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Electronics and Semi-Conductors 

 

Chapter-8 Syllabus 

1. Energy band in solids (Idea only). Introduction to semi conductor in terms of energy 

band diagram, its properties, intrinsic and extrinsic semiconductor, Doping material 

(impurity) trivalent and pentavalent. (1 hour) 

2. P-type and N-type semiconductor. P-N junction diode, simple introduction of forward 

and reverse bias. Concept of rectifier, use of P-N junction diode as rectifier, half wave 

rectifier, full wave rectifier, bridge rectifier, simple idea of LED and its use. (2 hours) 

 

 

 

 

 

 

 

 

 



Electronics and Semi-Conductors 

 

Energy band in solids: 

 From Bohr’s atomic model, we know that the electrons have well defined energy 

levels in an isolated atom. But due to inter atomic interactions in a crystal, the electrons of the 

outer shells are forced to have energies different from those in isolated atoms. Each energy 

level splits into a number of energy levels forming a continuous band, called energy band. 

 An enormously large number of energy levels closely spaced in a very small energy 

range constitute an energy band. 

 The highest energy band filled with valence electrons is called valence band. 

 The lowest unfilled allowed energy band next to valence bond is called conduction 

band. 

 The gap between top of valence band and bottom of the conduction band in which no 

allowed energy levels for electrons can exist is called energy band gap or energy 

gap. 

Semi conductor in terms of energy band diagram: 

 At 0 K, the conduction band is empty and the valence band is filled. So the material is 

essentially insulator at low temperatures. However, the energy gap between conduction and 

valence bands is small (Eg < 3eV). For example, Eg = 1.17 eV for Si and Eg = 0.74 eV for Ge. 

At room temperature, some valence electrons acquire enough thermal energy and jump to the 

conduction band where they are free to conduct electricity. Thus the semiconductor acquires 

a small conductivity at room temperature.   

             

 

 

 

 

                              Fig: Energy band diagram for a semiconductor 

Chapter-8, Electronics and Semi-Conductors Kashyap Ranjan Nath 

Chirang Polytechnic, Bijni 



Properties of semiconductor: 

1. In a semiconductor device, simple excitations like light, heat or small applied voltage 

can change the number of charge carriers. 

2. The charge carriers flow in the solid itself, no vacuum has to be created for the flow 

of charges as required in vacuum tubes. 

3. It does not require any cathode heating for the production of charge carriers. So it 

starts operating as soon as it is switched on. 

4. Semiconductor devices are small in size, consume low power and operate at low 

voltages. 

5. They have long life and high reliability. 

Intrinsic and extrinsic semiconductors: 

Intrinsic semiconductors: The pure semiconductors (impurity less than 1 part in 

1010) are called intrinsic semiconductors. The presence of mobile charge carriers (electrons 

and holes) is an intrinsic property of the material and these charges are obtained as a result of 

thermal excitation. Holes are essentially the electron vacancies with an effective positive 

charge. In an intrinsic semiconductor, the number density of electrons (ne) is equal to the 

number density of holes (nh). 

Extrinsic semiconductors: The semiconductors obtained by adding or doping the 

pure semiconductor with small amounts of certain specific impurity atoms having valency 

different from that of the host atoms are called extrinsic semiconductors. Doping drastically 

changes the number density of mobile electrons and holes. The electrical conductivity of such 

semiconductors is essentially due to the foreign atoms i.e., extrinsic in nature. 

Difference between intrinsic and extrinsic semiconductors: 

Intrinsic Semiconductors Extrinsic Semiconductors 

1. These are pure semiconducting 

tetravalent crystals. 

 

2. Their electrical conductivity is low. 

3. There is no permitted energy state 

between valence and conduction 

bands. 

1. These are semiconducting tetravalent 

crystals doped with impurity atoms of 

group III or V. 

2. Their electrical conductivity is high. 

3. There is permitted energy state of the 

impurity atom between valence and 

conduction bands. 

Chapter-8, Electronics and Semi-Conductors Kashyap Ranjan Nath 

Chirang Polytechnic, Bijni 



4. The number of free electrons in the 

conduction band is equal to the 

number of holes in valence bond. 

 

5. Their electrical conductivity depends 

on  temperature. 

4. The electrons are majority charge 

carriers in n-type semiconductors 

while holes are majority charge 

carriers in p-type semiconductors. 

5. Their electrical conductivity depends 

on temperature as well as on dopant 

concentration. 

 

 

 

Doping: 

 In order to increase the conductivity of pure semiconductors and to overcome their 

other limitations, a small amount say, 1 part per million (ppm), of impurity atoms having 

valency different from 4, is added to the pure semiconductor. This process of deliberate 

addition of a desirable impurity to a pure semiconductor so as to increase its conductivity is 

called doping. The impurity atoms added are called dopants and the semiconductors doped 

with the impurity atoms are called extrinsic or doped semiconductors. 

Types of dopants: 

There are two types of dopants used in doping the tetravalent Si or Ge. 

1. Pentavalent dopants: They have 5 valence electrons. For example, arsenic (As), 

antimony (Sb) and phosphorus (P). 

2. Trivalent dopants: They have 3 valence electrons. For example, indium (In), boron 

(B) and aluminium (Al). 

On doping Si or Ge with pentavalent and trivalent impurity atoms, we get two entirely  

different types of semiconductors, called n-type and p-type semiconductors respectively. 
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Extrinsic semiconductors: A semiconductor doped with some suitable impurity atoms so as 

to increase its number of charge carriers is called an extrinsic semiconductor. There are two 

types of extrinsic semiconductor: 1. n-type semiconductors 

                                                      2.p-type semiconductors. 

1. n-type semiconductor: 

    This semiconductor is obtained by doping the tetravalent semiconductor Si (or Ge) 

with pentavalent impurities such as As, P or Sb of group V of the periodic table. 

                         

 

 

 

 

 

Fig: Formation of n-type semiconductor 

As shown in the figure, when a pentavalent impurity atom substitutes the tetravalent 

Si atom, it uses four of its five valence electrons in forming four covalent bonds with 

neighbouring Si atoms while the fifth electron is loosely bound to the impurity atom. A very 

small amount of ionisation energy (≈ 0.01 eV for Ge and 0.05 eV for Si) is required to detach 

this electron. At room temperature, the thermal energy is enough to set free this electron. The 

dopant atom gets converted into an ionised +ve core. As each pentavalent impurity atom 

donates one extra electron for conduction, it is called a donor. These semiconductors have 

free electrons contributed by donors and generated by the thermal process while the holes are 

only due to thermal generation. Hence, the electrons are the majority charge carriers and 

holes are the minority charge carriers. As most of the current is carried by the negatively 

charged electrons, so the semiconductors doped with donor type impurities are known as n-

type semiconductors. 

 For such semiconductors, ne ≫ nh or n ≫ p 
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2.p-type semiconductor: 

 This semiconductor is obtained by doping the tetravalent semiconductor Si (or Ge) 

with trivalent impurities such as In, B, Al or Ga. 

                                  

Fig: Formation of p-type semiconductor 

As shown in the figure, the impurity atom uses its three valence electrons in forming 

covalent bonds with three neighbouring Si atoms and one covalent bond with a neighbouring 

Si atom is left incomplete due to the deficiency of one electron. An electron from the 

neighbouring Si-Si covalent bond can slide into this vacant bond, creating a vacancy or hole 

in that bond. This hole is now available for conduction. The trivalent impurity atom becomes 

negatively charged when all its valence bonds get filled. The material can be regarded as a 

fixed core of one negative charge along with its associated hole. The trivalent impurity atom 

is called an acceptor because it creates a hole which can accept an electron from the 

neighbouring bond. Obviously, there are holes created by the acceptor atoms in addition to 

the thermally generated holes while the free electrons are only due to thermal generation. 

Hence, holes are the majority charge carriers and electrons are the minority charge carriers. 

The semiconductors doped with acceptor type impurities are called p-type semiconductors, 

because most of the current in these semiconductors is carried by holes which have effective 

positive charge. 

 For such semiconductors, nh ≫ ne or p ≫ n 
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P-N junction diode: 

 It is a single crystal of Ge or Si doped in such a manner that one half portion of it acts 

as p-type semiconductor and the other half as n-type semiconductor. Here, the term junction 

implies the boundary or region of transition between n-type and p-type semiconductor 

materials. 

 

Fig: Formation of p-n junction. 

 As soon as a p-n junction is formed, the majority charge carriers begin to diffuse from 

the regions of higher concentration to the regions of lower concentrations. Thus the electrons 

from the n-region diffuse into the p-region and where they combine with the holes and get 

neutralised. Similarly, the holes from the p-region diffuse into the n-region where they 

combine with the electrons and get neutralised. This process is called electron-hole 

recombination. 

 The p-region near the junction is left with immobile –ve ions and n-region near the 

junction is left with +ve ions. The small region in the vicinity of the junction which is 

depleted of free charge carriers and has only immobile ions is called the depletion layer. 

Circuit symbol for a p-n junction: 

  A p-n junction has two electrode connections- one on the p-side and another on the n-

side. The p-side is known as the anode and the n-side is known as the cathode. 
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 In the figure, the direction of the arrow is from p-region to n-region. The arrow 

indicates the direction in which the conventional current can flow easily (when the diode is 

forward biased).  

Working of a p-n junction: An external potential difference can be applied to a p-n junction 

in two ways: 

1. Forward biasing: If the positive terminal of a battery is connected to the p-side and 

the negative terminal to the n-side, then the p-n junction is said to be forward biased. 

 

2. Reverse biasing: If the positive terminal of a battery is connected to the n-side and 

the negative terminal to the p-side, then the p-n junction is said to be forward biased. 
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Rectifier: 

 The process of converting alternating current into direct current is called rectification 

and the device used for this process is called rectifier. 

P-N junction diode as a rectifier: 

 When a p-n junction diode is forward biased, it offers less resistance and a current 

flows through it; but when it is reverse biased, it offers high resistance and almost no current 

flows through it. This unidirectional property of a diode enables it to be used as a rectifier. 

When a.c. signal is fed to a diode, the diode is forward biased during the positive half cycle 

and a current flows through it. During the negative half cycle, the diode is reverse biased and 

it does not conduct. Thus the signal is rectified. 

 The p-n junction can be used as: 

i) a half-wave rectifier, and 

ii) a full-wave rectifier. 

Junction diode as a half-wave rectifier: 

 A half-wave rectifier consists of a transformer, a junction diode D and a load 

resistance RL. The primary coil of the transformer is connected to the a.c. mains and the 

secondary coil is connected in series with the junction diode D and load resistance RL. We 

assume that the diode is ideal so that it offers infinite resistance during the reverse biasing. 

 

 Working: When a.c. is supplied to the primary, the secondary of the transformer 

supplies desired alternating voltage across A and B. During the positive half cycle of a.c. , the 

end A is positive and the end B is negative. The diode D is forward biased and a current I 
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flows through RL. As the input voltage increases or decreases, the current I also increases or 

decreases and so does input voltage (=IRL) across the load RL. Output voltage across RL is of 

same waveform as the positive half wave of the input.  

 

During the negative half cycle, the end A becomes negative and B positive. The diode 

is reverse biased and no current flows. No voltage appears across RL. In the next positive half 

cycle, again we get output voltage. Since the voltage across the load appears only during the 

positive half cycle of the input a.c. , this process is called half-wave rectification and the 

arrangement used is called a half-wave rectifier. 

Junction diode as a full-wave rectifier: 

 A full wave rectifier consists of a transformer, two junction diodes D1 and D2 and a 

load resistance RL. The input a.c. signal is fed to the primary coil P of the transformer. The 

two ends A and B of the secondary S are connected to the p-ends of diodes D1 and D2. The 

secondary is tapped at its central point T which is connected to the n-ends of the two diodes 

through the load resistance RL, as shown in the figure. 
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 Working: At any instant, the voltages at the end A (input of D1) and end B (input of 

D2) of the secondary with respect to the centre tap T will be out of phase with each other. 

Suppose during the positive half cycle of a.c. input, the end A is positive and end B is 

negative with respect to the centre tap T. Then the diode D1 gets forward biased and conducts 

current along the path AD1XYTA, as indicated by the solid arrows. The diode D2 is reverse 

biase d and does not conduct.  

 

 

 

 

 

 

 

 

 

 

 

 

 

During the negative half cycle, the end A becomes negative and the end B becomes 

positive with respect to the centre tap T. The diode D1 gets reverse biased and does not 

conduct. The diode D2 conducts current along the path BD2XYTB, as indicated by broken 

arrows. As during both half cycles of input a.c. the current through RL flows in the same 

direction (X→ 𝑌), so we get a pulsating d.c. voltage across RL. Since output voltage across 

the load resistance RL is obtained for both half cycles of input a.c., this process is called full-

wave rectification and the arrangement used is called full-wave rectifier. 
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Full-Wave Bridge Rectifier:  

 It contains four diodes D1, D2, D3 and D4 connected to form bridge as shown in the 

figure. The a.c. supply to be rectified is applied to the diagonally opposite ends of the bridge 

through the transformer. Between other two ends of the bridge, the load resistance RL is 

connected. 

             

 

 

 

 

 

 Working: During the positive half-cycle of secondary voltage, the end P of the 

secondary winding becomes positive and end Q negative. This makes diodes D1 and D3 

forward biased while diodes D2 and D4 are reverse biased.  Therefore, only diodes D1 and D3 

conduct. These two diodes will be in series through the load RL as shown in the fig.(i). The 

conventional current flow is shown by dotted arrows. It may be seen that current flows from 

A to B through load RL. 

 

 

                              Fig.(i)                                                                           Fig.(ii) 
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 During the negative half-cycle of secondary voltage, end P becomes negative and end 

Q positive. This makes diodes D2 and D4 forward biased whereas diodes D1 and D3 are 

reverse biased. Therefore, only diodes D2 and D4 conduct. These two diodes will be in series 

through the load RL as shown in the fig.(ii). The current flow is shown by the solid arrows. It 

may be seen that again current flows from A to B through the load i.e. in the same direction 

as for the positive half-cycle. Therefore, d.c. output is obtained across load RL. 

 

Light emitting diode (LED): 

 It is a forward-biased p-n junction which spontaneously converts the biasing electrical 

energy into optical energy, like infrared  

Uses of LEDs: 

1. Infrared LEDs are used in burglar-alarm systems. 

2. In optical communication. 

3. In image scanning circuits for picture phones. 

4. LEDs are used as indicator lamps in radio receivers and other electronic equipment. 

5. In hand calculators, cash registers, digital clocks, etc. 
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