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Enrico Fermi

(1901 – 1954)

Enrico Fermi, the Italy born physicist, was responsible for peaceful

uses of nuclear energy for mankind. He demonstrated that nuclear

transformations may occur in any element exposed to stream of

neutrons. He achieved self-sustained nuclear fission chain reaction

in 1942.

Fermi was only 25 years old when he formulated the Fermi–Dirac statistics, applicable

to particles having half integral spin values (called fermions). At the time of his

premature death, he was engrossed in theoretical studies of cosmic radiations.

27.2.1 Mechanism of Nuclear Fission
In the year 1939, Bohr and Wheeler developed the theory of fission using the analogy
between nuclear forces and the forces which bind molecules in a liquid. They predicted

that 235
92 U was more fissile than235

92 U . Refer to Fig. 27.2. If shows the schematics of

nuclear fission of 235
92 U  by thermal neutrons according to the equation.

235 1 141 92 1
92 0 36 36 0n Ba Kr 3 n QU + → + + + (27.11)

Fig. 27.2 : Nuclear-fission of a nucleus according to the liquid drop model

The emitted neutrons have energy of the order of a few MeV, and Q 200MeV.

Note that a fission event occurs within 10–17s of neutron capture and fission neutrons are
emitted within about 10–14s of the event. Moreover, the fission fragments are of unequal
mass; one being 1.5 to 2 times heavier than the other. Also, Eqn. (27.11) gives only one of

the more than 40 different modes in which a 235
92 U  nucleus can fission. It means that about

80 different nuclei of intermediate masses are produced in the fission of 235
92 U . The heavier

fragments lie in the mass range 125–150 with the a maximum around 140, whereas the lighter
fragments lie in the range 80 – 110 with a maximum around 95.  The number of neutrons
emitted is either two or three and the average number of neutrons produced per fission of 235U
is2.54

time →
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Fig. 27.3 : Nuclear fission

Bohr and Wheeler treated  the nucleus as a charged spherically symmetric liquid drop in

its equilibrium (lowest energy) state.  According to them, when a nucleus captures a

thermal neutron, the binding energy (BE) of this neutron, which is 6.8 MeV per atomic

mass unit for 235U , is released. This energy excites the nucleus and distorts its shape.

While the force of surface tension tries to restore the original shape, the Coulomb force

tends to distort it further. As a result, it oscillates between spherical and dumb bell shapes,

as shown in Fig.27.2, depending on the energy of excitation. When the energy gained by

the nucleus is large, the amplitude of these oscillatious pushes the nuclens into dumb bell

shape. When the distance between the two charge centres exceeds a critical value,

electrostatic repulsion between them overcomes nuclear surface tension and pushes the

nucleus into two parts resulting in fission.

A substance like 235
92 U  which undergoes fission by thermal neutrons is called a fissile

material.Other fissile materials are 233
90 Th , 233

92 U  and 239
93 Pu. You may note that all these

nuclei have odd mass number and even atomic number.

We can estimate the amount of energy released in the fission of 235
92 U by calculating the

mass defect as follows:

Table 27.1 Energy Generated in a Nuclear Reaction

Reactants Mass Products Mass

235U 235.0439 u 141
56 Ba 140.9139 u

1n                                     1.008665 u                            92
36Kr                                     91.8973 u

                                        3 × Vn                                  3.025995 u

Total mass 236.052565 u Total mass 235.837195 u

Mass defect                    0.21537u

Energy released 0.21537× 931 ~ 200 MeV
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You have now learnt that when a neutron is

captured by 235
92 U , it splits into two fragments

and 2-3 neutrons are emitted. These are
capable of causing further fissions. This
immediately presented the exciting possibility
of maintaining a fission chain reaction in which
each fission event removes one neutron and
replaces that by more than two. When the rate
of production of neutrons equals the rate of
loss of neutrons, the  reaction is said to be self-sustained. The device designed to maintain
a self-sustained and controlled chain reaction is called a nuclear reactor.

Nuclear reactors are usually classified according to the purpose for which they are used.
So a nuclear power reactor is used to produce electricity and a research reactor is used to
produce radioisotopes for medical purposes, carrying out experiments for refinements or
applied research. We also categorise nuclear reactors as fast and thermal, depending on
the energy of neutrons causing fission. In India, we have thermal power reactors at Tarapore,
Narora, Kota, Kaiga, etc. At Kalpakkam, we are developing a fast breeder research
reactor.

You will now learn about a nuclear reactor in brief.

27.3 Nuclear Reactor

Ever since the first nuclear reactor was constructed by Fermi and his co-workers at the
university of Chicago USA, a large number of reactors have been built the world over
primarily to meet demand for energy. Some countries generate as much as 70% of their
total energy from nuclear reactors. In India, the contributions of nuclear energy is only
about 2%, but efforts are on to increase this share. In absolute terms, we are generating
about 20,000 MWe from nuclear reactors.

Nuclear reactors have huge complex structures and great care has to be exercised in
designing them. The basic principle of a nuclear power plant is very simple and analogous
to any power plant. The heat liberated in fission is used to produce steam at high pressure
and high temperature by circulating a coolant, say water, around the fuel. (In a coal fired
station, coal is burnt to produce steam. Since one fission event generates about 7 ×105

times more energy than that produced in burning one atom of carbon, we can cut down on
emission of greenhouse gases substantially by switching over to nuclear energy. However,
there are some complex social and political issues with global dimensions that will ultimately
decide our ultimate nuclear energy options.)

The steam runs a turbine–generator system to produce electricity. (In research reactors,
the heat is discharged into a river or sea. You many have heard about Bhahha Atomic
Research Centre at Trombay, Mumbai or Indira Gandhi Atomic Research Centre at
Kalpakkam. The heat generated by the research reactors at these centres is discharged
into the Arabian sea and the Bay of Bengal, respectively.)

Fig. 27.4 : Nuclear Chain reaction
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Fig. 27.5 : Schematic diagram of a nuclear reactor

The general features of a reactor are illustrated in Fig. 27.5. All nuclear reactors consist of:
� A reactor core, where fission takes place resulting in release of energy. It has fuel

rods (embedded in a modertor in a thermal reactors),  and control rods to maintain the
chain reaction at the desired level. Coolant is circulated to remove the heat generated
in fission. Usually, heavy water or ordinary water are used as coolants and cadmium or
boron are used for control rods.

� A reflector is put next to the core to stop neutron leakage from the core.

� The whole assembly is placed inside a vessel, called pressure vessel. Usually, a few
inches thick stainless steel is used for this purpose.

� A thick shield is provided to protect the scientists and other personnel working around
the reactor from radiations coming from the reactor core. It is usually in the form of a
thick concrete wall.

� The entire structure is placed inside a reactor building. It is air tight and is maintained
at a pressure slightly less than the atomospheric pressure so that no air leaks out of the
building.

The heat generated inside the reactor core of a reactor due to fision is removed by circulating
a coolant. The heated coolant is made to give up its heat to a secondary fluid, usually
water in a heat exchanger. This generates steam, which is used to drive turbine-generator
system to produce electricity in a power plant and discharged into a river/lake/sea in a
research reactor.

Intext Questions 27.2

1. Why does a 238
92 U nucleus become β–active after absorbing a neutron?

..................................................................................................................................

Control rods
Heat exchanger

Steam
Turbine

Electric
generator

Pump

Condenser

PumpCool liquid

Power reactor

Uranium containers

Shielding

Hot liquid



312

MODULE - 7

Notes

Physics

Atoms and Nuclei

Table 27.2 : Binding Energy per
nucleon (BE/A) of
some light nuclei

Nucleon BE/A(in MeV)

2D 1.11

3T 2.827

3He 2.573

4He 7.074

6Li 5.332

7Li 6.541

2. Out of 238
92 U , 141Ba, 239Pu, and 12

6 C, which nucleus is fissile?

..................................................................................................................................

3. How much energy is released when 
235

U
92 undergoes nuclear fission?

..................................................................................................................................

27.3 Nuclear Fusion

You now know that uranium nucleus can be made to split into lighter nuclei resulting in
release of huge amount of energy. You may now ask: Can we combine lighter nuclei to
produce energy? To discover answer to this question, refer to the binding energy per
nucleon (BE/A) curve (Fig.26.2). You will note that binding energy per nucleon increases
as we go from hydrogen to helium . It means that helium is more stable than hydrogen.
Consider the following reaction:

1
D2  +  

1
D2 →

2
He4  +  Q

You can easily calculate the B.E of reactants and products:

Total B.E of reactants, BE
1
 = 2 × 2.22 = 4.44MeV

Total B.E of products, BE
2
 = 28.295 MeV

  Q  = (BE
2
 – BE

1
) ~ 24MeV

∴ Note that the energy released per nucleon in this reaction is 24/4=6 MeV, which is
nearly seven times the energy released per nucleon (200/238 = 0.83 MeV) in a nuclear
fission event.

The process in which two light nuclei combine to form a heavier nucleus is called
nuclear fusion.

Fusion process presents itself as a more viable energy option. However, the process of
fusion is more difficult to achieve than nuclear fission because both the deuterons are
positively charged. When we try to bring them together to fuse into one nucleus, they repel
each other very strongly and the reaction is ordinarily impossible.

To achieve this reaction, the deuterons have to be heated to nearly 10 million kelvin so that
they acquire sufficient kinetic energy to overcome repulsion before they collide to fuse
into helium nucleus. But the problems associated with maintaining such high temperatures
continuously and containing the reactants together has not yet been solved fully. The
controlled thermonuclear reaction necessary for harnessing this source of energy is however
not far now.

Almost inexhaustible amount of deuterium (heavy hydrogen) is present in the ocean. Once
we begin to harness this source, our energy problem should be solved for ever. We will get
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an endless supply of cheap electricity without any pollution. This is because one gram of
deuterium (heavy hydrogen) yields about 100,000 kW h of energy.

27.3.1 Energy in the Sun and Stars

The stars like our sun are very massive objects. They have been continuously emitting
tremendous amount of energy for the last billions of years.

Such a huge amount of energy cannot be obtained by  burning conventional fuels like coal.

Nuclear fission can also not be the source of this energy, because heavy elements do not

exist in the sun in large quantity. The sun mainly consists of hydrogen and helium gases.

Then you may like to know: What is the source of energy in the sun? This question  has

engaged human intellect for long. As a child, you must have gazed the sky when you

learnt the rhyme: Twinkle twinkle litter star, How I wonder what you are!

You may know that the huge mass of the sun produces extremely strong gravitational

field, which compresses its constituent gases by enormous pressure resulting in the rise of

temperature to millions of kelvin at its centre. It has been estimated that the temperature

at the centre of the sun is 20 million kelvin. At such high temperatures and pressures, gas

molecules travel at high speeds and collide setting in thermonuclear reaction and resulting

in the release of large amount of energy.

Bethe proposed that fusion of hydrogen into helium is responsible for the energy produced

in stars:

41
1
H   → 4

2 He   +   2 o1e+   + Q

The overall result here is: four hydrogen nuclei fuse into a helium nucleus with the release

of two positrons (electron-like microscope particles of the same mass but positive charge)

and 26.8 MeV energy. The tremendous amount of energy released in a thermo-nuclear

reaction is the source of energy in stars.The quantity of hydrogen in the sun is sufficient

to keep it shining for nearly 8 billion years more.

 Intext Questions 27.3

1. 200 MeV energy is released in fission of one 235
92 U5 nucleus and 26.8 MeV energy is

released in fusion of 4 protons. Which process releases more energy per unit mass?

..................................................................................................................................

2. Consider the following reactions:

 (a) 1
1
H   +    7

3
Li → 4

2
He + Q .
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 (b) 2

1 H   + 2
1
H → 3

1
H   +   11H   + 4MeV.

CalculateQ in the first reaction and mass of tritium in the second reaction.

Given m( )2
1 H = 2.014103u, m( )4

2H = 4.002604u, m( )1
1H  = 1.007825u and

m( )7
3Li = 7.015982u.

.........................................................................................................................

27.4 Nuclear Energy

We need energy for all economic activities in life. The amount of energy consumed per

capita is a measure of advancement of a nation. According to a recent UNESCO report

(2007), we are consuming about 40% more than what mother earth can generate in the

form of food, water and energy. In fact, the human society has been continuously striving

for energy security and looking for newer sources of energy. Due to over use, conventional

sources of energy are depleting very fast and may exhaust completely in the next one

hundred years. The nuclear energy is perhaps an important option for meeting our future

energy needs through peaceful applications. Let us discuss these now.

27.4.1 Peaceful Applications

The most important peaceful application of nuclear energy is in the generation of electricity.

One of the main advantages of nuclear power plant is that the fuel is not required to be fed

into it continuously like the gas or coal in a thermal power plant. Further, it does not

pollute the environment to the extent discharge of smoke or ash from fossil

fuel/power plants do. The fuel  once loaded in  a reactor runs for nearly 6 months at a

stretch. Because of this nuclear power plants have been used to power huge ships and

submarines.

However, spent fuel of a reactor is highly radioactive because a large number of radio-

isotopes are present in it. India has developed its own facility to treat spent fuel and

extract it from those radio-isotopes which find uses in agriculture, medicine, industry

and research. To avoid the spread of radioactive radiations from the radioactive wastes,

the radioactive wastes are generally embedded deep inside salt mines in heavy steel cases.

Yet,  it has evoked considerable  controversy due to its destructive  potential which was

displayed on August 6, 1945,  when an atom bomb was dropped on Hiroshima (Japan)

killed hundred thousand people in a  very short time. Subsequently, even more powerful

hydrogen and nitrogen bombs have been developed. These can destroy this beautiful planet

many times over.
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Nuclear Power in India

The possibility of harnessing nuclear power for civil use was recognised by Dr H.J.

Bhabha soon after India got independence. He outlined a three stage development

plan for meeting country’s nuclear power needs. These are :

• Employ pressurised Heavy Water Reaction (PHWR) fuelled by natural uranium

to generate electricity and produce plutonium as a by-product.

• Set up fast breeder reactors burning the plutonium to breed U-233 from thorium.

• Develop the second stage and produce a surplus of fissile material.

Nuclear power has been produced in India through 14 small and one mid-sized nuclear

power reactors in commercial operation, eight under construction and more planned.

As of now, nuclear power contributes nearly 2 × 1010kW h of electricity – 3% of

total power capacity available.

Government policy is to have 20 GWe of nuclear capacity operating by 2020 and

25% nuclear contribution is foreseen by 2050.

Intext Questions 27.4

1. What type of reactors are used in India for power generation?

..................................................................................................................................

2. How much 235
92 U  undergoes fission in an atomic bomb which releases energy equivalent

to 20,000 tons of TNT. (Given that 1 g of TNT gives out 1000 calorie of heat).

..................................................................................................................................

27.4.2 Hazards of Nuclear Radiations and Safety Measures

The living and non-living things around us constitute our environment. In this
environment, a delicate balance has existed for millions of years between the flora,
fauna, acquatic and human life. This balance is now being threatened. One of the
factors disturbing this balance is the ever increasing pollution in our environment.
Out of the various types of pollutants present in our environment, the one which has
very serious long term biological effects are the ‘nuclear radiations’. Earlier these
were present only because of natural sources like the radioactive minerals and cosmic
rays, but now their presence is increasing day by day due to man-made sources. The
major present day man-made sources of nuclear radiations are the nuclear tests,
nuclear installations like the nuclear research facilities, nuclear reactors, and radio
isotopes in treating diseases.
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*Plasma in the forth state of matter which consists of ions and electrons.

Nuclear radiations dissociate complex molecules of living tissues through ionisation
and kill the cells. They induce cancerous growth, cause sterility, severe skin burns,
and lower the body resistance against diseases. They disrupt the genetic process,
mainly in the unborn child, and show their effects even upto five generations. Nuclear
radiations affect us not only directly, but also indirectly by affecting the flora, fauna
and the acquatic life around us. They kill vegetation, fishes and animals.

The damage caused by nuclear radiations depends on the exposed part of the body, as
well as on the energy, intensity and the nature of the radiation. Different parts of human
body show different sensitivities to radiation. The α-particles are, as a rule, quite harmful
because of their high ionising power. The damaging effects of different radiations are
generally compared in terms of their ‘relative biological effectiveness’, called the RBE
factors. These factors for different particles/rays are given in Table 27.3.

There is no control on natural sources of radiation. However, efforts can certainly be
made to lower down radiation from man-made sources. Some of these are to:

� Avoid nuclear explosions.

� Minimise production of radio-isotopes.

� Extreme care should be exercised in the disposal of industrial wastes containing
traces of radio-nuclides.

� Nuclear medicines and radiation therapy should be used only when absolutely
necessary, and with well considered doses.

What You Have Learnt

� Valence electrons take part in chemical reactions and the energy involved in such
reactions is of the order of 1eV.

� In a nuclear reaction, the atomic nuclei interact to form a new element.

� Energy involved in nuclear reaction is of the order of MeV.

� In a nuclear reaction, atomic number, mass number and charge are conserved.

� When a heavy nucleus like uranium is bombarded by slow neutrons, it splits into two
fragment with release of 2-3 neutrons and 200MeV energy. This process is known as
nuclear fission.

� Substances that undergo fission are called fissile substances. 233Th, 233U, 235U, and
239Pu are fissile materials.

� Chain reaction occurs when more than one emitted neutron induce further fission for
each primary fission.

� Nuclear reactor is a device to sustain controlled chain reaction.

� In nuclear fusion two light nuclei are fused into one.

Table 27.3: RBE factors of differ-
ent radiations

Particles/rays RBE factors

X-rays, γ -rays,
β-particles 1

Thermal neutrons 2 to 5

Fast neutrons 10

α-particles, high
energy ions of
O, N, etc. 10 to 20
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� For producing nuclear fusion, the reacting nuclei must be heated to nearly 20 million

kelvin to gain sufficient kinetic energy to overcome the Coulombian potential barrier.

� In stars energy is produced by nuclear fusion reaction.

� Amount of hydrogen consumed in the sun is nearly 400 × 106 ton per second.

� Radio-isotopes find diverse applications in agriculture, medicine and industry.

Terminal Exercise

1. How does a nuclear reaction differ from a chemical reaction?

2. What is the use of moderator and absorber in a fission reactor?

3. On the basis of B.E per nucleon versus mass number curve, explain nuclear fusion.

4. What is a nuclear reaction? State the conservation laws obeyed in nuclear reactions.
Give threes examples of nuclear reactions.

5. What is nuclear fission? Give an example to illustrate your answer.

6. Calculate the mass of 235U consumed to generate 100 mega watts of power for 30 days.

7. Heavy hydrogen undergoes the following fusion reaction

2
1 D  +  2

1 D → 4
2 He  +  24 MeV

Calculate the amount of heavy hydrogen used in producing the same energy as above.
Compare the two results.

8. What is nuclear fusion? Write an equation of nuclear fusion to support your answer.

9. What is the source of energy in the sun? How is it generated? Illustrate with an
example.

10. Describe the construction of an atomic reactor.

11. Calculate the energy released in a  fusion reaction

3 (4 12
2 6He) C→

Given, the mass of on α-particle = 4.00263u.

Answers to Intext Questions

27.1

1. a. 19
9 F + 1

1
H → 16

8
O + 4

2 He;

b. 27
13 AI + 1

0 n → 24
11 Na + 4

2
He;
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c. 234
90 Th → 234

90
Pa + 0

1−
e;

d. 63
29Cu + 2

1
D → 64

30
Zn + 1

0
n

2. 17.9MeV

3. 14
7 N + 4

2 He → 17
8

O + 1
1 H + 6.5MeV.

27.2

1. Due to increase of n/p ratio above the natural ratio, its stability decreases. To decrease
the ratio to attain more stability, it emits a β-particle.

2. 239Pu

3. 200 MeV.

27.3

1. (1) In fission the energy released is 0.84 MeV/u where as in fusion. It is
6.7 MeV/u. Thus energy released per unit mass is more in the later case.

2. (a) 17.3 MeV, (b) 2.69 MeV.

 27.4

1. Pressurized Heavy Water Reactor 2. nearly 1 kg.

Answers to Problems in Terminal Exercise

6. 30.6 kg 7. 146.6 g

11. 7.35 MeV
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SENIOR SECONDARY COURSE

ATOMS AND NUCLEI

STUDENT’S ASSIGNMENT – 7
Maximum Marks: 50 Time : 1½ Hours

INSTRUCTIONS

� Answer All the questions on a seperate sheet of paper

� Give the following information on your answer sheet:

� Name

� Enrolment Number

� Subject

� Assignment Number

� Address

� Get your assignment checked by the subject teacher at your study centre so that you get positive feedback
about your performance.

Do not send your assignment to NIOS

1. What is the ratio of the energies of first and second orbits of hydrogen atom? (1)

2. Express 1 ev in 5. (1)

3. Express 1 u in kg.

4. Why is the wave nature of matter not apparent to our daily observatious? (1)

5. What happens to the average life of the radioactive sample when its mass decreases? (1)

6. What is the use of moderator is a nuclear fission reaction? (1)

7. How does the velocity of phibelectrons change when the velocity wavelength of incident radiatious is
increased? (1)

8. Distinguish between isotopes and isobars. (1)

9. Obtain the ole Broglie wavelength associated with an electron accelerated through a potential difference
of 200 r. (2)

10. With the help of examples distinguish between chemical and nuclear reactiouns. (2)

11. Write the postulates of Bohr’s theory of hydrogen atom. (2)

12. Show that the density of a nuclears is independent of its mass number. (2)

13. Distinguish between half life and average life of a radioactive substance. Find the half life of a radioactive

element which reduces to 
1
8

th of its initial mass in 16 days.

14. “Specific charge (e/m) is more important a physical quality as compared to charge (e) or mars (m) of a
fundamental particle.” – Give examples in support of this statement. (4)

15. Write nuclear equations for :

3.319
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(a) the alpha decay of 286
88 Ra

(b) the −β  – decay of 15
32 P

(c) the +β  – decay of 11
6C

(d) the r – decay of 60
27

x
oC (4)

16. Obtain the binating energy per nuclear of 11
7 N  nucleus. Give

m
r
 = 1.00783 u

m
n
 = 1.00867u

m
n
 = 14.00307 u.

17. For scattering of α-particles by an atom of atomic number π, the relation between impact parameter b
and the scattering angle θ  is given by

b = 
2

2

cot /2
4 ( /2)

e
o mv

π θ
πε .

(a) What is the value of scattering angle for which b = 0 ?

(b) Why is it that the mass of the nucleus does not enter the formula but the charge does?

(c) For a given value of b, does the angle of deflection increase or decrease with increasing energy?

(d) For a given energy of the α-particle does the scattering angle increase or decrease with decrease in
impact parameter? (4)

18. The total energy of an electron in the ground state of the hydrogen atom is about (– 13.ev). Find :

(a) What is the kinetic energy of the election in its first excited state?

(b) What is the potential energy of the electron is its first excited state?

(c) What is the total energy of the election in its first excited state?

(d) Which of the above answers would change if the choice of zero potential energy is altered?

19. In an experimental stidy of photoelectric effect the values of stopping potentials for various wavelengths
were obtained as under : (5)

( )oAλ  3650 4358 5461 6907

Vs (V) 1.28 0.95 0.74 0.16 0

(a) Determine the value of planck’s coustant h.

(b) Estimate the threshold frequency and work function for the material.

20. Derive a relation for the de Broglie wavelength associated with an election accelerated in a potential field
of V volts.

Which part of em spectrum you find radiotious having wavelengths comparable to the de Broglie wavelength
associated with a 100 ev electron. (5)
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28

SEMICONDUCTORS  AND

SEMICONDUCTING DEVICES

ver since man moved out of the cave and settled into a civil society, his quest for
comfort has increased continuously. The invention of fire and wheel proved turning points
in human history. Probably, the next big development was the grey revolution, which
transformed the way of communication, transportation and living. Sitting in our living rooms,
we can connect to our loved ones face-to-face across oceans and continents using computer
mediated video-conferencing. Human kind has reached other planets and searching for
life beyond the earth and outside the solar system.

In our everyday life, transistor radio, TV, cell phone, computers use what we call
semiconductor devices. Silicon and germanium are the most familiar semiconductor
materials. Normally, the conductivity of a semiconductor lies in–between the conductivities
of metals and insulators. However, at absolute zero, the semiconductor also acts like a
perfect insulator. The conductivity of a semiconductor is influenced by adding some impurity
element called dopant. Depending on the type of carrier added by a dopant, the
semiconductor is classified as p-typeor n-type.

When a part of a pure semiconductor is doped with p-type impurity and the remaining part
is doped with n-type impurity, we obtain a p-n junction. A p-n junction is also called a
diode. A more useful semiconductor device is a bipolar junction transistor. In this lesson
you will learn about various types of semiconductors, their behaviour and how they are
combined to form useful devices such as Zener diode, solar cell, photodiode, light emitting
diode and transistor, etc. These simple structures are used in voltage regulators, display
switches and storage devices, communication systems, computers, satellites, space vehicles
and power systems.

Objectives

After studying this lesson, you should be able to :

� differentiate between n-type and p-type semiconductors.

� explain formation of depletion region and barrier potential in a p-n junction
diode;

E
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� describe I-V characteristics of a p-n junction diode in the forward and reverse
biases;

� explain the action of a transistor;

� describe the effect of doping, size and function of different regions in a transistor;

� list the differences between p-n-p and n-p-n transistors;

� list different configurations in which a transistor can be connected and describe
their input and output characteristics; and

� compare different configurations of a transistor in terms of their input/output
resistance, gain and applications.

28.1 Intrinsic and Extrinsic Semiconductors

Semiconductors are classified on the basis of their purity as intrinsic (pure) and extrinsic
(impure) semiconductors. Let us now learn about these.

28.1.1 An Intrinsic Semiconductor
Pure silicon and germanium are intrinsic semiconductors as they have no impurity
whatsoever. You may recall that electrons in these elements are all tightly held (or say
locked) in their crystalline structure, i.e., they are not free to move. When energy is added
to pure silicon in the form of heat, say, it can cause a few electrons to break free of their
bonds, leaving behind a hole in each case. (The absence of electrons is treated as positively
charged particle having the same amount of positive charge as on an electron.) These
electrons move randomly in the crystal. These electrons and holes are called free carriers,
and move to create electrical current. However, there are so few of them in pure silicon
that they are not very useful.

Note that in an intrinsic semiconductor, electrons and holes are always generated in pairs
and the negative charge of free electrons is exactly balanced by the positive charge of
holes. However, a hole only shifts its position due to the motion of an electron from one
place to another. So we can say that when a free electron moves in a crystal because
of thermal energy; its path deviates whenever it collides with a nucleus or other free
electrons. This gives rise to a zig-zag or random motion, which is similar to that of a
molecule in a gas.

Fig. 28.1 : Movement of electrons and holes in a semiconductor

(a) (b) (c)

(d) (e)
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Now refer to Fig. 28.1(a) and consider the electron- hole pair generated at point A. The
free electron drifts in the crystal leaving vehind a hole. The broken bond now has only one
electron and this unpaired electron has tendency to acquire an electron and complete its
pair by forming a covalent bond. Due to thermal energy, the electron from neighbouring
bond, say at point B, may get excited to break its own bond and jump into the hole at A. As
a result, the hole at A vanishes and a new hole appears at B (Fig. 28.1(c)). Thus motion of

electron from point B to point A causes the hole to move from A to B.

You may now like to ask: What will happen when hole at B attracts and captures a valence

electron from neighbouring bond at C? The movement of electron from C to B causes

movement of hole from B to C [see Fig. 28.1(d) and (e)]. Conventionally, the flow of

electric current through the semiconductor is taken in the same direction in which holes

move.

At absolute zero temperature, all valence electrons are tightly bound to their parent atoms

and intrinsic semiconductor behaves as an insulator. At room temperature, the thermal

energy makes a valence electron in an atom to move away from the influence of its

nucleus. Therefore, a covalent bond is broken and electron becomes free to move in the

crystal, resulting in the formation of a vacancy, called hole. Thus, due to thermal energy,

some electron-hole pairs are generated and semiconductor exhibits small conductivity.

For example, at room temperature (300 K), Ge has intrinsic carrier concentration

of about 2.5× 1019 m–3. As temperature increases, more  electron- hole pairs are generated

and conductivity increases. Alternatively, we can say that resistivity decreases as

temperature increases. It means that semiconductors have negative temperature coefficient

of resistance.

28.1.2 An Extrinsic Semiconductor

You now know that intrinsic semiconductors have high resistivity. Also their conductivity
shows little flexibility. For these reasons, intrinsic (pure) semiconductors are of little
use; at best these can be used as a heat or light sensitive resistance. These limitations
are overcome by adding a small and measured quantity of another material to intrinsic
(pure) semiconductor, which either increases the number of holes or electrons.

Note that the word impurity is being used here because we are adding atoms of some
other element to a pure material.

The process of addition of impurities to a pure or intrinsic semiconductor is called doping
and the impurity atom that is added is called dopant. Such doped semiconductors are
calledextrinsic semiconductors.

The dopants are generally taken from either group III (having three valence electrons)
or group V (having five valence electrons) of the Periodic Table. Fig.28.2 shows a small
portion of the Periodic Table. Here groups III and V have been highlighted to indicate the
types of materials generally used for doping.
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Fig. 28.2 : A part of the Periodic Table. Group III and V elements are used for doping an intrinsic
semiconductor.

Normally we add a very small amount of impurity atoms to the pure simiconductor. It is of
the order of one atom per 108 atoms of intrinsic semiconductor. These atoms change the
balance of charge carriers; either they add free electrons or create holes. Either of these
additions makes the material more conducting. Thus, most of the charge carriers in extrinsic
semiconductors originate from the impurity atoms.

28.1.3n-and p-type Semiconductors

From the electronic configuration of Si (1s2, 2s2, 2p6, 3s2, 3p2), you will recall that ten
electrons are tightly bound to the nucleus and four electrons revolve around the nucleus in
the outermost orbit. In an intrinsic silicon semiconductor, the Si atom attains stability by
sharing one electron each with four neighbouring Si atoms. (This is called covalent
bonding). The same holds true for germanium; its electronic configuration is 1s2, 2s2, 2p6,
3s2, 3p6, 3d10, 4s2, 4p2. When silicon (or germanium) is doped with a pentavalent (five
electrons in the outermost orbit) atom like phosphorus, arsenic or antiomony, four electrons
form covalent bonds with the four neighbouring silicon atoms, but the fifth (valence) electron
remains unbound and is available for conduction, as shown in Fig. 28.3. Thus, when a
silicon (or germanium) crystal is doped with a pentavalent element, it develops excess free
electrons and is said to be an n-type semiconductor. Such impurities are known as donor
impurities.

Si

Si

Si Si Si Si

Si

Si Si

P Si

Si

Fig.28.3 : Covalent bonding in a n-type semiconductor

Note that in n-type semiconductors, the no. of free electrons is far greater than the number
of holes and the latter stands for negative charges.

If silicon (or germanium) is doped with a trivalent (three electrons in the outermost shell)
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atom like boron, aluminium, gallium or indium, three valence electrons form covalent bonds
with three silicon atoms and deficiency of one electron is created. This deficienty of
electron is referred to as hole. It is shown in Fig. 28.4. Such a semiconductor is said to be
a p-type semiconductor and the impurities are known as acceptor impurities.

Si

Si

Si Si Si Si

Si

Si Si

B Si

Si

Fig. 28.4 : Colvalent bonding in a p-type semiconductor

You may now like to ask: Is a n-type semiconductor negatively charged? The answer to
this question is not in affermative.

In fact, the number of free electrons is exactly equal to the total number of holes and
positively charged ions and a semiconductor, whether intrinsic or doped, is electricially
neutral.

Note that in a p-type semiconductor, more holes are created due to addition of acceptor
impurity than by breaking covalent bonds due to thermal energy at room temperature.
Hence, the net concentration of holes is significantly greater than that of electrons. That
is, in a p-type semiconductor, the holes are the majority charge carriers.

Intext Questions 28.1

1. At 300 K, pure silicon has intrinsic carrier concentration of 1.5 × 1016 m–3. What is the
concentration of holes and electrons?

....................................................................................................................................

2. The n-type semiconductor is obtained by doping with

(i) trivalent impurity

(ii) pentavalent impurity

(iii) tetravalent impurity

(iv) trivalent as well as tetravalent

....................................................................................................................................

3. An intrinsic semiconductor can be converted into an extrinsic semiconductor by addition
of . This process in called

....................................................................................................................................

4. Electrons in n-type semiconductor and holes in p-type semiconductor are the



326

MODULE - 8

Notes

Physics

Semiconductors and their
Applications

 carriers.

....................................................................................................................................

5. An extrinsic semiconductor has  resistivity as compared to an
intrinsic semiconductor.

....................................................................................................................................

 28.2 A p-n Junction

You now know that n-type and p-type semiconductors respectively have electrons and

holes as majority charge carriers. What do you think will happen if a n-type material is

placed in contact with a p-type material? Shall we obtain some useful device? If so, how?

To answer such questions, let us study formation and working of a p-n junction.

28.2.1 Formation of a p-n Junction

To form a p-n junction, the most convenient way is to introduce donor impurities on one

side and acceptor impurities into the other side of a single semiconducting crystal, as

shown in Fig.28.5.

p-region n-region

depletion
region

electron
hole
negative ion
positive ion

Fig. 28.5 : A p-n junction with depletion region

We now know that there is greater concentration of electrons in the n-region of the crystal
and of holes in the p-region. Because of this, electrons tend to diffuse to the p-region and
holes to the n-region and recombine. Each recombination eleminates a hole and a free
electron. This results in creation of positively and negatively charged ions near the junction
in n andp regions, respectively. As these charges accumulate, they tend to act as shield
preventing further movement of electrons and holes across the junction. Thus, after a few
recombinations, a narrow region near the junction is depleted in mobile charge carriers. It
is about 0.5 µm thick and is called the deplection region or space-charge region.

Due to accumulation of charges near the junction, an electric field is established. This
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A K

gives rise to electrostatic potential, known as barrier potential. This barrier has polarities,

as shown in Fig. 18.6. When there is no external electric field, this barrier prevents diffusion
of charge carriers across the junction.

p-region n-region

barrier potential of
depletion region

p-n junction

– +

Fig.28.6 : Barrier potential due to depletion region

The barrier potential is characteristic of the semiconductor material. It is about 0.3 eV for
Ge and about 0.7eV for Si. The junction acts as a diode. It is symbolically represented as
shown in Fig. 28.7(a). Here A corresponds to p-region and acts as an anode. Similarly, K
indicatesn-region and corresponds to a cathode. Fig 28.7 (b) shows a picture of p-n
junction diode available in market.

InputE
A K

(a)

Black Band Indicates n-side

n p

(b)

Fig. 28.7: a) Symbol of a p-n junction (diode). The arrow gives the direction of conventional
current. It is from p to n region  b) A p-n junction diode available in the market.

You may have noted that semiconductor diodes are designated by two letters followed by
a serial number. The first letter indicates the material: A is used for material with a band
gap of 0.6 eV to 1.0eV such as germanium. B is used for material with a band gap of
1.0eV to 1.3eV, such as silicon. The second letter indicates the main application: A signifies
detection diode, B denotes a variable capacitance diode, E for tunnel diode, Y for rectifying
diode and Z denotes Zener diode. The serial numbers specify power rating, peak reverse
voltage, maximum current rating, etc. (We have to refer to manufacturer’s catelogue to
know exact details.) For example, BY127 denotes a silicon rectifier diode and BZ148

A B
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represents a silicon Zener diode.

To make visual identification of anode and cathode, the manufacturers employ one of the
following ways :

� the symbol is painted on the body of the diode;

� red and blue marks are used on the body of the diode. Red mark denotes anode,
whereas blue indicates the cathode;

� a small ring is printed at one end of the body of the diode that corresponds to the
cathode. The band in Fig. 28.7(b) indicates the n-side of the p-n junction.

Note that we have to work within the specified ranges of diode ratings to avoid damage to
the device.

Intext Questions 28.2

1. Fill in the blanks:

(a) When a p-n junction is formed, the  diffuse across the junction.

(b) The region containing uncompensated acceptor and donor ions is called

 region.

(c) The barrier potential in silicon is V and in germanium, it is  V.

(d) In a p-n junction with no applied electric field, the electrons diffuse from n-region

to p-type region as there is concentration of in n-region as

compared to p- region.

2. Choose the correct option:

(a) The potential barrier at the p-n junction is due to the charges on the either side of

the junction. These charges are

(i) majority carriers

(ii) minority carriers

(iii) fixed donor and acceptor ions.

(iv) none of above

....................................................................................................................

(b) In a p-n junction without any external voltage, the junction current at

equillibrium is

(i) due to diffusion of minority carriers only

(ii) due to diffusion of majority carriers only

(iii) zero, as no charges are crossing the junction

(iv) zero, as equal and opposite charges are crossing the junction

....................................................................................................................
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(c) In a semiconductor diode, the barrier potential repels

(i) minority carriers in both the regions

(ii) majority carriers in both the regions

(iii) both the majority and the minority carriers

(iv) none of the above

....................................................................................................................

3. Why is depletion region named so? What is depletion region made of?

....................................................................................................................................

28.3 Forward and Reverse Biased p-n Junction

Biasing means application of voltage. To make a p-n junction to conduct, we have to
make electrons move from the n-type region to the p-type region and holes moving in the
reverse direction. To do so, we have to overcome the potential barrier across the junction
by connecting a battery to the two ends of the p-n junction diode. The battery can be
connected to the p-n junction in two ways:

� Positive terminal of the battery connected to the p-side and negative terminal of the
battery connected to the n-side. This is called forward bias [Fig. 28.2(a)].

� Positive terminal of the battery connected to the n-side and negative terminal of the
battery connected to the p-side. This is called reverse bias [Fig. 28.8(b)].

When a junction is forward biased and the bias exceeds barrier potential, holes are compelled
to move towards the junction and cross it from the p-region to the n-region. Similarly,
electrons cross the junction in the reverse direction. This sets in forward current  in the
diode. The current increases with voltage and is of the order of a few milliampere. Under
the forward bias condition, the junction offers low resistance to flow of current. Can you
guess its magnitude? The value of junction resistance, called forward resistance, is in
the range 10Ω to 30Ω.

p n

+ –

(a)

p n

+–

(b)

Fig. 28.8 : a) Forward biased, and b) reverse biased p-n junction
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When the p-n junction is reverse biased, holes in the p-region and electrons in the
n-region move away from the junction. Does it mean that no current shall flow in the
circuit? No, a small current does flow even now because of the fewer number of electron-
hole pairs generated due to thermal excitations. This small current caused by minority
carriers is called reverse saturation current or leakage current. In most of the
commercially available diodes, the reverse current is almost constant and independent of
the applied reverse bias. Its magnitude is of the order of a few microamperes for Ge
diodes and nanoamperes in Si diodes.

A p-n junction offers low resistance when forward biased, and high resistance when
reverse biased. This property of p-n junction is used for ac rectification.

When the reverse bias voltage is of the order of a few hundred volt, the current through
thep-n junction increases rapidly and damages it due to excessive power dissipation. The
voltage at which a diode breaks down is termed as breakdown voltage. Physically, it can
be explained as follows: When a reverse bias is applied, a large electric field is established
across the junction. This field (i) accelerates the available minority carriers, which, in turn,
collide with the atoms of the semiconductor material and eject more electrons through
energy transfer (avalanche effect), and (ii) breaks covalent bonds by exerting large force
on electrons bound by the bonds. This results in creation of additional electron-hole pairs in
the junction region (Zener effect). Both these processes give rise to large reverse current
even for a small increment in reverse bias voltage. This process is termed as Zener
breakdown.

Intext Question 28.3

1. Define forward bias.

.....................................................................................................................................

2. Define reverse bias.

.....................................................................................................................................

3. Fill in the blanks:

(a) When forward bias is applied on a p-n junction diode, the width of the depletion
region .......

(b) When a p-n junction diode is reverse biased, the width of depletion region

(c) When the reverse bias voltage is made too high, the current through the p-n
junction ................................. abruptly. This voltage is called ........................... .

4. Choose the correct option:

(a) In a forward biased junction

(i) the holes in the n-region move towards the p-region

(ii) there is movement of minority carriers

(iii) charge carriers do not move
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(iv) majority carriers in both the regions (n and p-regions) move into other regions.

............................................................................................................

(b) In a reverse biased junction

(i) there is no of potential barrier

(ii) there is movement of majority carriers only

(iii) there is movement of minority carriers only

(iv) none of the above

.............................................................................................................

5. State two types of reverse breakdowns which can occur in a p-n junction diode and
differentiate between them.

....................................................................................................................................

28.4 Characteristics of p-n junction diodes

The practical application of a semiconductor device in electronic circuits depends on the
current and voltage (I-V) relationship, as it gives vital information to a circuit designer as
well as a technician. Therefore, with the help of I–V characteristics, we can know how
much current flows through the junction diode at a particular voltage.

28.4.1 Forward Bias Characteristics

Refer to Fig. 28.9(a). You will note that to draw forward bias characterstic of a p-n
junction diode, the positive terminal of a battery (B) is connected to p-side of the diode
through the rheostat. (Alternative by we can use a variable battery.) The voltage applied
to the diode can be varied with the help of the rheostat. The milliammeter (mA) measures
the current in the circuit and voltmeter (V) measures the voltage across the diode. The
direction of conventional current is the same as the direction of the diode arrow. Since
current experiences little opposition to its flow through a forward biased diode and it
increases rapidly as the voltage is increased, a resistance (R) is added in the circuit to limit
the value of current. If this resistance is not included, the diode may get permanently
damaged due to flow of excessive current through it.

TheI-V  characteristic curve of a p-n junction in forward bias is shown in Fig. 28.9(b).

B
R

D

V

mA

+ –

(a)

I
mA( )

V0.7V
Knee

(b)

Rh

+ –

Fig 28.9 : a) Circuit diagram I-V  characteristics of a p-n junction diode in forward bias, and
b) typical characterstics curve.
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Note that the characteristic curve does not pass through origin; instead it meets the V-axis
around 0.7V. It means that the p-n junction does not conduct until a definite external
voltage is applied to overcome the barrier potential. The forward voltage required to get
the junction in conduction mode is called knee voltage. It is about 0.7 V for Si and 0.3 V
for Ge p-n junction.

This voltage is needed to start the hole-electron combination process at the junction. As
the applied voltage is increased beyond knee voltage, the current through the diode increases
linearly. For voltage of around 1V, the current may attain a value of 30-80 mA.

28.4.2 Reverse Bias Characteristics

To draw reverse bias characteristics of a p-n junction, we use the circuit diagram shown
in Fig. 28.10 (a). If you compare it with Fig. 28.9(a) for forward I-V characteristics, you
will note two changes:

(i) The terminals of the junction are reversed.

(ii) Instead of milliammeter, microammeter (µ A) is used.

A typical I-V characteristic curve of a p-n junction in reverse bias is shown in Fig 28.10(b).

P'
R

D

V+ –

(a)

+ –
+
–

Breakdown
Leakage current

Reverse Region

–V

I

V

–I

(b)

Fig.28.10 : a) Circuit diagram to obtain I-V  characteristics of a p-n junction in reverse bias, and
b) reverse bias characteristic curve

Note that the junction current is comparatively much less in reverse bias for all voltages
below the breakdown voltage. And at breakdown voltage, the current increases rapidly
for a small increase in voltage. Moreover, comparison of Fig. 28.9 (b) and 28.10 (b)
reveals that a p-n junction diode offers low resistance when it is forward biased and high
resistance when reverse biased. At the breakdown voltage in reverse biased p-n junction
diode, the sharp increase in reverse current is due to sudden decrease in resistance offered
by the junction.

From this we may conclude that a p-n junction diode conducts in only one direction, i.e.
has unidirectional conduction of current, with electrons flowing from the n-type region to
p-type end in forward  bias.

You may have seen turnstiles at a metro subway station that let people go through in only
one direction. A diode is a one-way turnstile for electrons.

p-n junction diodes find wide applictions. These include :

1. The unidirectional conducting property of a diode is used to convert ac voltage into dc

µA

(µA)
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voltage as a rectifier. Diodes are also used in adaptors to recharge batteries of cell

phones, CDplayers, laptops, etc. You will study about it in detail in the next lesson.

2. A device that uses batteries often contains a diode as it simply blocks any current

from leaving the battery, if it is reverse biased. This protects the sensitive electronics

in the device.

Intext Questions 28.4

1. Explain the concept of knee voltage.

....................................................................................................................................

2. (a) The knee voltage in case of silicon diode is __________ whereas in germanium
diode it is _________.

(b) In a p-n junction diode, the current flows only in  direction.

(c) The reverse saturation current is of the order of  for germanium
diodes.

3. Choose the correct option :

(a) The I-V characteristics of a p-n junction diode in forward bias show

(i) a non-linear curve

(ii) linear curve

(iii) linear as well as non-linear portions

(iv) none of above

(b) When a p-n junction is forward biased and the voltage is increased, the rapid
increase in current for relatively small increase in voltage occurs

(i) almost immediately

(ii) only when the forward bias exceeds the potential barrier

(iii) when there is breakdown of the junction

(iv) none of the above

28.5 Types of Diodes

By adjusting the levels of doping, doping material and the geometry (size, area etc.) of a
p-n junction diode, we can modify its electrical and optical behaviour. In this section, we
have listed diodes whose properties have been deliberately modified to obtain specific
capabilities. Each of these diodes has its own schematic symbol and reflects its nature and
functions.
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You can use the following table to make a comparison between different diodes:

Name Symbol Construction Principle Main M ain use
mechanism function

Zener p-n junction diode Zener Provides Voltage
diode with heavily doped breakdown continuous stabilization

p- & n- regions. Very mechanism current in or regulation
narrow depletion layer reverse
(< 10 nm). breakdown

voltage region
without being
damaged.

Photo-diode p-n junction diode. Photovoltaic Converts an Receivers for
Uses light (or photo) effect optical inputremote
emitting semiconductor into electrical controls in
materials, with current in VCR & TV
very thin p-region, reverse bias.
whose thickness
is determined by
wavelength of radiation
to be detected

LED p-n junction diode withElectroluminous Changes an Used in
materials having band electrical inputmultimeters,
energies correspoding to a light digital
to near infrared region output in watches,
or visible light region forward bias. instrument
(GaAsP or InP) displays,

calculators,
switch
boards,
burglar alarm
and remote
control
devices

Solar cell p-n junction diode in Photovoltaic Conversion 1. In satellites
which either p or effect of solar to power
n region is made very energy into systems.
thin to avoid significant electrical 2. To charge
absorption of light energy batteries.
before reaching 3. Calculators
the junction

Intext Questions 28.5

1. Choose the correct option

(a) A zener diode is operated in

(i) Forward bias

(ii) Reverse bias

(iii) Both of the above

(iv) None of the above
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..........................................................................................................................

(b) Zener dide is

(i) A highly doped p-n junction diode

(ii) A lowly doped p-n junction diode

(iii) A moderately doped p-n junction diode

(iv) Another name of normal p-n junction diode

............................................................................................................................

(c) A zener diode is used as a

(i) amplifier

(ii) rectifier

(iii) constant current device

(iv) constant voltage device

....................................................................................................................

2. Fill in the blanks

a) The zener diode is based on the  breakdown mechanism.

b) A photodiode is operated in  bias.

c) In a photodiode, the p-n junction is made from  semiconductor
material.

d) LED’s are made up of the conductor material from of the periodic
table.

e) The light emitting diodes poerate in bias.

f) The  arrow in the symbol of LED symbolizes  of
light.

g) In an LED light is emitted due to  of electrons and holes.

h) LED is based on the principle of .

i) Solar cells are based on  effect.

j) When sunlight having energy  than the band gap energy falls on
the solar cell, it is  and frees electron-hole pairs.

28.6 Transistors – pnp and npn

In the preceeding sections, you have learnt about a p-n junction diode, which permits
current to flow in only one direction. This limits its applications to rectification and detection.
A more useful semiconductor device is a bipolar junction transistor.

The invention of transistor by John Bardeen, Walter Brattain and William Shockley in 1948
at Bell laboratory in USA revolutionised the electronic industry. The transistors find many
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any varied uses in our daily life ranging from gas lighter to toys to amplifiers, radio sets and
television. In the form of switching device, these can be used to regulate vehicular traffic
on the roads. They form key elements in computers, space vehicles, power systems in
satellites and communication.

A transistor is basically a silicon or germanium crystal containing three alternate regions of
p and n-type semiconductors as shown in Fig.28.11. These three regions are called
emitter(E), base(B) and collector(C). The middle region is the base and the outer two
regions are emitter and collector. Note that the emitter and collector are of the same type
(p or n) and collector is the largest of the three regions.

The base terminal controls the current flowing between the emitter and the collector. This
control action gives the transistor an added advantage over the diode, which has no possibility
of controlling the current flow. Depending on the type of doping, the transistors are classified
asn-p-nor p-n-p. In general, the level of doping decreases from emitter to collector to
base.

E B C

npn

(a)

E B C

np

(b)

p

Fig. 28.11 : a) n-p-n, and b) p-n-ptransistor

The names of the terminals of a transistor give clear indication of their functions. In case
of a n-p-n transistor, the majority carriers (electrons) from the emitter are injected into
base region. Since base is a very lightly doped thin layer, it allows most of the electrons
injected by the emitter to pass into the collector. Being the largest of three regions, the
collector dissipates more heat compared to the other two regions.

C

( )aB

E

( )b

C

B

E

Figs 28.12 : Symbols of a)n-p-n,and b) p-n-p transistors

The symbolic representations of n-p-n and p-n-p transistors are shown in Fig. 28.12. The
arrow head indicates the direction of flow of conventional current.

You may now like to ask : Why does the arrow head point outward in case of n-p-n
transistor and inward in case of p-n-p transistor?

In a n-p-n, transistor, the emitter current is due to flow of electrons from emitter to base,
and the conventional current flows from base to emitter and hence the arrow head points
out from the base. In case of p-n-p transistor, the emitter current comprises flow of holes
from emitter to base. Thus the conventional current flows from emitter to base.

Since transistors are bipolar devices, their operation depends on both the majority and
minority carriers.
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(1910 – 1989)

England born, American physicist W.B. Shockley was one of the
three scientists who received 1956 Nobel Prize in physics for the
discovery of transistor. Basically a solid state physicist, shockley
contributed significantly to the development of theoretical
understanding of bands in semiconductors, order and disorder in alloys; theory of
vacuum tubes, theory of dislocations and theory of ferromagnetic domains. He is
truely one of the pioneers of electronic revolution.

28.6.1 Working Principle

You are familiar with the working of a p-n junction. We now discuss the working principle
of a transistor and consider an n-p-n transistor first because it is more commonly used.

When no voltage is applied across the transistor, diffusion of free electrons across the
junctions produces two depletion layers, as shown in Fig. 28.13. For each depletion layer,
the barrier potential is about 0.7V at 25°C for a silicon transistor and 0.3V for a germanium
transistor. As you may be aware, silicon transistors are more widely used than germanium
transistors because of higher voltage rating, greater current ratings, and low temperature
sensitivity. For our discussion, we refer to silicon transistors,
unless otherwise indicated.

Since the three regions in a transistor have different doping
levels, the depletion layers have different widths. If a region
is heavily doped, the concentration of ions near the junction
will be more, resulting in thin depletion layer and vice versa.
Since the base is lightly doped as compared to emitter and
collector, the depletion layers extend well into it, whereas
penetration in emitter/collector regions is to a lesser extent
(Fig. 28.13). Moreover, the emitter depletion layer is
narrower compared to collector depletion layer.

In order to made a transistor funciton properly, it is necessary
to apply suitable voltages to its terminals. This is called
biasing of the transistor.

A n-p-n Transistor

A typical biasing scheme of a n-p-n transistor is shown in Fig. 28.14(a). Note that the
emitter-base junction is forward biased while the collector-base junction is reverse
biased.We therefore expect a large emitter current and low collector current. But in
practice, we observe that the collector current is almost as large as the emitter current.
Let us understand the reason. When forward bias is applied to the emitter, free electrons
in the emitter have to overcome the barrier potential to enter the base region
[see Fig. 28.14(b)]. When V

BE
exceeds barrier potential (0.6 to 0.7V for silicon transistor),

Emitter-base
depletion

layer

Collector-base
depletion

layer

E B C

Figs 28.13 :Depletion layers
in a transistor
when no voltage
is applied
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these electrons enter the base region, as shown in Fig. 28.14(c). Once inside the base,
these electrons can flow either through the thin base into the external base lead or across
the collector junction into the collector region. The downward component of base current
is called recombination current. It is small because the base is lightly doped and only a
few holes are available. Since the base region is very thin and it receives a large number
of electrons, for V

BE
> 0.7V, most of these electrons diffuse into the collector depletion

layer. The free electrons in this layer are pushed (by the depletion layer field) into the
collector region [(Fig. 28.14(d)] and flow into the external collector lead. So, we can say
that a steady stream of electrons leaves the negative source terminal and enters the emitter

Fig. 28.14 : A n-p-n transistor when a) emitter is forward-biased and collector is reverse-
biased, b) free electrons in an emitter, c) free electrons injected into base; and d)
free electrons pass through the base to the collector.

region. The forward bias forces these electrons to enter the base region. Almost all these
electrons diffuse into the collector depletion layer through the base. The depletion layer
field then pushes a steady stream of electrons into the collector region. In most transistors,
more than 95 percent emitter-injected electrons flow to the collector; less than 5 percent
flow to the external base lead.

From this you should not conclude that you can connect two discrete diodes back to back
to get a transistor. This is because in such a circuit, each diode has two doped regions and
the overall circuit would have four doped regions and the base region would not be the
same as in a transistor. The key to transistor action, therefore, is the lightly doped thin
base between the heavily doped emitter and the intermediately doped collector. Free
electrons passing through the base stay in base for a short time and reach the collector.

E B C

nn p
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The relation between collector current (I
C
) and emitter current (I

E
) is expressed in terms

of signal current gain, α, of a transistor. It is defined as

C

E

I

I
α = . (28.1)

You should note that the value of α is nearly equal to but always less than one.

Similarly, we can relate the collector current to the base current in a transistor. It is denoted
by greek letter beta:

C

B

I

I
β = (28.2)

Beta signifies the current gain of the transistor in common-emitter configuration. The
value of β is significantly greater than one.

Since emitter current equals the sum of collector current and base current, we can write

I
E

= I
C
 + I

B

On dividing throughout by I
C
, we get

E

C

I

I =
B

C

1
I

I
+ . (28.3)

In terms of α and β, we can rewrite it as

1

α
=

1
1+

β

or β =
1–

α
α

(28.4)

Let us now consider how a p-n-p transistor differs from a n-p-n transistor in its details.

A p-n-p Transistor

A p-n-p transistor biased for operation in the active region is shown in Fig 28.15. Note that
we reverse the battery terminals when n-p-n transistor is substituted by p-n-p transistor.

VEB VCB

CE p pn

Fig. 28.15 : A p-n-p transistor biased for active operation

As before, the emitter - base junction is forward biased by battery of voltage V
EB

 and the
collector base junction is reverse biased by a battery of voltage V

CB
. The resistance of the

emitter-base junction is very small due to its forward bias as compared to the collector-
base junction (which is reverse biased). Therefore, we apply small forward bias voltage
(0.6V) to the emitter-base junction, whereas the reverse bias voltage applied to the collector-
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base junction is of much higher value (9V).

The forward bias of emitter-base junction makes the majority carriers, that is the holes, in
emitter (p-region),  to diffuse to the base (n-region), on being repelled by the positive
terminal of the battery. As width of the base is extremely thin and it is lightly doped, very
few (two to five percent) of total holes that enter the base recombine with electrons and
95% to 98% reach the collector region. Due to reverse bias of the collector- base region,
the holes reaching this region are attracted by the negative potential applied to the collector,
thereby increasing the collector current (I

C
). Therefore, increase in emitter current (I

E
)

increases collector current. And Eqns. (28.1) – (28.4) hold in this case as well.

Intext Question 28.6
1. Choose the correct option:

a) The arrow head in the symbol of a transistor points in the direction of
(i) hole flow in the emitter region
(ii) electron flow in emitter region
(iii) majority carriers flow in the above region
(iv) none of the above

b) The emitter current in a transistor in normal bias is
(i) less than the collector current
(ii) equal to sum of base current and collector current
(iii) euqal to base current
(iv) none of the above

2. Fill in the blanks

(a) A ransistor has regions and  junctions.

(b) In a transistor, has the least thickness.

(c) The emitter region is doped, whereas region has the
least doping.

(d) The collector of the transistor has size and  doping.

(e) The transistor is said to be in active region when  junction is forward
biased and junction is reverse biased.

(f) The two types of transistors are and .

You now know the working principle of a transistor. Let us learn the various ways in which
a transistor is biased.

28.6.2 Transistor Configurations

A transistor is a two-port device; it can take an input and deliever an output. For both input
and output, two terminals are needed. This can be done in a transistor by making one of the
three terminals common. The configurations of a transistor in which one of the terminals is
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common to both input and output are shown in Fig. 28.16.

• When emitter is common to both input and output circuits, we obtain common emitter
(CE) configuration (Fig. 28.16a);

• When base is common to both input and output circuits, we obtain common base (CB)
configuration (Fig. 28.16b); and

• When collector is common to both input and output circuits, we have common collector
(CC) configuration (Fig.28.16c).

In each of these configurations, the transistor characteristics are unique. The CE
configuration is used most widely because it provides voltage, current and power gains. In
theCB configuration, the transistor can be used as a constant current source while the CC
configuration is usually used for impedance matching.

Fig. 28.16: Transistor configuration: a) CE, b) CB, and c) CC

For each configuration, we can plot three different characteristics: a) input characteristics,
b) output characteristics, and c) transfer characteristics, depending on the nature of
quantities involved.

Table 28.2 gives various quantities related to each of these characteristics in all the three
configurations and the transistor constants of interest.

Table 28.2: Physical quantities of interest in different characteristics of a transistor

 Configuration Input Output Transfer Important
Characteristic characteristic characteristic transistor

constant

 CE V
BE

 and I
B

V
CE

 and I
C
 with I

B
 and I

C
Current gain, β

with V
CE

 as I
B
 as parameter

parameter

 CB V
BE

 and I
E

V
CB

 and I
C
 with I

E
 and I

C
Large signal

with V
CB

 as I
E
 as parameter current gain, α

parameter

CC V
CB

 and I
B

V
CE

 and I
E
 with I

B
 and I

E

with V
CE

 as I
B
 as parameter

parameter

V
0

V
0
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To work with a transistor, you will be required to identify its base, emitter and collector
leads. To do so, you can follow the following steps.

Look for the a small notch provided on the metallic cap. The
terminal close to the notch is emitter. To identify other two
terminals, turn the transistor up-side-down. You can easily
identify the base and the collector as shown in Fig. 28.17.

Like a p-n junction diode, transistors are also designated with
two letters followed by a serial number. The first letter gives
an indication of the material. A is for germanium and B is for
silicon. The second letter indicates the main application: C is
used for audio frequency transistors, D for power transistors
and F for radio-frequency transistors. The serial number
consists of digits assigned by the manufacturer for

identification. For example, AC 125 represents germanium transistor for AF applications.

28.7 Transistor Characteristics

As mentioned earlier, operation of a transistor can be studied with input and output I-V
characteristics. The nature of these characteristics is unique and depends on the
configuration used. Let us first study CE configuration.

28.7.1 Common Emitter (CE) Configuration of a npn Transistor

Common emitter characteristics of a transistor relate voltage and current when emitter is

common to both input and output circuits. The circuit diagram for CE characteristics of a

n-p-n transistor is shown in Fig. 28.18. V
BB

 is a variable dc supply of 0-3V and V
CC

 is a

variabledc supply of 0-15V. R
1
 and R

2
 are potentiometers and R is a variable resistor. It is

used to control base to emitter voltage, V
BE

.

Fig. 28.18 : Circuit diagram for input and output characteristics of a transistor in CEconfiguration.

Input characteristics

In CE configuration, the input characteristics show the variation of I
B
 with V

BE
 when V

CE

is held constant. To draw this characteristic, V
CE

 is kept at a suitable value with the help of

R and R
1
. Then V

BE
 is changed in steps and corresponding values of I

B
 are measured with

B

C

E

Fig. 28.17 : Identifying
transistor
leads.

V
BB

0-3V

I
B

V
BE

V
CE

V
CC

0-15V
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the help of microammeter, connected to base. Fig.

28.19. shows typical input characteristics of a n–p-n

transistor in CE configuration.

Note that for a given value of V
CE

, the curve is as

obtained for forward biased p-n junction diode. For

V
BE

< 0.5V, there is no measurable base current

(I
B
 = 0). However, I

B
rises steeply for V

BE
 > 0.6V.

From the reciprocal of the slope of input

characteristic, we get input resistance of the

transistordefined as the ratio of small change in base

- emitter voltage to the small change produced in the

base current at constant collector - emitter voltage:

BE

BE
ie

B V

V
R

I

∆=
∆ (28.5)

Usually, the value of R
ie
is in the range 20-100Ω. You should note that since the curve is not

linear, the value of input resistance varies with the point of measurement. As V
CE

 increases,
the curve tends to become more vertical and the value of
R

ie
 decreases.

Output characteristics

The output characteristic curves  depict the variation of
collector current I

C
 with V

CE
, when base current I

B
is kept

constant. To draw output characteristics, I
B
 is fixed, say at

10µA, by adjusting R
1
 and R. V

CE
 is then increased from 0

to 10 V in steps of 0.5V by varrying R
2
and the corresponding

value of I
C
 is noted. Similarly, the output characteristics can

be obtained at I
B
= 40µA, 60µA, 80µA. However, in no case,

the maximum base current rating of the transistor should be

exceeded.

The output characteristics of this configuration are shown
in Fig. 28.20.

From the output characteristics, you will note that I
C
 changes

with increase in V
CE

 for a given value of I
B
 and I

C
 increases with I

B
 for a given V

CE
. From

these characteristics, we can calculate output admittance (h
oe

):

C
oe

CE

∆=
∆

I
h

V (28.6)

where∆ denotes a small change.

Fig. 28.19 :Input characteristics of
a typical npn transistor
in CE configuration

( A)µ
IB

VCE = 4V

VCE = 2V

VCE = 0V
∆IB

∆VBE

VBE ( )V

Fig. 28.20 :Output
characteristics
of a typical npn
transistor in CE
configuration
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28.7.2 Common Emitter (CE) Configuration of a pnp Transistor

In the preceding section, you learnt to draw input and output characterstics of a n-p-n
transistor in common emitter configuration. Now we will consider a p-n-p transistor.
Fig. 28.21 shows the circuit diagram for CE characteristics of a p-n-p transistor. The
transistor is biased to operate in the active region. The microammeter and voltmeter are
used in the base- emitter circuit to measure the base current (I

B
) and the voltage between

base and emitter. Similarly, milliammeter and voltmeter are connected in collector-emitter
circuit to measure the collector current (I

C
) and voltage between collector and emitter

(V
CE

).

Fig. 28.21 : Circuit diagram for obtaining input and output characteristics of a p-n-p transistor
in CE configuration

Input Characteristics

Input characteristics are graphs between V
BE

 and I
B
 at different constant values of V

CE
.

To plot input characteristics, the potentiometer R
1
 in the emitter- collector circuit is adjusted

till the voltmeter shows constant value. Then potentiometer in the emitter-base circuit is
adjusted in such a way that base-emitter voltage is zero. For this value, base current is also
observed to be zero. Keeping the V

CE
constant, V

BE
 is increased gradually and change in

base current is noted with the help of microammeter. To plot input characteristics at
V

CE
 = –2V, say,  the potentiometer in emitter-collector circuit is adjusted till the voltmeter

in the same circuit reads 2V. Then potentiometer in the emitter -base circuit is adjusted to
make V

BE
 zero. Then V

BE
 is increased

gradually, keeping V
CE

 constant. Similarly the
input characteristics of the transistor in the
CE configuration can be drawn for different
values of V

CE
 = – 6V, 1V and so on. Fig.

28.22 shows typical input characteristics of
CE configuration. As may be noted, the
nature of input characteristics is similar to
the forward characteristics of p-n junction
diode.The base current remains zero as long
as the base voltage is less than the barrier
voltage (for silicon transistor, it is ~0.7V). As
the base voltage exceeds barrier voltage,
current begins to increase slowly and then

Fig. 28.22 : Input characteristics of a
typical p-n-p transistor in CE
configuration.
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rises abruptly.

You may also recall that these curves are similar to the ones obtained for the CE
configuration for n-p-n transistor.

From the reciprocal of the slope of the curve of input characteristic, the a.c input resistance
of the transistor can be calculated.

� a.c input resistance (R
in
) of the transistor in CE configuration is expressed as:

CE

BC
in

B

constant
V

V
R

I

∆= =
∆ (28.7)

In this configuration R
in
 is typically of the order of one kΩ.

Output Characteristics

These are graphs between collector-emitter
voltage (V

CE
) and the collector current (I

C
) at

different constant values of base current (I
B
).

To draw these characteristics, V
CE

 is made
zero and V

BE
 is adjusted till the microammeter

in the base-emitter circuit is set to read a
constant value. Thus V

CE
 is adjusted to make

I
B
 constant at a particular value. Now keeping

I
B
 constant, V

CE
 is increased from zero in a

number of steps and the corresponding
collector current I

C
 is noted with the help of

milliammeter connected in series with
collector.

How can we plot the output characteristics at I B = 50 µµµµµA? To do so, V
BE

 is adjusted
till milliammeter reads 50 µA. Increase V

CE
 gradually and note correspoding values of I

C
.

The graph betweent V
CE

andI
C
 gives the output characteristics at I

B
 = 50 µA. Similarly,

the output characteristics can be obtained at I
B
 = 100 µA, 200 µA and so on. Fig. 28.23

shows output characteristics of p-n-p transistor for CE configuration.

Example 28.1  Calculate the current gain β of a transistor if the current gain α = 0.98

Solution:
0.98

49
1 1 0.98

αβ = = =
− α −

Example 28.2In a transistor, 1 mA change in emitter current changes collector current
by 0.99 mA. Determine the a.c current gain.

Solution: Given∆Ie = 1 mA = 1 × 10–3 A and ∆Ic = 0.99 mA = 0.99 × 10–3 A

Therefore, a.c current gain of the transistor 
–3

c
3

e

I 0.99 10

I 1 10 A−

∆ ×α = =
∆ × A = 0.99

Fig 28.23 :Output characteristics of a
typical pnp transistor in CB
configuration

V
CE
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1. Fill in the blanks

(a) The curve relates the input current with input voltage, for a given
output voltage.

(b) The curve relates the output current with the output voltage for a
given input current.

(c) In common emitter configuration of a transistor, the and are the
output terminals

(d) The  and  are the input terminals, whereas and
 are the output terminals of a transistor in common base configuration.

What You Have Learnt

� Semiconductors are materials like silicon (Si) and germanium (Ge), which have

conductivities midway between insulators and conductors.

� Semiconductors are of two types : Intrinsic (pure) and extrinsic (dopped).

� Extrinsic semiconductors can be p-type (dopped with 3rd  group impurities) or n-type
(doped with 5th group impurities).

� A p-n junction diode consists of a n-type region and a p-type region, with terminals on
each end.

� When a p-n junction is formed, diffusion of holes and electrons across the junction
results in a depletion region which has no mobile charges.

� The ions in the region adjacent to the depletion region generate a potential difference
across the junction.

� A forward biased p-n junction offers low resistance to flow of electrons.

� A reverse biased p-n junction diode offers high resistance to flow of current.

� A p-n junction allows current to flow in only one direction.

� A transistor consists of three separate regions (emitter, base and collector) and two
junctions. Emitter is most heavily doped and base is the least doped. While collector
has the largest size, base is the thinnest.

� Transistor can either be n-p-n type or p-n-p type.

� A transistor can be connected in any of the three configurations: common collector
(CE), common base (CB) or common emitter (CE).

� The characteristics of a transistor vary according to the configuration of the transistor.

� CE configuration is preferred  over other configurations as it provides high current
gain and voltage gain.
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1. Describe the most important characteristic of a p-n junction diodes.

2. Explain the formation of depletion region in a p-n junction diode.

3. Which charge carriers conduct forward current in a p-n junction diode?

4. Differentiate between

(i) Forward bias and reverse bias

(ii) Avalancehe and zener breakdown

5. Explain the working of p-n-p and n-p-n transistors.

6. Define current gains α and β of a transistor.

7. For α = 0.998, calculate change in I
C
 if change in I

E
 is 4 mA.

Answers to Intext Questions

28.1

1. Zero 2. (ii)

3. impurity, doping 4. majority 5. lower

28.2

1. (a) majority carriers (b) depletion region

(c) 0.7eV, 0.3eV (d) higher, electrons

2. (iii),  (iii), (i)

28.3

3. (a) decreases (b) increases (c) increases, breakdown voltage

4. (a) (iv);  (b) (iii)

28.4

2. (a) 0.7 V, 0.3 V; (b) one (c) micro ampere

3. (a) (iii) ;  (b) (ii)

28.5

1. (ii), (i), (iv)

2. (a) Zener (b) reverse (c) light sensitive

(d) group III-V (e) forward (f) emission

(g) recombination (h) electroluminiscence
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(i) photovoltaic (j) more, absorbed

28.6

1. (a) (i);  (b) (ii)

2. (a) Three, two; (b) Base (c) Most heavily, base

(d) largest size, moderate (e) Emitter-base, collector-base

(f) npn, pnp

28.7
1. (a) input characteristic (b) output characteristics

(c) collector, emitter (d) base and emitter, base and collector

Answers to Problems in Terminal Exercise

7. 3.992 mA
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29
APPLICATIONS OF

SEMICONDUCTOR DEVICES

In the last lesson, you learnt the working principle of semiconductor devices like p-n

junction diode, Zener diode, LED, solar cells and transistors. Due to their miniature size

and special electrical properties, these devices find applications in almost every household

appliance and gadget like gas lighter, security alarm, radio, TV, telephone, tape recorder,

CD player, computer, fan regulator, emergency lights etc. All control mechanisms in big

industries and flight control equipments in an aeroplane and power systems in satellites

use semiconductor devices. In a way, it is now difficult to imagine life without these.

In this lesson you will learn some simple applications of diodes and transistors. This

discussion is followed by an introduction to elements of digital electronics. This branch

of electronics handles special types of signals/waveforms, which can assume only two

values, 0 and 1. Digital electronics is based on the concept of logic gates. These gates

accept input in digital form and give output according to the logic operation it is supposed

to perform. You will learn about logic gates, their symbols and circuit implementation in

this lesson.

Objectives

After studying this lesson, you should be able to:

� explain the use of diode as a half-wave and a full-wave rectifier;

� explain the use of Zener diode as voltage regulator;

� describe  the uses of a  transistor as an amplifier, a switch and an oscillator;

� explain the logic gates with their Truth Tables; and

� realize logic gates using simple circuit elements.
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You now know that a p–n junction exhibits asymmetric electrical conduction, i.e., its

resistance in forward bias is different from that in reverse bias. This property of a diode is

used in rectification, i.e., conversion of an ac signal into a dc signal (of constant magnitude).

In every day life, we may need it to charge a cell phone, laptop etc. Let us now learn about

it.

29.1.1p-n Junction Diode as a Rectifier

You have learnt in Lessons of Module 5 that the electricity supply in our homes provides

us ac voltage. It is a sinusoidal signal of frequency 50 Hz . It means that voltage (or

current) becomes zero twice in one cycle, i.e., the waveform has one positive and other

negative half cycle varying symmetrically around zero voltage level. The average voltage

of such a wave is zero. Let us now learn the mechanism to convert an ac into dc.

a) Half-Wave Rectification

Refer to Fig. 29.1. The signal from ac mains is fed into a step down transformer T which

makes it available at the terminals X andY. The load resistance R
L
 is connected to these

terminals through a p-n junction diode D. You may now like to ask : Why have we used a

step down transformer? This is done due to the fact that most devices require voltage

levels lower than 220V. The stepped down ac signal is obtained at the output of stepdown

transformer. The potential at terminal X with respect to Y will vary as a sine function with

time, as shown in Fig. 29.2(a). In the positive half cycle, during the time interval 0 to T/2,

diodeD will be forward biased and conduct, i.e., current flows through R
L
 from A to B.

However, during the negative half cycle, i.e., in the interval T/2 to T, D is reverse biased

and the junction will not conduct, i.e. no current flows through R
L
. This is shown in Fig.

29.2(b). Since the p-n junction conducts only in one-half cycle of the sine wave, it acts as

a half-wave rectifier.

During the non-conducting half cycle, the maximum reverse voltage appearing across the

diode is equal to the peak ac voltage Vm. The maximum reverse voltage that a diode can

oppose without breakdown is called its Peak Inverse Voltage(PIV). For rectification,

we must choose a diode having PIV greater than the peak ac voltage to be rectified by it;

otherwise it will get damaged. The dc voltage, Vdc across RL, as measured by voltmeter in

case of half-wave rectifier, is given by

Vdc = Vm/π (29.1)
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Fig.29.1: Half wave rectifier circuit

Fig. 29.2: (a) Input ac voltage, and  b) half-wave rectified output

whereV
m
 is the peak ac voltage. The dc current Idc through the load resistance R

L
 is given

by

Idc = 
dc

L

V

R =
m

L

V

Rπ (29.2)

Note that in this case, we are utilizing only half of the input power and obviously it is not an

efficient way of obtaining dc. You may logically think that instead of one, we should use

two diodes in such a way that they conduct in alternate cycles. This is known as full-wave

rectification. Let us learn about it now.

b) Full-Wave Rectification

For full-wave rectification, we feed the input signal in a centre tapped step down transformer.

(It has two identical secondary windings connected in series.) D
1
 and D

2
 are two p-n

junction diodes, as shown in Fig. 29.3. One end of the load resistance RL is connected to

the central point Y of the secondary windings and the other end  is connected to the

cathode terminals of the diodes D
1
 and D

2
. The anodes of these diodes are connected

respectively to the ends X and Z of the secondary windings. The potentials at the ends X

andZ are in opposite phase with respect to Y, i.e., when potential of X is positive, Z will be

T

ac
mains

X D A

BY

RL V

0
T 3T

(a) t

V

T
2 2

0(b) t
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negative and vice versa. It is shown graphically in Fig. 29.4 (a) and (b).

Fig 29.3 : A full-wave rectifier circuit using two diodes

Fig. 29.4 : a) Potential at point X is positive with respect to Y, and b) potential of point Z is
negative with resptect to Y

Suppose that to start with, terminal X is positive and Z is negative with respect to Y. In this

condition, diode D
1
 will conduct but D

2
  will not conduct. The current will flow through the

load from B to Y and the output voltage across R
L
 is as shown in Fig 29.5(a). During the

next half cycle, terminal X will be negative and Z will be positive. Under this condition,
diodeD

2
 conducts and current will again pass through the load resistance in the same

direction, that is from B to Y . The corresponding waveform is shown in Fig. 29.5(b).And

the net output across R
L
 is pulsating , as shown in Fig. 29.5(c).
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Fig. 29.5 : Voltage across RL a) when D
1
 conducts, b) D

2
 conducts,  c) net output of  full wave

rectifier

Since current through the load now flows over the entire cycle of the sine wave, this is
called full-wave rectification. The dc voltage Vdc and dc current Idc are given by

Vdc = 2× Vm/π (29.3)

and

Idc=
dc

L

V

R  = 
m

L

2V

Rπ (29.4)

Note that the unidirectional current flowing through the load resistance after full-wave
rectification pulsates from maximum to minimum (zero) and is not useful for any practical
application. To reduce the fluctuating component and obtain more steady current, we filter
the pulsating part. You may be eager to know as to how do we achieve this. Let us now

V

O t

(a)

(c)

tO

V

(b)tO

V

O
T
2

T 3
2
T 2T

t
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discover answer to this important question.

Filtering

We recall that impedance offered by a capacitor to the flow of ac depends on its freqeuncy.
Therefore, a capacitor C connected across the load resistance, as shown in Fig. 29.6,
filters out high frequency component.

T

ac
mains

D2

C RL

D1

Fig. 29.6 : Circuit diagram for capcitor-filter in full-wave rectification

The capacitor gets charged to nearly maximum potential Vm when diode D
1
 conducts for

periodt = T/4. When the current tends to decrease for T/4 < t < T/2, the capacitor discharges
itself and tries to maintain current through the load, reducing fluctuations considerably, as
shown in Fig. 29.7. The larger the value of capacitor and the load resistance, the lower will
be the fluctuations in the rectified dc. The capacitor C connected across the load to reduce
fluctuations is called a filter capacitor. In a power supply, we use LC and C-L-C (or π)
filters to reduce the rippling effect. You will learn about these in detail in your higher
classes.

T
2

T 3
2

2T

V

Vm

O t

Fig 29.7: Output voltage when capacitor is used to filter ac

Special p-n junction, called Zener diode, acts as voltage regulator in reverse bias. You
will now study about it.

29.1.2 Zener Diode as a Voltage Regulator

The half-and full-wave rectifiers with filters are the simplest type of power supplies.

These provide almost pure dc but have one deficiency. When load current is increased by

decreasing resistance, the output voltage drops. This is because, when large current is

drawn, the filter capacitor gets discharged more and its voltage across the load resistor

In high quality power supplies
combination of inductors and
capacitorL – C – L or C – L – C is
used. Depending on the way,
these components are connected
these filters are called ‘T’ or ‘Π’.



MODULE - 8

355

Semiconductors and their
Applications

Applications of Semiconductor Devices

reduces. Similarly, if the ac input changes, the dc output voltage also varies. Obviously, a

supply with varying output voltage affects the performance of different devices being

operated with it. For example, if we operate an amplifier, the quality of sound reproduced

by it will get deteriorated. To remove this deficiency, a Zener diode is used with simple

power supplies which gives constant dc voltage. Such a circuit is called regulated power

supply.

The Zener regulated voltage supply circuit is shown in Fig. 29.9. It consists of a Zener

diode with breakdown voltage Vz. This will be equal to the stabilized output voltage VO A

suitable series resistance Rsis included to control circuit current and dissipate excess

voltage. The anode of Zener diode is connected to the negative terminal of input supply,

and the cathode is connected in series with Rs to positive terminal of input supply, that is,

the Zener is connected in reverse bias condition. The load resistance  is connected across

the Zener diode. The Zener regulator will only operate if the input supply voltage to the

regulator, Vi is greater than Vz . After breakdown, the voltage across it remains nearly

constant and is independent of the current passing through it. The current Isflowing passing

throughRs is given by the equation

Is = (Vi – Vz)/Rs (29.5)

ILIZ

RS+Vi

unregulated
dc from

fitter

–

V VZ = O
RL

Vz

+

–

IS

Fig. 29.9 : Zener diode as a stabilizer

This current divides in two parts: the Zener current Iz and load current IL. Applying

Kirchoff’s law, we can write

Is = Iz + IL

or Iz = Is– IL (29.6)

For Zener diode to operate, some current 
minZI  should always flow through it. Therefore,

the load current I
L
 should always be less than the main current Is. Typical value of 

minZI

may range from 5 mA to 20 mA.
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be equal to Vz. When some load current is drawn, say IL, the Zener current will decrease

by the same amount but the output voltage will remain Vz. Similarly, if the ac main voltage

increases or decreases, the input voltage, Vi will increase or decrease accordingly. It will

result in change of Is given by Eqn.(29.5). Due to change in Is, the change in Vi will appear

as a drop across the series resistance Rs. The Zener voltage Vz and hence VO will remain

unchanged. Thus we see that the output voltage has been stabilized against the variations

in the current and the input voltage.

The power dissipation in Zener diode is given by the relation

P
d
 = V

z
 × I

z
(29.7)

This dissipation should not exceed the maximum power dissipation rating recommended

by the manufacturer for Zener diode. Let us now understand the design of a Zener

regulated power supply with one example.

  Example 29.1: The load current varies from 0 to 100 mA and input supply voltage

varies from 16.5 V to 21 V in a circuit. Design a circuit for stabilized dc supply of 6 V.

IL

1W

Rs

+

16.5-21V dc

–

Vz = 6V
RL

Solution: We choose a Zener diode of 6 V.  Let 
minZI  be 5 mA. The maximum current will

flow through the Zener when there is no load current. Its magnitude will be (100+5) mA=
0.105A.

The value of R
s
 is determined by the minimum input voltage and maximum required current:

Rs
minz z

max

– 16.5V 6V
= 100

105mA

V V

I

−= = Ω

The current through the Zener diode will be maximum when the input voltage is maximum,
that is 21 V and I

L
 = 0. Therefore, the maximum Zener current I

max
 = (21V– 6V)/100 Ω 

0.15 Α.

The maximum power dissipation in the diode is 6V × 0.15A= 0.9W.

It means that we should use a Zener diode of 6 V, 1 W and resistance Rs. of 100Ω. It
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RL

VO

RL

VCC

input
signal

VS

VBB

~

+

–

–
+

should be connected in the circuit as shown above. It will give a stable output of 6 V for
the specified ranges of load and input variation.

Intext Questions 29.1

1. Draw a circuit of full-wave rectifier with a filter capacitor.

..................................................................................................................................

2. What will be the output voltage, if you connect a Zener diode in forward bias instead
of reverse bias in the regulator circuit of Example 29.1?

..................................................................................................................................

29.2 Transistor Applications

You learnt the working principle of transistor in detail in the last lesson. Normally, the
collector is reverse biased and no current flows in collector-emitter circuit. If we pass a
very small current in the base circuit, a very large current starts flowing in the collector
circuit. This property has made a transistor indispensable for vast electronic applications.
But here we have discussed its applications as an amplifier, as a switch, and as an oscillator
(frequency generator).

29.2.1 Transistor as an Amplifier

An electrical signal is voltage or current, which is coded with some useful information. For
example, when we speak in front of a microphone, its diaphragm vibrates and induces a
very small voltage in its coil, depending on the intensity of sound. This induced voltage
appears as a weak signal and can not operate a loudspeaker to reproduce sound. To make
it intelligible, it is fed into a device called amplifier. The amplifier increases the level of
input signal and gives out magnified output. If Vi is the input signal voltage fed to the
amplifier and V

O
 denotes the amplified output, their ratio is called voltage gain.

Fig. 29.10: Basic amplifier circuit using a n-p-n transistor in CE mode

i
C
 + ∆i

c
I

B
 + ∆i

b
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i.e., AV =
O

i

V

V (29.8)

Similarly, we can define the current gain and power gain as

A
I
 = 

O

i

i

i (29.10)

A
p
 = 

i

OP

P (29.11)

The circuit for transistor as an amplifier is shown in Fig. 29.10. Here an n-p-n transistor is
used in CE mode. Its collector is reverse biased through the load resistance RL by the
batteryVCE. When a base current IB flows, some collector current IC will start flowing. On
decreasingIB

, a stage will be reached when IC becomes almost zero. This is the lower
limit of variation of IB. Similarly, on increasing IB again, a stage of saturation is reached and
IC stops increasing. This corresponds to the upper limit of variation of IB. For faithful
amplification of input signal, a base current equal to the mean of these two limiting values
of IB is passed through the base by forward biasing it with battery VBB. We can choose the
operating point in the centre of linear operating range of the transistor. This is called
biasing of the base. A signal source providing an input signal υ S is connected in series with
υBB

.

Due to addition of oscillating signal voltage υ S to υ BB
, the base current changes by an

amount∆ib around the dc biasing current IB. The signal voltage  is kept low so that the
signal current ∆ib if added and subtracted from I

B
 does not cross the upper and lower

limits of the base current variation. Otherwise, the transistor will go into cut off or saturation
region and the amplified output will be highly distorted and noisy. Note that signal current

∆ i
b

= υ S
/r

i
(29.12)

wherer
i
 is the input impedance. This change in base current ∆i

b
 results in a large change

in collector current, say ∆i
c
 given by

∆i
c
=  β∆i

b
 = β υ s

/r
i

(29.13)

where β is the ac current amplification factor, equal to ∆i
c
/ ∆i

b
. From (Eqn. 29.13) we get

υ s
 = ∆ i

c
 × r

i
/ β (29.14)

By applying Kirchsoff’s law to the output circuit in Fig. 29.10, we have

VCC = V
CE

 + I
C
R

L
(29.15)

On differentiating Eqn. (29.15), we get

dVCC = dV
CE

+ dI
C
× R

L
(29.16)

SinceVCC is constant, dV
CC

= 0. Therefore, we get

dV
CE

 = – dI
C
× R

L

But dV
CE

 is the change in output ∆ υ 0
anddI

C
 in i

c
. Therefore,

∆ υ 0
 = – ∆i

c
× R

L
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The voltage gain A
v
 of the amplifier is given by

AV = υ 0
/ υ S

 = – (∆ic× RL)/(∆ic×r i/β)

= –β × RL / r
i

(29.17)

The ratio β/r
i
is called transconductance of transistor and is denoted by g

m
. Hence Eqn.

(29.17) can be written as

A
V
 = – g

m
 × R

L
(29.18)

The negative sign indicates that input and output are in opposite phase, i.e. they differ in

phase by 180°. The power gain is given by

A
P
= A

I
 × A

V
 =  β × A

V
(29.19)

Note that power gain does not mean that the law of conservation of energy is violated in

an amplifier. The ac power output of the amplifier is more than the ac input signal power

but this gain is achieved  at the cost of dc power supplied by the voltage source.

John Bardeen
(1908 – 1991)

John Bardeen is the only researcher in history of science who received two Nobel
Prizes in Physics. He was born in Madison, Wisconcin USA,
in a highly educated family. He was so bright a kid that his
parents moved him from third grade to Junior high school. He
did his graduation in Electrical Engineering. But, he also had
to struggle for his career. After spending three years as
geophysicist with Gulf Oil Company, he went to Princeton for
his Ph.D. in Mathematical Physics. After a brief stint at
Harvard and Minnesota and in Naval Ordnance Labs, he joined
William Shockley’s research group at Bell Laboratories. With

Walter Brattain, he devloped the first transistor for which Bardeen, Brattain and Shockley
were conferred the 1956 Nobel Prize in Physics.

Bardeen shared his second Nobel in 1972 with Leon C Cooper and R Schieffer for their
theoretical work on superconductivity.

Intext Question 29.2

1. For a CE mode amplifier, υ i
is 20 mV and υ o

 is one volt. Calculate voltage gain.

..................................................................................................................................

2. The P
0
 of an amplifier is 200 times that P

i
. Calculate the power gain.

..................................................................................................................................

3. For a CE amplifier, R
L
 = 2000 Ω , r

i
 = 500 Ω and  β = 50. Calculate voltage gain and

power gain.

..................................................................................................................................
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In day-to-day life, we use electrical switches to put the gadgets like lamps, fans, machines
on or off manually. Note that the switch has two distinct states, viz on and off. In electronics,
we come across situations where we need to apply an input to some device in the form of
two distinct voltage levels. This is as if we were operating a switch. When switch is on,
one voltage level is applied but when switch is off, the other one is applied. Typically, such
voltage levels are used in computers, where digital signals are employed. This is done by
using a trasistor in the non-linear region of its operation. In the transister characteristics
shown in Fig 29. 11, we see two extreme regions: cut-off region and saturation region.
The (jagged) region below the zero base (I

B
 = 0) signifies the cut off regions. The transistor

does not conduct and entire supply voltage V
CC

appears across the transistor between the

collector and the emitter (V
CE

). That is, the output voltage at the collector is V
CC

.

Fig. 29.11 : Transistor output characteristics

When the base current I
B
is greater than its saturation value, the transistor conductor fully

and collector-emitter voltage V
CE

 is almost zero. In such a case, the output voltage obtained
between collector and ground is zero and entire voltage drop appears across RL. That is ,

the collector current IC
L

CCV

R
= .

RL = 1k

VO

R =B 100k

VBB

Ib
VCE

VBE

VCC = 12V

12V

0V

Fig. 29.12: Transistor as a switch
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Fig 29.12 shows a typical circuit of transistor as a switch. The control signal for switching
the transistor on or off is given in the form of VBB. For the input loop, we can write

I
B

R
B
 + V

BE
 – V

BB
 = 0

WhenV
BB

 = 0, we get

I
B
 = – BE

B

V

R
(29.20)

SinceI
B
 is less than zero, the transistor is cut off, and

V
0

= V
CC

(29.21)

If V
BB

= 5V, and V
BE

 = 0.7 V for the chosen transistor, from Eqn. (29.20) we get

I
B
 (100 kΩ) + 0.7V– 5 V= 0.

∴ I
B

=
5V 0.7V

100k

−
Ω

= 43 µΑ

For normal transistors, this value of base current is enough to drive the transistor to full

saturation. In this case, V
O
 = CEsat

V = 0 and the collector current

I
C

=
CC

L

12
12mA.

1
= =

Ω
V V

R K

This kind of switch can also be used as an indicator in displays. For example, if we connect
an LED is series with the collector resistor, as shown in Fig 29.13, the collector current
drives the LED on for high (+5V) input, and it lights up. Whenever input is zero, the LED
is off because no collector current flows through the circuit.

1k 

+ 15V

10k 

0V

5V

5V

Fig. 29.13: LED indicator using  transistor switch

Ω

Ω
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Another major application of transistors is to generate an oscillating signal of desired
frequency. This is done by a special circuit called an oscillator. The oscillators find many
applications, particularly in radio transmitters to generate the carrier wave frequency.
These are also used in clock generators, electronic watches and computers etc. There are

various types of oscillators. We here discuss a typical oscillator circuit using a transistor.

29.2.3 Transistor as an Oscillator

An  electronic oscillator is a device which generates continuous electrical oscillations. In a
simple oscillator circuit, a parallel LCcircuit is used as resonant circuit and an amplifier is
used to feed energy to the resonant circuit. It can generate frequencies from audio to
radio range depending on the choice of L and C.

We know that when a charged capacitor is connected across an inductor, the charge
oscillates. But due to loss of energy by radiation and heating of wires, the energy is lost
and the amplitude of oscillations decays with time. To build a sinusoidal oscillator, where
the oscillations are sustained (i.e. they do not decay), we need an amplifier with positive
feedback. The basic idea is to feed a part of output signal in input signal. By adjusting the
gain of the circuit and the phase of the feedback signal, energy dissipated in each cycle is
replenished to get sustained oscillations of desired frequency.

Schematically we can depict an oscillator to be made up of two main blocks: an amplifier
with gain A, and a feedback circuit with feedback factor β, as shown in Fig 29.14.

Fig. 29.14: Schematic diagram of an oscillator

In case, A β< 1, V
O
 decreases continuously. On the other hand, if A β > 1, V

0
 increases

gradually.But if Aβ = 1, we get constant value of V
0
 leading to sustained oscillations.

Now, we consider a CE amplifier, like the one discussed in Sec. 29.2.1. It has 180o phase
difference between the input and output, i.e. it has negative gain (–A). To keep the total
feedback gain Aβ = 1, we require that β is also negative; equal to
–A–1. That is, it is necessary to introduce a phase shift of 180o in the feedback circuit as
well.

In Fig. 29.15, we have shown a circuit diagram of an oscillator using LC tank circuit and a
transistor amplifier in CE mode. This is called Colpitt’s Oscillator.

Amplifier

Feedback

(180º phase shift)

(180º phase shift)
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+

–

+

–

–

+
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A

–

+

V
i
 = βV

O AV
i
 = ΑβV

O
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R1

R2 R3

L

+
–

C1 V0

C2

RF choke

+VCC

Fig. 29.15 : Colpitt’s Oscillator

In this circuit C
1
, C

2
 and L form the tank circuit. The oscillating current is generated in this

circuit, which is at its resonant frequency. The output is obtained across C
1
, the feedback

is provided across C
2
 connected to the base of the transistor amplifier in CE mode. In this

case 180° is introduced by the amplifier and another 180° phase shift is provided by the
capacitorC

2
 which is connected between ground and other end of the inductor coil. Hence,

the total loop gain is positive. When the gain of transistor amplifier is sufficiently large at
the resonant frequency, we obtain sustained oscillations at the output.

29.3 Logic Gates

In electronics, we come across mainly two types of waveforms. The information carried
by these waveforms is called signal. When the signal takes any value within a range of
amplitude at any instant of time, it is called a continuous signal. When the signal takes the
value only at certain times, it is called a discrete signal. When the signal takes only particular
finite number of amplitude values, it is called a digital signal (Fig. 29.16).

The digital signal varies in steps and typically has only two widely separated values ‘0’ and
‘1’. These are called bits. Normally 0V corresponds to bit ‘0’ and  5 V corresponds to bit
‘1’. Since the levels are so widely separated, any noise riding on the signal within the
range of almost 2V, [( 0V + 2 V) for level ‘0’ and (5V – 2V) for level ‘1’, does not affect
the signal value, Hence these signals are immune to noise. The signals used in a computer
are digital. The information is coded in the form of digital signals by a series of bits arranged
in different order. Each bit is a pulse of fixed time duration.

O t

Amplitude
Amplitude

t
T1 T2 T3 T4 T5

Amplitude

t0

1

Fig. 29.16: a) continuous signal,  b) discrete signal, and c) digital signal
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Different mathematical operations can be performed on the digital signal. The mathematics
governing these operations is called Boolean algebra.

In Boolean algebra, the basic operations are addition and multiplication. If it is a digital
data that takes value 0 or 1, the following identities hold:

A × 0 = 0 (29.22)

A + 1 = 1 (29.23)

The circuits which perform these operations are called logic gates. Let us now learn
about basic logic gates.

29.3.1 Basic Logic Gates
Logic gates are devices which have one or more inputs and one output. They give different
output when the input bits differ in their arrangement. The output produced by these gates
follows the laws of Boolean logic. There are three basic types of logic gates :

1. AND Gate, 2. OR Gate,  3. NOT Gate

These gates perform multiplication, addition and inversion (negation) operations, respectively.
Let us now learn the working of these logic gates.

1. AND Gate

An AND gate can have two or more inputs but only one output. The logic symbol of a two
input AND gate is given Fig 29.17(a). We can understand the behaviour of an AND gate
by considering a number of electrical switches connected in series. For examples, switches
A and B are two inputs of the gate and the bulb gives the output Y. The ON switch stands
for logic input ‘1’ and OFF switch stands for logic input ‘0’. In this case, the bulb will glow
only if it is connected to the supply voltage. This will happen only if both A and B switches
are simultaneously ON (or ‘1’). The behaviour of output Y at various values of A and B is
shown in Table in Fig. 29.17(c). This table is called Truth Table.

A
B

Y

(a)

V

A B

(b)

A B Y

0 0 0

00 1

1 0 0

1 1 1

(c)

RL=5k

D2

+ 5V

5V

5V

0

(d)

0

D1A

B
Y

Fig 29.17: a) Symbol of AND gate, b) switch implementation of AND gate, c) Truth Table of AND
Gate, and d) diode implementation of AND gate.

Ω
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The Boolean expression for the AND operation is represented as

Y = A.B= AB = A × B and read as A AND B.

Realization of AND Gate : The logic gate realized by using diodes is called a DDL Gate
(Diode–Diode Logic Gate). The diode implementation of a two-input AND gate is shown
in Fig.29.17 (d). The anodes of two diodes D

1
 and D

2
 connected in parallel are forward

biased by a 5 V battery through a 5 kΩ resistance. The  output is taken from the anode.
Cathode wires A and B serve as input terminals. When either A or B or both the terminals
are grounded, the respective diode will conduct and a potential drop will develop across
the resistance and output will be 0.7 V, i.e. logic ‘0’. When both the terminals are connected
to 5V (i.e. for input 1, 1), neither of the diodes will conduct and output will be 5 V, i.e. logic ‘1’

2  OR Gate

The OR gate can have two or more inputs and only one output. The logic symbol of a two
input OR gate is given in Fig 29.18(a). We can explain the behaviour of an OR gate with
the help of a number of electrical switches connected in parallel. For a two input OR gate,
two switches are connected, as shown in Fig.29.18(b). The switch A and B are the two
inputs of the gate and the bulb gives output Y. The ON switch stands for logic input ‘1’ and
OFF switch stands for logic input ‘0’. The glowing bulb stands for logic output ‘1’ and the
non-glowing bulb for logic output ‘0’. In this case, when either A OR B or both the switches
are ON, the supply voltage reaches the output and the bulb glows. The input-output
correlation for an OR gate is shown in the Truth Table given in Fig. 29.18(c).

A

B
Y

(a)

V

A

B

(b)

V

A B Y

0 0 0

10 1

1 0 1

1 1 1

(c)

A

B

(d)

Y

0

1
0

1 5V

5V

D1

D2

Fig 29.18: a) Symbol of OR gate,  b) switch implementation of OR gate,  c) Truth Table of OR gate,
and d) diode implementation of OR gate
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The Boolean expression for an OR operation is represented as

Y = A + B and read as A or B.

Realization of OR Gate: The diode implementation of a two-input OR gate is shown in

Fig. 29.18 (d). The cathodes of diodes D
1
 and D

2
 connected in parallel are grounded

through a 5 kΩ resistance. The  output is taken from the cathode and the two anode wires

A and B serve as input terminals. When either A or B or both the terminals are connected

to the positive terminal of the  5 V battery, the respective diode/diodes will conduct and

potential at the output will be bout 5V i.e. logic ‘1’. When both the switches are open,

output will be 0 V i.e. logic  ‘0’.

3 NOT Gate

Another important gate used in digital signal handling is the NOT gate, which inverts the

signal, i.e., if input is ‘1’ then output of NOT gate is ‘0’ and for ‘0’ input, the output is ‘1’.

The symbol for NOT gate is shown in Fig. 29.19(a). The Truth Table of NOT gate is
shown in fig. 29.19(b).

A

(a)

Y

A Y = A

0 1

1 0

(b)

A

5V
VCC

1k 5V

0VY
10 k

A
5V

O

Fig. 29 19: a) Symbol of NOT gate, b) Truth Table of NOT gate, and c) circuit
implementation of NOT  gate

The circuit to implement a NOT gate is identical to that used for a transistor as a switch.

This is shown in Fig. 29.19(c). When input A is at ‘ 0’ level, transistor is off and the entire

V
CC

 voltage (5V) appears at the output Y. When input A is ‘1’ (5V), the transistor conducts

and output voltage Y is ‘0’.

The inversion operation is indicated by a bar on the top of the symbol of the input e.g. in

the Truth Table we can write, Y = NOT (A) = A

So far we have discussed basic logic gates. You may now ask: Can we combine these to

develop other logic gates? You will discover answer to this question in the following section.

Ω

Ω
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29.3.2  Combination Logic Gates

Two most important gates formed by combination of logic gates are (1) NAND

[NOT+AND] and (2) NOR [NOT+OR] gates. In digital electronics, a NAND gate or a

NOR gate serves as a building block because use of multiple number of either of these

gates allows us to obtain OR, AND and NOT gates. For this reason, these are called

universal gates. Let us now learn about combination logic gates.

1. NAND Gate

The NAND Gate is obtained by combining AND gate and NOT gate, as shown in Fig.

29.20 (a). Here the output Y of  AND gate is inverted by the NOT gate to get the final

outputY. The logic symbol of a NAND gate is shown in Fig. 29.20(b). The Truth Table of

a NAND gate is given in Fig. 29.20(c). It can be obtained by inverting the output of an

AND gate. The truth table of a NAND gate shows that it gives output ‘1’ when at least

one of the inputs is ‘0’ The Boolean expression of a NAND operation is represented as

Y = A.B = A×B = AB

A
B

Y  = AB′

(a)

Y = AB A
B

Y

(b)

A B Y′  = AB Y = AB

0 0 0 1

0 1 0 1

1 0 0 1

1 1 1 0

(c)

Fig. 29.20 : a) NAND as combination logic gate, b) symbol of NAND GATE, and c)
Truth Table of a NAND gate

2. NOR Gate.

The NOR gate, obtained by combining an OR gate and NOT gate, is shown in Fig. 29.21(a)

Here the output of OR gate, Y′ , is inverted by the NOT gate to get the final output Y. The

logic symbol of a NOR gate is given in Fig. 29.21(b). The Truth Table of a NOR gate

given in Fig. 29.21(c), can be arrived at by inverting  the output of an OR gate. The Truth

Table of a NOR gate shows that it gives output ‘1’ only when both the inputs are ‘0’

The Boolean expression for a NOR operation is represented as Y = A+ B .
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B

Y  = AB′ Y = A + B

(a)

B

A Y

(b)

A B ′Y  = A+B Y = A + B

0 0 0 1

0 1 1 0

1 0 1 0

1 1 1 0

Fig. 29.21 : a) NOR as combination logic gate, b) symbol of NOR gate, and c) Truth
Table of NOR gate

As mentioned earlier, the NAND and NOR gates are basic building blocks of all the logic
gates. Let us now see, how we can obtain the three basic gates AND, OR and NOT by
using NAND gates.

29.3.4  Realization of Basic Gates from NAND Gate
The NAND gate is considered to be the universal gate because all other gates can be
realized by using this gate.

(a) Realization of a NOT gate : If two input leads of a NAND gate are shorted together,
as shown in Fig. 29.22, the resulting gate is a NOT gate. You can convince yourself about
this by writing its truth table.

Here we have A = B

A Y  =

Fig. 29.22 : NAND gate as NOT gate

(b) Realization of an AND gate : The AND gate can be realized by using two NAND
gates. The output of one NAND gate is inverted by the second NAND gate used as NOT
gate as shown in Fig 29.23(a). The combination acts as an AND gate, as is clear from the
Truth Table given in Fig. 29.23(b).

A

B
Y

Y′

A B Y  = AB′ Y = AB

0

0

1
1

0

1
0
1

1 0
1 0

1 0
0 1

(b)

Fig. 29. 23: a) NAND gates connected to implement AND gate and

b) Truth Table of AND gate using NAND gate

A
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c) Realization of an OR gate : The OR gate can be realized by using three NAND
gates. Two NAND gates are connected as inverters and their outputs are fed to the two
inputs of a NAND gate, as shown in Fig. 29.24. The combination acts as an OR gate.

A

B

A  = A′

B  = B′

Y = AB = A + B

Fig. 29.24 : Three  NAND gates connected as OR gate

Intext Questions 29.3

Complete the following table from Fig. 29.24 to prove that it is an OR gate.

A B A′ B′ Y

0 0 – – –

0 1 – – –

1 0 – – –

1 1 – – –

What You Have Learnt

� A p-n junction diode can be used as a rectifier to convert ac into dc.

� A half-wave rectified dc contains more ac component than the full-wave rectified dc.

� A Zener diode stablizes the output of a power supply.

� In a stabilizer, the Zener diode dissipates more power when the current taken by the

load is less.

� For amplification, a transistor needs input current.

� Transistor can be used as a switch by biasing it into saturation and cut-off regions.

� There are three basic logic gates: AND,OR and NOT.

� NAND gate is a universal gate because it can be used to implement other gates easily.
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Terminal Question

1. Why the Peak Inverse Voltage (PIV) of a p-n junction diode in half-wave rectifier

with filter capacitor is double of that without the capacitor?

2. Explain how a Zener diode helps to stabilize dc against load variation.

3. What should be the range of variation of amplitude of input signal for proper working

of an amplifier?

4. Draw a circuit using diodes and transistors to implement a NOR gate.

Answers to Intext Questions

29.1

1. See Fig.29.6

2.  In case of full wave rectifier, both diodes D
1
 and D

2
 charge C to maximum voltage of

V
max

 in alternate half cycles. Hence, the PIV of the diodes should be 2 × V
max

.

3. R
z
 = 100Ω , R

s
 = 100Ω  andR = R

z
 + R

s
 = 200Ω

Hence,

I = 
21

200
 = 0.105A

andV = IR = 0.105 × 100
= 10.5V

29.2

1.
0

v .
i

1V
50

20 mV
= = =V

A
V 2.

0
p .

i

200
P

A
P

= =

3. L
v

i

50 2000
200

500

β × × Ω= = =
Ω

R
A

r

p v 50 200 10000.A A= β = × =

29.3
A B B'
0

0

1
1

0

1
0
1

0 0
1 1

1 0
1 1

A' Y
0

1

1
1
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STUDENT’S ASSIGNMENT – 8
Maximum Marks: 50 Time : 1½ Hours

INSTRUCTIONS

� Answer All the questions on a seperate sheet of paper

� Give the following information on your answer sheet:

� Name

� Enrolment Number

� Subject

� Assignment Number

� Address

� Get your assignment checked by the subject teacher at your study centre so that you get positive feedback
about your performance.

Do not send your assignment to NIOS
1. Name the majority charge carriers in n-type semiconductor? 1

2. Draw symbol for a n-pri transistor. 1

3. Explain the meaning of the term doping in semiconductors. 1

4. What is the effect of forward biasing a p-n junction on the width of deplition region around it? 1

5. How do you identity collector and emitter in a transter. 1

6. Draw the logic symbol of a NOR gate. 1

7. Out of silicon and germanium which has more free charge carrier density at room temperature. Why?1

8. In common base configuration current gain is less than 1 but still be can have a voltage gain. How? 1

9. Distinguish between a LED and a solar cell. Draw diagram of each. 2

10. Draw the characterstics of a pn junction diode in (i) forward bias (ii ) reverse bias. 2

11. In a half wave reitifier input frequency is 50 Hz. What is its output frequency? What is the out put
frequency of a full wave rectifier for the same input frequency. 2

12. Two amplifiers are connected one after the other in series. The first amplifier has a voltage gain of 10 and
the second has a voltage gain of 20. If the input signal is 0.01v, calculate the output ac signal. 2

13. How can you realize an AND gate with the help of p-n junction diodes? Draw the circuit and explain to
truth table. 4

14. For a common emitter amplifier, the audio signal voltage across a 5 k Ω  collector resistance is 5v.
Suppose the current amplification factor of the transter is 100, find the input signal voltage and base
current, if the base resistance is 1 kΩ  . 4

15. Define current gain in common base configuration and common emitter configuration. Establish a relation
between the two. 4
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16. With the help fo suitable diagrams explain 4

(a) how does a capacitor convert functuating ac steady dc.

(b) how a zener diode stabilizes dc output against load variations.

17. Explain : 4

(i) Why a transistorhas to be biased for using it as an amplifer,

(ii ) how the range of variation of amplitude of input signal is decided for the proper working of a transistor,

(iii ) Why the voltage gain of an amplifier can not be increased beyond a limit by increasing load resistance.

18. Identity the logic gates indicates by circuits given below.

Y
(a)

Y

(b)

A

B

Corresponding to the input signal at A and B as shown below draw output waveform for each ats.

A

B

C

t
t1

t2 t3 t4 t5 t6

19. With the help of a circuit diagram explain how a transistor can be used as an amplifier? 5

20. Draw a circuit diagram for studying the charactertics. Draw the input and output charactertics and explain
the current gain obtained. 5
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