be completely clear after a single reading; you may
have to read the material two or even three times. Once you think that you understand the
material, review the chapter summary, key formula list, and key term definitions at the end
of the chapter. Take the true/false quiz, the circuit-action quiz, and the self-test. Finally, work
the assigned problems at the end of the chapter. Working through these problems is perhaps
the most important way to check and reinforce your comprehension of the chapter. By work-
ing problems, you acquire an additional level of insight and understanding and develop logi-
cal thinking that reading or classroom lectures alone do not provide.

Generally, you cannot fully understand a concept or procedure by simply watching or
listening to someone else. Only hard work and critical thinking will produce the results
you expect and deserve.
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