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Semiconductors are widely used in day to day life and you can find it in almost all electronic devices. So it 
plays a crucial role in our life. 

Classification of solids based on conductivity 

1) Conductors or metals: These are solids which have very low resistivity or very high
conductivity.
2) Insulators: These are solids which have very high resistivity or very low conductivity.
3) Semiconductors: These are solids which have resistivity or conductivity values between
those of conductors and insulators.

Classification based of energy bands 

The collection of energy levels associated with the outer shell electrons (valence electrons) is
called valence band
The valence band might be completely filled or partially filled. It can never be completely empty.
They will be free to move about the entire material .The collection of energy levels associated
with the free electrons (since the free electrons are responsible for conduction they are called
conduction electrons) is called conduction band.



The extra energy required by a valence electron to move to the conduction band is called the
forbidden energy or energy band gap or the difference between lowest energy level of conduction
band and highest energy level of valance band is known as band-gap energy or forbidden energy.

Fig 1: Energy band diagram. 



As shown in the figure 1, we can see that in the case of a conductor or metals, the valence band and 

conduction band overlaps with each other or there is no band gap. This means that the electrons are 

always free to move or it doesn’t require extra energy for it to reach conduction band. In the case of an 

insulator, we see that conduction band and valence band is separated by a large bandgap (more than 3 

eV) and thereby it is difficult to excite electrons from valence band to conduction band (high energy is 

required to excite) thereby conduction is very less. 



Now comes the interesting part about semiconductors. We can see that in the case of semiconductors,

the conduction band and valence band are separated by energy gap (0.1eV – 3eV). Even this energy gap

can be changed or tuned based on our requirements using different methods. The good thing about

semiconductors is that the energy gap of typical semiconductors falls in the range of energies required

for many potential electronic applications (LEDs, solar cells, transistors, microchips, etc.).

Classification of semiconductors 

As explained before, the best thing about semiconductors lies in the fact that the electrical properties

can be altered or engineered depending on the applications. To alter the electrical properties, impurities

are added in to the semiconductor. The process of adding controlled impurities to a semiconductor is

known as doping. The amount of impurity, or dopant, added to a semiconductor changes it

conductivity



Intrinsic semiconductor: An intrinsic type of semiconductor material made to be very pure chemically. 
As a result it possesses a very low conductivity level having very few number of charge carriers, namely 
holes and electrons, which it possesses in equal quantities. 



Extrinsic Semiconductor

The conductivity of semiconductors can be greatly improved by introducing a small 

number of suitable replacement atoms called IMPURITIES. The process of adding 

impurity atoms to the pure semiconductor is called DOPING. Usually, only 1 atom in 107 is 

replaced by a dopant atom in the doped semiconductor. An extrinsic semiconductor can be 

further classified into:

• N-type Semiconductor

• P-type Semiconductor

https://byjus.com/physics/extrinsic-semiconductors/


• N-type: An N-type semiconductor is formed by adding penta valent dopants (5 valence

electrons) to an intrinsic semiconductor thereby material has an excess of electrons.

• When a pure semiconductor (Silicon or Germanium) is doped by pentavalent impurity (P, As, Sb, Bi)

then, four electrons out of five valence electrons bonds with the four electrons of Ge or Si.

• The fifth electron of the dopant is set free. Thus the impurity atom donates a free electron for

conduction in the lattice and is called “Donor“.

• ne >> nhSince the number of free electron increases by the addition of an impurity, the negative charge carriers

increase. Hence it is called n-type semiconductor.

• Crystal as a whole is neutral, but the donor atom becomes an immobile positive ion. As conduction is due to a large

number of free electrons, the electrons in the n-type semiconductor are the MAJORITY CARRIERS and holes are the

MINORITY CARRIERS. In this way, free electrons are available within the lattices and their overall movement in one

direction under the influence of a potential difference results in an electric current flow. This in an N-type

semiconductor, the majority charge carriers are electrons.

• Majority – Electrons and Minority – Holes

https://byjus.com/chemistry/germanium/


P -type
• P-type: P-type semiconductor material is formed by adding trivalent dopants (3 valence electrons) thereby there is a shortage 

of electrons, i.e. there are 'holes' in the crystal lattice  When a pure semiconductor is doped with a trivalent impurity (B, Al, In, Ga

) then, the three valence electrons of the impurity bonds with three of the four valence electrons of the semiconductor.

• This leaves an absence of electron (hole) in the impurity. These impurity atoms which are ready to accept bonded electrons are 
called “Acceptors“.

• With the increase in the number of impurities, holes (the positive charge carriers) are increased. Hence, it is called p-type 
semiconductor.

• Crystal as a whole is neutral, but the acceptors become an immobile negative ion. As conduction is due to a large number of holes, 
the holes in the p-type semiconductor are MAJORITY CARRIERS and electrons are MINORITY CARRIERS.

• Electrons may move from one empty position to another and in this case it can be considered 

• that the holes are moving. This can happen under the influence of a potential difference and the holes can be seen to flow in one 

direction resulting in an electric current flow. Holes are positively charged carriers and majority carriers in p type semiconductors. 

• nh >> ne

• Majority – Holes and Minority – Electrons







Differentiate n-type and p-type 

1) In n-type, dopant atoms are called donors because they “donate” electrons to the conduction 

band and in p-type, the dopants are called as acceptors as they “accept” electrons or make holes in 

the valence band. 

2) In p-type semiconductor, the dopants are trivalent elements ( 3 valence electrons) and in ntype

semiconductor, the dopants are pentavalent elements ( 5 valence electrons) . 

3) Majority Carriers in p-type semiconductors are holes which move in the valence band and in n-

type semiconductor, the majority carriers are electrons that move in the conduction band. 

4) Minority Carriers in p-type semiconductors are electrons and in n-type semiconductor, the 

minority carriers are holes 



Energy band diagram of intrinsic, n-type and p-type semiconductors 



In terms of the band theory, we can imagine the free electrons from donors having an energy level close 

to the energies of the conduction band. Since the energy gap is small, the electrons can easily jump into 

the conduction band and start conducting a current. 

In terms of band theory, the energy of the accepted electrons (“the acceptor level”) lie a little higher 

above the energy of the valence band. Electrons from the valence band can easily reach this level, leaving 

holes behind in the valence band. 



Intrinsic Semiconductor Extrinsic Semiconductor

Pure semiconductor Impure semiconductor

Density of electrons is equal to the 

density of holes

Density of electrons is not equal to the 

density of holes

Electrical conductivity is low Electrical conductivity is high

Dependence on temperature only Dependence on temperature as well as 

on the amount of impurity

No impurities Trivalent impurity, pentavalent

impurity

Difference Between Intrinsic and Extrinsic Semiconductors



Carrier concentration in an intrinsic semiconductor:

• The number of electrons in the conduction band per unit volume of the material is called the electron 

concentration.

• The number holes in the valence band per unit volume of the material is called the hole 

concentration.

• The number of charge carriers per unit volume of the material is called carrier concentration.





Fermi Level in Semiconductors:
Fermi level (denoted by EF) is present between the valence and conduction bands. It is the 
highest occupied molecular orbital at absolute zero. The charge carriers in this state have 
their own quantum states and generally do not interact with each other. When the 
temperature rises above absolute zero, these charge carriers will begin to occupy states 
above Fermi level.
In a p-type semiconductor, there is an increase in the density of unfilled states. Thus, 
accommodating more electrons at the lower energy levels. However, in an n-type 
semiconductor, the density of states increases, therefore, accommodating more electrons 
at higher energy levels.

https://byjus.com/physics/fermi-energy/


Applications of Semiconductors:

Let us now understand the uses of semiconductors in daily life. Semiconductors are used in almost all 

electronic devices. Without them, our life would be much different.

Their reliability, compactness, low cost and controlled conduction of electricity make them ideal to be 

used for various purposes in a wide range of components and devices. transistors, diodes, photosensors, 

microcontrollers, integrated chips and much more are made up of semiconductors.

Uses of Semiconductors in Everyday life:

• Temperature sensors are made with semiconductor devices.

• They are used in 3D printing machines

• Used in microchips and self-driving cars

• Used in calculators, solar plates, computers and other electronic devices.

• Transistor and MOSFET used as a switch in Electrical Circuits are manufactured using the 

semiconductors.

https://byjus.com/physics/semiconductor-diode/


Industrial Uses of Semiconductors
The physical and chemical properties of semiconductors make them capable of designing technological 

wonders like microchips, transistors, LEDs, solar cells, etc.

The microprocessor used for controlling the operation of space vehicles, trains, robots, etc is made up of 

transistors and other controlling devices which are manufactured by semiconductor materials.

Importance of Semiconductors
Here we have discussed some advantages of semiconductors which makes them highly useful 

everywhere.

• They are highly portable due to the smaller size

• They require less input power

• Semiconductor devices are shockproof

• They have a longer lifespan

• They are noise-free while operating

https://byjus.com/physics/light-emitting-diode/


Hall Effect

Hall Effect is a process in which a transverse electric field is developed in a solid material 

when the material carrying an electric current is placed in a magnetic field that is 

perpendicular to the current. Hall Effect was discovered by Edwin Herbert Hall in 1879.

Principle of Hall Effect

The principle of Hall Effect states that when a current-carrying conductor or a semiconductor 

is introduced to a perpendicular magnetic field, a voltage can be measured at the right angle to 

the current path. This effect of obtaining a measurable voltage is known as the Hall Effect.



Theory

When a conductive plate is connected to a circuit with a battery, then a current starts flowing. The charge 

carriers will follow a linear path from one end of the plate to the other end. The motion of charge carriers 

results in the production of magnetic fields. When a magnet is placed near the plate, the magnetic field of 

the charge carriers is distorted. This upsets the straight flow of the charge carriers. The force which upsets 

the direction of flow of charge carriers is known as Lorentz force.

Due to the distortion in the magnetic field of the charge carriers, the negatively charged electrons will be 

deflected to one side of the plate and positively charged holes to the other side. A potential difference, 

known as the Hall voltage will be generated between both sides of the plate which can be measured using a 

meter.

The Hall voltage represented as VH is given by the formula:

VH=IB/(qnd)

Here,

I is the current flowing through the sensor

B is the magnetic Field Strength

q is the charge

n is the number of charge carriers per unit volume

d is the thickness of the sensor.

https://byjus.com/physics/lorentz-force/


Hall Effect



Hall Coefficient

The Hall Coefficient RH is mathematically expressed as

RH=E/(jB)

Where j is the current density of the carrier electron, E is the induced electric field and B is 

the magnetic strength. The hall coefficient is positive if the number of positive charges is 

more than the negative charges. Similarly, it is negative when electrons are more than holes.

RH= 1/ne



Applications of Hall Effect

Hall effect principle is employed in the following cases:

• Find whether the semiconductor is N-type or P-type

• Find carrier concentration

• Magnetic field sensing equipment

• For the measurement of direct current, Hall effect Tong Tester is used.

• It is used in phase angle measurement

• Proximity detectors

• Hall effect Sensors and Probes

• Linear or Angular displacement transducers

• For detecting wheel speed and accordingly assist the anti-lock braking system.



Magnetic Parameters

1.Magnetic Dipole: An object that generates a magnetic field in which the field is
considered to originate from two opposite poles. The magnetic dipoles are
known as north and south pole.

2. Magnetic field or Magnetic Field strength (H): The magnetic field strength H at
any point in a magnetic field is the force experienced by a unit north pole placed
at that point. Its unit is (Am-1)
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10. Relation between µ and χ: We have
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➢Each electron in an atom has magnetic moments that originate from the following 
three sources

1. Orbital magnetic moment of electrons
2. Spin magnetic moment of electrons.
3. nuclear magnetic moments
The orbital magnetic moments and the nuclear magnetic moments magnitudes are
very small. For all practical purposes, we assume that the magnetic moment arises
due to the electron spin only.

Magnetic materials:

➢We all know that a moving charge constitutes current. Same can be said about an 
electron revolving around a nucleus



Magnetic Dipole Moment

➢ The product of the distance  between the two poles and the pole strength of either pole 
is called magnetic dipole moment.

➢ The magnetic materials are classified into 3 types:
Diamagnetic materials.
Paramagnetic materials
Ferromagnetic materials



Diamagnetic materials

➢ In a diamagnetic material the electron orbits are randomly oriented and the orbital magnetic moments get

cancelled. Similarly, all the spin moments are paired i.e., having even number of electrons. Therefore, the electrons

are spinning in two opposite directions and hence the net magnetic moment is zero.

Effect of magnetic field

➢ When an external magnetic field is applied, the electrons re-orient and align perpendicular to the applied field,

i.e., their magnetic moment opposes the external magnetic field.

Properties

1. They repel the magnetic lines of force, if placed in a magnetic field as shown

2. The susceptibility is negative and it is independent to temperature and applied

field strength.

3. There is no permanent dipole moment.

4. When the temperature is greater than the critical temperature diamagnetic

becomes normal material.

5. It has superconducting property.

Examples : Gold, germanium, silicon, antimony, bismuth, silver, lead, copper,

hydrogen, Water and alcohol.



Paramagnetic Materials

➢ Para magnetism is due to the presence of few unpaired electrons which gives rise to the spin magnetic moment. In the

absence of external magnetic field, the magnetic moments (dipoles) are randomly oriented and possess very less

magnetization in it.

Effect of magnetic field

➢ When an external magnetic field is applied to paramagnetic material, the magnetic moments align themselves

along the field direction and the material is said to be magnetized. This effect is known as paramagnetism.

Properties

1. The magnetic lines of force pass through the materials.

2. The susceptibility is positive

3. There is a permanent magnetic moment.

4. When the temperature is less than the Curie temperature,

paramagnetic

materials become diamagnetic materials.

5. It spin alignment is random in nature.

Examples : Platinum, CuSO4 ,MnSO4 , Aluminum, etc



Ferromagnetic materials

➢ Ferromagnetism is due to the presence of more unpaired electrons. Even in the absence of external field,

the magnetic moments align parallel to each other. So that it has large magnetism. This is called

spontaneous magnetization.

Effect of magnetic field

➢ If a small external magnetic field is applied the magnetic moments align in the field direction and 

become very strong magnets.

Properties

1. All the magnetic lines of force pass through the

material.

2. Its susceptibility is high positive

3. They have enormous permanent dipole moment.

4. When the temperature is greater than the Curie

temperature, the Ferromagnetic

material becomes paramagnetic material.

5. The ferromagnetic material has equal magnitude

dipole lying parallel to each

other.

Examples: Nickel, iron, Cobalt, Steel, etc.



Diamagnetic Paramagnetic Ferromagnetic

Gold Liquid Oxygen Iron

Water Sodium Cobalt

Mercury Platinum Neodymium

Salts of Iron and 

Nickel

Nickel

List of Magnetic Materials
.





• The process of loss of resistance of certain materials when

cooled below critical temperature ( 𝑇𝑐 ) is known as

superconductivity.

• Critical Temperature (Tc): It is the temperature at which the

electrical resistivity of a metal drops to zero.

• In 1908, Kamerlingh Onnes studied the properties of Hg at 4.2

K, and found that the resistivity suddenly dropped to zero.

• The theoretical explanation of superconductivity is provided by

BCS theory.

• Developed some materials that are superconductive

upto temperatures of 150 K

Superconductivity



Temperature dependence of resistance and superconducting phenomena 

• In Metals, the electrical resistivity (ρ) is
due to:

• 1. Presence of impurities (ρ0 )
• 2. Lattice vibrations, which depend on

temperature [ρ(T)].

• That is, accordingto Mathiessen’s rule

ρ= ρ0+ρ(T)

Where ρ0 is the residual resistivity due to 

impurities and
ρ(T) is the ideal resistivity w.r.t temperature
Lattice: Positive ion core.

Lattice vibration: The vibrations of positive
ions due to thermal excitations.

Phonon: The quantum of vibrational energy



General features (characteristics) of superconductors

Meissner effect: “The phenomenon of expulsion of magnetic flux

completely from the specimen during the transition from

normal state to the superconducting state is called as ‘Meissner

effect.”

A conductor held in magnetic field at T > Tc [fig 1]. The

magnetic field penetrates the body in normal state.

When the superconducting material is cooled in the presence of

magnetic field T < Tc ,the superconductor expels field lines as

shown in fig 2. This process is called Meissner effect.

Normal state                       Superconducting state



The magnetic induction inside the specimen is given by 

B = o (H + M)

Where, B is magnetic induction, 

H is external applied field and 

M is magnetization produced within the specimen.

At T < Tc,  B = 0 inside the super conductor. 

Hence we can write,   

B = o (H + M ) = 0, 

or H = - M

M/H= -1

χ= −1

This shows that the superconductor is a perfect diamagnetic



Critical field HC

➢ Superconductivity can be destroyed if the temperature of the 

specimen is raised above TC  or  if the specimen is exposed to 

sufficiently strong magnetic field. “The minimum magnetic field 

required to destroy the superconductivity in the material is called 

critical field HC”.

where Ho is the critical magnetic field at 

0 K. 

By applying magnetic field greater than

Ho, the material can never become

superconductor whatever may be the low

temperature.

Variation of critical field as a

function of temperature

Effect of Temperature on Critical Field



Types of superconductors

➢ It exhibits a complete Meissner effect or perfect diamagnetism

➢Type-I superconductor becomes a normal conductor abruptly at critical 

magnetic field

➢ It has one critical field 𝐻𝑐
➢ No mixed state exists

➢ Highest known critical field is 0.1 T

Examples: Lead, Tin, Hg, Al etc.

Type-I superconductors



Type-II superconductors

➢ It exhibits incomplete Meissner effect

➢Type-II superconductor loses its superconducting property gradually 

due to increase in magnetic field

➢ It has two critical fields, that is, Lower critical field Hc1 and upper 

critical field Hc2
➢ The critical field is greater than type-I, that is up to 30T 

Examples: Nb-Sn, Nb-Zr, Nb-Ti etc.



BCS Theory:
• Explanation to superconductivity was given by

John Bardeen, Leon N Cooper and John Robert

Schrieffer on the basis of quantum theory. The

theory is named after the three scientists as

BCS theory.

• When an electron approaches a positive ion,

there is a Coulomb attraction between them,

which produces a distortion in the lattice.

• Now if another electron passes through the

distorted lattice, interaction between the

distorted lattice and the electron occurs, which

results in lowering of energy of the electron.

• This effect is an interaction between two

electrons via the lattice distortion or the

phonon (quantum of energy of lattice

vibration), which results in the lowering of

energy for the two electrons.





• This lowering of energy implies that the force

between the two electrons is attractive. This type

of interaction is called the electron-phonon-electron

interaction.

• This interaction is strongest if the two electrons

have equal and

opposite momentums and spin.

• Such pairs of electrons are called Cooper pairs.

• At very low temperatures the density of Cooper

pairs is large and they collectively move through

the lattice with small velocity.

• Low speed reduces collisions and thereby

resistivity decreases, which explains

superconductivity.

• The attraction between the electrons in the Cooper

pair is very weak. Therefore they can be separated

by small increase in temperature, which results in

a transition back to the normal state.



Applications of superconductors

Superconducting Magnets: 

➢ An electro magnet made from coils of superconducting wires 

is known as superconducting magnets.

➢ Type-II superconductors such as niobium-tin and niobium-

titanium are used to make coil windings of superconducting 

magnets because these two materials can be fabricated into

wires and can withstand high magnetic fields

➢ These wires in such magnets can conduct much larger electric

currents than ordinary metallic wire, creating very high

magnetic field

➢ Superconducting magnets are used in Nuclear Magnetic 

Resonance (NMR) machines, mass spectrometers, Magnetic 

resonance imaging (MRI) etc.


