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ELECTRONIC DEVICES
MARKS WEIGHTAGE – 7 marks

QUICK REVISION (Important Concepts & Formulas)
Electronics
It is the branch of science, which deals with the study of flow and control of electrons through a
vacuum, gas or semiconductor.
Classification of substances on the basis of conduction of electricity.
Solid
We know that, each substance is composed of atoms. Substances are mainly classified into three
categories namely solids, liquids and gases.
In each solid atoms are at a definite positions and the average distance between them is constant.
Depending upon the internal arrangement of atoms, solids are further divided into two groups.
1. Crystalline Solids
The solid in which the atoms are arranged in a regular order are called the crystalline solids. In other
words, we can say that in a crystalline solid, there is periodicity and regularity of its component atoms in
all the directions. For example sodium chloride (common salt), diamond,
Sugar, silver etc are the crystalline solids.
Their atoms are arranged in a definite geometrical shape.
They have a definite melting point.
They are anisotropic, i.e., their physical properties such as thermal Conductivity refractive index
etc, are different in different directions.
They are the real solids.
2. Amorphous Solids
The Solids in which the atoms do not have a definite arrangement are called the amorphous solids. They
are also called the glassy solids. For example glass, rubber, plastic, power, etc are the amorphous solids.
They do not have a definite arrangement of its atoms, i e., they do not have a characteristic
geometrical shape.
They do not have a definite melting point.
They are isotropic. i.e., their physical properties such as conductivity of heat refractive index etc,
are same in all the directions.
They are not the real solids.
Monocrystal and Polycrystalline
Monocrystal is a crystal in which the ordered arrangements of the atoms or molecules extends
throughout the piece of solid, irrespective of its size.
Polycrystal is a crystalline solid in which each piece of the solid has a number of monocrystals with
developed faces joined together.
The polycrystal ceramic made from PbO, ZnO and TiO are used in gas lighters and telephone
receivers.
Liquid Crystals
Some organic crystalline solid when heated acquire fluidity but retain their anisotropic properties.
They axe called liquid crystals.
Some liquid crystals like cyanobiphenyl can change the plane of polarization of light and such
Liquid Crystal Displays (LCD) are used in watches and micro calculators.
Crystal Lattice
A crystal is made up of a three- dimensional array of points such that each point is surrounded by the
height bouring POints in an identical way. Such an array of points is known as bravais lattice or
space lattice.
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Unit cell is the smallest unit of the crystal lattice, repetition of which in three dimensions gives rise
to crystal lattice.
The length of three sides of a unit cell are called Primitives or lattice constant represented by a, b, c.
The angle between three crystallographic axis are called interfacial angles represented by α, β and γ.
The primitives and interfacial angles constitute the lattice parameters of a unit cell.
[The cubic crystal may be of the form, simple cubic (sc) lattice, the body centred cubic (bee) lattice,
the face centred Cubic (fcc) lattice.]
The coordination number is defined as the number of nearest neighbours around any lattice point (or
atom) in the crystal lattice.
(a) For sc, coordination number is 6.
(b) For bee, coordination number is 8.
(c) For fcc, coordination number is 12.
(d) For sc, atomic radius is a / 2.
(e) For bcc, atomic is a √3 / 4.
(f) For fcc. atomic radius is a / 2√2.
Classification of solids on the basis of conductivity
(i) Conductor Conductors are those substances through which electricity can pass easily, e.g., all metals
are conductors.
(ii) Insulator Insulators are those substances through which electricity cannot pass, e.g., wood, rubber,
mica etc.
(iii) Semiconductor Semiconductors are those substances whose conductivity lies between conductors
and insulators. e.g., germanium, silicon, carbon etc.
ENERGY BANDS OF SOLIDS
Energy Band
In a crystal due to interatomic interaction valence electrons of one atom are shared by more than one
atom in the crystal. Now splitting of energy levels takes place. The collection of these closely spaced
energy levels is called an energy band.
1. Valence Band
This energy band contains valence electrons. This band may be partially or completely filled with
electrons but never be empty. The electrons in this band are not capable of gaining energy from external
electric field to take part in conduction of current.

2. Conduction Band
This band contains conduction electrons. This band is either empty or partially filled with electrons.
Electrons present in this band take part in the conduction of current.
3. Forbidden Band
This band is completely empty. The minimum energy required to shift an electron from valence band to
conduction band is called forbidden energy gap. If an electron is to be transfered from valence band to
conduction band, external energy is required, which is equal to the forbidden energy gap.
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Insulators
In an insulator, the forbidden energy gap is very large (see below fig a). In general, the forbidden energy
gap is more than 3eV and almost no electrons are available for conduction. Therefore, a very large
amount of energy must be supplied to a valence electron to enable it to move to the conduction band. If
the electron is supplied with high energy, it can jump across the forbidden gap.

Semiconductors
In semiconductors (see above fig b), the forbidden gap is very small. Germanium and silicon are the best
examples of semiconductors. The forbidden gap energy is of the order of 0.7eV for Ge and 1.1eV for Si.
There are no electrons in the conduction band. The valence band is completely filled at 0 K. With a
small amount of energy that is supplied, the electrons can easily jump from the valence band to the
conduction band.
Conductors
In conductors, there is no forbidden gap available, the valence and conduction band overlap each other
(see above Fig c). The electrons from valence band freely enter into the conduction band. Due to the
overlapping of the valence and conduction bands, a very low potential difference can cause the
continuous flow of current.
Electrons and holes in semiconductors
The charge carriers at absolute zero temperature and at room temperature respectively is shown in below
fig a and b.

The electrons in an intrinsic semiconductor, which move in to the conduction band at high temperatures
are called as intrinsic carriers. In the valence band, a vacancy is created at the place where the electron
was present, before it had moved in to the conduction band. This vacancy is called hole. Fig c helps in
understanding the creation of a hole. Consider the case of pure germanium crystal. It has four electrons
in its outer or valence orbit. These electrons are known as valence electrons. When two atoms of
germanium are brought close to each other, a covalent bond is formed between the atoms. If some
additional energy is received, one of the electrons contributing to a covalent bond breaks and it is free to
move in the crystal lattice.
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While coming out of the bond, a hole is said to be created at its place, which is usually represented by a
open circle. An electron from the neighbouring atom can break the covalent bond and can occupy this
hole, creating a hole at another place. Since an electron has a unit negative charge, the hole is associated
with a unit positive charge. The importance of hole is that, it may serve as a carrier of electricity in the
same manner as the free electron, but in the opposite direction.
Intrinsic semiconductor
A semiconductor which is pure and contains no impurity is known as an intrinsic semiconductor. In an
intrinsic semiconductor, the number of free electrons and holes are equal. Common examples of intrinsic
semiconductors are pure germanium and silicon.
The forbidden energy gap is so small that even at ordinary room temperature, there are many electrons
which possess sufficient energy to cross the forbidden energy gap and enter into the conduction band.
Schematic band diagram of an intrinsic semiconductor at room temperature is represented in below
Figure.

Doping a semiconductor
Electrons and holes can be generated in a semiconductor crystal with heat energy or light energy. But in
these cases, the conductivity remains very low. The efficient and convenient method of generating free
electrons and holes is to add very small amount of selected impurity inside the crystal. The impurity to
be added is of the order of 100 ppm (parts per million). The process of addition of a very small amount
of impurity into an intrinsic semiconductor is called doping. The impurity atoms are called dopants. The
semiconductor containing impurity atoms is known as impure or doped or extrinsic semiconductor.
There are three different methods of doping a semiconductor.
(i) The impurity atoms are added to the semiconductor in its molten state.
(ii) The pure semiconductor is bombarded by ions of impurity atoms.
(iii) When the semiconductor crystal containing the impurity atoms is heated, the impurity atoms diffuse
into the hot crystal. Usually, the doping material is either pentavalent atoms (bismuth, antimony,
phosphorous, arsenic which have five valence electrons) or trivalent atoms (aluminium, gallium, indium,
boron which have three valence electrons).
The pentavalent doping atom is known as donor atom, since it donates one electron to the conduction
band of pure semiconductor. The trivalent atom is called an acceptor atom, because it accepts one
electron from the pure semiconductor atom.
Extrinsic semiconductor
An extrinsic semiconductor is one in which an impurity with a valency higher or lower than the valency
of the pure semiconductor is added, so as to increase the electrical conductivity of the semiconductor.
Depending upon the type of impurity atoms added, an extrinsic semiconductor can be classified as Ntype or P-type.
(a) N-type semiconductor
When a small amount of pentavalent impurity such as arsenic is added to a pure germanium
semiconductor crystal, the resulting crystal is called N-type semiconductor.
The below Figure shows the crystal structure obtained when pentavalent arsenic impurity is added with
pure germanium crystal. The four valence electrons of arsenic atom form covalent bonds with electrons
of neighbouring four germanium atoms. The fifth electron of arsenic atom is loosely bound. This
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electron can move about almost as freely as an electron in a conductor and hence it will be the carrier of
current. In the energy band picture, the energy state corresponding to the fifth valence electron is in the
forbidden gap and lies slightly below the conduction band (see below Fig b). This level is known as the
donor level.
When the fifth valence electron is transferred to the conduction band, the arsenic atom becomes
positively charged immobile ion. Each impurity atom donates one free electron to the semiconductor.
These impurity atoms are called donors. In N-type semiconductor material, the number of electrons
increases, compared to the available number of charge carriers in the intrinsic semiconductor. This is
because, the available larger number of electrons increases the rate of recombination of electrons with
holes. Hence, in N-type semiconductor, free electrons are the majority charge carriers and holes are the
minority charge carriers.

(b) P-type semiconductor
When a small amount of trivalent impurity (such as indium, boron or gallium) is added to a pure
semiconductor crystal, the resulting semiconductor crystal is called P-type semiconductor.
The below figure shows the crystal structure obtained, when trivalent boron impurity is added with pure
germanium crystal. The three valence electrons of the boron atom form covalent bonds with valence
electrons of three neighbourhood germanium atoms. In the fourth covalent bond, only one valence
electron is available from germanium atom and there is deficiency of one electron which is called as a
hole. Hence for each boron atom added, one hole is created. Since the holes can accept electrons from
neighbourhood, the impurity is called acceptor. The hole, may be filled by the electron from a
neighbouring atom, creating a hole in that position from where the electron moves. This process
continues and the hole moves about in a random manner due to thermal effects. Since the hole is
associated with a positive charge moving from one position to another, this is called as P-type
semiconductor. In the P-type semiconductor, the acceptor impurity produces an energy level just above
the valence band. (see below Fig b). Since, the energy difference between acceptor energy level and the
valence band is much smaller, electrons from the valence band can easily jump into the acceptor level by
thermal agitation.

In P-type semiconductors, holes are the majority charge carriers and free electrons are the minority
charge carriers.
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PN JUNCTION DIODE
If one side of a single crystal of pure semiconductor (Ge or Si) is doped with acceptor impurity atoms
and the other side is doped with donor impurity atoms, a PN junction is formed as shown in below
figure.

P region has a high concentration of holes and N region contains a large number of electrons. As soon as
the junction is formed, free electrons and holes cross through the junction by the process of diffusion.
During this process, the electrons crossing the junction from N-region into the P region, recombine with
holes in the P-region very close to the junction. Similarly holes crossing the junction from the P-region
into the N-region, recombine with electrons in the N-region very close to the junction. Thus a region is
formed, which does not have any mobile charges very close to the junction. This region is called
depletion region. In this region, on the left side of the junction, the acceptor atoms become negative ions
and on the right side of the junction, the donor atoms become positive ions.
SYMBOL FOR A SEMICONDUCTOR DIODE
The diode symbol is shown in below figure. The P-type and N-type regions are referred to as P–end and
N–end respectively. The arrow on the diode points the direction of conventional current.

FORWARD BIASED PN JUNCTION DIODE
When the positive terminal of the battery is connected to P-side and negative terminal to the N-side, so
that the potential difference acts in opposite direction to the barrier potential, then the PN junction diode
is said to be forward biased.
When the PN junction is forward biased (see the below Figure), the applied positive potential repels the
holes in the P-region, and the applied negative potential repels the electrons in the N-region, so the
charges move towards the junction. If the applied potential difference is ore than the potential barrier,
some holes and free electrons enter the depletion region.

Hence, the potential barrier as well as the width of the depletion region are reduced. The positive donor
ions and negative acceptor ions within the depletion region regain electrons and holes respectively. As a
result of this, the depletion region disappears and the potential barrier also disappears. Hence, under the
action of the forward potential difference, the majority charge carriers flow across the junction in
opposite direction and constitute current flow in the forward direction.
Prepared by: M. S. KumarSwamy, TGT(Maths)

Page - 63 -

REVERSE BIASED PN JUNCTION DIODE
When the positive terminal of the battery is connected to the N-side and negative terminal to the P-side,
so that the applied potential difference is in the same direction as that of barrier potential, the junction is
said to be reverse biased.

When the PN junction is reverse biased (see the above Figure, electrons in the N region and holes in the
P-region are attracted away from the junction. Because of this, the number of negative ions in the Pregion and positive ions in the N-region increases. Hence the depletion region becomes wider and the
potential barrier is increased. Since the depletion region does not contain majority charge carriers, it acts
like an insulator. Therefore, no current should flow in the external circuit. But, in practice, a very small
current of the order of few microamperes flows in the reverse direction. This is due to the minority
carriers flowing in the opposite direction. This reverse current
is small, because the number of minority carriers in both regions is very small. Since the major source of
minority carriers is, thermally broken covalent bonds, the reverse current mainly depends on the junction
temperature.
Rectifier
A device which convert alternating current or voltage into direct current or voltage IS known as rectifier.
The process of converting AC into DC IS caned rectification.
Half-Wave Rectifier
A half-wave rectifier converts the half cycle of applied AC signal into DC signal. Ordinary transformer
may be used here.
Full-Wave Rectifier
A full-wave rectifier converts the whole cycle of applied AC signal into DC signal. Centre top,
transformer is used here.
[Half-wave rectifier converts only one-half of AC Into DC while full wave rectifier rectifies both halves
of AC input.]
ZENER DIODE
Zener diode is a reverse biased heavily doped semiconductor (silicon or germanium) PN junction diode,
which is operated exclusively in the breakdown region. The symbol of a Zener diode is shown in below
figure.

For normal operation of a Zener diode, in breakdown region, the current through the diode should be
limited by an external circuit. Hence the power dissipated across the junction is within its powerhandling capacity. Unless this precaution is observed, a large current will destroy the diode.
LIGHT EMITTING DIODE (LED)
A light emitting diode (LED) is a forward biased PN junction diode, which emits visible light when
energized. The below figure shows the symbol of LED.
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When a junction diode is forward biased, electrons from N-side and holes from P-side move towards the
depletion region and recombination takes place. When an electron in the conduction band recombines
with a hole in the valence band, energy is released.
If the semiconductor material is transluscent, light is emitted and the junction becomes a light source
(turned ON). The LED is turned ON, when it is forward biased and it is turned OFF, when it is reverse
biased. The colour of the emitted light will depend upon the type of the material used. By using gallium
arsenide phosphide and gallium phosphide, a manufacturer can produce LEDs that radiate red, green,
yellow and orange. LEDs are used for instrument displays, calculators and digital watches.
JUNCTION TRANSISTOR
A junction transistor is a solid state device. It consists of silicon or germanium crystal containing two
PN junctions. The two PN junctions are formed between the three layers. These are called base, emitter
and collector.
(i) Base (B) layer : It is a very thin layer, the thickness is about 25 microns. It is the central region of the
transistor.
(ii) Emitter (E) and Collector (C) layers : The two layers on the opposite sides of B layer are emitter and
collector layers. They are of the same type of the semiconductor. An ohmic contact is made to each of
these layers. The junction between emitter and base is called emitter junction. The junction between
collector and base is called collector junction.
The construction of PNP and NPN transistors are shown in below Fig (a) and Fig (b) respectively.

For a transistor to work, the biasing to be given are as follows :
(i) The emitter-base junction is forward biased, so that majority charge carriers are repelled from the
emitter and the junction offers very low resistance to the current.
(ii) The collector-base junction is reverse biased, so that it attracts majority charge carriers and this
junction offers a high resistance to the current.
Transistor circuit symbols
The circuit symbols for a PNP and NPN transistors are shown in below figure. The arrow on the emitter
lead pointing towards the base represents a PNP transistor.
When the emitter-base junction of a PNP transistor is forward biased, the direction of the conventional
current flow is from emitter to base. NPN transistor is represented by arrow on the emitter lead pointing
away from the base. When the emitter base junction of a NPN transistor is forward biased, the direction
of the conventional current is from base to emitter.
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Transistor circuit configurations
There are three types of circuit connections (called configurations or modes) for operating a transistor.
They are (i) common base (CB) mode (ii) common emitter (CE) mode and (iii) common collector (CC)
mode.
The term common is used to denote the lead that is common to the input and output circuits. The
different modes are shown in below figure for NPN transistor.
In a similar way, three configurations can be drawn for PNP transistor.
Transistor as an Amplifier
An amplifier is a device which is used for increasing the amplitude of variation of alternating voltage 01′
current or power.
The amplifier thus produces an enlarged version of the input signal.
The general concept of amplification is represented in figure. There are two input terminals for the
signal to be amplified and two output terminals for connecting the load; and’ a means of supplying
power to the amplifier.
Current amplification factors α and β and the relation between them
The current amplification factor or current gain of a transistor is the ratio of output current to the input
I
current. If the transistor is connected in common base mode, the current gain   C and if the
IE
I
transistor is connected in common emitter mode, the current gain   C . The below figure shows a
IB
NPN transistor connected in the common base and common emitter configurations. Since, 95% of the
injected electrons reach the collector, the collector current is almost equal to the emitter current. Almost
all transistors have α, in the range 0.95 to 0.99.
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Usually β lies between 50 and 300. Some transistors have β as high as 1000.



DIGITAL SIGNAL AND LOGIC LEVELS
A digital signal (pulse) is shown in below figure. It has two discrete levels, ‘High’ and ‘Low’. In
most cases, the more positive of the two levels is called HIGH and is also referred to as logic 1. The
other level becomes low and also called logic 0.
LOGIC GATES
Circuits which are used to process digital signals are called logic gates. They are binary in nature. Gate
is a digital circuit with one or more inputs but with only one output. The output appears only for certain
combination of input logic levels. Logic gates are the basic building blocks from which most of the
digital systems are built up.
Basic logic gates using discrete components
The basic elements that make up a digital system are ‘OR’, ‘AND’ and ‘NOT’ gates. These three gates
are called basic logic gates. All the possible inputs and outputs of a logic circuit are represented in a
table called TRUTH TABLE. The function of the basic gates are explained below with circuits and truth
tables.
(i) OR gate
An OR gate has two or more inputs but only one output. It is known as OR gate, because the output is
high if any one or all of the inputs are high. The logic symbol of a two input OR gate is shown in below
figure.

The Boolean expression to represent OR gate is given by Y= A+B (+ symbol should be read as OR).
The OR gate operations are shown in below Table.
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(ii) AND gate
An AND gate has two or more inputs but only one output. It is known as AND gate because the output
is high only when all the inputs are high. The logic symbol of a two input AND gate is shown in below
figure.

The Boolean expression to represent AND gate is given by Y = A⋅B ( ⋅ should be read as AND). The
AND gate operations are shown in below Table.

(iii) NOT gate (Inverter)
The NOT gate is a gate with only one input and one output. It is so called, because its output is
complement to the input. It is also known as inverter. The below figure shows the logic symbol for NOT
gate.

The Boolean expression to represent NOT operation is Y = A . The NOT gate operations are shown in
below Table.

Exclusive OR gate (EXOR gate)
The logic symbol for exclusive OR (EXOR) gate is shown in below figure.

The Boolean expression to represent EXOR operation is Y  A  B  AB  AB . The EXOR gate
operations are shown in below Table.
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EXOR gate has an output 1, only when the inputs are complement to each other.
NAND gate
This is a NOT–AND gate. It can be obtained by connecting a NOT gate at the output of an AND gate.
The logic symbol for NAND gate is shown in below figure.

The Boolean expression to represent NAND Operation is Y = AB . The NAND gate operations are
shown in below Table.

NOR gate
This is a NOT–OR gate. It can be made out of an OR gate by connecting an inverter at its output.
The logic symbol for NOR gate is given in below figure.

The Boolean expression to represent NOR gate is Y = A  B . The NOR gate operations are shown in
below Table.
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NAND and NOR as Universal gates
NAND and NOR gates are called Universal gates because they can perform all the three basic logic
functions. The below table gives the construction of basic logic gates NOT, OR and AND using NAND
and NOR gates.
Substituting NAND / NOR gates
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ELECTRONIC DEVICES
MARKS WEIGHTAGE – 7 marks

Important Questions and Answers
VERY SHORT ANSWER TYPE QUESTIONS (1 MARK)
1. How is photodiode fabricated?
Ans: A photodiode is fabricated with a transparent window to allow light to fall on the diode.
2. State the reason, why GaAs is most commonly used in making of a solar cell. [AI 2008]
Ans: In solar radiations, intensity is maximum near 1.5 eV. In GaAs, Eg ≈ 1.53 eV, so solar cell
made of GaAs has high absorption coefficient of solar radiations.

3. Why should a photodiode be operated at a reverse bias? [AI 2008]
Ans: Because in reverse bias, the fractional change in minority carriers is much larger than the
fractional change in majority carriers in forward bias. So, effect of intensity of light on the minority
carrier dominated reverse bias current is more easily measurable than that in forward bias current.
4. Give the logic symbol of NOR gate. [AI 2009]
Ans:

5. In a transistor, doping level in base is increased slightly. How will it affect (i) collector current
and (ii) base current? [AI 2011]
Ans: Collector current will decrease, as more of the majority carriers going from emitter to collector
get neutralised in base by electron hole combination resulting increase of base current.
6. The graph shown in the figure represents a plot of current versus voltage for a given
semiconductor. Identify the region, if any, over which the semiconductor has a negative
resistance.

Ans: Region BC of the graph has a negative slope, hence in region BC semiconductor has a negative
resistance.
7. State the factor, which controls : (i) wavelength of light, and (ii) intensity of light emitted by an
LED.
Ans: (i) Wavelength of light emitted depends on the nature of semiconductor.
(ii) Intensity of light emitted depends on the forward current.
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SHORT ANSWER TYPE QUESTIONS (2 MARKS/3 MARKS)
8. Why does the reverse current in pn-junction show a sudden increase at the critical voltage?
Name any semiconductor device which operates under the reverse bias in the breakdown
region. [AI 2013]
Ans: At critical voltage/breakdown voltage, a large number of covalent bonds break, resulting in
availability of large number of charge carriers. Zener diode.
9. The inputs A and B are inverted by using two NOT gates and their outputs are fed to the NOR
gate as shown below.

Analyse the action of the gates (1) and (2) and identify the logic gate of the complete circuit so
obtained. Give its symbol and the truth table. [AI 2008]
Ans: Y  A  B  A.B
So, the logic circuit is equivalent to AND gate.
10. With the help of a suitable diagram, explain the formation of depletion region in a pn junction.
How does its width change when the junction is (i) forward biased, and (ii) reverse biased? [AI
2009]
Ans: When pn junction is formed, then at the junction, free electrons from n-type diffuse over to ptype, and hole from p-type over to n-type. Due to this a layer of positive charge is built on n side and
a layer of negative charge is built on p side of the pn junction.

This layer sufficiently grows up within a very short time of the junction being formed, preventing
any further movement of charge carriers (electron and holes) across the pn junction. This space
charge region, developed on either side of the junction is known as depletion region as the electrons
and holes taking part in the initial movement across the junction deplete, this region of its free
charges. Width of depletion region layer decreases when the junction is forward biased and increases
when it is reverse biased.
11. State briefly the underlying principle of a transistor oscillator. Draw a circuit diagram
showing how the feedback is accomplished by inductive coupling. Explain the oscillator action.
[AI 2008]
OR
12. Describe briefly with the help of a circuit diagram how an npn transistor is used to produce
self sustained oscillations.
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OR
13. Explain briefly the principle on which a transistor amplifier works as an oscillator. Draw the
necessary circuit diagram and explain its working.
Ans: Transistor as an Oscillator : By using transistor as an oscillator we can convert d.c. into a.c. of
desired frequency. It consists of Tank circuit which consists of an inductor ‘L’ and capacitor ‘C’ in
parallel with each other producing the LC oscillations of charge with frequency

v

1
2 LC

By changing the value of L,C or both oscillations of any frequency can be obtained.
Transistor Amplifier: The oscillations occurring in LC circuit are applied to input of transistor
amplifier. Due to amplifying action of transistor, we get amplified output of these oscillations. A
suitable fraction of the output of transistor is fed to LC circuit to meet the losses in LC circuit.
Feedback circuit: It is a circuit which receives the output of transistor amplifier and supplies correct
amount of energy to LC circuit. When the key K is closed, the collector current IC in the circuit starts
increasing. The changing current through inductance L1 induces an emf across the inductor L, which
further increases the base current IB and hence the emitter current IE . The upper plate of capacitor
gets positively charged.

As the current through inductor L1 becomes steady, the mutual induction stops and induced emf
across inductor L becomes zero and capacitor starts getting discharged through inductor L, thereby
decreasing the base current IB and hence emitter current IE and collector current IC till IC becomes
zero. Again the collector, base and emitter currents starts increasing and after attaining a maximum
value starts decreasing. In this way collector current oscillates between maximum and zero values. In
the oscillator, energy is supplied by the battery B2 to the LC circuit at proper time and in proper
phase, therefore the battery B2 gets consumed in the oscillator. This means that in oscillator d.c. is
converted into a.c.
14. (i) Identify the logic gates marked P and Q in the given logic circuit.
(ii) Write down the output at X for the inputs A = 0, B = 0 and A = 1, B = 1. [AI 2010]

Ans: (i) Gate P is a NAND gate, and gate Q is an OR gate.
(ii) Boolean expression for the above logic circuit is
X  A.B  B  A  B  B  A  1
X = 1 [using boolean identities]
Thus output at X is going to be 1 for all the possible inputs at A and B.
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15. Give a circuit diagram of a common emitter amplifier using an npn transistor. Draw the input
and output waveforms of the signal. Write the expression for its voltage gain. [AI 2009]
Ans:

CE amplifier with npn transistor Input and output waveforms :

The voltage gain of amplifier is
V
R
Av  0   out
Vi
Rin
16. Draw the output waveform at X, using the given inputs A and B for the logic circuit shown
below. Also, identify the logic operation performed by this circuit. [AI 2011]

Ans: Boolean expression of this combination is,
Y  A  B and X  Y  A  B  A  B
Therefore, the given logic circuit acts as OR gate. Hence, output is high when both or one of them is
high. Accordingly the waveform of output is shown in figure.

17. Describe briefly with the help of a circuit diagram, how the flow of current carriers in a pnp
transistor is regulated with emitter base junction forward biased and base collector junction
reverse biased. [AI 2012]
Ans: Action of pnp Transistor
(a) The forward bias of the emitter base circuit repels the holes of emitter towards the base and
electrons of base towards the emitter. As the base is very thin and lightly doped, most of the holes (≈
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95 %) entering it pass on to collector while a very few of them (≈ 5 %) recombine with the electrons
of the base region.

(b) As soon as a hole combines with an electron, an electron from the negative terminal of the
battery VEB enters the base. This sets up a small base current IB. Each hole entering the collector
region combines with an electron from the negative terminal of the battery VCB and gets neutralised.
This creates collector current IC . Both the base current IB and collector current IC combine to form
emitter current IE
 IE = IB + IC

18. Name the semiconductor device that can be used to regulate an unregulated dc power supply.
With the help of IV characteristics of this device, explain its working principle. [AI 2011]
Ans: Zener diode
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Working : The IV characteristics of a Zener diode is shown in the above figure. When the applied
reverse bias voltage (V) reaches the breakdown voltage (Vz ) of the Zener diode, there is a large
change in the current. After the breakdown voltage Vz , a large change in the current can be produced
by almost insignificant change in the reverse bias voltage. In other words, Zener voltage remains
constant, even though current through the Zener diode varies our a wide range. This property of the
Zener diode is used for regulating supply voltages so that they are constant.
19. Draw the transfer characteristic curve of a base biased transistor in CE configuration. Explain
clearly how the active region of the Vo versus Vi curve in a transistor is used as an amplifier.
[AI 2011]
Ans: The transfer characteristic curve of a base biased transistor in CE configuration is shown
below.

For using the transistor as an amplifier we will use the active region of the Vo versus Vi curve. The
slope of the linear part of the curve represents the rate of change of the output with the input. If we
consider V0 and Vi as small changes in the output and input voltages then V0 / Vi is called the
small signal voltage gain AV of the amplifier.
20. Draw typical output characteristics of an npn transistor in CE configuration. Show how these
characteristics can be used to determine output resistance. [AI 2013]
Ans:

Output resistance is the reciprocal of the slope of the linear part of the output characteristics.

Prepared by: M. S. KumarSwamy, TGT(Maths)

Page - 76 -

 ΔVCE 
r0 = 

 ΔI C  I B
21. In the circuit shown in the figure, identify the equivalent gate of the circuit and make its truth
table.

Ans: Here both the input terminals A and B are short circuited.

So, the equivalent gate is OR gate.
22. Draw VI characteristics of a pn junction diode. Why is the current under reverse bias almost
independent of the applied potential upto a critical voltage?
Ans:

The reverse current is due to minority charge carriers and even a small voltage is sufficient to sweep
the minority carriers from one side of the junction to the other side of the junction.
23. Draw the circuit diagrams of a pn junction diode in (i) forward bias, (ii) reverse bias. How are
these circuits used to study the V–I characteristics of a silicon diode? Draw the typical V–I
characteristics.
Ans: (a) Biasing of a pn junction diode:
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Forward Biasing: When an external voltage (V) is applied across the diode such that p side is
connected with positive or at a higher potential and n side is connected with negative or at a lower
potential, the diode is called “Forward Biased”

Reverse Biasing: When the external voltage (V) is applied across the diode such that p side is
connected with negative or at a lower potential and n side is connected with positive or at a higher
potential, the diode is called “Reverse Biased”.

By changing the biasing voltage in both circuits above, corresponding readings of voltmeter and
ammeter are observed, and graphs are plotted between them for both the circuits. These graphs are
known as VI characteristics.
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24. What is a light emitting diode (LED)? Mention two important advantages of LEDs over
conventional lamps.
Ans: Light emitting diode (LED) is a junction diode made of gallium arsenide or indium phosphide
in which when hole electron pairs recombine at forward biased pn junction, energy is released in the
form of light.

Two advantages of LED over conventional incandescent lamps are:
(i) In LED energy is produced in the form of light only, whereas in incandescent lamp energy is
produced in the form of heat and light. Thus, there is no energy loss in LED.
(ii) To operate LED, very small voltage (≈ 1 V) is required, whereas for the incandescent lamp
higher voltages are required.
25. Draw the circuit arrangement for studying the input and output characteristics of an npn
transistor in CE configuration. With the help of these characteristics define (i) input resistance,
(ii) current amplification factor.
Ans: Circuit arrangement for studying the input and output characteristics of an npn transistor in CE
configuration is shown below. Symbols have their usual meaning.

Input characteristics : A graph showing the variation of base current IB with base emitter voltage VBE
at constant Collector emitter voltage VCE is called the input characteristic of the transistor.
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Input resistance (ri ): This is defined as the ratio of change in base emitter voltage ( Δ VBE ) to the
resulting change in base current ( Δ IB ) at constant collector emitter voltage (VCE ). This is dynamic
(ac resistance) and as its value varies with the operating current in the transistor:

 ΔVBE
ri = 
 ΔI B


1
 VCE 
slope of input characteristics


Output characteristics : A graph showing the variation of collector current IC with collector emitter
voltage VCE at constant base current IB is called the output characteristic of the transistor.

Current amplification factor (  ): This is defined as the ratio of the change in collector current to the
change in base current at a constant collector emitter voltage (VCE ) when the transistor is in active
state.
26. Describe briefly, with the help of a diagram, the role of the two important processes involved
in the formation of a pn junction.
Ans: The two processes are (i) Diffusion (ii) Drift
Diffusion : Holes diffuse from p side to n side (p → n) and electrons diffuse from n side to p side
(n → p)


Drift : The motion
of
charge
carriers,
due
to
the
applied
electric
field
(

 E ) which results in drifting
of holes along E and of electrons opposite to that of electric field ( E )
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27. Name the device which is used as a voltage regulator. Draw the necessary circuit diagram and
explain its working.
Ans: Zener Diode is used as a voltage regulator.
When applied reverse voltage V is less than zener voltage Vz i.e., V < Vz , then zener diode does not
conducts any current, and is said to be in OFF state. When V > Vz then zener diode conducts current
at constant voltage Vz and is said to be in ON state.

Such zener diode is used in voltage stabilisation across a circuit. For this it is connected in parallel
across the load resistor RL in reverse bias. Suppose an unregulated d.c. input voltage Vin is applied to
the zener diode of breakdown voltage Vz . When Vin < Vz zener diode does not conduct any current
and hence input voltage appears across the load RL . When Vin > Vz ,then the zener diode is in
breakdown condition, and allows large reverse current to flow through it, keeping the voltage across
it constant at Vz, which remains unaffected by value of load RL . Thus, the output voltage across the
zener diode is regulated voltage.
28. Identify the equivalent gate for the following circuit and write its truth table. [AI 2012]

Ans: AND Gate
A
0
0
1
1

B
0
1
0
1

Y = A∙B
0
0
0
1

29. Distinguish between an intrinsic semiconductor and P-type semiconductor. Give reason, why a
P type semiconductor crystal is electrically neutral, although nh ne ?
Ans:
Intrinsic semiconductor
(i) It is a semiconductor in pure form.
(ii) Intrinsic charge carriers are electrons
and holes with equal concentration.
(iii) Current due to charge carriers is feeble
(of the order of A).

P-type semiconductor
(i) It is a semiconductor doped with p-type
(like Al, In) impurity.
(ii) Majority charge carriers are holes and
minority charge carriers are electrons.
(iii) Current due to charge carriers is significant
(of the order of mA).

P-type semiconductor is electrically neutral because every atom, whether it is of pure semiconductor
(Ge or Si) or of impurity (Al) is electrically neutral.
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30. The given inputs A, B are fed to a 2-input NAND gate. Draw the output wave form of the gate.

Ans: The output of NAND gate with inputs A and B is Y = AB
i.e., output is obtained if either or both inputs are zero.
Accordingly the output waveform Y = AB is shown in fig.
i.e., output is zero between intervals 0 to t1 and t4 to t5 and in all other intervals it is ‘1’.
The output waveform is shown in fig.

31. If the output of a 2 input NOR gate is fed as both inputs A and B to another NOR gate, write
down a truth table to find the final output, for all combinations of A, B.
Ans: First gate is NOR gate, its output C  A  B
Second gate is also NOR gate, its output
Y  C  C  C.C  C  A  B  A  B
This is Boolean expression for OR gate.

Its truth table is
A
0
0
1
1

B
0
1
0
1

Y
0
1
1
1

32. Draw a labelled circuit diagram of a full-wave rectifier and briefly explain its working
principle.
Ans: For full wave rectifier we use two junction diodes. The circuit diagram for full wave rectifier
using two junction diodes is shown in figure.
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Suppose during first half cycle of input ac signal the terminal S1 is positive relative to S and S2 is
negative relative to S, then diode I is forward biased and diode II is reverse biased. Therefore current
flows in diode I and not in diode II. The direction of current i1 due to diode I in load resistance RL is
directed from A to B. In next half cycle, the terminal S1 is negative relative to S and S2 is positive
relative to S. Then diode I is reverse biased and diode II is forward biased.
Therefore current flows in diode II and there is no current in diode I. The direction of current i2 due
to diode II in load resistance is again from A to B. Thus for input a.c. signal the output current is a
continuous series of unidirectional pulses. This output current may be converted in fairly steady
current by the use of suitable filters.
33. Draw a labelled circuit diagram of a p-n-p transistor amplifier in the common-emitter
configuration. Briefly explain, how the input/output signals differ in phase by 180°.
Ans: Common-Emitter Transistor Amplifier: Common-emitter transistor amplifier gives the
highest gain and hence it is the most commonly employed circuit. Fig. depicts the circuit for a p-n-p
transistor. In this circuit, the emitter is common to both the input (emitter-base) and output
(collector-emitter) circuits and is grounded. The emitter-base circuit is forward biased and the basecollector circuit is reverse biased.

In a common-emitter circuit, the collector-current is controlled by the base-current rather than the
emitter-current. Since in a transistor, a large collector-current corresponds to a very small basecurrent, therefore, when input signal is applied to base, a very small change in base-current provides
a much larger change in collector-current and thus extremely large current gains are possible.
Referring to fig., when positive half cycle is fed to the input circuit, it opposes the forward bias of
the circuit which causes the collector current to decrease. It decreases the voltage drop across load RL
and thus makes collector voltage more negative. Thus when input cycle varies through a positive
half cycle, the output voltage developed at the collector varies through a negative half cycle and vice
versa. Thus the output voltage in common-emitter amplifier is in antiphase with the input signal or
the output and input voltages are 180° out of phase.
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34. Explain briefly, with the help of a circuit diagram, how a p-n junction diode works as a half
wave rectifier.
Ans:
Half Wave Rectifier: The circuit diagram for junction diode as half wave rectifier is shown in
below Fig.

Let during first half the cycle the secondary terminal S1 of transformer be positive relative to S2, then
the junction diode is forward biased. Therefore the current flows and its direction in load resistance
RL is from A to B. In next half cycle the terminal S1 is negative relative to S2 then the diode is in
reverse bias, therefore no current flows in diode and hence there is no potential difference across
load RL. Therefore the output current in load flows only when S1 is positive relative to S2. That is
during first half cycles of input a.c. signal there is a current in circuit and hence a potential difference
across load resistance RL while no current flows for next half cycle. The direction of current in load
is always from A to B. Thus a single p-n junction diode acts as a half wave rectifier.
The input and output waveforms of half wave rectifier are shown in the below figure.

35. Draw the logic symbol of the gate whose truth table is given below:
Input
Output
A
B
Y
0
0
1
0
1
0
1
0
0
1
1
0
If this logic gate is connected to NOT gate, what will be output when (i) A = 0, B = 0 and
(ii) A = 1, B = 1? Draw the logic symbol of the combination.
Ans:
36. Explain the formation of ‘depletion layer' and ‘barrier potential’ in a p-n junction.
Ans: At the junction there is diffusion of charge carriers due to thermal agitation; so that some of
electrons of n-region diffuse to p-region while some of holes of p-region diffuse into n-region. Some
charge carriers combine with opposite charges to neutralise each other. Thus near the junction there is an
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excess of positively charged ions in n-region and an excess of negatively charged ions in p-region. This
sets up a potential difference called potential barrier and hence an internal electric field Ei across the
junctions.

The field Ei is directed from n-region to p-region. This field stops the further diffusion of charge
carriers. Thus the layers (≈ 10- 4 cm to 10- 6 cm) on either side of the junction becomes free

Explain how a transistor in active state exhibits a low resistance at its emitter base junction and high
resistance at its base collector junction.
37. Draw a circuit diagram and explain the operation of a transistor as a switch.
Ans:
A switch is a device which can turn ON and OFF current is an electrical circuit.
A transistor can be used to turn current ON or OFF rapidly in electrical circuits.
Operation: The circuit diagram of n-p-n transistor in CE configuration working as a switch is
shown in fig. VBB and VCC are two dc supplies which bias base-emitter and emitter collector
junctions respectively.
Let VBB be the input supply voltage. This is also input dc voltage (VC). The dc output voltage is taken
across collector-emitter terminals, RL is the load resistance in output circuit.
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If we plot V0 versus Vi, we get the graph as shown in fig. [This characteristics curve is also called
transfer characteristic curve of base biased transistor.]
The curve shows that there are non-linear regions. (i) between cut off state and active state and (ii)
between active state and saturation state; thus showing that the transitions (i) from cut off to active
state and from active to saturation state are not sharply defined.

When transistor is non-conducting (IC = 0), it is said to be ‘switched off’ but when it is conducting
(IC is not zero); it is said to be ‘switched ON’.
As long as input voltage Vi is low and unable to overcome the barrier voltage of the emitter base
junction, V0 is high (IC = 0 and V0 = VCC ), so the transistor is ‘switched OFF’ and if it is high enough
to derive the transistor into saturation (IC is high and so V0 (= VCC – IC RL ) is low, very near to zero,
so the transistor is ‘switched ON’. Thus we can say low input switches the transistor is OFF state
and high input switches it ON. The switching circuits are designed in such a way that the transistor
does not remain in active state.
38. Draw the circuit diagram of an illuminated photodiode in reverse bias. How is photodiode used
to measure light intensity?
Ans: It is a reversed biased p-n junction, illuminated by radiation. When p-n junction is reversed
biased with no current, a very small reverse saturated current flows across the junction called the
dark current. When the junction is illuminated with light, electron-hole pairs are created at the
junction, due to which additional current begins to flow across the junction; the current is solely due
to minority charge carriers.

39. Distinguish between a conductor, a semiconductor and an insulator on the basis of energy
band diagrams.
Ans: If the valence and conduction bands overlap, the substance is referred as a conductor.
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If the valence and conduction bands have a forbidden gap more than 3 eV, the substance is an
insulator.
If the valence and condition bands have a small forbidden gap (1 eV), the substance is a
semiconductor.
40. How is forward biasing different from reverse biasing in a p-n junction diode?
Ans:
1. Forward Bias:
(i) Within the junction diode the direction of applied voltage is opposite to that of built-in potential.
(ii) The current is due to diffusion of majority charge carriers through the junction and is of the order
of milliamperes.
(iii) The diode offers very small resistance in the forward bias.
2. Reverse Bias:
(i) The direction of applied voltage and barrier potential is same.
(ii) The current is due to leakage of minority charge carriers through the junction and is very small of
the order of A.
(iii) The diode offers very large resistance in reverse bias.
41. Write two characteristic features to distinguish between n-type and p-type semiconductors.
Ans:
n- type Semiconductor
p- type Semiconductor
(i) It is formed by doping pentavalent
(i) It is doped with trivalent impurities.
impurities.
(ii) The electrons are majority carriers and
(ii) The holes are majority carriers and
holes are minority carriers (ne nh).
electrons are minority carriers (nh ne).
42. In the given circuit diagram, a voltmeter ‘V’ is connected aross a lamp ’L’. How would (i) the
brightness of the lamp and (ii) voltmeter reading ‘V’ be affected, if the value of resistance ‘R’
is decreased? Justify your answer.

Ans:
(i) If the value of the resistance R is reduced, the current in the forward biased input circuit
increases. The emitter current IE and the collector current IC (= IE – IB) both increase. Hence, the
brightness of the lamp increases.
(ii) Due to increase in IC, the potential drop across lamp L increases and hence the voltmeter reading
V increases.
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43. Mention the important considerations required while fabricating a p-n junction diode to be
used as a Light Emitting Diode (LED). What should be the order of band gap of an LED if it is
required to emit light in the visible range?
Ans: Important consideration in the fabrication of LED:
(a) (i) light emitting diode is a heavily doped p-n junction.
(ii) The reverse breakdown voltages of LEDs are very low, typically around 5V.
(b) The order of band gap of an LED to emit light in the visible range is about 3 eV to 1.8 eV.
44. Output characteristics of an n-p-n transistor in CE configuration is shown in the figure.
Determine:
(i) dynamic output resistance
(ii) dc current gain and
(iii) ac current gain at an operating point VCE V, 10 when IB 30A.

Ans:

 ΔVCE 
(i) Dynamic output resistance is given by ro = 

 ΔI C  I B
For IB = 30 A, VCE = (12 - 8) = 4V and IC = (3.6 – 3.4) = 0.2mA

ro =

0.4V
4

 2 104 
-3
0.2mA 0.2  10

Ic
Ib
At VCE = 10 V and Ib = 30 A, the value of Ic = 3.5m A
(ii) dc current gain  dc 

 dc 

3.5mA 3.5 103

 117
30 A 30  10 6
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 ΔI 
(iii) ac current gain  dc   C 
 ΔI B VCE
At VCE =10 V, IC = (3.5 2.5) mA = 1mA and B = (30 A 20 A) = 10 A
1mA
 dc 
 100
10 A
45. The circuit shown in the figure has two oppositely connected ideal diodes connected in parallel.
Find the current flowing through each diode in the circuit.

Ans: (i) Diode D1 is reverse biased, so it offers an infinite resistance. So no current flows in the
branch of diode D1.
(ii) Diode D2 is forward biased, and offers no resistance in the circuit. So current in the branch
V
12V
I

 2A
Req 2  4
46. The circuit shown in the figure contains two diodes each with a forward resistance of 50 and
infinite backward resistance. Calculate the current in the 100 resistance?

Ans: Resistance of diode D1 in forward biasing RZ = 50 .
Resistance of diode D2 in reverse biasing = 
As no current flows through the diode D2, so current from the
source flows through diode D1.

6.0V
6.0
I


 0.02 A
Rnet 50  150  100 300
I = 0.02 A flows through 100 resistor.
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47. Briefly explain its working. Draw its V–I characteristics for two different intensities of
illumination.
Ans: When a reverse bias photodiode is illuminated with light of energy greater than the forbidden
energy gap (Eg) of the semiconductor, then electron hole pair are generated in the depletion region. Due
to electric field of the junction, electrons are collected on the n-side and holes on p-side, giving rise to an
emf.

48. Two signals A, B as given below, are applied as input to (i) AND (ii) NOR and (iii) NAND
gates. Draw the output wave-form in each case.
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Ans:
Time
Interval
0 t t1
t1 t t2
t2 t t3
t3 t t4
t4 t t5
t5 t t6
t6 t t7
t7 t t8

Inputs
A
0
1
1
0
0
1
0
0

B
1
1
0
0
0
1
0
1

AND
Y = A.B
0
1
0
0
0
1
0
0

NOR
Y = A+B
0
0
0
1
1
0
1
0

NAND
Y = A.B
1
0
1
1
1
0
1
1

Output waveforms of the three gates:

49. Draw the symbolic representation of a (a) p-n-p (b) p-n-p transistor, Why is the base region of
transistor thin and lightly doped? With proper circuit diagram, show the biasing of a p-n-p
transistor in common base configuration. Explain the movement of charge carriers through
different parts of the transistor in such a configuration and show that IE = IC + IB [2007 D]
Ans:

The thin and lightly doped base region offers lesser number of majority charge carrier in base region
which reduces the possibility of combination of electron hole pair in base region and hence, reducing
the base current.
Also, this leads to increase collector current. Hence, current gain increase in transistor.
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The forward bias of emitter-base circuit move holes towards collector. The base region is very thin
and lightly doped, only 5% of holes combines with the electrons in base region and remains nearly
95% holes enters into the collector region under the influence of VEB. The excess of holes (95%) in
collector region get combined with the electron drawn from the negative terminal of VCB and get
annihilated.
IE = IC + IB.
50. The following figure shows the input waveforms (A, B) and the output wavefrom (Y) of a gate.
Identify the gate, write its truth table and draw its logic symbol.

Ans: The logic gate is NAND gate.

Truth Table
Inputs
Output
A
B
Y
0
0
1
0
1
1
1
0
1
1
1
0
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