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Semiconductor Physics

Module-1: Quantum Mechanics

Introduction to Quantum physics, Black body radiation, Planck’s law, Photoelectric effect, Compton
effect, De-Broglie’s hypothesis, Wave-particle duality, Davisson and Germer experiment, Time-
independent Schrodinger equation for wave function, Born interpretation of the wave function,
Schrodinger equation for one dimensional problems- particle in a box.

Module-I11: Introduction to Solids and Semiconductors

Free electron theory, Bloch’s theorem for particles in a periodic potential, Kronig- penney model
(Qualitative treatment), Origin of energy bands. Types of electronic materials: Metals, Semicon-
ductors, and Insulators; Intrinsic and Extrinsic semiconductors, Carrier concentration, Depen-
dence of Fermi level on carrier- Concentration and Temperature, Hall effect.

Module-I11: Light - Semiconductor Interaction

Carrier generation and recombination, Carrier transport: diffusion and drift, Direct and indirect
band gaps, p-n junction, V-I characteristics, Energy Band diagram, Biasing of a junction.

Photo voltaic effect, Construction and working of LED, Photo detectors, PIN, Avalanche photo-
diode, Solar cell.

Module-1V: Engineered Electric and Magnectic Materials

Polarisation, Permittivity, Dielectric constant, Internal field in solids, Clausius Mosotti equation,
Ferroelectricity, Piezoelectricity, Pyroelectricity, Magnetisation, Permeability, Susceptibility, Clas-
sification of dia, para and ferro magnetic materials on the basis of magnetic moment, Domain
theory of ferro magnetism on the basis of hysteresis curve.

Module-V: Lasers and Fiber Optics

Characteristics of a Lasers, Spontaneous and Stimulated emission of radiation, Metastable State,
Population Inversion, Lasing Action, Ruby laser, Semiconductor diode laser and Applications of a
lasers, Principle and Construction of an optical fiber, Acceptance Angle, Numerical Aperture,
Types of Optical Fibers (Single Mode, Multimode, Step Index, Graded index). Attenuation in

Optical Fibers, Optical Fiber Communication System with block diagram.
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Module-1: Quantum Mechanics
Aims and Objectives
Introduction to Quantum physics
Quantum Mechanics
Basic Postulates of Quantum Mechanics
Black body radiation
Planck’s law
Photoelectric Effect
1.6.1 Characteristics of the Photoelectric Effect
Einstein’s Photoelectric Equation
Laws of Photoelectric Effect
Applications of Photoelectric Effect
Compton Effect
Matter waves and particles
1.11.1 Comparison of Wave and Particle
De-Broglie Hypothesis of Matter Waves
1.12.1 De-Broglie Wavelengths in Particular Cases
1.12.2 Solved Problems
1.12.3 Applications of De-Broglie Matter Waves
1.12.4 Properties of Particles (Matter Waves)
Phase and group velocities
1.13.1 Phase Velocity
1.13.2 Group Velocity
1.13.3 Group Velocity of De-Broglie Waves
1.13.4 Relation between Group Velocity and Phase Velocity
Wave-particle duality
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Davisson and Germer Experiment

Wave Function

1.16.1 Time-independent Schrodinger Equation for Wave Function
1.16.2 Schrodinger Time Dependent Wave Equation

1.16.3 Schrodinger Time-Independent Equation from Time Dependent
Schrodinger Wave Equation

Eigen Functions, Eigen Values
Interpretation of the Wave Functions
1.18.1 Born Interpretation of Wave Function vy
Physical Significance of Wave Function
Particle in One-Dimensional Box
1.20.1 Solved Examples
Applications of Quantum mechanics
Summary
Review Questions
Multiple Choice Questions
Module-I1: Introduction to Solids and Semiconductors
Aims and objectives
Introduction
Classical Free Electron Theory
2.2.1 Assumptions (or) Salient Features Classical Free Electron Theory
2.2.2 Success of Classical Free Electron Theory
2.2.3 Drawbacks of Classical Free Electron Theory (CFET)
2.2.4 Failures of Classical Free Electron Theory
2.2.5 Quantum Free Electron Theory
2.2.5 Success of Quantum Free Electron Theory (QFET)
Bloch’s theorem for particles in a periodic potential
Kronig- penney model (Qualitative treatment)

Bonding
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2.5.1 Differences between lonic, Covalent and Metallic Bonds
Origin of energy bands formation in solids
2.6.1 Energy Band Theory
Types of Electronic Materials
2.7.1 Conductors (Metals)
2.7.2  Semiconductor
2.7.2.1 Energy Band Diagram of Semiconductors
2.7.2.2 Properties of Semiconductors
2.7.3 Insulators
2.7.4 Classification of Semiconductor Materials
2.7.5 Classification of Extrinsic Semiconductor
2.7.6 Differences between Intrinsic and Extrinsic Semiconductors
2.7.7 Differences between N-type and P-type Semiconductors
2.7.8 Majority and Minority Carriers in P and N Type Materials
Density of Electrons in an Intrinsic Semiconductors
Density of Holes of an Intrinsic Semiconductor
Carrier Concentration with Temperature in an Intrinsic Semiconductor
Carrier Concentration of an Extrinsic n-type Semiconductor
Carrier Concentration of Extrinsic p-type Semiconductor
Donor and Acceptor Impurities
Charge Densities in a Semiconductor
Fermi level in a Semiconductor having Impurities
2.15.1 Fermi Level in Intrinsic Semiconductor
2.15.2 Fermi Level in n- Type Semiconductor
2.15.3 Fermi Level in p-Type Semiconductor
2.15.4 Fermi Level in P-type Extrinsic Semiconductor
Conductivity of a Semiconductor
Carrier Generation and Recombination
Hall Effect
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Solved Problems
Applications
Summary

Review Questions

Multiple Choice Questions

Module-111: Light - Semiconductor Interaction

Aims and Objectives
Introduction
Carrier Transport: Diffusion and drift
Direct and Indirect band Gaps
PN Junction
Qualitative Theory of P-N Junction
3.5.1 Depletion Region
3.5.2 Barrier Potential
3.5.3 Energy Band Diagrams of PN Junction
PN Junction as a Diode
No Bias across the P-N Junction (v, =ov)
Biasing p-n junction
3.8.1 P-N Junction with Forward Bias (V, > 0V)
3.8.2  P-N Junction with Reverse Biased (V,, < 0V)
\Voltage-Current (v-i) Characteristics of Diode
Law of Junction
Diode Current Equation (No Derivation)
Applications of PN Junction Diode
Photo voltaic Cell
3.13.1 Advantages and Disadvantages of Photo-voltaic Cells
3.13.2 Applications of Photo-voltaic Cells
Light-Emitting Diodes (LEDs)
3.14.1 Advantages and Disadvantages of LED
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3.14.2 Applications of LED
Photodetectors
3.15.1 Photoconductive Cell
3.15.2 Photodiode
3.15.2.1 Photo Diode Characteristics
3.15.2.2 Modes of Operation
3.15.2.3 Dark Current
3.15.3 Photo Transistor
3.15.3.1 Advantages and Disadvantages of Phototransistor
3.15.3.2 Applications of Phototransistor
Types of Photodiodes
PIN Photodiode
Avalanche Photodiode
3.18.1 Applications of Photodiode
3.18.2 Advantages and Disadvantages of Photo Diode
3.18.3 Performance Parameters of a Photodiode
Solar Cell
3.19.1 Application of Solar Cells
Problems
Summary
Review Questions
Obijective Type Questions
Module-1V: Engineered Electric and Magnectic Materials
Aims and Objectives
Introduction
Dielectrics
Fundamental Definitions
Permittivity of Dielectric Materials
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Molecular Polarizability

Polar Molecule

Types of Polarizations

Solved Problems

Internal Field

Mathematical Expression for Energy Absorbed
Clausius Mossoti Equation

Dielectric Loss

Applications of Dielectric Materials
Ferroeletrics

Piezoelectricity

Pyroelectricity

Solved Problems

Magnet and Its Properties

Important Properties of Magnetic Materials
4.20.1 Solved Problems

4.20.2 Comparison between Electro and Permanent Magnet

Origin of Magnetic Moment

4.22 Magnetic Materials-Classification
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4.22.1 Diamagnetic Materials
4.22.2 Paramagnetic Materials
4.22.2.1 Paramagnetism of Diamagnetic Material
4.22.3 Ferromagnetic Materials
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4.22.4 Ferrimagnetic Materials
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Soft and Hard Magnetic Materials
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Effect of Temperature on Magnetism
Curie Point
Applications of Magnetic Materials
Summary
Review Questions
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Module-V: Lasers and Fiber Optics
Aims and Objectives
Introduction
Characteristics of a Laser
Ordinary Light and Laser Light
Principle and Production of lasers
5.4.1 Absorption of Laser
5.4.2 Spontaneous Emission
5.4.3 Stimulated Emission
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5.13.2 Helium-Neon Gas Laser (He-Ne Gas Laser)
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5.15 Applications of Lasers
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5.15.2 Cutting

5.15.3 Drilling

Solved Problems

Construction of Optical Fibers

5.17.1 Features of Optical Fibers

5.17.2 Principle and Working of an Optical Fiber
5.17.3 Total Internal Reflection

5.17.4 Acceptance Angle and Numerical Aperture
Types of Optical Fibers

5.18.1 Step Index Fiber

5.18.2 Graded Index Fibers

5.18.3 Differences between Single and Multi-mode Fibers
5.18.4 Differences between Step Index and Graded Index Fibers
Optical Fiber Communication System

Attenuation in Optical Fibers

Applications of Optical Fibers

5.21.1 Fiber Optics in Medicine

Advantages of Optical Fibers
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