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Conductor and Insulators. 
Atomic Model 

the gap can be crossed 
 only when breakdown 
 conditions occur 

 

the gap is smaller 
 and can be crossed 
 when a photon  
is absorbed 

the conduction band  
and valence band  
overlap, so there is no gap 
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p-Type Semiconductor 

• The extrinsic p-Type Semiconductor is formed 
when a trivalent impurity is added to a pure 
semiconductor in a small amount, and as a result, 
a large number of holes are created in it. A large 
number of holes are provided in the 
semiconductor material by the addition of 
trivalent impurities like Gallium and Indium. Such 
type of impurities which produces p-type 
semiconductor are known as an Acceptor 
Impurities because each atom of them create 
one hole which can accept one electron. 
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• Formation of P-type semiconductor 



N-Type semiconductor 

• An N-Type semiconductor is created by adding 
pentavalent impurities like phosphorus (P), arsenic 
(As), antimony (Sb), or bismuth (Bi). A pentavalent 
impurity is called a donor because it is ready to give a 
free electron to a semiconductor. The impurities are 
called dopants. The purpose of doing this is to make 
more charge carriers, or electron wires available in the 
material for conduction. In n-type semiconductors the 
number of electrons is more than the holes, so 
electrons are measured as majority charge carriers and 
holes are referred to as minority charge carriers 
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N-Type semiconductor 

 



P-N junction diode 
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PN Junction 

 

For every electron that diffuses across 
the junction and 
combines with a hole, a positive charge 
is left in the n region and a negative 
charge is created in the p region, 
forming a barrier potential.  
 
This action continues until the voltage of 
the barrier repels further diffusion.  
 
The blue arrows between the positive 
and negative charges in the depletion 
region represent the electric field. 
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Forward Biased 
 Forward bias is a condition that allows current through 

pn junction. 

 
 A dc voltage (Vbais) is applied to bias a diode. 

 Positive side is connected to p-region (anode) and 
negative side is connected with n-region. 

 Vbais must be greater than ‘barrier potential’ 
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As more electrons flow into the 
depletion region reducing the 
number of positive ions and 
similarly more holes move in 
reducing the positive ions. 
 
This reduces the width of 
depletion region. 
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Reverse Biased 

 Reverse bias is a condition that prevents 
current through junction. 

 Positive side of Vbias is connected to the n-
region whereas the negative side is 
connected with p-region. 

  Depletion region get wider with this 
configuration. 
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The positive side of bias voltage 
attracts the majority carriers of 
n-type creating more positive 
ions at the junction. 
 
This widens the depletion 
region. 
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Reverse Current 

 A small amount current is generated due to the 
minority carriers in p and n regions. 

 These minority carriers are produced due to 
thermally generated hole-electron pairs. 

 Minority electrons in p-region pushed towards 
+ve bias voltage, cross junction and then fall in 
the holes in n-region and still travel in valance 
band generating a hole current. 
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Reverse Breakdown 

 If the external bias voltage is increased 
to a value call breakdown voltage the 
reverse current can increase drastically. 

 Free minority electrons get enough 
energy to knock valance electron into 
the conduction band.  

 The newly released electron can further 
strike with other atoms. 

 The process is called avalanche effect.  
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Diode V-I Characteristic 
 VI Characteristic for forward bias. 

 

 The current in forward biased called forward current and is 

designated If. 

 At 0V (Vbias) across the diode, there is no forward current. 

 With gradual increase of Vbias, the forward voltage and 

forward current increases. 
 A resistor in series will limit the forward current in order to 

protect the diode from overheating and permanent damage. 

 A portion of forward-bias voltage drops across the limiting 
resistor. 

 Continuing increase of Vf causes rapid increase of forward 
current but only a gradual increase in voltage across diode. 
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Diode V-I Characteristic 
 VI Characteristic for reverse bias. 

 

There is only a small current through 
the junction as the reverse voltage 
increases. 

At a point, reverse current shoots up 
with the break down of diode. The 
voltage called break down voltage. This 
is not normal mode of operation. 

After this point the reverse voltage 
remains at approximately VBR but IR 
increase very rapidly. 

Break down voltage depends on 
doping level, set by manufacturer. 
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Diode V-I Characteristic 

The complete V-I 
characteristic curve 
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