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COURSE OBJECTIVES 

1. The course is designed to make the students industry ready to contribute in 
the growing demand of the industry at local, national and international 
level. 

2. It will make the students competent to understand basic concepts and 
applications of advanced engineering physics and apply its principles in 
their respective fields at global platform. 

3. It will enhance the skill level of the students and shall make them preferred 
choice for getting employment in industry and research labs. 

4. It will give thorough knowledge of the discipline to enable students to 
disseminate knowledge in pursuing excellence in academic areas. 
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Course 

Outcomes  

                       Figure 1.1 Manufacturing of semiconductor [1] 

CO 

Number 

Title  

On completion of this course, the students are expected 

to learn 

Level  

CO1 Quote the basic fundamental concepts of lasers, optical 

fibres, crystallography, ultrasonic oscillations, semiconductor 

physics, quantum mechanics and nanotechnology. 

Remember, 

Understand 

  

CO2 Demonstrate the working of various lasers, fibre 

components, semiconductor devices; explain the behaviour 

of crystalline solids, quantum and nano-scale systems. 

Understand 

CO3 Solve problems by applying principles related to lasers, 

fibres, semiconductors, oscillations, quantum and 

nanoscience. 

Applying  

CO4 Compare various lasers and fibres, semiconducting devices, 

crystalline materials, structures at quantum and nanoscale 

on the basis of their properties for industrial applications. 

Analyze 

CO5 Develop various systems using lasers, fibres, semiconductors 

and nanomaterials for futuristic applications. 

Design  



UNIT -2 

 

 

CHAPTER 1 

CRYSTALLOGRAPHY & ULTASONICS 

TOPIC: Basic terms, types of crystal systems, 

Bravais lattices 

INTRODUCTION 



LECTURE OBJECTIVE  

5 

Students will learn 
about crystallography 

branch and its 
importance.  

Students will 
understand how 

arrangements effect the 
properties of materials.  

Students will learn basic 
terms related to 
crystallography 



 CONTENT 

INTRODUCTION TO CRYSTALLOGRAPHY 

TYPES OF MATTER-SOLID, LIQUID, GAS 

TYPES OF SOLIDS 

PROPERTIES 

CRYSTAL STRUCTURE  

SPACE LATTICE 

BASIS 

UNIT CELL  

BRAVAIS LATTICE 

6 



 TYPES OF MATTER 

 TYPES OF PHYSICAL STATES 

Figure 1.2 Types of matter and their basic properties [2] 

Solids 

In the solid state 

the vibrating particles form a regular 

pattern. This explains the fixed shape 

of a solid. 

Liquids 

In a liquid the particles still touch their 

neighbors but they move around, 

sliding over each other. 

Gases 

In the gas state, widely-spaced 

particles move around randomly. This 

explains why you can compress 

gases. 



TYPES OF SOLIDS 

Figure 1.3 describing crystal and amorphous solid structure [3] 

A crystal or crystalline solid 

is a solid material whose 

constituents are arranged in a 

highly ordered microscopic 

structure, forming a crystal 

lattice that extends in all 

directions. For e.g. metals 

 An amorphous or non-

crystalline solid is a solid that 

lacks the long-range order that 

is characteristic of a crystal for 

e.g. Glass-Ceramics. 



PROPERTIES  

Geometry: 
Crystalline Solids – Particles are arranged in a repeating pattern. They have a 
regular and ordered arrangement resulting in a definite shape. 
Amorphous Solids – Particles are arranged randomly. They do not have an 
ordered arrangement resulting in irregular shapes. 

Melting Points 
Crystalline Solids – They have a sharp melting points.  
Amorphous Solids – They do not have sharp melting points. The solid tends to 
soften gradually over a temperature range. 

Isotopism: 
Crystalline Solids – Anisotropic in nature. i.e., the magnitude of physical 
properties (such as refractive index, electrical conductivity, thermal conductivity 
etc.) is different along with different directions of the crystal. 
Amorphous Solids – Isotropic in nature. i.e., the magnitude of the physical 
properties is the same along with all directions of the solid. 

 
 



PROPERTIES 

Cleavage Property 
Crystalline Solids – When cutting with a sharp edge, the two new halves will 
have smooth surfaces. 
Amorphous Solids – When cutting with a sharp edge, the two resulting 
halves will have irregular surfaces. 

Rigidity: 
Crystalline Solids – They are rigid solids and applying mild forces will not 
distort its shape. 
Amorphous Solids – They are not rigid, so mild effects may change the 
shape. 
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FORMATION OF CRYSTAL STRUCTURE 

Figure 1.4 crystal structure consisting basis and space lattice [4] 

 Space lattice + 

basis = crystal 

structure 

 Space lattice  

 Basis  



Space lattice  

Figure 1.5 space lattice and basis [5]  

SPACE LATTICE- a regular, 

indefinitely repeated array of 

points in three dimensions 

in which the points lie at the 

intersections of three sets of 

parallel equidistant planes. 

BASIS-The crystal basis is 

defined by the type, number, 

and arrangement of atoms 

inside the unit cell. 



CRYSTAL STRUCTURE  

Figure 1.6 crystal structure by joining space lattice and basis [6] 



UNIT CELL  

Figure 1.7 unit cell [7]   

 

 

The smallest group 

of atoms which has 

the overall 

symmetry of a 

crystal, and from 

which the entire 

lattice can be built 

up by repetition in 

three dimensions. 

 
 



PRIMITIVE UNIT CELL 

15 

A primitive cell is a unit cell that 
contains exactly one lattice point. It is the 
smallest possible cell. If there is a lattice 
point at the edge of a cell and thus shared 
with another cell, it is only counted half. 
Accordingly, a point located on the corner 
of a cube is shared by 8 cubes.  

Figure 1.8 primitive unit cell [7]   



NON-PRIMITIVE CELL 

16 

Non-primitive cells are of three kinds: 

 end-centered : an extra lattice point is 

centered in each of two opposing faces of the 

cell 

 face-centered : an extra lattice point is 

centered in every face of the cell 

 body-centered : an extra lattice point is 

centered in the exact middle of the cell 

 They have larger volume than primitive unit 

cell.  



NON-PRIMITIVE UNIT CELL 

17 

Figure 1.10 Face centred cell [8] Figure 1.9 Body centred cell [8] Figure 1.11 end centred cell [8] 



LATTICE PARAMETERS  

Figure 1.12 parameters of unit cell [9] 

6 parameters  

Length of axis along x, y, 

z axis written as a, b, c 

Angle between y and z 

axis is α 

Angle between x and z 

axis is β 

Angle between x and y 

axis is γ 



CRYSTAL SYSTEMS 

Figure 1.13 Crystal systems [8]   



APPLICATIONS IN ENGINEERING 

X-ray crystallography is a powerful 
non-destructive technique for 
determining the molecular structure 
of a crystal. 

It was primarily used in fundamental 
science applications for determining 
the size of atoms, the lengths and 
different types of chemical bonds, 
the atomic arrangement of materials. 

20 Figure 1.14 x-ray experiment set up [10] 



APPLICATIONS  

The difference between materials at the 
atomic level, and for determining the 
crystalline integrity, grain orientation, 
grain size, film thickness and interface 
roughness of alloys and minerals. 

It is now often used to identify the 
structure of various biological materials, 
vitamins, pharmaceutical drugs, thin-film 
materials and multi-layered materials. It 
has become one of the standard ways of 
analyzing a material. 

21 Figure 1.15 bacteria image [11] 



LIMITATIONS OF X-Ray 
DIFFRACTION 

As the crystal's repeating unit, its unit cell, becomes larger and more complex, 
the atomic-level picture provided by X-ray crystallography becomes less well-
resolved for a given number of observed reflections. 

If the diffraction pattern is not clear, then the sample may not be pure and will 
be purified at this point. But other factors can prevent a diffraction pattern from 
being generated including a too-small sample (needs to be at 0.1 nm in each 
dimension), an irregular crystal structure, and the presence of any internal 
imperfections—such as cracks—in the crystal. 

22 



FREQUENTLY ASKED QUESTIONS 

1. Justify use of X-Ray to study crystal structure. 

2. Is there any term like polycrystalline?  

3. Differentiate between crystalline and amorphous materials. 

4. Explain non primitive unit cell 

5. Define unit cell, space lattice, basis. 

6. How many crystal systems are there and describe them. 

7. Predict the unit cell for NaCl 
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SUMMARY 

Crystallography is a field of science that deals with arrangements of atoms. 

There are three types of matter of state. 

Crystalline materials are those have periodic arrangements of atoms. 

Space lattice and basis form complete crystal. 

Unit cell is smallest repeating unit in crystals. 

There are 6 parameters of one unit cell. 

There are 7 crystal systems and 14 Bravais lattice. 

 
24 



UNIT -1  

CHAPTER 1 

CRYSTALLOGRAPHY & ULTRASONICS 

ULTRASONICS 

MILLER INDICES, D-SPACING, ATOMIC 

PACKING FRACTION  

INTRODUCTION 



LECTURE OBJECTIVE 

5 

1 

• Student will learn 
how to measure 
miller indices. 

2 

• Students will get to 
know about d- 

spacing. 

3 

• Students will 
understand about 

APF and how to 
calculate it. 



 CONTENT 

MILLER INDICES-  

INTRODUCTION 

METHOD 

NOTATION 

D SPACING-  

DERIVATION 

ATOMIC FRACTION 

FCC, SC, BCC, FCC and HCP structures 

6 



MILLER INDICES     

Definition  

Miller indices are used to 
specify directions and planes.  

The number of indices will 
match with the dimension of 
the lattice or the crystal.  

E.g. in 1D there will be 1 index 
and 2D there will be two 
indices etc. 

 

7 Figure 2.2 different planes in crystal [2] 



HOW TO FIND-METHOD 
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Determine the intercepts of the face along the 

crystallographic axes, in terms of unit cell 

dimensions. 

Take the reciprocals 

Clear fractions 

Reduce to lowest terms 

For example, if the x-, y-, and z- intercepts are 2, 1, 

and 3, the Miller indices are calculated as: Take 

reciprocals: 1/2, 1/1, 1/3 

Clear fractions (multiply by 6): 3, 6, 2 

Reduce to lowest terms (already there) 



CRYSTAL PLANES-I D 

9 

Pink Face 

= (1/1, 1/∞, 1/ ∞,) 

= (100) 

Green face  

=(1/ ∞,, 1/ ∞,, 1/1) 

=(001) 

Yellow face 

=(1/ ∞,, 1/1, 1/ ∞) 

= (010) 

Figure 2.3 one Dimensional planes [3] 



CRYSTAL PLANES- 2D  

10 

The plane of interest 

cuts two of the 

crystallographic axes 

Intercepts (1,1, ∞,)= 

(110) 

Figure 2.4 two Dimensional planes [3] 
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CRYSTAL PLANES- 3D  

Figure 2.5 three Dimensional planes [4] 



FAMILY OF PLANES-Notation  
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 Notation Summary  

  (h,k,l) represents a point – note 

the exclusive use of commas  

 Negative numbers/directions are 

denoted with a bar on top of the 

number  

 (hkl) represents a plane  

 {hkl} represents a family of planes 
 

Figure 2.6 family of planes one Dimensional 

planes [3] 



Miller indices   

13 

If a Miller index is zero, the plane is parallel to that axis. 

 Parallel planes have same Miller Indices 

 If a plane is passing through origin , Miller indices are determined for 

another plane parallel to this one, both will have same Miller Indices 

Multiplying or dividing a Miller index by a constant has no effect on the 

orientation of the plane. 
 



D-SPACING  

14 

Figure 2.7 distance between planes [self-made] 



Tringle OMP 

Cosα =  𝑂𝑀𝑂𝑃  = 
𝑎𝑑ℎ  -----i 

Tringle OMQ 

Cosβ = 𝑂𝑀𝑂𝑄  = 
𝑏𝑑𝑘 ……ii 

Tringle OMR 

Cosγ = 
𝑂𝑀𝑂𝑅  = 

𝐶𝑑𝑘 ……iii 
Cos2α+ Cos2β+ Cos2γ = 1 


𝑎×𝑎×𝑑×𝑑ℎ×ℎ  +

𝑏×𝑏×𝑑×𝑑𝑘×𝑘  + 
𝑐×𝑐×𝑑×𝑑𝑙×𝑙  = 1 

 
15 

D-SPACING  



ATOMIC PACKING FACTOR 

16 

It can be defined as 

the ratio between 

the volume of the 

basic atoms of the 

unit cell (which 

represent the 

volume of 

all atoms in one-unit 

cell) to the volume of 

the unit cell itself. 
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ATOMIC PACKING FACTOR FOR 

SIMPLE CUBIC  

Let ‘a’ be the edge length of the unit cell and r be 
the radius of sphere. 
As sphere are touching each other 
Therefore a = 2r 
No. of spheres per unit cell = 1/8 × 8 = 1  
Volume of the sphere = 4/3 πr3  
Volume of the cube = a3= (2r)3 = 8r3 ∴ Fraction of the space occupied = 4/3πr3 / 8r3 = 
0.524 ∴ % occupied = 52.4 % 

Figure 2.8 simple cubic unit cell [5] 
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  In body centred cubic unit cell 

in   tringle EFD                         

Let DF= b 

and we know that 

ED=EF= a (edge length) 

Now, 

b2 = a2 + a2 = 2a2 

In  Triangle AFD                       

Let,  AF =  c 

We know that 

FD = b 

&  AD = a (edge length) 
 

ATOMIC PACKING FACTOR FOR 

BCC  

Figure 2.9 body centred cubic unit cell [5] 

https://files.askiitians.com/cdn1/images/2017129-155827899-790-body-centred-cubic-unit-cell.png


Now, 
c2 = a2 + b2 = a2 + 2a2 = 2a2 

or c = √3 a 
we know that c is body diagonal. As the sphere at the centre touches the 

sphere at the corner. Therefore body diagonal c = 4r 
i.e. √3 a = 4r 
or r = (√3/4)a 
or  a = 4r  / √3 ∴ Volume of the unit cell = a3 = (4r / √3)3 = 64r3 / 3√3  

No. of spheres in bcc = 2  ∴ volume of 2 spheres = 2 × 4/3πr3  
APF= 68 PER 

19 

ATOMIC PACKING FACTOR FOR 

BCC  
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ATOMIC PACKING FACTOR FOR 

FCC  

  Let ‘r’ be the radius of sphere and ‘a’ be the edge length of the cube 

As there are 4 sphere in fcc unit cell ∴ Volume of four spheres = 4 (4/3 πr3)  

In fcc, the corner spheres are in touch with the face centred sphere. Therefore, face 

diagonal AD is equal to four times the radius of sphere 

AC= 4r 

But from the right angled triangle ACD  

AC = √AD2 + DC2 = √a2 + a2= √2a  

4r = √2a 

or a = 4/√2 r ∴ volume of cube = (4/√2 r)3  

APF= 74  
Figure 2.10 face centred cubic unit cell [5] 

https://files.askiitians.com/cdn1/images/2017129-155835852-9275-face-centred-cubic.png


SUMMARY  

Miller indices use for measuring direction in crystal systems. 

The miller indices denote as (hkl). 

The coordinator of plane parallel to axis is infinity. 

The negative of miller indices denote as bar of number. 

Interplanar distance can be measured by using miller indices. 

Atomic packing determine how closely atoms are packed in unit cell. 

The APF for SC, BCC, FCC,HCP is 52 per, 68 per, 74 per respectively. 

 

21 



 FREQUENTLY ASKED QUESTIONS 

1. Give example of 1 D, 2D, 3D miller indices and draw them. 

2. Determine miller indices for (3,4,6) 

3. Illustrate concept of calculating miller indices 

4. Derive expression for D- spacing. 

5. Justify the importance of atomic packing fraction 

6. Find the value for APF for BCC. 

7. Justify the importance of miller indices 

8. Illustrate the family of planes {1 1 0} 
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CRYSTAL 

STRUCTURE 
 

Course Outcome  

Fig.1 Braggs Law [1] 

CO 

Number 

Title  

On completion of this course, the students are expected 

to learn 

Level  

CO1 Quote the basic fundamental concepts of lasers, optical fibres, 

crystallography, ultrasonic oscillations, semiconductor physics, 

quantum mechanics and nanotechnology. 

Remember, 

Understand 

  

CO2 Demonstrate the working of various lasers, fibre components, 

semiconductor devices; explain the behaviour of crystalline 

solids, quantum and nano-scale systems. 

Understand 

CO3 Solve problems by applying principles related to lasers, fibres, 

semiconductors, oscillations, quantum and nanoscience. 

Applying  

CO4 Compare various lasers and fibres, semiconducting devices, 

crystalline materials, structures at quantum and nanoscale on 

the basis of their properties for industrial applications. 

Analyze 

CO5 Develop various systems using lasers, fibres, semiconductors 

and nanomaterials for futuristic applications. 

Design  



Fig.2 Crystalline and Amorphous 

structure [2]            6      

OVERVIEW OF SOLIDS: CRYSTALLINE AND 

AMORPHOUS 
 



5 

Bragg’s law is a special case of Laue diffraction which determines the angles 

of coherent and incoherent scattering from a crystal lattice. When X-rays are 

incident on a particular atom, they make an electronic cloud move just like 

an electromagnetic wave .The movement of these charges radiates waves 

again with similar frequency, slightly blurred due to different effects and this 

phenomenon is known as Rayleigh scattering. 

The same process takes place upon scattering neutron waves via nuclei or by 

a coherent spin interaction with an isolated electron. These wave fields 

which are re-emitted interfere among each other either destructively or 

constructively creating a diffraction pattern on a film or detector. The basis 

of diffraction analysis is the resulting wave interference and this analysis is 

known as Bragg diffraction. 

BRAGG’S LAW STATEMENT 
 

Fig.3 Braggs Diagram [3]  



• Space for visual (size 24) 

 

 

In physics, Bragg's law, or Wulff–Bragg's 

condition, a special case of Laue diffraction, 

gives the angles for coherent and incoherent 

scattering from a crystal lattice. The 

resulting wave interference pattern is the 

basis of diffraction analysis. This analysis is 

called Bragg diffraction. 

6 

BRAGG’S 
ANALYSIS 

 

Fig.4 Braggs Diagram [3]  



  

7 

Equation of Bragg’s law 



8 

Bragg considered to be made up of parallel planes of atoms . Incident 

waves are reflected specially from parallel planes of atoms in the crystal 

, with each plane reflecting only a very small fraction of the radiation. 

 

BC =d sin𝜃 

AB= d sin𝜃 

AB+BC= 2 d sin𝜃 

nλ = 2 d sin𝜃 

Constructive interference of the radiation from successive planes occurs  

when the path difference is an integral number of wavelengths. This is the Bragg 

Law. 

DERIVATION OF BRAGG’S LAW 



9 

BRAGG EQUATION PROBLEM 



APPLICATIONS 

1. Solving Bragg's Equation gives the d-spacing between the crystal lattice planes of atoms that 
produce the constructive interference. A given unknown crystal is expected to have many 
rational planes of atoms in its structure. In X-ray diffraction (XRD) the inter-planar spacing (d-
spacing) of a crystal is used for Identification and characterization purposes  

2.  Computed Tomography (CT) uses many X-ray slices at different angles to build up three 
dimensional images inside the body with the help of Bragg’s law .  

3. Ultrasound uses echoes from sound waves to locate different organs inside the body, and can 
be used to monitor the growth of unborn babies.  

4. Magnetic Resonance Imaging (MRI, or NMR) uses powerful magnets to measure the water 
content of different types of body tissue. It is a slow process, but generates incredibly detailed 
images of the body.  

5.  Positron Emission Tomography (PET) detects radioactive tracers that are injected into the body 
and Electroencephalography (EEG) detects electrical activity in the brain. 

10 



VIDEO 

11 



 

 

 

12 

 

 

            SUMMARY  

 Introduction to Crystal Structure 

 Types of Crystal Structure 

 Bragg’s Law 

 Application 
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FAQS 

 What is difference between Crystalline and Amorphous solid? 

 What is Motif? 

 Why powder method is more beneficial than Laue method? 

 List advantages and disadvantages of Laue Method 

 What is the significance of Bragg’s law? 

 What is inverse piezoelectric method? 

 Draw plot of (100) 
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CRYSTAL 
STRUCTURE 

 Course Outcome  

Fig.1 Introduction[1] 

CO 

Number 

Title  

On completion of this course, the students are expected 

to learn 

Level  

CO1 Quote the basic fundamental concepts of lasers, optical fibres, 

crystallography, ultrasonic oscillations, semiconductor physics, 

quantum mechanics and nanotechnology. 

Remember, 

Understand 

  

CO2 Demonstrate the working of various lasers, fibre components, 

semiconductor devices; explain the behaviour of crystalline 

solids, quantum and nano-scale systems. 

Understand 

CO3 Solve problems by applying principles related to lasers, fibres, 

semiconductors, oscillations, quantum and nanoscience. 

Applying  

CO4 Compare various lasers and fibres, semiconducting devices, 

crystalline materials, structures at quantum and nanoscale on 

the basis of their properties for industrial applications. 

Analyze 

CO5 Develop various systems using lasers, fibres, semiconductors 

and nanomaterials for futuristic applications. 

Design  



 

 

Laue diffraction, in X-rays, a regular array of 

spots on a photographic emulsion resulting 

from X-rays scattered by certain groups of 

parallel atomic planes within a crystal. 

4 

LAUE METHOD 
 

Fig.2 Introduction[2] 



 

 
A diffraction pattern is obtained by measuring 

the intensity of scattered waves as a function 

of scattering angle. Very strong intensities 

known as Bragg peaks are obtained in the 

diffraction pattern when scattered waves 

satisfy the Bragg's Law. 

Following Bragg's law, each dot (or reflection) 

in the diffraction pattern above forms from 

the constructive interference of X-rays passing 

through a crystal. The data can be used to 

determine the crystal's atomic structure. 

 
5 

X-RAY METHOD 
 



6 

X-RAY METHOD 
 

Fig.3 Methods [3] 



TYPES OF LAUE METHOD 

a. Transmission Method: In the transmission Laue method, the film is placed behind the crystal to record 

beams which are transmitted through the crystal.  

 

b.     Back Reflection Method: In the back-reflection method, the film is placed between the x-ray source and 

the crystal. The beams which are diffracted in a backward direction are recorded. 

7 



TRANSMISSION METHOD 

8 
Fig.4 Laue Method [4] 
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TRANSMISSION METHOD 

Fig.5 Laue Method [5] 



BACK REFLECTION METHOD 

10 
Fig.6 Laue Method [6] 
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BACK REFLECTION METHOD 

Fig.7 Laue Method [6] 



ADVANTAGES AND DISADVANTAGES 

12 

• The advantages of using Laue method of diffraction are that it is used for checking the orientation of crystals 

and their quality. It can be used for analyzing specimens that are thick and large. 

• The limitations of using this method are that it cannot be used for quantitative analysis because the 

wavelength of the X-ray beam that is causing a specific spot is unknown. Also, it requires a large crystal for 

analysis 



 

 

 

13 

 

 

            SUMMARY  

 Introduction to LAUE Method 

 Working of Laue Method 

  Advantages and Disadvantages 

 Application 
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FAQS 

 What is difference between Powder and Laue method? 

 What is X-ray? 

 Why powder method is more beneficial than Laue method? 

 List advantages and disadvantages of Laue Method 

 What is the significance of Bragg’s law? 

 What is inverse piezoelectric method? 

 Draw plot of (100) 

 



Band theory of 

solids, Direct and 

Indirect band gap, 

Fermi distribution 

function 

CHAPTER 2 

Semiconductor Physics  

Physics  

UNIT -2  

 

 

INTRODUCTION 



 CONTENT 

BAND THEORY OF SOLIDS 

CLASSIFICATION OF METALS 
,SEMICONDUCTORS,INSULATOR 

DIRECT AND INDIRECT BAND GAP 

FERMI LEVEL AND FERMI ENERGY 

FERMI DISTRIBUTION FUNCTION 

5 



LECTURE OBJECTIVE  
 

6 

 

Students will have clear 
view about how formation of 
solids take place 

 Students will learn the 

between metals, 

and insulator. 

Students will learn about 

type of semiconductor based 

E-k Diagram. 

Students will learn about Fermi 

distribution function. 



 Semiconductor materials 

are useful because their behavior can 

be easily manipulated by the 

deliberate addition of impurities, 

known as doping. 

 Semiconductor Physics is the fact 

that the microscopic properties it 

deals with are responsible for the 

majority of modern technology. 

 Semiconductor, any of a class of 

crystalline solids intermediate in 

electrical conductivity between a 

conductor and an insulator.  

WHY TO STUDY SEMICONDUCTOR 



 FORMATION OF ENERGY BANDS IN 
SOLIDS 

8                        Figure 4.2 splitting of energy band  [2] 



FORMATION OF ENERGY BANDS IN 
SOLIDS 

9 

• In a single isolated atom, the electrons in each orbit have definite energy associated with it.  

• But in case of solids all the atoms are close to each other, so the energy levels of outermost orbit 

electrons are affected by the neighboring atoms.   

• Due to this, the electrons in same orbit exhibits different energy levels. The grouping of this 

different energy levels is called energy band. Due to influence of high electric field between the 

core of the atoms and the shared electrons, energy levels are split-up or spread out forming 

energy bands. 

 



FORMATION OF VALENCE BAND AND 

CONDUCTION BAND IN SOLIDS 

10                        Figure 4.3 valance band and conduction band  [3] 



CLASSIFICATION OF 
METAL,SEMICONDUCTOR AND INSULATOR 

11                        Figure 4.4 energy band gap insulator, semiconductor, conductor[4] 



CLASSIFICATION OF METAL, 
SEMICONDUCTOR AND INSULATOR 

12 

 

CONDUCTOR 

• The possible energy band diagram shows that the conduction band is overlapping 

with the valence band. 

• This is because the lowest levels in the conduction band needs less energy than 

the highest levels in the valence band. 

• The electrons in valence band overflow into conduction band and are free to 

move about in the crystal for conduction. 

 



CLASSIFICATION OF METAL, 
SEMICONDUCTOR AND INSULATOR 

13 

 

SEMICONDUCTOR 

• The first possible energy band diagram shows that at absolute zero 
temperature, no electron has energy to jump from valence band to 
conduction band and hence the crystal is an insulator. 

• At room temperature, some valence electrons gain energy more than the 
energy gap and move to conduction band to conduct even under the 
influence of a weak electric field. For example Band gap of Ge is 0.7eV 
and for Si 1.1eV. 

• To increase conductivity of  semiconductor doping is used. 

 



CLASSIFICATION OF METAL, 
SEMICONDUCTOR AND INSULATOR 

14 

INSULATOR 

• The third possible energy band diagram shows that electrons, however 
heated, cannot practically jump to conduction band from valence band due 
to a large energy gap. Therefore, conduction is not possible in insulators. 

• Example -e.g.-Diamond = 7 eV 

• They don’t conduct electricity even at high temperatures. 

• Examples-wood, plastic 

 

 

 

 

 



 DIRECT AND INDIRECT BAND GAP  

15 

                       Figure 4.5 Direct and indirect band gap difference between momentum vector [5] 



DIRECT AND INDIRECT BAND GAP 

Direct band gap semiconductor-Those materials for which maximum of valence 

band and minimum of conduction band lie for same value of k, called direct 

bandgap materials (i.e. satisfies the condition of energy and momentum 

conservation).  For example: GaAs, InP, CdS. etc. 

Indirect bandgap semiconductors-Indirect bandgap semiconductors Those 

materials for which maximum of valence band and minimum of conduction 

band do not occur at same value of k, called indirect bandgap materials. For 

example: Si and Ge 

16 



DIFFERENCE BETWEEN DIRECT AND 
INDIRECT BAND GAP 

DIRECT BAND SEMICONDUCTOR INDIRECT BAND SEMICONDUCTOR 

THOSE MATERIALS FOR WHICH MAXIMUM OF 

VALENCE BAND AND MINIMUM OF 

CONDUCTION BAND OCCUR AT SAME VALUE 

OF   K, CALLED DIRECT BANDGAP MATERIALS 

THOSE MATERIALS FOR WHICH MAXIMUM 

OF VALENCE BAND AND MINIMUM OF 

CONDUCTION BAND DOSEN’T OCCUR AT 

SAME VALUE OF   K, CALLED INDIRECT 

BANDGAP MATERIALS. 

EFFICIENCY IS HIGH EFFICIENCY IS LOW 

PROBABILITY OF RECOMBINATION IS HIGH PROBABILITY OF RECOMIBINATION IS LOW 

EXAMPLE-GALLIUM ARSENIDE EXAMPLE-Si, Ge  

17 Table 1 Difference between direct and indirect bandgap materials 



FERMI-DIRAC FUNCTION 

Fermi -Dirac 
distribution 
function 
describes the 
occupancy of 
energy levels by 
electrons in a 
solid.  
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Figure 4.6 Expression of fermi-Dirac distribution function [6] 
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FERMI-DIRAC FUNCTION 

Figure 4.7: value of FD at temperature and energy [7] 



Graph show variation of 
fermi Dirac function along y 
axis with energy along x axis 
at different temperature. 

Shape of graph at T= 0 K is 
rectangular.  

20 

FERMI-DIRAC FUNCTION 

Figure 4.8: Graphical distribution of fermi-Dirac vs energy at different temperature [8] 



FERMI ENERGY AND FERMI LEVEL 

FERMI LEVEL- The highest energy 
level that an electron can occupy at 
the absolute zero temperature is 
known as the Fermi Level. 

FERMI ENERGY-Fermi energy is often 
defined as the highest occupied energy 
level of a material at absolute zero 
temperature. In other words, all 
electrons in a body occupy energy 
states at or below that body's Fermi 
energy at 0K.  

21 
Figure 4.9 : representation of fermi level [9]  



SUMMARY 

22 

 

• Band theory of solids explain the formation of bands which helps to 
differentiate between metals, semiconductors and insulator.  

• Conductivity of metals, semiconductors and insulator depends upon the band 
gap.   

• To have efficient LED’s and LASER’s, one should choose materials having direct 
band gaps. 

• To find the occupancy of level Fermi distribution function is preferred. 

• Fermi energy corresponds to fermi level. 

 

 

 



FREQUENTLY ASKED QUESTIONS 
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1.Classify metals, semiconductors and insulators on the basis of band theory. 

2. Mention band gap of Ge and Si 

3.Draw the diagram of band gap for metals, semiconductors and insulators. 

4.How formation of bands take place? 

5.Differentiate between direct and indirect band gap materials 

6. Explain the role of Fermi distribution function 

7. Justify the need of Fermi distribution function 
 



ASSESSMENT  

SECTION A 

Each question carry 2 marks 

1.Define Band gap. 

2.What is significance of Fermi level? 

SECTION B 

Question carries 15 marks 

1.Explain band theory of solids. 

2.What is Fermi distribution function? Plot it for different temperature. Discuss 

cases 
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Band theory of 

solids, Direct and 

Indirect band gap, 

Fermi distribution 

function 

CHAPTER 2 

Semiconductor Physics  

Physics  

UNIT -2  

 

 

INTRODUCTION 



 CONTENT 

BAND THEORY OF SOLIDS 

CLASSIFICATION OF METALS 
,SEMICONDUCTORS,INSULATOR 

DIRECT AND INDIRECT BAND GAP 

FERMI LEVEL AND FERMI ENERGY 

FERMI DISTRIBUTION FUNCTION 

5 



LECTURE OBJECTIVE  
 

6 

 

Students will have clear 
view about how formation of 
solids take place 

 Students will learn the 

between metals, 

and insulator. 

Students will learn about 

type of semiconductor based 

E-k Diagram. 

Students will learn about Fermi 

distribution function. 



 Semiconductor materials 

are useful because their behavior can 

be easily manipulated by the 

deliberate addition of impurities, 

known as doping. 

 Semiconductor Physics is the fact 

that the microscopic properties it 

deals with are responsible for the 

majority of modern technology. 

 Semiconductor, any of a class of 

crystalline solids intermediate in 

electrical conductivity between a 

conductor and an insulator.  

WHY TO STUDY SEMICONDUCTOR 



 FORMATION OF ENERGY BANDS IN 
SOLIDS 

8                        Figure 4.2 splitting of energy band  [2] 



FORMATION OF ENERGY BANDS IN 
SOLIDS 

9 

• In a single isolated atom, the electrons in each orbit have definite energy associated with it.  

• But in case of solids all the atoms are close to each other, so the energy levels of outermost orbit 

electrons are affected by the neighboring atoms.   

• Due to this, the electrons in same orbit exhibits different energy levels. The grouping of this 

different energy levels is called energy band. Due to influence of high electric field between the 

core of the atoms and the shared electrons, energy levels are split-up or spread out forming 

energy bands. 

 



FORMATION OF VALENCE BAND AND 

CONDUCTION BAND IN SOLIDS 

10                        Figure 4.3 valance band and conduction band  [3] 



CLASSIFICATION OF 
METAL,SEMICONDUCTOR AND INSULATOR 

11                        Figure 4.4 energy band gap insulator, semiconductor, conductor[4] 



CLASSIFICATION OF METAL, 
SEMICONDUCTOR AND INSULATOR 

12 

 

CONDUCTOR 

• The possible energy band diagram shows that the conduction band is overlapping 

with the valence band. 

• This is because the lowest levels in the conduction band needs less energy than 

the highest levels in the valence band. 

• The electrons in valence band overflow into conduction band and are free to 

move about in the crystal for conduction. 

 



CLASSIFICATION OF METAL, 
SEMICONDUCTOR AND INSULATOR 

13 

 

SEMICONDUCTOR 

• The first possible energy band diagram shows that at absolute zero 
temperature, no electron has energy to jump from valence band to 
conduction band and hence the crystal is an insulator. 

• At room temperature, some valence electrons gain energy more than the 
energy gap and move to conduction band to conduct even under the 
influence of a weak electric field. For example Band gap of Ge is 0.7eV 
and for Si 1.1eV. 

• To increase conductivity of  semiconductor doping is used. 

 



CLASSIFICATION OF METAL, 
SEMICONDUCTOR AND INSULATOR 

14 

INSULATOR 

• The third possible energy band diagram shows that electrons, however 
heated, cannot practically jump to conduction band from valence band due 
to a large energy gap. Therefore, conduction is not possible in insulators. 

• Example -e.g.-Diamond = 7 eV 

• They don’t conduct electricity even at high temperatures. 

• Examples-wood, plastic 

 

 

 

 

 



 DIRECT AND INDIRECT BAND GAP  

15 

                       Figure 4.5 Direct and indirect band gap difference between momentum vector [5] 



DIRECT AND INDIRECT BAND GAP 

Direct band gap semiconductor-Those materials for which maximum of valence 

band and minimum of conduction band lie for same value of k, called direct 

bandgap materials (i.e. satisfies the condition of energy and momentum 

conservation).  For example: GaAs, InP, CdS. etc. 

Indirect bandgap semiconductors-Indirect bandgap semiconductors Those 

materials for which maximum of valence band and minimum of conduction 

band do not occur at same value of k, called indirect bandgap materials. For 

example: Si and Ge 

16 



DIFFERENCE BETWEEN DIRECT AND 
INDIRECT BAND GAP 

DIRECT BAND SEMICONDUCTOR INDIRECT BAND SEMICONDUCTOR 

THOSE MATERIALS FOR WHICH MAXIMUM OF 

VALENCE BAND AND MINIMUM OF 

CONDUCTION BAND OCCUR AT SAME VALUE 

OF   K, CALLED DIRECT BANDGAP MATERIALS 

THOSE MATERIALS FOR WHICH MAXIMUM 

OF VALENCE BAND AND MINIMUM OF 

CONDUCTION BAND DOSEN’T OCCUR AT 

SAME VALUE OF   K, CALLED INDIRECT 

BANDGAP MATERIALS. 

EFFICIENCY IS HIGH EFFICIENCY IS LOW 

PROBABILITY OF RECOMBINATION IS HIGH PROBABILITY OF RECOMIBINATION IS LOW 

EXAMPLE-GALLIUM ARSENIDE EXAMPLE-Si, Ge  

17 Table 1 Difference between direct and indirect bandgap materials 



FERMI-DIRAC FUNCTION 

Fermi -Dirac 
distribution 
function 
describes the 
occupancy of 
energy levels by 
electrons in a 
solid.  
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Figure 4.6 Expression of fermi-Dirac distribution function [6] 
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FERMI-DIRAC FUNCTION 

Figure 4.7: value of FD at temperature and energy [7] 



Graph show variation of 
fermi Dirac function along y 
axis with energy along x axis 
at different temperature. 

Shape of graph at T= 0 K is 
rectangular.  

20 

FERMI-DIRAC FUNCTION 

Figure 4.8: Graphical distribution of fermi-Dirac vs energy at different temperature [8] 



FERMI ENERGY AND FERMI LEVEL 

FERMI LEVEL- The highest energy 
level that an electron can occupy at 
the absolute zero temperature is 
known as the Fermi Level. 

FERMI ENERGY-Fermi energy is often 
defined as the highest occupied energy 
level of a material at absolute zero 
temperature. In other words, all 
electrons in a body occupy energy 
states at or below that body's Fermi 
energy at 0K.  

21 
Figure 4.9 : representation of fermi level [9]  



SUMMARY 

22 

 

• Band theory of solids explain the formation of bands which helps to 
differentiate between metals, semiconductors and insulator.  

• Conductivity of metals, semiconductors and insulator depends upon the band 
gap.   

• To have efficient LED’s and LASER’s, one should choose materials having direct 
band gaps. 

• To find the occupancy of level Fermi distribution function is preferred. 

• Fermi energy corresponds to fermi level. 

 

 

 



FREQUENTLY ASKED QUESTIONS 
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1.Classify metals, semiconductors and insulators on the basis of band theory. 

2. Mention band gap of Ge and Si 

3.Draw the diagram of band gap for metals, semiconductors and insulators. 

4.How formation of bands take place? 

5.Differentiate between direct and indirect band gap materials 

6. Explain the role of Fermi distribution function 

7. Justify the need of Fermi distribution function 
 



ASSESSMENT  

SECTION A 

Each question carry 2 marks 

1.Define Band gap. 

2.What is significance of Fermi level? 

SECTION B 

Question carries 15 marks 

1.Explain band theory of solids. 

2.What is Fermi distribution function? Plot it for different temperature. Discuss 

cases 
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Intrinsic and 
Extrinsic 

Semiconductor, 

Conductivity, 

Drift and Diffusion 
Current 

   CHAPTER 2 

UNIT -1  

BASICS OF 

SEMICONDUCTOR 

PHYSICS 

 

INTRODUCTION 



 CONTENT 

SEMICONDUCTOR 

INTRINSIC SEMICONDCUTOR AND FERMI 
LEVEL 

EXTRINSIC SEMICONDUCTOR AND FERMI 
LEVEL 

MOBILITY AND CONDUCTIVITY 

DRIFT AND DIFFUSION CURRENT 

5 



LECTURE OBJECTIVE  
 

6 

Students will learn that why 
there is need of extrinsic 
semiconductor 

Students will learn the 
concept of mobility, 
conductivity. 

Students will learn the concept 
of current density 



 Semiconductor materials 
are useful because their behavior can be 
easily manipulated by the deliberate 
addition of impurities, known as doping. 

 Semiconductor Physics is the fact that 
the microscopic properties it deals with 
are responsible for the majority of 
modern technology. 

 Semiconductor, any of a class of 
crystalline solids intermediate in 
electrical conductivity between a 
conductor and an insulator.  

WHY TO STUDY SEMICONDUCTOR 



INTRINSIC SEMICONDUCTOR 

8 

Semiconductors that are 

chemically pure, in other words, 

free from impurities are termed 

as intrinsic semiconductors. The 

number of holes and electrons is 

therefore determined by the 

properties of the material itself 

instead of the impurities. In 

intrinsic semiconductors, the 

number of excited electrons is 

equal to the number of 

holes; n = p. Silicon and 

germanium are examples of 

intrinsic type semiconductors.  
                       Figure 2 Intrinsic silicon semiconductor [2] 



EXTRINSIC SEMICONDUCTOR –P 
TYPE, N TYPE 

An extrinsic semiconductor is a semiconductor doped by a specific impurity which 
is able to deeply modify its electrical properties, making it suitable for electronic 
applications (diodes, transistors, etc.) 

P-TYPE SEMICONDUCTOR-It is an intrinsic semiconductor (like Si) in which an 
impurity acting as an acceptor (like e.g. boron B in Si) has been intentionally 
added. These impurities are called acceptors since once they are inserted in the 
crystalline lattice, they lack one or several electrons to realize a full bonding with 
the rest of the crystal. 

N-TYPE SEMICONDUCTOR-It is an intrinsic semiconductor (e.g. silicon Si) in 
which a donor impurity (e.g. arsenic As in Si, or Si in GaAs) has been 
intentionally introduced. The impurities are called donor impurities since they 
have to give an extra electron to the conduction band in order to make all the 
bonds with neighboring atoms (As is pentavalent while Si is tetravalent). 

 
9 
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EXTRINSIC SEMICONDUCTOR –P 
TYPE, N TYPE 

                       Figure 3 Extrinsic- N type and P type semiconductor [3] 



WHY TO DOPED SEMICONDUCTOR 

Extrinsic semiconductors are semiconductors that are doped with specific impurities. The 

impurity modifies the electrical properties of the semiconductor and makes it more 

suitable for electronic devices such as diodes and transistors. 

While adding impurities, a small amount of the suitable impurity is added to pure material, 

increasing its conductivity by many times. Extrinsic semiconductors are also 

called impurity semiconductors or doped semiconductors. The process of adding 

impurities deliberately is termed as doping and the atoms that are used as an impurity are 

termed as dopants. The impurity modifies the electrical properties of the semiconductor 

and makes it more suitable for electronic devices such as diodes and transistors.  

The dopant added to the material is chosen such that the original lattice of the pure 

semiconductor is not distorted. Also, the dopants occupy only a few of the sites in the 

crystal of the original semiconductor and it is necessary that the size of the dopant is 
nearly equal to the size of the semiconductor atoms. 
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DIFFERENCE BETWEEN INTRINSIC 
AND EXTRINSIC  

12 

INTRINSIC SEMICONDUCTOR 
            EXTRINSIC 

SEMICONDUCTOR 

 Pure Group IV elements 
Group III or Group V elements are 

introduced in Group IV elements.  

Conductivity is only low Conductivity is greatly increased 

Conductivity can be greatly 

increased 

Conductivity depends on the amount 

of impurity added. 

The number of holes is always equal 

to the number of free electrons. 

In N-type, the no. of electrons is 

greater than that of the holes and in 

P-type, the no. holes is greater than 

that of the electrons. Table 1 Difference between intrinsic and extrinsic   



POSITION OF FERMI LEVEL IN INTRINSIC 
SEMICONDUCTOR 

• Concentration of electron in conduction band 

• ne  = 2(2 π m*e  k T/h²          exp [-(Ec - EF )/kT] 

• Concentration of holes in valence band 

• nh  = 2(2  π  m*h  k T/h²          exp [-(EF - Ev )/kT] 

      

m*e      =  effective mass of electron 

m*h       = effective mass of holes 

Ec         =   Energy of conduction band 

Ev         =   Energy of valence  band 
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POSITION OF FERMI LEVEL IN INTRINSIC 
SEMICONDUCTOR 

• For intrinsic semiconductors , electron-hole pairs are generated 
because of thermal effect only 

•  ne    =  nh 

   NC exp [-(Ec - EF )/kT] =  NV [-(EF - Ev )/kT]   

   Nc  = Effective density of electron in C.B 

   Nv  = Effective density of Holes in V.B  

     NC   / Nv          =  exp [Ec    +  Ev -  2EF  /kT ]  

     ln( NC   / Nv    )   =  [Ec    +  Ev -  2EF  /kT ]  

14 



POSITION OF FERMI LEVEL IN INTRINSIC 
SEMICONDUCTOR 

• If m*e        =   m*h  

• Nc     =    Nv  

•   E F   =   E C +  E v /2 

•           =   E g /2 

• Fermi level lies in the middle of C.B and V.B  in intrinsic 
semiconductor 
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POSITION OF FERMI LEVEL IN N- TYPE 
SEMICONDUCTOR 

• Concentration of electron ne  =  ND 

•  ND   = NC exp [-(Ec - EF )/kT]  

•  exp [(Ec - EF )/KT] = NC /ND  

• [(Ec - EF )/KT] = ln (NC /ND ) 

• Ec – EF          = KT ln (NC /ND ) 

• EF      = Ec       - KT ln (NC /ND ) 
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POSITION OF FERMI LEVEL IN P- TYPE 
SEMICONDUCTOR 

• Concentration of holes nh =  NA 

•  NA   = NV exp [-(EF - EV )/kT] 

•  exp [(EF - EV )/kT]    = NV    / NA 

• [(EF - EV )/KT  =    ln NV    / NA 

 

• EF – EV     =  KT ln NV    / NA 

 

• EF  = EV      +  KT ln NV    / NA 

17 



CONDUCTIVITY, MOBILITY  

18 
                       Figure 4 Moving charge carriers with the effect of electric field [4] 
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CONDUCTIVITY, MOBILITY  



DRIFT CURRENT DENSITY  
 

20 

The current generated because of the 

application of external voltage that results 

in the movement of charge carriers is 

defined as Drift current. 

The main reason behind the occurrence of 

this current is because of the application of 

external forces it can be either electric field 

or voltages. 

 

                       Figure 5 Moving charge carriers with the effect of electric field [4] 



21 

DRIFT CURRENT DENSITY  
 



DIFFUSION CURRENT DENSITY 

Diffusion current is mainly 
generated in semiconductors. 
The doping done in the 
semiconductors is non-uniform. 
In order to achieve uniformity, 
the flow of charge carriers takes 
place from higher concentration 
area to lower concentration 
area. It is referred to as diffusion. 

22 
                       Figure 6 Diffusion of charge carriers  [5] 
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DIFFUSION CURRENT DENSITY 



TOTAL CURRENT DENSITY 

24                        Figure 7 Expression for diffusion current density [5] 



APPLICATIONS  

• Semiconductor devices are all around 

us. . They can be found in just about 

every commercial product we touch, 

from the family car to the pocket 

calculator.  

•  Rectifiers which are used in d. c. power 

supplies.  

  

25 
                       Figure 7 Different devices of semiconductor [6] 



APPLICATIONS 

26                        Figure 8 Different devices of semiconductor [7] 



SUMMARY 
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Intrinsic semiconductor behave as insulator at 0K. 

Extrinsic semiconductor can be made using doping. 

Intrinsic semiconductor and extrinsic semiconductor both are neutral. 

Conductivity, Mobility helps to differentiate between electron and proton. 

Drift Current is under the effect of electric field. 

Diffusion current is under concentration difference. 

 

 

 

 

 



FREQUENTLY ASKED QUESTIONS 

1.Explain the need of doping 

2.Differentiate between Intrinsic and extrinsic semiconductor 

3.Justify the behaviour of semiconductor as insulator at 0K. 

4. Predict the variation of conductivity of semiconductor with temp. 

5.Define mobility. 

6.Define Diffusion Current density. 

 

28 



ASSESSMENT  

SECTION A 

Each question carry 2 marks 

1.Define conductivity. 

2.What is acceptor and donor level? 

SECTION B 

Question carries 5 marks 

(a) What is difference between Intrinsic and extrinsic semiconductor? 

 

29 



Intrinsic and 
Extrinsic 

Semiconductor, 

Conductivity, 

Drift and Diffusion 
Current 

   CHAPTER 2 

UNIT -1  

BASICS OF 

SEMICONDUCTOR 

PHYSICS 

 

INTRODUCTION 



 CONTENT 

SEMICONDUCTOR 

INTRINSIC SEMICONDCUTOR AND FERMI 
LEVEL 

EXTRINSIC SEMICONDUCTOR AND FERMI 
LEVEL 

MOBILITY AND CONDUCTIVITY 
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LECTURE OBJECTIVE  
 

6 

Students will learn that why 
there is need of extrinsic 
semiconductor 

Students will learn the 
concept of mobility, 
conductivity. 

Students will learn the concept 
of current density 



 Semiconductor materials 
are useful because their behavior can be 
easily manipulated by the deliberate 
addition of impurities, known as doping. 

 Semiconductor Physics is the fact that 
the microscopic properties it deals with 
are responsible for the majority of 
modern technology. 

 Semiconductor, any of a class of 
crystalline solids intermediate in 
electrical conductivity between a 
conductor and an insulator.  

WHY TO STUDY SEMICONDUCTOR 



INTRINSIC SEMICONDUCTOR 

8 

Semiconductors that are 

chemically pure, in other words, 

free from impurities are termed 

as intrinsic semiconductors. The 

number of holes and electrons is 

therefore determined by the 

properties of the material itself 

instead of the impurities. In 

intrinsic semiconductors, the 

number of excited electrons is 

equal to the number of 

holes; n = p. Silicon and 

germanium are examples of 

intrinsic type semiconductors.  
                       Figure 2 Intrinsic silicon semiconductor [2] 



EXTRINSIC SEMICONDUCTOR –P 
TYPE, N TYPE 

An extrinsic semiconductor is a semiconductor doped by a specific 

impurity which is able to deeply modify its electrical properties, 

making it suitable for electronic applications (diodes, transistors, etc.) 

P-TYPE SEMICONDUCTOR-It is an intrinsic semiconductor (like Si) 

in which an impurity acting as an acceptor (like e.g. boron B in Si) 

has been intentionally added. These impurities are called acceptors 

since once they are inserted in the crystalline lattice, they lack one or 

several electrons to realize a full bonding with the rest of the crystal. 

N-TYPE SEMICONDUCTOR-It is an intrinsic semiconductor (e.g. 

silicon Si) in which a donor impurity (e.g. arsenic As in Si, or Si in 

GaAs) has been intentionally introduced. The impurities are called 

donor impurities since they have to give an extra electron to the 
9 
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EXTRINSIC SEMICONDUCTOR –P 
TYPE, N TYPE 

                       Figure 3 Extrinsic- N type and P type semiconductor [3] 



WHY TO DOPED SEMICONDUCTOR 

Extrinsic semiconductors are semiconductors that are doped with specific 

impurities. The impurity modifies the electrical properties of the semiconductor 

and makes it more suitable for electronic devices such as diodes and transistors. 

While adding impurities, a small amount of the suitable impurity is added to pure 

material, increasing its conductivity by many times. Extrinsic semiconductors are 

also called impurity semiconductors or doped semiconductors. The process of 

adding impurities deliberately is termed as doping and the atoms that are used as 

an impurity are termed as dopants. The impurity modifies the electrical properties 

of the semiconductor and makes it more suitable for electronic devices such 

as diodes and transistors.  

The dopant added to the material is chosen such that the original lattice of the 

pure semiconductor is not distorted. Also, the dopants occupy only a few of the 

sites in the crystal of the original semiconductor and it is necessary that the size 

of the dopant is nearly equal to the size of the semiconductor atoms. 
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DIFFERENCE BETWEEN INTRINSIC 
AND EXTRINSIC  

12 

INTRINSIC SEMICONDUCTOR 
            EXTRINSIC 

SEMICONDUCTOR 

 Pure Group IV elements 
Group III or Group V elements are 

introduced in Group IV elements.  

Conductivity is only low Conductivity is greatly increased 

Conductivity can be greatly 

increased 

Conductivity depends on the amount 

of impurity added. 

The number of holes is always equal 

to the number of free electrons. 

In N-type, the no. of electrons is 

greater than that of the holes and in 

P-type, the no. holes is greater than 

that of the electrons. Table 1 Difference between intrinsic and extrinsic   



POSITION OF FERMI LEVEL IN INTRINSIC 
SEMICONDUCTOR 

• Concentration of electron in conduction band 

• ne  = 2(2 π m*e  k T/h²          exp [-(Ec - EF )/kT] 

• Concentration of holes in valence band 

• nh  = 2(2  π  m*h  k T/h²          exp [-(EF - Ev )/kT] 

      

m*e      =  effective mass of electron 

m*h       = effective mass of holes 

Ec         =   Energy of conduction band 

Ev         =   Energy of valence  band 
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POSITION OF FERMI LEVEL IN INTRINSIC 
SEMICONDUCTOR 

• For intrinsic semiconductors , electron-hole pairs are generated 
because of thermal effect only 

•  ne    =  nh 

   NC exp [-(Ec - EF )/kT] =  NV [-(EF - Ev )/kT]   

   Nc  = Effective density of electron in C.B 

   Nv  = Effective density of Holes in V.B  

     NC   / Nv          =  exp [Ec    +  Ev -  2EF  /kT ]  

     ln( NC   / Nv    )   =  [Ec    +  Ev -  2EF  /kT ]  
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POSITION OF FERMI LEVEL IN INTRINSIC 
SEMICONDUCTOR 

• If m*e        =   m*h  

• Nc     =    Nv  

•   E F   =   E C +  E v /2 

•           =   E g /2 

• Fermi level lies in the middle of C.B and V.B  in intrinsic 
semiconductor 
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POSITION OF FERMI LEVEL IN N- TYPE 
SEMICONDUCTOR 

• Concentration of electron ne  =  ND 

•  ND   = NC exp [-(Ec - EF )/kT]  

•  exp [(Ec - EF )/KT] = NC /ND  

• [(Ec - EF )/KT] = ln (NC /ND ) 

• Ec – EF          = KT ln (NC /ND ) 

• EF      = Ec       - KT ln (NC /ND ) 
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POSITION OF FERMI LEVEL IN P- TYPE 
SEMICONDUCTOR 

• Concentration of holes nh =  NA 

•  NA   = NV exp [-(EF - EV )/kT] 

•  exp [(EF - EV )/kT]    = NV    / NA 

• [(EF - EV )/KT  =    ln NV    / NA 

 

• EF – EV     =  KT ln NV    / NA 

 

• EF  = EV      +  KT ln NV    / NA 
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CONDUCTIVITY, MOBILITY  

18 
                       Figure 4 Moving charge carriers with the effect of electric field [4] 
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CONDUCTIVITY, MOBILITY  



DRIFT CURRENT DENSITY  
 

20 

The current generated because of the 

application of external voltage that results 

in the movement of charge carriers is 

defined as Drift current. 

The main reason behind the occurrence of 

this current is because of the application of 

external forces it can be either electric field 

or voltages. 

 

                       Figure 5 Moving charge carriers with the effect of electric field [4] 
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DRIFT CURRENT DENSITY  
 



DIFFUSION CURRENT DENSITY 

Diffusion current is mainly 
generated in semiconductors. 
The doping done in the 
semiconductors is non-uniform. 
In order to achieve uniformity, 
the flow of charge carriers takes 
place from higher concentration 
area to lower concentration 
area. It is referred to as diffusion. 

22 
                       Figure 6 Diffusion of charge carriers  [5] 
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DIFFUSION CURRENT DENSITY 



TOTAL CURRENT DENSITY 

24                        Figure 7 Expression for diffusion current density [5] 



APPLICATIONS  

• Semiconductor devices are all around 

us. . They can be found in just about 

every commercial product we touch, 

from the family car to the pocket 

calculator.  

•  Rectifiers which are used in d. c. power 

supplies.  

  

25 
                       Figure 7 Different devices of semiconductor [6] 



APPLICATIONS 

26                        Figure 8 Different devices of semiconductor [7] 



SUMMARY 
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Intrinsic semiconductor behave as insulator at 0K. 

Extrinsic semiconductor can be made using doping. 

Intrinsic semiconductor and extrinsic semiconductor both are neutral. 

Conductivity, Mobility helps to differentiate between electron and proton. 

Drift Current is under the effect of electric field. 

Diffusion current is under concentration difference. 

 

 

 

 

 



FREQUENTLY ASKED QUESTIONS 

1.Explain the need of doping 

2.Differentiate between Intrinsic and extrinsic semiconductor 

3.Justify the behaviour of semiconductor as insulator at 0K. 

4. Predict the variation of conductivity of semiconductor with temp. 

5.Define mobility. 

6.Define Diffusion Current density. 
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ASSESSMENT  

SECTION A 

Each question carry 2 marks 

1.Define conductivity. 

2.What is acceptor and donor level? 

SECTION B 

Question carries 5 marks 

(a) What is difference between Intrinsic and extrinsic semiconductor? 
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UNIT-2 

SEMICONDUCTOR PHYSICS 

                                       

                     PN JUNCTION DIODE 

4 



    CONTENTS 

•Introduction of pn junction diode 

 •Application of pn junction diode 

 •Formation of pn junction diode 

 •Summary 

5 



LEARNING OBJECTIVES 

Develop an understanding of the PN junction  diode 

and its behavior. 

Develop an ability to analyze diode circuits 

Demonstrate current flow in a pn junction in 
forward and reverse bias. 

6 



A p-n junction is a 

boundary or interface 

between two types of 

semiconductor materials, p-

type and n-type inside a 

single crystal of 

semiconductor(fig1). 

A PN junction cannot be 

produced by simply pushing 

two pieces together or by 

welding etc…. Because it 

gives rise to discontinuities 

across the crystal structure.  
 

PN JUNCTION 

7 Fig 1: p-n junction[1] 



 

A PN junction is a device formed by joining p-type 

(doped with B, Al) with n-type (doped with P, As, Sb) 

semiconductors and separated by a thin junction is called 

PN Junction diode. 

 

A PN junction diode is one of the simplest 

semiconductor devices around and has characteristic of 

passing current in one direction(Fig2) . 
 

PN JUNCTION DIODE 

8 
                Fig 2 :Symbol of PN diode[2] 
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    FORMATION  OF P-N JUNCTION 
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1. The N-type semiconductor and P-type semiconductor 

materials are first joined together a very large density 

gradient exists between both sides of the PN junction.  

 

2. The free electrons from the donor impurity atoms 

begin to migrate across this newly formed junction to 

fill up the holes in the P-type material producing 

negative ions. 

 

3. Electrons have moved across the PN junction from the 

N-type silicon to the P-type silicon, they leave behind 

positively charged donor ions ( Nd ) on the negative 

side. 

    DIFFUSION IN P-N JUNCTION 

10 



4. The charge density of the P-type along the junction is filled 

with negatively charged acceptor ions (Na), and the charge 

density of the N-type along the junction becomes positive. This 

charge transfer of electrons and holes across the PN junction is 

known as diffusion.(fig 3) 

 

 
 

DIFFUSION IN P-N JUNCTION 

11 
   Fig3:Diffusion in p-n junction[3] 



The width of these P and N layers depends on how 

heavily each side is doped with acceptor density NA, 

and donor density ND, respectively. 

 

This area around the PN Junction is now called 

the Depletion Layer (fig 4). 
 

DEPLETION REGION 

12 
               Fig4 : Formation of depletion region[4] 



The total charge on each side of a PN Junction must be equal 

and opposite to maintain a neutral charge condition around the 

junction. 

 

The depletion layer region has a distance D, it therefore must 

therefore penetrate into the silicon by a distance of Dp for the 

positive side, and a distance of Dn for the negative side giving a 

relationship between the two of:  Dp*NA = Dn*ND in order to 

maintain charge neutrality also called equilibrium. 

 

This electric field created by the diffusion process has created 

a “built-in potential difference” across the junction called 

POTENTIAL BARRIER (fig5). 

POTENTIAL BARRIER 

13 



         Fig5: Potential barrier in pn junction[5] 

POTENTIAL BARRIER 

14 



Three Possible Biasing Conditions 

No  biasing 

Forward 
biasing 

Reverse 
biasing 

15 



                  NO BIASING 

No external voltage 

potential is applied to the 

PN junction diode(fig6).  

 

The potential barrier 

helps minority carriers 

(few free electrons in the 

P-region and few holes in 

the N-region) to drift 

across the junction. Equilibrium” or balance 

will be established.  
 

 
16 

             
 
          
         Fig 6:  No external voltage[6] 



   ENERGY LEVEL DIAGRAM OF          

UNBIASED PN JUNCTION   

17 
Fig 7: Unbiased energy level diagram[7] 



Pn–junction is forward biased 

when the n–type is more 

negative than the p–type. In 

forward bias mode and when 

VF >barrier potential the pn–
junction begins to conduct. 

 The majority carriers, for 

example, electrons, from n side 

cross the pn–junction and move 

into the p side with little 

opposition and conduction 

occurs. The depletion region 

becomes narrower(fig8). 

 

FORWARD BIASING 

18 
              Fig 8: Forward biasing[8] 



ENERGY LEVEL DIAGRAM OF  

FORWARD BIASING 

19 
Fig 9 : Forward biasing energy level diagram[9]  



A pn–junction is reverse biased 

when the n–type is more positive 

than the p–type . Electrons in the 

n–type will head toward the 

positive terminal of the source. 

This will further deplete the 

electrons in the n–type near the 

junction. The same principle 

applies to the holes in p–type. 

The depletion layer is then 

widened(fig10). This increases 

the resistance of the junction and 

conduction drops to near zero.  

  
 

REVERSE BIASING 

20 
Fig 10 : Reverse biasing[10] 



  ENERGY LEVEL DIAGRAM OF        

REVERSE BIASING 

21 Fig 11: Reverse biasing energy level diagram [11] 



    APPLICATIONS 

  

 RECTIFIER: Diode as rectifier converts AC signal into 

DC. There are many rectifier circuits. A) Half wave rectifier 

b) Full wave rectifier; bridge type and centre tapped. 

Practical rectifiers consist of: Transformer, Rectifier, Filter 

and regulator stage. 
 CLIPPERS: clippers are networks that employ diodes to 

clip away a portion of an input signal without distorting 

the remaining part of the applied waveform. 

Clampers: clamping networks have capacitor connected 

in series with a diode and resistance in parallel.  

22 



The junction region itself has no charge carriers and is 
known as the depletion region. 
When a diode is Zero Biased no external energy 

source is applied and a natural Potential Barrier is 

developed across a depletion layer which is 

approximately 0.5 to 0.7v for silicon diodes and 

approximately 0.3 of a volt for germanium diodes. 

When a junction diode is Forward Biased the 

thickness of the depletion region reduces and the diode 

acts like a short circuit allowing full current to flow. 

When a junction diode is Reverse Biased the 

thickness of the depletion region increases and the diode 

acts like an open circuit blocking any current flow, (only 

a very small leakage current).   

 
 
 

           SUMMARY 
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1.Difference between diffusion 
current density and drift current 
density 

2. Discuss effect of temperature on 
depletion layer 

3. Few examples of semiconductor 
devices 

DISCUSSION FORUM 
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UNIT -2  

 

 

CHAPTER 2 

SEMICONDUCTOR PHYSICS  

TOPIC: ZENER DIODE & APPLICATIONS 

INTRODUCTION 



LECTURE OBJECTIVE  

5 

Zener diode constructed 
for the operation in 

reverse biasing .  

To build a circuit which 
provides a constant 

voltage.  

To know different 
application of zener 

diode. 



 CONTENT 
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e 

Diode 

Zener diode 

Zener diode circuit 

V-I characteristics of zener 

diode 

Zener diode operation 

Working of zener diode 

Summaryi 



 INTRODUCTION 

 TYPES OF PHYSICAL STATES 

Clarence Melvin Zener (December 1, 1905 – July 2, 1993) was the 

American physicist who first described the property concerning the 

breakdown of electrical insulators. These findings were later exploited by Bell 

Labs in the development of the Zener diode, which was duly named after him. 

Zener diode is a type of diode that permits current not only in the forward 

direction like a normal diode (fig2), but also in the reverse direction if the 

voltage is larger than the breakdown voltage known as “Zener knee voltage” or “Zener voltage” 
 



DIODE 

A diode is a specialized electronic component 

with two electrodes  called the anode and the 

cathode(fig1). Most diodes are made with 

semiconductor materials such as silicon, 

germanium, or selenium 
Fig1 : Symbol  of  diode[1] 
 

            



ZENER DIODE  

The diode consists of a 

special, heavily doped p-n 

junction, designed to conduct in 

the reverse direction when a 

certain specified voltage is 

reached.  

The Zener diode has a well-

defined reverse-breakdown 

voltage, at which it starts 

conducting current, and 

continues operating 

continuously in the reverse-bias 

mode without getting 

damaged(fig2). 
Fig 2: In a diode current flow in one direction[2] Fig 2: In a diode current flow in one direction[2] 



ZENER DIODE CIRCUIT 

10 

The most basic Zener diode circuit consists of 

a single Zener diode and a resister . The Zener 

diode provides the reference voltage, but a 

series resistor must be in place to limit the 

current into the diode otherwise a large 

amount of current would flow through it and 

it could be destroyed(fig3). 

Fig 3:  Circuit diagram[3]   



Zener Diode – Characteristics 
 

Fig4 : V-I characteristic in reverse biasing[4] 

In reverse direction however 

there is a very small leakage current 

between 0V and the Zener voltage –
i.e. tiny amount of current is able to 

flow . Then, when the voltage 

reaches the breakdown voltage 

(VZ), suddenly current flow through 

it. 



Zener Diode – Characteristics 

The forward characteristics is same as that of ordinary forward biased junction 

diode(fig5). 

Fig5 :V-I characteristic in forward biasing for silicon atom[5] 

 



Zener V-I Characteristics 

Fig 6: V-I characteristic[6] 



ZENER DIODE OPERATION  

The Zener diode operates just like the normal diode when in the forward-bias mode, 

and has a turn-on voltage of between 0.3 and 0.7 V. However, when connected in the 

reverse mode, which is usual in most of its applications, a small leakage current may 

flow. 

 As the reverse voltage increases to the pre determined breakdown voltage (Vz), a 

current starts flowing through the diode. The current increases to a maximum, which is 

determined by the series resistor, after which it stabilizes and remains constant over a 

wide range of applied voltage 



WORKING OF ZENER DIODE 
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The Zener diode operates just like a normal diode when it is forward-biased. However, when 

connected in reverse biased mode, a small leakage current flows through the diode. As the 

reverse voltage increases to the predetermined breakdown voltage (Vz), a current starts 

flowing through the diode. The current increases to a maximum, which is determined by the 

series resistor, after which it stabilizes and remains constant over a wide range of applied 

voltage. 



Two types of Reverse breakdown 

16 

Zener 

breakdown 

Avalanche 

breakdown 
 

 



Zener Breakdown 

17 

Zener breakdown occurs at low reverse 

voltage whereas avalanche breakdown 

occurs at high reverse voltage(fig7). 

Zener breakdown occurs in Zener 

diodes because they have very thin 

depletion region. 

Zener breakdown occurs in Zener 

diodes with Zener voltage (Vz) less than 

6V. 

 

Fig7 : Working of zener breakdown[7 

Fig7 : Working of zener breakdown[7] 



Avalanche Breakdown 

Fig8: Working of avalanche breakdown[8 

Avalanche breakdown occurs in Zener diodes 

with zener voltage (Vz) greater than 6V. The free 

electrons moving at high speed will collide with 

the atoms and knock off more electrons.  

These electrons are again accelerated and 

collide with other atoms. Because of this 

continuous collision with the atoms, a large 

number of free electrons are generated. As a 

result, the electric current in the diode increases 

rapidly(fig8).  



Applications 

1.In a DC circuit zener diode can be used as a 

voltage regulator to regulate the voltage 

across small circuits . The function of the 

regulator is to provide constant output 

voltage. Zener diode will continue to regulate 

the voltage until the diodes current falls 

below the minimum Iz value in the reverse 

breakdown region 

Fig9: zener diode can be used as voltage regulator[9] 

 



Zener diode as waveform    clipper 

20 

Zener diode can be applied to a 

circuit with a resistor to act as a 

voltage shifter . This circuit lowers 

the output voltage by a quantity 

that is equal to the zener diode’s 
breakdown voltage. 

Fig 10: zener diode as clipper[10] 



SUMMARY  

21 

Zener diode are designed to operate at voltages greater than the breakdown 

voltage. 

Zener diodes are manufactured with a specific breakdown(zener ) voltage 

Zener diodes are packaged the same as P-N junction diodes  

Zener diodes are used to stabilize or regulate voltage. 

Zener diode allows current to flow in forward and reverse biasing, but flow of 

current is only in one direction 



DISCUSSION 

22 

1. Difference between zener and avalanche breakdown 

2. Role of zener diode used as voltage regulator 



UNIT -2  

HALL EFFECT 

INTRODUCTION 



LECTURE OBJECTIVE  

5 

Students will learn 
about Hall effect and 

applications  

Students will 
understand how to find 

Hall coefficient 

Students will learn basic 
terms related to Hall 

effect 



 CONTENT 

6 

Introduction of Hall Effect 

Hall effect in n-type semiconductor 

Hall effect in p-type semiconductor 

Derive Hall coefficient and Hall voltage 

Summary 

 

 



 
 INTRODUCTION 

 

 TYPES OF PHYSICAL STATES 

The Hall Effect was discovered in 1879 by Edwin Herbert Hall 

while he was working on his doctoral degree at Johns Hopkins 

University in Baltimore, Maryland. His measurements of the tiny 

effect produced in the apparatus he used were an experimental 

tour de force, accomplished 18 years before the electron was 

discovered and published under the name "On a New Action of the 

Magnet on Electric Currents. 



HALL EFFECT 

When a piece of conductor (metal or semiconductor) carrying a current is 

placed in a transverse magnetic field, an electric field is produced inside 

the conductor in a direction mutually perpendicular to the direction of 

current flow as well as magnetic field. This phenomenon is known as HALL 

EFFECT. 

 

The Hall effect is the production of a voltage difference (the Hall voltage) 

across a current carrying conductor (in presence of magnetic field), 

perpendicular to both current and the magnetic field(Fig1). 



 
PHENOMENON OF HALL EFFECT 

 

 Fig1: Development of potential across conductor[1] 



 
Hall effect in n-type semiconductor 

 
Magnetic field is applied to an n-type 

semiconductor, both free electrons 
and holes are pushed down towards 
the bottom surface of the n-type 
semiconductor. 

 In n-type semiconductor, the bottom 
surface is negatively charged and 
the upper surface is positively 
charged . 

The potential difference is 
developed between the upper and 
bottom surface of the n-type 
semiconductor(fig2). 
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 Fig 2: Hall effect in n-type[2] 



 
Hall effect in p-type semiconductor 

 
•The magnetic field is applied 

to a p-type semiconductor, the 

majority carriers (holes) and the 

minority carriers (free 

electrons) are pushed down 

towards the bottom surface of 

the p-type semiconductor . 

•The potential difference is 

developed between the upper 

and bottom surface of the p-

type semiconductor(fig 3) 

 
Fig 3: Hall effect in P-type[3] 
 



 
DETERMINATION OF HALL VOLTAGE 

AND HALL COEFFICIENT 
 

Fig 4:  Hall effect set up[4] 



 
DERIVATION:  TO DETERMINE   HALL 

COEFFICIENT 
 

As the holes are the majority carriers in this case the current is given by 

I= nh A e vd …………………………… (1) 
Where nh = density of holes 

 A = w × d = cross sectional area of the specimen 

  vd= drift velocity of the holes. 

 

 

The current density is 

J= I/A =nh e vd …………………….. (2) 
 

 

The magnetic field is applied transversely to the crystal surface in z direction. Hence the holes 

experience a magnetic force 

 Fm=e (vd) B……………………………. (3) 
 



 
DERIVATION:  TO DETERMINE   HALL 

COEFFICIENT 
 

In a downward direction as a result of this the holes are accumulated on the bottom surface of the 

specimen. 

Due to this a corresponding equivalent negative charge is left on the top surface. 

 

 

The separation of charge set up a transverse electric field across the specimen given by, 

EH  =VH /d ………………………….. (4) 
Where  VH is called the HALL VOLTAGE and EH  the HALL FIELD. 

                               

In equilibrium condition the force due to the magnetic field B and the force due to the electric 

field EH acting on the charges are balanced. So the equation (3) 

e EH = e (vd) B 

  EH= (vd) x B ………………………………. (5) 
 

 



DERIVATION:  TO DETERMINE   HALL 
COEFFICIENT 
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Using equation 4 in the equation (5) 

VH= (vd) Bxd………………………….(6) 
 

 

From equation (1) and (2), the drift velocity of holes is found as 

vd= I/[e (nh)A] ……………………..(7) 
 

 

Hence hall voltage can be written as 

VH= IB d/ [e (nh) A] = (JxBxd)/[e(nh)] 

VH= JxBx d/ [e (nh)] 

VH/d = JxB/ [(nh) x e]………………… (8) 
 

 

An important parameter is the Hall coefficient defined as the hall field per unit current density per unit 

magnetic induction. 

RH=  EH / (JxB)………………… .(9) 
 



DERIVATION:  TO DETERMINE   HALL 
COEFFICIENT 

16 

From equation 8 

RH= 1/nhx e 

For N-TYPE, the charge carriers are ELECTRONS, so 

RH= -1/𝑛𝑒------------ (10) 

For P-TYPE, the charge carriers are HOLES, so 

RH= 1/𝑝𝑒------------ (11) 

 

Current density J=I/A =I/wxd 

Substitute in equation 9 

RH=EH / (JxB) = (VH x w x d)/(I x B x d) 

 

 



 
APPLICATIONS 
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1.Used as Magnetometers, i.e. to 

measure magnetic field.  

This magnetometer is sensors based 

on Hall Effect. These sensors produce 

a voltage proportional to the applied 

magnetic field and also sense polarity. 

These compass measure Earth‘s 

magnetic field using 3-

axismagnetometer. (fig5). 

 Fig 5:Smart phones are equipped 

with magnetic compass[5] 

  
 



 
APPLICATIONS 

 

Fig 6:Hall Effect current sensor with 

internal integrated circuit [6].  

 

No additional resistance (a 

shunt) need be inserted in the 

primary circuit. Also, the 

voltage present on the line to 

be sensed is not transmitted 

to the sensor, which 

enhances the safety of 

measuring equipment(fig6). 

  

 



 
3.POSITION SENSING IN  

BRUSHLESS DC ELECTRIC MOTORS 
 

• Some types of brushless DC 
electric motors use Hall Effect 
sensors (fig7). to detect the 
position of the rotor and feed 
that information to the motor 
controller. This allows for more 
precise motor control.  

 

Fig 7:  Hall Effect sensing in brushless 

electric motors[7] 

 



SUMMARY 
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Hall Effect is the creation of voltage, known as the Hall Voltage, across a 
current- carrying conductor by a magnetic field.  

 

Hall Effect is used to find carrier concentration in semiconductor in the 
presence of magnetic field. 

 

Determination of hall coefficient directly proportional of width of 
semiconductor. 

 



 
DISCUSSION FORUM 
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1. Units of hall coefficient. 

2. Explain hall effect in n-type semiconductor. 

3. Applications of Hall effect. 

 



WHAT ROLE DOES PHYSICS PLAY IN 
ENGINEERING? 

Engineering is concerned with figuring out 
how to design, build and use structures 
and machines. To do that 
requires physics because you have to take 
into account forces, fluid flow, heat 
transfer, and many 
other physics concepts. Engineering and 
technical applications of physics are 
numerous. 

2 

Figure.1.1 Physics vs Engineering[1] 



LECTURE OBJECTIVES AND LECTURE 
OUTCOMES 

 

LECTURE OBJECTIVES 

• To learn about the main factors upon which carrier generation and 
recombination depends in semiconductors. 

 

LECTURE OUTCOMES 

• At the end of this lesson, student would gain knowledge about 
generation and recombination of charges in semiconductors . 

• Also, student would be able to explain the basic concepts of 
semiconductor physics, use its principles in design of semiconductor 
devices and its applications. 
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• Introduction: Basics and  importance 
of Semiconductors. 

• Definition of Semiconductors.  

• Carrier Generation and 
Recombination in semiconductors.  

•  Semiconductor Devices. 

• Applications of Semiconductor 
Devices. 
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CONTENTS 
   

 

Figure.1.2 Semiconductor Structure[2] 

 



• Semiconductors are the foundation of modern day electronics 
such as radio, computers and mobile phones. Semiconductor 
material is used in the manufacturing of electrical components 
and used in electronic devices such as transistors and diodes.   

• Semiconductors are especially important as varying conditions 
like temperature and impurity content can easily change their 
conductivity. The combination of various semiconductor types 
together generates devices with special electrical properties, 
which allow control of electrical signals.  

• Imagine a world without electronics if these materials were 
not discovered. Despite the fact that vacuum tubes can be 
used to replace them, using semiconductors has made 
electronics faster, reliable and a lot smaller in size.  

• Also, they have allowed for creation of electrical devices with 
special capabilities which can be used for various purposes. 

Figure 1.3   Introduction  to 

semiconductors[3]  
 

WHY TO STUDY SEMICONDUCTORS 



SEMICONDUCTORS    

    

• Semiconductors are materials that have electrical conductivity between 
conductors such as most metals and nonconductors and insulators like ceramics. 
How much electricity a semiconductor can conduct depends upon material and 
its mixture content.  

• Semiconductors can be insulators at low temperature and conductor at high 
temperature. 

• As they are used in the fabrication of electronic devices, semiconductors play an 
important role in our lives. 
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CARRIER GENERATION AND RECOMBINATION IN 
SEMICONDUCTORS    

8 

• With the application of 

external energy source 

charge carriers are 

generated in the 

respective regions and 

combination of charge 

carriers also take place in 

depletion region. 
 

         Figure.1.4 Depletion Region[4] 
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• When a semiconductor is in a non 
equilibrium state, electron and hole 
concentrations will change. As light 
illuminates a portion of the substrate, 
several electrons gain energy and 
jump to the conduction band, leaving 
an equal number of holes behind in 
the valence band. This is known as 
carrier generation (Figure-1.5). 

• We will denote the generation rates of 
electrons and holes, respectively, by 
Gn and Gp, which have units of carrier 
concentration per unit time.  

Carrier Generation in  Semiconductors 

Figure.1.5 Carrier Generation in Semiconductors[5] 



  CARRIER RECOMBINATION IN 

SEMICONDUCTORS 

Generation and Recombination occurs 

when electrons make transition from 

valence band to conduction band in 

semiconductor and due to thermal 

agitation electrons and holes continue 

to generate in nature of random 

movements. Merging of free electrons 

and holes occurs which is called 

recombination as a hole vacancy 

created by electron. 

Figure.1.6 Carrier Recombination in Semiconductors[6] 

 



CARRIER CONCENTRATION IN N-TYPE AND P-
TYPE SEMICONDUCTORS 

• The free electron and hole concentrations are related by the Law of Electrical 
Neutrality i.e. Total positive charge density is equal to the total negative charge 
density  

• Let ND = Concentration of donor atoms = no. of positive charges/m3 

 contributed by donor ions. 

• p = hole concentration  

• NA=Concentration of acceptor atoms  

• n = electron concentration  

• By the law of electrical neutrality ND + p = NA + n 
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   FOR  N-TYPE  SEMICONDUCTOR 

•  NA = 0 i.e. Concentration of acceptor atoms And n>>p, 

    then ND + 0 = 0 + n 

                   ND = n  

 

• i.e. in N-type, concentration of donor atoms is equal to the concentration of free 
electrons. 

 

• According to Mass Action Law 

                                                   n * p = ni
2 

                                         p = ni
2 / n  = ni

2 / ND  
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   FOR  P-TYPE  SEMICONDUCTOR  

• NA = 0 i.e. Concentration of donor atoms And p>>n, 

    then NA + 0 = 0 + p 

                   NA = p  

 

• i.e. in P-type, concentration of acceptor atoms is equal to the concentration 
of free holes. 

 

• According to Mass Action Law 

                                                   n * p = ni
2 

                                            n = ni
2 / p  = ni

2 / NA 
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         SEMICONDUCTOR DEVICES 

•  Semiconductors are engrossed in 
the manufacture of various kinds of 
electronic devices, including diodes, 
transistors, and integrated circuits as 
shown in figure -1.7. 

•  Such devices have found wide 
application because of their 
compactness, reliability, power 
efficiency, and low cost. 

 

14            Figure.1.7  Semiconductors Devices[7] 

 



 APPLICATIONS OF SEMICONDUCTOR 

DEVICES 

15 

  
 

Figure.1.8   Applications of  Semiconductors Devices[7] 



                           CONTINUE 

16 

• All types of transistor can be used as the building blocks of logic gates, which is 

useful to design of digital circuits. In digital circuits like as microprocessors, 

transistors so which is acting as a switch (on-off); in the MOSFET. 

• Diodes optimized to take the advantage of conductivity is known as photodiodes. 

Compound semiconductor diodes are being used to generate light, light emitting 

diodes and laser diodes. 

• As semiconductor devices have no filaments, hence no power is needed to heat   

them to cause the emission of electrons. 

• Semiconductor devices require low voltage operation as compared to vacuum 

tubes. 

• Semiconductor diodes are used as a clipper and clamper circuits as well as a 

switch. 

• Owing to their small sizes, the circuits involving semiconductor devices are very 

compact. 

  



MOST FREQUENTLY ASKED QUESTIONS  

Q1: Explain recombination in semiconductors 

Answer: There is a continuous transition of electrons between the two bands. When 
an electron falls from the conduction band into the valence band, into a hole, 
a recombination process occurs and an electron hole pair disappears.. 

 

Q2:  Analyze how are charge carriers produced in intrinsic semiconductors. 

Answer: In the intrinsic semiconductor the number of electrons in the conduction 
band equals to the number of holes in the valence band. Charge carriers appear as a 
result of charge carrier generation. Positive holes attract negative electrons. If an 
electron is drawn into the bond, it recombines with a hole. 
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MOST FREQUENTLY ASKED QUESTIONS  

Q3: Justify use of semiconductors  in electronic devices 

Answer: Semiconductors are used in many electrical circuits because we can control 
the flow of electrons in this material, for example, with a controlling current.  

• Semiconductors are also used for other special properties. In fact, a solar cell is 
made of semiconductors which are sensitive to light energy. 

 

Q4: Explain semiconductor material in terms of conductivity. 

Answer: A semiconductor is a substance, usually a solid chemical element or 
compound, that can conduct electricity under some conditions but not others, 
making it a good medium for the control of electrical current. In 
a semiconductor material, the flow of holes occurs in a direction opposite to the 
flow of electrons. 
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SUMMARY 

19 

• In this tutorial, we studied the main definitions of semiconductor 

and their devices with characteristic properties. 

• Responsible factors on which the rate of generation and 

recombination depends in semiconductors.  

• We also looked at that carrier concentration in n-type and p-type 

semiconductors. 

• We also looked at that carrier recombination rate is proportional to 

the product of electron and hole concentrations.  

• In the end, we discussed some applications of the semiconductor 

devices in the different fields. 



ASSESSMENT PATTERN    
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Section- A 

1. All questions are mandatory. Each question carry 2 marks each 

(a) Explain “carrier Generation in semiconductors” 

(b)Why the we prefer mostly semiconductor devices based technology ? 

Section- B 

Following questions carry 10 marks each 

2. Explain   

    a) Illustrate carrier concentration in n-type semiconductor. 

    b) Tabulate the main factors which affects carrier generation and recombination  

 

3. Express your views on the various applications of semiconductor devices like 
diodes, transistors etc 

 



                              QUIZ- BUCKET 

1.Q: Electron-hole pairs are produced by  

a) Recombination 

b) Thermal Energy  

c)     Ionization 

d)     Doping. 

2.Q: Which of the following statements is not  diode application in semiconductor?  

a) Diode as voltage regulator  

b) Diode as amplifier  

c) Diode as rectifier  

d) Diode as solar cell  
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                             QUIZ- BUCKET 

3.Q: The most widely used semi-conductive material in electronic devices   

a) Germanium 

b) Carbon 

c) Silicon 

d) Copper  

4.Q: The random motion of holes and electrons due to thermal agitation is called  

a) Ionization  

b) Pressure 

c) Diffusion 

d) None of above  
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