
 

 
Energy Bands in Solids 

The electrons in an isolated atom have discrete energy levels. In a crystal an atom is 

surrounded by a large number of atoms and therefore, due to interatomic interactions, the 

energy levels are modified. This modification is significant for the electrons in the outermost 

shell because these electrons experience large influence by the electric fields of neighboring 

atoms. It is found that each energy level splits into a very large number of levels (~ 1023) lying 

close together. We can regard these energy levels to be continuously distributed in energy. 

Such a group of energy levels is called an energy band. 

The completely filled band is called the valence band (V.B.) The next band or a partially filled 

band is called the conduction band (C.B.) The energy gap between the two is called the 

forbidden gap 

Metals, Insulators and Semiconductors 

The difference between metals, insulators and semiconductors can be understood on the basis 

of their energy band structure. 

Metals 

There are two possibilities-either C.B. is partially 

filled (e.g. Na), or C.B. and V.B. overlap (e.g. Be). 

Thus there is no forbidden gap. 

In the presence of an applied electric field the 

electrons can be 

excited to the 

empty energy levels 

immediately above 

the highest filled level (Fermi-level). These electrons are 

accelerated by the field. This explains why metals are good 

conductors of electricity. 

INSULATORS In an insulator, the valence band is separated 

from the conduction band 

by a large energy gap (~6-9 

eV). Under an applied 

electric field the electrons 

cannot gain enough energy to jump to the conduction 

band. Further, the exclusion principle does not permit 
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any transition within the valence band. Therefore, current cannot flow.  

SEMICONDUCTORS In a semiconductor the forbidden gap is relatively small (~ 1 eV). At 

absolute zero, C.B. is completely empty and V.B. is full. Therefore, the semiconductor behaves 

as an insulator at very low temperatures. However, at room temperature, some electrons from 

the top of the valence band acquire enough thermal energy to jump over the forbidden gap 

into the conduction band. They leave behind an equal number of empty states in the valence 

band. V.B. is, therefore, not full and can contribute to conduction. The empty states, which are 

called holes, act as if they were positively charged carries.  

INTRINSIC SEMICONDUCTORS 

Pure semiconductors, i.e., those in which no impurity is mixed, are called intrinsic semicon-

ductors. In these we have electrons in C.B. and an equal number of holes in V.B. as charge 

carries for current flow. 

Semiconducting crystals have covalent bonds between the atoms. The intrinsic conductivity can 

also be understood in terms of bonds. Some of the electrons acquire additional thermal energy 

and break away from the bonds. These electrons can carry current through the material. 

Further, when an electron is broken away from a bond, a vacancy (hole) is created in the bond. 

An electron from a neighbouring bond can move into this hole and thus exchange place with it. 

Thus in the presence of a field, both the electrons and holes move in opposite directions and 

give rise to current.  

Extrinsic Semiconductors A pure semiconductor, e.g., Ge or Si, has very small electrical 

conductivity at ordinary temperatures and is, therefore, not very useful. However, its 

conductivity can be increased enormously by adding a small quantity of trivalent (B, Al, Ga, etc.) 

or pentavalent (P, Sb, As etc.)  impurity. This process is called doping and the impurity is called 

dopant. The semiconductor so obtained is called an extrinsic semiconductor. The impurity atoms 

enter into bond formation with the atoms of the pure semiconductor. 

n-type semiconductor 

If a pentavalent impurity is added to a pure 

semiconductor, only four of the five valence electrons of 

the impurity atoms participate in forming the covalent 

bonds-the fifth one becomes almost free because the 

electrical attraction between this electron and the 

impurity ion is weakened by the dielectric constant of 

the medium. The energy level of this electron lies very 

close to the bottom of the conduction band. It is called 

the donor level. Since this type of semiconductor has 

excess of electrons over holes, it is called an n-type 

semiconductor. In this, electrons are the majority 

carries and holes are the minority carries. 

P-type semiconductors 

If a trivalent impurity is added to a pure semiconductor, then the three valence electrons of 

an impurity atom form covalent bonds with the three neighbouring atoms of the 

semiconductor, but one electron is lacking for the formation of the bond with the fourth 

atom, leaving a hole in this bond. The hole may be filled by an electron from some neighbouring 

bond, leaving a hole in this bond. Only a very small energy is needed for this purpose. That is, 

the acceptor energy level lies only a little above the top of the valence band. 

Since this type of semiconductor has excess of 

holes over electrons, it is called a p-type 

semiconductor. Here holes are the majority carries 
and electrons are the minority carries. 
Conductivity of a semiconductor 
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CURRENT IN SEMICONDUCTOR  

In semiconductor, there are two kinds of current carriers i.e., electrons (- e) and holes (+e). 
Therefore, the total current in the semiconductor is the sum of electric current due to the flow 
of electrons (called electron current le) and due to the flow of holes (called hole current Ih). 

i.e., I=Ie + I h   ...(i) 

Consider an intrinsic semiconductor of length l and area of cross section A connected to a 

battery of potential difference V volts (Figure). The electric field set up across the 

semiconductor is given by 
l

V
E ---------(ii) and is directed from A to B.  

Due to this electric field, holes drift along the direction of electric field ( E


) and constitute 

hole current Ih. 

Let nh be the number density of holes in the semiconductor. 

 Charge in the semiconductor due to holes,  

q = nh x Volume in semiconductor x Charge on a hole =nhAle 

Now, hole current, 
t

eAn

t

q
I h
h

l  

But - hV
t
l

 = drift velocity of hole 

 hhh eAVnI   

Similarly, electronic current =neA(-e)ve  ...(iii) 
where, ne is number density of electrons and ve is drift velocity of electron. Here negative sign 
simply shows that the direction of flow of electronic current is opposite to the conventional 
current. 
Magnitude of the current due to electrons Ie=neAeVe 

Substituting (iii) and (iv) in equation (i), we get 

I= nhAeVh+ neAeVe  

Or I=eA(nhVh+ neVe)  

ELECTRICAL RESISTIVITY OF SEMICONDUCTOR. 

We know, resistance offered to the flow of electric current is given by 
A

R
l -----(i), where p 

is the resistivity of the material (i.e., semiconductor in this case). 

According to Ohm's law  
I

V
R  

Hence equation (i) becomes  
AI

V l  or 
A

IV 
l

 

Now   E= 
l

V
   and   here I = Ae(neVe + nh Vh) 

E= 
A

Ae(nhVh+neVe) 

Or       eehh VnVne

E

  

Or       
 

E

VnVne1 eehh   


 
E

V
n

E

V
ne e

e
h

h -------- (iii) 

Using 
E

V  i.e., mobility of a current carrier we get 
E

Vh
h  ,mobility of hole and 

E

Ve
e  - 

mobility of electrons (because electron is lighter than the hole) 
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Equation (iii) becomes  eehh nne
1   

But 
1

 is conductivity () of the semiconductor. 

 eehh nne   
Mobility is defined as the drift velocity per unit electric field.  
Effect of Temperature on the Conductivity of a Semiconductor 

From the above expression we see that the conductivity depends on mobility and carrier 

concentration (density). The mobility of electrons and holes decreases slightly with increase in 

temperature. However, there is a large increase in carrier concentration with the increase in 

temperature. Therefore, the conductivity increases with temperature. we say that 

semiconductors have negative temperature coefficient of resistance. 

PN-JUNCTION DIODE 

It is a device in which a p-type semiconductor is in contact with an n-type 

semiconductor. In actual practice the two regions are created side by side in the 

same piece or semiconductor. Circuit symbol of a pn junction shown in Fig.  

 

Action 

Since particles have a tendency to diffuse from a region of high 

concentration to a region of low concentration, electrons and 

holes diffuse across the junction. Due to electron-hole 

recombination, a thin layer around the junction becomes devoid 

of free charge carriers. This is called the depletion region Its 

thickness is of the order of a few microns.  

Due to the migration of electrons and holes, the n-region 

becomes positive while the p-region becomes negative. This 

establishes an electric field (E) across the junction directed 

from the n-region to the p-region. This gives rise to a potential 

barrier which prevents further diffusion of carriers into opposite regions. The value of VB is a 

fraction of a volt. Its actual value and also the width of the depletion 

region depend on the semiconductor and its doping concentration.  

Forward Bias 

When a battery is connected across the junction diode with its positive 

terminal connected to the p-side and the negative terminal connected to 

the n-side, the diode is said to be forward biased. If the bias voltage is 

greater than the barrier potential, the majority carries move towards the 

junction and cross it, causing a flow of current. The depletion layer is 

reduced and, therefore, the junction offers a low resistance to the flow of current.  

Reverse Bias  

When a battery is connected across the junction diode with its negative 

terminal connected to the p-side and the positive terminal connected to the 

n-side, the diode is said to be reverse biased. The majority carriers are 

pulled away from the junction, making the depletion layer thicker and the 

resistance of the junction becomes high. So no current flows due to the 

majority carriers. However, a very small current flows due to the minority 

carriers. 

Junction Diode as a Rectifier 

Forward Bias

Reverve  Bias
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Since an ideal diode conducts only when forward biased, it can be used for rectification, i.e., 

conversion of ac into dc. It will allow current flow during one half of the cycle only. There are 

two types of rectifiers—half wave rectifier which uses only 

one diode and full wave rectifier which uses two diodes. Their 

circuit diagram and output voltage are shown below. In a half 

wave rectifier, only one half cycle of the input appears across 

the load Rv In a full wave rectifier, one diode conducts during 

the first half cycle and the other conducts during the second 

half cycle. Thus, the current flows through RL for both the 

half cycles of the input. 

A solar cell is a device to convert light energy to electric energy. It is a p-n junction diode of 

silicon in which p or the n junction is made very thin so that the light energy falling on the diode 

is not absorbed much before reaching the junction. Number of solar cells is combined in series to 

form a solar battery. This battery can be charged at day time and then be used as a source of 

electrical energy  

 

Light emitting diode. The p-n junction diode, which emits spontaneous radiation when forward 

biased, is the ``light emitting diode’’ or LED 

A p-n diode made of silicon or germanium at forward bias releases energy in infrared region. A 

diode made of gallium arsenide or indium phosphide releases energy in the visible region. 

 

zener diode is 

specially 

designed p-n 
diodes that can 

work 

continuously 

even in the 

region of 

avalanche 

breakdown. Symbolically, it is represented as shown in Fig.  

Circuit diagram given below shows the use of the zener diode as a voltage stabilizer.  

When input current increases beyond a limit, the current through the zener diode increases. 

The potential drop across R increases. Hence, the potential drop across the load RL falls to 

the normal value. Similarly, when the input current decreases, current through diode also 

decreases. The potential drop across R decreases and potential drop across RL rises to the 

normal value. 
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Photodiode: It is a pn junction diode fabricated with a transparent window so that light can 
fall on its junction. The diode is reverse biased with voltage less than the breakdown voltage. 

If the photon energy (h ) is more than the energy required to take an electron from the 

valence to the conduction band, additional charge carriers are generated, increasing the 

conductivity of the semiconductor. If the intensity of light is increased the current increases.  

TRANSISTOR Transistors are of two types - npn and pnp. In an npn transistor a thin p-type 

layer is sandwiched between two thick n-type layers and in a pnp transistor a thin n-type layer 

is Sandwiched between two thick p type layers. Their circuit symbols are shown in Fig. The 

layers are called the emitter (E), the base (B) and the collector (C).  

The base is doped very lightly, the  

 
emitter is doped heavily and the doping level of the collector is less than that of emitter. The 

area of the base-collector junction is larger than that of the base-emitter region.  

 

The Action of a Transistor  

The transistor can be considered as two junction diodes joined together. In using a transistor 

the emitter-base junction is forward biased 

and the collector-base junction is reverse 

biased. The majority carriers move across the 

emitter base junction into the base region. 

Since the base is very thin and lightly doped, 

most of the carries (~ 99%) are attracted 

straight into the collector. Only a very few 

combine in the base. his the collector current 

Ic is much larger than the base current IB. A 

transistor can be used by grounding any one 

of the three terminals. The most commonly 

used circuit is the common-emitter circuit, in which the emitter is grounded (see figure). The 

output and transfer characteristics of a common-emitter circuit are shown below.   

DC Current Gains 

The quantities 

www.examrace.com



 

b

c

e

c

I
I

and,
I
I   

are called the dc current gains of the transistor circuit. 

 Since IE = Ic + IB        

it can be shown that 

 

 

It may be pointed out that   < 1 and  >>1. 

Transistor as an Amplifier 

The circuit diagram of the common-emitter amplifier is as 

shown. The signal to be amplified, Vi, is applied in the emitter-base circuit. The output Vo is 

taken across the collector. The variation in the input signal voltage causes variation in the 

emitter current, which in turn, produces variation in collector current and hence output 

voltage. It can be shown that the voltage gain is 

 

 

 

 

Where Rl is the input resistance, RL is the load resistance and  ac is the ac current gain, 

defined as 

 

 

 

since Ri is small (forward baise), ac >>1 and RL can be made fairly high, Av is very large for a 

common-embitter amplifier. On the other hand, for a common-base amplifier Av would be  

i

L
acv R

R
A   

Since 1ac , the gain would be much smaller. 

Transconductance (gm) of the Transistor 

It is defined as 

i

ac

iB

c

BE

c
m RR)I(

I
V
I

g



  

gm depends upon the geometry, doping level and biasing of the transistor. 

POWER GAIN 

It is defined as 

gainVoltagegaincurrentAp   

i

L
acp R

RA 2  

Common emitter characteristic of a transistor:  
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Following is the circuit to study 

the characteristics of a common 

emitter n-p-n transistor.  

we study the following three 

characteristics:  

(I) Input characteristics: To 

study input characteristics, a 

graph is plotted between the 

values of base potential Vb and 

the base current ib at constant 

collector potential, Ve = 

constant. The graphs obtained 

at different values of collector 

potential are shown in Fig 

(ii) Output characteristics: The 

graph is plotted between 

collector potential Vc and 

collector current ic at constant 

base current,  

ib = constant. It may be noted 

that collector current increases rapidly initially, but very soon 

attains the saturation value. At a given collector potential, larger the value of base current 

equally more is the collector current  

(iii) Transfer characteristics: The graph is plotted between collector current ic and base 

current ib at constant collector voltage, Vc = constant. It may be noted that the two currents 

show linear characteristics  

Current gain of a common emitter transistor is defined as,  = 
b

c

i

i




 

Working of a transistor as a switch. 
The operation of a transistor as a switch is based on the working of transistor as a common 

emitter. The output across a common 
emitter is given by the equation 
V0=Vcc-IcRc 

Let us see how Vo changes as Vi 
increases from zero onwards. In the 
case of Si transistor, as long as input 
Vi is less than 0.6 V, the transistor will 
be in cut off state and current will be 
zero. Hence V0 = Vcc 

When Vi becomes greater than 
0.6 V the transistor is in active state 

with some current Ic in the output path and the output Vo decrease as the term ICRC increases. 
With increase of Vi ,Ic increases almost linearly and so Vo decreases linearly till its value 
becomes less than about 1.0 V. 

Beyond this the change becomes non linear and transistor goes into saturation state. 
With further increase in Vi. the output voltage is found to decrease further towards zero 
though it may never become zero. If we plot the Vo vs Vi, curve, (also called the transfer 
characteristics of the base-biased transistor , we see that between; cut off state and active 
state and also between active state and saturation state there are regions of non-linearity 
showing that the transition from cutoff state to active state and from active state to 
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saturation state are not sharply defined. 

 

Transistor as an Oscillator 

We know that a circuit consisting of an inductance L in parallel with a capacitance C generates 

electromagnetic oscillations (and hence electromagnetic waves) of frequency f given by

LC
f 

2

1
 

However, these oscillations are damped due to power loss in the resistance of the circuit. To 

maintain undamped oscillations in the LC circuit, it is essential to supply energy at the same 

rate at which losses occur. This can be done by using a transistor 

which provides a feed-back mechanism as shown in figure. The LC 

circuit (called the tank circuit) is included in the emitter-base 

circuit and feed-back energy is supplied in the correct phase by 

the inductance coil L’ which is inductivity coupled with L. 

LOGIC GATES 

A logic gates is a digital circuit which follows certain logical 

relationship between the input and output voltages. 

There are three basic logic gates: 

1. OR gate 

2. AND gate 

3. NOT gate 

The OR Gate 

It has two or more inputs and one output. Its logic symbol, 

truth table, Boolean expression and realization using 

diodes are given below. 

Logic Symbol: 

 

 

 

Truth Table 

 

Boolean 

Expression:  

A + B = Y 

(Read as A or 

B) 

Realization: 

The positive terminal of the battery corresponds to the 1 state and the grounded negative 

terminal to the 0 state. When both A and B are connected to 

zero, no current flows 

through the diodes and. 

therefore, no voltage 

develops across R. So 

the output is 0. When A 

is connected to 1 an B to 

0, diode D1 is forward 

biased and current flows through it. If the diodes are 

ideal, this current causes a 5V drop across R. This gives 

A B Y 

0 0 0 

0 1 1 

1 0 1 

1 1 1 

L

L'

CIn
du

ct
iv

e 
co

up
lin

g
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an output of 5V or 1. Interchanging A and B will also give an output of 1. When both A and B 

are connected to 1, both the diodes conduct and again the output is 1. Hence the truth table 

is satisfied. 

The AND Gate It has two or more inputs and one output. Its logic symbol, truth table, 

Boolean expression and realization using diodes are given below. 

Boolean expression A.B = Y (read as A and B)  

Realization: 

 

When both A and B are connected t0 0, both the diodes D1, and D2 conduct. The voltage at Y 

will be the voltage across the diode which is 0 assuming the diodes to be ideal. When A is 

connected to 1 and B to 0, diode D2 conducts and the output at Y is 0. When A is connected to 

0 and B to 1, D1; conducts and the output is again 0. When both A and B are connected to 1, 

none of the diodes conducts. So the voltage output at Y is 5V, i.e.,1 

NOT gate 

Logic Symbol: 

 

 

 

 

 

 

Truth Table  

A Y 

0 1 

1 0 

Boolean expression Y= A  

Realization: 

When A is connected to 0, the collector-base junction is reverse biased and the base-emitter 

is not forward biased. 

Therefore, the base 

current and hence the 

collector current is 

zero. The transistor is 

in the cut-off mode and 

the voltage at Y is 

5V,which corresponds 

to state 1. When A is 

connected to 1, the 

base-emitter junction 

is forward biased, 

giving a large collector current. The voltage drop across Rc is almost equal to 5V and the 
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output Y is 0. Hence the truth table is satisfied. 

Combination of Gates  

1. The NAND Gate 

If the output of an AND gate is connected to the input of a NOT gate, the circuit is called a 

NAND gate. The logic symbol, truth table and Boolean expression for the NAND gate are 

given below: 

LOGIC SYMBOL 

TRUTH TABLE 

A B Y 

0 0 1 

1 0 1 

0 1 1 

1 1 0 

BOOLEAN EXPRESSION:  BA = Y 

2. THE NOR GATE 

If the output of an OR gate is connected to the input of a NOT gate, the circuit is called a 

NOR gate. The logic symbol, truth table and Boolean expression of the NOR gate are given 

below. 

LOGIC SYMBOL 

TRUTH TABLE 

A B Y 

0 0 1 

1 0 0 

0 1 0 

1 1 0 

 

BOOLEAN EXPRESSION:  BA = Y 

 

THE 'XOR GATE' 

XOR gate is obtained by using OR, AND and NOT gates as shown in figure. It is also called 

Exclusive OR gate and its logic symbol is as shown in figure. 

Its truth table is given in figure. It follows that output in case of XOR gate is 1, only when 

inputs  

are different. 
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A B Y 
0 0 0 
0 1 1 
1 0 1 
1 1 0 

The Boolean equation for the XOR gate is Y = AB + AB 

========================================================================================

======================================================================================== 
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