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Semiconductor

Conductor
SemiConductor
Insulator

Conductivity
Conductor>Semiconductor>Insulator
So, semiconductor is a material whose
conductivity (or resistivity) lies in between
conductor and insulator.
Ex. germanium, silicon, selenium, carbon etc.



Properties of Semiconductor

• The conductivity of semiconductor is less
than conductor but higher than insulator.

• It shows negative temperature coefficient of
resistance i.e., the resistance of the
semiconductor decreases with increased
temperature and vice versa.

• Its conductivity can be changed or varied by
adding a suitable impurity with the help of
doping process.



Classification of Semiconductor

• Intrinsic semiconductor (Pure)
• Extrinsic semiconductor (added with impurity)
vn-type semiconductor (Negative type)
vp-type semiconductor (Positive type)



Intrinsic Semiconductor

A semiconductor in an extremely pure form is 
known as an intrinsic semiconductor.

Intrinsic                         Extrinsic
Doping Process: The process of adding 
impurity to a semiconductor is called doping.

Doping Process
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Extrinsic Semiconductor

• The conductivity of the semiconductor can be
varied or changed by adding impurity to the
pure semiconductor.

• This is accomplished by doping process.
• The semiconductor we obtained after doping
process is called extrinsic semiconductor

• Changing or varying conductivity of extrinsic
semiconductor allows it to be used in useful
application like rectification or amplification.



N-type Semiconductor

When a small amount of pentavalent 
impurity (phosphorus, antimony, arsenic) is 
added to a pure semiconductor(silicon), it is 
known as n-type semiconductor.



N-type Semiconductor

Majority carrier in n-type semiconductor is 
electron. Current conduction in an n-type 
semiconductor is predominantly by
free electrons i.e. negative charges and is 
called n-type or electron type conductivity. 



P-type Semiconductor

When a small amount of trivalent impurity 
(indium, gallium) is added to a pure 
semiconductor(silicon), it is known as p-
type semiconductor.



P-type Semiconductor

Majority carrier in p-type semiconductor is 
hole. The current conduction in p-type
semiconductor is predominantly by holes 
i.e. positive charges and is called p-type or 
hole-type conductivity. 



Majority and Minority Carrier



pn Junction

When a p-type semiconductor is suitably 
joined to n-type semiconductor, the contact 
surface is called pn junction.
Most semiconductor devices contain one or more 
pn junctions



Formation of pn Junction



pn Junction

vOnce pn junction is formed and depletion 
layer created, the diffusion of free 
electrons stops. 

vIn other words, the depletion region acts 
as a barrier to the further movement of 
free electrons across the junction. 

vThe positive and negative charges set up 
an electric field. This is shown by a black 
arrow in Fig.(ii). 

vThe electric field is a barrier to the free 
electrons in the n-region. There exists a 
potential difference across the depletion 
layer and is called barrier potential (V0). 



Forward Bias and Reverse Bias

When external d.c. voltage applied to the 
junction is in such a direction that it cancels 
the potential barrier, thus permitting current 
flow, it is called forward biasing.

When the external d.c. voltage applied to 
the junction is in such a direction that 
potential barrier is increased, it is called 
reverse biasing.



Forward Bias
In forward bias
• Applied external electric field opposes the built in field
• Resultant field is reduced
• Barrier height is reduced
• Junction offers low resistance called forward resistance 

(Rf)
• So current flows and this is called forward current



Reverse Bias
In reverse bias
• Applied external electric field aids the built in field
• Resultant field is increased
• Barrier height is increased
• Junction offers very high resistance 
• No current flows except a very small leakage current.



Current Flow in Forward Bias



Current Flow in Forward Bias
(i)The free electrons from the negative terminal 
continue to pour into the n-region while the
free electrons in the n-region move towards the 
junction.
(ii) The electrons travel through the n-region as 
free-electrons i.e. current in n-region is by free
electrons. 
(iii) When these electrons reach the junction, they 
combine with holes and become valence 
electrons.
(iv) The electrons travel through p-region as 
valence electrons i.e. current in the p-region is by 
holes.
(v) When these valence electrons reach the left 
end of crystal, they flow into the positive terminal 
of the battery 



Summary

At forward bias, ideally a pn junction acts 
as a short path offering a zero forward 
resistance. 
Ideally a short circuit 
But practically it offers a very small forward 
resistance
At reversed bias, ideally a pn junction acts 
as a open circuit offering a infinite 
resistance.
Ideally it is like a open circuit but practically 
it offers a very large resistance.



Diode

A pn junction is called a crystal diode or 
rectifier diode.

It is a two terminal semiconductor device. 
One terminal is known as anode (+ve
terminal) and another one is called as 
cathode (-ve terminal) .



I-V characteristics of a Diode
Diode has a non linear current voltage 
characteristics. It allows current only in one 
direction, that’s why it is called as unilateral 
device.



I-V characteristics of a Diode



I-V characteristics of a Diode



I-V characteristics of a Diode

The forward current through a pn junction 
is due to the majority carriers produced by 
the impurity.

However, reverse current is due to the 
minority carriers produced due to breaking 
of some co-valent bonds at room 
temperature 
Breakdown voltage It is the minimum 
reverse voltage at which pn junction breaks 
down with sudden rise in reverse current .



I-V characteristics of a Diode

Knee Voltage :It is the forward voltage at 
which the current through the junction 
starts to increase rapidly. 



Types of Diodes

vRectifier diode
vZener diode
vLight emitting diode (LED)
vPhoto diode (PD)
vTunnel Diode 
vVaractor diode
vShockley diode



Rectifier diode

A simple pn junction is called a crystal 
diode or rectifier diode.

Application
• Half and full wave rectifier circuit.
• Voltage multipliers.



Zener diode

A properly doped crystal diode which has a
sharp breakdown voltage is known as a 
Zener diode 

Application
• Acts as a voltage stabilizer.



Light emitting diode

A light-emitting diode (LED) is a diode 
that gives off visible light when forward 
biased.
Light-emitting diodes are not made from 
silicon or germanium but are made by 
using elements like gallium, phosphorus 
and arsenic. By varying the quantities of 
these elements, it is possible to produce
light of different wavelengths with colors 
that include red, green, yellow and blue.



Light emitting diode

Application:
• As a power indicator.
• Seven segment display.



Application of LED



Photo diode 

A photo-diode is a reverse-biased silicon or 
germanium pn junction in which reverse 
current increases when the junction is 
exposed to light. 



Photo diode 

A photo-diode differs from a rectifier diode 
in that when its pn junction is exposed to 
light, the reverse current increases with the 
increase in light intensity and vice-versa.


