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Preface

Staff Selection Commission-Junior Engineer has always been preferred by Engineers

due to job stability. SSC-Junior Engineer examination is conducted every year. MADE

EASY team has deeply analyzed the previous exam papers and observed that a good

percentage of questions are repetitive in nature, therefore it is advisable to solve

previous years papers before a candidate takes the exam.

The SSC JE exam is conducted in two stages as shown in table given below.

B. Singh (Ex. IES)

Paper-Il : Objective Type

Papers Subject Maximum Marks | Duration
Stage 1: (i) General Intelligence & Reasoning 50 Marks 2 hours
Paper-1: Objective type

(i) General Awareness 50 Marks

(iii) General Engineering : Electrical 100 Marks
Stage 2: General Engineering : Electrical 300 Marks 2 hours

merit list gets prepared.

Note: In Paper-l, every question carry one mark and there is negative marking of % marks for every wrong answer.

Candidates shortlisted in Stage 1 are called for Stage 2. On the basis of combined score in Stage 1 and Stage 2, final

MADE EASY has taken due care to provide complete solution with accuracy. Apart from Staff Selection Commission-Junior

Engineer, this book is also useful for Public Sector Examinations and other competitive examinations for engineering graduates.

| have true desire to serve student community by providing good source of study and quality guidance. Any suggestion

from the readers for improvement of this book is most welcome.

B. Singh (Ex. IES)

Chairman and Managing Director

MADE EASY Group




Syllabus of Engineering Subjects

(For both Objective and Conventional Type Papers)
Electrical Engineering

Basic concepts: Concepts of resistance, inductance, capacitance, and various factors affecting them. Concepts
of current, voltage, power, energy and their units.

Circuit law: Kirchhoff’s law, Simple Circuit solution using network theorems.

Magnetic Circuit: Concepts of flux, mmf, reluctance, Different kinds of magnetic materials, Magnetic calculations
for conductors of different configuration e.qg. straight, circular, solenoidal, etc. Electromagnetic induction, self
and mutual induction.

AC Fundamentals: Instantaneous, peak, R.M.S. and average values of alternating waves, Representation of
sinusoidal wave form, simple series and parallel AC Circuits consisting of R, L and C, Resonance, Tank Circuit.
Poly Phase system — star and delta connection, 3-phase power, DC and sinusoidal response of R-Land R-C circuit.
Measurement and Measuring Instruments: Measurement of power (1 phase and 3-phase, both active and
re-active) and energy, 2 wattmeter method of 3-phase power measurement. Measurement of frequency and
phase angle. Ammeter and voltmeter (both moving oil and moving iron type), extension of range wattmeter,
Multimeters, Megger, Energy meter AC Bridges. Use of CRO, Signal Generator, CT, PT and their uses. Earth fault
detection.

Electrical Machines: (a) D.C. Machine - Construction, Basic Principles of D.C. motors and generators, their
characteristics, speed control and starting of D.C. Motors. Method of braking motor, Losses and efficiency of
D.C. Machines. (b) 1 phase and 3 phase transformers — Construction, Principles of operation, equivalent circuit,
voltage regulation, O.C. and S.C. Tests, Losses and efficiency. Effect of voltage, frequency and wave form on
losses. Parallel operation of 1 phase /3 phase transformers. Auto transformers. (c) 3 phase induction motors,
rotating magnetic field, principle of operation, equivalent circuit, torque-speed characteristics, starting and
speed control of 3 phase induction motors. Methods of braking, effect of voltage and frequency variation on
torque speed characteristics. Fractional Kilowatt Motors and Single Phase Induction Motors: Characteristics
and applications.

Synchronous Machines: Generation of 3-phase e.m.f. armature reaction, voltage regulation, parallel operation
of two alternators, synchronizing, control of active and reactive power. Starting and applications of synchronous
motors.

Generation, Transmission and Distribution: Different types of power stations, Load factor, diversity factor,
demand factor, cost of generation, inter-connection of power stations. Power factorimprovement, various types
of tariffs, types of faults, short circuit current for symmetrical faults. Switchgears - rating of circuit breakers,
Principles of arc extinction by oil and air, H.R.C. Fuses, Protection against earth leakage/over current, etc.
Buchholtz relay, Merz-Price system of protection of generators & transformers, protection of feeders and bus
bars. Lightning arresters, various transmission and distribution system, comparison of conductor materials,
efficiency of different system. Cable - Different type of cables, cable rating and derating factor.

Estimation and Costing: Estimation of lighting scheme, electric installation of machines and relevant IE rules.
Earthing practices and IE Rules.

Utilization of Electrical Energy: lllumination, Electric heating, Electric welding, Electroplating, Electric drives
and motors.

Basic Electronics: Working of various electronic devices e.g. P N Junction diodes, Transistors (NPN and PNP
type), BJT and JFET. Simple circuits using these devices.

(iv)
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CHAPTER

1. Semiconductor Physics

m The temperature co-efficient of an
intrinsic semiconductor is:
(a) Zero
(b) Positive
(c) Negative
(d) Like that of metals
[SSC-JE:2010]

m Which of the following materials is
semiconductor

(a) Chromium
(c) Bismuth

(b) Selenium
(d) Silica
[SSC-JE: 2012]

[ﬂ Under thermal equilibrium in
semiconductor the ratio of the number
of holes to the number of conduction
electrons is
(a) 1/2

(c) 1

(b) Infinity
(d) 2
[SSC-JE: 2012]

m For n-type semiconductor, the
doping material is
(a) tetravalent
(c) trivalent

(b) pentavalent
(d) bivalent

[SSC-JE : 2013]

[ﬂ In a semiconductor, the resistivity
depends on temperature.
depends on voltage.

depends on current through it.
none of the above.

(a
(b
(c
(d

=

[SSC-JE: 2013]

[ﬂ Silicon has a preference in IC

technology because,

(a) it is a covalent semiconductor.

(b) of the availability of nature oxide
SiO.

(c) it is an elemental semiconductor.

(d) it is an indirect semiconductor.

[SSC-JE : 2015]

EHTO prepare a P type
semiconducting material the impurities

Basic Electronics

to be added to silicon are
(a) Arsenic, Antimony
) Boron, Gallium

) Gallium, Arsenic

) Gallium, Phosphorous

[SSC-JE: 2015]

(b
(c
(d

m In an intrinsic semiconductor

(a) there are no holes in the material.

(b) number of holes is equal to number
of electrons.

(c) electrons in the material are more
than holes.

(d) there are no electrons in the
material.

[SSC-JE (Forenoon) 1.3.2017]

m The minority carrier concentration
is largely a function of
(a) the amount of doping
(b) temperature
(c) forward biasing voltage
(d) reverse biasing voltage
[SSC-JE (Forenoon) 1.3.2017]

m In the depletion region of a PN
junction, there are

a) no charge

b) no mobile charges

c) no current

d) none of these

[SSC-JE (Forenoon) 1.3.2017]

(
(
(
(

[m The donor atoms in an n-type
semiconductor at normal temperature

carry a positive charge
carry a negative charge
are neutral

none of these

[SSC-JE (Forenoon) 1.3.2017]

(a
(b
(c
(d

)
)
)
)

m Fermi energy level for p-type
extrinsic semiconductors lies

a) at middle of the band gap
b) close to conduction band
c) close to valence band

d) none of these

[SSC-JE (Forenoon) 1.3.2017]

(
(
(
(

m Consider a single crystal of an

intrinsic semiconductor. The number of

free carriers at the Fermi level at room

temperature is

(a) half the total number of electrons
in the crystal.

(b) half the number of free electrons in
the crystal.

(c) half the number of atoms in the
crystal.

(d) zero.

[SSC-JE (Forenoon) 1.3.2017]

[m A semiconductor is formed by

__ bonds.
(a) metallic (b) covalent
(c) ionic (d) none of these

[SSC-JE (Forenoon) 1.3.2017]

m Resistivity of a semiconductor

depends on

(a) the length of the semiconductor
specimen.

(b) cross-sectional area of
semiconductor specimen.

(c) volume of the semiconductor
specimen.

(d) the atomic
semiconductor.

[SSC-JE (Forenoon) 2.3.2017]

the

nature of the

[m A germanium atom contains

four valence electrons
six valence electrons
four protons

six protons

[SSC-JE (Forenoon) 2.3.2017]

(a
(b
(c
(d

= =

m A hole is the vacancy created

when

(a) a free electron moves on
application of electric field.

(b) an electron breaks its covalent
bond.

(c) an atomic core moves.

(d) an electron reverts from conduction
band to valence band.

[SSC-JE (Forenoon) 2.3.2017]
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[m Forbidden energy gap between
valence band and conduction band is
least in the case of
(a) mica
(b) pure silicon
(c) pure germanium
(d) impure silicon
[SSC-JE (Forenoon) 2.3.2017]

[m Donor impurity atom in a

semiconductor result in new .

(a) wide energy band

(b) narrow energy band

(c) discrete energy level just below
conduction level

(d) discrete energy level just above
valence level

[SSC-JE (Forenoon) 2.3.2017]

m A p-type semiconductor is
positively charged

negatively charged

electrically neutral

not used in semiconductor devices

[SSC-JE (Forenoon) 2.3.2017]

(a
(b
(c
(d

)
)
)
)

m Change of carrier concentration
along the length of a semiconductor is
called

(a) mobility

(b) diffusion

(c) concentration gradient

(d) drift

[SSC-JE (Forenoon) 2.3.2017]

m In a semiconductor, movement of

charge carriers under influence of an

electric field is called

(a) diffusion (b) drift

(c) mobility (d) conductivity
[SSC-JE (Forenoon) 2.3.2017]

m In pure silicon, major part of the,

drift current is due to free electrons

because .

(a) there are more free electrons than
holes

(b) free electrons are in the valence
band

(c) mobility of electrons is greater than
the mobility of holes

(d) diffusion constant of electrons is
greater than that of holes

[SSC-JE (Forenoon) 2.3.2017]

m Semiconductor may be made n-
type by adding donor impurity

(a) during zone refining

(b) during chemical purification

(c) during crystal pulling
(d) before purification process
[SSC-JE (Forenoon) 2.3.2017]

m Fermi energy level for n-type
extrinsic semiconductors lies

(a) at middle of the band gap
(b) close to conduction band
(c) close to valence band

(d) none of these

[SSC-JE (Afternoon) 2.3.2017]

m The diffusion potential across a

p-n junction

(a) decreases with increasing doping
concentration

(b) increases with decreasing band
gap

(c) does not depend on doping
concentrations

(d) increases with increase in doping
concentrations

[SSC-JE (Forenoon) 3.3.2017]

m In Ge, when atoms are held

together by the sharing of valence

electrons

(a) each shared atom leaves a hole

(b) valence electrons are free to move
away from the nucleus

(c) valence electrons form irreversible
covalent bonds

(d) valence electrons form reversible
covalent bonds

[SSC-JE (Forenoon) 3.3.2017]

m In a pure semiconductor, electric
current is due to

(a) holes alone

(b) electrons alone

(c) both holes and electrons

(d) valence electrons alone

[SSC-JE (Forenoon) 3.3.2017]

m Temperature coefficient of
resistance in a pure semiconductor is

zero

positive

negative

dependent on size of specimen

[SSC-JE (Forenoon) 3.3.2017]

m Acceptor impurity atoms in a
semiconductor result in new

(a) wide energy band

(b) narrow energy band

(c) discrete energy level just below

conduction level
(d) discrete energy level just above
valence level

[SSC-JE (Forenoon) 3.3.2017]

m] An n-type semiconductor is

positively charged

negatively charged

electrically neutral

not used in semiconductor devices

[SSC-JE (Forenoon) 3.3.2017]

PRy

a)
b)
c)
d)

m When a free electron s
recaptured by a hole, the process is
called

(a) recombination (b) diffusion

(c) drift (d) restoration

[SSC-JE (Forenoon) 3.3.2017]

m Imperfections in the crystal
structure result in
(a) increased conductivity
(b) decreased conductivity
(c) increased mobility
(d) decreased mobility
[SSC-JE (Forenoon) 3.3.2017]

m At room temperature intrinsic
carrier concentration is higher in
germanium than in silicon because

(@) Carrier mobilities are higher Ge
than in Si
(b) Energy gap in Ge is smaller than
that in Si
(c) Atomic number of Ge is larger than
in Si
(d) Atomic weight of Ge is larger than
in Si
[SSC-JE (Forenoon) 3.3.2017]

m An electron device means the
device in which the conduction of
electrons takes place through

(a) agas

(b) vacuum

(c) a semiconductor

(d) a gas, semiconductor or vacuum

[SSC-JE (Forenoon) 4.3.2017]

m A semiconductor has a band gap
of 2 eV. The wavelength of radiation
emitted from the semiconductor when
electrons and holes recombine is

(a) 625 .nm
(c) 625 mm

(b) 625 um
(d) 625 cm
[SSC-JE (Forenoon) 4.3.2017]
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m Resistivity measurements are

often used to determine ___

(a) carrier concentration in intrinsic
semiconductor

(b) carrier concentration in extrinsic
semiconductor

(c) life time of polycrystalline materials

(d) none of these

[SSC-JE (Forenoon) 3.3.2017]

m The drift velocity of electrons, in

silicon _____

(a) is proportional to the electric field
for all values of electric field.

(b) is independent of the electric field.

(c) increases at low values of electric
field and decreases at high values
of electric field exhibiting negative
differential resistance.

(d) increases linearly with electric field
at low values of electric field and
gradually saturates at higher values
of electric field.

[SSC-JE (Forenoon) 2.3.2017]

m When an electron breaks a

covalent bond, and moves away

(a) the semiconductor becomes
conductor

(b) a vacancy is created in broken
covalent bond

(c) the conductivity of the material
increases

(d) More ions are produced

[SSC-JE (Forenoon) 22.01.2018]

m Which one of the following has
the least number of free electrons in it?
(a) Conductors

(b) Semiconductors

(c) Superconductors

(d) Insulators

[SSC-JE (Afternoon) 22.1.2018]

XG0 which of the following is a
trivalent?
a) Boron
b) Aluminium
c) Indium
d) All options are correct
[SSC-JE (Afternoon) 22.1.2018]

(
(
(
(

m Which of the following are
immobile?
(a) electrons
(c) lons

(b) Holes
(d) None of these

[SSC-JE (Afternoon) 22.1.2018]

m The conduction band is

(a) the region of free electrons

(b) arange of energies corresponding
to the energies of the free electrons

(c) always above the forbidden energy
level

(d) concentrated holes for the flow of
current

[SSC-JE (Forenoon) 23.01.2018]

[m The process of adding, impurities

to a semiconductor is known
as )

(a) polling (b) intrusion

(c) pugging (d) doping

[SSC-JE (Afternoon) 23.01.2018]

XE which of the following has the
highest mobility?

(a) Neutron (b) Electron

(c) Positive ions  (d) Negative ions

[SSC-JE (Forenoon) 24.1.2018]

X8 which of the following is
tetravalent?

(a) Quartz (b) Diamond

(c) Germanium  (d) Antimony

[SSC-JE (Afternoon) 24.01.2018]

m The acceptor type of impurity

is
(a) phosphorous (b) aluminium
(c) boron (d) iron

[SSC-JE (Afternoon) 24.01.2018]

[m The impurity added to extrinsic

semiconductors is of the order of

(a) 1in 10 (b) 1in 1000

(c) 1 in million (d) 1in billion
[SSC-JE (Forenoon) 25.01.2018]

[m Which of the following element
belongs to the same group of periodic
tables as that of silicon and lead?

(a) Phosphorous (b) Carbon

(c) Arsenic (d) Mercury

[SSC-JE (Forenoon) 27.01.2018]

m The merging of a free electron

and a hole is known as

(a) recombination (b) extrusion

(c) absorption (d) adsorption
[SSC-JE (Forenoon) 21.01.2018]

m The germanium crystal behaves
as an insulator at

(a) 0°K (b) 273° K

(c) 5°K (d) None of these

[SSC-JE (Afternoon) 21.1.2018]

m Which of the following materials
has a large number of free electrons in
it?

(a) Insulators
Semiconductors
Conductors

Resistors
[SSC-JE (Forenoon) 29.1.2018]

= = =

(b
(c
(d

m Which one of the following
material has lowest resistivity?

a) Conductors

b) Insulators

c) Semiconductors

d) Resistors

[SSC-JE (Forenoon) 29.1.2018]

(
(
(
(

m] When an electron is removed
from an atom, it becomes

(a) covalent (b) positron

(c) molecule (d) ionised

[SSC-JE (Forenoon) 29.1.2018]

m The donor type of impurity is
(a) phosphorous (b) aluminium
(

) P
c) boron (d) iron
[SSC-JE (Forenoon) 29.1.2018]

m At absolute zero, an intrinsic
semiconductor

(a) becomes superconductor

(b) disintegrates into pieces

(c) behaves like an insulator

(d) becomes extrinsic semiconductor

[SSC-JE (Afternoon) 29.1.2018]

m The conductivity of silicon can be
expected around:

(@) 05x10™8/m (b) 0.5%x 102 S/m
(c) 05x103S/m (d) 0.5x 107 S/m

[SSC-JE (Afternoon) 29.1.2018]

m Which of the following material
has the highest resistivity?

(a) insulators

(b) conductors

(c) semiconductors

(d) superconductor

[SSC-JE (Afternoon) 25.1.2018]

m The number of valence electrons
of Pand Si are respectively.

(a) 4and 5 (b) 3and 4

(c) 4and 4 (d) 5and 4

[SSC-JE : (Afternoon) 26.9.2019]
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m Which of the following impurity is
to be added in pure germanium to
obtain p-type semiconductor?

(a) Arsenic (b) Phosphorus
(c) Antimony (d) Gallium

[SSC-JE (Forenoon) 28.10.2020]

m In silicon, energy must be
supplied to push the electron from

valance band to conduction band.
(a) 0.7eV (b) 1.1eV
(c) 0.1eV (d) 0.3eV

[SSC-JE (Forenoon) 28.10.2020]

m is the maximum reverse
voltage that can be applied to the pn
junction to the junction.

(a) Peak inverse voltage, without

damage

(b) Barrier voltage, without damage
(c) Maximum power rating, damage
(d) Peakinverse voltage, with damage

[SSC-JE (Afternoon) 29.10.2020]

m The flow of small current during
the reverse biased condition in a diode
is known as

(a) Majority carrier current

(b) Biased current

(c) Peak current

(d) Leakage current

[SSC-JE (Afternoon) 10.12.2020]

[m What is the resultant charge in a
body whenever the number of protons
equal the number of electrons in it?
(a) Positive charge
(b) Sometimes positive and sometimes
negative

(c) Zero charge
(d) Negative charge

[SSC-JE (Afternoon) 10.12.2020]

m The electrons in the outermost
orbit of an atom are known as

(a) Strong bond electrons

(b) Drift electrons

(c) Non-conductive electrons

(d) Valence electrons

[SSC-JE (Afternoon) 10.12.2020]

m Semiconductors have
conduction band and

band.

(a) a lightly filled; a moderately filled
(b) an almost filled; a moderately filled
(c) an almost empty; an almost filled

(d) an almost filled; an almost empty

[SSC-JE (Afternoon) 24.3.2021]

valence

m The phenomenon of

fluorescence in a fluorescent lamp

mainly occurs due to the presence of:

(a) mercury (b) xenon

(c) argon (d) phosphorous
[SSC-JE : (Evening) 14.11.2022]

[m Reverse saturation current
______ for every 10°C rise in
temperature.
(a) becomes three times
(b) doubles
(c) halves
(d) reduces by one-third
[SSC-JE : (Afternoon) 15.11.2022]

m Dynamic resistance of the diode

is the ratio of to

(a) current; voltage

(b) voltage; current

(c) change in voltage; change in
current

(d) change in current;
voltage

[SSC-JE : (Afternoon) 15.11.2022]

change in

m The diffusion capacitance for a
silicon diode with 20 mA forward
current, if the charge carrier transit time
is 70 ns, is
(a) 2nF
(c) 2mF

(0) 1nF
(d) 1 mF
[SSC-JE : (Evening) 16.11.2022]

[m The barrier potential can be
calculated by _____ (where, the
symbols have their usual meaning).

(@) Ey=(kT/g)In(n Z/N 5 N,a)

(b) Ey = (KTIq) In (Ny*N,/n?)
(©) EO (kT/g) In (/\/ N, /n2)
(d) E, = (kTIg) In (Ng=N/n)

[SSC-JE : (Evening) 09.10.2023]

m The actual efficiency of a solar

power plant is lower than its theoretical

efficiency. Which of the following can

be reasons for this?

() Recombination of electrons and
holes

II) Internal resistance of the cell

) Only (1)

) Both (1) and (ll)

) Neither (1) nor (Il)

)

(
(
(
(
(d) Only (I1)

a
b
C
d

[SSC-JE : (Evening) 09.10.2023]

m The current (Z) flowing through
the p-n junction diode is given by

= [(enKT1v — 1)
= I(e"KTav — 1)
](eqv/nKT_ 1)
I = I(e9MKT — 1)
[SSC-JE : (Afternoon) 10.10.2023]

m What is the maximum electric

field when V,, =3V, V=4V, and the

width of the semiconductor is 7 cm?

(a) 300 V/m (b) =200 V/m

(c) 200 V/m (d) —400 V/m
[SSC-JE : (Evening) 11.10.2023]

2. P-N Junction Diode & Diode

Circuits

EER A PN junction is

(a) a rectifier (b) an amplifier

(c) aninsulator  (d) an oscillator
[SSC-JE : 2008]

m The value of voltage across the
diode in figure given below is:

) zero volt

) 4V

) 8V

) Depends upon the value of R
[SSC-JE:2010]

m A pure sinusoidal current is being
rectified. For the given maximum value
of half wave rectified current is 50 A,
then the rms value of full wave
rectification will be

50 100
(a) —A (b) ——A
(c) 100 A (d) 70.7 A

[SSC-JE : 2012]

EXA in the figure, D is an ideal diode.
If the rms value of the input voltage is
50V then the rms current through 100 Q
is
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164 (¢) 165 (d 166 (c) 167 (d) 168 (b) 169 (¢) 1.70 (a) 1.71 (b) 1.72 (b)
1.73 (d) 1.74 (b)

2. P-NJunction Diode & Diode Circuits
2.1 (@ 22 (¢) 23 (d) 24 (a) 25 (b)y 26 (b) 2.7 (b)y 2.8 (¢c) 29 (b)
210 (d) 2141 (¢) 212 (a) 2.18 (b) 214 (b) 215 (c) 2.16 (b) 217 (c) 2.18 (d)
219 (b) 220 (b) 221 (a) 222 (¢c) 223 (c) 224 (a) 225 (b) 226 (c) 2.27 (d)
228 (c) 229 (a) 230 (a) 281 (a) 232 (b) 233 (c) 234 (c) 235 (d) 2.36 (d)
237 (a) 288 (d) 239 (d) 240 (b) 241 (d) 242 (c) 243 (c) 244 (b) 2.45 (c)
246 (c) 247 (a) 248 (b) 249 (b) 250 (¢) 251 (b) 252 (b) 253 (c) 254 (d)
255 (d) 256 (d) 257 (b) 258 (d) 259 (b) 260 (a) 261 (c) 262 (b) 2.63 (a)
264 (a) 265 (d) 266 (c) 267 (d 268 (a) 269 (b) 270 (a) 271 (b) 272 (b)
273 (b) 274 (c) 275 (c) 276 (b) 277 (c) 2.78. (c) 279 (c) 2.80 (d) 2.81 (c)
282 (d) 283 (c) 284 (b) 285 (a) 286 (d) 287 (d) 288 (a) 2.89 (a) 290 (d)
291 (a) 292 (b) 298 (a) 294 (a) 295 (b)

3. Transistors
3.1 (b) 32 () 383 (b) 34 (a) 35 (b) 3.6 (c) 3.7 () 3.8 (d) 39 (a9
310 (a) 3.11 (b) 312 (b) 313 (a) 3.14 (¢) 3.15 (d) 3.16 (a) 3.17 (a) 8.18 (a)
319 (d 820 (d) 321 (b) 322 (x) 8323 (b) 3.24 (a) B3.25 (c) 3.26 (c) 3.27 (b)
328 (¢) 329 (¢) 330 (a) 831 (b) 332 (b) 333 (a) 334 (c) 835 (d 3.36 (b)
3837 (a) 838 (d 339 (d 340 (b) 841 (d 342 (b) 3.43 (a) 3.44 (c) 3.45 (c)
346 (b) 3.47 (c) 348 (b) 349 (b) 350 (¢c) 351 (b) 352 (b) 3853 (d) 3.54 (b)
355 (a) 856 (a) 357 (b) 358 (¢c) 859 (b) 3.60 (c) 3.61 (b) 362 (b) 3.63 (c)
364 (c) 365 (a) 366 (b)) 367 (a) 368 (a) 369 (c) 370 (d) 871 (c) 3.72 (b)
3783 (c) 874 (d 375 (c) 376 (b) 877 (¢) 3.78 (d) 3.79 (b) 3.80 (a) 3.81 (c)
382 (d 383 (a) 384 (a) 38 (d 386 (c) 3.87 (b) 3.88 (b) 3.89 (b) 3.90 (c)
391 (b) 892 (¢) 3983 (c) 394 (c) 8395 (a) 3.96 (c) 897 (b) 398 (d) 3.99 (M
3.100 (c) 8.101 (a) 3.102 (a)

4. Miscellaneous
4.1 (d 42 (a 483 (c) 44 (a) 45 () 4.6 (d) 47 (c) 48 (d) 49 (b)
410 (d) 4.11 (c) 412 (¢) 4143 (a) 414 (b) 4.15 (a) 4.16 (d) 4.17 (c) 4.18 (b)
419 (*) 420 (a) 421 (b) 422 (c) 423 (b) 424 (a) 425 (c) 4.26 (b) 4.27 (c)
428 (d) 429 (b) 430 (¢) 431 (a) 432 (d 433 (b) 434 (d) 435 (b) 4.36 (d)
437 (b) 438 (d) 4.39 (c) 4.40 (a)
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1. Semiconductor Physics

1.1 (¢) The temperature coefficient of resistance (o) is
negative for intrinsic semiconductors. As the temperature
increases its resistance decreases and current increases.
R, = Ry(1 + at)
where oo = —ve value

1.2 (b) Selenium (Se) is a semiconductor used in
photocopying machines and also find applications in
photocell.

1.3 (¢) Underthermal equilibrium the number of electrons
= number of holes, So the ratio is 1.

14 (b)

e Pentavalent elements (having 5 valence electrons) such
as P, As are introduced as impurity element in an n-
type semiconductor, while.

e Trivalent impurities such as B, Al are doped to from a
p-type semiconductor.

15 (a)

e The resistivity in semiconductor is related to the number
of carriers (electron and holes) present inside the
semiconductor. Since number of carriers changes with
temperature thus resistivity depends on temperature.

e Also, we know due to negative temperature coefficient
of semiconductors, resistivity decreases with increase
in temperature.

1.6 (b) There are various reasons for preferring silicon
as a semiconducting material in IC technology. One of them
is the lower leakage currents. Out of the given options, (b)
is correct as this is one of the prominent feature of silicon
as it's abundance due to SiO or SiO, in nature.

1.7 (b)

e To make a P type semiconductor trivalent impurities
such as Boron, Gallium are added.

e To make an N-type semiconductor pentavalent
impurities are added such as phosphorous, Arsenic,
Antimony.

1.8 (b) Inanintrinsic semiconductor, electrons breaks a
covalent bond and moves away to create hole. Free
electrons and holes are generated in pairs. Therefore,
concentration of free electrons and holes will always be

equal.
ie., n=p=n
1.9 (b) Minority charge carrier concentration is largely a

function of temperature. Thermal ionisation process lead to
flow of these charge carriers which results into leakage
current.

110 (b)

e In p-n junction space charge region is depleted of
mobile charges that is why it is called depletion region.

e After recombination of holes and electrons in immediate
neighborhood of the junction, potential barrier is
developed and there is a depletion of mobile charges
(holes and free electrons) in this space charge or
depletion region.

111 (a) In an N-type semiconductor having pentavalent
impurity elements such as (P, AS, Sb). These elements have
one extra electron which is unassociated with any particular
covalent bond. This remaining electron loosely bound to its
parent atom can be relatively free and thus donor atoms (P,
AS, Sb) will carry a positive charge.

112 (c)

Conduction
band

Eg < Fermi Level
E, < Acceptor Level
E\ < Valence Level

Valence band

Position of Fermi level in p-type semiconductor is close to
valence band.

Similarly for n-type semiconductor, Fermi level is near to
conduction band and for an intrinsic semiconductor, it lies
in the middle of valence band and conduction band.

113 (b) Fermienergy level is defined as the energy level
where probability of finding electron i.e. FE) is 50% i.e.
number of free carriers at room temperature is half of the
total number of free electrons in the crystal

Fermi dirac function :

y
fE) = 1+ cE-EVKT
At E = E,(intrinsic semiconductor),
1
F(E) = 5—0.5
114 (b)

e In semiconductors covalent bond is formed between
atoms as semiconductor have 4 electrons in valence band.

e A pure semiconductor having four electrons in the
outermost orbit of its atom. The atom bond together by
sharing of electrons. This type of sharing is called
covalent bonding.

115 (d) Resistance depends upon length, area of cross-
section, volume, but resistivity of a material depends upon
it crystal structure and atomic nature.

116 (a) Ge atomic number = 32
Valence electrons = 4

117 (b)
e An electron is dislodged from covalent bond to create
hole.
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e When an electrons breaks a covalent bond and moves
away, a vacancy is created in the broken covalent bond.
This vacancy is called hole. Free electrons and holes
are always generated in pairs.

118 (d) Forbidden energy gap is gap between valence
band and conduction band. When impurities or dopants
are added into a perfect semiconductor crystal, additional
energy levels are created in the energy band structure.
Hence for example when donor impurities are added, it
introduce energy level near the conduction band. Thus for
impure silicon with dopants, forbidden energy gap will be
least one.

119 (c) Conduction Band ¢ £
c
_____ +_ .. 001V E, —Donor level
Donor
Energy
Level

Valance Band

Ge : Energy Bond Diagram

eg: An additional energy level called donor level is created
when donor impurity atoms such as P, are added to the
crystal. Also, even at room temperature, almost all the fifth
electrons of donor materials are raised into the conduction
band.

120 (c)

e Theterm nand p-type doped do refer to majority charge
carrier. Each positive and negative charge carrier
belongs to a fixed negative or positive charged dopant.
So p-type material is mainly positive charge carrier but
it has an acceptor which is negatively charged. So
overall semiconductor is neutral.

e thisis in conformance with charge neutrality equations.

121 (c)

e C(Charge carrier moves or diffuses from high
concentration region to lower concentration region.
Excess carrier generation is non—-uniform. Diffusion
current mechanism can also be called as concentration

gradient (@J .
dx

e In other words, rate of change of concentration with
respect to distance x is called concentration gradient

(&)

Highly —»| *

= Light
doped ° i

doped

1.22 (b)

e Drift current is current due to electric field i.e. due to
potential gradient (dV/dkx).

e Diffusion current occurs in non-uniformly doped
semiconductor and is due to concentration gradient
(dn/ax). This is without electric field and movement of
charge from high density to low density region.

123 (c) Mobility of electrons () is more than the mobility
of holes (u,,). And we know that u = V,/E, i.e. mobility comes
into picture due to electric field and so the drift currents.
Hence, free electrons contribute a major portion in drift
current.

1.24 (¢) Impurities are added or introduced into the
materials during crystal growth and modified during device
processing this during crystal pulling, semiconductor can
be made n-type by adding doping elements from group V.

125 (b)

Conduction band

Conduction —» E;

s Epc <— Donor
Fermi — Epf-—-mm==mmmmmmmmmmm level

level

Valence — E,,

band Valence

n-type semiconductor

1.26 (d) Diffusion potential is directly proportional to
doping concentration N, & Np,.

i.e. increasing the doping concentration will increase the
diffusion potential across the junction as diffusion depends
on concentration gradient.

127 (d)

e |In Ge, there are 4 valence electrons and a covalent
bond is formed by sharing of 4 atoms.

Ge /e Ge
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e Although by sharing of electrons, covalent bond will form
between the atoms of Germanium (Ge), but this covalent
bond can be broken when thermal energy is supplied,
hence reversible bond in nature.

1.28 (¢) In pure semiconductor number of electrons and
holes are equal and current is due to both electron and
holes.

129 (c)

e Astemperature is increased, the density of electron hole
pair increases and correspondingly, the conductivity
increases.

For intrinsic semiconductor n, o. 732
m; = Intrinsic concentration

e Resistivity decreases as the temperature increases, i.e.
semiconductor have negative temperature coefficient
of resistance (o).

p =py (1 + a. AT), ais a negative value here.

130 (d)

Conduction Band
Ec
Fermi__ Ep -]
Level
---------------------- E,
E, (acceptor
Valence Band level)

In a p—type semiconductor, acceptor impurity atoms (such
as B,Al) introduce impurity level called acceptor level near
valence band.

1.31 (¢) The term p-type and n-type do refer to majority
charge carrier. Each positive and negative charge carrier
belongs to a fixed negative or positive charged dopant. P-
type material is mainly positive charge carrier but it having
acceptor atoms which is negatively charged. So overall
semiconductor is neutral electrically.

132 (a) Recombination of electrons and holes is a
process by which both carriers annihilate each other. When
an electron falls from the conduction band into the valence
band, into a hole, a recombination process occurs and
electron-hole pair disappears.

1.33 (b, d)

e Mobility (u) is the constant of proportionality between
drift velocity and applied electric field.
Also, G = conductivity = nep

e Any crystal defect or imperfection in a crystal structure
serve as scattering centre and increasing the resistivity
and thus decreases conductivity. Also it reduces the
mobility (W).

134 (b)

e Energy band gap of a crystal is a function of interatomic
spacing. Lower the energy band gap higher will be the
carrier concentration.

e Atroom temperature, (i.e. 300 K), E; = 1.1 eV (for Si)
and E;=0.72¢V (for Ge). Hence energy gap is smaller
for germanium than in silicon.

1.35 (d) In an electronic device, conduction takes place
by the movement of electrons through vacuum, gas or
semiconductor.

hc
1.36 (a) - Energy radiated = E, = N
Where A = wave length
h = Planck’s constant
= 6.63 x 103 m2kg/s
¢ = speed of light = 3 x 108 m/s
Here, given, E, = 2eV=2x16x 10719 Joules
L 9% 16x101 < 6.63x 07L x3%x10
= A =~ 625 nm
1.37 (b) Resistivity,
1 1
p = — =
c  ngu,

For n-type semiconductor
n — carrier concentration of n-type semiconductor

138 (d) Ve E
Vdn = unE
9t
where, w, = "y

n
u, = Average time between collision

Silicon

Va

E

For small E, Vis proportional to E. But when E is high V,
saturates.

1.39 (b) When an electron breaks a covalent bond and
moves away, a vacancy is created called as ‘Hole’.

140 (d) Free electrons are responsible for conduction of
electricity. Hence, insulators being the least conductive of
all options, they have least number of free electrons. At room
temperature, an insulator does not conduct.

141 (d) Atoms from column-lll (B, Al, Gaand In) introduce
acceptor energy level near valence band. The diffused
impurities with three valence electrons are acceptor atoms.
This results into a p-type semiconductor.

142 (¢) Indepletion region, there are acceptor and donor
ions which are immobile (fixed).

During formation of pn junction, electrons leaves behind
an immobile positive ion or donor ion on n-side while holes
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leaves behind an immobile negative ion or acceptor ion on
p-side.

143 (b)

e A conduction band is defined as that energy band that
consists of free electrons responsible for conduction
and hence so named.

e While energy band that comprises of Valence electrons
present in the outermost shell of an atomic structure.

1.44 (d) Doping is a technique to vary the conductivity of
semiconductors by purposely creating carriers with the
introduction of impurities called as dopants into the crystal
and thus form an extrinsic semiconductor.

1.45 (b) Mobility is the ability of charged particles to move
through medium in presence of electric field.
Electron has the highest mobility comparatively.

146 (¢) Tetravalent i.e. having a valence of four. Ge is
correct option as it has four electrons in its outermost shell
and forms a semiconductor by sharing of electrons.

147 (b,¢) Anacceptor impurity accepts an electron from
adjacent atom to create a hole. These are referred as p-
type impurities. Examples are Boron, Aluminium, Gallium,
etc. These are also called trivalent impurities and forms p-
type semiconductor.

1.48 (¢) Impurity called dopants are added to change the
properties of true or pure semiconductors is of the order of
one ppm (parts per million) i.e. for every one million Si/Ge,
one dopant impurity is added.

149 (b) Silicon is a member of group 14 of the periodic
table, the same group as that of carbon. Other elements
are Germanium, tin and lead.

1.50 (a) When an electron falls from conduction band into
the valence band, into a hole, a recombination process
occurs and an electron hole pair disappears.

151 (a) At 0° K (i.e. absolute zero) semiconductor
materials behaves as a perfect insulator. At absolute zero,
all the valence electrons are tightly bound to the parent
atoms. No free electrons are available for electrical
conduction.

152 (¢) Metals have zero or negligible energy band i.e.
conduction and valence band overlaps. Hence these
materials have a large number of free electrons.

Conduction band

Valence band

1.53 (a) A low resistivity indicates a material that readily
allows the flow of electric current. Hence conductor has low
resistivity in the order of 108 Q m.

154 (d)

e Removing an electron from an atom, more protons will
be there in the nucleus than the electrons, therefore it
becomes positive ion.

e |onisation is a process by which ions are formed by
gain or loss of an electron from an atom.

1.55 (a) The donor type of impurity is called as pentavalent
impurities such as phosphorus, arsenic, because they have
five valence electrons.

156 (¢) At absolute zero, an intrinsic semiconductor
behaves like an insulator. As if energy is not given to the
electron, the electrons will remain in the valence band and
acts as an insulator.

1.57 (b) --Silicon is a semiconducting material and thus
have conductivity in the range of about 0.5 x 108 S/m
-+ Resistivity of Si = 2.35 x 10° Q-m

1

— =044 x 103 S/m
Resistivity

Hence conductivity =

1.58 (a) Insulators have very high value of resistivity as
compared with semiconductors and conductors.
For conductors : Less than 10° Qm
For semiconductors : Between 10° Qm to 10° Qm
For insulators : More than 10° Qm

1.59 (d) Phosphor (P) belongs to group V A and having
atomic number 15. The outermost orbital 3s? 3p°, contains
5 valence electrons.

Similarly ‘Si’ (silicon) belonging to group IV A and having
atomic number 14. It has 4 valence electrons.

160 (d) For p-type: G, I, (impurities)
For n-type: P, As, Sb

1.61 (b) Forbidden energy gap in Si= 1.1 eV

1.62 (a) If reverse voltage exceeds peak reverse voltage
then junction destroyed.

1.64 (¢) No. of protons = No. of electrons in a body,
When, it is electrically neutral.

1.66 (¢) Semiconductors have empty conduction band
and almost filled valence band which when provided a fixed
amount of energy can reach conduction band.

1.67 (d) The phenomena of fluorescence in a fluorescent
lamp mainly occurs due to the presence of phosphorus.

AV

1.69 (c) fy= A
Ip X1
170 (a c,= 22—
(@) Py

20x1073x70x107°
= =2nkF
1x0.7
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171 (b) The expression for barrier potential is

KT [ Ns-Np
E, = F'“(TJ

1

1.72 (b) The efficiency of the solar power plant is around
30% to 35% due to the following reasons :

(a) Recombination of holes and electrons

(b) Internal resistance of cell

(c) Reflection of solar energy from the cell

_»1

1713 (d) 4+lv>l_7

Diode current, I, = enVr _1q

|
~

av.
e 1

—2(3+4)

174 (b) E 7102

max

T 7x102 T m

2. P-N Junction Diode & Diode Circuits

21 (a) A P-N junction or a diode acts as a rectifier
because it allows only unidirectional current.

D
N
1

Load

@

When ac supply is given across p-n junction diode (D),
during positive half cycle the diode is forward biased and
allows current through it, while during negative half cycle, it
is reverse biased. Thus pn junction diode acts like a rectifier
by converting AC to DC.

2.2 (¢) Since the diode is reverse biased, therefore
’ Vd\ode =8V

1 +
|

Py
e

23 (d) Given, for half wave rectification,

(I me)aw = 50 A (for a given max. value, /m)
i 1
ie., ?’" =1
= I, =2x50=100A
Now, for full wave rectification,

I, 100

U = g = 5~ "07A

24 (a) From the given circuit:

() When input is positive then diode is ON and current
through resistor is zero.

100 @
AVWAV

G
N\
V,

i

(i) When input is negative then diode is OFF and current
LA
100 -

through resistor is

@

V.

i

Since RMS value of v, = 50

i.e. maximum value of, V. = 502V

And the current through 100 Q resistor is only flowing
during negative cycle i.e. acting like half wave
rectification.

Iy b------ ;;;;—-\\\\ ////—-\\\\
t
| T 21 3n 4r

1

i.e. RMS value of Current = I = ?’"
;o Ym_50V2
m = R 100
_5042__05
and  fays = (A00)x2 2





