NAROSA SERIES IN POWER AND ENERGY SYSTEMS

Electr

ing

Ineer

ical Eng

als

Materi




Contents

Foreword
Preface

1. Theory of Metals

1.1 Elementary Quantum Mechanical Ideas
1.1.1 Wave particle duality: De Broglie’s equation 1
1.1.2° Wave function: Schridinger’s equation 2
1.1.3 Wave function v 5
1.2 Energy Well Model of Metal ‘
1.2.1 Further application of Schrodinger's equation 7
1.2.2 Heisenberg's uncertainty principle 10
1.2.3 Operator notation 1]
1.2.4 Finite potential barrier 13
1.2.5 Tunneling phenomenon, narrow potential barrier 16
1.2.6 Pauli exclusion principle 17
1.3 Free Electron Theory of Metal
1.3.1 General concepts 18
1.3.2 Electron in a linear solid (metal) 19
1.3.3 Fermi energy 20
1.3.4 Degenerate state 2]
1.4 Density of States Function
1.4.1 Definitions of number of states, density of states 22
1.5 Fermi-Dirac Distribution Function
1.6 Thermionic Emission, Work Function
1.6.1 Schorky effect 29 _
1.7 FermiLevel at Equilibrium, Contact Potential
1.7.1 Contact poteniial 32
1.7.2 Seebeck effect . 33

1.8 Solved Numerical Examples
Exercise 39

Vil

ix

18

22

24
27

32

33



xii  Conients

2. Free Electron Theory of Conduction in Metals

2.1 Crystalline Structure

2.1.1 Simple cubic structure 40
2.1.2 Face centered cubic (FCC) structure 41
2.1.3 Body centered cubic (BCC) structure 41

2.2 Miller Indices: Crystal Directions and Planes

2.2.1 Miller indices for crystallographic direction 44
2.2.2 Miller indices for crystallographic planes 45

2.3 Band Theory of Solids

2.3.1 General introduction 46

2.3.2 Molecular orbital bonding theory 46
2.3.3 Band theory of solids 47

2.3.4 Kronig-Penny model 49

2.3.5 Effective mass of an electron 53

2.4 Thermal Velocity of Electron at Equilibrium
2.5 Electron Mob'ﬂity; Conductivity and Resistivity
2.6 Physical Properties of Some Common Metals
2.7 Solved Numerical Examples

Exercise 62

3. Conduction in Liquids and Gases

3.1 Introduction

3.2 Ionic Conduction in Liguids

3.3 Electrical Conduction in Gases

3.4 Arc Discharge, Electric Breakdown in Gases

4. Dielectric Materials

4.1 Macroscopic Effects
4.1.1 Introduction 72
4.1.2 Macroscopic approach 72
4.2 Polarization, Dielectric Constant
4.2.1 Electric dipole moment, electronic polarization 74
4.2.2 Polarization vector and local electric field 75
4.2.3 lonic polarization 78
4.2.4 Orientational {Dipolar) polarization 79
4.2.5 Interfacial polarization 80
4.3 Dielectric Losses, IFrequency and Temperature Effect
4.4 Dielectric Breakdown
4.4.1 Dielectric breakdown in gases 85
4.4.2 Dielectric breakdown in liquids 86
4.4.3 Dielectric breakdown in solids 86

4.5 Ferroelectricity and Piezoelectricity

46

55
56
58
58

3222

68

72
72

74

&1
84

87



Contents  X1il

4.5.1 Ferroelectricity 87

4.5.2 Piezoelectricity 89
4.6 Properties of Some Dielectric Materials
4.7 Solved Numerical Examples

Exercise 94

5. Magnetic Materials

5.1 Ferromagnetism, Ferrimagnetism and Paramagnetism
5.1.1 Magnetic dipole moment 95
5.1.2 Atomic magnetic moments 95
5.1.3 Magnetization vector M 96
5.1.4 Magnetizing field or Magnetic field intensity 97
5.1.5 Magnetic permeability and susceptibility 98
5.1.0 Ferromagnetism 99
5.1.7 Antiferromagnetisim 99
5.1.8 Ferrimagnetism 100
5.1.9 Paramagnetism 100
5.1.10 Diamagnetism 10]
5.2 Domain Structure
5.2.1 Introduction 101
5.2.2 Domain walls 102
5.2.3 Magnetostriction 103
5.3 Hysteresis Loop, Eddy Current Losses
5.4 Soft Magnetic Materials
5.5 Fe-Ni Alloys
5.6 Ferrites for High Frequency Transformers
5.7 Hard Magnetic Materials
5.8 Square Loop Magnetic Materials
5.9 Solved Numerical Examples
Exercise 113

6. Semiconductor Materials

6.1 Band Structure of Group IV Materials, Energy Gap

6.1.1 Energy band in silicon crystal 115

6.1.2 Electron and hole 116

6.1.3 Electrical conduction in semiconductor 117
6.2 Electron and Hole Concentrations in Intrinsic Semiconductor
6.3 Extrinsic Semiconductors

6.3.1 n-type semiconductor 123

6.3.2 p-type semiconductor 125

6.3.3 Compensation doping 127

6.4 Temperature Dependence of Carrier Concentration

90
92

95
95

101

103
106
107
108
109
110
112

115
115

119
122

128



. xiv  Contents

6.5 Drift and Diffusion of Charge Carriers
0.5.1 Drift of charge carriers 129
6.5.2 Temperature dependence of mobility 131
6.5.3 Diffusion in semiconductor 133
6.5.4 Degenerate and Non-degenerate semiconductors 135
6.6 Einstein Relationship
6.7 Recombination and Generation
6.7.1 Direct Recombination and generation 139
6.7.2 Indirect thermal generation and recombination 139
6.7.3 Photogeneration [40
6.7.4 Continuity equations for carriers 142
6.8 PN Junction

6.8.1 Ideal abrupt junction 144
6.8.2 Forward biased pn junction [48
6.8.3 Reverse biased pn junction 152

6.9 Metal-Semiconductor Junction
6.9.1 Schottky junction 154
0.9.2 Ohmic contact 157

6.10 Solved Numerical Examples

7. Semiconductor Materials Processing

7.1 Crystal Growing

7.1.1 Floating zone method of crystal growth 169
7.1.2 Czochralski growth 170
7.2 Diffusion System
7.2.1 Diffusion 171
7.3 lon Implantation Process
7.3.1 lIon implantation 176
7.3.2 Lattice damage and annealing 178

7.3.3 Chemical vapour deposition 78
7.3.4 Epitaxial growth 178

7.4 Monolithic IC Fabrication: Planar Process
7.5 Metallization, Contacts

8. Superconductivity

8.} Introduction

8.2 Historical Background

8.3 Electric and Thermodynamic Properties
8.4 Magnetic Properties

8.5 Type I and Type !l Superconductor

8.6 The BCS Theory

129

135
139

144

134

157

169
169

17

176

179
183

184

184
185
187
189
193
194



Conlents xv

8.7 Material Aspects
8.8 Examples
Exercise 197
Appendix—A  Einstein’s Equation
Appendix-B  Collection of Particles
Appendix—~C Some Typical Questions
Appendix-D  Some Common Physical Constants

Appendix—FE  Bibliography

Index

195

198
200
202
209
210

211



