| €

my
dition

m

aste
cono

4 T W

. AN

2O A’/_j,‘

t s 1=

David A. Bell

ircui

c

Electronic Devices

Fourth Edition

and



https://v3.camscanner.com/user/download

Contents

Chapter 1 Basic Semiconductor and pn-Junction
Theory 1

Objectives 1

Introduction 2
1-1 Atomic Theory 2

1-2  Conduction in Solids 5
1 Conductors, Semiconductors, and Insulators 7
1

-3

-4 n-Type and p-Type Semiconductors 9
1-5 The pn-Junction 12

1-6  Biased Junctions 14

Review Questions 18

Chapter 2  Semiconductor Diodes 21

Objectives 21
Introduction 22

2-1  pn-Junction Diode 22

2-2 Characteristics and Parameters 23
2-3 Diode Approximations 26
24 DC Load Line Analysis 29
2-5 Temperature Effects 32
2-6  AC Equivalent Circuits 35
2-7 Diode Specifications 37
2-8 Diode Testing 39

2-9 Zener Diodes 41

Review Questions 46

Problems 47
Practise Problem Answers 50

Chapter 3 Diode Applications 51

Obijectives 51

Introduction 52
3-1 Half-Wave Rectification 52

3-2 Full-Wave Rectification 54
3-3 Half-Wave Rectifier DC Power Supply 57

34 Full-Wave Rectifier DC Power Supply 64
3-5 Power Supply Performance 68

3-6 Zener Diode Voltage Regulators 70
3-7 Series Clipping Circuits 74

3-8 Shunt Clipping Circuits 76

39 Clamping Circuits 80

3-10 DC Voltage Multipliers 86

3-11 Diode Logic Gates 90

Review Questions 91

Problems 93

Practise Problem Answers 97

1l

B

- SEEA

CamScanner


https://v3.camscanner.com/user/download

Chapter 4 Bipolar Junction Transistors 9
()hjecti\ es
Introduction 100 ‘
4-1 Transistor Operation 100

4-2 Transistor Voltages and Currents 104

4-3 Ampliﬁcation 107
44 Common-Base Characteristics 109

4-5 Common-Emitter Characteristics 112
4-6 Common-Collector Characteristics 115
4.7 Transistor Testing 116

Review Questions 11 8

Problems 119
Practise Problem Answers 122

Chapter 5  BJT Biasing 123
Objectives 123

Introduction 124
5.1 DC Load Line and Bias Point 124

52 Base Bias Circuit 130

5-3 Collector-to-Base Bias 133

5-4 Voltage Divider Bias 136

5.5 Comparison of Basic Bias Circuits 142
56 Trouble-Shooting Bias Circuits 144

5-7 Bias Circuit Design 146

5-8 More Bias Circuits 151

5.9 Thermal Stability of Bias Circuits 155

5-10 Biasing Transistor Switching Circuits 160 e 1ot Yy OlCS
Review Questions 165 SBfaly LT et veT )
Problems 167 Serial Mo - |/ 302,
Practise Problem Answers 172 i o UYL\ BRI,

Chapter 6  AC Analysis of BJT Circuits 173

Objectives 173

Introduction 174

6-1 Coupling and Bypassing Capacitors 174

62 AC Load Lines 177

63 Transistor Models and Parameters 179

64 Common-Emitter Circuit Analysis 185

65 CE Circuit with Unbypassed Emitter Resistor 189
66 Common-Collector Circuit Analysis 192

67 Common-Base Circuit Analysis 196

6-8 Comparison of CE, CC, and CB Circuits 201
Review Questions 204

Problems 207

Practise Problem Answers 210

CamScanner


https://v3.camscanner.com/user/download

Chapter 7 Scmiponduclor Device and IC
Fabrication 211
Objectives 211

Introduction 212
Processing of Semiconductor Material 212

7:1
7-2  Diode Fabrication and Pac kaging 213

7-3  Transistor Construction and Performance 215
74 Transistor Fabrication 216

7-5 Integrated Circuits 219

7-6  Integrated Circuit Components 220

7-7 Transistor and IC Packaging 222

Review Questions 223

Chapter 8 Transistor Specifications
and Performance 225

Objectives 225
Introduction 226
8-1 Transistor Data Sheets 226

8-2 Decibels and Frequency Response 229

8-3 BJT Cutoff Frequency and Capacitances 232
84  BJT Circuit Frequency Response 234

8-5 Transistor Switching Times 238

8-6 Transistor Circuit Noise 239

8-7 Transistor Power Dissipation 243

88 Heat Sinking 247

Review Questions 250

Problems 252
Practise Problem Answers 254

Chapter 9 Field Effect Transistors 257

Objectives 257

Introduction 258
9-1 Junction Field Effect Transistors 258

9-2 JFET Characteristics 261
9-3 JFET Data Sheet and Parameters 267

94 FET Amplification 273
9-5 MOSFETs 275
Review Questions 282

Problems 283
Practise Problem Answers 286

Chapter 10 FET Biasing 287

Objectives 287
Introduction 288

10-1 DC Load Line and Bias Point 288
10-2 Gate Bias 291

10-3 Self Bias 294

104 Voltage Divider Bias 297

CamScanner


https://v3.camscanner.com/user/download

B asic JIET Bias( ircuits 300

(% —
- - : B
m’mncnn o T Bias Circuits 301

105 €° i
e shooting /117
0e 1,7»; Rias Circuit Design 304
i More LT Bias Circuits 310 .
108 f Universal Transfer Characteristic 315

109 Use O Ve
10-10 AOSHET Biasing .!_m o ’
r1 1 switching Circuits 322

10-11 Riasing
Roview Questions 324

problems 3 27
pPractise pProblem Answers 333

Chapter 11 AC Analysis of FET Circuits 1335

Objectives 335
Introduction 336
11-1 Coupling, Bypassing, and AC Load Lines 336
11-2 FET Models and Parameters 338
11-3 Common Source Circuit Analysis 339
114 CS Circuit With Unbypassed Source Resistor 343
11-5 Common Drain Circuit Analysis 346
11-6 Common Gate Circuit Analysis 350

Comparison of FET and BJT Circuits 353

11-7
11-8 Frequency Response of FET Circuits 356
Review Questions 358

Problems 361
Practise Problem Answers 364

Chapter 12 Small Signal Amplifiers 365

Objectives 365

Introduction 366
12-1  Single-Stage Common-Emitter Amplifier 366

12-2  Single-Stage Common-Source Amplifier 373
Capacitor-Coupled Two-Stage CE Amplifier 378

12-3
124  Direct-Coupled Two-Stage Circuits 382
Two-Stage Circuit with Emitter-Follower Output 387

12-5

12-6  DC Feedback Pair 390

12-7  BIFET Circuits 395

12-8  Differential Amplifier 399

129  Small-Signal High-Frequency Amplifiers 405
12-10 Amplifier Testing 409

Review Questions 412

Problems 415
Practise Problem Answers 419

Chapter 13 Amplifiers with Negative Feedback 421

Objectives 421

Introduction 422
13-1  Series Voltage Negative Feedback 422
r with Series Voltage

132 Two-Stage CE Amplifie



https://v3.camscanner.com/user/download

Negative Feedback 428

13-3  More Amplifiers with Series Voltage Negative

13-4 Two-Stage Differential-Input /\n\pﬁ’ifi(‘r(\/s’i::\l\/( e
Negative Feedback 437

13-5  Emitter-Current Feedback 443

13-6  Parallel Current Negative Feedback 449

13-7  Additional Effects of Negative Feedback 453

Review Questions 458

Problems 460

Practise Problem Answers 463

Chapter 14 IC Operational Amplifiers and Basic
Op-amp Circuits 465

Objectives 465

Introduction 466

14-1  Integrated Circuit Operational Amplifiers 466

14-2  Biasing Operational Amplifiers 468

14-3 Voltage Follower Circuits 471

14-4  Noninverting Amplifiers 475

14-5 Inverting Amplifiers 478

14-6  Summing Amplifier 481

14-7 Difference Amplifier 483

14-8 Instrumentation Amplifier 486

14-9 Voltage Level Detectors 489

14-10 Schmitt Trigger Circuits 492

Review Questions 497

Problems 500

Practise Problem Answers 504

Chapter 15 Operational Amplifier Frequency
Response and Compensation 505

Objectives 505

Introduction 506 :
15-1 Operational Amplifier Circuit Stability 506

15-2 Frequency Compensation Methods 511
15-3 Op-amp Circuit Bandwidth and Slew Rate 514

15-4 Stray Capacitance Effects 518
15-5 Load Capacitance Effects 520

15-6 Circuit Stability Precautions 523
Review Questions 524

Problems 525
Practise Problem Answers 527

Chapter 16 Signal Generators 529

Objectives 529
Introduction 530
16-1 Phase Shift Oscillators 530

16-2 Colpitts Oscillators 534

Vii

C)'

CamScanner


https://v3.camscanner.com/user/download

16-3 Jator 541

164
16-5

. i il
Jin Bridge O Nization 543
Wi ’_;;"m' :mp““"k‘ stabilizatior
e tlle 7

5 "’;
[N 5 ad ‘ave 1("‘("."(" ] )
6 A Wave g “ .
e —’ q“' “'1' \,\/.l\v’(‘ ., end ll“(" ))() ;
anguke iy o &
= ,)'k' )lfi Ator , “‘(‘ll(‘n( y Jtal')lh/("l()n b
41 ( « « )
16

N ne
seview Questions 557
Re -

&
yoblems 2 _
s blem Answcrs 561

Practise Pro

17 Linear and Switching Voltage
o Regulators 563

Objectives 563

Introduction 564

17-1 Transistor Series Regulator 564

17-2 Improving Regulator Performance 569
17-3 Current Limiting 575

17-4 Op-amp Voltage Regulators 579
17-5 IC Linear Voltage Regulators 582
17-6  Switching Regulator Basics 586

17-7  Step-Down, Step-Up, and Inverting Converters 589
17-8 IC Controller for Switching Regulators 595

Review Questions 599
Problems 601

Practise Problem Answers 604

Chapter 18 Audio Power Amplifiers eos
Objectives 605

Introduction 606
18-1  Transformer-Coupled Class-A Amplifier 606

182 Transformer-Coupled Class-B and Class-AB Amplifiers 612
18-3  Transformer-Coupled Amplifier Design 617

18-4  Capacitor-Coupled and Direct-Coupled Output Stages 620
18-5  Modifications to Improve Amplifier Performance 626
18-6  BJT Power Amplifier with Differential Input Stage 631

18-7 Complementary MOSFET Common-Source Power Amplifier 635
18-8  BJT Power Amplifiers with Op-Amp Driver 639
189 MOSFET Power Amplifier with Op-Amp Driver Stage 645
18-10 Integrated Circuit Power Amplifiers 653
Review Questions 660
Problems 663
Practise Problem Answers 668

Chapter 19 Thyristors 669
Objectives 669

Introduction 610

19-1  Silicon Controlled Rectifier (SCR) 670
19-2  SCR Control Circuits 675

e

N

NN N N =

2
p



https://v3.camscanner.com/user/download

19-3  More SCR Applications 681

19-4  TRIAC and DIAC 685

19-5 TRIAC Control Circuits 688

19-6  SUS, SBS, GT0O, and SIDAC 692

19-7  Unijunction Transistor (UJT) 696

19-8  Programmable Unijunction Transistor (PUT) 703
Review Questions 707

Problems 709

Practise Problem Answers 712

Chapter 20 Optoelectronic Devices 713

Objectives 713
Introduction 714

20-1 Light Units 714

20-2 Light Emitting Diode (LED) 716
20-3 Seven-Segment Displays 719
204 Photoconductive Cell 722

20-5 Photodiode and Solar Cell 727
20-6 Phototransistors 732

20-7 Optocouplers 735

Review Questions 738

Problems 740
Practise Problem Answers 743

Chapter 21 Miscellaneous Devices 745

Obijectives 745

Introduction 746
21-1 Voltage-Variable Capacitor Diodes 746

21-2 Thermistors 749
'21-3 Tunnel Diodes 752
Review Questions 758

Problems 759
Practise Problem Answers 760

Appendices 761

1 Device Data Sheets 762

2 Standard Component Values 784

3 Answers for Odd-Numbered Problems 787

Index 791

CamScanner


https://v3.camscanner.com/user/download

