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Semiconductor Electronics

TOPIC1

Semiconductor and p-n
Junction Diode

01 The electron concentration in an
n-type semiconductor is the same
as hole concentration in a p-type
semiconductor. An external field
(electric) is applied across each of
them. Compare the currents in
them. [NEET 2021]
(a) Currentinn-type =Current in p-type
(b) Currentin p-type > Currentin n-type
(c) Currentin n-type>Currentin p-type
(d) No current will flow in p-type. current

will only flow in n-type
Ans. (¢)
Given, the electron concentrationinn-

type semiconductor is equal to the hole's
concentration in p-type semiconductor.

When electric field is applied across the
semiconductor, the electrons and holes
will move opposite to each other. The
mobility of n-type semiconductor is
greater than mobility of p-type
semiconductor.

So, the current in the n-type
semiconductor is greater than currentin
the p-type semiconductor.

0_2 Consider the following statements
(A) and (B) and identify the correct
answer.

(A)A Zener diode is connected in
reverse bias, when used as a
voltage requlator. [NEET 2021]

(B) The potential barrier of p-n
junction lies between 0.1V t0 0.3 V.
(a)(A)and(B)both are correct.
(b)(A)and(B)both are incorrect.

(c)(A)is correct and(B)is incorrect.
(d)(A)isincorrect but(B)is correct.

Ans. (c)

Zener diode is a type of special p-n
junction diode that operates in reverse
bias. Thus, it is used as a voltage requlator.
So, the statement (A) is correct. The
potential barrier of p-njunction for silicon
is0.6-0.7Vandfor germaniumis 0.2-0.35
V. So, the statement (B)is incorrect.

E Out of the following which one is a

forward biased diode?
[NEET (Oct.) 2020]
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Ans. (d)

A p-njunction diode is in forward biased
when p-side is connected with more
positive potential than n-side.

Since,0V>-3V.
Hence in option(d), diode circuit is in
forward biased.

04 An intrinsic semiconductor is

converted into n-type extrinsic
semiconductor by doping it with
[NEET (Oct.) 2020]
(b)aluminium

(d) germanium

(a) phosphorous
(c)silver

Ans. (a)

When a pentavalent (phosphorous)
impurities is doped with intrinsic
semiconductor(Ge, Si), then n-type
semiconductor is formed.
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The increase in the width of the
depletion region in a p-n junction
diode isdue to  [NEET (Sep.) 2020]
(a)reverse bias only

(b)both forward bias and reverse bias
(c)increase in forward current
(d)forward bias only

Ans. (a)

Underreverse bias condition, the holes of
p-side are attracted towards the negaive
terminal of the battery and electrons of
the n-side are attracted towards the
positive terminal of the battery. This
increases the width of the depletion layer.

However, in the case of forward biasing,
the width of the depletion layer decreases.
Hence, correct option is(a).

The solids which have the negative
temperature coefficient of
resistance are  [NEET (Sep.) 2020]
(a)insulator only

(b) semiconductors only

(c)insulators and semiconductors
(d) metals

Ans. (¢)

Insulators and semiconductors are
those solids, which have negative
temperature coefficient of resistance.
As, when temperature increases number
of free electrons increases in both
insulator and semiconductor.

Hence, correct optionis(c).

An LED is constructed from a p-n
junction diode using GaAsP. The
energy gap is 1.9 eV. The
wavelength of the light emitted will

be equal to [NEET (Odisha) 2019]
(a) 104 x10%®m  (b)B54 nm
(c) 654 A (d) 654 x10™" m
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Ans. (b)

The energy of light of wavelength A is
given by

E=hv="C o A=l )

A E
Here, h=Planck’s constant
=663 x107 J-s

¢ =speed of light =3 x10° m/s
E =energygap=19eV=19x16 x107° J
Substituting the given values in Eq. (i),
we get

A= 663 x 107 x3 x10°
19%x16%107"
=6.54 x 107 m=654nm

Thus, the wavelength of light emitted
from LED will be 654 nm.

O

For a p-type semiconductor, which

of the following statements is true ?
[NEET (National) 2019]

(a) Holes are the majority carriers and
trivalent atoms are the dopants.

(b) Holes are the majority carriers and
pentavalent atoms are the dopants.

(c) Electrons are the majority carriers
and pentavalent atoms are the
dopants.

(d) Electrons are the majority carriers
and trivalent atoms are the dopants.

Ans. (a)

p-type semiconductors are obtained
when a trivalent impurity (e.g. boron,
aluminium, gallium or indium)is added to
aintrinsic semiconductor. (e.q.
germanium or silicon).

In other words, the dopants in p-type
semiconductor is trivalent atom.

Thus, this addition creates deficiencies
of valence electron which are most
commonly known as holes. These are
the majority charge carriers in this type
of semiconductor. However, in n-type
semiconductors, the dopants are
pentavalent impurities. Also, the
majority charge carriers are electrons.

In a p-njunction diode, change in
temperature due to heating

[NEET 2018]
(a) does not affect resistance of p-n
junction
(b) affects only forward resistance
(c) affects only reverse resistance
(d) affects the overall V-l characteristics

of p-njunction

Ans. (d)
Due toincrease in temperature because
of heating, thermal collision between the

electron and holes increases. Thus, net
electron-hole pairs increase.

This leads to increase in the currentin
diode and overall resistance of the diode
changes.

This in turn changes both the forward
biasing and the reverse biasing.

Thus, the overalll-V characteristics of p-
njunction diode gets affected.

W Which one of the following

represents forward bias diode?

[NEET 2017]
(@) Vo2

(o) =Y MRM -3V

() =2 S wﬁm +2V

(A o5V

Ans. (a)

In the forward biasing of P-N junction, p
side of junction diode is connected to
higher potential and nside of junction
diode is connected to lower potential.
Hence, the option(a)is correct answer.

F Consider the junction diode as

ideal. The value of current flowing
through AB is [NEET 2016]

Ay e e

+qv -6V

(a)10™ A (b)107"A ()10 A (d)0OA

Ans. (a)

Let us assume that current through the
diodeisl.

From the given condition

I:VA _VB :4_(_8)
R 1KQ
=10 _ip2n
1x10°

12 The given circuit has two ideal

diodes connected as shown in the
figure below. The current flowing
through the resistance R, will be

[NEET 2016]

2Q
AW
Ay D, D,
0V —
R: 230 Ry £20
(a) 2.5A (b) 10.0A
(c) 1.43 A (d) 3.13 A

-5V

Ans. (a)

We know that a diode only conducts in
forward biased condition. In the given
circuit, the diode D, will be in reverse
bias, so it will block the current and
diode D, will be in forward bias, so it will
pass the current

= vV _ 10

= =2.5A
R+R, 2+2

13 If in a p-njunction, a square input

signal of 10 V is applied as shown,

[CBSE AIPMT 2015]
N
+5V o 11 o
__________ R,
o o

then the output across R, will be

10V
@ (®)
-10V

© sy @ °V

Ans. (d)

Asitis forward biased so it takes
positive value. Hence, option(d)is
correct.

ﬁ In the given figure, a diode Dis

connected to an external
resistance R =100 Q and an e.m.f of
3.5 V. If the barrier potential
developed across the diode is
0.5V, the current in the circuit will

be
[CBSE AIPMT 2015]
D 100w
R
{11t
3.5V
(a)30 mA (b) 40 mA
(c)20 mA (d)35mA
Ans. (a)

Given, external resistance R =100 Q and
anemfis 3.5 V.

D 100W




Potential barrier across the diodeis 0.5V,

Potential difference on
R=35V-05V =30V
Currentin circuit,

j=¥-3
R 100
=003A =30 mA

E The given graph represents V-/

characteristic for a semiconductor
device. Which of the following

statement is correct?
[CBSE AIPMT 2014]

(a) Itis V-Icharacteristic for solar cell
where point A represents open circuit
voltage and point B short circuit
current

(b) Itisforasolarcelland points Aand B
represent open circuit voltage and
current, respectively

(c) Itisforaphotodiode and points A
and Brepresent open circuit voltage
and current, respectively

(d) ItisforaLEDand points Aand B
represent open circuit voltage and
short circuit current respectively

Ans. (a)

V-I characteristics of a solar cell is
shown. Where, Arepresents open circuit

voltage
(i.e. =0,V =emf)and B shows short
circuit voltage(i.e./ =1,V =0).

F The barrier potential of a p-n

junction depends on
[CBSE AIPMT 2014]
(i) type of semiconductor
material
(ii)amount of doping
(iii) temperature
Which one of the following is
correct?
(a)(i)and (ii) only
(b)(ii) only
(c)(ii)and (iii) only
(d)(i), (i) and (iii)
Ans. (d)

Barrier potential depends on all the three
options given. Barrier potential depends
on the material used to make p-n
junction diode (whether it is Si or Ge). It
also depends on amount of doping due

to which the number of majority carriers
will change. It also depends on
temperature due to which the number of
minority carriers will change.

F In a n-type semiconductor, which

of the following statement is true?
[NEET 2013]

(a) Electrons are majority carriers and
trivalent atoms are dopants

(b) Electrons are minority carriers and
pentavalent atoms are dopants

(c) Holes are minority carriers and
pentavalent atoms are dopants

(d) Holes are majority carriers and
trivalent atoms are dopants

Ans. (c)

The n-type semi-conductor can be
produced by doping an impurity atom of
valency b

i.e. pentavalent atoms(phosphorus).
Holes are minority carriers in them.

E C and Si both have same lattice

structure, having 4 bonding
electrons in each. However, Cis
insulator whereas Si is intrinsic

semiconductor. This is because
[CBSE AIPMT 2012]

(a) incase of C, the valence bond is not
completely filled at absolute zero
temperature

(b) in case of C, the conduction band is
partly filled even at absolute zero
temperature

(c) the four bonding electrons in the
case of C lie in the second orbit,
whereas in the case of Si they lie in
the third

(d) the four bonding electronsin the
case of C lie in the third orbit,
whereas for Sithey lie in the fourth
orbit

Ans. (¢)

The four bonding electrons in the case of
Cliein the second orbit, whereas in case
of Sithey lies in the third orbit. So
loosely bounded valence electrons are
present in Sias compared to C.

19 If a small amount of antimony is

added to germanium crystal
[CBSE AIPMT 2011]
(a) the antimony becomes an acceptor
atom
(b) there will be more free electrons
than holes in the semiconductor
(c) itsresistanceisincreased
(d) it becomes a p-type semiconductor

Ans. (b)

When a small amount of antimony is
added to germanium crystal, the crystal
becomes n-type semiconductor, because
antimoney is a pentavalent substrate.

E In forward biasing of the p-n

junction [CBSE AIPMT 2011]

(a) the positive terminal of the battery is
connected to n-side and the
depletion region becomes thin

(b) the positive terminal of the battery is
connected to n-side and the
depletion region becomes thick

(c) the positive terminal of the battery is
connected to p-side and the
deplection region become thin

(d) the positive terminal of the battery is
connected to p-side and the
depletion region becomes thick

Ans. (¢)

In forward biasing of p-njunction, the
positive terminal of the battery is
connected to p-side and the deplection
region becomes thin.

E Which one of the following

statement is false?
[CBSE AIPMT 2010]

(a) ure Sidoped with trivalent impurities
gives a p-type semiconductor

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

(c) Minority carriersin a p-type
semiconductor are electrons

(d) Theresistance of intrinsic
semiconductor decreases with
increase of temperature.

Ans. (b)

p-type semiconductor are obtained by
adding a small amount of trivalent
impurity to a pure sample of
semiconductor (Ge).

Majority charge carriers—holes
Minarity charge carriers—electrons
n-type semiconductor are obtained by
adding a small amount of pentavalent
impurity to a pure sample of
semiconductor(Ge).

Majority charge carriers—electrons
The resistance of intrinsic
semiconductors decreases with
increase of temperature.

Z Sodium has body centred packing.

Distance between two nearest
atoms is 3.7 A. The lattice parameter
is [CBSE AIPMT 2009, 1999]
(a)6.8A (b)4.3A (c)3.0A (d)8.6A



Ans. (b)

Neighbour distance of a body centred

cubic celld =§O, where ais the lattice

parameter.
o
2

0 387=

_2x3.7
a-=

J3

or =43A

E A p-n photodiode is fabricated

from a semiconductor with a band
gap of 2.5 eV. It can detect a signal
of wavelength [CBSE AIPMT 2009]

(a)8000 A (b) 4000 nm
(c)6000 nm (d)4000 A
Ans. (d)
Energy, E :hV:hg
O a=he

E

Substituting the values of h, cand E in
the above equation

=86 107 x3 x10°
25%x16x107"
=5000 A
As 4000 A <5000 A

Signal of wavelength 4000 A can be
detected by the photodiode.

E A p-n photodiode is made of a

material with a band gap of 2.0 eV.
The minimum frequency of the
radiation that can be absorbed by
the material is nearly
[CBSE AIPMT 2008]
(b)5 x10" Hz
(d)20 x10" Hz

(a)10 10" Hz
(c)1x10" Hz
Ans. (b)

Let the energy of radiation falling on the
p-n photodiode be E =hv

The minimum energy required=2eV
d 2eV =hv
O v=ﬂ
h
_2x16x107"
 66x107
=5x10" Hz

25 |[f the lattice parameter for a

crystalline structure is 3.6 A, then
the atomic radius in fcc crystals is
[CBSE AIPMT 2008]
(b)2.10 A
(d)1.27 A

Ans. (d)

a
For‘fcc’ structure, r=——
242
where r =radius of the atomin the
packing
a = edge length of the cube

Here, a=3.6 A
O r= 3.6 =127A
2x14

26 For a cubic crystal structure which

one of the following relations
indicating the cell characteristic is
correct ? [CBSE AIPMT 2007]
(a)azb #canda #Bandy #30°
(b)a#b #canda #B=y=90°

(c)a=b =canda #B#y=90°

(d)Ja=b =canda =B =y=90°

Ans. (d)

In cubic crystals, the crystal axes are
perpendicular to one another

(a =B =y =90°) and the repetitive
interval is the same along the three axes
(a=b=c).
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27 Inthe energy band diagram of a

material shown below, the open
circles and filled circles denote
holes and electrons respectively.

The material is a/an
[CBSE AIPMT 2007]

Ec

Ey

(a) p-type semiconductor
(b)insulator

(c)metal

(d)n-type semiconductor

Ans. (a)

Since in the given diagram. we see that
there are more number of holes so it is
'p’type semiconductor.

E A forward biased diode is

[CBSE AIPMT 2006]

Ans. (d)
The p-njunction diode can be shown as

p l\ln
|l

If p-side of p-n junction diode is given
more positive potential or positive
terminal of the battery and n-side is
connected to less potential or one
terminal of battery, then it is forward
biased.

In option(d), p-side is at 0 V and n-side at
-2V, sopis at higher potential. Hence, it
is forward biased.

p-n junction diode is mainly used as
a rectifier.

29 Copper has face-centered cubic

(fce) lattice with interatomic
spacing equal to 2.54 A. The value
of lattice constant for this lattice is
[CBSE AIPMT 2005]

(a)1.27 A

(b)5.08 A

(c)2.54 A

(d)3.59 A

Ans. (d)

Interatomic spacing for a fcc lattice is
given by

where, a being lattice constant.

O a=,2r=42x254
=359 A

Interatomic spacing is just the
nearest neighbours distance.

30 Choose only false statement from

the following  [CBSE AIPMT 2005]

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

(b) The conductivity of a semiconductor
increases with increasesin
temperature

(c) Inconductors the valence and
conduction bands may overlap



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

Ans. (d)

(a)Ininsulators, energy gap is of the
orderof 5 to10eVanditis
practically impossible to impart
this much amount of energy to the
electrons in valence band so as to
jump to conduction band.

So, choice(a)is correct.

(b) Insemiconductors, with the rise in
temperature more electrons from
valence band jump to conduction
band and this resultsinincrease in
conductivity. So, choice (b)is
correct.

In conductors, the conduction
band is either partially filled or the
conduction band overlaps on the
valence band. So, choice(c)is
correct.

(c

(d

In semiconductor, resistivity
decreases with increase in
temperature.

So, choice (d)is wrong.

3_1 Zener diode is used for

[CBSE AIPMT 2005]
(a) producing oscillations in an oscillator
(b)amplification
(c) stabilisation
(d) rectification

Ans. (¢)

Zener diode is a silicon crystal diode
having an unusual reverse current
characteristic which is particularly
suitable for voltage requlating purposes
or voltage stabilisation purposes.

32 Application of a forward bias to a

p-n junction [CBSE AIPMT 2005]

(a)increases the number of donors on

the n-side

(b) increases the electric field in the
depletion zone

(c) increases the potential difference
across the depletion zone

(d) widens the depletion zone

Ans. (a)

On applying forward bias to a p-njunction
diode, it increases number of donor on
the n-side and decreases potential
barrier. It also decreases electric field of
depletion layer.

E Of the diodes shown in the

following diagrams, which one is
reverse biased? [CBSE AIPMT 2004]

12V
R
-5V
(b) i q
= R
-10V
+5V
R
©) l Pl
. +10V

(d)
+5V
Ans. (¢)
When a battery is connected to junction
diode with p-side connected to negative
terminal or lower potential and n-side to
the positive terminal or higher potential,
the junction diode is reverse biased.
The circuit shown in figure can be
redrawn as

NN

S5

In the option (c), the p-end of the diode is
connected to negative terminal of the
battery, so the diode has been reverse
biased.

P r\lr7
11

3_4 In a p-n junction photo cell, the

value of the photo-electromotive
force produced by monochromatic
light is proportional to
[CBSE AIPMT 2004]
(a)the barrier voltage at the p-n junction
(b) theintensity of the light falling on the
cell
(c) the frequency of the light falling on
the cell
(d) thevoltage applied at the p-n
junction

Ans. (b)

Ina photoconductive cell, when
monochro- matic light is incident on the
transparent metallic film, a force
produced called the photo electromotive
force, stimulates the emission of an
electric current where photovoltaic
action creates a potential difference
between two points.

The magnitude of this current depends
upon the intensity of incident light.
Hence, photo electromotive force
produced by monochromatic light is
proportional to the intensity of light
falling on the cell.

E The peak voltage in the output of a

half-wave diode rectifier fed with a
sinusoidal signal without filter is 10
V. The DC component of the output

voltage is [CBSE AIPMT 2004]
10 10
(a)—=V (b)—=V
J2 Tt
(c)aV @2y
Tt
Ans. (b)

The output DC component of half wave
rectifier is given by

v _ peakvoltage _ EV

output
Tt Tt

36 In semiconductors at a room

temperature [CBSE AIPMT 2004]

(a) thevalence band is partially empty
and the conduction band is partially
filled

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

(c) thevalence band is completely filled

(d) the conduction bandis completely
empty

Ans. (a)

The energy band scheme of
semiconductors is shown here.

In semiconductors, valence band and
conduction band are separated by an
energy gap called the forbidden energy
gap. Itis very small. At room
temperature some electrons in valence
band acquire thermal energy.

This energy is more than forbidden
energy gap E ,, thus they jump into the
conduction band and leave their vacancy
in the valence band which act as holes.
Hence, at room temperature valence
band is partially empty and conduction
band is partially filled.



° band

} Conduction

Forbidden
energy gap |Eg=1.1eV

=

3_7 If a full wave rectifier circuit is
operating from 50 Hz mains, the
fundamental frequency in the

Valence
band

ripple willbe  [CBSE AIPMT 2003]
(a)70.7 Hz (b)100 Hz

(c)25 Hz (d)59 Hz

Ans. (b)

For full wave rectifier,

Ripple frequency =2 x input frequency
=2 x50
=100 Hz

38 Barrier potential of a p-n junction

diode does not depend on
[CBSE AIPMT 2003]

(a)forward bias
(b) doping density
(c)diode design
(d)temperature
Ans. (¢)

Barrier potential does not depend on
diode design while it depends on
temperature, doping density and
forward biasing.

5 For a given circuit of ideal p-n
junction diode, which of the

following is correct?
[CBSE AIPMT 2002]

Diode

o——
—>

%

(a) Inforward biasing the voltage across
RisV

(b) Inreverse biasing the voltage across
RisV

(c) Inforward biasing the voltage across
Ris2V

(d) Inreverse biasing the voltage across
Ris2V

Ans. (a)

In forward biasing, the diode conducts.
Forideal junction diode, the forward
resistance is zero. Therefore, entire
applied voltage occurs across resistance

While in reverse biasing, the diode does
not conduct, so it has infinite resistance.
Thus, voltage across Ris zero in reverse
biasing.

40 For conduction in a p-n junction,
the biasingis [CBSE AIPMT 2002]
(a) high potential on n-side and low

potential on p-side

high potential on p-side and low

potential on n-side

(c) same potential on both p and n-sides

(d) undetermined

Ans. (b)

For conduction in a p-njunction, it
should be forward biased because it
offers minimum resistance to the flow of
current. For this p-side must be
connected to positive terminal (higher
potential) and n-side must be connected
to negative terminal (lower potential).
Figure below shows the p-njunctionin a
conducting state (forward biased
condition)

(b

(=)
—iiF

41 The number of atoms per unit cell
in bcc lattice is [CBSE AIPMT 2002]

mA

(a)1 (b)2
(c)4 (d)9
Ans. (b)
Number of atoms per unit cell is given by
N :Nb + & +Nic
2 8
where N, =number of atoms centred in
the body
N, =number of atoms centred in the
face
N, =number of atoms centred at the
corners
For bce structure,
N,=1 N, =0
and N, =8
O N=1 +048 =2
2 8

42 In bece structure of lattice constant
a, the minimum distance between
atoms is [CBSE AIPMT 2001]
@ (b)y2a ()L ()2

2 2 2

Ans. (a)

Inabcc structure, the position vectors of

the nearest neighbours of the origin are

0 as as , a0
—i,x —j+t =k
Ht 2 2 J 2 B

The distance between any two nearest

neighbours is given but the resultant of

above position vector is

Bai-gd-5

= a

Q‘

™|

43 If internal resistance of cell is
negligible, then current flowing
through the circuit is

[CBSE AIPMT 2001]

30Q Do
WWWA 1
'D\1I 300Q
> WA
200 B
M s
5V
3 5
a)—A b)—A
( )50 ( )50
4 2
c)—A d)—
( )50 ( )50
Ans. (b)

Inthe circuit, diode D, is forward biased
and diode D, is reverse biased.
Therefore, no current flows in the arm
containing D, and all of the current flows
through arm containing O,.
Thus, current flowing through the circuit
is given by

5 _5b A

20+30 50
[+R,, =20 Q +30 Q]

[:L
Req

44 Siand Cu are cooledto a
temperature of 300 K, then
resistivity [CBSE AIPMT 2001]

a)for Siincreases and for Cu decreases

b)for Cuincreases and for Si decreases
c)decreases for both Siand Cu
d)increases for both Siand Cu



Ans. (a)

Resistivity of a metal is directly
proportional to temperature because its
temperature cofficient is positive and
resistivity of semiconductor is inversely
proportional to temperature. due to its
negative temperature coefficient. This
implies that with decrease in
temperature, resistivity of metal
decreases while that of semiconductor
increases.

Here, Siis a semiconductorand Cuisa

metal. So, resistivity of Siincreases but
that of Cu decreases.

45 In which of the following figures,

junction diode is forward biased ?
[CBSE AIPMT 2000]

oV +2V
e B
oV -2V
© ._|>Q_.
-2V 0

V
(d).—|>Q—.
2V 5V

Ans. (b)
For forward biasing of p-n junction,
p-side should be at higher potential than
n-side. Now we apply this rule to the four
options.
(a) Here, p-side is at lower potential (O
V)and n-side at higher potential (2
V). So, this diode is not forward
biased.
(b) Here, p-side is at higher potential
(0 V)and n-side at lower potential
(-2 V). So, this diode is forward
biased.
(c) Here, p-side is at lower potential
(-2 V)and n-side at higher potential
(0V). So, this diode is not forward
biased.
(d)Here p-side is at lower potential
(2 V)and n-side at higher potential
(5V). So, thisis not forward biased.
Hence, choice (b) is correct.

E In p-type semiconductor, the

majority charge carriers are
[CBSE AIPMT 1999]

(a)holes (b)electrons
(c)protons (d)neutrons
Ans. (a)

Semiconductors doped with acceptor
atoms are called p-type

a7

48

49

semiconductors. The p stands for
positive to imply that the holes are
introduced into the valence band, which
behave like positive charge carriers,
greatly in number than the electronsin
the conduction band.

In p-type semiconductors, holes are the
majority carriers and electrons are the
minority carriers.

In forward bias the width of depletion
layer in a p-n junction diode

[CBSE AIPMT 1999]
(a)increases
(b)decreases
(c) remains constant
(d)first increases then decreases
Ans. (b)

Since in forward biasing, negative of the
battery is connected to n-type side, and
the positive terminal of battery is
connected to p-type side hence an
electric field is created in direction
opposite to the Ein the potential barrier
region. Thus, depletion layer of p-n
junction diode decreases.

Depletion layer consists of

[CBSE AIPMT 1999]
)electrons
)protons
)mobile charge carriers
)Jimmobile ions

(a
(b
(c
(d

Ans. (d)

When a piece of p-type material isin
contact with n-type material, then to
bring Fermilevelin aline, electronsin
conduction band on n-type side travel
across the junction and leave the
positively ionised impurity atoms
unneutralized. Consequently, thereis a
positively charged region adjacent to the
junction in n-type material .

On p-type side, the electrons which have
traversed the boundary recombine with
positive holes in the valence band. Near
to the junction on p-type side, thereis a
layer of unneutralised negatively ionised
trivalent impurity which forms a
negatively charged region. This region
around the junction is called charge
depletion region or space charge region.

In a junction diode, the holes are
due to [CBSE AIPMT 1999]
(a)protons (b) extra electrons
(c)neutrons (d) missing electrons
Ans. (d)

Inajunction diode, when electron jumps
to conduction band from valence band
due to thermal agitation or any other

circumstances, then avacancy is
created in valence band which has
positive charge equal to charge of
electron in magnitude. Thisis called a
hole.

Thus, holes in junction diode are due to
missing electrons.

50 Which of the following when added

as an impurity into silicon produces

n-type semiconductor ?
[CBSE AIPMT 1999]

(a)P (b) Al
(c)B (d)Mg
Ans. (a)

When pentavalent impurity is added to
silicon then n-type semiconductor is
formed. Out of given options, only
phosphorus(P)is pentavalent, so it
should be doped to silicon to make it
n-type semiconductor.

51 A semiconducting device is

connected in a series in circuit with
a battery and a resistance. A
current is allowed to pass through
the circuit. If the polarity of the
battery is reversed, the current
drops to almost zero. The device
may be [CBSE AIPMT 1998]
(a)a p-njunction

(b)an intrinsic semiconductor
(c)ap-type semiconductor
(d)ann-type semiconductor

Ans. (a)

We know that in forward biasing of p-n
junction the current is of the order of
milliampere while in reverse biasing the
current is of the order of microampere
(negligible). Thus, device is a
p-njunction.

E The cause of the potential barrier

ina p-ndiode is [CBSE AIPMT 1998]

(a) depletion of positive charges near
the junction

(b) concentration of positive charges
near the junction

(c) depletion of negative charges near
the junction

(d) concentration of positive and
negative charges near the junction

Ans. (d)

Ina p-njunction diode, majority carriers
are holes on p-side and electrons on
n-side. Holes, thus diffuse to n-side and
electrons to p-side. This diffusion
causes a layer of positive charge in the



n-region and layer of negative charge in
the p-region near the junction.

This double layer of opposite charge
creates an electric field which exerts a
force on the electrons and holes, against
their diffusion. This electric field
becomes strong enough as diffusion
proceeds to stop it. In the equilibrium
position, there is a barrier, for charge
motion with the n-side at a higher
potential than the p-side.

The junction region has a very low
density of either p or n-type carriers,
because of inter diffusion. It is called
depletion region.

20V
Re24kQ
C
RB
500 kQ B
(3

5 The diode used in the circuit shown

in the figure has a constant voltage
drop of 0.5V at all currents and a
maximum power rating of
100 milliwatt. What should be the
value of the resistor R, connected
in series with the diode, for
obtaining maximum current i ?
[CBSE AIPMT 19971
WM —
i D

L
M5V
(a)200Q (b)6.67Q
(c)5Q (d)15Q
Ans. (¢)

=3
Currentin circuiti =£ =%

d
[V, =voltage drop across diode]]
=200x%107° A
Voltage across resistance R,
V'=15-0.5
=1.0V
Thus, resistance R =Vf
i
-
200x107°

54 To obtaina p-type germanium

semiconductor, it must be doped

with [CBSE AIPMT 1997]
(a) phosphorus (b)indium
(c)antimony (d)arsenic

Ans. (b)

If a trivalent impurity is mixed in a pure
(intrinsic) semiconductor, then it
becomes a p-type semiconductor. As
given indium is trivalent impurity so it
must be doped to Ge or Si to make it
p-type semiconductor.

55 When arsenic is added as an

impurity to silicon, the resulting
material is [CBSE AIPMT 1996]
(a)n-type semiconductor

(b) p-type semiconductor

(c)n-type conductor

(d)insulator

Ans. (a)

When a small amount of pentavalent
impurity is added to a pure
semiconductor, it is known as n-type
semiconductor. Arsenic(33)is
pentavalent impurity. The addition of
pentavalent impurity provides a large
number of free electrons in the
semiconductor crystal.

56 Which of the following, when added

as an impurity, into the silicon,
produces n-type semiconductor ?
[CBSE AIPMT 1995]

(a)Phosphorus (b) Aluminium
(c)Magnesium (d)Both(b)and(c)
Ans. (a)

When a small amount of pentavalent
impurity is added to a pure
semiconductor, it is known as n-type
semiconductor. Phosphorus (P)is a
pentavalent and silicon is a tetravalent.
Therefore, when phosphorus is doped
with Si, it forms a n-type semiconductor.

5_7 In figure the input is across the

terminals A and C and the output is

across Band D. Then the output is
[CBSE AIPMT 1994]

B Ks C
AN AN
A N D

)zero
)same as the input
) half wave rectified
) full wave rectified

(a
(b
(c
(d

AC input is applied across Aand C and
output is taken across BD.

When positive cycleis fed to AC, D, and
D, conduct, when negative cycle is fed to
AC, D, and D, conduct in the same
direction. Output across BD is thus full
wave rectified.

E When a p-njunction diode is

reverse biased the flow of current

across the junction is mainly due to
[CBSE AIPMT 1994]

(a) diffusion of charges

(b)drift charges

(c) Depends on the nature of material
(d) Both drift and diffusion of charges

Ans. (b)

A p-njunction is said to be reverse
biased, if the positive terminal of the
external battery B is connected to n-side
and the negative terminal to p-side of
the p-njunction.

In reverse biasing, the reverse bias
voltage supports the potential barrier V.
Now the majority carriers are pulled away
from the junction and the depletion
region becomes thick.

There is no conduction across the
junction due to majority carriers.
However, a few minority carriers(holesin
n-section and electrons in p-section) of
p-n junction diode cross the junction
after being accelerated by high reverse
bias voltage. They constitute a current
that flows in the opposite direction.
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So when p-njunction is reverse biased,
the flow of current is due to drifting of
minority charge carries across the
junction.

E A piece of copper and other of

germanium are cooled from the

room temperature to 80 K, then
[CBSE AIPMT 1993]

(a) resistance in each will increase

(b) resistance in each will decrease

(c) theresistance of copper will
increase while that of germanium
will decrease

(d) the resistance of copper will
decrease while that of germanium
will increase

Ans. (d)

Semiconductor have negative
temperature coefficient of resistance
i.e. the resistance of a semiconductor
decreases with the increase in
temperature as no. of electrons
increases in conduction bond. Copper
has positive temperature coefficient of
resistance, i.e. the resistance of copper
increases with the increase in
temperature due to the collision of
electrons. Hence, at 80 K, the resistance
of copper will decrease while that of
germanium will increase.

60 Diamond is very hard, because

[CBSE AIPMT 1993]
(a)itis covalent solid
(b)it has large cohesive energy
(c)high melting point
(d)insoluble in all solvents
Ans. (b)

The cohesive energy of solids is defined
as the energy required for separating the
condensed material into isolated free
atoms.

The bond between two carbon atoms in
diamond has a cohesive energy of 7.3 eV
with respect to separated neutral atoms.
Due to such high cohesive energy
diamond is very hard.

61 For an electronic valve, the plate

current i and plate voltage V in the
space charge limited region are
related as [CBSE AIPMT 1992]
(a)iis proportional to V*'?

(b)iis proportional to V*'*

(c)iis proportional to V

(d)iis proportional to V/?

Ans. (a)

The most important characteristic of a
vacuum diode is the plate characteristic
which gives the relation between plate
voltage and plate current for a given
cathode temperature.

It may be noted from the plate
characteristics that all the curves are
coincident at low plate voltage where the
negative space charge is most effective
in limiting plate current. This low plate
voltage region[regionoain figure]is
known as space charge limited region. In
this region, the plate current increases
as the plate voltage is increased,
because more positive plate attracts
electrons from the space charge at a
greater rate. In the space charge limited
region the plate current is given by the
relationi = kV°"?

Ip(MA)
T
T,
Space charge

limited region
(i = kv3/2)

Vb

i.e. igvee
where, kis constant.

Which one of the following is the
weakest kind of the bonding in

solids ? [CBSE AIPMT 1992]
(a) lonic (b) Metallic

(c)van der Waals’ (d)Covalent

Ans. (¢)

Many solids or crystals are composed of
neutral atoms or molecules without any
transferring, sharing or free movement
of electrons. These solids remains
bound by much weaker, short range
attractive forces, known as'van der
Waals' forces. These forces arise as a
result of fluctuations in the charge
distributions of nearby molecules.

E For amplification by a triode, the

signal to be amplified is given to
[CBSE AIPMT 1992]

the cathode

the grid

the glass-envelope

the anode

a

b
c
d

Ans. (b)

Figure shows the basic triode amplifier
circuit. The weak signal e , is applied in
the grid circuit and useful outputis
obtained across the load R, connected
in the plate circuit. The bias battery £,
ensures the grid to be always negative
w.r.t. cathode.

The weak signal voltage produces a large
change in plate current. As the value of
R, is quite high, therefore a large voltage
drop occurs across it. Thus, a weak
signal applied in the grid circuit appears
in the amplified form in the plate circuit.

X
=
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6_4 The depletion layer in the p-n

junction region is caused by

[CBSE AIPMT 1991]
(a)drift of holes
(b)diffusion of charge carriers
(c)migration of impurity ions
(d)drift of electrons

Ans. (b)

The accumulation of electric charges of
opposite polarities in the two regions of
the junction gives rise to an electric field
between these region due to the
diffusion of charge carriers. This electric
field opposes further flow of electrons
from the n-region to the p-region and
that of holes from the p-region to
n-region. This electric field sets a
potential barrierV, at the junction which
opposes further diffusion of free charge
carriers into opposite regions. In the
vicinity of the junction, aregion is
created, which is devoid of free charge
carriers and has immobile ions. This
region in which no free charge carriers
are available is called a depletion region.
Thisis shown in figure.
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65 When a triode is used as an
amplifier the phase difference
between the input signal voltage

and the output is
[CBSE AIPMT 1990]

(a)zero (b) Tt

i m
(C)E (d)z
Ans. (b)

In the triode amplifier, there is a phase
difference of 180° between the input (i.e.
signal) voltage and output voltage. In
other words, the positive half-cycle of
the signal appears as amplified
negative-half in the output while the
negative half-cycle of the signal appears
as amplified positive half in the output.
This is known as phase reversal. In other
words, as the signal is increasing in the
negative half-cycle, the outputis
increasing in the positive sense.
66 When n-type semiconductor is
heated [CBSE AIPMT 1989]
(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

Ans. (d)

When n-type semiconductor is heated a
few hole-electron pairs generate. When
afree electronis produced then
simultaneously a hole is also produced.
Thus no. of elecrons and holes both
increases equally.

6_7 p-njunction is said to be forward
biased, when  [CBSE AIPMT 1988]

(a) the positive pole of the battery is
joined to the p-semiconductor and
negative pole to the
n-semiconductor

(b) the positive pole of the battery is
joined to the n-semiconductor and
negative pole to the
p-semiconductor

(c) the positive pole of the battery is
connected to n-semiconductor and
p-semiconductor

(d) amechanical force is applied in the
forward direction

Ans. (a)

When external voltage is applied to the
junction in such a direction that it
cancels the potential barrier, or
decreases potential barrier thus
permitting current flow, it is called
forward biasing. To apply forward bias,
connect positive terminal of the battery
to p-type and negative terminal to n-type
as shownin figure.
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68 At absolute zero, Si acts as

[CBSE AIPMT 1988]
(b) metal

(d)None of these

(a) non-metal
(c)insulator

Ans. (¢)

Semiconductors have negative
temperature coefficient of resistance,
i.e. the resistance of a semiconductor
decreases with the increase in
temperature and vice-versa. Silicon is
actually aninsulator at absolute zero of
temperature but it becomes a good
conductor at high temperatures.
Because on giving temperatures to
semiconductor some of the electron
jumps from valence band to conduction
band.

TOPIC 2
Transistors

69 A n-p-ntransistor is connected in
common emitter configuration (see
figure) in which collector voltage
drop across load resistance (800Q)
connected to the collector circuit

is 0.8 V. The collector current is
[NEET (Oct.) 2020]

— 8V

(a)2mA

(b)0.1mA(c)TmA

(d)0.2 mA

Ans. (c)

According to given circuit diagram.
R, =800Q
Ve =8V

— 8V
Voltage drop across R,
Vv, =0.8V
0O I,R, =08
) =28-08 1g-5n=1ma
. 80

70 For transistor action, which of the
following statements is correct?
[NEET (Sep.) 2020]

(a) Base, emitter and collector regions
should have same size.

(b) Both emitter junction as well as the
collector junction are forward
biased.

(c) The base region must be very thin
and lightly doped.

(d) Base, emitter and collector regions
should have same dopping
concentrations.

Ans. (c)

In case of transistor action, base region
is thin and lightly dopped. While, emitter
region is heavily dopped and collector
region is moderately dopped. Also, the
size of collector is slightly more than the
size of emitter.

Hence, option(c)is correct.

W In the circuit shown in the figure,
the input voltage V, is20V, V. =0
andV,. =0.Thevaluesof I, I, and

3 are given by [NEET 2018]
20V
Rc34kQ
. C
v, 0
500 kQ B
E



a) I, =20pA, I, =5mA, =250 Now base current Ans. (b)

(a)
(b) Iy =25pA, I, =5mA, B=200 i, _i, _107 =10° A Key Idea Voltage amplification is
(c) I, =40pA, I, =10mA,B =250 B 100 A :BRom :(Vout)AC
. v
(d) I, =40pA, I, =5mA, B=125 As, voltage V,, =Ry R Wi
Ans. (d) O A f;ox‘jozz x }Es given, coIIeclt'?'r re§ist?nce = R"i‘ ngQ
Given,V,, =0V, V,, =0VandV =20V = 0 Vo 33 urrentgmpl |cat|on_actor,B—
So, voltage gain A, = -t = _ Base resistance, R, =1kQ
Voe=20V Vi 2x10 Output signal voltage =4V
=150 Putting all the values in given equation,
Ac=4ka Powergain=A, xf =150 x 100 = 15000 we get
=4x10%Q R 2kQ
Ie — o ) A, =B e =100 x 0 A, =200
c 73 A n-p-n transistor is connected in R, 1kQ
common emitter configurationin a Now A = Vou) s =200
Vi B given amplifier. A load resistance TV
RB—Z%%&?N A of 800 Q is connected in the 0 (). =% =o0mv
- collector circuit and the voltage "¢ 200

drop across it is 0.8V. If the current
amplification factor is 0.96 and the 79 The input signal given to aCE

= input resistance of the circuits is amplifier having a voltage gain of
192 Q, the volt in and th SV = n
Applying Kirchhoff's law to the 9 ¢ voltage gain and the 1501isV, =2cos @Bt +*§ The
base-emitter loop, we get power gain of the amplifier will 3
V=l R +V respectively be [NEET 2016] corresponding output signal will be
i B''B BE
Substituting the values, we get (a) 3.69, 3.84 (b) 4, 4 #CBSE AIPMT 2015]
20 =1, x(500 x10°) +0 (c)4. 3.69 ()4, 3.84 (a)300cos Q5t+€§
0 L= 20 = 0.04 x 107 Ans. (d) o
500 10 Given, resistance across load, (b)75cos @5 t+—§
=40 %107 =40 pA D) R, =800Q 3
Similarly, Vo, =1, R, + Ve Voltage drop across load,V, = 0.8V (c)2cos Q\g t+5—n§d)
Substituting the given values, we get Input resistance of circuit, R, =182 Q. S
20=1, x(4x10°) +0 Collector current is given by, 300003@5t+4—ng
vV _08_ 8 _ 3
0 1, =-20 —5x10% =5mA (i) e == =300 "000 '™
4x10° L Ans. (d)
C t gainis ai -+ Current amplification . ;
drrent gain is given :Ias " Output current Input signal of a CE amplifer, -
—'c = - - _
B A Input current Ve —ZCOSQ‘BT + g@
¢ _le o _1mA ,
Substituting the value of I, and/, from =T 88 0 I ~ 096 Voltage gain A, =150
Egs. (i)and(ii), we get 8 ’ As CE amplifier gives phase difference
-3 -+ Voltage gain, ; ;
B= 5x10 _=0.125x 10° . :\LL _ v, _08x096 - of Tthetween |npu\}0and output signals.
40 x10 VTR T e So, A= O V=AY,

in

=125 _
— DdP A, =4 VO=15OXZcos§\5t+E+T[§
72 In a common emitter transistor o Ovzergam’ 4 S
amplifier, the audio signal voltage A, :Igﬂ =HeH R =(096)” x 890 V=300 cos@lSt + i"@
across the collectoris 3 V. The IR 0,0 R 192 S
:;igﬁ:g;gﬁ:?gg?:{; Lsh‘zzg‘sg L Ap =384 76 In a common emit'Fer(CE) ampli.fier
resistance is 2k, the voltage and 74 For CE transistor amplifier, the having a voltage gain G, the transistor
power gain of the amplifier is audio signal voltage across the used has transconductance
[NEET 2017] collector resistance of 2 kQ is 4 V. 0.03 mho and current gain 25. If
(a)200and 1000  (b)15and 200 If the current amplification factor the above transistor Is replaced
(c)150 and 15000  (d)20 and 2000 of the transistor is 100 and the with another one with
Ans. (0 base resistance is | kQ, then the transconductance 0.02 mho and
v 3 . input signal voltage is [NEET 2016] current gain 20, the voltage gain
Collector currenti, :E=W:1U A (a) 10 mV (b) 20 mV will [NEET 2013]

(c) 30 mV (d) 15mV



(a)%G (b)1.56
1 5
(C)EG (d)ZG

Ans. (a)

g
asA, =g or 6=0P R
R, R O

06G=g,R O GOg,

SRy
gm AV, A’BRiH
0 @O
9 =50
g i
O Gizzgm7 O GZ :%XG
G, 9n 003

So, voltage gain, G, = % G

F In a CE transistor amplifier, the

audio signal voltage across the
collector resistance of 2kQ is 2V. If
the base resistance is 1kQ and the
current amplification of the
transistor is 100, the input signal

voltage is [CBSE AIPMT 2012]
(@)0.1Vv (b)1.0V (c)TmV (d)10mV
Ans. (d)
Current amplification factor
B _Al
Al
Collector resistance
=2 oixi0ea
2%x10°Q
Base current
AIB :& :L:VB x107°
R, 1x10°
Given, B =100
_ 107
Now, 100=———
Vv, x107°
v, =l v=1omy
100

78 Transfer characteristic [output

voltage (V, ) vs input voltage (V. )] for
a base biased transistor in CE
configuration is as shown in the
figure. For using transistor as a
switch, it is used[CBSE AIPMT 2012]

)in region Il
)both in region (I)and (ll1)
)inregion Il
)inregion|

Ans. (b)

Forusing transistor as a switch, it is
used in cut-off state and saturation
state only.

(a
(b
(c
(d

79 A common emitter amplifier has a

voltage gain of 50, an input
impedance of 100 Q and an output
impedance of 200Q. The power
gain the amplifier is

[CBSE AIPMT 2010, 2007]

(a)500 (b)1000
(c)1250 (d)50
Ans. (¢)

Concept AC power gain
_ change in output power

change ininput power
_ AV, xAi,
AV x Ai,
O i d
=RV B g, g,
DAV, O A, O

where, A, is voltage gain and(B),, is AC
current gain. Also,

| 4
A, =B,, *resistance gain D:%D
O

Voltage gain =3 ximpedance gain
200
ad 50=Bx—0F 25
P 100 P

Also, power gain = * x impedance gain

=257 x 200 =1250
100

80 A transistor is operated in

common-emitter configuration at
V, =2volt such that a change in the
base current from 100 YA to 200
MA produces a change in the
collector current from5 mA to 10

mA. The current gain is
[CBSE AIPMT 2009]

(a)75 (b)100
(c)150 (d)50
Ans. (d)
Foratransistor

le =1y +1;
where [ =emitter current

E

|, = base current

I, =collector current
. Al

and current gainfp =—-

B

Here,  Al, =10x107 -5 x10™
=5x107 A
Al, =200 %107 =100 x107°
=100 x10°A

0 B=_2 x1000 =50
100

81 The voltage gain of an amplifier

with 8% negative feedback is 10.
The voltage gain without feedback

will be [CBSE AIPMT 2008]
(a)90  (b)10 (c)1.25 (d)100
Ans. (d)
Voltage gain= A
1+BA,
T+ A,
100
2, =19 =100
0.1

82 A transistor is operated in common

emitter configuration at constant
collector voltage V, =15V such
that a change in the base current
from 100pA to 150pA produces a
change in the collector current
from 5 mA to 10 mA. The current
gain(B)is [CBSE AIPMT 2006]
(a)67 (b)75 (c)100  (d)50

Ans. (¢)

AC current gainBis defined as the ratio
of the collector to the base current at
constant collector voltage,

p=PH
OA, O,

Given, Ai, =10 mA -5mA =6mA
Ai, =150 A -100 pA =50 pA
:5&:]00

50 x 10° mA
In common emitter amplifier, the

output voltage signal is 180° out of phase
with the input voltage signal

o B

83 A transistor-oscillator using a

resonant circuit with an inductor L
(of negligible resistance) and a
capacitor C in series produce
oscillations of frequency f. If L is
doubled and Cis changed to 4 C,

the frequency will be
[CBSE AIPMT 2006]
f (d)f

(a) (C)ﬁ 5

T (mer
4



Ans. (¢)

In a seriesLC-circuit, frequency of LC-
oscillations is given by

1 1
N Je
Considering two cases of L andC,

f} — LZCZ
E B LWCW
Given,L, =L,C, =C,L, =2L,C, =4C.f, =f

f 2L x4C f
O _ = :\/§ O f=—_
£\ Lc N/

or f0

84 A n-p-ntransistor conducts when

[CBSE AIPMT 2003]

(a) collector is positive and emitter is at
same potential as the base

(b) both collector and emitter are
negative with respect to the base

(c) both collector and emitter are
positive with respect to the base

(d) collector is positive and emitter is
negative with respect to the base

Ans. (d)

For amplifying action of a transistor,
emitter-base junction is always forward
biased while base-collector junction is
reverse biased. For forward biasing of
emitter-base junction in n-p-n
transistor, left n-side i.e. emitter should
be connected to negative terminal and
p-side (base) should be connected to
positive terminal of the battery. On the
other hand, in right side, n-side
(collector) should be connected to
positive terminal of the battery to make
base-collector junction reverse biased.
The whole situation is shownin the
figure for n-p-n transistor

n-p-n
E C
B
Forward bias Reverse bias
= I* = | [ | [ |+—
E - Emitter
B - Base

C - Collector

. i
85 For a transistor -==0.96, the
’e
current gain in common-emitter
configuration is [CBSE AIPMT 2002]

(a)6 (b)12 (c)24 (d)48

Ans. (¢)
Given that the current gain in common
base emitteris

I.L: Current gain(a)=0.96
Ie

So, current gain in common emitter
configuration is
a _ 096 =0.96=24

“1-a 1-096 004

The current gain 3 in common
emitter mode is very large as compared to
the current gain a in common base mode.
This is why a transistor is always used as
an amplifier in the CE mode.

86 In a common-base configuration of

Al =0.98, then

Ai

a transistor
e
current gain in common emitter

configuration of transistor will be
[CBSE AIPMT 2001]

(a)49 (b)98
(c)4.9 (d)24.5
Ans. (a)

The current gain (@) in common-base
configuration is

a=2
Ai,
[at constant voltage across[]
Efbollectorbasejunction H
=098

The current gainin

common-emitter configuration
o _ 098 _098 —49

87 Ifaand are current gains in

common-base and common-emitter
configurations of a transistor, then 3

is equal to [CBSE AIPMT 2000]
1
(a) (b)——
a 1+a
1
(o) (d)or ——
1-a o
Ans. (¢)

Current gain in common-base
configuration s,

i d
o= &FD
DA/, O,

[at constant voltage across[]

H:ollectorbasejunction H

Current gain in common-emitter
configuration s,

88

89

p=Pie
OAi, O,

[at constant voltage across(]

H:ollector emitterjunction H

Also iy =i, =i,
or Ai, =Ai, - A,
_Ai, _Ai, DI
As ——Ct=—¢x_—_¢
A, A, AN
Ai
or B=zax——=
Ai, —Ai,
1 a
or =ax———orf3=
B 1= Qi P 1-a
Ai

e

Altrernative As we know that relation
between current gain in common base
and common emitter configuration is
given by

a= B
1+pB
0 o e BF [B ef =
a B (e e
0 p=_"
1-a

3 is always greater than a. Alsoa < 1
andf > 1.

The transfer ratio 3 of a transistor
is 50. The input resistance of the
transistor when used in the
common emitter configuration is
1kQ. The peak value of the
collector AC current for an AC input

voltage of 0.01V peak is
[CBSE AIPMT 1998]

(a)100pA (b)0.0TmA
(c)0.25 mA (d)500pA
Ans. (d)

Input current or base current is given by
. _AvV, _ 001 “10°A

[AV, =inputvoltage [
H?b =base resistanceH

Also current gain
i

==
Ib
0 i, =pi, =50 x10° A
=500 x107° A=500pA
The correct relationship between

the two current gainsa andfin a
transistor is [CBSE AIPMT 1997]

_1+a _ B
(a)B= (b)a “Trp
_B _«a
(C)u_1—B (4B 1+a



Ans. (b)
Current gain in common base
configuration

= Ai,
Ai,
Current gain in common emitter
configuration

_Ai,
Al
And as we know that emitter current is
equal to sum of base current and
collector current

So, i, =i, +i, B QA i, A I
O GZL
Ai, + A,
_Ai /ni, _ B
]+£ 1+B
Ai,
or 027[3
B+1

90 The current gain for a transistor

working as common base amplifier
is 0.96. If the emitter current is 7.2

mA, then the base current is
[CBSE AIPMT 1996]

(a)0.29mA (b)0.35 mA
(c)0.39 mA (d)0.43mA
Ans. (a)

DC current gain in common base
amplifier is given by
o= fe
i

e

where, i is collector current andi,
is emitter current.

Given,a=0.96,i, =7.2 mA

a i, =0.96x7.2mA =6.91mA

As, i, =i, +i;

0 Base current i, =i, —I,
=7.2-6.91=0.29 mA

91 When a n-p-ntransistor is used as

an amplifier, then
[CBSE AIPMT 1996]
(a) theelectrons flow from emitter to
collector

(b) the holes flow from emitter to
collector

(c) theelectrons flow from collector to
emitter

(d) the electrons flow from battery to
emitter

Ans. (a)

In n-p-ntransistor, electrons are majority
carriers in emitter (n-type

semiconductor)and are repelled
towards base by negative potential of vV,
as emitter base junction is forward
biasedi,. The base being thin and lightly
doped (p-type semiconductor) has low
number density of holes.

When electrons enter the base region,
then only a few holes(say 5%) get
neutralised by the electron-hole
combination, resulting base current

(i, =5%i, =0.05i,). The remaining 95%
electrons pass over to the collector, on
account of high positive potential of
collector due to battery V., resulting
collector current (i, =95 % i, =0.95i,)

n P n
~—> > e—>
*~—> > >
*—> <o *~—>
E B C .
IC
Iy = (ig = lc)
| iHi
I o i I
Vag Vee

92 An oscillator is nothing but an

amplifier with  [CBSE AIPMT 1994]

(a) positive feedback
(b) negative feedback
(c)large gain

(d)no feedback

Ans. (a)

A transistor amplifier with proper
positive feedback can act as an
oscillator, i.e. it can generate
oscillations without any external signal
source. A positive feedback amplifier is
one that produces a feedback voltage(V))
thatisin phase with the original input
signal. A phase shift of 180°is produced
by the amplifier and a further phase shift
0f 180°is introduced by feedback
network. Consequently, the signal is
shifted by 360° and fed to the input, i.e.
feedback voltage is in phase with the
input signal.

E The part of the transistor which is

heavily doped to produce large
number of majority carriers is
[CBSE AIPMT 1993]

collector
Any of the above depending upon the
nature of transistor

)
Signal
igna

Input AC signal

Ans. (a)

In transistor the emitter is heavily doped,
so that it caninject a large number of
charge carriers (electrons or holes)into
the base. The base is lightly doped and
very thin; it passes most of the emitter
injected charge carriers to the collector.
The collector is moderately doped.

94 To use a transistor as an amplifier

[CBSE AIPMT 1991]
(a) the emitter base junctionis forward
biased and the base collector
junctionis reversed biased
(b) no bias voltage is required
(c) bothjunctions are forward biased
(d) both junctions are reverse biased

Ans. (a)

A transistor raises the strength of a
weak signal and thus acts as an
amplifier. In order to achieve faithful
amplification, the input circuit should
always remain forward biased. To do so,
a DC voltage is applied in the input
circuit in addition to the signal. This DC
voltage is known as bias voltage and its
magnitude is such that it always keeps
the input circuit forward biased
regardless of the polarity of the signal.

le le

e el

The collector-base junction is reverse
biased and has a very high resistance of
the order of mega ohms.

95 In a common base amplifier the

phase difference between the
input signal voltage and the output

voltage is [CBSE AIPMT 1990]
(a)zero (b); ©Z  (dn
Ans. (a)

In common base amplifier circuit, the
input signal voltage and the output
collector voltage are in the same phase.

aNvA
SRV

Output AC signal




96 Radiowaves of constant amplitude

can be generated with
[CBSE AIPMT 1989]

(a)FET (b)filter
(c)rectifier (d) oscillator
Ans. (d)

Many electronic devices require a source
of energy at a specific frequency which
may range from a few Hz to several MHz.
This is achieved by an electronic device
called an oscillator. An oscillator can
produce waves from small (20 Hz) to
extremely high frequencies (> 100 MHz).

TOPIC 3
Digital Circuits

97 Which of the following gate is
called universal gate?
(a)OR gate [NEET (Oct.) 2020]
(b) AND gate
(c)NAND gate
(d)NQOT gate

Ans. (c)

NAND and NOR gate are called universal
gate because all type of logic gates and
Boolean expressions can be realised
with the help of NAND and NOR gate.

E For the logic circuit shown, the
truth table is [NEET (Sep.) 2020]

A
Y

B

(a) A B Y
0 0 0
0 1 1
1 0 1
1 1 1

(b) A B Y
0 0 1
0 1 1
1 0 1
1 1 0

(c) A B Y
0 0 1
0 1 0
1 0 0
1 1 0

(d) A B Y
0 0 0
0 1 0
1 0 0
1 1 1
Ans. (d)
Given, logic circuit is
A A
Y
B
Y=A+B
=AB
[using de-Morgan's theorem,
x+y=x1y]
=AB [ox =x]
Truth table for above given logic
circuit is
A B A B Y=AB
0 0 1 1 0
0 1 1 0 0
1 0 0 1 0
1 1 0 0 1
0
A B Y
0 0 0
0 1 0
1 0 0
1 1 1

Hence, correct option is(d).

99 The circuit diagram shown here
corresponds to the logic gate,
[NEET (Odisha) 2019]
1t 6V

3
2h

LED (v)

(a)NOR

Ans. (a)

From the circuit diagram given below, it
can be seen that the current will flow to
ground if any of the switch is closed.
Also, the LED will only glow when current
flows through it.

(b)AND (c)OR  (d)NAND

L+ 6V
o 3R
A~
]
B ~0
! 3 LED (v)
R

Thus, the truth table for the circuit
diagram can be formed as circuit
diagram in given solution.

A B Y
0 0 1
0 1 0
1 0 0
1 1 0
The output(Y)is equivalent to that of
NOR gate.
100 +6V
0 R
LED
A1
()
R
0
B 1

The correct Boolean operation
represented by the circuit diagram
drawn is [NEET (National) 2019]
(a)OR  (b)NAND (c)NOR (d)AND
Ans. (b)

The LED will glow when the current flows

throughit, i.e. when the voltage across it
is high. The truth table can be formed

from this
+6V
R
73
A1 v
R
L 79
B 1 L
A B Y
0 0 1
0 1 1
1 0 1
1 1 0

The output Y is same as that come from
NAND gate.



101 In the combination of the following gates the output Y
can be written in terms of inputs Aand Bas [NEET 2018]

A O
Y
(a) ABB+AB (b) AB +A B
(c) AB (d) A+B
Ans. (b)

According to the question, the figure of combination of gates in
terms of inputs and outputs can be given as

Y=C+D

Thus, Y=AB+AI[B

102 The given electrical network is equivalent to [NEET 2017]

b)) =) >
B

(a) AND gate (b) OR gate
(c)NOR gate (d)NOT gate
Ans. (¢)
Truth table for given network is

NOR NOR  NOT

A@@DY
B Y Y,

A B Y, Y Y
0 0 1 0 1
1 0 0 1 0
0 1 0 1 0
1 1 0 1 0

Output Y of network matches with that of NOR gate.

103 To get output 1for the following circuit, the correct
choice for the input is [NEET 2016]

§:E}j_ﬂy

[ ———

(a)A=1,B=0C=0
(c)A=1,B=0,C=1

Ans. (c)

Consider the given figure,

The resultant boolean expression of the above logic circuit will be
Y=(A+B).C

(b)A=1,B=1C=0
(d)A=0,B=1C=0

Now, let us try with inputs A, Band C given in the options and lets
see, which one of them will give output Tat Y.

IfA=0,B8=0,C=0

O Y=(0+0).0 O Y=0

IfA=1B=1C=0

O Y=(1+1.0

O Y=1.0 0O Y=0

If A=1,B=0,C =1

] Y=(1+0).1 0 vy=1.10 Yv=1

If A=0,B=1C =0

O Y=(0+1.0

O Y=1.0 0 Y=0

So, we have seen that among the given options, only option(c)is
the correct choice, i.e.

OutputY =Tonly wheninputsA=1B=0andC =1.

1& What is the output Y in the following circuit, when all the
three inputs A, B, C are first 0 and then 1? [NEET 2016]

A o—]
A
B Q y

C L2
(a) 0,1 (b) 0,0
(c)1,0 (d) 1.1
Ans. (¢)
Output of the given circuit is given by
y=(AB)(C)
When A=B=C =0, Y, =(0)(0)(0) =0 =1

C
WhenA=B=C =1 Y,

ﬁ Which logic gate is represented by the following
combination of logic gates? [CBSE AIPMT 2015]

Y,
A 1
Y
B
Y
(@) OR (b) NAND (c) AND (d) NOR
Ans. (c)
The truth table for the given circuit is
A B v Vs Y=Y+ Y,
0 0 1 1 0
0 1 1 0 0
1 0 1 0
1 1 0 1

The truth table shows that both the inputs are high, then we are
getting high value of output otherwise zero. Hence, the
combination represents AND gate.



106 The output (X) of the logic circuit
shown in figure will be [NEET 2013]

o

(a)X =AB (b)X =AB
(c)X =AB (d)X=A+B
Ans. (¢)

(c)X=AB = AB(i.e. AND gate)

If the output of NAND gate is connected
to the input of NOT gate (made from NAND
gate by joining two inputs) from the given
figure then we get back an AND gate.

107 The figure shows a logic circuit with
two inputs A and Band the output
C. The voltage wave forms across
A,Band C are as given. The logic
circuit gateis  [CBSE AIPMT 2012]

c ty b oty O t5 lg
(a) OR gate (b)NOR gate
(c)AND gate (d)NAND gate
Ans. (a)

From the given waveforms, the following
truth table can be made

Inputs Output
A B C
0 0 0
1 0 1
1 1 1
0 1 1

This truth table obtained is of ‘OR’ gate.
So, logic circuit gate is OR gate.

108 Symbolic representation of four

logic gates are shown as
[CBSE AIPMT 2011]

(i) :)—‘
(iii) >o—¢
(iv) :)0—'

Pick out which ones are for AND,

NAND and NOT gates,
respectively.

(a)(iii), (ii)and (i) (b)(iii), (ii)and (iv)
(c)(ii), (iv)and (i)~ (d)(ii), (iii)and (iv)
Ans. (c)

The symbols given in problem are

(i)OR  (ii)AND (ii)NOT  (iv)NAND

109 The device that can act as a
complete electronic circuit is
[CBSE AIPMT 2010]
Junction diode
Integrated circuit
Junction transistor
Zener diode

(
(
(
(

a
b
c
d

Ans. (b)

Integrated circuits are miniature
electronic circuit produced within a
single crystal of a semiconductor such
as silicon. They contain a million or so
transistors and resistors or capacitors.
They are widely used in memory circuits,
micro computers, pocket calculators
and electronic watches on account of
their low cost and bulk, reliability into
specific regions of the semiconductor
crystals.

11_0 To get an output Y =1from the

circuit shown below, the input
must be [CBSE AIPMT 2010]

Ce

A B C A B C
(@0 1 0 (b)0 0 1
(c)1 01 (d1 00
Ans. (¢)

Ce

Gate Ilis AND gate, Y =Y'[T
0 A=1B=0C =1willgiveY =1

111 The symbolic representation of
four logic gates

(i) ——] o
W) >—

The logic symbols for OR, NOT and
NAND gates are respectively
[CBSE AIPMT 2009]
(b)(iv). (i), (iii)
(d)(i). (i), (iv)

(a)(iii). (iv). (ii)
(c)(iv). (ii). (i)

Ans. (¢)

The symbols given in problem are
(i)NAND (i)NOT

(iii) AND (iv)OR

112 The circuit is equivalent to
[CBSE AIPMT 2008]

NOR NAND NOT
(a) AND gate (b)NAND gate
(c)NOR gate (d)OR gate
Ans. (¢)

The gate circuit can be solved by giving
two inputs Aand B.

Output of NOR gate, Y, =A+B
Output of NAND gate, Y, =Y, [¥,
=A+B@A+8B

=A+B+A+B

=A+B+A+B
=A+B
Output of NOT gate,
Y=V,=A+B
which is the output of NOR gate.

11_3 In the following circuit, the output
Y for all possible inputs Aand Bis

expressed by the truth table
[CBSE AIPMT 2007]

(a)A B Y (b)A B Y
000 001
010 011
100 101
111 110
(c)A B Y (dA B Y
001 000
010 011
100 101
110 111
Ans. (d)

We can simplify the gate circuit as

A A+B
Y
B



Here, gates-land Il are NOR gates. The
output (A + B) of gate-I will appear as
input of gate-Il. The final output is
Y=A+B=A+8B
This is the Boolean expression of
OR gate whose truth table is given below

A B Y

0 0 0
0 1 1
1 0 1
1 1 1

114 The following figure shows a logic
gate circuit with two inputs A and B
and the output C. The voltage
waveforms of A, Band C are as
shown below

Ae Logic gate oC
Be—— circuit
L
L L s >t
A
1
N — >t
B
1 T
e T >t
C

The logic circuit gate is
[CBSE AIPMT 2006]

(a)AND gate (b)NAND gate
(c)NOR gate (d)OR gate
Ans. (a)

The Boolean expression which satisfies
the output of this logic gate isC = A[B,
which is for AND gate.

115 The output of OR gate is 1
[CBSE AIPMT 2004]
only if both inputs are zero
if either or both inputs are 1
only if both inputs are 1
if either input is zero

a
b
c
d

Ans. (b)
OR gate has two inputs Aand B and
output Y. It follows alogic operation
represented by ‘+". Thus, its Boolean
expression is

A+B=Y

The truth table of OR gate is

A B Y
0 0 0
0 1

1 0 1
1 1 1

Thus, after observing its Boolean
expression and its truth table, it is
obvious that output of OR gate is 1if
either or both inputs are 1.
116 Following diagram performs the
logic function of
[CBSE AIPMT 2003]

A eo—
B &——

(a)OR gate (b) AND gate
(c)XOR gate (d)NAND gate
Ans. (b)

For our convenience, the output of first
NAND gate is chosen as X as shown

A o—
B &——

Output of first NAND gate, X = AB
Using De-Morgan’s theorem

AB=A+B
So, X=A+B
Now, output of 2nd NAND gate,
Y=X=A+B
Again A+B=AB=AB  (+A=A)
Hence, Y =ADB
This is the logic function of AND
gate.
117 The truth table given below
Input Output
A B Y
0 0 0
1 0 0
0 1 0
1 1 1
represents [CBSE AIPMT 2000]
(a) AND gate (b)NOR gate
(c)OR gate (d)NAND gate

Ans. (a)
We can see from the truth table that
outputis Tonly when its both inputs are
1.
This is possible only for AND gate. The
Boolean expression for AND gate is
Y=A[B
which satisfies the truth table as below
0m=0
1M=0
00=0
10=1
Here symbol (JIrepresents AND
operation.

m The following circuit represents
[CBSE AIPMT 19991

=De

A

(a)OR gate

(b) XOR gate

(c)AND gate

(d)NAND gate

Ans. (b)

Output of upper AND gate = AB

Output of lower AND gate = AB

Thus, output of OR gate=AB + AB

This is Boolean expression for XOR gate.

11_9 Which one of the following gates

will have an output
of 17 [CBSE AIPMT 1998]

Jep
1
|

© 0 }
1




Ans. (¢)

(a) Gate Ais NAND gate, its output will be
Y, =10=1=0

(b) Gate Bis NOR gate, its output will be
Y,=1+1=1=0

(c) GateCis NAND gate, its output will be
Y., =00=0=1

(d) Gate Dis XOR gate, its output will be
Y,=00CG @Woe+ = 0

=AeB

Thus, gate(C) will give an output of 1.

12_0 The following truth table belongs to which of the
following four gates ?

Input Output

A B

1 1 0

1 0 0

0 1 0

0 0 1
(a)NOR (b) XOR
(c)NAND (d)OR
Ans. (a)
The Boolean expression expressed by the truth table may be
written as

Y=A+B

This is the expression of NOR gate (OR gate + NOT gate)
NOTE

The NOR gate may be shown as below

A Y
B

@ﬁs 78

[CBSE AIPMT 1997]

121 Which of the following gates corresponds to the truth

table given below? [CBSE AIPMT 1994]

Input Output
A B Y
1 1 0
1 0 1
1 1
0 0 1
(a)NAND (b)OR
(c)AND (d)XOR

Ans. (a)

Truth table for NAND gate is developed by inverting the outputs
of the AND gate with NOT gate. Output from a NAND gate is
always 1except when all the inputs are 1. Diagrametic
representation of NAND gate is

A.—
B e——]|

E The following truth table corresponds to the logical gate

[CBSE AIPMT 1991]

Input Output

A B Y

0 0 0

0 1 1

1 0 1

1 1 1
(a)NAND (b)OR
(c)AND (d)XOR

Ans. (b)

Itis clear from the truth table that the output is high if any or all
of the inputs are high. The only way to get a low output is by
having all inputs low. The output Y of an OR gate is low when all
inputs are low. The output Y of an OR gate is high, if any or all the
inputs are high. So this truth table is of OR gate.



