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PREFACE 

Microelectronic Circliits, sixth edition, is Intended as a text for the core courses In electronic 
circuits taught to majors in electrical and computer engineering. It should also prove useful to 
engineers and other professionals wishing to update their knowledge through self-study. 

As was the case with the first Ii ve editions, the objective of this book is to develop in the 
reader the ability to analyze and design electronic circulls, both analog and digital, discrete 
and Integrated. While the application of integrated circuits is covered, emphasis is placed on 
transistor circuit deSign. This is done because of our belief that even if the majority of those 
studYing this book were not to pursue a career in IC design, knowledge of what is inside the 
IC package would enable intelligent and innovalive application of such chips. Furthermore, 
with the advances in VLSI technology and design methodology, IC design itself is becoming 

accessible to an increasing number of engineers 

Prerequisites 

The prerequisite for studying the material in this book IS a first course in circuit analysis 
As a reView, some linear circuits matenal IS Induded here In the appendices. specifically, 
two-port network parameters in AppendiX C; some useful network theorems in AppendiX D~ 
single-time-constant circuits in Appendix E~ and .I-domain anal) sis in Appendix F No pnor 
J,.nowledge of physical electronics is assumed. All required semiconductor device phySiCS IS 

included, and Appendix A provides a brief description of IC fabrication. All these appendices 

can be found on the DVD that accompanies this book. 

Emphasis on Design 

It has been our philosophy that circuit design IS best taught by pointing out the vanous trade
offs available in selecting a circuit configuration and 111 selecting component values for a 
given configuration. The emphasis on design has been increased in this edition by including 
more design examples, simulation examples, exercise problems, and end-of-chapter prob
lems Those exercises and end-of-chapter problems that are considered "design-orientecr 
arc mdicated with a D. Also, considerable material is provided on the most valuable deSign 
aid, SPICE, mcluding Appendix B, which is available on the DVD sO that it can be offered 
in searchable format, and in the full detail it deserves while 110t crowding other topics out of 
the text 

• 
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Preface 

New to This Edition 

Although the philosoph) and pedagogical approach of the first five ed i ~ , ons have heen re 
tamed. several changes have been made to both orgal1lzatlon and CQvera!!e. 

1. Four-Part Organization. The book has been reorganized II1tO fou r Parts . Part I 
DeVIces tlnd BaSIC Circuits (Chapters I ·0) prov ides a coherent and comprehenSIve 
single-semester introductory course in electronics. SI milarly. Part II Integrated
Cir:'uit Amplifiers (Chapters 7-12) presents a rich package of material SU Itable tor 
a second course Part III: Digitlllllllegrated Circuits (Chapters 13·15) represents 
a nearh self-contained coverage of digItal e1ectrol1lcs that can be studIed after 
Chapte~ 5 (~OSFETs) and 6 (BJTs). or even only 5 If the emphaSIS IS on ]l.[OS 
digItal CIrCUIts-extremely helpful for teaching Computer EngIneenng ,tudents 
Finalh Part [\-. Filters alld OSCillators' Chapters 6-17 I. deal, WIth more specitic 
applic'atlon-onented material that can be used to supplement a second course on 
analog CIrcuits_ be part of a thIrd course. ,Jr used as reading and reference matenal to 
support student deSIgn projects. More on course deSign IS gIven below 

2. Flexible organization. The most important feature of thIS edition is its flexible or
gal1lzatlOn Some manifestations of this flexibility are: 

• "I08FETs and BJTs Chapter 5 (MOSFETs) and Chapter 6 (BITsl are wntten 
10 be completely independent of each other and thus can be taught in whatever 
order the Instructor desires. Because the two chapters have identical structures. 
the chapter taught second can be covered much faster 

• Robust Digital Coverage. The digital matenal has been grouped together In 

. he new Part m. updated. and expanded. It can be covered at vanous pmnts In 
the first or second course. All that IS needed by way of background IS the mate
nal on the two transistor types (Chapters 5 and 61 or even Just Chapter 5 since 
most digital electrol1lcs today IS "lOS-based. 

• Semiconductors as :-Ieeded. The reqUITed matenal on senuconductor physics 
has been grouped together 111 a short chapter Chapter 31 that can be taught . 
slupped. or aSSIgned as readIng matenal. depending on the background of 'the 
students and the Instructors teaching philosophy This chapte; serves as a 
pnmer on the basICS. or as a refresher. depending on whether students have had 
a pnor course in senuconductors 

• Op-amps Anywhere The op-amp chapter (Chapter 2) can be taught at any 
pomt m the first or second course or skipped altogether if this matenallS taught 
In other courses . ... 

• :requency Response. The matenal0n amplifier frequency response has ':leen 
erouped together II1tO a SIngle chapter (Chapter q) . The chapter is orgal1lled n 
a way that allows coverage 01 as few sectIons '''s the nstru·t d 

• • _ '- <..l.,; I l or eems necessary 
Also. some 01 the basIC matenal (Sections ljl IL' q 3 can be covered earlier 
aiter Chapters 5 or hi as part of the first course 

• "'lust-Cover" ~ . F' • '. .. OplCS Irst. Each chapter IS orgal1lzed so that the essentIal 
must-cover tOPICS are placed Ii t d h . 

last ~o . . al' . rs. an t e more speCIalized material appears 
. - re spec I" Ized matenal that can be Iu d 

the student IS first leamll1g th b' .. s ppe on a first reading. whIle 
e aSles. I marked WIth a '+' 0 . h d 

understand the COre concepts th v nee t e stu ents 
ey can return to these rt- b .. tOpICS. . Impo ant ut 'peclailled 

3. Streamlined MOSFETs and BJTs. Chapters 5 (MOSFETs) and 6 (BJTs) have been 
rewritten to Increase the clarity of presentation and emphasize essential topics. Also. 
these chapters are now shorter and can be covered faster. 

4. Cascode Configuration . A novel and Intuiti ve ly appealing approach is used to in
troduce the cascode config uration In Chapter 7. 

5 . Comparison of MOSFETs and BJTs. The insightful comparison of the MOSFET 
ami the BJT has been moved to an appendi x attached to Chapter 7. The appendi x 
also includes an update of the dev ice parameter values corresponding to various 
generati ons of fabrication process technologies. This appendix prov ides a good re
view and a reference that can be consulted at various points in a second course. 

6 . Feedback . The feedbac k chapter (Chapter 10) has been rewritten to increase clarity. 
Also. a large number of new examples. mostly MOS-based . are included . 

7. Class AB Amplifiers. New material on MOSFET class AB amplifiers is Included 
In Chapter II 

8 . Low· Voltage Bipolar Design . While the classical 74 1 op-amp circuit is retained. 
a new sectIon on modem techniques for the design of low-voltage bipolar op amps 
has been added to Chapter 12. 

9 Deep-Submicron Design . In addition to augmenting and consolidating the material 
on digital electronics in Part Ill . a new section on technology scaling (Moore 's Law) 
and deep-submicron des ign issues has been added (Chapter 13). 

10. MOS Emphasis . Throughout the book. greater emphasis is placed on MOS circuits 
to reAect the current dominance of the MOSFET in electronics . 

11. Bonus Reading on DVD. Supplementary matenal on a wide variety of topics that 
were Included In previous editIons is made available on the DVD accompanying the 
book (see a li sting be low) 

12 Examples. Exercises . and Problems. The number of Examples has been Increased. 
Also. the in-chapter Exercises and end-of-chapter Problems have been updated with 
parameter values of current technologies so students work with a real-world per
specti ve on technology. More Exercises and Problems. of a greater variety. have 
been added . 

13. Summary Tables . As a study aId and for easy reference . many summary tables are 
included . See the complete List of Summary Tables after the Table of Contents. 

14. Learning Objectives. A new section (In This Chapter You Will Learn ... ) has been 
added at the beg inning of each chapter to foc us attention on the major learning 
objecti ves of the chapter. 

15. SPICE A SIgnI ficant number of new Slmulallon examples using National Instru
ments'" Multisim '" are added to the Cadence PSpice' simulation examples . To
gether with a sectIon describing the SPICE deVIce models. these design and simula
tIon examples are grouped together in Appendi x B. They can also be found together 
WIth other simulation fi les in the Lab-on-a-Disc on the DVD . 

16. Simulation A number of end-or-chapter Problems in each chapter are marked with 
the SIM icon , as simulation problems. Students attempting these problems will 
find considerable additional gUIdance on the DVD . 

17. Key Equations. All equations that will be cross-referenced and used again are num
bered . Particul arly important equations are marked with a spec ial icon. 0 
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. d . 'bed above new coverage is induded on all of the 
As well as the structural differences escn . 
following technical topiCS. 

• Entirely rewritten coverage of semiconductors (Chapter 3) '. 
• MOSFET and BJT chapters extensively rewntten and restructured. with new 

figures and examples (Chapter 5 and 6) 
• The basic gain cell (Chapter 7) 
• The cascode amplifier (Chapter 7) 
• CC-CE, CD-CS, and CD-CE transistor confi gurations (Chapter 7) 

• CMRR (Chapter 8) 
• The differential amplifier with acti ve load (Chapter 8) 
• Determirung the output resistance Ro (Chapter 8) 
• All new sections on frequency response (Chapter 9) 
• Many. many new MOS examples of feedback (Chapter 10) 
• CMOS class AB output stages (Chapter I I) 
• Rejection ratios (CMRR and PSRR ) (Chapter 12) 
• Modem techniques for the deSign of BJT op amps (Section 12.7) 
• Digiral logJc Inverters (Chapter 13) 
• The CMOS inverter (Chapter 13) 
• Deep subrnicron design and technology scaling (Moore's Law) (Section 135) 

The DVD and the Website 

A DVD accompanies this book It contains much useful supplementary mforrnation and ma
terial intended to enrich the student's learnmg experience. These include 

1 Student versIOns of both Cadence PSpice and NatlOnallnstrumentsT" Multisim'" 

2. The input files for all the PSpice and MultisimT" examples m this book. 

3. Step-by-step gUIdance to help With the simulation Examples and end-or-chapter 
Problems Identified With a ' Icon 

4 . A link to the book's website, offenng PowerPoint slJdes of every figure m th" book 
that students can pnnt and carry to class to facilitate taking notes. 

5. Bonus text material of specialized tOpiCS not covered in the current edition of the 
textbook. These mclude: 

• Junction Field-Effect TransIStors (JFETs) 
• Gallium Arsenide (GaAs) deVices and circuits 
• Transistor-Transistor Logic (TTL) Clfcuits 
• Analo D' I . . g-to- Iglla and Dlgllal-to-Analog converter Circuits 

6 , Appendices for the book 

: AppendiX A. VLSI Fabncation Technology 
AppendiX B SPICE Device Models and Desi n . . 
109 PSPICe' and MuhisimT" g and SimUlatIOn Examples Ls-

: AppendiX C Two-Port Network Parameters 
AppendiX D: Some Useful Network Theorems 

: AppendiX E: Single-Time-Constant Circuits 

A website for the book has been set up (www.oup.comJus/sedrasmith, or www.sedrasmith . 
org). Its content will change frequently to refl ect new developments in the field . On the site , 
PowerPoint-based slides of all the fi gures in the text are available for easy note-taking. The 
website also features datasheets for hundreds of useful dev ices to help in laboratory experi
ments, links to industrial and academic websites of interest, and a message center to com
municate with the authors and with Oxford Uni versity Press. 

Exercises and End-of-Chapter Problems 

Over 475 Exercises are integrated throughout the text. The answer to each exercise is given 
below the exercise so students can check their understanding of the material as they read . 
Solvmg these exercises should enable the reader to gauge his or her grasp of the preceding 
material. [n addition, more than 1450 end-of-chapter Problems, 55% of which are new or re
vised m this editIOn, are provided . The problems are keyed to the individual chapter sections 
and theJf degree of difficulty is indicated by a rating system: difficult problems are marked 
with an asterisk ('); more difficult problems with two asterisks (**); and very difficult (andJ 
or time consuming) problems with three asterisks (***). We must admit , however, that this 
claSS ification is by no means exact. Our rating no doubt depended to some degree on our 
thmking (and mood! ) at the time a particular problem was created . Answers to sample prob
lems are given in Appendix I, so students have a checkpoint to tell if they are working out 
the problems correctl y. Complete solutions for all exercises and problems are included in the 
Instructor s Soilitions Manllal, which is available from the publisher to those instructors who 
adopt the book. 

As in the previous fi ve editions, many examples are included . The examples, and indeed 
most of the problems and exercises, are based on real circuits and anticipate the applications 
encountered in designing real-life circuits. This edition continues the use of numbered solu
tion steps in the fi gures for many examples , as an attempt to recreate the dynamics of the 
classroom 

Course Organization 

The book contams sufficient material for a sequence of two single-semester courses (each 
of 40-50 lecture hours). The organization of the book provides considerable flexibility for 
course design. In the following , we suggest various possibilities for the two courses. This is 
also laid (,ut in an easy-to-follow visual form at the beginning of the Instructor 's Edition of 
the book. 

The First Course 
At the core of the fi rst course are Chapters 4 (Diodes), 5 (MOSFETs) , and 6 (BJTs). Of 
these three, the MOSFET chapter IS the one that has to be covered most thoroughly. If it is 
covered before the B1T, and we recommend that it should be. then the BIT chapter can be 
covered much faster. If time does not pellllit , some of the later sections in Chapter 4 can be 
sk ipped. Chapter I (S ignals and Ampli fiers) deserves some treatment in class. Although the 
Signal concepts can be ass igned as out-of-class reading, the amplifier material should be 
discussed. However, if frequency response IS not emphasized in the first course, Section 1.6 
can be skipped . 

Around this core, one can build three poss ible curricula for the first course: 

1. Standard: Chapters 1-6. Here, some or all of Chapter 2 (Op Amps) can be delayed. 
Also, the dec ision as to how much to cover of Chapter 3 (Semiconductors) will 
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depend on the students' background and the mstructor's philosophy If deSIred. this 
course can be supplemented by the material on amplifier frequency response m Sec

tions 9.1-9.3. 
2. Digital Orielltalloll: Chapters I (without Section 1.6),4 (without the later applica

tions sections), all of 5. 6 (perhaps focusing only on the early sections), Section 9.2, 
and Chapters 13, 14, and 15. If time constraints are a concern. coverage of 6 can be 
shortened; Section 13.5 on Moore's Law and deep-submicron design can be skipped, 
and Sections 14.4 and 14.5 that depend on BJTs can be omitted. This course is ideal 
for Computer Engineering students. 

3. Analog Orientation. Chapters 1.4 (perhaps without all of the later, more application
oriented sections). 5. 6. 7 (without the advanced material in 7.6).8,9 (including at 
least 9.1-9.3, and the instructor's selection of other topics)' and 10 (a selection of 
topics). This is a heavy cour e. and assumes that the students have previously cov
ered op amps and maybe diodes. as well as device physics. This course is ideal where 
the first electrical engineering course is a hybrid of circuits and basic electronics. and 
where students have taken a semiconductor del'ice physics course. 

The Second Course 
There are three possibilities for the second course: 

1. Standard: Chapters 7-12. If time does not permit, some of the later sections m Chap
ter 9 can be skipped. Also, some of the more advanced topics in Chapters II and 12 
can be skipped. If desir~d, some material from Chapter 16 (Filters) and Chapters 
17 (Os~d lators) can be mcIuded. This course ideally follows the "Standard First 
Course outlmed above. 

2. Analog alld Digital Combination: Chapters 7,8,9 (selection of topics), 10 (selection 
of tOPICS), 13 (p~rhaps without Section 13.5 on technology scaling), 14 (omitting 
14.4 and 14.5 If lime IS short), and 15 (selection of topics). 

3. Electrical Follow-up: Chapters 6. 7, 8, 9,10, and a chOIce of tOpiCS as time allows 
selected from Chapters II and 12. This course is ideal for Electrical En ineerin ' 
students who took a first semester with a "Digital Orientation" outlined ~bove t~ 
accommodate Computer Engineering students. 

Supplementary Material/Third Course 

Chapters 16 (Filters) and 17 (Oscillators) contain m . 
third course on analog circuits. As well thi ,atenal that can be used to supplement a 
used to aid students Who are pu . d'. s matenal IS highly deSign-oriented and can be 

rSUing eSlgn prOjects 
Chapters 13, 14, and 15 can be used as ab ' 

Course on digitallC design . out half (IS hours of lecture) of a senior level 

An Outline for the Reader 

PartI,DevicesandB . C' 
aSlc /Tcuits, includes the m 

the study of electronic circuits. At the same tim . ost fundamental and essential tOPICS for 
COurse On the SUbject. e, It constitutes a complete package for a first 

Chapter 1. The book starts with a . . 
Chapter I. Signals, their frequency spe~:antrodduchtl~n to the basic concepts of electronics in 

,an t elf analog d d' . 
an Igltal forms are presented. 

Amplifiers are introduced as circuit building blocks and their various types and models are 
studied. ThiS chapter also establishes some of the telillinology and conventions used through
out the text 

Chapter 2. Chapter 2 deals with operational amplifiers, their terminal characteristics , 
simple applications, and practical limitations . We chose to discuss the op amp as a circuit 
building block at this early stage simply because it is easy to deal with and because the stu
dent can experiment with op-amp circuits that perform nontrivial tasks with relative ease 
and with a sense of accomplishment. We have found this approach to be highly motivating 
to the student. We should pOint out, however, that part or all of this chapter can be skipped 
and studied at a later stage (for instance, in conjunction with Chapter 8, Chapter 10, and/or 
Chapter 12) with no loss of continuity. 

Chapter 3 . Chapter 3 provides an overview of semiconductor concepts at a level suf
ficient for understanding the operation of diodes and transistors in later chapters. Coverage 
of this material is useful in particular for students who have had no prior exposure to device 
phYSICS. Even those with such a background would find a review of Chapter 3 beneficial as 
a refresher. The instructor can choose to cover this material in class or assign it for outside 
readmg. 

Chapter 4 . The first electronic device. the diode, IS studied in Chapter 4. The diode 
termmal characteristics, the circuit models that are used to represent it. and its circuit ap
plicatIOns are presented. Depending on the time available in the course, some of the diode 
applications (e.g., Section 4.6) can be skipped. Also, the brief description of special diode 
types (Section 4.7) can be left for the student to read . 

Chapters 5 and 6. The foundation of electronic circuits is established by the study of 
the two transistor types in use today: the MOS transistor in Chapter 5 and the bipolar transis
tor in Chapter 6. These are the two most important chapters of the book. These two chapters 
have been written to be completely independellt of one another and thus can be studied ill 
either order. as desired. Furthermore. the two chapters have the same structure. making it 
easier and faster to study the second device, as well as to draw comparisons between the two 
device types . 

Each of Chapters 5 and 6 beginS with a study of the device structure and its physical 
operation, leading to a description of its terminal charactenstlcs. Then, to allow the student to 
become very familiar with the operation of the transistor as a circuit element. a large number 
of examples are presented of dc circuits utilizing the device . We then ask: How can the tran
sistor be used as an amplifier? To answer the question we consider the large-signal operation 
of the basic common-source (common-emitter) circuit and use it to delineate the regions over 
which the device can be used as a linear amplifier, from those regions where it can be used 
as a switch. We then pursue the small-signal operation of the transistor and develop circuit 
models for its representation . The various configurations in which the transistor can be used 
as an amplifier are then studied and contrasted. This is followed by a study of methods to 
bias the transistor to operate as an amplifier in discrete-circuit applications. We then put ev
erything together by presenting complete practical discrete-circuit transistor amplifiers. The 
last section of each of Chapters 5 and 6 deals with second-order effects that are included for 
completeness. but that can be skipped if time does not permit detailed coverage. 

After the study of Part l. the reader will be fully prepared to study either integrated
circuit amplifiers in Part Il , or digital integrated circuits in Part III. 

Part II, Integrated-Circliit Amplifiers, is devoted to the study of practical amplifier cir
cuits that can be fabricated in the integrated-circuit (IC) form. Its six chapters constitute a 
coherent treatment of IC amplifier design and can thus serve as a second course in electronic 
circuits. 

Preface xxvii 



xxviii lface 

Chapter 7 Begmnmg with a bnef introduction to the philosophy of IC desl~n. Chapter 7 
. . b 'Id' bl"ks that are used 10 the deslon of IC ampllfie". We start presenh the basIc circuIt U1 mg l C,' - o. _. _ 

. . ' II . . 'ammon-source (common-emItter) tranSIstor loaded 
\\ ilh the ba\.c gam ce compnsmg a I.: . '. . ,) • . _ , 

. d k" How can we mcrease Its voltaoe oam. TIllS leads naturall) to with a current source. an as . . _ eo 0 _ • 

f . d' and I'ts use in the cascade amplifier and the cascade current source. (he concept 0 casco mg .' .... . __ 
We then consIder the methods used for blasmg IC amplifiers. The chapter concludes. as do 
most chapters In the book. with advanced topi" (Secllons 7.5 and 7.6) that can be skIpped If 

the Instructor is pressed for time. . ' 
Chapter Appendix 7,A Chapter 7 includes an appendix that provIdes a comprehensIve 

compilation and companson of the properties of the MOSFET and the BJT. The comparISon 
is aided by the inclusion of typical parameter values of deVIces fabncated WIth modern pro
cess technologIes This appendix can be consulted at any pomt from Chapter 7 on. and should 
serve as a concise revIew of the important charactenstics of both transistor types. 

1\10S and Bipolar. Throughout Part II. both MOS and bipolar circuits are presented 
S1de-bY-Slde Because the MOSFET is by far the dominant deVIce. Its circuits are presented 
first. Bipolar CIrCUItS are dIScussed to the same depth but occasionally more briefly . 

Chapter 8. The most importantlC bUIlding block. the differential pair. is the mam tOpIC 
of Chapter 8 The last section of Chapter 8 is devoted to the study of multistage amplifiers . 

Chapter 9 Chapter 9 presents a comprehensive treatment of the Important subject of 
amphfier frequency response Here. SectIons 9.1,9.2. and 9.3 contain essential material; Sec
tions 9.4 and 9.5 provide an in-depth treatment of very useful new tools; and Sections 9.0 to 
9.10 present the frequency response analysis of a variety of amplifier configurations that can 
be studied as and when needed. A selection of the latter sections can be made dependmg on 
the lime avadable and the mstructor's preference 

Chapter 10. The fourth of the essential tOpICS of Part II. feedback. is the subject of 
Chapter 10 Both the theory of negat"'e feedback and its application 10 the deSIgn of practical 
feedback amplifiers are presented. We also discuss the stability problem in feedback amplI
fiers and treat frequency compensation In some detail 

Chapter 11 . In Chapter II we switch gears from dealing with small-signal amplifiers 
to those that are reqUIred to handle large signals and large amounts of power. Here we study 
the dIfferent amplifier classes-A, B. and AB -and their realization in bipolar and CMOS 
technologIes . We also consider power BJTs and power MOSFETs, and study representative 
IC power amplifiers. Dependmg on the availability of tIme, some of the later sectIons (e .g., 
I I .8-1 1.10 on spCClal applicatIons) can be skipped in a first reading. 

~hapter 12. Fmally, Chapter 12 brings together all the topics of Part 1/10 an Important 
applicatIOn. namely, the deSIgn of operatIonal amplifier circuits. We study both CMOS and 
bIpolar op amps. [n the latter category. besides the classical and still timely 741 circuit. we 
present modern technIques for the deSIgn of low,voltage op amps (Section 127) 

ffi P~rt :11 , Dlgltalllllegrated Cirmit.l. provides a brief but nonetheless comprehenSIve and 
:~g IClentht ) detaIled study of dlgltallC design. Our treatment is almost self-contamed requir-

or e most part only a thorough d d' f ' 
Chapter 5 Thus Part III can b .t d' dun eh"tan Ing 0 the MOSFET material presented 10 

. . e S u Ie ng t after Chapte 5 Th I . . 
the last two sections in Chapter 14 'h" h r. e on ) exceptIons to th" are 

" Ie require knowledge f th BJT C knowledge of the MOSFET iote I ' . a e (hapter 6) Also, 
Chapter 13 Ch I' rna capaCItances (SectIon 9 2.2) will be needed. 

. apter,' " the foundatIon 01 Part III lb' . . .. 
crs (Seellon 11 I) and then co . t egms '\lth dIgItal logIC IOvert-

o. , ncentrates on the bread-and b '. . . 
the CMOS mverter (SectIons 112 and 11.3) and - utter tOPICS of dlgltallC deSIgn 
seCllon (13.5) deals with the impl'c t' I' CMOS logIC gates (Sectmn 13.4). The last 

'. I a Ions Il teChnology sc I' (M' . 
Important ISsues m deep-submlcron tech I' .. a mg oore s law) and dIScusses 
115 h' '. no ogles. With the pO 'bl . .. ,t c matenalm Chapter 13 is th . SSI C exceptIOn of SectIon 

'. e mInImum needed to I . 
earn somethIng meaningful about 

digItal cirCUIts. 
Chapter 14. Chapter 14 builds on the foundation established in Chapter 13 and pres

ents three Important types of MOS logic circuits. As well, a SIgnificant family of bipolar 
logIC cirCUIts, emitter-coupled logic, is studied. The chapter concludes with an interesting 
digital CIrcuit technology that attempts to combine the best attributes of bipolar and CMOS: 
BiCMOS. 

Chapter 15. Digital circuits can be broadly divided into logic and memory circuits. The 
latter is the subject of Chapter 15. 

Part IV, Filters and Oscillators, is intentionally oriented toward applications and sys
tems. The two topics illustrate powerfully and dramatically the application of both negative 
and positive feedback. 

Chapter 16. Chapter 16 deals with the design of filters, which are important building 
blocks of communication and instrumentatIon systems. A comprehensive, design-oriented 
treatment of the subject is presented. The material provided should allow the reader to per
form a complete filter design. starting from speCIfication and ending with a complete circuit 
realizatIOn. A wealth of destgn tables is included. 

Chapter 17. Chapter 17 deals with circuits for the generation of signals with a variety 
of waveforms: slOusoidal, square. and triangular. We also present circuits for the nonlinear 
shaping of waveforms. 

Appendices. The eight appendIces contain much useful background and supplementary 
material. We wish to draw the reader's attention in particular to the first two: Appendix A 
provides a concIse introduction to the important topic of lC fabrication technology including 
IC layout. Appendix B provides SPICE device models as well as a large number of design 
and simulation examples in PSpice~ and MultisimT\'. The examples are keyed to the book 
chapters . These Appendices and a great deal more material on these simulation examples can 
be found on the DVD accompanying the book. 

Ancillaries 

A complete set of ancillary materials is avadable WIth this text to support your course. 

For the Instructor 

The IlIstructor:S Soilltiolls Manllal provides complete worked solutions to all the exercises in 
each chapter and all the end-of-chapter problems in the text. 

The Instructor's Resource CD is bound into the Instructor's Solutions Manual so 
instructors can find all their support materials in one place. The Resource CD contains 
PowerPomt-based slides of every figure in the book and each corresponding caption. The 
slides can be projected 10 class. added to a course management system. printed as overhead 
transparencIes. or used as handouts. The CD also contains complete solutions and instruc
tor's support for the Lab-on-a-Disc simulatIon problems . (ISBN 9780195340303) 

For the Student and Instructor 

The DVD IIlcluded with every new copy of the textbook can tams Lab-on-a-Disc SImulation 
activities In Multisim'M and PSpice" for many of the simulation Examples and Problems in 
the text. It also contains a Student Edition of Cadence PSpice ' v. 16.2 Demo software, and a 
Student Edtlion of National InstrumentsT " Multisim'" version 10.1.1, both of which can be 
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run by studenlS on their own computers so they can practice their course work wherever the) 
happen to study. Bonus text topics, the Appendices, and a link to the book's websJle featur
ing manufacturer datasheelS and PowerPoint-based slides of all of the book's illustrations. 
complete the DVD. 
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Design problems for the real world: Includes design 
problems in the end-of~chapter homework problems and 
real-world examples in the chapters. Sedra and Smith 
concentrate on developing your design sensibility, so you 
understand the "trade-off's" and "what-ifs" inherent in en
gineering design. 

Extensive SPICE simulation: Uses both Nationallnstru
ments . Multisim ' . software and Cadence PSpice software, 
providing a full lab experience for students using SPICE. 
Also includes a new Appendix on Design and Simulation 
ming SPICE. 

Flexible quick-start on op amps: Op amps are covered 
in Chapter 2, so that you can encounter a real device right 
J\vay, and start lab experiments. 

Parallel treatment of MOSFETs and BJTs: The chapters 
on BJTs and MOSFETs are ex,Kth· parallel. so whichever 
you read first. you can then speed through the second top
ic by concentrating only on the differences between the 

• 
tWO translsrors. 

Abundant examples and study problems: Examples, ex
erCises, and end-of-chapter study problems-more than 
hair of whIch are new or reVIsed-help you learn. 

Streamlined and Sign posted: Shorter, more modular 
chapters Jft' ea.<;it'r to study. Visual cues and icons make 
the book easier to navigate Explanations to the reader of 
why to read sections-and how multiple techniques might 
be used-are much more prominent. A nt'w icon dearly 
m.lfks topics that em be skipped on a first reading, while 
you are grasping tht: basics, or that look ahead to advanced 
industrial applications. Other icons indicate ke)' equations, 
and which problems and ex.,mples .lfe good candidates for 

~PICE simulation . 

Semiconductor primer in a "parate chapter: If you have 
not taken a prior course in ~emiconJUI:(or Devke Physics, 
ChJp(cr ~ conds Iv (overs (he basiL~ n~cessar\' [0 study 
M Icr. ,electronics_ (SrudelHS who have had a devices cour .. 
will also lind this a handy refr<sher J 
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