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UNIT –I SEMICONDUCTOR THEORY AND PN DIODES 
 

Introduction to Semiconductor materials–atomic theory–energy band structure of insulators, 

conductors and semiconductors–intrinsic and extrinsic semiconductors–N-type and P-type 

semiconductors. 

SEMICONDUCTOR DIODES: 

Construction – forward and reverse bias operation – mathematical model of a PN diode–Silicon 

versus Germanium diodes – Effects of temperature on diode operation– Static and dynamic 

resistances–Diode equivalent models– Specification sheets–Transition and diffusion capacitances– 

Diode switching-reverse recovery time–Diode applications. 

(11 MARKS) 

 
1.  Explain the behavior of insulators, conductors and semiconductors by drawing the energy band 

structure. [Nov/Dec 2014] [Nov 2013] 

Based on the electrical conductivity all the materials in nature are classified as insulators, 

semiconductors, and conductors. 
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Insulator: 

 An insulator is a material that offers a very low level (or negligible) of conductivity when 

voltage is applied. Eg: Paper, Mica, glass, quartz.

 The energy band structure of an insulator is shown in the fig.1.1. Band structure of a material 

defines the band of energy levels that an electron can occupy. Valance band is the range of 

electron energy where the electron remains bonded to the atom and do not contribute to the 

electric current.

 Conduction band is the range of electron energies higher than valance band where electrons 

are free to accelerate under the influence of external voltage source resulting in the flow of 

charge.

 The energy band between the valance band and conduction band is called as forbidden band 

gap. It is the energy required by an electron to move from balance band to conduction band

i.e. the energy required for a valance electron to become a free electron. 

1   eV = 1.6 x 10
-19

 J 

 For an insulator, as shown in the fig.1.1 there is a large forbidden band gap of greater than 

15ev.

 Because of this large gap there a very few electrons in the CB and hence the Conductivity of 

insulator is poor.

 Thus insulators have very high resistivity a room temperature

 Typical resistivity level of an insulator is of the order of 10
10

 to 10
12

 Ω-cm.

 However if the temperature is raised ,some of the valence electrons may acquire energy and 

jump into the conduction band

 It causes the resistivity of the insulators to decrease.

 Therefore insulators have negative temperature coefficient of resistance.

 
 

Conductors: 

 
 A conductor is a material which supports a generous flow of charge when a voltage is applied 

across its terminals. i.e. it has very high conductivity. Eg: Copper, Aluminum, Silver, and 

Gold.

 The resistivity of a conductor is in the order of 10
-4

 and 10
-6

 Ω-cm.

 The Valance and conduction bands overlap (fig1.1) and there is no energy gap for the 

electrons to move from valance band to conduction band.

 This implies that there are free electrons in Conduction Band even at absolute zero 

temperature (0K).

 Therefore at room temperature when electric field is applied large current flows through the 

conductor.
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Semiconductor: 

 A semiconductor is a material that has its conductivity somewhere between the insulator and 

conductor.

 Two of the most commonly used semiconductors are Silicon (Si=14 atomic no.) and 

germanium (Ge=32 atomic no.). Both have 4 valance electrons.

 The resistivity level is in the range of 10 and 10
4
 Ω-cm.

 The forbidden band gap is in the order of 1eV. For eg,the energy gap for Si, Ge and Ga As is 

1.21, 0.785 and 1.42 eV, respectively at absolute zero temperature (0K).

 A small energy gap means that a small amount of energy is required to free the electrons from 

valence band to conduction band.

  At 0K and at low temperatures, the valance band electrons do not have sufficient energy to 

move to Conduction Band.

 Thus semiconductors act as insulators at 0K. As the temperature increases, a large number of 

valance electrons acquire sufficient energy to leave the Valence Band, cross the forbidden 

energy gap and reach Conduction Band.

 These are now free electrons as they can move freely under the influence of electric field.

  At room temperature there are sufficient electrons in the Conduction Band and hence the 

semiconductor is capable of conducting some current at room temperature.

 Semiconductors also have negative temperature coefficient of resistance .It means the 

conductivity of semiconductor increases with the increase in temperature.

Insulator Semiconductor Conductor 

10
-6

 Ω-cm (Cu) 50Ω-cm (Ge) 10
12

 Ω-cm 

(mica) 

 50x10
3
 Ω-cm (Si)  

Typical resistivity values 
 

 

 

 

Fig:1.1 
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Semiconductors are classified in to two types 

(i) Intrinsic Semiconductors (ii) Exterinsic semi-conductors 

a. n-type semi-conductors 

b. p-type semi-conductors 

2. Explain the operation of N type extrinsic semiconductor.[April 2015] 

 Intrinsic semiconductor has very limited applications as they conduct very small amount of 

current at room temperature. The current conduction capability of intrinsic semiconductor can 

be increased significantly by adding small amounts of impurity to the intrinsic 

semiconductor.

 By adding impurities it becomes impure or extrinsic semiconductor.

 This process of adding impurities is called as doping.

 The amount of impurity is added at a rate of only one atom of impurity per 10
6
 to 10

10
 

semiconductor atoms.

 The purpose of adding impurity is to increase either the number of free electrons or holes in 

semiconductor.

N type semiconductor: 

 If the added impurity is a pentavalent atom then the resultant semiconductor is called N-type 

semiconductor. Examples of pentavalent impurities are Phosphorus, Arsenic, Bismuth, 

Antimony etc. 

 A pentavalent impurity has five valance electrons. Fig 1.2a shows the crystal structure of N-type 

semiconductor material where four out of five valance electrons of the impurity atom(antimony) 

forms covalent bond with the four intrinsic semiconductor  atoms. 

  The fifth electron is loosely bound to the impurity atom. This loosely bound electron can be 

easily excited from the valance band to the conduction band by the application of electric field 

or increasing the thermal energy. 

 

 

 

 

Fifth valence electron 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.2a Crystal structure of N type Semiconductor 
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Fig. 1.2bEnergy band diagram of N type 

+4 +4 
+ 

4 

+4 +4 +4 

+4 +4 
+4 

 
CB 

 

 

 

VB 

 



 

5 
UNIT 1: SEMICONDUCTOR THEORY AND PN DIODES 

 

 

 

 

 The energy required to detach the fifth electron form the impurity atom is very small of the order 

of 0.01ev for Ge and 0.05 eV for Si. 

 The effect of doping creates a discrete energy level called donor energy level in the forbidden 

band gap with energy level Ed slightly less than the conduction band. 

 The difference between the energy levels of the conducting band and the donor energy level is 

the energy required to free the fifth valence electron (0.01 eV for Ge and 0.05 eV for Si). 

 At room temperature almost all the fifth electrons from the donor impurity atom are raised to 

conduction band and hence the number of electrons in the conduction band increases 

significantly. 

 Thus every antimony atom contributes to one conduction electron without creating a hole. 

 Because of the greater number of electrons in the conduction band than that of holes in the 

valence band and hence the Fermi level shifts upwards below the conduction band. 

 After the donation, the impurity atom becomes a positively charged ion and is known as donor 

ion. 

 The position of the donor ion is fixed in the crystal lattice and these are known as immobile ions. 

 Thus current in  N type semiconductor is dominated by electrons which are referred to as 

majority carriers and holes as minority carriers. 

 

 

 

 

+ + + + Hole (minority carrier) 

Electron (majority carrier) 
+ + + + 

 
+ + + + 
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Fig. 1.2c Crystal Structure of N Type Semiconductor 

 

3. Explain the operation of P type extrinsic semiconductor.[April 2015] 

 
 

 Intrinsic semiconductor has very limited applications as they conduct very small amount of 

current at room temperature. The current conduction capability of intrinsic semiconductor can be 

increased significantly by adding a small amounts impurity to the intrinsic semiconductor.

 By adding impurities it becomes impure or extrinsic semiconductor. This process of adding 

impurities is called as doping.

 The amount of impurity is added at a rate of only one atom of impurity per 10
6
 to 10

10
 

semiconductor atoms.
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 The purpose of adding impurity is to increase either the number of free electrons or holes in 

semiconductor.

 
P type semiconductor: 

 
 If the added impurity is a trivalent atom then the resultant semiconductor is called P-type 

semiconductor. Examples of trivalent impurities are Boron, Gallium, indium, Aluminium . 

 The crystal structure of P type semiconductor is shown in the fig1.3a. The three valance 

electrons of the impurity (boron) forms three covalent bonds with the neighbouring atoms 

and a vacancy exists in the fourth bond giving rise to the holes. 

 The hole is ready to accept an electron from the neighboring atoms. 

 Each trivalent atom contributes to one hole generation and thus introduces a large no. of 

holes in the valance band. 

 At the same time the no. electrons are decreased compared to those available in intrinsic 

semiconductor because of increased recombination due to creation of additional holes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.3a Crystal structure of P type semiconductor 
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 The fifth electron is loosely bound to the impurity atom. This loosely bound electron can be 

easily excited from the valance band to the conduction band by the application of electric field 

or increasing the thermal energy.

 The energy required to detach the fifth electron form the impurity atom is very small of the order 

of 0.01ev for Ge and 0.05 eV for Si.

 The number of electrons in the conduction band decreases below a level.

 Because of the greater number of holes in the valence band than that of electrons in conduction 

band, the Fermi level shifts downwards towards top of the valence band.

 As hole moves away from the parent atom, it acquires a negative charge.

 This negative charged atom is known as acceptor ion. These does not take place in conduction 

and it becomes an immobile ion.

 Thus in P type semiconductor, holes are majority carriers and electrons are minority carriers.

 Since each trivalent impurity atoms are capable accepting an electron, these are called as 

acceptor atoms. The following fig 1.3b shows the pictorial representation of P type 

semiconductor.

 The conductivity of N type semiconductor is greater than that of P type sc as the mobility of 

electron is greater than that of hole.

 For the same level of doping in N type semiconductor and P type semiconductor, the 

conductivity of an N type semiconductor is around twice that of a P type semiconductor.

4. Explain the operation of intrinsic semiconductor. 

 The materials whose electrical properties lie between those of conductors and insulators are 

known as semiconductors.

 At absolute zero temperature (i.e) at 0K there are no electrons in the conduction band of 

semiconductors and valence band is completely filled. Thus the semiconductors behave like 

perfect insulators at 0K.

 However if the temperature is increased, the width of the energy gap reduces and consequently 

some of the electrons jump into conduction band.

 The electrical conductivity of semiconductors lies in the range of 10
-3

 to 10
-6

 per ohm per cm.

 A pure form of semiconductors is called as intrinsic semiconductor. Conduction in intrinsic 

semiconductor is either due to thermal excitation or crystal defects. Si and Ge are the two most 

important semiconductors used. Other examples include Gallium arsenide GaAs, Indium 

Antimonide (InSb) etc.

 For germanium, the impurity level is less than 1 part in 10
8
 parts. For   silicon it is less than 1 

part in 10
12

 parts
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hole 

 
Free electron 

Valance electron 

 Let us consider the structure of Si. A Si atomic no. is 14 and it has 4 valance electrons.

  These 4 electrons are shared by four neighboring atoms in the crystal structure by means of 

covalent bond. Fig. 1.4a shows the crystal structure of Si at absolute zero temperature (0K).

 In that structure all the valence electrons are tightly held by the parent atoms and through 

covalent bonds by other atoms

 Hence a pure Semiconductor acts has poor conductivity (due to lack of free electrons) at low or 

absolute zero temperature.

 

Covalent bond 

Valence electron 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1.4a Crystal structure of Si at 0K 

 

 At room temperature some of the covalent bonds break up to thermal energy as shown in fig 

1.4b.

 The valance electrons that jump into conduction band are called as free electrons that are 

available for conduction.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1.4b crystal structure of Si at room temperature0K 

 The energy required to break the covalent bond is equal to band gap energy. The value of EG is 

1.1 eV and 0.72 eV for germanium. 

 The vacancy of an incomplete covalent bond left behind the dislodged electron is hole. The 

absence of electrons in covalent bond is represented by a small circle usually referred to as hole 

which is of positive charge. 
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 Even a hole serves as carrier of electricity in a manner similar to that of free electron. 

 The combination of such a free electron and a hole is called electron hole pair. 

The mechanism by which a hole contributes to conductivity is explained as follows: 

 When a bond is in complete so that a hole exists, it is relatively easy for a valance electron in the 

neighboring atom to leave its covalent bond to fill this hole. An electron moving from a bond to fill a 

hole moves in a direction opposite to that of the electron. 

 This hole, in its new position may now be filled by an electron from another covalent bond and the 

hole will correspondingly move one more step in the direction opposite to the motion of electron. 

 Here we have a mechanism for conduction of electricity which does not involve free electrons. 

This phenomenon is illustrated in fig1.5 

 

 

 

 

 

 

 

Fig. 1.5a 

Electron movement 

Hole movement 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.5b 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.5c 
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 Fig 1.5a show that there is a hole at ion 6.Imagine that an electron from ion 5 moves into the 

hole at ion 6 so that the configuration of 1.5b results. 

 If we compare both fig1.5a &fig 1.5b, it appears as if the hole has moved towards the left from 

ion6 to ion 5. 

 Further if we compare fig 1.5b and fig 1.5c, the hole moves from ion5 to ion 4. This discussion 

indicates the motion of hole is in a direction opposite to that of motion of electron. 

 Hence we consider holes as physical entities whose movement constitutes flow of current. 

 In a pure semiconductor, the number of holes is equal to the number of free electrons. 

5. Explain the construction and working of PN diode with a neat sketch. [Nov/Dec 2014] [April 

2015] 

 A PN junction is formed from a piece of semiconductor (Ge or Si) by diffusing p-type 

material (Acceptor impurity Atoms) to one half side and N type material to (Donar Impurity 

Atoms) other half side. The plane dividing the two zones is known as 'Junction'.

 The p region is called the anode and n region is called the cathode.

  The P-region of the semiconductor contains a large number of holes and N region, contains a 

large number of electrons. A PN junction just immediately formed is shown in Fig.

 

 When PN junction is formed, there is a tendency for the electrons in the N-region to diffuse 

into the p-region, and holes from P-region to N-region. This process is called diffusion.

 While crossing the junction, the electrons and holes recombines with each other, leaving the 

immobile ions in the neighbourhood of the junction unneutralized as shown in Fig.

 

 These immobile + ve and –ve ions, set up a potential across the junction. This potential is 

called potential barrier or junction barrier.
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  Due to the potential barrier no further diffusion of electrons and holes takes place across the 

junction.

 Potential barrier is defined as a potential difference built up across the PN junction which 

restricts further movement of charge carriers across the junction.

  The potential barrier for a silicon PN junction is about 0.7 volt, whereas for Germanium PN 

junction is approximately 0.3 volt.

Symbol of Diode: 
 

 The symbol of PN junction diode is shown in Fig .The P-type and N-type regions are referred 

to as Anode and Cathode respectively. The arrowhead shows the conventional direction of 

current flow when the diode is forward biased.

 
 

Working of PN Junction Diode: 
 

Forward Bias: 

 

 When the positive terminal of the external battery is connected to the P-region and negative 

terminal to the N-region, the PN junction is said to be forward biased as shown in Fig.

 

 When the junction is forward biased, the holes in the p-region are repelled by the 

positive terminal of the battery and are forced to move towards the junction.

 Similarly the electrons in the N-region are repelled by the negative terminal of the battery and 

are forced to move towards the-junction.

 This reduces the width of the depletion layer and barrier potential. If the applied voltage is 

greater than the potential barrier vr, then the majority carriers namely holes in P-region and 

electrons in N-region cross the barrier. During crossing some of the charges get neutralized 

the remaining charges after crossing, reach the other side and constitute current in the forward 

direction. The PN junction offers very low resistance under forward biased condition.

 Since the barrier potential is very small (nearly 0.7 V for silicon and 0.3 V for Germanium 

junction), a small forward voltage is enough to completely eliminate the barrier. Once the
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potential barrier is eliminated by the forward voltage, a large current starts flowing through 

the PN junction. 

 

Reverse Bias: 

 

 When the positive terminal of the external battery is connected to the N-region and negative 

terminal to the p-region, the PN junction is said to be reverse biased.

 When the junction is reverse biased, the holes in the P-region are attracted by the negative 

terminal of the battery. Similarly the electrons in the N-region are attracted by the positive 

terminal of the external battery.

 This increases the width of the depletion layer and barrier potential (Vs).

 

  The increased barrier potential makes it very difficult for the majority carriers to diffuse 

across the junction. Thus there is no current due to majority carriers in a reverse biased PN 

junction. In other words, the PN junction offers very high resistance under reverse biased 

condition.

 

 In a reverse biased PN junction, a small amount of current (in µA) flows through the junction 

because of minority carriers. ( i.e., electrons in the P-region and holes in the N region). The 

reverse current is small because the number of majority carrier in both regions is small.

 

 V-l characteristics of PN-Junction Diode:
 

 



 

13 
UNIT 1: SEMICONDUCTOR THEORY AND PN DIODES 

 

 

 A graph between the voltage applied across the PN junction and the current flowing through 

the junction is called the V-I characteristics of PN junction diode. Fig. shows the V-I 

characteristics of PN junction diode.

 

Forward Characteristics: 
 

 Fig. shows the circuit arrangement for drawing the forward V-I characteristics of PN junction 

diode. To apply a forward bias, the +ve terminal of the battery is connected to Anode (A) and 

the negative terminal of the battery is connected to Cathode (K). Now, when supply voltage is 

increased the circuit current increases very slowly and the curve is non linear
 

 The slow rise in current in this region is because the external applied voltage is used to 

overcome the barrier potential (0.7 V for Si; 0.3V for Ge ) of the PN junction' However once 

the potential barrier is eliminated and the external supply voltage is increased further, the 

current flowing through the PN junction diode increases rapidly . This region of the curve is 

almost linear. The applied voltage should not be increased beyond a certain safe limit, 

otherwise the diode will burnout.

 

 The forward voltage at which the current through the PN junction starts increasing rapidly is 

called by knee voltage. It is denoted by the letter VB.

 

Reverse Characteristics: 
 

 Fig shows the circuit arrangement for drawing the reverse V-I characteristics of PN junction 

diode. To apply a reverse bias, the +ve terminal of the battery is connected to cathode (K) and

- ve terminal of the battery is connected to anode (A). 

 

 Under this condition the potential buried at the junction is increased. Therefore the junction 

resistance becomes very high and practically no. current flows through the circuit. However 

in actual practice, a very small current (of the order of µA) flows in the circuit. This current is 

called reverse current and is due to minority carriers. It is also called as reverse saturation 

current (I). The reverse current increases slightly with the increase in reverse bias supply 

voltage.

 

 If the reverse voltage is increased continuously at one state breakdown of junction occurs and 

the resistance of the barrier regions falls suddenly. Consequently the reverse current increases 

rapidly to a large value. This may destroy the junction permanently. The reverse voltage at 

which the PN junction breaks is called as break down voltage.

6. Explain the temperature effects on characteristics. [Nov/Dec 2014][April 2015] 

  
Diode terminal characteristics equation for diode junction current: 
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Where VT = Volt-equivalent of temperature. Its value is given by the relation, T/11600 where T is 

absolute temperature. At room temperature VT is equal to 26 mV; 

V –External voltage. It is positive for forward bias and negative for reverse bias 

Io –Reverse saturation current, A 

k - Boltzmann’s constant (1.38x 10 
-23

J/K) 

q - electron charge 1.6x10
-19

 C 

 = empirical constant, 1 for Ge and 2 for Si 

At room temperature, VT is equal to 26 mV, substituting the value of VT is 

40v 

I  I0 (e 1) 

When  =1 
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When diode is reverse biased, 

V 

I    I (e
vT 1) 

 

≈ Io 

Temperature Effects on Diode 

Temperature can have a marked effect on the characteristics of a silicon semiconductor diode 

as shown in Fig. 1.6. Temperature has following effects on the diode parameters, 

 The cut in voltage decreases as the temperature increases. The diode conducts at smaller 

voltages at large temperature. 

 The reverse saturation current increases as temperature increases. 

It has been found experimentally that the reverse saturation current Io will just about double 

in magnitude for every 10°C increase in temperature 

∆T 

𝐼02=2 10 I01 

𝐼01, 𝐼02 are the reverse current at T1
◦
C, T2

◦
C 

∆𝑇 = T2- T1. 

 The voltage equivalent of temperature VT also increases as temperature increases. 

 The reverse breakdown voltage increases as temperature increases 
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 It is not common for a germanium diode with an Io in the order of 1 or 2 A at 25°C to have a 

leakage current of 100 A _ 0.1 mA at a temperature of 100°C. 

 Typical values of Io for silicon are much lower than that of germanium for similar power and 

current levels. 

  The result is that even at high temperatures the levels of Io for silicon diodes do not reach the 

same high levels obtained. For germanium—a very important reason that silicon devices 

enjoy a significantly higher level of development and utilization in design. 

 Fundamentally, the open-circuit equivalent in the reverse bias region is better realized at any 

temperature with silicon than with germanium. 

 The increasing levels of Io with temperature account for the lower levels of threshold voltage, 

as shown in Fig above 

 Simply increase the level of Io in and not rise in diode current. Of course, the level of TK also 

will be increase, but the increasing level of Io will overpower the smaller percent change in 

TK. 

 As the temperature increases the forward characteristics are actually becoming more ―ideal,‖ 

 

7. Explain static and dynamic resistance of diode [Nov/Dec 2015] 

 
DC or Static Resistance 

 A real diode does not behave a perfect insulator when reverse biased and does not behave as 

perfect conductor when forward biased.

 It means that diode has a definite value of resistance when forward biased.

 The application of a dc voltage to a circuit containing a semiconductor diode will result in an 

operating point on the characteristic curve that will not change with time.
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I 

 The resistance of the diode at the operating point can be found simply by finding the 

corresponding levels of VD and ID as shown in Fig. below and applying the following Equation:

R
D =  

VD 

D 

 The dc resistance levels at the knee and below will be greater than the resistance levels obtained 

for the vertical rise section of the characteristics.

 The resistance levels in the reverse-bias region will naturally be quite high. Since ohmmeters 

typically employ a relatively constant-current source, the resistance determined will be at a 

preset current level (typically, a few mill amperes).

 

 
 

Figure 1.7 determining the dc resistance of a diode at a particular operating point. 

 
 

AC or Dynamic Resistance 

 It is obvious from Equation that the dc resistance of a diode is independent of the shape of the 

characteristic in the region surrounding the point of interest.

 If a sinusoidal rather than dc input is applied, the situation will change completely.

 The varying input will move the instantaneous operating point up and down a region of the 

characteristics and thus defines a specific change in current and voltage as shown in Fig. 1.7.

 With no applied varying signal, the point of operation would be the Q-point appearing on Fig.

1.7 determined by the applied dc levels. 

 The designation Q-point is derived from the word quiescent, which means ―still or unvarying.‖

  A straight-line drawn tangent to the curve through the Q-point will define a particular change in 

voltage and current that can be used to determine the ac or dynamic resistance for this region of 

the diode characteristics.

In equation form, 
 
 

𝑟 ∆𝑣𝑑 

 
 

Where Δ is finite change in quantity. 

𝑑 =∆𝐼𝑑
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 In addition to the forward resistance, the diode also possesses reverse resistance which is very 

large when compared to the forward resistance.

 Its value is in several meghohms.

The a.c resistance can be determined from the following: 

Bulk resistance: 

The resistance of the P and N type semiconductor materials of which diode is made of is known as 

body or bulk resistance. It also includes resistance introduced by the connection between the 

semiconductor material and the external metallic conductor also called contact resistance. 

𝑟𝐵 = 𝑟𝑃 + 𝑟𝑁 

where 

𝑟𝑃-ohmic resistance of the P type semiconductor 

𝑟𝑁-ohmic resistance of the N type semiconductor 

 This typically ranges from 0.1 ohm for high power devices to 2 ohm for low power device. 

Junction resitance:

rj =26/IF 

where IF is forward current in milliamperes. 

From the relation it is observed that junction resistance is variable resistance. 

The a.c resitance will be equal to the sum of junction and bulk resistance. 

𝑅𝑎𝑐 = 𝑟j + 𝑟𝐵 

8. Explain equivalent circuit of diode in detail. 

 An equivalent circuit is a combination of elements properly chosen to best represent the actual 

terminal characteristics of a device, system, or such in a particular operating region.

 In other words, once the equivalent circuit is defined, the device symbol can be removed from a 

schematic and the equivalent circuit inserted in its place without severely affecting the actual 

behaviour of the system.

 The result is often a network that can be solved using traditional circuit analysis techniques.

Piecewise-Linear Equivalent Circuit 

 One technique for obtaining an equivalent circuit for a diode is to approximate the 

characteristics of the device by straight-line segments.

 The resulting equivalent circuit is naturally called the piecewise-linear equivalent circuit. It 

should be obvious that the straight-line segments do not result in an exact duplication of the 

actual characteristics, especially in the knee region.

 However, the resulting segments are sufficiently close to the actual curve to establish an 

equivalent circuit that will provide an excellent first approximation to the actual behaviour of the 

device.

 The ideal diode is included to establish that there is only one direction of conduction through the 

device, and a reverse-bias condition will result in the open- circuit state for the device.
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  Since a silicon semiconductor, diode does not reach the conduction state until VD reaches 0.7 V 

with a forward bias, a battery VT opposing the conduction direction must appear in the 

equivalent circuit as shown in Fig. 1.32.

 The battery simply specifies that the voltage across the device must be greater than the threshold 

battery voltage before conduction through the device in the direction dictated by the ideal diode 

can be established.

 When conduction is established, the resistance of the diode will be the specified value of rav.
 

 

 

 

 

 

 The approximate level of rav can usually be determined from a specified operating point on 

the specification sheet. For instance, for a silicon semiconductor diode, if IF _ 10 mA (a 

forward conduction current for the diode) at VD _ 0.8 V, we know for silicon that a shift of 

0.7 V is required before the characteristics rise. 
 

 

 

9. Explain transition and diffusion capacitance in detail 

 Electronic devices are inherently sensitive to very high frequencies. Most shunt capacitive 

effects can be ignored at lower frequencies because the reactance XC=1/2πfC is very large 

(open-circuit equivalent).

  This, however, cannot be ignored at very high frequencies. XC will become sufficiently small 

due to the high value of f to introduce a low-reactance ―shorting‖ path.

 Capacitors store electric charge in the form of electric field. This charge storage is done by 

using two electrically conducting plates (placed close to each other) separated by an 

insulating material called dielectric.

http://www.physics-and-radio-electronics.com/electronic-devices-and-circuits/passive-components/capacitors/capacitorconsutructionandworking.html
http://www.physics-and-radio-electronics.com/electromagnetics/electrostatics/electric-field.html
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 The depletion region of the p-n junction diode has high resistance. Hence, the depletion 

region acts like the dielectric or insulating material. Thus, p-n junction diode can be 

considered as a parallel plate capacitor.

 In the p-n semiconductor diode, there are two capacitive effects to be considered.

  In the reverse-bias region we have the transition- or depletion region capacitance (CT), while 

in the forward-bias region we have the diffusion (CD) or storage capacitance.

Transition capacitance (CT): 

 When a PN junction is formed, a layer of positive and negative impurity ions called depletion 

layer is formed on either side of the junction.

 The depletion layer acts as dielectric medium between P region & N region.

 The P & N region on either side of the junction acts as two plates of a capacitor separated by 

a dielectric i.e. depletion layer.

 

 
 The capacitance formed in a junction area is called depletion layer capacitance.

 It is also called depletion region capacitance, space charge capacitance, transition region 

capacitance.

 The capacitance of parallel plate capacitor is given by CT= 
C𝐴 

W 

Ɛ = Permittivity of material 

A = cross section area of junction 

W = Width of depletion layer 

 When no external voltage is applied, the width of depletion region of PN diode is of the 

order of 0.5 microns with a capacitance of CT = 20pF.

 When reverse bias voltage applied to the p-n junction diode is increased, a large number 

of holes (majority carriers) from p-side and electrons (majority carriers) from n-side are 

moved away from the p-n junction. As a result, the width of depletion region increases 

whereas the size of p-type and n-type regions (plates) decreases.

 The capacitance of the reverse bias p-n junction diode decreases when voltage increases.

 The value of CT ranges from 5 to 200pF.

 Since the thickness of depletion layer depends on the amount of reverse bias, CT can be 

controlled with the help of applied bias.

http://www.physics-and-radio-electronics.com/electronic-devices-and-circuits/semiconductor/hole.html
http://www.physics-and-radio-electronics.com/electronic-devices-and-circuits/semiconductor-diodes/p-n-junction-introduction.html
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T= 

 This property of variable capacitance is used in varicap or varactor diode.

 
 

 This capacitance is voltage dependent and is given by

 

C 
𝑘 

Vk+VR 
 

Where, 

VK= Knee voltage, 

VR= Applied reverse voltage 

K = Constant depending on semiconductor, 

 

N=1/2 for alloy junction 

= 1/3 for diffused junction 

 

 

 
Diffusion capacitance (CD): 

 The capacitance that exists in a forward biased junction is called diffusion capacitance or 

storage capacitance, whose value is usually much larger than CT which exists in a reverse 

biased junction.

 When forward bias voltage is applied to the p-n junction diode, electrons (majority carriers) 

in the n-region will move into the p-region and recombines with the holes. In the similar way, 

holes in the p-region will move into the n-region and recombines with electrons. As a result, 

the width of depletion region decreases.

 This depletion region acts like dielectric or insulator of the capacitor and charge stored at 

both sides of the depletion layer acts like conducting plates of the capacitor.

 Diffusion capacitance is proportional to diode forward current, I.

 The diffusion capacitance is given by CD=  
 𝐼 

𝜂VT 

τ = the mean life time for holes & electrons 

The diffusion capacitance at low frequencies is given by the formula: 
 

The diffusion capacitance at high frequencies is inversely proportional to the frequency and is given 

by the formula: 

 

 
 Diffusion capacitance is also defined as rate of change of injected charge with applied voltage

i.e. CD = dQ/dV, where dQ represents the change in the number of minority carriers stored 

outside the depletion region when a change in voltage across the diode dV is applied. 
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 The effect of CD is negligible for a reverse biased PN junction.

 As the value of CD is inversely proportional to frequency, it is high at low frequencies and it 

decreases with the increase in frequency.

 The values of CD ranges from 10 to 1000 pF.
 

 

10. Explain the drift and diffusion currents for PN diode. [April 2015] 

Drift Current:- 
 

In a conductor or Semiconductor, at room temperature, a free electron will move toward the 

positive terminal under the influence of electric field, But it will continually collide with atoms along 

the way. The presence of electric field does not stop the collisions and random motion, but it does 

cause the electron to drift in the direction of applied electric force. This current is known as Drift 

Current. 

Diffusion Current: 
 

 Consider a piece of semiconductor which is non uniformly doped. Due to such doping, one 

type of charge carriers occurs at one end of a semiconductor.

 The charge carriers are either electrons or holes.They have the same polarity or hence 

experience a force of repulsion between them.

 As a result the charge carriers move gradually from region of high carrier density to low 

carrier density. This process is called diffusion. The movement of charge carriers under the 

process of diffusion constitutes a current called diffusion current.

Without electric field non – uniform concentration of change 

Jp = - q Dp dp/dx 

Jn = q Dn dn/dx 

Derive the current Equation of a Diode 

pn(x) = Pno + Pn(o) e  -
x/LP

 

pn(x) = Concentration of holes at distance n 

pno = Thermal Equilibrium value 
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Lp = Diffusion length for holes in the a – material 

pp = pn e Vj/VT 

Law of function Derivation 

ppo = pno.e V0/VT 

pno = pn(0) e-
V/VT

 

pn(o)  = pno. e
V/VT

 

Ipn (0)  =qA Dp. pno /Lp[e 
V/VT

-1] 

Inp (0)    =qA Dp. npo/Ln [e 
V/VT

-1] 

I =Inp (0) + Inp (0) 

I = I0 [e V/VT-1] 

I0 = qA Dp. pno /Lp + qA Dp. npo/Ln 

11. Discuss the application of diode. [Nov/Dec 2014] 

 
Signal rectifier 

 If the input is not a sine wave, we usually do not think of it as a rectification in the sense as it 

was for power supply.

 For instance, we might want to have a series of pulses corresponding to the rising edge of a 

square wave (see Fig. 10, left hand side and right hand side of the capacitor C).

 While both, the rising and the falling, pulses are in the output after differentiation performed 

by CR circuit. The simplest way is to rectify the differentiated wave.

 

Fig.10. A series of pulses' rectifier. 

 
 

We should remember about forward drop voltage of the diode: This circuit gives no output for signal 

for input smaller then, forward drop voltage, let us say 0.5 V pp (peak to peak). If this is a problem, 

there are various tricks that help to combat this limitation. For instance: 

1. use Schottky diodes with smaller forward drop voltage (approximately 0.2V), 

2. use so called circuit solution, which means modifying the circuit structure and compensating the 

drop, 

3. Use matched-pair compensation, use transistors, FETs. 



 

23 
UNIT 1: SEMICONDUCTOR THEORY AND PN DIODES 

 

 

Diode gates 

 Another application of diode is to pass the higher of two voltages without affecting the lower. 

 A good example is battery backup, a method of keeping s device running (for instance a 

precision electronic clock) in case of power failure. Figure 11 shows a circuit that does the 

job. 

Fig.11. Diode OR gate, battery backup. 

[OR gate: The output of OR gate is HIGH if either input (or both) is HIGH. In general, gates can 

have any number of inputs. The output is LOW only if all inputs are LOW]. 

 
1. The battery does nothing until the power fails. 

2. Then the battery takes over the control, without interruption. 

 
 

Diode clamps 

Sometimes it is necessary to limit the range of signal (for instance not to exceed certain voltage limit 

and not to destroy a device). The circuit in Fig. 12 will accomplish this. 

 

Fig.12. Diode voltage clamp. 

 
 

 The diode prevents the output from exceeding  5.6V, with no effect on voltages smaller than 

this, including negative voltages. 

 The only limitation is that the input must not be so negative that the reverse breakdown 

voltage is exceeded. Diode clamps are the standard equipment on all inputs in the CMOS 

family of digital logic (Complementary Metal Oxide Semiconductor). 

 Without them, the delicate input circuits are easily destroyed by static electricity. 

12. Describe diode switching with timing diagram. [Nov/Dec 2015] 

 
 Diodes are often used in a switching mode.
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 When the diode is switched from F.B to R.B, it takes a finite time to attain a steady state.The 

time consists of transient and interval of time before diode attains steady state.

 The behavior of diode during this time is called switching characteristics of diode.

 When the applied bias voltage to the PN diode is suddenly reversed in the opposite direction, 

the diode response reaches a steady state after an interval of time called recovery time.

 The forward recovery time (Tfr) is defined as the time required for forward voltage or current 

to reach a value after switching diode from its reverse to forward biased state.

 The reverse recovery time (Trr) is defined as the time required for reverse voltage or current 

to reach a value after switching diode from its forward to reverse biased state.

 Most diodes switch very quickly into the forward biased condition; however there is a longer 

turnoff time owing to the junction diffusion in reverse biased condition.

 When the PN junction diode is forward biased, the minority electron concentration in the P 

region is approximately linear.

Event 1: 

Till t1, the forward voltage VF is applied and diode is forward biased. 

Event2: 

The applied voltage is suddenly reversed and reverse voltage –VR is applied. 

 Because of stored electronic charge, the reverse current IR is initially of the same magnitude 

as the forward current IF.

 When the pulse switches from positive to negative, the diode conducts in reverse instead of 

switching off sharply.

 The reverse current IR initially equals the forward current IF , then it gradually decreases 

towards zero.

 The high level of reverse of reverse current occurs because at the instant of reverse bias there 

are charge carriers crossing the junction depletion region, and these must be removed.

 During the interval from t1 to t2 , the injected minority carrier have remained stored & hence 

this time interval is called storage time ts

Event 3: 

 From T2 onwards the diode voltage starts to reverse and the diode current starts decreasing. 

 After the instant t = t3 the diode gradually recovers and ultimately reaches the steady state.

 The time interval between t2 & t3 when the diode has recovered nominally is called transition 

time tt.

 The total time required by the diode is the sum of storage time and transition time,to recover 

completely from change of state is called reverse recovery time. The typical values of reverse 

recovery time Trr for switching diode ranges from 4ns to 50ns.

Trr =ts+tt 

 The switching time trr limits the operating frequency of the diode.
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 To minimize the effect of reverse current the time period of operating frequency should be at 

least ten times trr

T=10trr 

fmax=1/10trr 

 

 

 

 

 

 

 

 

 

 

Figure: Switching characteristics of PN junction diode 

(2marks) 

1. Define forbidden energy gap 

The energy gap between the valence band and conduction band is defined as forbidden 

energy gap. For insulators. it is around 6ev, for semiconductors, its value is comparatively 

low. Germanium has energy gap 0.7ev and silicon has 1.1ev . For conductors, since 

conduction and valence bands are overlapping the energy gap is zero. 

2. What is doping? [Nov/Dec 2014] 

The process of adding impurity to pure semiconductor is known as doping. As a result of it 

the characteristics of semiconductor is changed and hence the conductivity increases. 

3. Define Fermi level. [Nov/Dec 2014] 

The Fermi level is defined as the maximum energy level, which is occupied by electron at 

absolute zero temperature. In P- type semiconductor the Fermi level will be above the top of 

the valence band. In N-type it lies below the bottom of the conduction band. 
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4. What are donor and acceptor impurities? 

Pentavalent impurities (Antimony, Arsenic) have five valence electrons. They can donate one 

excess electron to adjacent atoms to complete lattice structure, therefore they are called donor 

impurities. 

Trivalent impurities (Indium, Gallium) has three valence electrons. They have tendency to 

accept one electron from adjacent atoms to complete lattice structure, therefore they are 

known as acceptor impurities. 

 
5. State mass action law. 

Mass action law states that in a semiconductor the product of the number of holes and the 

number of electrons is constant and is independent of the amount of donor and acceptor 

impurity doping. 

np = ni
2
 

where n= free electron concentration 

p= hole concentration; nj = intrinsic concentration 

6. Define the term the drift current. 

If a steady electric field is applied across a semiconductor, it causes the free electrons to 

move towards the positive terminal and the holes move towards the negative terminal of the 

battery. This combined effect causes a current flow in the semiconductor. The current 

produced in this manner is known as drift current. 

Drift current density due to electrons 

Jn = q n n E 

Drift current density due to holes 

Jp = q pp E 

Jn = Drift current density due to electrons 

Jp = Drift current density due to holes 

q = Charge of the carrier 

n = Mobility of electrons 

p = Mobility of holes 

E = Applied electric field strength. 

7. What is diffusion current? (Nov 2014) 

In a semiconductor it is possible to have a non uniform distribution of carriers. A 

concentration gradient exists if the number of either holes or electrons is greater in one region 

as compared to the rest of the region. The holes and electrons then tend to move from a 

region of higher concentration to lower concentration region. 

This process is known as diffusion and the electric current produced due this process is 

known as diffusion current. 

8. What is a PN junction diode? [Nov/Dec 2015] 

A PN junction diode is a two terminal device consisting of a PN junction formed either of 

Germanium or Silicon crystal. A PN junction is formed by diffusing P type material to one 

half side and N type material to other half side. 

9. Define and explain peak inverse voltage ( PIV) (Nov 2013) 

Peak inverse voltage is the maximum reverse voltage that can be applied to the PN junction 

without damage to the junction. If the reverse voltage across the junction exceeds to its peak 

inverse voltage, the junction may be destroyed due to excessive heat. 
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10. Differentiate drift and diffusion current 
 

Drift current Diffusion current 

1. Developed due to potential gradient Developed due to concentration gradient 

2. Phenomenon found both in 

semiconductors and metals 

Only in semiconductros 

3. Jn = qn n E 

Jp = q p p E 

Jn = q Dn dn / dx 

Jp = q Dp dp / dx 

 

11. Define valence electron. 

Electrons that are in shells close to nucleus are tightly bounced to the atom and have low energy. 

Whereas electrons that are in shells farther from the nucleus have large energy and less tightly bound 

to the atom. Electrons with highest energy level exist in the outermost shell of an atom. These 

electrons determine the electrical and chemical characteristic of each particular type of atom. These 

electrons are known as valence electrons. 

12. What is meant by energy band? 

In a single isolated atom, the electron in any orbit possesses define energy. Due to an interaction 

between atoms the electrons in a particular orbit of one atom have slightly different energy levels 

from electrons in the same orbit of an adjoining atom. This is due to the fact that no two electrons see 

exactly the same pattern of surrounding charges. Since there are billions of electrons in any orbit, 

slightly different energy levels form a cluster or band known as energy band. 

13. What are conductors, Insulators and semiconductors? 

A conductor is a material, which easily allows the flow of electric current. The best conductors are 

copper, silver, gold and aluminum. 

An Insulator is a material that does not conduct electric current. In these materials valence electrons 

are tightly bound to the atoms. 

A semiconductor is a material that has an electrical conductivity that lies between conductors and 

insulators. A semiconductor in it’s pure state is neither a good conductor not a good insulator. The 

most common semiconductors are silicon, Germanium, and carbon. 

14.What are the classifications of semiconductors? 

Semiconductors are classified as intrinsic and extrinsic semiconductors. A pure semiconductor is 

called intrinsic semiconductor. A doped semiconductor is called extrinsic semiconductor. 

15.How the extrinsic semiconductors are classified? 

(a) n-type semiconductor 
(b) p-type semiconductor 

16.How an n-type semiconductor can be obtained? 

A n-type semiconductor can be obtained by adding pentavalent impurities to an intrinsic 

semiconductor. These are atoms with five valence electrons. Typical examples for pentavalent atoms 

are Arsenic.Phosphorous, Bismuth and Antimony. 

17.How a p-type semiconductor can be obtained? 

A p-type semiconductor can be obtained by adding trivalent impurities to an intrinsic semiconductor. 

These are atoms with three valence electrons. Typical examples for trivalent atoms are 

boron(B),indium(In) and gallium(Ga). 

18.What is depletion region? 

When a pn junction is formed free electrons from the n-side diffuse across the junction, and fill the 

holes on the p-side and create positive ions. Similarly the holes from p-side diffuse across the 

junction and recombine with electrons in n-side and create negative ions. Since negative ions are 

created on p-side of the junction, the region close to the junction acquires a negative charge. 

Similarly the positive ions created on the n-side gives a positive charge near the junction. As these 
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IF 

VBR 

0.7V 
Cut in voltage 

IR 

charges build up a point is reached where the total negative charge in p-region repels any further 

diffusion of electrons (negatively charged particals) into the p-region (like charges repels) and the 

diffusion stops. At this point the positive ions on n-side and negative ions on p-side are immobile 

(fixed).They cannot serve as current carriers. That is the region is almost completely depleted of 

carriers. This region near the junction is called the depletion region. The width of the depletion 

region is about 1μm(10
-6

m). 

19. What is barrier potential? 

The intimate contact between p and n materials from a depletion layer near the junction.Since the 

depletion layer contains positive charges on the right side of the pn junction and negative ions on the 

left side of the pn-junction an electric field is formed. The electric field producers a barrier to the free 

flow of electrons in the n-region, and energy must be spent to move an electron through the electric 

field. That is an external energy must be applied to move an electro through the electric field. The 

external energy depends on the potential difference of the electric field across the depletion region. 

This potential difference which is required to move electrons through the electric field is known as 

barrier potential (V°) and it is expressed in volts. 

20. What is the barrier potential for Ge and Si? 

The barrier potential for GE is 0.3V and for Si 0.7V. 

21.What is meant by forward bias? 

When the positive terminal of a battery is connected to p- side of the device and the negative 

terminal is connected to n-side of the device then the device is said to be forward biased. At forward 

bias, large current will flow in the range of milli amperes (10
-3

A). Forward bias is equivalent to 

short circuit 

22. What is meant by reverse bias? 

When the negative terminal of a battery is connected to p-side device and positive terminal is 

connected to n-side then the device is said to be reverse biased. At reverse bias, small current will 

flow in the range of micro amperes (10
-6

). Reverse bias is equivalent to open circuit. 

23. What is meant by break down voltage? 

If the reverse biased voltage is increased, the velocity of minority charge carriers crossing the 

junction increases. These carriers acquire high kinetic energy and collide with the atom. As a result 

the valence electron in the atom observes sufficient energy and leave the parent atom. These 

additional carriers also get sufficient energy from the applied reverse biased and collide with other 

atom and generate some more carriers. This collision and generation of carriers is a cumulative 

effect, which result in large amount of reverse current. This phenomena, known as breakdown occurs 

at a particular reverse voltage for a pn junction. This known as reverse breakdown voltage. 

 

24. Draw the V-I characteristics of a diode. 
 

 

 

 

 

 

 

 

VR VF 
 

 

 

 

 

 

 

 

25. Define static and dynamic resistance of a diode. 
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I 

The static resistance RF of a diode is defined as the ratio V/I of the voltage to the current that can be 

obtained by finding the reciprocal of the slope of a line joining the operating point to the orgin. But it 

is not a useful parameter as the resistance varies widely with V and I. The dyanamic resistance is 

defined as the reciprocal of the slope of volt-ampere characteristics. 

 
R

F =  
VD 

D 

 

26. What are the applications of a diode. 

In rectification, clampers, clippers, switching circuits, comparators, voltage doublers and diode gates. 

 

27. Explain how a reverse biased pn junction exhibits a capacitor? 

The width of the depletion layer can be controlled using reverse biased voltage. Since the depletion 

layer is an insulator, the pn junction can be thought of as a parallel plate capacitor and p and n 

regions act like plates of a capacitor (p-region positive plate, n-region negative plate). 

 

28. Discuss how capacitance varies with reverse biased voltage. 

The depletion region increases as reverse voltage applied to diode increases. Since capacitance varies 

inversely with dielectric thickness(CT= 
EA 

;as w increases c decreases), the junction capacitance will 
w 

decrease as the voltage across pn junction increases. 

 

29. Define knee voltage. 

It is the forward voltage of a PN diode at which the current thorough the junction starts 

increasing rapidly. 

 

30. Define breakdown voltage. 

It is the reverse voltage of a PN junction diode at which the junction breaks down with sudden 

rise in the reverse current 

31. Define transition capacitance of a diode. 

Transition Capacitance (CT) or Space-charge Capacitance: When a PN- junction is reverse-biased, 

the depletion region acts like an insulator or as a dielectric. 

The P- and N-regions on either side have low resistance and act as the plates. Hence it is similar 

to a parallel-plate capacitor. This junction capacitance is called transition or space-charge 

capacitance (CT). 

It is given by CT = ε A/D 

Where, A = Cross-sectional area of depletion region. 

D = Width (or) thickness of depletion region. 

Its typical value is 40 pF. 
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UNIT – II BIPOLARJUNCTION TRANSISTORS 

 
Construction and operation– NPN and PNP transistors– CB, CE and CC configurations– transistor 

characteristics and regions of operation–Specification sheet–Biasing of BJTs– operating point– 

stabilization of operating point–different biasing circuits and DC load line characteristics –Bias 

compensation techniques–thermal stability and thermal runaway. 

 
 

(2 marks) 

 
1. Why base is made thin in BJT? [Nov/Dec 2014] 

 
Transistor consists of three portions namely emitter, base and collector. Among them base 

forms the middle part. It is very thin and lightly doped because it allows most of the emitter current 

carriers towards the collector. Since base is acting as an interface it doesn't need more area. 

2. What is meant by biasing a transistor? Why is it necessary?[Nov/Dec 2015] 

 
For normal operation base emitter junction should be forward biased and collector base 

junction should be reverse biased .The proper flow of zero signal collector current and the 

maintenance of collector-emitter voltage during the passage of signal is called the transistor biasing. 

The amount of biasing required is significant for the establishment of the operating or Q-point which 

decides the mode of operation. 

3. Define the different operating regions of transistor. . [Nov/Dec 2014] 
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Active region: It is defined in which transistor collector junction is biased in reverse direction and 

emitter junction in forward direction. 

Cutoff region: The region in which the collector and emitter junctions are both reverse-biased 

Saturation region : The region in which both the collector and emitter junctions are forward biased. 

4. Define Base width modulation (Early effect) . [Nov 2013] 

 
In a CB configuration, an increase in collector voltage increases the width of the depletion 

region at the output junction diode. This will decrease the effective width of the base. This is known 

as early effect. Due to this effect recombination rate reduces at the base region and charge gradient is 

increased within the base. 

5. Explain the significance of Base width modulation (Early effect) . [Nov 2013] 

 
a) It reduces the charges recombination of electrons with holes in the base region, hence the current 

gain increases with the increase in collector -base voltage 

b) The charge gradient is increased within base; hence the current due to minority carriers injected 

across emitter junction increases. 

6. What are the three types of configurations? [Nov/Dec 2015] 

 
Common base configuration, Common emitter configuration Common collector configuration 

 
7. Among CB, CE, CC which is most important? 

 
The CE configuration is important. The reasons 

 
i) High current gain 

ii) Output to input impedance ratio is moderate therefore easy coupling is possible 

between various transistor stages 

iii) It finds excellent usage in audio frequency applications hence used in receivers and 

transmitters 

8. Give the advantages of CE configuration. . [Nov 2013] 

 
i. High output impedance 

 
ii. High current gain 

 
iii. High power gain 

 
9. What is thermal runaway? [Nov 2013] 
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The reverse saturation current in a semiconductor doubles for every 100 C rise in temperature 

I as temperature increases the leakage current increases I and the collector current also increases. The 

increase in collector produces an increase in power dissipation at the collector - base junction. This I 

in turn further increases the temperature of the collector-base junction causing the collector current to 

further increase. This process may become cumulative and it is possible for the transistor to burn out. 

This process is known as Thermal runaway. 

10. How thermal runaway can be avoided? 

 
Thermal runaway can be avoided using a stabilization or heat sink with the transistor. 

 
11. How a transistor is used as a switch? 

 
A transistor should be operated in saturation and cutoff regions to use it as a switch .While 

operating in saturation region transistor carry heavy current hence considered as ON state. In cutoff it 

doesn't carry current and it is equivalent to open switch. 

13. Which configuration is known as emitter follower and why it is named so? 

 
CC configuration is known as emitter follower, whatever may be the signal applied at the 

input, may produce same signal at the output. In other words, the gain of the circuit is unity. So that 

the common collector circuit - the so called emitter follower is named as emitter follower. (Output 

follows the input) 

14. Why do the output characteristics of CB transistor have a slight upward slope? 

 
The emitter and collector are forward biased under the saturation region. Hence a small 

change in collector voltage causes a significant change in collector current .Therefore a slight upward 

slope is found in the output characteristics. 

15. Compare the performance of CE, CB, CC 

 
Parameters CB CE CC 

Current gain (Ai) Low High High 

Voltage gain (Vi) High High Low 

Input resistance (Ri) Low Medium High 

Output resistance (Ro) High Medium Low 

16. Compare BJT and JFET (May 2010) 

 
BJT JFET 

Low input impedance High input impedance 

High Output impedance Low output impedance 
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Bipolar device Unipolar device 

Noise is more Less noise 

Cheaper Costlier 

Gain is more Gain is less 

Current controlled device Voltage controlled device 

17. Mention the advantages of FET over BJT? (Nov 2013) 

 
i) The noise level is very low in FET since there are no junctions. 

 
ii) FET has very high power gain iii) Offers perfect isolation between input and output since it has 

very high input impedance. 

iv) FET is a negative temperature coefficient device hence avoids thermal runaway. 

 
18. Explain why an ordinary transistor is called bipolar? 

 
Because the transistor operation is carried out by two types of charge carriers(majority and minority 

carriers),an ordinary transistor is called bipolar. 

19. Why transistor is called current controlled device? 

 
The output voltage, current and power is controlled by the input current in a transistor so it is called 

the current controlled device. 

20. Why silicon type transistors are more used than germanium type? 

 
Because silicon transistor has smaller cutoff current ICBO, small variations in ICBO due to 

variations in temperature and high operating temperature as compared to those in case of germanium 

type. 

21. Why CC configuration is called a voltage buffer? 

 
Because of its high input impedance and low output impedance, the common collector finds 

wide application as a buffer amplifier between a high impedance source and low impedance load. Its 

other name is emitter follower. 

22. What do you mean by operating point? 

 
Quiescent point is a point on the dc load line which represents VCE and IC in the absence of ac signal 

and variations in VCE and IC take place around this point where ac signal is applied. 

23. Why heat sinks are used in power amplifiers? Heat sink is a specially designed metal sheet 

over which the power transistor is mounted so that it dissipates heat more effectively and protects the 

power transistor from overheating. It increases the area of contact with the atmosphere. 
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Fig 2.1 Schematic symbols for transistor 

(11 MARKS) 

 
1. With diagram explain construction and operation of NPN transistor. [Nov/Dec 2015] 

 A bipolar (junction) transistor (BJT) is a three-terminal electronic device constructed of 

doped semiconductor material and may be used in amplifying or switching applications. 

 Bipolar transistors are so named because their operation involves both electrons and holes. 

 Charge flow in a BJT is due to bidirectional diffusion of charge carriers across a junction 

between two regions of different charge concentrations. 

 By design, most of the BJT collector current is due to the flow of charges injected from a 

high-concentration emitter into the base where there are minority carriers that diffuse towards 

the collector and so BJTs are classified as minority-carrier devices. 

Construction: 

 The BJT consists of silicon (or germanium) crystal in which a thin layer of N type silicon is 

sandwiched between two layers of P type silicon. This transistor is referred to as PNP. 

 Alternatively in a NPN transistor, a layer of P type material is sandwiched between two 

layers of N type material. 

 The three terminals of the transistor are as follows: 

Emitter-Heavily doped so that it can inject large charge carriers to the base. 

Base-It is lightly doped and very thin and it passes most of the injected charge carriers from 

the emitter into the collector. 

Collector-It is moderately doped 
 

Operation: 

Applying external voltage to a transistor is called biasing. In order to operate transistor properly 

as an amplifier, it is necessary to correctly bias the two PN junctions with external voltages. 

Depending upon external bias voltage polarities used, the transistor works in one of the three 

regions. 

 

S.NO REGION EMITTER BASE COLLECTOR BASE 
OPERATION OF 

TRANSISTOR 

1. Active region Forward biased Reverse biased 
Acts as an 
amplifier 

2. Cut-off region Reverse biased Reverse biased 
Acts as an open 

switch 
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Fig 2.2 Transistor biasing a)PNP b)NPN 

 

3. 
Saturation 

region 
Forward biased Forward biased 

Acts as a closed 
switch 

 

 

To bias the transistor in its active region the emitter base junction is forward biased, while the 

collector-base junction in reverse-biased as shown in Fig 2.2.Fig 2.2.shows the circuit 

connections for active region for both NPN and PNP transistors. 
 

 

Operation of NPN transistor: 

 As shown in fig 2.3 the NPN transistor is biased in the forward active mode. The emitter – 

base junction is forward biased only if VEB is greater than barrier potential which is 0.7V for 

Si and 0.3 V for germanium. 

  Forward bias applied to the emitter base junction of an NPN transistor causes a lot of 

electrons from the emitter region to cross over to the base region. 

 This constitutes the emitter current IE 

 As the base is lightly doped with P-type impurity, the number of holes in the base region is 

very small and hence the number of electrons that combine with holes in the P – type base 

region is also very small. 

 Hence a few electrons combine with holes to constitute a base current IB. 

 The remaining electrons (more than 95%) crossover into the collector region to constitute a 

collector current IC. 

 Thus the base and collector current summed up give the emitter current i.e. IE= (IC+IB). 

 This collector current is also called as injected current because this current is produced due to 

electrons injected from the emitter region. 

 There is also another component of collector current due to thermally generated carriers. This 

is called reverse saturation current and is quite small. 

 The equation gives the fundamental relationship between the currents in a bipolar transistor 

circuit. 

 Also, this fundamental equation shows that there are current amplification factors  and  in 

common base transistor configuration and common emitter transistor configuration 

respectively for the static (d.c) currents, and for small changes in the currents. 
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Large – signal current gain (): 

The large signal current gain of a common base transistor is defined as the ratio of the 

negative of the collector – current increment to the emitter – current change from cut off (IE=0) 

to IE,i.e. 

   
Ic ICBO 

IE  0 

where ,ICBO (or ICO) is the reverse saturation current flowing through the reverse biased collector 

– base junction. i.e. the collector to base leakage current with emitter open. 

As the magnitude of ICBO is negligible when compared to IE, the above expression can be 

written as 

  
IC

 

IE 

 Since IC and IE are flowing in opposite directions,  is always positive. 

 Typical value of  ranges from 0.90 to 0.995. 

  Also,  is not a constant but varies with emitter current IE, collector voltage VCB and the 

temperature. 

 
Operation of PNP transistor: 

 As shown in fig.2.4 the forward bias applied to the emitter- base junction of a PNP transistor 

causes a lot of hoses from the emitter regions to cross over to the base region as the base is 

lightly doped with N-type impurity. 

 The number of electrons in the base regions is very small and hence the number of holes 

combined with electrons in the N – type base region is also very small. Hence a few holes 

combined with electrons to constitute a base current IB. 

 The remaining holes (more than 95%) cross over in to the collector region to constitute a 

collector current IC. Thus the collector and base current when summed up gives the emitter 

current. I.e. IE= (IC+IB). 

 In the external circuit of the PNP bipolar junction transistor, the magnitudes of the emitter 

current IE, the base current IB and the collector current IC are related by 

IE=IC+IB 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 2.3 Current in NPN transistor 



 

8 

 

 

 

 
 

 

 

2.  Explain the input and output of a transistor in CE configuration. Discuss the parameters 

and various regions involved in it.[Nov/Dec 2014] 

 

 

 
 

The input is applied between base and emitter, and output is taken from collector and emitter. Here 

the emitter of transistor is common to both input and output circuits and hence the name common 

emitter configuration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 2.4 Current in PNP transistor 
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Input Characteristic: 

 

 
 The curve between input current IB and input voltage VBE at constant collector emitter voltage 

VCE. 

 After the cut in voltage the base current increases rapidly with small increase in base emitter 

voltage. It means the dynamic input resistance is small in CE configuration. 

 It is the ratio of change in emitter to base voltage (∆VBE) to the corresponding change in 

emitter current (∆IB) for a constant collector to base voltage (VCE). 

 R =
 ∆𝑉𝐵𝐸 

at constant V 
i 

∆𝐼𝐵 
CE 

 For a fixed value of VBE , base current decreases as VCE is increased. A larger value of VCE 

results in large reverse bias at collector base p-n junction. 

 This reduces the depletion region and reduces the effective width of the base. Hence there are 

fewer recombination in the base region reducing the base current. 

Output characteristics: 
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(1) Active Region: 
 

 
 If αdc is truly constant then IC would be independent of VCE. 
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 But because of early effect, αdc increases by 0.1% (0.001) e.g. from 0.995 to 0.996 as 

VCE increases from a few volts to 10V. Then βdc increases from 0.995 / (1-0.995) = 200 to 

0.996 / (1-0.996) = 250 or about 25%. 

 This shows that small change in a reflects large change in b. Therefore the curves are 

subjected to large variations for the same type of transistors. 

(2) Cut Off: 

 Cut off in a transistor is given by IB = 0, IC= ICO. A transistor is not at cut off if the base 

current is simply reduced to zero (open circuited) under this condition, 

IC = IE= ICO / ( 1-αdc) = ICEO 

 The actual collector current with base open is designated as ICEO. Since even in the 

neighborhood of cut off, a dc may be as large as 0.9 for Ge, then IC=10 ICO(approximately), at 

zero base current. 

  Accordingly in order to cut off transistor it is not enough to reduce IB to zero, but it is 

necessary to reverse bias the emitter junction slightly. It is found that reverse voltage of 0.1 V 

is sufficient for cut off a transistor. In Si, the α dc is very nearly equal to zero, therefore, IC = 

ICO. 

  Hence even with IB= 0, IC= IE= ICO so that transistor is very close to cut off. In summary, cut 

off means IE = 0, IC = ICO, IB = -IC = -ICO , and VBE is a reverse voltage whose magnitude is of 

the order of 0.1 V for Ge and 0 V for Si. 

 In this region both the junctions of the transistor are reverse biased. 

(3) Saturation Region: 

 If VCE is reduced to a small value such as 0.2V,then collector base junction becomes forward 

biased ,since the emitter base junction is already F.B by 0.7V.When both the junctions are 

forward biased the transistor operates in this region and the value ranges between 0.1 V to 03 

V. 

3. Explain the input and output of a transistor in CB configuration. Discuss the parameters 

and various regions involved in it. 

 This configuration is also called as grounded base configuration. 

 In this case the input is connected between the emitter and base while the output is taken 

across the collector and base. 

 Thus the base of the transistor is common to both input and output circuits and hence the 

name, common base configuration. The common base circuit arrangement for NPN 

transistors is shown in Fig.2.5 
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Fig 2.5 Circuit to determine CB characteristics 

 

 

Current Amplification Factor (α): 

 
The current amplification factor is defined as the ratio of changes in Collector current (∆IC) to the 

change in emitter current (∆IE) when the collector to base voltage (VCB) is maintained at a constant 

value. 

α=(∆IC)/ (∆IE) (at constant VCB) 

 
The value of α is always less than unity. The practical value of transistors lies between 0.95 and 0.99. 

 
The circuit arrangement for determining the characteristics of a common base NPN transistors is 

shown in Fig 2.5.In this circuit, the collector to base voltage (VCB) can be varied by adjusting the 

potentiometer R2. The emitter to base voltage (VEB) can be varied by adjusting the potentiometer Rl. 

The DC voltmeters and DC milliammeters are connected in the emitter and collector circuits to 

measure the voltages and currents 

1. Input Characteristics: 

 
The curves plotted between the emitter current (IE) and the emitter to base voltage (VEB) at constant 

collector to base voltage (VCB) are known as input characteristics of a transistor in common base 

configuration. 

 The collector base voltage (VCB) is kept constant at zero volt and emitter current is increased 

from zero in suitable steps by increasing emitter to base voltage (VEB). 
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 When VCB is equal to zero and emitter-base junction is forward biased, the junction behaves 

as a forward biased diode so that the emitter current increases rapidly with small increase in 

emitter-base (VEB).It means the input resistance is very small. 

 Input Resistance (Ri):It is the ratio of change in emitter to base voltage (∆VEB) to the 

corresponding change in emitter current (∆IE) for a constant collector to base voltage (VCB). 

 R =
 ∆𝑉𝐸𝐵 

at constant V 
i 

∆𝐼𝐸 
CB 

 When VCB is increased keeping VEB constant, the width of the base region will decrease. This 

effect results in increase of IE .Thus the curves shift towards the left as VCB is increased. 

 The width of the base region occupied by charge particles is known as electrical width of the 

base region. When VCB increases the width of the depletion region in base region also 

increases which reduces the electrical base width. This is called early effect or base width 

modulation. 

2. Output Characteristics: 

 
 The curve plotted between the collector current (IC) and the collector to base voltage (VCB) at 

constant emitter current (IE) are known as output characteristics of a transistor is common base 

configuration. The curves are known as the output or collector or static characteristics. 
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The output characteristics are as shown in Fig. and it can be divided into three important regions 

namely (i) Saturation region (ii) Active region (iii) Cut-off region. 

(1). Active region: 

 In this region the collector base junction is reverse biased and the emitter base junction is 

forward biased. 

 In this region collector current is approximately equal to emitter current and transistor works as 

an amplifier. 

 Consider first that the emitter current is zero. Then the collector current is small and equals the 

reverse saturation current ICO of the collector junction considered as a diode. 

 If the forward current IB is increased, then a fraction of IE ie. αdcIE will reach the collector. 

 In the active region, the collector current is essentially independent of collector voltage and 

depends only upon the emitter current. 

 This provides very high dynamic output resistance which is the ratio of change in collector base 

voltage to the resulting change in collector current at constant emitter current. 

 V =
 ∆𝑉𝐶𝐵  

at constant I
O 

∆𝐼𝐶 
E 

 

 Because adc is, less than one but almost equal to unity, the magnitude of the collector current is 

slightly less that of emitter current. 

 The collector current slightly increases with voltage. This is due to early effect. 

 At higher voltage collector gathers in a few more electrons. 
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  This reduces the base current. The difference is so small, that it is usually neglected. If the 

collector voltage is increased, then space charge width increases; this decreased the effective 

base width. 

 Then there is less chance for recombination within the base region. 

 It means that the circuit has very high output resistance about 500 K Ω. 

(2). Saturation region: 

 The region to the left of the ordinate VCB = 0, and above the IE = 0, characteristic in which both 

emitter and collector junction are forward biased, is called saturation region. 

 When collector diode is forward biased, there is large change in collector current with small 

changes in collector voltage. 

  A forward bias means, that p is made positive with respect to n, there is a flow of holes from p 

to n. This changes the collector current direction. 

 If diode is sufficiently forward biased the current changes rapidly. It does not depend upon 

emitter current. 

(3). Cut off region: 

 The region below IE = 0 and to the right of VCB for which emitter and collector junctions are 

both reversed biased is referred to cutoff region. 

 The characteristics IE = 0, is similar to other characteristics but not coincident with horizontal 

axis. 

 The collector current is same as ICO. ICBO is frequently used for ICO. It means collector to base 

current with emitter open. This is also temperature dependent. 

 
4. Explain the input and output of a transistor in CC configuration. Discuss the parameters 

and various regions involved in it. 

 
 The input is applied between base and collector, and output is taken from emitter and collector. 

Here the collector of transistor is common to both input and output circuits and hence the name 

common collector configuration 
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 The common emitter configuration has a current gain approximately equal to the β value of 

the transistor itself. In the common collector configuration the load resistance is situated in 

series with the emitter so its current is equal to that of the emitter current.

 

Input characteristics: 

 

 
i. The input current IB is plotted on the Y axis and the input voltage VCB is plotted on the X axis for a 

constant output voltage VCE. 

ii. The base emitter junction is not forward biased upto VCB =1.5volt. Therefore the base current is 

zero upto VCB =1.5 volt at constant VCE of 1volt. 

iii. Then it increases rapidly as VCB is inceased beyond 1.5volt. This is because junction VCB is more 

and more forward biased. 

iv. The input voltage VCB is largely determined by the level of collector to emitter voltage VCE 

 
Output Characteristics: 
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i. It is a graph of output current IE vs output voltage VEC at constant value of input current IB. 

 
ii. Biasing of the 2 junctions of a transistor is done as follows. 

 
Sl. 

No. 
Region of operation Base emitter junction Collector base junction 

1. Cutoff region Reverse biased Reverse biased 

2. Active region Forward biased Reverse biased 

3. Saturation region Forward biased Forward biased 

 

 
iii. The region below the curve for IB = 0 is called cutoff region. In the active region, at a fixed value 

of VEC if IB is increased, it will cause IE to increase substantially. In the saturation region, emitter 

current increases rapidly with increase in VEC. 

The Common Collector Current Gain 

 

 

 
5. Explain about different Biasing compensation techniques. 
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3) Diode bias compensation 
 

IR = ID + IB (ID is reverse saturation Current increases with temp.) 

When temperature increases, IC increases at the time, ID also increases, making IB to Reduce and 

controlling IC. 

6. Explain thermal runaway 
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UNIT-III: FIELD EFFECT TRANSISTOR 

 
Construction–drain and transfer characteristics–Shockley’s equation–comparison between 

JFET and BJT–MOSFET–depletion type and enhancement types–Biasing of FETs–biasing 

circuits. 
 

(2 marks) 

1. Compare BJT and JFET (May 2014) 

 BJT JFET  

Low input impedance High input impedance 

High Output impedance Low output impedance 

Bipolar device Unipolar device 

Noise is more Less noise 

Cheaper Costlier 

Gain is more Gain is less 

 

 



Current controlled device Voltage controlled device 

 

 

2. Mention the advantages of FET over BJT? (Nov 2013) 

 
i) The noise level is very low in FET since there are no junctions. 

 
ii) FET has very high power gain 

 
iii) Offers perfect isolation between input and output since it has very high input impedence. 

 
iv) FET is a negative temperature coefficient device hence avoids thermal runaway. 

 
3. What is FET? 

 
A field effect device in which (FET) is a three terminal semiconductor device in which 

current conduction is by one type of carriers ( either holes or electrons) and is controlled by an 

electric field. 

4. Define drain resistance of JFET? 

 
Drain resistance (rd) is defined as the ratio of small change in drain to source voltage 

(Vds) to the corresponding change in drain current (~Id) at constant gate to source voltage (Vgs) 

.r d = (Vds) / (Id) at constant Vgs 

 
5. Define transconductance of JFET. 

 
Transconductance (Gm) is defined as the ratio of small change in drain 

current (Id) to the corresponding change to gate source (Vgs) at constant drain to source 

voltage (Vds)' 

Gm = (Id) / (Vgs) at constant Vds 

 
6. Define amplification factor of JFET? (May 2014) 

 
Amplification factor () is defined as the ratio of small change in drain to source voltage 

(Vds) to the corresponding change in gate to source voltage (Vgs) at a constant drain current Id 

 = (Vds) / (Vgs) at constant Id 



7. Write down the relationship between various FET parameters. 

 
Amplification factor ()= Transconductance (gm) x Drain resistance (rd) 

 
8. What are the applications of FET? 

FET used as a low noise amplifier, as a buffer amplifier; in phase shift oscillator 

9. Give the Shockley's equation for FET. 

 
The Shockley's equation gives the relation between drain current (ld) in the pinch of 

region and the gate to source voltage Vgs 

Id = Idss [ 1 - Vgs / Vp ] 

 
Where Idss = maximum value of drain current when Vgs = 0 

Vp = Pinch off voltage. 

9. What is meant by Gate -Source threshold voltage and pinch off voltage of a JFET? 

 
The voltage at which the channel is completely cut-off and the drain current becomes 

zero is called as Gate -Source threshold voltage. 

In the output characteristics of FET, the drain current rises rapidly with drain source 

voltage. After reaching some value, it becomes constant. The drain source voltage above which 

drain current becomes constant is known as pinch off voltage. The corresponding Vgs is called 

Gate -Source threshold voltage. 

10. Why the input impedance in FET is very high in comparison with BJT? 

 
The input impedance of FET is extremely high because reverse bias is applied at input 

whereas in BJT , the output impedance is low due to applied forward bias. 

11. How is FET used as VVR? 

 
At low voltages, the depletion regions are thin and the drain current increases with 

voltages. So in the region where voltage is less then pinch off voltage (Vp) , FET is behaving as a 

voltage variable resistor (VVR). That is the drain to source resistance is controlled by Vgs 



12. What is MOSFET? (May 2013) 

 
The MOSFET is an abbreviation of Metal Oxide Semiconductor Field Effect Transistor. 

It is a three terminal semiconductor device similar to a FET with gate insulated from the channel. 

Therefore it is a also known as insulated Gate (IGFET) 

13. Why is the input impedance of a MOSFET higher than that of FET? 

 
The input impedance of a MOSFET is higher than that of FET since the gate is insulated 

from the channel by a thin layer of silicon di oxide 

14. Depletion MOSFET is commonly known as Normally – ON = MOSFET ? 

 
The depletion MOSFET can conduct even if the gate to source voltage (Vgs) is zero. 

Due to this reason depletion MOSFET is commonly known as Normally –ON MOSFET. 

 
15. What is meant by inversion layer in E - MOSFET? 

 
In the construction of E- MOSFET, there are two layers of conductor which sandwiched 

by Sio2 layer this can act as capacitor. When the gate is positive, it induces negative charges in 

the substrate which will form a part of drain current. This is called inversion layer. 

16. Application of MOSFET? 

 
i) It can be used as input amplifiers in oscilloscope, electronic voltmeters. 

ii) It is used in computer memories in logic circuits 

iii) It is used in phase shift oscillators. 

iv) It is used in FM and TV receivers 

17. Why E-MOSFET is normally called as OFF – MOSFET 

 
When Vgs = 0, the biasing supply VDD this to force the force the free electron to move 

source to drain. But the P substrate has only few generated conduction band electrons. Aside 

from this minority carriers some surface leakage, the current between source and drain is zero 

hence E- MOSFET  is called as OFF MOSFET. 

18. Differentiate JFET and MOSFET? 

 
JFET MOSFET 



Reverse bias for gate Positive or negative gate voltage 

Gate is formed as a diode Gate is made as a capacitor 

Operated only in depletion mode Can be operated either in depletion mode or 

in enhancement mode 

High input impedance Very high input impedance due to capacitive 

effect 

19. Differentiate Enhancement MOSFET and Depletion MOSFET 

 
Enhancement MOSFET Depletion MOSFET 

Positive voltage at the gate Negative voltage at the gate 

Inversion layer is made Depletion of majority carries happens 

Negative charges are formed Positive charges are formed 

(11 MARKS) 

 



 
 

 

1. Explain the construction of N channel JFET .Also explain the drain and transfer 

characteristics of N-channel JFET. [Nov/Dec 2014] .[April/May 2014] 



 
 

 
UNBIASED JFET 



 
 



 



 

 



2. Explain the Transfer Characteristics of N channel JFET. [Nov/Dec 2014] [April/May 

2014] 

 

 

 

 



 

3. Explain about the P channel JFET in detail with its characteristics 
 

 

 

 

4. Explain about JFET parameters. 



 
 



 
 
 

 



 
 



 
 

 
 

5. Briefly explain different BIASING OF FET 
 



 
 



 

 



 
 

 



 
 



 
 

 

6. With the help of a neat diagram explain the construction, operation and characteristics of 

N channel and P channel depletion type MOSFET. [Nov/Dec 2015][April 2015] [April/May 

2014] 

 



 
 



 
 



 
 



 
 

7. With the help of a neat diagram explain the construction, operation and 

characteristics of N channel and P channel enhancement type MOSFET. 

[Nov/Dec 2015][April 2015] [April/May 2014] 
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UNIT –IV POWER DEVICES 

Introduction to power devices– SCR, SCS, GTO, Shockley diode-DIAC- TRIAC and UJT. 

RECTIFIERS AND POWER SUPPLIES: Half-wave and full-wave rectifiers–ripple reduction using 

filter circuits– Shunt and series voltage regulators– Regulated power supplies. 

  _ 

(2 marks) 

 
1. Define latching holding current in SCR. [Nov/Dec 2014] 

 Latching current is the minimum anode current required to maintain the thyristor in the on State 

immediately after a thyristor has been turned on and gate signal has been removed. 

 Holding current is the minimum anode current to maintain the thyristor in the on state. 

2. What is DIAC? [Nov/Dec 2015] 

A DIAC is a two-terminal four-layer semiconductor device (thyristor) that can conduct current in 

either direction. 
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3. Draw the VI characteristics of a SCR and mark important points.[April 2014] 

4. What are applications of UJT? [Nov 2013] 

 
1. Phase control 

2. Saw – tooth generators 

3. Non sinusoidal oscillators 

4. Triggering device for SCR and TRIAC 

5. What does UJT stand for? Justify the name UJT 

 
UJT stands for Unijunction Transistor. The UJT is a three terminal semiconductor device having two 

doped regions. It has one emitter terminal (E) and two base terminals (B1 and B2) It has only One 

junction, and the outlook of UJT resembles to a transistor and hence the name unijunction transistor. 

It is also called as double based diode. 

6. What is intrinsic standoff ratio of a UJT? (Nov 2013) 

 
The ratio of voltage between emitter and base 1 to VBB is called as intrinsic stand of ratio η = RB1 / 

(RB1+RB2). The value lies between 0.51 to 0.82 

7. What is SCR? 

 
A silicon-controlled rectifier (SCR) is a three terminal, three-junction semiconductor device that acts 

as a true electronic switch. It is a unidirectional device. It control the amount of power fed to the 

load. 

8. Draw the two transistor model of SCR 
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9. Compare the transistor and thyristors 
 
 

S.NO TRANSISTOR THYRISTOR 

1. Transistor is a three layer , two 

junction device 

Thyristor is a four layer, three junction 

device 

2. Commutation circuitry which is costly 

and bulky, is not required 

Commutation circuit is required 

3. To keep a transistor in the conducting 

state, a continuous base current is 

required. 

Thyristors require a pulse to make it 

conducting and thereafter it remain 

conducting. 

 

 
10. What is an IGBT? List its types. 

 
Insulated gate bipolar transistor (IGBT) combines the advantages of BJT and MOSFET. Therefore it 

has low switching times as well as low power losses. 

1. Punch through IGBT 2. Non punch IGBT. 

 
11. What are the advantages of IGBTs? 

 
i) They have high input gate impedance. 

ii) They have low conduction loss. 

iii) They have fast switching characteristics. 

iv)They have very high operating frequency. 

 
12. List the applications of IGBTs. 

i) They are used in low noise, high performance power supplies. 

 
ii) They are used in inverters. 

 
iii) They are used in motor speed controls. 

 
13. What is forward break over voltage? 

 

14. What is holding current? 
 



 

4 
UNIT 4: POWER DEVICES 

 

 

15. What is latching current? 
 

16. What is reverse breakdown voltage? 
 

 

 

(11 MARKS) 

 

 
1. Explain the construction and working of silicon controlled thyristor in detail 

Silicon controlled thyristor (scr): 

Construction: 
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6 
UNIT 4: POWER DEVICES 

 

 

 

 
 

2. Describe in detail about the characteristics of SCR 
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Reverse blocking mode: 
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3. Explain the two transistor analogy of an SCR  +[Nov/Dec 2014] 
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4. Explain the methods to turn ON and OFF SCR. 
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5. Explain principle of working of GTO. [Nov/Dec 2015] 

 
Construction: 
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Characteristics of GTO: 
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6. Expalin in detail about construction,working and characterisitics of SCS . 
 

 
 

 
 An SCS (silicon-controlled switch) is a four-terminal thyristor that has two gate terminals that 

are used to trigger the device ON and OFF. 

 The symbol and terminal identification for an SCS are shown in Figure. 

 A positive pulse on the cathode gate drives Q2 into conduction and thus provides a path for Q1 

base Current. 

 When Ql turns on, its collector Current provides base current for Q2 thus sustaining the ON 

state of the device. This regenerative action is the same as in the turn-on process of the SCR 

and the 4-1ayer diode. 

  The SCS can also be turned on with a negative pulse on the anode gate, as indicated in Figure 

4(b). This drives Q1 into conduction which, in turn, provides base current for Q2. Once Q2 is 

on, it provides a path for Q2, base current, thus sustaining the ON state. 

 To turn the SCS off, a positive pulse is applied to the anode gate. 

 This reverse-biases the base-emitter junction of Q1 and turns it off, because of this Q2 also turn 

off and the SCS ceases conduction, is shown in figure 4(c). 
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 The device can also be turned off with a negative pulse on the cathode gate, as indicated in 

4(c). The SCS typically has a faster turn-off time than the SCR. 

 
 

 
 

Applications 
 

The SCS and SCR are used in similar applications. The SCS has the advantage of faster turn-off with 

pulses on either gate terminal; however, it is more limited in term of maximum current and voltage 

ratings. Also, the SCS is sometimes used in digital applications such as counters, registers, and 

timing circuits. 

7. Explain the construction, working of Shockley diode in detail. 
 

 
 

The four-layer diode, also called the Shockley diode after its inventor William Shockley, is 

essentially a low-current SCR without a gate. It is classified as a diode because it has only two 

external terminals through anode and cathode. Because of its four doped regions it is often called a P- 

N-P-N diode. 

Construction: 

 The basic structure, two transistor version, equivalent transistor circuit and schematic symbol 

of a Shockley diode are shown in figure. 
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 The easiest way to understand how it operates is to visualize it to be formed of two transistors 

Q1 and Q2 placed back to back, as shown in figure.b. 

  Figure shows the diode split-up into two parts, displaced mechanically but connected 

electrically. 

 The left half is a P-N-P transistor while the right half is an N-PN- transistor. It may be seen 

that N-type base region of P-N-P transistor forms the collector of N-P-N transistor while P- 

type base of N-P-N transistor forms the collector of P-N-P transistor. 

 Thus the four-layer diode is equivalent to the latch shown in figure. 

Working: 

 Because there are no trigger inputs, the only way to switch the device on is to increase 

the anode-to-cathode voltage VAK to the forward switching voltage, and the only way to 

open it is by low current drop out. 

 With a four layer diode it is not necessary to reduce the current all the way to zero to 

open the latch. The internal transistors of the device will come out of saturation when the 

current is reduced to a low value, called the holding current. 

 The forward switching voltage Vs is equivalent of the SCR forward breakover voltage 

and the minimum current at which device will switch on is the switching current IS. 

Break over Characteristic of Shockley Diode: 
 

 
 

Voltage-current characteristic of a Shockley diode is shown in figure. The device has two operating 

states: conducting and non-conducting. 

 In non-conducting state, it operates on lower line with negligible current and a voltage less 

than switching voltage or break over voltage. 

 When the voltage tries to exceed the break over voltage, the device breaks down and 

switches along the dotted line to the conducting or on-state. 



 

16 
UNIT 4: POWER DEVICES 

 

 

 The dotted line indicates an unstable or a temporary condition. The device can have current 

and voltage values on this dotted line only briefly as it switches between the two stable 

operating states. In conducting state or in on-state, the device operates on the upper line. 

  As long as the current through the device is greater than the holding current IH, then the  

voltage across it is slightly greater than knee voltage, VK. 

  When the current falls below the level of the holding current IH, the device switches 

back along the dotted line to the non-conducting or off-state. 

 

 
Application of Shockley Diode: 

 

 One common application of the Shockley diode is as a trigger switch for an SCR. 

 When the circuit is energized, the capacitor will start getting charged and eventually, the 

voltage across the capacitor will be sufficiently high to first turn-on Shockley diode and then 

the SCR 

 Another application of this diode is as a relaxation oscillator. 

 
 

8. Explain the construction, working and characteristics of UJT in detail. 
 

 

Construction: 
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EQUIVALENT CIRCUIT OF UJT 
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PRINCIPLE OF OPERATION: 
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CHARACTERISITCS OF UJT 
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9. Explain the working of UJT as a relaxation oscillator with necessary waveform and equations. 

[Nov/Dec 2014] 

 

 

 
Operation 
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Condition to turn ON and OFF 
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10. Explain the construction and working of DIAC in detail 
 

Basic operation 
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Four transistor analogy 
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11. Explain the construction and working of DIAC in detail 
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Working of TRIAC 
 

-----  
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VI Charactersitics of TRIAC 
 

 

 

 

12. Draw the circuit diagram of half wave rectifier and full wave rectifier and explain its 

operation with necessary waveform. Also derive the expression for rectification efficiency 

and TUF. 

 
Rectifiers 
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13. With circuit explain working of different types of filter circuits. 
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14. With circuit explain working of series voltage regulator. [Nov/Dec 2015] 
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 A device which maintains the output voltage of an ordinary power supply constant 

irrespective of load variations or changes in input a.c. voltage is known as a voltage 

regulator. 

 
 The series regulator is placed in series with the load as shown in Fig. On the other hand, 

the shunt regulator is placed in parallel with the load. Each type of regulator provides an 

output voltage that remains constant even if the input voltage varies or the load current 

changes. 

 

 

 

 

 

 
 The circuit is called a series voltage regulator because the load current passes through the series 

transistor Q1 as shown in Fig. below. 

 The unregulated d.c. supply is fed to the input terminals and the regulated output is obtained 

across the load. The zener diode provides the reference voltage. 

 

 

 

Operation. 

 The base voltage of transistor Q1 is held to a relatively constant voltage across the zener 

diode. For example, if 8V zener (i.e., VZ = 8V) is used, the base voltage of Q1 will remain 

approximately 8V.

 
Referring to Fig.above, 

 
 



 

50 
UNIT 4: POWER DEVICES 

 

 

 If the output voltage decreases, the increased base-emitter voltage causes transistor Q1 to 

conduct more, thereby raising the output voltage. As a result, the output voltage is 

maintained at a constant level.

 If the output voltage increases, the decreased base-emitter voltage causes transistor Q1 to 

conduct less, thereby reducing the output voltage. Consequently, the output voltage is 

maintained at a constant level.

 

The advantage of this circuit is that the changes in zener current are reduced by a factor β. 

Therefore, the effect of zener impedance is greatly reduced and much more stabilised output is 

obtained 

 

 

Limitations 

 

 Although the changes in zener current are much reduced, yet the output is not absolutely 

constant.

 It is because both VBE and VZ decrease with the increase in room temperature. The output 

voltage cannot be changed easily as no such means is provided.

 
15. Draw the working of shunt voltage regulator and explain its working. [Nov/Dec 2014] 

 

 

 A device which maintains the output voltage of an ordinary power supply constant 

irrespective of load variations or changes in input a.c. voltage is known as a voltage 

regulator. 
 

 

 
 

 

 A shunt voltage regulator provides regulation by shunting current away from the load to 

regulate the output voltage. Fig. shows the circuit of shunt voltage regulator. 

 
 The voltage drop across series resistance depends upon the current supplied to the load 

RL. 

 

 The output voltage is equal to the sum of zener voltage (VZ) and transistor base-emitter 

voltage (VBE) 

i.e., 
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 If the load resistance decreases, the current through base of transistor decreases. 

 As a result, less collector current is shunted. 

 Therefore, the load current becomes larger, thereby maintaining the regulated voltage across 

the load. Reverse happens should the load resistance increase. 

 

 

Drawbacks: 

A shunt voltage regulator has the following drawbacks: 

(i) A large portion of the total current through RS flows through transistor rather than to the 

load. 

(ii) There is considerable power loss in RS. 

(iii) There are problems of overvoltage protection in this circuit. 

For these reasons, a series voltage regulator is preferred over the shunt voltage regulator. 

 

 

 

 

 
 

16. Draw the circuit of regulated power supply and explain its working. [Nov/Dec 2014] 
 

A d.c. power supply which maintains the output voltage constant irrespective of a.c. mains 

fluctuations or load variations is known as regulated d.c. power supply. 
 

 

 
 A regulated power supply consists of an ordinary power supply and voltage regulating device. 

Fig. above shows the block diagram of a regulated power supply. 

 The output of ordinary power supply is fed to the voltage regulator which produces the final 

output. 

 The output voltage remains constant whether the load current changes or there are fluctuations in 

the input a.c. voltage. Fig. shows the complete circuit of a regulated power supply using zener 

diode as a voltage regulating device. 

 As you can see, the regulated power supply is a combination of three circuits viz., 

i) Bridge rectifier (ii) a capacitor filter C and (iii) zener voltage regulator. 
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 The bridge rectifier converts the transformer secondary a.c. voltage (point P) into pulsating 

voltage (point Q). 

 The pulsating d.c. voltage is applied to the capacitor filter. This filter reduces the pulsations in the 

rectifier 

 
 

 Finally, the zener voltage regulator performs two functions. 

 Firstly, it reduces the variations in the filtered output voltage. 

  Secondly, it keeps the output voltage (Vout) nearly constant whether the load current 

changes or there is change in input a.c. voltage. Fig. above shows the waveforms at various 

stages of regulated power supply. 

 Note that bridge rectifier and capacitor filter constitute an ordinary power supply. 

 However, when voltage regulating device is added to this ordinary power supply, it turns into 

a regulated power supply. 

 
 

 

 

 
Need for Regulated Power Supply 

In an ordinary power supply, the voltage regulation is poor i.e. d.c. output voltage changes 

appreciably with load current. Moreover, output voltage also changes due to variations in the input 

a.c. voltage. 

This is due to the following reasons: 
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(i) In practice, there are considerable variations in a.c. line voltage caused by outside factors beyond 

our control. This changes the d.c. output voltage. Most of the electronic circuits will refuse to work 

satisfactorily on such output voltage fluctuations. This necessitates to use regulated d.c. power 

supply. 

(ii) The internal resistance of ordinary power supply is relatively large (> 30 Ω). Therefore, output 

voltage is markedly affected by the amount of load current drawn from the supply. These variations 

in d.c. voltage may cause erratic operation of electronic circuits. Therefore, regulated d.c. power 

supply is the only solution in such situations. 
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UNIT –V SPECIAL TWO-TERMINAL DEVICES 

 

Principle of operation of Schottky diode, Varactor diode, Zener diode, Tunnel diode and PIN 

Diodes. OPTO ELECTRONIC DEVICES: Principle of operation and characteristics of Photo diodes, 

Phototransistors, Photoconductive cells, LEDs and LCDs, Opto-couplers, Solar cells and thermistors. 

 

(2 MARKS) 
 

1. Give some applications of tunnel diode. [Nov/Dec 2014] 

 Oscillator circuits 

 microwave circuits 

 Resistant to nuclear radiation 

2. Why schottky diode is called hot carrier diode? [Nov/Dec 2014] 

 
 A Schottky barrier diode is also called as known as Schottky or hot carrier diode. Barrier 

stands for the potential energy barrier for electrons at the junction. When the diode is 

unbiased, electrons on the N side have low energy levels than electrons in the metal and so 

electrons cannot cross the junction barrier, called schottky barrier. 

 When the diode is forward biased, the electrons on the N side gain enough energy to cross the 

junction and enter the metal. 

 Since these electrons plunge into the metal with very large energy, they are called as hot 

carriers and diode is called hot carrier diode. 



 

2 
UNIT 4: POWER DEVICES 

 

 

3. Draw the symbol and equivalent circuit of a varactor diode. [Nov/Dec 2014] 
 

4. What are solar cells? [Nov/Dec 2014] .[April/May 2014] 

 Solar cell is a photovoltaic device that converts the light energy into electrical energy based on 

the principles of photovoltaic effect. 

 The photovoltaic effect is the photo generation of charge carriers in a light absorbing material as 

a result of absorption of light radiation. 

5. Draw the characteristics of varactor diode. [Nov/Dec 2015] 

 

6. Give the symbol and structure of schottky diode[April 2015] 
 

 
 

 

 

 

 

7. What is zener breakdown? [April 2015] 
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Zener break down takes place when both sides of the junction are very heavily doped and 

Consequently the depletion layer is thin and consequently the depletion layer is tin.When a small value 

of reverse bias voltage is applied , a very strong electric field is set up across the thin depletion layer. 

This electric field is enough to break the covalent bonds. Now extremely large number of free charge 

carriers are produced which constitute the zener current. This process is known as zener break down. 

 
8. What is an optocoupler? [April 2015] 

An optoisolator (also called optocoupler) is a device that uses light to couple a signal from its 

input (a photoemitter e.g., a LED) to its output (a photodetector e.g., a photo-diode). 

9. Mention the application of zener diode. [April 2015] 

Shunt regulators. 

10. State the working principle of photodiode. 

 Photodiode is a two terminal semiconductor PN junction device and is designed to operate in 

reverse bias. When light energy bombards a PN junction, it dislodges valence electrons. 

 The more light striking the junction, the larger the reverse current in a diode. 

 It is due to generation of more and more charge carriers with increase in level of illumination. 

11. What is dark current of a photodiode? 

The current that exists when no light is incident is called dark current. 

12. What is PIN photodiode? 

PIN photodiode consists of a P-region and N-region separated by an intrinsic region where width of 

intrinsic region is much larger than the space charge width of ordinary PN junction. 

13. What is an optocoupler? 

Optocoupler is a device that contains an infrared LED and a photodetector (such as photodiode, 

phototransistor) combined in a package. 

 

 
 

(11 MARKS) 

 
1.  Explain construction, operation, applications and varactor diode [April/may2014][Nov/Dec 

2014][Nov 2013] 

A junction diode which acts as a variable capacitor under reverse bias and whose mode of 

operation depends on capacitance of the depletion layer is known as a varactor diode. 

It is also known as varicap, voltcap or tunning diode. 

Construction 

 When a PN junction is formed, depletion layer is created in the junction area. 

 Since there are no charge carriers within the depletion zone, the zone acts as an insulator. 

 The p-type material with holes (considered positive) as majority carriers and n-type material 

with electrons (–ve charge) as majority carriers act as charged plates. 

 Thus the diode may be considered as a capacitor with n-region and p-region forming 

oppositely charged plates and with depletion zone between them acting as a dielectric. 
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 The values of capacitance of varactor diodes are in the Pico farad (10
-12

 F) range. 
 

Working: 

 For normal operation, a varactor diode is always reverse biased. 

 The capacitance of varactor diode is found as: 
 

Where CT = Total capacitance of the junction 

ε = Permittivity of the semiconductor material 

A = Cross-sectional area of the junction 

Wd = Width of the depletion layer 

 

 When reverse voltage across a varactor diode is increased, the width Wd of the depletion layer 

increases. 

 Therefore, the total junction capacitance CT of the junction decreases. 

 On the other hand, if the reverse voltage across the diode is lowered, the width Wd of the 

depletion layer decreases. 

 Consequently, the total junction capacitance CT increases. 

 Note that CT can be changed simply by changing the voltage VR. 

 For this reason, a varactor diode is sometimes called voltage-controlled capacitor. 

 In varactor diode, the capacitance parameters are controlled by the method of doping in the 

depletion layer or the size of the diode. 
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Application of Varactor Diode 

 We have discussed that we can increase or decrease the junction capacitance of varactor 

diode simply by changing the reverse bias on the diode. 

 This makes a varactor diode ideal for use in circuits that require voltage-controlled tuning. 

Fig. 7.23 shows the use of varactor diode in a tuned circuit. 

 Note that the capacitance of the varactor is in parallel with the inductor. 

 The varactor and the inductor form a parallel LC circuit. For normal operation, a varactor 

diode is always operated under reverse bias. In fact, this condition is met in the circuit shown 

in Fig. 7.23. 

 The resistance RW in the circuit is the winding resistance of the inductor. 

 This winding resistance is in series with the potentiometer R1. 

 Thus R1 and RW form a voltage divider that is used to determine the amount of reverse bias 

across the varactor diode D1 and therefore its capacitance. 

 By adjusting the setting of R1, we can vary the diode capacitance. 

 This, in turn, varies the resonant frequency of the LC circuit. The resonant frequency fr of the 

LC circuit is given by; 

fr = 1/2π LC 

 If the amount of varactor reverse bias is decreased, the value of C of the varactor increases. 

 The increase in C will cause the resonant frequency of the circuit to decrease. 

 Thus, a decrease in reverse bias causes a decrease in resonant frequency and vice-versa. 

2. With diagram and characteristics explain operation of schottky diode. [Nov/Dec 2015] 

 

 At low frequencies, ordinary diode can be easily turned off when bias changes from forward 

to reverse. 

 At higher frequencies, the diode cannot turn off fast due to effect of charge storage. 

 The charge storage problem of P-N junction can be minimize or limited in schottky diodes. 
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 A Schottky barrier diode is a metal semiconductor junction formed by bringing metal in 

contact with a moderately doped n type semiconductor material. 

 A Schottky barrier diode is also called as known as Schottky or hot carrier diode. Barrier 

stands for the potential energy barrier for electrons at the junction. 

  It is a unilateral device conducting currents in one direction (Conventional current flow from 

metal to semiconductor) and restricting in the other. 

 It is also sometimes referred to as the surface barrier diode. 

 The potential barrier is set with a contact between a metal & semiconductor. 

 The rectifying action is depends on majority carrier only. As the result there are is no excess 

minority carrier to recombination hence low level of reverse recovery time. 

 These diodes are used as rectifier at a single frequency exceeding 300 MHz to 20 GHz. 
 

 

 

 

 
Schottky diode symbol 

 
 If current flows through a diode there is a small voltage drop across the diode terminals. 

  A normal silicon diode has a voltage drop between 0.6–0.7 volts, while a Schottky diode 

voltage drop is between approximately 0.15–0.45 volts. This lower voltage drop can provide 

higher switching speed and better system efficiency. 

Construction: 

 

 
 It is a metal semiconductor junction diode without depletion layer. On one side of junction a 

metal like gold, silicon, platinum is used and other side N type doped semiconductor is used. 

 For protection purpose metal layer is surrounded by gold or silver layer. 

 The metal film forms the positive electrode and semiconductor is the cathode. 
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Working: 
 

 

 When the diode is unbiased, electrons on the N side have low energy levels than electrons in 

the metal and so electrons cannot cross the junction barrier, called schottky barrier. 

 When the diode is forward biased, the electrons on the N side gain enough energy to cross the 

junction and enter the metal. 

 Since these electrons plunge into the metal with very large energy, they are called as hot 

carriers and diode is called hot carrier diode. 

Characteristics: 

 The barrier at the junction for schottly diode is less than that of normal p-n junction diode,in 

both forward and reverse bias region. 

 The barrier potential and breakdown voltage in forward and reverse bias region are also less. 

 The barrier potential of schottky diode is 0.25 V as compared to 0.7 V for normal diode. 
 

 

Advantages: 

 

 Schottky diode turns on and off faster than ordinary P-N junction diode the basic reason 

behind this is that schottky diodes are based on majority carrier. 

 As there is no minority carrier there is no worry about depletion layer. 

 It has much less voltage overshoot. 

 
Disadvantages: 

 

 Limited high-temperature operation 

 High leakage 

 Limited breakdown voltage range for Silicon Schottky diode 
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Applications: 
 

 The Schottky diode or Schottky Barrier diode is an electronics component that is widely used 

for radio frequency, RF applications as a mixer or detector diode. 

 The diode is also used in power applications as a rectifier, again because of its low forward 

voltage drop leading to lower levels of power loss compared to ordinary PN junction diodes. 

 Solar cell applications and in voltage clamping circuits. 

3. Explain the tunneling phenomena in a tunnel diode with transfer characteristics curves and 

state the advantages. [Nov/Dec 2014] [Nov/Dec 2015] 

 A conventional diode exhibits positive resistance when it is forward biased or reverse biased. 

 The tunnel diode also known as Esaki diode is a high conductivity, heavily doped two terminal 

P-N junction. 

 A tunnel diode is a pn junction that exhibits negative resistance between two values of forward 

voltage (i.e., between peak-point voltage and valley-point voltage). 

Theory: 

 The tunnel diode is basically a pn junction with heavy doping of p-type and n-type 

semiconductor materials. 

 Tunnel diodes are usually fabricated from germanium, gallium arsenide 

 In fact, a tunnel diode is doped approximately 1000 times as heavily as a conventional diode. 

 This heavy doping result in a large number of majority carriers. 

 Because of the large number of carriers, most are not used during the initial recombination that 

produces the depletion layer. 

 As a result, the depletion layer is very narrow. 

 In comparison with conventional diode, the depletion layer of a tunnel diode is 100 times 

narrower. 

 The operation of a tunnel diode depends upon the tunneling effect and hence the name. 

 
Tunneling effect: 

 

 

 The heavy doping provides a large number of majority carriers. 

  Because of the large number of carriers, there is much drift activity in p and n sections. This 

causes many valence electrons to have their energy levels raised closer to the conduction 

region. 

 Therefore, it takes only a very small applied forward voltage to cause conduction. 

 The movement of valence electrons from the valence energy band to the conduction band with 

little or no applied forward voltage is called tunneling. 

 Valence electrons seem to tunnel through the forbidden energy band. 

 As the forward voltage is first increased, the diode current rises rapidly due to tunneling effect. 
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 Soon the tunneling effect is reduced and current flow starts to decrease as the forward voltage 

across the diode is increased. 

 The tunnel diode is said to have entered the negative resistance region. 

  As the voltage is further increased, the tunneling effect plays less and less part until a valley- 

point is reached. 

  From now onwards, the tunnel diode behaves as ordinary diode i.e., diode current increases 

with the increase in forward voltage. 

V-I Characteristic 
 

Fig. 7.18 (i) shows the V-I characteristic of a typical tunnel diode. 

 

 

(i) As the forward voltage across the tunnel diode is increased from zero, electrons from the 

nregion “tunnel” through the potential barrier to the p-region. 

As the forward voltage increases, the diode current also increases until the peak-point P is 

reached. The diode current has now reached peak current IP (= 2.2 mA) at about peak-point voltage 

VP (= 0.07 V). Until now the diode has exhibited positive resistance. 

(ii) As the voltage is increased beyond VP, the tunneling action starts decreasing and the 

diode current decreases as the forward voltage is increased until valley-point V is reached at valley- 

point voltage VV (= 0.7V). 

In the region between peak-point and valley-point (i.e., between points P and V), the diode 

exhibits negative resistance i.e., as the forward bias is increased, the current decreases. This suggests 

that tunnel diode, when operated in the negative resistance region, can be used as an oscillator or a 

switch. 

(iii) When forward bias is increased beyond valley-point voltage VV (= 0.7 V), the tunnel 

diode behaves as a normal diode. 

In other words, from point V onwards, the diode current increases with the increase in 

forward voltage i.e., the diode exhibits positive resistance once again. Fig. 7.18. (ii) shows the 

symbol of tunnel diode. 

It may be noted that a tunnel diode has a high reverse current but operation under this 

condition is not generally used. 
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Advantages: 

 Low cost 

 Low noise 

 High speed of operation 

 Low power 

Disadvantages: 

 It does not provide isolation between input and output circuits 

Applications: 

 Can be used as an amplifier, oscillator or switch 

4. Describe construction, operation, application and characteristics of zener diode. .[April/May 

2014] 

 
 A zener diode is a silicon PN junction device that is designed for operation in the breakdown 

region during reverse bias condition. 

 It is also called as voltage reference, voltage regulator or breakdown diode. 

 The breakdown voltage of a zener diode is set by carefully controlling the doping level during 

manufacture. 

Symbol 

 

 
 Two types of reverse breakdown in a zener diode are avalanche and zener. 

 The avalanche effect occurs in both rectifier and zener diodes at a sufficiently high reverse 

voltage. 

 Zener breakdown occurs in a zener diode at low reverse voltages. 

 A zener diode is heavily doped to reduce the breakdown voltage. 

 This causes a very thin depletion region. 

 As a result, an intense electric field exists within the depletion region. 

 Zener diodes with breakdown voltages of less than approximately 5 V operate predominately 

in zener breakdown. 

 Those with breakdown voltages greater than approximately 5 V operate predominately in 

avalanche breakdown. Both types, however, are called zener diodes. 

 Zeners are commercially available with breakdown voltages from less than 1 V to more than 

250 V with specified tolerances from 1% to 20%. 

 

V-I Characteristics 
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z 

 

 

 From the above figure it is seen that as the reverse voltage is increased, the reverse current 

remains negligibly small up to the „Knee‟ of the curve. 

 At this point, the effect of breakdown process begins. 

 From the bottom of the Knee, the breakdown voltage remains essentially a constant. 

 There is a minimum value of zener current called breakover current Iz which must be 

maintained in order to keep the diode in breakdown region. 

 There is a maximum value of Zener current above which the diode may be damaged 

 Zener impedance is essentially the dynamic resistance of zener diode . 

 It is defined as the reciprocal of the slope of the zener curve, 

r =
∆𝑉𝑍 

∆𝐼𝑍 

 Zener diodes with breakdown voltage near 7V have the smallest impedances. 

 
Applications 

 
 Used as voltage regulator 

 Used as fixed reference voltage in transistor biasing circuits 

 For meter protection against damage from accidental applications 

 Used as peak clippers or limiters in wave shaping circuits 

5. Explain photodiode and its characteristics. 

 

 A photo-diode is a reverse-biased silicon or germanium pn junction in which reverse current 

increases when the junction is exposed to light. 

 The reverse current in a photo-diode is directly proportional to the intensity of light falling on 

its pn junction. 
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 This means that greater the intensity of light falling on the pn junction of photo-diode, the 

greater will be the reverse current. 

 

Principle: 

 When a rectifier diode is reverse biased, it has a very small reverse leakage current. The same 

is true for a photo-diode. 

 The reverse current is produced by thermally generated electron hole pairs which are swept 

across the junction by the electric field created by the reverse voltage. 

 In a rectifier diode, the reverse current increases with temperature due to an increase in the 

number of electron-hole pairs. 

 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. 

 When light (photons) falls on the pn junction, the energy is imparted by the photons to the 

atoms in the junction. 

  This will create more free electrons (and more holes). These additional free electrons will 

increase the reverse current. 

 As the intensity of light incident on the pn junction increases, the reverse current also 

increases. In other words, as the incident light intensity increases, the resistance of the device 

(photo-diode) decreases. 

 

 

 

Operation 

Fig. 7.11 shows the basic photo-diode circuit. The circuit has reverse biased photo-diode, resistor R 

and d.c. supply. The operation of the photodiode is as under: 
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(i) When no light is incident on the pn junction of photo-diode, the reverse current Ir is extremely 

small. This is called dark current. The resistance of photo-diode with no incident light is called dark 

resistance (RR).Dark resistance of photo-diode, RR = Dark current VR 

(ii) When light is incident on the pn junction of the photo-diode, there is a transfer of energy from the 

incident light (photons) to the atoms in the junction. This will create more free electrons (and more 

holes). These additional free electrons will increase the reverse current. 

(iii) As the intensity of light increases, the reverse current IR goes on increasing till it becomes 

maximum. This is called saturation current. 

There are two important characteristics of photodiode. 

(i) Reverse current-Illumination curve. 

Fig. 7.12 shows the graph between reverse current (IR) and illumination (E) of a photo-diode. 

 The reverse current is shown on the vertical axis and is measured in μA. 

 The illumination is indicated on the horizontal axis and is measured in mW/cm2. 

 Note that graph is a straight line passing through the origin. 

 ∴IR = m E where m = slope of the straight line 

 The quantity m is called the sensitivity of the photo-diode. 

 

 
Reverse voltage-Reverse current curve: 
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 Fig. 7.13 shows the graph between reverse current (IR) and reverse voltage (VR) for various 

illumination levels. 

 It is clear that for a given reverse-biased voltage VR, the reverse current IR increases as the 

illumination (E) on the pn junction of photo-diode is increased. 

Applications: 

 Photodiodes are used in consumer electronic devices such as CD players, smoke detectors 

and for infrared remote control devices. 

 Photo diodes are used as light sensors. 

 It is used for accurate measurement of light intensity and industry. 

 They are widely used in various medical applications such as detectors for computer 

tomography, instruments to analyze samples, and pulse oximeters. 

 

6. Write the operation of photo transistor. .[April 2015] 

 

 A Phototransistor is an electronic switching and current amplification component which relies 

on exposure to light to operate. 

 

 When light falls on the junction, reverse current flows which is proportional to the luminance. 

Phototransistors are used extensively to detect light pulses and convert them into digital 

electrical signals. 

 

 These are operated by light rather than electric current. 

 
 Providing large amount of gain, low cost and these phototransistors might be used in 

numerous applications. 

 

 It is capable of converting light energy into electric energy. Phototransistors work in a similar 

way to photo resistors commonly known as LDR (light dependant resistor) but are able to 

produce both current and voltage while photo resistors are only capable of producing current 

due to change in resistance. 

 

 Phototransistors are transistors with the base terminal exposed. Instead of sending current into 

the base, the photons from striking light activate the transistor. This is because a 

phototransistor is made of a bipolar semiconductor and focuses the energy that is passed 

through it. 

 

 These are activated by light particles and are used in virtually all electronic devices that 

depend on light in some way. 
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 All silicon photo sensors (phototransistors) respond to the entire visible radiation range as 

well as to infrared. In fact, all diodes, transistors, Darlington‟s, triacs, etc. have the same basic 

radiation frequency response. 

 

 The structure of the phototransistor is specifically optimized for photo applications. 

Compared to a normal transistor, a photo transistor has a larger base and collector width and 

is made using diffusion or ion implantation. 

 

Features: 

 

o Low-cost visible and near-IR photo detection. 

o Available with gains from 100 to over 1500. 

o Moderately fast response times. 

o Available in a wide range of packages including epoxy-coated, transfer-molded and surface 

mounting technology. 

o Electrical characteristics similar to that of signal transistors. 

 
Construction: 

 

 A photo transistor is nothing but an ordinary bi-poplar transistor in which the base region is 

exposed to the illumination. 

 

  It is available in both the P-N-P and N-P-N types having different configurations like 

common emitter, common collector and common base. Common emitter configuration is 

generally used. 

 

  It can also work while base is made open. Compared to the conventional transistor it has 

more base and collector areas. 

 

 The base is the lead responsible for activating the transistor. It is the gate controller device for 

the larger electrical supply. 

 

  The collector is the positive lead and the larger electrical supply. The emitter is the negative 

lead and the outlet for the larger electrical supply. 

http://www.edgefxkits.com/density-based-traffic-signal-system
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Working: 

 

 With no light falling on the device there will be a small current flow due to thermally 

generated hole-electron pairs and the output voltage from the circuit will be slightly less than 

the supply value due to the voltage drop across the load resistor R. 

 

 With light falling on the collector-base junction the current flow increases. 

 
  With the base connection open circuit, the collector-base current must flow in the base- 

emitter circuit and hence the current flowing is amplified by normal transistor action. 

Collector base junction is very sensitive to light . 

 

 Its working condition depends upon intensity of light. 

 
 The base current from the incident photons is amplified by the gain of the transistor, resulting 

in current gains that range from hundreds to several thousands. 

 

 A phototransistor is 50 to 100 times more sensitive than a photodiode with a lower level of 

noise. 

 

 A phototransistor works just like a normal transistor, where the base current is multiplied to 

give the collector current, except that in a phototransistor, the base current is controlled by the 

amount of visible or infrared light where the device only needs 2 pins. 

 

 Photo transistors available different configurations like opto isolator, optical switch, retro 

sensor. 

 

 Opto isolator is similar to a transformer in that the output is electrically isolated from the 

input. 

 

 An object is detected when it enters the gap of the optical switch and blocks the light path 

between the emitter and detector. 
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 The retro sensor detects the presence of an object by generating light and then looking for its 

reflectance off of the object to be sensed. 

 

 
Advantages of Photo transistors: 

 

Phototransistors have several important advantages that separate them from other optical sensor some 

of them are mentioned below 

 

o Phototransistors produce a higher current than photo diodes. 

o Phototransistors are relatively inexpensive, simple, and small enough to fit several of them onto a 

single integrated computer chip. 

o Phototransistors are very fast and are capable of providing nearly instantaneous output. 

o Phototransistors produce a voltage, that photo-resistors cannot do so. 

 
Disadvantages of Photo transistors: 

 

o Phototransistors that are made of silicon are not capable of handling voltages over 1,000 Volts. 

o Phototransistors   are   also more   vulnerable   to   surges   and   spikes of electricity as well as 

electromagnetic energy. 

o Phototransistors also do not allow electrons to move as freely as other devices do, such as electron 

tubes. 

 
Applications 

 

o Punch-card readers. 

o Security systems 

o Encoders – measure speed and direction 

o IR detectors photo 

http://www.edgefxkits.com/non-contact-techometer
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o electric controls 

o Computer logic circuitry. 

o Relays 

 
7. Write short notes on photoconductive cells. 

 Photoconductive cells are light-sensitive resistors in which resistance decreases with an 

increase in light intensity when illuminated. 

 

 

 

Construction 

 These devices consist of a thin single-crystal or polycrystalline film of compound 

semiconductor substances. 

 Most commercially available photoconductive cells are manufactured from cadmium sulfide 

(CdS), which is sensitive to light in the visible spectrum. 

  Other materials that are less commonly used in photoconductive cells include lead sulfide 

(PbS), lead selenide (PbSe), and lead telluride (PbTe), although they react to infrared light, 

not the visible spectrum. 

 CdS photoconductive cells (CdS cells) are often referred to as light dependant resistors 

(LDR). 

 They function within the same general spectral range as the human eye, and are therefore 

widely used in applications where this type of spectral response is required. 

Working:  

 Photoconductive cells function by receiving light energy, which in turn free electrons from 

their valence bonds in semiconductor material. 

 At room temperature, the number of free charges in a semiconductor is relatively limited, but 

the addition of light-released electrons raises conductivity (and thereby reduces resistance). 

 This change is resistance may be as large are several hundred thousand ohms from a darkened 

state to only a few hundred ohms in sunlight. 
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  Embedding the conductive path within the semiconductor substrate, in a zig-zag pattern, will 

enhance the level of resistance. 

  In addition to an increase in dark resistance, this same pattern will reduce the current as well, 

changing the output current to about one milliampere (mA) per lumen. 

 

 

 
Applications: 

Photoconductive cells are generally inexpensive, and their small size and ease of use makes 

them popular in many applications. Some of the many uses include making street lights turn on and 

off automatically according to the level of daylight, in point-of-sale and inventory bar code reading 

devices, in security devices such as motion sensing lights and cameras, and in alarm systems. They 

also are used as light meters in photographic applications. 

 
8. Explain the construction and principle of operation of LED. Also discuss the advantages, 

disadvantages and applications of LED. [Nov/Dec 2014] 

 

 The LED is perhaps the most important of the display devices available today for use in 

instrumentation system. 

  The LED is a PN junction device which emits light when a current passes through it in the 

forward direction. This phenomenon is called electroluminance. 

 

Principle 

 Whenever a-PN junction is forward biased, the forward current flows due to free electrons 

crossing from n-side and recombining with holes on the p-side. 

 Recall that free electrons are found in conduction band. 
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 Hence they have greater energy than holes which are found in valence band. 

 Whenever an electron recombines with the hole, it falls from conduction band to valence band, 

i.e, from higher energy level to lower energy level, as shown in fig. 

The energy is released either in the form of heat or light. 

  The difference in energy between the conduction band and the valence band is called forbidden 

energy gap. Its value depends on the type of material. 

 This value determines the wavelength of light emitted due to release of energy because of 

recombination of electron and hole. 

  For silicon, the forbidden energy gap is approximately 1.1ev, and hence wavelength of the 

emitted light lies in the infrared region of the light spectrum. 

 Since infrared is not visible, silicon cannot be used in the fabrication of LED. For the same 

reason, germanium also cannot be used. 

 

 

 
 

 The material used for manufacturing LEDs is gallium arsenide, gallium phosphide and gallium 

arsenide phosphide. 

 The colour of light emitted depends upon type amount of impurity added Red; green, yellow 

LEDs are commonly available. 

  When forward biased, the voltage drop across LED is about 2 to 3 v, which is considerably 

greater than that across a silicon or germanium diode. Fig shows the characteristics of LED. 
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Advantages 

 Low Power consumption 

 Very fast action 

 Very small size and weight 

 Extremely long size 

 Operating voltage and current is less 

 Variety of spectral output current 

 No effect due to mechanical vibrations 

 They can operate over wide range of temperature(0º to 700ºC) 

 
 

Disadvantages 

 Low efficiency 

 Radiated output power is temperature dependent 

 High power consumption compared to LCD 

 It is a very sensitive device ie. It damages by over voltage and current. 

 LED‟s are not suitable for large area displays because of high cost 

 
 

Applications: 

 In power level indicator to indicate power ON/OFF conditions 

 Displays of numeric and alpha numeric character 

 In optical switching condition 

 
 

9. Explain the construction and principle of operation of LCD 

 
 

 LCD is passive type display devices used for display of numeric and alphanumeric character 

in dot-matrix and segmental display. 

 The main advantage of LCD is the low power consumption because no light generation is 

required. 

 Normally used such as noematic and cholesteric 



Types: 

Two types of LCD are 

1. Dynamic scattering type 

2. Field effect type 

 
Dynamic scattering type: 

Construction 
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 The molecules in ordinary liquids normally have random orientations. 

 In liquid crystal the molecules are oriented in a definite crystal pattern, as shown in the 

figure1 

 

 

 

 

 

 
 

 

 

 When electric fields to the liquid crystal, the molecules which are approximately cigar 

shaped, tend to align perpendicularly to the field charge carrier flowing through the liquid 

disrupts the molecular alignment and cause turbulence within the liquid when it is not 

activated. 

 The molecular turbulence causes the light to be scattered in all direction, so that the activated 

areas appear bright. This phenomenon is known as dynamic scattering 

 The actual liquid crystal materiel may be one several organic compound which exhibit the 

optical properties of solid while retaining the fluidity of the liquid. 
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 A liquid crystal cell consist of a liquid crystal materiel sandwiched between glass sheets with 

transparent metal film electrodes deposited on the inside faces as shown in the figure 3 

 When both glass sheets are transparent the cell is known as “transmittive type cell”. When 

only one glass sheet is transparent on the other has reflective coating, the cell is termed as 

“reflective type” 

Operation 

 When not activated, the transmittive type cell simply transmits the light through the cell in the 

straight lines. In this condition the cell will not appear bright. 

 When the cell is activated, the incident light is scattered forward, as shown in the figure 4 and 

the cell appears quite bright even under high intensity light conditions 

 

 
 

The reflective type LCD operation depends on the light incident on its front surface when it is not 

activated, light is reflected from the mirror surface, the cell does not appear bright when activated, 

the dynamic scattering phenomenon occurs and the cell appears quite bright. 

 
Field Effect LCD: 

 It is similar to the dynamic scattering type except that two thin polarizing optical filters are 

placed at the surface of each glass sheet. 

 The liquid crystal materiel employed is known as twisted pneumatic type, it twists the light 

passing through when the coil is not energized. 

 This twisting allows the light to pass through the polarizing filters. 

 Thus in case of transmittive type cell, the un-energized cell can appear dark against a bright 

background. When energized cell becomes transparent and disappears into the back grounds 

 
Advantages of LCDs 

1. Less power consumption 

2. Low cost 

3. Uniform bright with good contrast. 
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4. Low operating Voltage and current 

 
 

Disadvantage of LCDs 

1. Poor reliability 

2. Limited temperature rage 

3. Poor visibility in low ambient temperature 

4. Slow speed 

5. Requires an A.C. drive 

 
 

10. Write short notes on opto coupler[Nov/Dec 2014] 
 

 

 

 

 

 
 An optoisolator (also called optocoupler) is a device that uses light to couple a signal from its 

input (a photoemitter e.g., a LED) to its output (a photodetector e.g., a photo-diode). 

 Because of this it is possible to have an insulation resistance between the two circuits in 

thousands of megohms which provides electrical isolation between input and output circuits. 

 Isolation is needed to prevent noise generated in one circuit from being passed to the other 

circuit. 

 Optocouplers work s well either on ac or dc high voltage signals. 

 Signal converters employing optical coupling are sometimes referred to as universal signal 

converters. 

Fig. 7.17 shows a LED-photo diode optoisolator. 

 The LED is on the left and the photo-diode is on the right. 

 The arrangement shown in Fig. 7.17 is referred to as optocoupling because the output from 

the LED circuit is coupled via light to the photo-diode circuit. 

  When the LED is energized, current flows through the LED. The light from the LED hits the 

photo diode and sets up a reverse current through resistor R2. 

 
The voltage across the photo-diode is given by: 
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Vout = VSS – I R2 

 The output voltage depends on how large the reverse current is. If we vary the LED supply, 

the amount of light changes and this causes the photo diode current to change. 

 As a result, Vout changes. 

 
 

Disadvantages: 

 They are fairly expensive. 

 They are bulkier and heavier than optical devices. 

Applications 

Used as a signal converter between high voltage pilot devices and low voltage solid state logic 

circuits. 

 

 

11. With neat diagram explain the operation of solar cell.(Nov 2013) 
 

Solar cell is a photovoltaic device that converts the light energy into electrical energy based 

on the principles of photovoltaic effect. 

Principle: 
 

 The solar cells are based on the principles of photovoltaic effect. 

 The photovoltaic effect is the photon generation of charge carriers in a light absorbing material as 

a result of absorption of light radiation. 

Construction: 
 
 

 

 Solar cell (crystalline Silicon) consists of a n-type semiconductor (emitter) layer and p-type 

semiconductor layer (base). 
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 The two layers are sandwiched and hence there is formation of p-n junction. The surface is 

coated with anti-refection coating to avoid the loss of incident light energy due to reflection. 

 A proper metal contacts are made on the n-type and p-type side of the semiconductor for 

electrical connection 

Materials for Solar cell: 

 
Solar cells are composed of various semiconducting materials 

 
1. Crystalline silicon 

2. Cadmium telluride 

3. Copper indium diselenide 

4. Gallium arsenide 

5. Indium phosphide 

6. Zinc sulphide 

Note: Semiconductors are materials, which become electrically conductive when supplied with light 

or heat, but which operate as insulators at low temperatures. 

Working: 
 

 When a solar panel exposed to sunlight, the light energies are absorbed by semiconducting 

materials. 

 Due to this absorbed energy, the electrons are liberated and produce the external DC current. 

 The DC current is converted into 240-volt AC current using an inverter for different 

applications. 

 A PN junction consists of two different regions of a semiconductor material (usually silicon), 

with one side called the p type region and the other the n-type region. 

 During the incident of light energy, in p-type material, electrons can gain energy and move 

into the n-type region. 

  Then they can no longer go back to their original low energy position and remain at a higher 

energy. 

  The process of moving a light- generated carrier from p-type region to n-type region is 

called collection. 

 These collections of carriers (electrons) can be either extracted from the device to give a 

current, or it can remain in the device and gives rise to a voltage. 
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Advantage: 
 

 

 

 

 

 

 

 

 

 

 
Disadvantage: 

1. It is clean and non-polluting 

2. It is a renewable energy 

3. Solar cells do not produce noise and they are totally silent. 

4. They require very little maintenance 

5. They are long lasting sources of energy which can be used almost anywhere 

6. They have long life time 

7. There are no fuel costs or fuel supply problems 

 

 

 

 

 

 

 

 
Applications: 

1. Solar power can be obtained in night time. 

2. Solar cells (or) solar panels are very expensive. 

3. Energy has not been stored in batteries. 

4. Air pollution and whether can affect the production of electricity. 

5. They need large are of land to produce more efficient power supply. 

 

1. Solar pumps are used for water supply. 

2. Domestic power supply for appliances include refrigeration, washing 

machine, television and lighting 

3. Ocean navigation aids: Number of lighthouses and most buoys are powered 

by solar cells 

4. Telecommunication systems: radio transceivers on mountain tops, or 

telephone boxes in the country can often be solar powered 

5. Electric power generation in space: To providing electrical power to 

satellites in an orbit around the Earth. 
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12. Write short notes on thermistor. 
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13. Write notes n PIN diode. 
 

 In this diode a high resistivity intrinsic layer is sandwiched between P and N regions. 

 The high resistance of the intrinsic layer provides the possibility of larger electric field 

between the P and N regions; thereby electron hole pair generation is enhanced enabling Pin 

diode to process every weak signal. 

Working: 

 When there is no bias applied to diode, there will be diffusion of charge carriers due to 

concentration gradient across the junction. 

 Consider NI junction, diffusion results in very thin depletion layer in N region and thicker 

in I region. 

 When the reverse bias is applied and increased gradually, the thickness of the depletion 

layers increase until the entire I region is swept free of mobile carriers. 

 The reverse bias voltage required to sweep out is called swept-out voltage. 

 When forward biased is applied, more and more charge carriers inject into the I region 

from P-N regions and forward resistance is reduced. Thus it acts like a variable resistance. 

Applications: 

 Can be used a variable attenuator in microwave applications 

 Phase shifter 

 In construction of phase modulator and amplitude modulator. 


