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5.
D> Multiple Choice Questions (MCQs) \\— »»

DIRECTIONS : This section contains multiple choice questions.
Each question has four choices (a), (b), (c) and (d) out of which
only one is correct.

1.  The electrical conductivity of pure germanium can be 6.
increased by
(a) increasing the temperature
(b) dopingacceptor impurities
(c) doping donor impurities
() All of the above 7.
2.  Which of'the following statements is/are true/false ?

I. Pure Si doped with trivalent impurities gives a p-type 8
semiconductor. :
II. Majority carriers in a n-type semiconductor are holes.
Ill. Minority carriers in a p-type semiconductor are
electrons.
IV. The resistance of intrinsic semiconductor decreases
with increase of temperature.
(@) T.F,FF b TFETT
() TFEET (d FTFF
3. Ifthe lattice constant of this semiconductor is decreased, 9
then which of the following is correct? '
ot \ \ AT
band gap E,
valence
band width DETINNNNTITTN $ E,
(@) AlE,E o E increase
(b) E,and E, increase, but Eg decreases 10

(¢) E_and E, decrease, but £, increases

(d) AlE, Eg, E, decrease
4. On doping germanium with donor atoms of density
1017 em™3 its conductivity in mho/cm will be
[Given : p,=3800 em?/V-sand n;=2.5 x 1013 em™13
(a) 304 (b) 608
(c) 912 @ 1216

These are used for doping

I. Atrivalent impurity. II. A tetravalent impurity.
III. A pentavalent impurity. IV. A monovalent impurity.
Select the true/false statements from above

(@ T,T,EF ®) ETFT

() FT,T,F d) T,F,TF

If the forward bias on p-n junction is increased from zero
t0 0.045 V, then no current flows in the circuit. The contact
potential of junction i.e. Vg is

(a) zero (b) 0045V

(¢) morethan 0.045V (d) lessthan0.045V
Rectifier converts

(a) acintodc (b) dcintoac

(c) both (a) and (b) (d) None of the above

In fig., the input is across the terminals A and C and the
output is across B and D. Then the output is

B o C
| F 3
A e D
(a) zcro (b) samc as the input

(c) halfwave rectified (d) full wave rectified

The conductivity of a semiconductor increases with

increase in temperature because

(a) number density of free current carries increases

(b) relaxation time increases

(¢) both number density of carries and relaxation time
increase

(d) number density of carries increases, relaxation time
decreases but effect of decrease in relaxation time is
much less than increase in number density

In figure given below V| is the potential barrier across a

p-n junction, when no battary is connected across the

junction |
2
| 3
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11.

12.

13.

14.

(a) 1and 3 both correspond to forward bias of
junction

(b) 3 corresponds to forward bias of junction and 1
corresponds to reverse bias of junctions

(c) 1 corresponds to forward bias and 3 corresponds to
reverse bias of junction

(d) 3 and 1 both correspond to reverse bias of junction

In figure given below, assuming the diodes to be ideal

(@) D, isforwardbiasedand D, is reverse biased and hence
currenl flows from Ato B~

(b) D, is forward biased and D, is reverse biased and
hence no current flows from B to A and vice-versa

(c) D, and D, are both forward biased and hence current
flows fromA to B

(d) D, and D, are both reverse biased and hence no current
flows from A to B and vice — versa

A 220 VAC supply is connected between points Aand B
(figure). What will be the potential difference V across
the capacitor?

200 AC v
1
B
(a) 20V (b) 110V
(©) oV @ 22042v

Hole in semiconductor is

(a) an anti— particle of electron

(b) avacancy created when an electron leaves a covalent
bond

(c) absence of free electrons

(d) anartificially created particle

The output of the given circuit in figure given below,

0%

Vm sinmt

(a) would be zero at all times

(b) wouldbelike a half wave rectifier with positive cycles
in output

(c) would be like a halfwave rectifier with negative cycles
in output

(d) would be like that of a full wave rectifier

15.

16.

17.

18.

19.

20.

21.

In the circuit shown in figure given below, if the diode
forward voltage drop is 0.3 V, the voltage difference
between A and B is

(a) 13V (b) 23V

¢y 0 (d 05V

Electric conduction in a semiconductor takes place due to
(a) electrons only

(b) holes only

(c) both electrons and holes

(d) neither electrons nor holes

The depletion layer in the p-n junction region is caused by
(a) drift of holes only

(b) diffusion of charge carriers

(c) migration of impurity atoms

(d) drift of electrons only

The forbidden energy gap for germanium crystal at 0 K is
(a) 0.071eV (b) 0.71eV

(c) 2.57eV (d) 6.57eV

Of the diodes shown in the following diagrams, which

one is reverse biased?
“12v %g
SV

(a) there areno free electronsat 0 K

+Hov

O ]
© —'———%

In a semiconductor

(b) there are no free electrons at any temperature
(c) the number of free electrons increases with pressure

(d) the number of free electrons is more than that in a
conductor

Let n, and n_ be the number of holes and conduction
electrons in an extrinsic semiconductor. Then

(a) n,>n,

®) n,=n,
(d) n,#=n,

() n,<n,
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22.

23.

24,

25.

26.

27.

28.

In semiconductors, at room temperature

(a) the conduction band is completely empty

(b) the valence band is partially empty and the
conduction band is partially filled

(c) the valence band is completely filled and the
conduction band is partially filled

(d) the valence band is completely filled

The mobility of free electrons is greater than that of free

holes because

(a) theyare light

(b) they carry negative charge

(c) theymutually colllide less

(d) theyrequire low energy to continue their motion

In a p-type semiconductor, the acceptor valence band is

(a) close to the valence band of the host crystal

(b) close to conduction band of the host crystal

(c) below the conduction band of the host crystal

(d) above the conduction band of the host crystal

A picce of copper and another of germanium are cooled

from room temperature to 77K, the resistance of

(a) copper increases and germanium decreases

(b) each of them decreases

(c) each ofthem increases

(d) copper decreases and germanium increases

Select the incorrect statement from the following.

(a) In conductors, the valence and conduction bands
may overlap.

(b) Substances with energy gap ofthe order of 10 eV are
insulators.

(c) The resistivity of a semiconductor increases with
increase in temperature.

(d) The conductivity of a semiconductor increases with
increase in temperature.

Which of the following statements is incorrect?

(a) PureSidoped with trivalent impurities gives a p-type
semiconductor

(b) Majority carriers in a n-type semiconductor are holes

(¢) Minority carriers in a p-type semiconductor are
electrons

(d) The resistance of intrinsic semiconductor decreases
with increase of temperature

In a n-type semiconductor, which of the following

statements is correct?

(a) Electrons are minority carriers and pentavalent atoms
are dopants.

(b) Holes are minority carriers and pentavalent atoms are
dopants.

(c) Holes are majority carriers and trivalent atoms are
dopants.

(d) Electronsare majority carriers and trivalent atoms are
dopants.

29.

30.

31.

32.

33.

34.

35.

36.

When n-type semiconductor is heated

(a) number of electrons increases while that of holes
decreases

(b) number of holes increases while that of electrons
decreases

(c) number of electrons and holes remain same
(d) number of electrons and holes increases equally.

The difference in the variation of resistance with
temeperature in a metal and a semiconductor arises
essentially due to the difference in the

(a) crystal sturcture

(b) variation of the number of charge carriers with
temperature

(¢) type of bonding
(d) variation ofscattering mechanism with temperature
Choose the only false statement from the following.

(a) In conductors, the valence and conduction bands
may overlap.

(b) Substances with energy gap of the order of 10 eV are
insulators.

(¢) The resistivity of a scmiconductor incrcascs with
increase in temperature.

(d) The conductivity of a semiconductor increases with
increase in temperature.

In a semiconductor diode, the barricr potential offers
opposition to

(a) holes in P-region only

(b) freeelectrons in N-region only

(¢) majority carriers in both regions

(d) majority as well as minority carriers in both regions

If the ratio of the concentration of electrons to that of
holes in a semiconductor is 7/5 and the ratio of currents is
7/4, then what is the ratio of their drift velocities?

(@) 58 ®) 45

(c) 5/4 d) 477

The electrical conductivity of pure germanium can be
increased by

(a) increasing the temperature

(b) doping acceptor impurities

(¢) doping donor impurities

(d) All of the above

The resistivity of a semiconductor at room temperature is
in between

(@) 102t010° Qcm ®) 103t010Qcm
(©) 106t0103Qcm d 109t010'2Qcm

The relation between number of free electrons (n) in a
semiconductor and temperature (T) is given by

(@ nocT ®) no«cT?
(© neAT

(d) nocT3
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P> Case/Passage Based Questions \\— »»

DIRECTIONS : Study the given Case/Passage and answer the

Jollowing questions.

Case/Passage-I
P-N Junction Diode and its Characteristics

A Si diode (p-n junction) is connected to a resistor and a biasing
battery of variable voltage V. Assume that the diode requires
aminimum current of 1 mA tobe above the knee point 0.7 V of its
V-I characteristic curve. Also assume that the voltage V across
the diode is independent of current above the knee (cut-off)
point
R

AN

o

37 If Vg=>5V, then the maximum value of R so that the voltage
V is above the knee point voltage, should be

(a) 0.7k (b) 43kQ
(c) 5kQ (d) 5.7kQ
38. [If Vg =5V, then the value of R in order to establish a
current of 5 mA in the circuit, will be
(a) 140Q b) 215Q
(c) 430Q (d) 860Q
39. IfVy=6V and SmA current flows through the circuit, then
the power dissipated in R will be
(a) 32.6mW (b) 264mW
(¢) 3.26mW (d) 2.6mW

40. A semiconductor device is connected in a series circuit
with a battery and a resistance. A current is found to pass
through the circuit. Ifthe polarity of the battery is reversed,
the current drops to almost zero. The device may be a/an

(a) intrinsic semiconductor
(b) p-type semiconductor
(¢) n-type semiconductor
(d) p-njunction diode

41 Thedrifi current in a p-n junction is
(a) from the n-side to the p-side
(b) from the p-side to the n-side

(c) fromthe n-side tothe p-side ifthe junction is forward-
biased and in the opposite direction if it is reverse
biased

(d) fromthe p-side to the n-side ifthe junction is forward-

biased and in the opposite direction if it is reverse-
biased

Case/Passage-11

Rectifier is a device which converts ac to dc.

Junction diode allows current to pass through only ifit is forward
biased, hence a pulsating voltage will appear across the load
only during positive halfcycles when diode is F.B. Here, reverse
breakdown voltage of diode must be higher than peak a.c. voltage
at the secondary of the transformer to prevent breakdown of
diode.

42. The average value of output direct current in a half wave

rectifier is

(@) lym (b) Iy2 (© =mly2 (d) 2lyn
43. The average value of output direct current in a full wave

rectifier is

(@) lyn (b) 1y2 © nly2 (d) 2lyn

44, Ifina p-njunction diode, a square input signal of 10 V is
applied as shown

5V
:EL:
sV
Then the output signal across R; will be
10V

+5V
@ | | ®)
© @ _5;—|_|_.

-10V

45, Inthe halfwave rectifier circuit operating from 50 Hz mains
frequency, the fundamental frequency in the ripple
would be
() 25Hz (b) 50Hz (c¢) 70.7Hz (d) 100H=z

46. Ad.c.batteryof V voltis connected toa series combination
of a resistor R and an ideal diode D as shown in the figure
below. The potential difference across R will be
(a) 2V when diode is forward biased R D
(b) zerowhen diode is forward biased
(c) V when diode is reverse biased
(d) V when diode is forward biased

—V—>

Case/Passage-111

The electric conductivity ofan intrinsic semiconductor increases
when the electromagnetic waves of wavelength equal or shorter
than 2475 nm s incident on it. The charge carrier concentration
of this semiconductor at room temperature is 1.6 x 10'® m= and
the mobilities of electrons and holes at the same temperature are
0.4m? V18! and 0.2 m? V-1S~! respectively.

47. The forbidden energy gap of the semiconductor is

(a) 02eV (b) 05eV (c) 1.0eV (d) L5eV

19331717112 1117121711191733312133319
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48. Conductivity of the semiconductor is
(@) 1.54x102Sm™! (b) 1.54x 103 Sm™!

(¢) 1.54x1074Sm™ (d) 1.54x105Sm™

49. If a battery of 5V is connected across a plate of the
semiconductor of area 2 x 10~% m? and thickness 1.2 10> m,
then the current flowing through the plate is
(@ 032mA (b) 0.64mA
(c) 128mA (d) 2.56mA

50. When the forward bias voltage of a diode is changed from
0.6 Vto 0.7 V, the current changes from S mA to 15 mA.
Then its forward bias resistance is
(@ 001Q ®) 0.1Q
() 10Q (d) 100Q

51. A 2-V battery is connected across the points A and B as
shown in the figure given below. Assuming that the
resistance of each diode is zero in forward bias, and infinity
in reverse bias, the current supplied by the battery when
its positive terminal is connected to A, is

(@) 02A

D> Assertion & Reason \\— »»

(b) 04A (c) 03A (d) O0I1A

DIRECTIONS : Each of these questions contains an assertion

Jollowed by reason. Read them carefully and answer the

question on the basis of following options. You have to select

the one that best describes the two statements.

(a) Ifboth Assertionand Reason are correctand the Reason
is the correct explanation of the Assertion.

(b) Ifboth Assertion and Reason are correct but Reason is
not the correct explanation of the Assertion.

(c) Ifthe Assertion is correct but Reason is incorrect.

(d) Ifthe Assertion is incorrect but the Reason is correct.

52. Assertion : In semiconductors, thermal collisions are
responsible for taking a valence electron to the conduction
band.

Reason : The number of conduction electrons go on
increasing with time as thermal collisions continuously
take place.

§3. Assertion : In an energy band, the highest energy level
occupied by electron at OK is called fermi level and its
energy is called fermi-energy.

Reason : The band seperating the valence band and
conduction band is callled forbidden energy gap.

»>» Match the Following \\— »

DIRECTIONS : Each question contains statements given in
two columns which have to be matched. Statements (4, B, C, D)
in column-I have to be matched with statements (1, 2, 3, 4) in
column-11.

54. Match the column I and Column II

Column I Column I1
(Range of resistivity, p)
(A) Metals M 10" -10"Qm
(B) Semiconductors @ 10°-10°Qm
(©) Insulators 3 102-10%Qm

(@ (A)=>(3):(B)=>(2): (C) = (1)
(b) (A)—=>(1);(B)=>(2:(C)—>(3)
(© (A)=>(); (B)=(2): (CO)—=>(13)
(d) (A)—>(1):(B) > (2): (C) > (3)

) Fill in the Blanks \\—»»

DIRECTIONS : Complete the following statements with an
appropriate word / term to be filled in the blank space(s).

5§5. In N-type semiconductor,
are minority charge carriers.
56. In semiconductor, the fermi level lies in the
energy gap, very close to conduction band.

are majority and

57. A p-nphotodiode is made of a material with aband gap of
2.0eV. The minimum frequency of the radiation that can be
absorbed by the matcrial is ncarly

58. Ingeneral maximum rectification efficiency for a half wave
recifier is

59. Temperature coefficient of resistance of semiconductor is

60. At absolute zcro, Si acts as

DIRECTIONS : Read the following statements and write your
answer as true or false.

61. A p-njunction with forward bias can be used as a photo-
diode to measure light intensity.

62. Inareverse bias condition the current is small but is more
sensitive to changes in incident light intensity.

63. Silicon is preferred over germanium for making
semiconductor devices.

64. Electron has higher mobility than hole in a semiconductor.
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ANSWER KEY & SOLUTIONS

e N

14.

15.

(d) Electrical conductivity of pure germanium can be
increased by increasing acceptor or donor impurities. Also
by increasing temperature.

(b) Majority carriers in an n-type semiconductor are
electrons.

(c¢) A crystal structure is composed of a unit cell, a set of
atoms arranged in a particular way; which is periodically
repeated in three dimensions on a lattice. The spacing
between unit cells in various directions is called its lattice
parameters or constants. Increasing these lattice constants
will increase or widen the band-gap (E,), which means
more energy would be required by electrons to reach the
conduction band from the valence band. Automatically £,
and £, decreases.

() Conductivitys =njep,

=107 x(1.6x107)x 3800
—60.8 mho/cm

(d) The process of addition of impurity is called doping.
The impurties are pentavalent and trivalent.

(¢) When no current flows at the junction plane, then
contact potential of junction plane is equal to the forward
voltage applied= 0.045 V

(a) Rectifier is a device which converts ac into dc.

(d) [Itisthe circuit of full wave rectifier.

(©)

(b) The depletion layer in the p-n junction region is
caused by diffusion of charge carriers.

(b) 12. @

() Atom of semiconductor are bounded by covalent
bonds between the atoms of same or different type. The
concept of hole describes the lack of an electron at a
position where one could exist in an atom or atomic lattice.
Ifan electron is excited into a higher state, it leaves a hole
in its old state. So, hole can be defined as a vacancy
created when an electron leaves a covalent bond.

(¢) When the diode will be in forward biased during
positive halfeycle of input AC voltage, the resistance of
p—n junction is low. The current in the circuit is maximum.
So, a maximum potential difference will appear across
resistance connected in series of circuit. So, potential
across PN junction will be zero. When the diode will be in
reverse biase during negative half cycle of AC voltage,
the resistance of p—n juntion becomes high which will be
more than resistance in series. So, there will be voltage
across p—n junction with negative cycle in output.

(b) Let the potential difference between A and Bis V,
Given here r, = 5kQandr, =5 kQ are resistance in series
connection.

16.

17.

18.
20.
21.

22.
24,

26.
27.

28.

29.

30.

31.

33.

®
So,
V5~ 03=[(r,+1,) 10°]x (0.2 x 10 %))
[--V=ir]
(V,;,—03)=10x10°x 02 x103=2

So,V,;=2+0.3=2.3V

(d) In semiconductor the density of change carriers
(electron hole) are very small, so its resistance is high
when the conductivity ofa semiconductor increases with
increase in temperature, because the number density of
current carries increases then the speed of free electron
increase and relaxation time decreases but effect of
decrease in relaxation is much less than increase in number
density.

() When p-n junction is forward biased then the
depleton layer is compresses or decrease so it opposes
the potential junction resulting decrease in potential
barrier junction when p n junction is reverese biased, it
supports the potential barrier junction, resulting increase
in potential across the junction.

) 19. @

(@) Inasemiconductor, no free electrons at Ok.

(d) In extrinsic semi conductor the number of holes are
not equal to number of electrons i.e., n;, # n,

Inp - type n,>n,
Inn - type n,>ny,
(¢) 23. (a)

(a) The acceptor valence band is close to the valence
band of host crystal

(d) Copper is a conductor, so its resistance decreases on
decreasing temperature as thermal agitation decreases,;
whereas germanium is semiconductor therefore on
decreasing temperature resistance increases

(©)

(b) Majority carriers in an n-type semiconductor are
electrons.

(b) Inan-type semiconductor holes are minority carriers
and pentavalent atoms are dopants.

(d) Duetoheating, when a free electron is produced then
simultaneously a hole is also produced.

(b) When the temperature increases, certain bounded
electrons become free which tend to promote conductivity.
Simultaneously, number of collisions between electrons
and positive kernels increases

(©) 32. (¢)
i: n,edv, :Zzlxi :t_e:i
© I, ngedv, 4 5 vy, v, 4
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36.

37.

38.

39.
40.
42.

43.

44.

45.

46.
47.

48.

49.

STUDY CIRCLE
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(b) Resistivity of a semiconductor at room temp. is in

between 1075 Qm to 10* Qmi.e. 1073 to 10° Qcm
E
g

@ For semiconductor, n = AT/ 2¢ 2KT ;

s0 noc T2

® Vg=1(Rp+R) (Ix4=4marks)

:>5=1x10-3[°;73+k]
10”

= R=43kQ
d Vg=I(Rp+R)

=>5=5x10'3(0'—7+R)
SmA

= 1kQ =180Q+R

= R=860Q
®) Power=VI=(6-0.7)x5x103 W =26.4mW
@ 41. (@)
(@) The average value of output direct current in a half
wave rectifier is = (average value of current over a cycle)
2=Q2yn)2=1yn
(d) The average value of output direct current in a full
wave rectifier = average value of current over a cycle
=21y
(@) The current will flow through R; when the diode is
forward biased.
() In half wave rectificr, we get the output only in one
halfcycle of input a.c. therefore, the frequency of the ripple
of the output is same as that of input a.c. i.e., 50 Hz.
©

12400 (eV-A
() Forbidden energy gap = LA eV —h)

A ()
=140 gsev
24750

® o=nc(p,+py)=16x10x16x10"1°(04+02)

=1.54 %1073 Sm™!

sk, B
© P Tsaxio?

y_v__ s 20t L2%mA

R pL 1 12x1073
A 154x107°

S1.

52.

59.

60.

61.

63.

(¢) Forward bias resistance = AV

Al

_(07-06)V 01
(15-5)mA  10x1073

(@) Asone ofthediodes (the lower one) will be in reverse
bias, no current will pass through it, so the effective
resistance of the circuit = 10 Q.

Current in the circuit = 2—V =02A
10Q

(¢) Sometimes, thermal collisions do not provide
sufficient energy to the electron to jump. Also, energy is
last in the form of heat because of the collision of the
carriers with other charge carriers and atoms. Because of
all these losses only few electrons are left with sufficient
energy to jump from VB to CB. So the population of
electron in the CB does not keep on increasing with time.
®)

@ (A)->0GxB)>2); )1

(Electrons, holes)

(n-type semiconductor)

(5% 10" Hz)

0.406

1_&

Ry

(40.6%) n=

R
% 1,0, =40.6% ('fR—f<<'J
L

(Negative) The temperature coefficient of resistance of a
semiconductor is negative. It means that resistance
decrease with increase of temperature.

(Insulator) Semiconductors are insulators at low
temperature

(False) When photo-diode is used in reverse barrier are
proportional to theamount of light incident on the diode.
(True) A currentis generated in a depletion region due to
the absorbed light. This amount of current is proportional
to the light inensity.

(True) The energy gap for germanium is less than the
energy gap of Si. The structure of Germanium crystals will
be distroyed at higher temperature.

(True)




