


www.alliantacademy.com

JNSUBIOBIBYD JBJSUBI|

e

e
uoibas

uoneines

uoibai
oAy

>
uoibals
$ony

Jeubis indino

30 NOLLYDINddY

Josisuel} NN Jaijiiduie Japiws uowwod
@ =N

paydwe

YA

selq asianay

Y0L1SISNTYL v
apoipojoyd

€ JO SoNSLBjIRIBYD A~

<— (o)) A sonsuepesey nding |_A_I
[} 14 € z 3

saNsUBIBIEYD N
0L 80 90 0 20

(WA

wio="
s
Vor="

XX
Lz s1 apoipoloyd Jo [oquuAs ay )

L. 3d0IQ0LO0Hd

Emum——

wioz="

e
wioe ="l

=

i ov =

(wri) /

<~ (vw)?

(N A+—
SBIq PIemIoS

Seiq asianey

(vu)

3
NOILSIIILOYYTHD

SO1IS1491904DYD A-|
A apoi( 18usz

()epoured ﬁ (v)epouy

$3d01a 3ANOIAYINIZ
401ONANODIW3S

NOILLYYNININGD 3D
1

(aBeyjon unond uado) A

s g s

uaLNd
#nou poys |

1132 ¥U10S

T340 V 40
SIILSIYILIVYYHI A

BAIND DSLIBIORIBYD SSISADY

L

ASE < IS 'AGZe 29
abejjon umopyealg

ALO < ISAE0 « 8D
abejjoa ul Jno Jo d8uy]

<~ (oA
1z v L0

abesjon
souy

(yu)
i
[

BAINO SOISLISIOBIEYD PIEMIOS

J

=g

*SNOISINGY 2A1A1T2d4d
BNIUNP $21NJONIW JO INIWIIIN)
R11dNJAD 03 NP RIAININBWIRJ
S2BVWIOP NOIIINNC N — d "2J2H ~
*J2R1) NOI1T2142P
2143 BNIAY NOIONNE N ~ d (2)
/BNIdop
M0, BNIALY NOIIINNC N = & (T)
‘Nl 22014 §21D3 NONIWONYJ SIHL

NMOAXU3Ya8 IHONVIUAY

R1IININDWIS 2B0WLP

90N S0P NOIIINNE N=- d ‘dJIH =
JIR0Y No1INdIP

NIY2 BNIAIDY NOIIINNE N - d (2)
BN\dop

YB14 , BNIAKY NOIAINNE N - d (T)

N1 221014 §21107 NONIWONYJ SIHL

NMOAXU3Ya Y3N3Z

ooko ey eamsod 104

q

3 o)

YOLSISNUYL N — d — N 30 INIYOM

ERCT

m g
a7 ﬂ,g 5 3 | aowrorinain
nt N % ” % NdN l
28 1NN
& 8
9 E)
dNd
S$31v9 21901 Jisva \
1
s
= <
o ~ L, /\ AN ,ml.
=P 5 3 2244
H L1ene w 4O1SISNTYL

IUN9IS Wlvla ]

uoganf
asequaLn

9500110R9I0D

+ mﬁ

a

BR8] 8B JIEU 10 UIOJBREIA N0 PUE AU

H

3j0fo Jley aanisod o4

y ss008 im0

3AIAIQ NOLLOANPE 30 SNOILYDINddY

FLECT

(D) 403221109 (€)
(9) 2509 (2)

(3) J2731W3 (1)
221A2P 1ONIWI2Y
9 10 1 Jo3SISNLJL

ANIJI 21dWIS PN $2I1A2Q W0I1I290W

TININS 20T9NY

S25VIINI AINDIIND NOISNIIIP (h)
$2502J49IN) 2R NO1IDVJ2P (€)
2PIS- N 01 1DNIWI2} 2N+ (2)

2PIS — d 03 WONIWJ2] 27~ (1)

sig asJ42A2J NI
SYI8 3SY3A3Y

SIS0IUINI ANDUIND NOISAIIP (h)
P220P2J JIRI0Y NOI1DV2P (E)
2PIS — N 07 1ONIWI] A~ (2)

2PIS - d 07 1ONIWIDY A+ (1)
S19 PJM.Jo3 N|

SUI8 ayumyod

WOINOWJI2E J08 £°0 =
NOJIS Jod £°0 = BA
*NoIG2. NOI121d2P
$S0J210 P2d0Y2N2P 2IN2UIIP

1W01IN230d 243 §1 J21JJ0q 1VIINIT0d

$3144va WILN310d

*SNol Pa6JIY2 R12A1AIS0d

21190WWI PN SNOU19212 2243
RANJOCIOW 211G0W SO NOIERI — N

*SNO) 2 - 21A0WWI PN S04
R31JOCOW 211d0W SY NOIB2J — d

+J039NPNOIIWAS 4R - N

PN 241 — d $0 NOIIONIAWOD
243 1 2POIP NOIINNC N — d

pueq

pueq ks
sousep E]

w
seiBieus uonde|z
®
®
-

pueq N

uogonpuoy pueq

uonoNPUod
Adwg i~

40LINANOIIWIS HOLVINSNI

JU = 9NN *RA NIAIB S| WNLIANINGD
W43 NI J0IINPNOIIWDS B N
NOII0JANDINGD 2104 PNIO NOJIIRID 241

WNIIBIIND3 TUWY3HL

$J214I09 2641049 RINIOCOW 2410 $10H (€)
*§J214409

264049 RANJONIW U1 SNOJII3 (2)
SIN2aW212

(Y0 ‘G ) ANI0ALIA HAIM PRJOP 29 J0 1S (T)

N << YN JOYINPNOIIWIS 4R — d

(aS ‘SY'd) SINaW212

ANOALINDA Y3IM PAJOP 29 J0 1S (E)

*$4214J109 2641049 RANIONIW 240 $210H (2)
*SJ2144109

2641042 RA1IOCOW 210 SNOJ122)3 (1)

YN << N
JOINPNOIIWDS 4R — N

RIANIINPNOD
2N0J4dWI 03 PAPPI0 2410 $21314NdW (2)
$J03190PNO2IW2S
2ISNIJIX2 29 01 PIDS 240
$J40120PNO2IWS P2dOP Jo 24NdW) (1)

SUOLONANODIW3S DISNIILX3

1S '29 -:$21dWIX3 (€)
NOIDUINDINGD J1UJD INISNILIN = IN
‘§2104 30 *ON = YN 'SNOUIII12 22U

30 *ON = 2N ‘2J24M ‘UN = N =IN (2)
*$40390PNOIIWDS

2ISNIUINI 24 $J01INPNOIIWDS 24nd (T)

SYOLONANODIWIS DISNIILNI

0 *SJ0390PNOD — NON PNID
SJdo [ 124 RN
1091499212 21A14%2 SJ0IINPNOIIWDS

S$3dAl S1| ANY Y01ONANODIW3S

)

. I
3

85
g

85
s 8
I
uf

saibiaua uosos|3
S
n
©
seibious uoo8|3

[m

pueq uojonpued \

BuiddepanQ

(TVLIW) ¥01INANOY

deb ABisus !
uappiq.oj
pueq uoiONPUOd

(A8) ABiaug

PNIQ NOIINPNOD

PN PNIOQ 2IN2IDA
N22M129 2INIUDIHNP
241 S1 d0B PNQ REJIIND

*}0 W
R2dW2 R12721dW02
S1 PNIOG NOIAINPNOD

‘PNI0Q 2INOA P211D2
$1 »0 10 SNoJYIN2
1M PANLY R1232dW0D
S1 4214M pPNQ 241

—
Awngsisas = d

AiAganpuod [eardafe = o
AIARaNpuUod Mo aney AsyL
W/S 60T — 0T ~ ©

WG 0T -x0T~ S
is103e|nsul Jo4 (€)

*$J030INSNI PN
$1032W 03 RAAIINPNOI
210IPAWIINI ALY RAYL

W/s 40T - 0T ~©
WH0T-0T~ S
151012NpUOdIWS 404 (7)
*AlABONPUOD YBiy aney Aay)

W/s ;0T - 0T ~©
WGHg0T—.0T~ S

is|ejaw 4o (1)

ALIALLDONANOD
30 S1Sva 3H1 NO

:SIIN0JY2213 JOYINPNOINWIS

J0INPNOIIWIS PNYT JOAVINSNI®

SI02W 3o NO1VIIIISSI0ND




www.alliantacademy.com

Semiconductor Electronics

Materials, Devices and Simple Circuits

Introduction

Materials having the following electrical properties are semiconductors:

1. Considerably greater resistivity than that for metals and less than that for insulators.

. Temperature co-efficient of resistance is negative and high.

3. Number density (number of charge carriers / unit volume) n is considerably smaller than that for metals but greater
than that for insulators.

Silicon and germanium are commonly used semiconducting materials for electronic devices. Now-a-days, silicon is
widely used. Both silicon and germanium are tetravalent Z = 14 for silicon and Z = 32 for germanium. Crystal
structure of Ge or Si is the same as that of diamond, i.e., pure carbon. The atoms are held in the crystal lattice by

covalent bonds.

Classification of solids based on the Bond theory of solids

‘ ‘ HAERERRERTTELEN ‘ ‘ ‘ ‘
conduction band
‘ H HHIIIIIIIIIIIIIIIIIIHH
conduction band
I E

conduction band
TEEEEELEEEE T

~5eV

«Q

Eg=1eV

valence band———

valence band

valence band

Conductor Semi conductor
Insulator

Energy band diagram of solids
Extrinsic semiconductors
e The extra element added to an intrinsic semiconductor is called the impurity atom.
e The process of adding impurity into an intrinsic semiconductor is called doping.
e A pentavalent atom is used as a donor impurity. Eg. P, Sb, As
e Atrivalent atom is used as an acceptor impurity. Eg. In, B, Al
e Inaddition to the equal number of electrons and holes already existing due to breaking of bonds (at a temperature)
@) there are as many extra holes as the number of acceptor atoms, in a p-type semiconductor.
(b) there are as many extra free electrons as the number of donor atoms, in a n-type semiconductor.
Both p- and n-type semiconductors are electrically neutral.
Effect of doping
o For the same semiconductor material (whether Si or Ge etc), the pn product is constant independent of the type or
density of the impurity and depends only on temperature.
PaN. =PpN, =pin; =p; =n;
where n, = electron density, p, = minority hole density in a N-type semiconductor
pp = hole density, n, = minority electron density in a P-type semiconductor

pi = hole density, n; = electron density in a intrinsic semiconductor
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Differences between intrinsic and extrinsic semiconductors

SI. No. Intrinsic Semiconductor Extrinsic Semiconductor
1. Pure Ge or Si crystal is known as The semiconductor with specific impurities in controlled
intrinsic semiconductor. quantities is known as extrinsic semiconductor.
2. Conductivity is low. Conductivity is high.
3. At any given temperature, the number of electronsis | The number of electrons and holes are always unequal.
always equal to the number of holes.
Differences between p-type and n-type semiconductor
sl. p-type n-type
1. | A p-type semiconductor is obtained by doping a trivalent [ An n-type semiconductor is obtained by doping a pentavalent
impurity like B or Al with intrinsic semiconductor. impurity like P or As with intrinsic semiconductor.
2. Majority charge carriers are holes and minority charge | Majority charge carriers are electrons and minority charge
carriers are electrons. carriers are holes.
3. The impurity atom accepts the electron from valence band | The impurity atom donates an electron to conduction band
and contribute to increased conductivity. and contributes to increased conductivity.
4. The acceptor impurity energy level is close to the valence | The donor impurity energy level is close to the conduction
band. band.

p-n junction or semiconductor diode (unbiased)
The charge depletion region has a thickness of about one-tenth of a um and the junction voltage is about
0.3 V for a germanium diode and 0.7 V for a silicon diode at 20 °C.

QO®®
O0®®
OO0®®
O0®®
OO0®®

Depletion region

Biasing of a p-n junction or (Semiconductor) diode

Forward bias

A
0®
o®
p o® n
aYe
o®

W — width of depletion region
p-n junction diode under forward bias

(@)
(b)
(©

Vo

A4

Barrier potential

(a) without battery

(b) low batter voltage
(c) high battery voltage
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When in forward bias, a diode

o offers negligible (ideally zero) resistance

o behaves like a closed switch

o external voltage opposes the junction voltage.
Reverse bias

FLﬂ
OO0
OO (@
p elelalo) n yY (b)
elelaln)
COO®® Vo

Diode under reverse bias

When in reverse bias, a diode

o offers very large (ideally infinite) resistance

e behaves like an open switch

e external voltage aids the junction voltage.
At a very large reverse voltage, reverse breakdown occurs and, hence, a large current flows through the device. This
voltage is about 400 V for germanium and 1000 V for silicon.

Rectifiers
A rectifier is a circuit that converts an ac signal into a dc signal. The unidirectional property of a diode is used in the
construction of a rectifier.

Half wave rectifier
Input wave form

Input

voltage V\ /\
O >

A s \/ 2n 3 ot
) —e
. dc output
ac input RL
Output wave form
Output I/\ /\
B

voltage
g (0]

hVAS

T 2n 3n ot

The output of a half-wave rectifier, is still pulsed, and hence it is not pure dc. (Thus a filter is required to remove the
ripples)

foutput = finput

Full wave rectifier

Input
voltage /\ ‘
» @
dc output T o ‘ n\/z . - >
ac input
Output wave form

Output
D> voltage @ ‘ > ot

Input wave form
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The output of a full wave rectifier is still pulsed and hence, it is not pure dc. (Thus a filter is required to remove the

ripples)
foutput: 2finput
Capacitor input filter (Shunt capacitor filter)

Need for filter
Even through the output of a rectifier is unidirectional, to does not have a steady value. To get, steady output, a

capacitor is connected across R (the output terminals) (an inductor connected in series with R, or a suitable
combination of L and C also can be used) which function as a filter.

Filter
@
Full wave : i
Rectifier P G éRL v
— H | !
V w2
8 8
2| %
o =
L =
E >t B >
go T T 3T 2T 8
2 2

The product R.C is called the time constant of the filter circuit. Larger the value of R.C, better is the filtering action.
Generally a capacitor of large capacitance is used.

Special purpose p-n junction diodes

Zener diode
Zener diode is a special purpose diode designed to operate in its reverse -—[)/—c
. ; Anode Cathode
breakdown region. The breakdown voltage is called the zener voltage. i
Symbol of zener diode

Zener diode as a voltage regulator

Iy
R,

Unregulated
rectified Vi 5
voltage (V,) I, T L

Vv, r  Regulated

l L voltage (V,)

i

Zener diode as voltage regulator
Let us assume an unregulated dc voltage V be applied as the input, as shown in the figure.
. If V1 < Vz there, is no voltage across the zener diode
If Vi > Vz then voltage across the zener diode is Vz and the remaining voltage appears across Ry.
If V1 varies, then (V) also varies keeping Vz constant.
Voltage across zener remains same independent of the current drawn by the device. Thus, a zener diode in reverse
bias maintains constant voltage across the load independent of variation in the input voltage and in the load.
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Optoelectronic junction devices
Semiconductor diodes which generate charge carriers by photons are called optoelectronic devices.

This includes.
. Light emitting diodes (LED) which convert electric  gyter ring meident sunlight
energy into light contact — Glass .
- . . . v VP~ op
o Photo diodes used for detecting optical signals v : Junction view |{— Outer rin
e Photovoltaic devices (solar cells) which convert light into - pype contact
_ o—1 yer
electrical energy
Light emitting diode (LED) p-n junction solar cell

LED is a heavily doped p-n junction when in forward bias

emits light (in visible, ultraviolet or infrared region). When a diode is in forward bias, electrons from the n-type
material recombines with the holes in the p-type material, near the junction. Due to this recombination energy is
released in the form of heat and light.

In Ge and Si diodes, much of their energy is dissipated in the form of heat within the body of the diode.

This is due to non-radiative recombination and light emitted is insignificant. For this reason, Si and Ge are not used
in the construction of a LED.

Diodes made of Gallium arsenide (Ga As) when in forward bias emit light in the infrared region during the
recombination process at the p-n junction.

V-l characteristics of LED
V-1 characteristics are similar to that of a p-n junction diode made of Si or Ge. The threshold voltages are much
higher and different for each colour. The reverse breakdown voltages of most LEDs are small,
about 5 V.

Advantages of LED over conventional incandescent lamp

1. Low operational voltage and less power consumption.

2. Fast action and no warm-up time required.

3. The bandwidth of emitted light is 100 A to 500 A. Light emitted is fairly monochromatic.

4. Long life and rugged.

Photodiode

p 2|0
— - ol S

+

v

Symbol of a photodiode Basic biasing arrangement of photodiode

A photodiode is a special purpose photosensitive semiconducting diode operated in the reverse biased condition.
When light is incident on the junction, the junction resistance decreases rapidly with the increase in the intensity of
light.

Solar cells
A solar cell is a p-n junction which generates emf when light radiation is incident on it.
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The top p-type material is made very thin so that the photons reach the junction. The contact to the p-type material
is made through an outer ring deposited on it while a metallic contact is established to the bottom of the n-type
material. A protective glass covering is provided for the top surface.

Reason for wide use of the materials like Si, Se and Ga As

i. Semiconductors with band gap Eq ~ 1.5 eV has a higher conversion efficiency, greater stability and less fatigue.

ii.  They have higher absorption coefficients.

iii.  These materials have excellent temperature characteristics. They can withstand extreme high or low temperatures
without a significant drop-off in efficiency.
Materials with smaller band gaps are not suitable since most of the radiation will be absorbed on the top layer of solar
cell and may not reach the depletion region. For effective electron-hole separation due to junction field, they must be
generated in the junction region only.

Transistor
A transistor is a three terminal semiconducting device, which has a thin wafer of one type of extrinsic semiconductor
between two layers of the other type.
A transistor with an n-type wafer between two p-type wafers, is called a p-n-p transistor. Similarly a transistor which
has a p-type of wafer between two n-type layers, is called n-p-n transistor.
The thin layer in the middle region of the transistor is called the base. The two layers on either side of the base are
called emitter and collector.

For any transistor
& |, The size of the base is the least and that of the collector region is the highest.
° Doping level is least in the base and highest in the emitter region.

The function of the emitter is to emit the majority charge carriers, and that of the collector is to collect the majority
charge carriers. The function of the base is to modify the emitter current.
The arrows in the circuit symbol of n-p-n and p-n-p transistor indicate the direction of conventional current.

fo | E C E C
n P n C Eo— p|n| p I——oC
Jé B l B
B

(a) npn transistor and circuit symbol (b) pnp transistor and circuit symbol

° Though both the emitter and collector are made of same type of the extrinsic semiconducting material, they are not
interchangeable because of
(a) different doping levels
(b) different physical sizes.

° A transistor as a whole, is a single crystal doped with suitable materials and not a combination of 3 pieces of different
crystals.

Operation of a transistor

le -

Ve —— T Vcc
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Transistor configurations (modes)

Transistor configurations

(a) Common base configuration

(b) Common emitter configuration

he emitter base junction should be forward biased and the collector base junction should be reverse biased.
If 1g, lg and | represent the emitter current, the base current and the collector current respectively, then

le=lg+1c.

Ig is of the order of micro ampere and I and I are of the order of milliampere. As an approximation, we can
write ¢ ~ 1.

Consider an n-p-n transistor. The majority charge carriers namely, free electrons, are transferred from the low
resistance emitter-base junction (forward bias) to the high resistance collector-base junction (reverse bias). Hence,
the device is called transfer - resistor-abbreviated as transistor.

Since, nearly the same current flows from emitter to collector; and the collector base junction offers very high
resistance compared to the emitter base junction; there is an amplification of power. Thus, a transistor can be used
as a power amplifier.

Amplifier circuits using transistors can be classified into three categories determined by the circuit arrangement and
the load.

Input signal is provided between the emitter and the base. The output signal appears across the collector and the base.

L E Cc L
—4_0 O—<¢ O

1 Output

Input -
N Vee L | signal

signal

|-
5

o
|I||
I_ ol =]

. . . L |
The current gain (agc) in CB mode of a transistor is given by o, = I—C
E

agc is in the range of 0.95 to greater than 0.99 but less than 1.
The current amplification factor (a.ac) in CB mode is defined by

— AIC
Qg =
Al
E / Vg =constant

Generally, aac and agc are quite close.

Input signal is provided between the emitter and the base. Output signal appears across the collector and the emitter.

<IC o
B t
- =R, Output
mput T L, Ve § signal
ip 1 _T_VBB E T
signa IE
The current gain (Bq«) in CE'mode of a transistor is given by, B, =—

IC
B
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The current amplification factor (Bac) in CE mode is given by, B, Z(i_:cj
B

VCE = constart

B is in the range of about 50 to 300

(c) Common collector configuration
Input signal is provided between the base and the collector. Output signal appears across the emitter and the collector.
E

o

Input
signal

T Ve R | Quput
signal

— - —

CC configuration

o CC configuration is also called emitter follower. The common-collector configuration is used for impedance
matching purposes because it has a high input impedance and low output impedance. In the case of common-base
and common-emitter configurations, input impedance is low and output impedance is high. Because of this
characteristic, CE and CB configurations are widely used for amplification purposes.

o A transistor is most widely used in CE configuration. npn-Si transistors are widely used. With pnp transistors, the
polarities of the external power supplies must be reversed.

Relation between o4c and Bac
We have for a transistor 1. =15 + 1.

04
Bdczl *
—Olge
o, = Bdc
dc —
1+[3dc

e auc and Bqc Of a transistor are temperature dependent.
Common emitter characteristics

Input characteristics Output characteristics
LmA) .
V=1V p < % Active region
L (ua) Ve = 10V h = S0uA
V=20V 1,=40pA
1001 Saturation -
region I;=30pA
80T
=20,
60T ! uA
40t L= 10uA
20T i
L,=0pA
: : : : —>v, : Ay
O 02 04 o6 os 1o ' 5 cmde 10 15 =@

region

nput characteristics of a npn transistor in CE mode Output characteristics of a npn transistor in CE mode

H AVBE
- = | —BE . AV,
nput resistance, [ AL ]\- Output resistance = T, —{ MCEJ
= e U

ro is in the range of about 20 kQ to 50 kQ
Features of output characteristics
i. Inthe active region, ic increases slowly with Vce.




www.alliantacademy.com

ii. In the saturation region, ic decreases rapidly as Vce decreases [Vce < 1]. This occurs as Vce drops below the value of
Vee. The collector-base junction is then forward biased. In this condition, both EB junction and CB junction are
forward biased. This is called saturation region as Ic no longer depends upon the input current Ig.

iii. In the active region, a small input current Iz produces a large collector current I¢c (output current)

iv. The collector current is not zero when Ig is zero. It has a value of Iceo, the reverse leakage current.

Transistor as a switch
If a very large base current is present in a transistor in a common emitter configuration, the transistor will be driven
into saturation. On the other hand, if the base current is reduced to zero, the transistor is placed in
cut-off. When a BJT is operated strictly between these two modes, it acts as a switch.

Vv
A Cutoff  Active
region region

Saturation region

L8

V;

Transfer characteristics — Transistor switch
When oj is low, the transistor is not conducting. It is said to be switched OFF. When the input is high, transistor

operates at saturation, it is said to be switched ON.

Transistor as an amplifier - npn CE amplifier =
Principle g’f .
A small change in the base current causes a larger change in the collector current. This ;*l i i iﬁﬁle
is the underlying principle of the transistor amplifier. The condition necessary for the i i i
amplifier to work is that the base emitter junction should be forward biased and %T i/\i i
collector base junction should be reverse biased. é ' : Ly
8

=
B

AC voltage gain

Ay = —Bac [%J

The negative sign indicates that the output is inverted w.r.t. the input.

Power gain
In CE-mode, a transistor amplifier produces a current gain (Ba) and also a voltage gain (A,). Thus, power gain (Ap)
is given by

Ap = Pac Ao

Since both Bac and A, are greater than 1, there will be a power gain. However, a transistor is not a power generating
device. The energy for the higher ac power at the output is provided by the battery.

Feedback amplifier
The process in which a fraction of the amplifier output is fed back to the input circuit is called feedback. It
helps to control the output of the amplifier.
If the feedback voltage is such that the returning signal is in phase with the input signal, the amplitude of the input
signal increases. This is called positive feedback or regenerative feedback. This principle is used in the construction
of oscillators. Positive feedback produces excessive distortion and not suitable in amplifiers.
If the feedback voltage is such that the returning signal is in opposite phase with the input signal, the amplitude of
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input signal decreases. This is called negative feedback or degenerative feedback. The advantages of negative
feedback are stable gain, less distortion and more bandwidth. Hence, it is used in amplifiers.

Illustrations

1. The density of electrons and holes in a pure germanium sample at room temperature are equal and its value is 3 x
10 per m®. On doping with aluminium, the hole density increases to 4.5 x 1022 per m®. Then the electron density in
doped germanium is

(A)2x10¥m3 (B)5x10°m
(C)45x10 " m (D) 3x10°m™
Ans (A)

The electron and hole concentration in a semiconductor in thermal equilibrium is given by n.n, =n?
n_.2 _ (3x10%)?

. = ~ 2)(1010 m73
n, 45x10

2. Anblock of pure silicon at 300 K has a length of 10 cm and an area of 10 m?. If a battery of emf 2 V is connected
across it, the electron current is (Given: mobility of electrons is 0.14 m? \V-*s* and electron density is 1.4 x 10 m-
%)
(A) 6.72 x 104 A (B)6.72 x 105 A (C) 6.72 pA (D) 0.56 LA
Ans (D)
Given he=0.14m?> Vs ne=1.4x10% m3,
I=10cm=0.1m, A=10"* m?and V = 2 volt.
The electric field in the block is
vV 2

E =—=—=20Vm*
I 01
The drift speed of electrons is
Ve =HeE=0.14%x20=28ms"! .. Electron current le = ne Ae Ve

= (1.4 x10%) x (1.0 x 10%) x (1.4 x 10%°) x 2.8
[ 5.6x107A=0.56 pA

3. A piece of copper and silicon are first heated to a temperature of 150°C and then gradually cooled. During the cooling
(A) the resistance of copper increases and that of silicon decreases
(B) the resistance of silicon increases and that of copper decreases
(C) the resistance of both silicon and copper increase
(D) the resistance of both copper and silicon decrease

Ans (B)
Copper is a conductor whose resistance decreases with decrease in temperature whereas silicon is a semiconductor
whose resistance increases with decrease in temperature (semiconductors have negative temperature coefficient of
resistance).

4, The electrical conductivity of a semiconductor specimen is found to increase when electromagnetic radiation of
wavelength shorter than 2480 nm is incident on it. The band gap in (eV) for the semiconductor is
(A) 0.7 eV (B) 0.5 eV (C)25eV (D) 1.2 eV

Ans (B)
g _he_ 6.6x10"* x3x10°

g == - - =05¢eV
A 2480x107x(1.6x107)
Quick calculation
1240 1240 5 eV

Einev) = A(nm) 2480 (nm)
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5. In a p-type semiconductor the acceptor level is situated 60 meV above the valence band. The maximum wavelength
of light required to produce a hole in the valence band is
(A) 0.207 x 10° m (B)2.07 x10° m (C)20.7%x10°m (D) 2075 x 10° m
Ans (B)
E=hv ;E= E
A

2 _E B 6.62x107* x3x10°
E 60x10°x1.6x10™"
Quick calculation

=2.07x10"m

__ 12400 1240
T MinA)  Ainnm) ©
A0 1240 =20.7x10° nm =2.07x10° m

60x10°°

6. A sample of silicon is doped with 1.5 x 10° arsenic atoms/cmq. If the intrinsic carrier density in silicon at 300 K is

1.5 x 10 / cm?, the electron density and hole density in each sample at 300 K respectively (number density is in
cm3)
(A) are1.5x10%, 1.5 x 10% and the sample behaves as an intrinsic semiconductor
(B) are1.5x10%, 1.5 x 10 and the sample behaves as an extrinsic semiconductor
(C) are1.5x10%, 1.5 x 10% and the sample behaves as an extrinsic semiconductor
(D) cannot be calculated with the given data

Ans (A)

As arsenic is a donor to a silicon crystal, the samples would tend to become n-type. As practically all the donors will
be ionized at room temperature of 300 K, the extra electron density introduced will be equal to 1.5 x 10°/ cm®. As
this is 5 order of magnitude lesser than the electron and hole densities in the pure sample (ni = pi = 1.5 x 10/ cm?),
the impurity density will produce negligible changes in the original carrier densities existing in the silicon crystal due
to thermal breaking of the covalent bonds. Hence, though the sample is not strictly pure, it will still show intrinsic
behaviour only, and

Ne=nph=15x10%/cmd=n;

Aliter
The impurity being arsenic, one may wrongly jump to the conclusion that the doped sample is extrinsic. The impurity
5
concentration is % = 1 atom of arsenic for every 10° atoms of the host element and it is insignificant. Hence
O X

the sample shows intrinsic behaviour.

7. n-type and p-type silicon semiconductors can be obtained by doping pure silicon with

(A) sodium and magnesium respectively (B) phosphorus and boron respectively
(C) boron and phosphorus respectively (D) indium and sodium respectively
Ans (B)

Phosphorous is pentavalent and boron is trivalent material.

8. If in a p-n junction diode, a square input signal of 10 V is applied, then the value of output signal across R will be
™~
+5V -
----- R, S —— R,
-5V
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+10V o
+5V ---
- -0V - -5V
(A) (B) © (D)
Ans (C)

The junction diode will conduct when it is forward biased. Therefore, the output voltage will be obtained during
positive half cycle.

9. Which of the junction diodes shown in the following circuits is forward biased?

R R

—10V'—’\N\:—| >f—_| —5V'—‘W\'—|>'—_|

_10V._!\/I\e/\,—|>|—- sV +10V°—'\/I\{/\r—|>|—-+5V - =
(©) (D)

(A) (B)
Ans (B)
Circuit (B)
R
+5Ve—AM— >0V
10.  Zener diode is fabricated by
(A) heavily doping both p and n sides of the junction
(B) heavily doping the p side and lightly doping the n-side
(C) lightly doping the p side and heavily doping the n-side
(D) lightly doping both p and n sides of the junction
Ans (A)
When both p and n sides of the junction are heavily doped, the depletion region formed is very thin (less than 10°¢
m). Even for a small reverse bias, (a few volts) the electric field is very high (~ 5 x 10® V m™") which results in a
breakdown.

11.  The graph that better represents the I-V characteristics of an ideal diode under forward bias is

I I I I
(A) (B) ©) (D)

Ans (A)
In an ideal diode, the current I is independent of the forward bias voltage above the junction potential. The potential
difference across the diode remains constant above the junction potential.

12.  Ina photodiode, the value of the emf produced by monochromatic light is proportional to

(A) the barrier voltage at p-n junction (B) the intensity of light falling on the photodiode
(C) the frequency of light falling on the photodiode (D) the voltage applied at the p-n junction
Ans (B)

In a photodiode, the emf is produced by photovoltaic action is proportional to the intensity of incident light.

13.  Efficiency of a half wave rectifier is nearly

(A) 80% (B) 60% (C) 40% (D) 20%
Ans (C)

Only around 40% of the AC input power is converted to DC in a half wave rectifier.

14.  In atransistor, the least doped region is
(A) emitter (B) base (C) collector (D) both emitter and collector.
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Ans (B)
The base of a transistor is made thin (about 1/150 of the total) and is least doped (about 1/10 of the doping level of
collector) in order to transfer most of the charge carriers injected into the base circuit from the emitter to the collector
circuit.

15.  In a full wave rectifier circuit operating from 50 Hz mains frequency, the fundamental frequency in the ripple would
be
(A) 70.7 Hz (B) 100 Hz (C)25Hz (D) 50 Hz

Ans (B)
Input — sin ot

Output — sin? ot — which involves cos 2ot

16.  In the output characteristics of a transistor in CE —mode, initially even for very small change in Vcg, Ic increases
almost linearly. This shows that the transistor is in
(A) active state (B) saturation state (C) conducting state (D) cut-off state

Ans (B)
In the saturation state the current is controlled by the supply voltage Vcc (= Vce) in this part of the characteristic.

17.  From the following circuits, choose the circuit that correctly represents the biasing circuit of a transistor.

LB LR LES LE
(A (B)

)

(®) (D)

Ans (D)
In a transistor circuit for normal operation the emitter base junction is always forward biased and the collector base
junction is reverse biased. Therefore, circuit (D) correctly represents the biasing circuit of a given n-p-n transistor.

18.  The current gain for a transistor is less than unity for

(A) common base mode (B) common collector mode
(C) common emitter mode (D) both (A) and (B).
Ans (A)
Al
The current gain for a transistor in common base mode is given by a = (A—IEJV . But Al. <Al; . Therefore, a is

less than 1. (The value of a varies from 0.9 to 0.99).

19.  The current gain of a transistor in common base mode is 0.99. If the change in emitter current is 5 mA then the
change in collector current is
(A) 4.95 mA (B) 5.4 mA (C) 5.99 mA (D) 0.198 mA.

Ans (A)

Al

Fj ; Change in collector current Alc =0.99 x 5 mA = 4.95 mA
E VCB

Current gain o = (

20. The current gain of a transistor in common base mode is 0.98. If the change in emitter current is 2 mA, the
corresponding change in base current is
(A) 2 mA (B) 980 mA (C) 0.04 mA (D) 1 mA.

Ans (C)




www.alliantacademy.com

ae|Be] _ogg
Al ),

Al =0.98x 2 MA =1.96mA
Al =Al_ = Al =(2-1.96)mA =0.04 mA

21. Ina CE-amplifier the audio signal voltage across the collector resistance of 2 k€ is 2V. The current amplification
factor of the transistor is 100. The signal current through the base is
(A) 0.01 mA (B) 0.1 mA (C) 0.001 mA (D) 0.05 mA

Ans (A)
Output ac voltage = 2V, Collector resistance = 2 kQ

) 2
ac collector current, i, = ——==1mA
2x10

i, 1x10°

Signal current, through the base, i, :B =i

=0.01 mA

22. A transistor oscillator unit consists of a tuned circuit containing an inductance of 5 mH and a capacitance of 5 pF.
The frequency of the oscillator is

(A) 100 kHz (B) 1 GHz (C) 10 MHz (D) 1 MHz
Ans (D)
L=5x103H,C=5x 10 2F
_| 1 . 2 _ 1 0 1 = 1 _10%2
2nJLC’ 4°LC  40x5x10°x5x102  10°x10° %102

o F=+10% =10° Hz =1 MHz

Digital Electronics
Introduction
Circuits which process continuously varying signals such as voltage or current are called analog circuits, while,
circuits which process digital signals (pulses) are called digital circuits. In general, the term digital denotes variation
in discrete steps. Counting by numbers (Eg, integers) is one such process. The basic device used in digital electronics
is a switching element such as a diode or a transistor.

A diode in the conducting state is like a closed switch (ON-state) and in the non-conducting state is like an open
switch (OFF state). In digital circuits the actual voltages are not important as long as they can drive the device to one
of the two states. Since in digital circuits, there are only two states, ON and OFF, they can be conveniently represented
by digits 0 and 1. These two binary digits are called bits. A bit can assume a value of either 0 or 1.

Positive logic
The logic in which 1 represents the high state (ON) and 0 represents the low state (OFF).

Negative logic
The logic in which 0 represents the high state (ON) and 1 represents the low state (OFF).

Logic gate
Information (data) to be processed by digital circuits are contained in a string of digital signals (pulses). Circuits
which process this for required operations are called logic circuits or logic gates.
A logic gate has one or more inputs and an output.
Truth table of a logic gate is a list of its output for different possible input combinations.
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Boolean algebra
George Boole evolved a process to express logical statements in terms of mathematical expressions. This theory was
based on the concept of “true” or “false”.
The binary digits 0 and 1 could be used to represent the “false” and “true” state respectively. The branch of algebra
based on this concept is called boolean algebra.
There are three basic operations namely AND, OR, NOT in boolean algebra. The corresponding gates are AND gate,
OR gate and NOT gate.
However, another important logic gate is the NAND gate. Using a combination of NAND gates, all other gates can
be derived. Thus a NAND gate is called a universal gate. Similarly NOR gate can be used as a universal gate.

OR Gate

It performs a type of addition called OR addition. This operator is represented by “+” sign. If A and B are two
variables on which OR operation is to be performed, the result Y is Logic 1 if atleast one of the variables (either
A or B or both) is Logic 1. The boolean equation for OR addition is given by Y = A + B. When the variables
are more than two, then the boolean equation for the OR operation is written as
Y = A+ B + C +----. For the four possible combinations of variables A and B, the results of OR addition are
given in the truth table.

Symbol Equivalent electric circuit Truth Table
A A|B| Y=A+B
B Y=A+B % 0|1 1
nr 1]0 1
1 1 1
AND Gate

It performs a type of multiplication called AND multiplication. This operator is represented by
e sign. If A and B are two variables on which AND operation is to be performed, the result Y is Logic 1 if ALL
the variables (A and B) are Logic 1. The boolean equation for AND multiplication is given by
Y =AeB.

T [
BOo— Y=A-B +@

<
1

B

~ |~k o |o |>
- o |- |lo |m

A-
0
0
0
1

NOT Gate

This operator can be performed on a single variable unlike AND and OR operators which require at least two
variables to perform the operation.

NOT operation is nothing but inversion. The result is complement of the logic level of variable. The NOT
operator is represented by writing a bar over the variable. If A is the variable, the result
Y of NOT operation is written as Y = A Itis to be read as Y is NOT A. For the two possible combinations,
results of the NOT operation are shown in the table.
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KO Ji kA m‘@ A Y=A
Y=A T ‘7 0 1
1 0
Some derived gates Truth Table
NOR gate: (NOT OR)
AO— A+B A B Y=A+B
OR NOT >0——o
go—— _ 0| O 1
Y=A+B
Symbol L 0
1[0 0
Ao——]|
—0 1 1 0
ST —
Y=A+B
NAND gate: (NOT AND) Truth Table
A O—— A-B —
AND NOT >0——— A | B Y=A-B
S a— - AB
Y=A-B 0 0 1
Symbol 0|1 1
SIS B
Y=A-B
B 0— 1 (1 0
Exclusive - OR Gate (Ex - OR) Truth Table
A|B Y=A®B
A —— 0| O 0
Symbol Y=A®B = AB: AB
B 0|1 1
1 0 1
1 1 0

Applications of logic gates

1. Boolean algebra can be translated into logic hardware using logic gates.

Eg, Given Boolean expression Y + (A + B)- C, the logic circuit is

panp
B C 00—

Similarly, the output of a logic hardware circuit can be obtained using boolean algebra.

Logic circuit
Eg,

Its boolean expressionis Y = A

.B+C
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3. If an expression contains both AND and OR operations, always AND operation is performed first, unless there are
parentheses in the given expression. (Refer the examples given above).

lllustrations

23. The given circuit works as
(A) an OR gate 4 >

(B) a NOR gate
(C) a AND gate B——
(D) a NAND gate

Ans (A)
The circuit represents OR gate, as the output Y is 1, when either A or B or both A and B have input at level 1. But
output Y is zero, when both A and B are at zero level. [For OR gate, the Boolean expressionis Y = (A + B)].

24. The following figure shows a logic gate circuit with two inputs A and B and the output .

Ao—

Logic gate

S ———e7Y
Be——| circuit

The voltage waveforms of A, B and Y are as shown.

pEREEEE
i

(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 is Y =A-B, which is for AND gate.

25. An automobile’s safety system requires that an audible signal is produced so that driver can start driving when the
ignition switch is on and the door is properly shut. The logic gate which can be used to activate the audio signal is
(A) OR (B) NOT (C) AND (D) NAND
Ans (C)
Let A = ignition switch on; B = door is properly shut
Y = production of audible signal
WhenA=B=1,Y=1=>Y=AB

26. The output in the given circuit is
(A) Y =AB+CD Aoe—]
(B) Y =AB+CD B
©€) Y= AB + C_D S:D
(D) Y=AB+CD

Ans (A)

Ae—]
B e—

Y=(4-B)+(C-D)

Hence identify the exact logic operation carried out by this circuit.

27. Inthe logic circuit, if A=1and B = 1, the outputs Yz and Y are respectively.
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(A)O,0 B)o,1 ©)1,0 D)1,1
Ans (C)

SN
(]
~
I
(=]
P~<
Il
(=]

NCERT LINE BY LINE QUESTIONS

1. Which of the following is correct range of resistivity for the semiconductor material?
[NCERT Pg. 468]
(1) 10%t010°)Qm (2) (10° to 10°)Qm (3) (10" to 10°)Qa m (4) (10° to 10*°)Qm
A material has band gap energy (E,) greater than 2 eV. The material [NCERT Pg. 471]
(1) Must be conductor (2) Must be semiconductor

(3) Must be insulator (4) May be semiconductor
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10.

11.

A sample of semiconductor material having hole as minority carrier is of

[NCERT Pg. 476]
(1) p-type (2) n-type (3) Intrinsic (4) Data is insufficient
An intrinsic semiconductor sample is doped with both pentavalent and trivglent dopants.
If N is number of acceptor atoms per unit volume, N, is number of donor atoms per

unit volume and n and h are electron and hole concentrations, then [NCERT Pg. 510]

(1) N,+N,=n+h 2 N,+n=N,+h

B) Ng+n=N,+h (4) N2+ N2 =n?+h?

A pure Si crystal has 5x10%® atoms/m?®. It is doped by 1 ppm concentration of As atom. The
number of holes per unit volume is (consider n, = 1.5 x 10 m™) [NCERT Pg. 477]

1) 45x10°m™® 2) 4x10°m™® 3) 2x10°m™® 4) 2.25x10°m™

Consider the following statements [NCERT Pg. 485]

(a) Zener diode is fabricated by lightly doped p-n junction
(b) After breakdown of Zener diode the current in the circuit is limited by external resistance
Choose the correct statement(s)
(1) (a) only (2) (b)only (3) Both (a) and (b) (4) Neither (a) nor(b)
The semiconductor used for fabrication of visible LEDs must at least have a band gap

[NCERT Pg. 488]

(1)1.1eV (2)1.21eV (3)1.8eV (4) 24 eV

The V-I characteristics of photodiode lies in [NCERT Pg. 487]

(1) I quadrant (2) I quadrant (3) Il quadrant (4) IV quadrant

Which of the following diode is in forward bias condition? (When current is flowing)
[NCERT Pg.480]

Si
(1) ——D—W—a7V
4V 20

Ge
2 — W
' 5V 40 -6V
Ideal
($+2v 40 *4V
Ge
4) —>—W—e2.1V
2V 20
The output across the load R is [NCERT Pg. 483]
H :
=
1 S :
(1) Half wave rectified (2) Full wave (centre tap) rectified
(3) Quarter wave rectified 4) AC

The value of output voltage Vb in the circuit as shown in the figure is
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12.

13.

14.

15.

16.

2 k)
15V BV 2R V,
[NCERT Pg.486]
1) 9V 2)45V 3) 12V 4) 6V
An n-p-n transistor is configured in CE configuration. The input resistance is 2kQ and load is
10kQ . If @ =0.99, then voltage gain will be [NCERT Pg.497]
1) 495 2) 990 3) 1000 4) 500
The transfer characteristics of a CE amplifier is shown in the figure. The transistor works as an
amplifier in region [NCERT Pg.496]
V., 1
rul
1)1 2)11 3) III 4) In both (I) an d(III)

The input signal given to a CE amplifier having voltage gain 100 is V, = (20mV)cos [10t+%j .

The correspond-ing output signal will be [NCERT Pg.449]
1) (2V)cos (10t + g} 2) (2V)cos (10t —gj
3) (2V)cos [10t + %nj 4) (2000V)cos (10t + 2—5)

A common emitter amplifier is shown in the figure. If =200 and V, =0.5V, then value of I_
and V_, respectively will be [NCERT Pg. 499]

— 18V

(1) (10 mA, 10 V) (2) (10mA,8V)
(3) (5mA.8V) (4) (10 mA, 18 V)

Which of the following relations is/are correct? (Symbols have their usual meaning)
[NCERT Pg. 499]
R a

ROU
DA, =p* 2) A, =B 3) b= 4) All of these

n n
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17.

18.

19.

20.

A transistor with CE configuration can be realized as [NCERT Pg. 502]
(1) NOT gate (2) AND gate (3) OR gate (4) NOR gate
A p-n photodiode is fabricated from a semiconductor with band gap of 2.0 eV. The maximum
wavelength of a incident radiation that can be detected is [NCERT Pg. 487]
(1) 7200 A (2) 6200 A (3) 6200 nm (4) 7200 nm
The name of logic gate represented by the following symbol is [NCERT Pg. 511]

A

¥

=

1) NOR 2) OR 3) AND 4) NAND

If A and B are inputs to a NAND gate and Y is output, then choose the correct option.
[NCERT Pg. 504]

AL L
M atl1I i B i
B—1I Ye—vi =

v J—
B e I g P I )
S ) B0 i
= y — L —

NCERT BASED PRACTICE QUESTIONS
When a semiconductor is doped its electrical conductivity:
(1) Increases
(2) Decreases in the direct ratio of the doped material
(3) Decreases in the inverse ratio of the doped material
(4) Remains unaltered
Which of the following semiconductor is electrically positive?
(1) Intrinsic semiconductor (2) P-type semiconductor
(3) N-type semiconductor (4) None of these

The depletion layer of a p-n junction :

(1) is of constant width irrespective of the bias

(2) acts like an insulating zone under reverse bias

(3) has a width that increases with an increases in forward

(4) is depleted of ions

Let np and ne be the numbers of holes and conduction electrons in an extrinsic
semiconductor :-

()n,>n, (2)n =n,

(B)n, <n, (4) np # ne

Which of the following statements is INCORRECT:-

(1) The resistance of intrinsic semiconductor decrease with increase of temperature
(2) Doping pure Si with trivalent impurities gives P-type semiconductors

(3) The majority carriers in N-type semiconductors are holes
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10.

11.

12.

(4) A PN-junction can act as a semiconductor diode

The conductivity of a semiconductor increases with increase in temperature because
(1) number density of free current carriers increases.

(2) relaxation time increases.

(3) both number density of carriers and relaxation time increase.

(4) number density of current carriers increases, relaxation time decreases but effect of
decrease in relaxation time is much less than increase in number density.
Statement-1 : The number of electrons in ntype semiconductor is higher than the number
of electrons in a pure silicon semiconductor.

Statement-2 : The law of mass action is applicable to n-type semiconductors.

(1) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for
Statement-1.

(2) Statement-1 is True, Statament-2 is True; Statement-2 is NOT a correct explanation
for Statement-I.

(3) Statement-1 is True, Statement-2 is False.

(4) Statement-1 False, Statement-2 is True.

In a p-n junction,

(1) new holes and conduction electrons are produced continuously throughout the
material

(2) new holes and conduction electrons are produced continuously throughout the
material except in the depletion region

(3) holes and conduction electrons recombine continuously throughout the material.
(4) holes and conduction electrons recombine continuously throughout the depletion
region.

A Si and a Ge diode has identical physical dimensions. The band gap in Si is larger than
that in Ge. An identical reverse bias is applied across the diodes

(1) The reverse current in Ge is larger than that in Si

(2) The reverse current in Si is larger than that in Ge

(3) The reverse current is identical in the two diodes

(4) The relative magnitude of the reverse currents cannot be determined from the
given data only

Diffusion current in a p-n junction is greater than the drift current in magnitude :-

(1) If the junction is forward-biased

(2) If the junction is reverse-biased

(3) If the junction is unbiased

(4) In no case.

Statement-1 : Transistor can act as a switch.

Statement-2 : When the transistor is not conducting it is said to be switched off and
when it is driven into saturation it is said to be switched on.

(1) Statement-1 is true, Statement-II is true, Statement-II is the correct explanation of
Statement-I

(2) Statement-1 is true, Statement-II is true, Statement-II is not the correct explanation
of Statement-1.

(3) Statement-I is true, Statement-II is false.

(4) Statement-1 is false, Statement-1I is true.

In P-type semiconductor, drift velocity of electrons compared to holes is :
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(1) More (2) Less (3) Equal (4) None of these
13.  The energy band diagrams for three semiconductor samples of silicon are as shown.
We can then assert that :-

X Y Z

(1) Sample X is undoped while samples Y and Z have been doped with a trivalent and a
pentavalent impurity respectively
(2) Sample X is undoped while both samples Y and Z have been doped with a pentavalent
impurity
(3) Sample X has been doped with equal amounts of trivalent and pentavalent
impurities while samples Y and Z are undoped
(4) Sample X is undoped while samples Y and Z have been doped with a pentavalent and
a trivalent impurity respectively

14. In a transistor symbol, the arrow is drawn on (a) and it represents direction of
(b) , then (a) and (b) are respectively.

1) Emitter ; hole movement

2) Emitter ; electron movement

3) Collector ; hole movement

4) Base ; hole movement

15.  One end of a device is connected to positive terminal and the other end to the negative

(
(
(
(

terminal and the current is flowing. If the terminals of supply are interchanged, then there
is approximately zero current. The device can be :-

(1) p-n junction (2) transistor
(3) capacitor (4) inductor

16. In a half wave rectifier if input frequency is 50 Hz then output ripple frequency will be :-
(1) 25 Hz (2) 50 Hz (3) 100 Hz (4) 200 Hz

17.  In which of the following cases, the transistor is operating in the active region ?

1V 0V
2V Y
(1) (2)
ov v

(3)

18.  The circuit diagram shows a logic combination with the states of output X, Y and Z given for
inputs P, Q, R and S all at state 1. When inputs P and R change to state 0 with inputs Q and S
still at 1, the states of outputs X, Y and Z change
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19.

20.

21.

P(1) «—
Q! X
Z(0)
R(1)e—p
S(1) - Y(0)
(1)1,0,0 21,11 3)0,1,0 4)0,0,1

Energy band gap of silicon is 1.14 eV. Maximum wavelength at which silicon will start showing
conductivity is?

(1) 10888 nm (2) 1088.8 nm (3) 108.88 nm (4) 10.888 nm

Mobility of electrons is more than holes, because electrons

(1) are lighter

(2) are negatively charged

(3) undergo small number of collisions

(4) require less energy to move through lattice

Assertion : A pure semiconductor has negative temperature coefficient of resistance.
Reason : In a semiconductor on raising the temperature, more charge carriers are released,
conductance increases and resistance decreases.

(a) Assertion is correct, reason is correct; reason is a correct explanation for assertion.

(b) Assertion is correct, reason is correct; reason is not a correct explanation for assertion
(c) Assertion is correct, reason is incorrect

(

d) Assertion is incorrect, reason is correct.

TOPIC WISE PRACTICE QUESTIONS

Topic 1: Semiconductor and P-N Junction Diode

What is the resistivity of a pure semiconductor at absolute zero?
(1) Zero (2) Infinity

(3) Same as that of conductors at room temperature

(4) Same as that of insulators at room temperature

In a semiconductor diode, the barrier potential offers opposition to
(1) holes in P-region only

(2) free electrons in N-region only

(3) majority carriers in both regions

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

When an impurity is doped into an intrinsic semiconductor, the conductivity of the semiconductor
(1) increases

(2) decreases

(3) remains the same

(4) becomes zero
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10.

11.

A solid which is not transparent to visible light and whose electrical conductivity decreases with increase
in temperature is formed by

(1) ionic bonding

(2) metallic bonding

(3) covalent bonding

(4) vander Wall bonding

The electrical conductivity of pure germanium can be increased by

(1) increasing the temperature

(2) doping acceptor impurities

(3) doping donor impurities

(4) all of the above

The mobility of free electrons is greater than that of free holes because

(1) they are light

(2) they carry negative charge

(3) they mutually collide less

(4) they require low energy to continue their motion

If the two ends of a p-n junction are joined by a wire

(1) there will not be a steady current in the circuit

(2) there will be a steady current from the n-side to the p-side

(3) there will be a steady current from the p-side to the n-side

(4) there may or may not be a current depending upon the resistance of the connecting wire

The diffusion current in a p-n junction is

(1) from the n-side to the p-side

(2) from the p-side to the n-side

(3) from the n-side to the p-side if the junction is forward biased and in the opposite direction if it is reverse-
biased

(4) from the p-side to the n-side if the junction is forward biased and in the opposite direction if it is reverse-
biased

Let ny and ne be the number of holes and conduction electrons in an extrinsic semiconductor. Then

1) np>ne 2)np=ne (3) np<ne (4) np#ne

In the half wave rectifier circuit operating from 50 Hz mains frequency, the fundamental frequency in the
ripple would be

(1) 25 Hz (2) 50 Hz (3) 70.7 Hz (4) 100 Hz

In a half wave rectifier, the r.m.s. value of the a.c. component of the wave is

(2) equal to d.c. value

(2) more than d.c. value
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(3) less than d.c. value

(4) zero
The average value of output direct current in a full wave rectifier is
1) lo/m (2) 10/2 (3) mlo/2 (4) 2 lolp

Carbon, Silicon and Germanium atoms have four valence electrons each. Their valence and conduction
bands are separated by energy band gaps represented by (Eg)c, (Eg)si and (Eg)ce respectively. Which one of
the following relationship is true in their case?

(1) (Eg)c > (Eg)si (2) (Eg)c<(Eg)si (3 (Egdc=(Eg)si  (4) (Eg)c < (Eg)ce
A light emitting diode is shown as

Ng o
= o g T

The 1-V characteristic of an LED is

RYGB
(1) EEe) Y@ — @

In a p-type semiconductor the acceptor level is situated 60 meV above the valence band. The maximum

wavelength of light required to produce a hole will be

(1) 0.207 x 10°m (2) 207 x10°m (3)20.7 x10°m (4) 2075 x 10° m

For bidden gap for insulators is

(1) >6eV (2) £1leVv (3) <3eV (4) =0eV

Copper, a monovalent, has molar mass 63.54 g/mol and density 8.96 g/cm?®. What is the number density n
of conduction electron in copper?

(1) 1.1 x10% m* (2)28x10%m?t  (3)8.49x102m?* (4) None of these

An LED is constructed from a p-n junction based on a certain Ga-As -P semiconducting material whose
energy gap is 1.9 eV. What is the wavelength of the emitted light?

(1) 150 nm (2) 350 nm (3) 500 nm (4) 650 nm

In a photodiode, the conductivity increases when the material is exposed to light. It is found that the
conductivity changes only if the wavelength is less than 620 nm. What is the band gap?

(1) 1.0eVv (2)3.2eV (3) 6eV (4)2.0eV

The energy gap of silicon is 1.14 eV. The maximum wavelength at which silicon starts energy absorption,
will be (h=6.62 x 103 Js ; ¢ = 3 x 108 m/s)

(1) 10.888 A (2) 108.88 A (3) 1088.8 A (4) 10888 A

On doping germanium with donor atoms of density 101" cm its conductivity in mho/cm will be

[Given :pu,= 3800 cm?/V-s and nj = 2.5 x 10® cm ™3]

(1) 30.4 (2) 60.8 (3) 91.2 (4) 121.6
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The ratio of electron and hole currents in a semiconductor is 7/4 and the ratio of drift velocities of electrons
and holes is 5/4, then the ratio of concentrations of electrons and holes will be

(1) 5/7 (2) 7/5 (3) 25/49 (4) 49/25

What is the conductivity of a semiconductor if electron density = 5 x 10*2/cm® and hole density = 8 x
10%/em® (pe = 2.3 m? V-1 st up =0.01 m2vis?)

(1) 5.634 (2) 1.968 (3) 3.421 (4) 8.964.

. ) . . 7 )
If the ratio of the concentration of electrons to that of holes in a semiconductor |s§ and the ratio of currents

ISZ , then what is the ratio of their drift velocities?

5 4 5 4
1) 3 (2) 5 3) v 4) 7
In germanium the energy gap is about 0.75 eV. The wavelength of light which germanium starts absorbing
is
(1) 5000 A (2) 1650 A (3) 16500 A (4) 165000 A

A potential barrier of 0.3 V exists across a p-n junction. An electron with speed 5 x 105 m/s approaches
this p-n junction from n-side, what will be its speed on entering the p-side?
(1) 3x 10° m/s (2) 3.8 x 10° m/s (3) 5 x 10° m/s (4) 2.6 x 10° m/s
For a junction diode the ratio of forward current (If) and reverse current (Ir) is
[e = electronic charge,
V = voltage applied across junction,
k = Boltzmann constant,
T = temperature in kelvin]
(1) e VAT (2) eVikT (3) (VKT + 1) (4) (VKT — 1)
Topic 2: Junction Transistor

Transistor working as an amplifier operates in its active region only when

(1) the emitter junction is forward biased and the collector junction is reverse biased

(2) the emitter junction is reverse biased

(3) the collector junction is forward biased

(4) the emitter junction is reverse biased and the collector junction is forward biased

Current gain of a transistor in common base mode is 0.95. Its value in common emitter mode is
(1) 0.95 (215 (3) 19 (4) (19)1

A transistor has B = 40. A change in base current of 100 mA, produces change in collector current
(1) 40 x 100 microampere

(2) (100 — 40) microampere

(3) (100 + 40) microampere
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(4) 100/40 microampere

In a common base amplifier the phase difference between the input signal voltage and the output voltage is
@o (2) /4 (3) w/2 4) n

The current gain b may be defined as

(1) the ratio of change in collector current to the change in emitter current for a constant collector voltage
in a common base arrangement.

(2) the ratio of change in collector current to the change in the base current at constant collector voltage in
a common emitter circuit

(3) the ratio of change in emitter current to the change in base current for constant emitter voltage in
common emitter circuit.

(4) the ratio of change in base current to the change in collector current at constant collector voltage in
common emitter circuit.

When n-P-n transistor is used as an amplifier, then

(1) electrons move from collector to emitter

(2) electrons move from emitter to collector

(3) electrons move from collector to base

(4) holes move from emitter to collector

In a transistor

(1) both emitter and collector have same length

(2) length of emitter is greater than that of collector

(3) length of collector is greater than that of emitter

(4) any one of emitter and collector can have greater length

If the given transistor is used as an amplifier then for input resistance of 80 Q2 and load resistance of 16k Q
, the output voltage corresponding to the input voltage of 12mV will be

(1) 37.5mVv (2) 37500 V (3) 300V (4) 300 mV

When the base current in a transistor is changed from 30 pA to 80 pA, the collector current is changed from
1.0 mA to 3.5 mA. Find the current gainf .

(1) 30 (2) 40 (3) 45 (4) 50

A transistor is connected in common -emitter configuration. The collector supply is 8V and the voltage
drop across a resistor of 800 W in the collector is 0.5 V. If the current gain factor o is 0.96. Find the base
current.

(1) 5 pA (2) 6 A (3) 20 pA (4) 26 pA

A pnp transistor is used in common-emitter mode in an amplifier circuit. A change of 40 pA in the base
current brings a change of 2 mA in collector current and 0.04 V in base emitter voltage. If a load of 6k Q
is used, then also find the voltage gain of the amplifier.

11 (2) 50 (3) 300 (4) 900
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In a npn transistor 10'° electrons enter the emitter in 10° s. 4% of the electrons are lost in the base. The
current transfer ratio will be

(1) 0.98 (2) 0.97 (3) 0.96 (4) 0.94

The current gain of a transistor in common base mode is 0.995. The current gain of the same transistor in
common emitter mode is

(1) 197 (2) 201 (3) 198 (4) 199

A working transistor with its three legs marked P, Q and R is tested using a multimeter. No conduction is
found between P and Q. By connecting the common (negative) terminal of the multimeter to R and the
other (positive) terminal to P or Q, some resistance is seen on the multimeter. Which of the following is
true for the transistor?

(1) It is an npn transistor with R as base

(2) It is a pnp transistor with R as collector

(3) It is a pnp transistor with R as emitter

(4) It is a pnp transistor with R as base

A transistor has three impurity regions. All the three regions have different doping levels. In order of
increasing doping level, the regions are

(1) emitter, base and collector (2) collector, base and emitter

(3) base, emitter and collector (4) base, collector and emitter

A transistor has a base current of 1 mA and emitter current 90 mA. The collector current will be

(1) 90 mA (2) 1 mA (3) 89 mA (4) 91 mA

In a common emitter transistor amplifier =60, R, =5000Q and internal resistance of a transistor is 500
Q. The voltage amplification of amplifier will be

(1) 500 (2) 460 (3) 600 (4) 560

Operating point of a transistor is

(1) zero signal value of Vcc and Iy (2) zero signal value of I

(3) zero signal value of V¢ (4) zero signal value of Ic and Vce

The main difference between voltage and power amplifiers is that

(1) power amplifier handles current (2) power amplifier handles large voltage

(3) power amplifier handles large power (4) None of these

Topic 3: Digital Electronics and Logic Gates

The device that can act as a complete electronic circuit is

(1) junction diode (2) integrated circuit (3) junction transistor (4) zener diode
What is the value of A.C + A.B.C where A, B and C are inputs?
(1) AC (2)AB (3) A (4)B

The output of an OR gate is connected to both the inputs of a NAND gate. The combination will serve as

a.
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(1) NOT gate (2) NOR gate (3) AND gate (4) OR gate
When the two inputs of a NAND gate are shorted, the resulting gate is
(1) NOR (2) OR (3) NOT (4) AND

The correct option for getting X = 1 from the given circuit is:

Ag AB

s e

\ e
meal

Cr—
()A=B=C=1 (2)A=B=1&C=0 3)A=C=1&B=0 (@4)A=0&B=C=1
Which of the following gates will have an output of 1?
— : — — )L
1 — ) > :

) (B) © (D)

(1D (2) A (3B 4)C
NAND and NOR gates are called universal gates primarily because they

(1) are available universally
(2) can be combined to produce OR, AND and NOT gates
(3) are widely used in Integrated circuit packages

(4) are easiest to manufacture

Figure consists of two NOT gates followed by a NOR gate. This combination is equivalent to a single

o

(1) NAND gate (2) AND gate (3) OR gate (4) XOR gate
To get an output 1 from the circuit shown in the figure, the input must not be

3]

=D o

c
(1)A=0,B=0,C=1 (2)A=1,B=0,C=0
(3)A=1,B=0,C=1 4)A=1,B=1C=0
Digital circuit can be made by repetitive use of
(1) AND gate (2) OR gate (3) NOT gate (4) NAND gate

Which of the following circuits correctly represents the following truth table?
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P
=]
]

= 0 = O
= ==

Nrani
1 *— @
® o Do b () = D>

The following circuit gives out put Y as:

ﬁ[
7

A {0
Y
B =0
(1) A+B (2) AB+BA (3) AB (4) A+B

The diagram of a logic circuit is given below. The output F of the circuit is represented by

4 )=

W
X
W
Y

QDW.(X+Y) 2)W.(X.Y) BYW+(X.Y) (4) W+ (X+Y)
NEET PREVIOUS YEARS QUESTIONS
In a p-n junction diode, change in temperature due to heating [2018]

(1) Affects only reverse resistance

(2) Affects only forward resistance

(3) Affects the overall V-1 characteristics of p-n junction

(4) Does not affect resistance of p-n junction

In the circuit shown in the figure, the input voltage Vi is 20 V, Vge = 0 and Vce = 0. The values of Ig, Ic
and are given by [2018]
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(1) 15 = 40pA, Ic =10 mA, B= 250 (2) Is = 25pA, Ic =5 mA, B =200
(3) Is = 40pA, Ic =5mA, p=125 (4) 15 = 20 A, Ic =5 mA, B =250

In the combination of the following gates the output Y can be written in terms of inputs A and B as [2018]

Awe
Be—
Y
(1) AB (2) AB+AB (3) A+B (4) AB+AB
Which one of the following represents forward bias diode? [2017]
F R T g1 E ST
) Vs Y @ S T
T R T ! R =T
(3) v [:'" A 5V (4) v >‘| A N

In a common emitter transistor amplifier the audio signal voltage across the collector is 3V. The resistance
of collector is 3 kQ. If current gain is 100 and the base resistance is 2 k€2, the voltage and power gain of
the amplifier is [2017]
(1) 15 and 200 (2) 150 and 15000  (3) 20 and 2000 (4) 200 and 1000

The given electrical network is equivalent to : [2017]

A Y
Be) o

(1) OR gate (2) NOR gate (3) NOT gate (4) AND gate
Consider the junction diode as ideal. The value of current flowing through AB is : [2016]
A 1k B
Cr = AAA—————8
=V —6V

(1) 0A (2) 102 A (3) 10t A (4) 102 A
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A npn transistor is connected in common emitter configuration in a given amplifier. A load resistance of
800 Q is connected in the collector circuit and the voltage drop across it is 0.8 V. If the current amplification

factor is 0.96 and the input resistance of the circuit is 192 Q2, the voltage gain and the power gain of the

amplifier will respectively be : [2016]
(1) 4,384 (2) 3.69, 3.84 (3)4,4 (4) 4, 3.69
To get output 1 for the following circuit, the correct choice for the input is [2016]
A
B ::} >—}
Co ¥

(1) A=0,B=1,C=0(2)A=1,B=0,C=0(3)A=1,B=1,C=0(4)A=1,B=0,C=1
If in a p-n junction, a square input signal of 10 V is applied as shown, then the output across R. will be
[2015]

10% — — t-—|_|—-:
5V
&) I_,, (4 7V

(1) ° ° @ 2V
In the given figure, a diode D is 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 0.5 V, the current in the circuit will be: [2015]
D
“ MMy
R=1000
L
35V
(1) 40 mA (2) 20 mA (3) 35 mA (4) 30 mA

The input signal given to a CE amplifier having a voltage gain of 150 is V, = (15t +gj The corresponding
output signal will be : [2015]
(1) 75cos (15t +2—;) (2) 2cos (15t +5§j (3) 300cos (15t +4?nj (4) 300cos (15t +§J

The given graph represents V - | characteristic for a semiconductor device.
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Which of the following statement is correct ? [2014]
(2) Itis V - | characteristic for solar cell where, point A represents open circuit voltage and point B short
circuit current.

(2) It is a for a solar cell and point A and B represent open circuit voltage and current, respectively.

(3) It is for a photodiode and points A and B represent open circuit voltage and current, respectively.

(4) Itis for a LED and points A and B represent open circuit voltage and short circuit current, respectively.

+6V
/0 %R
A1 LED (Y)
R
S0
B 1 l
The correct Boolean operation represented by the circuit diagram drawn is : [NEET - 2019]
(1) AND (2) OR (3) NAND  (4) NOR
For a p-type semiconductor which of the following statements is true? [NEET - 2019]

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

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

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

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

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 - 2019 (ODISSA)]
(1) 10.4x10%® m (2)654nm  (3)654 A (4) 654 x 10 m

The circuit diagram shown here corresponds to the logic gate, [NEET - 2019 (ODISSA)]
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+6V
L
A ~° al
1
B »0
1
—aWILED(Y)
R
(1) NOR (2) AND (3) OR (4) NAND
Out of the following which one is a forward biased diode? [NEET - 2020 (Covid-19)]

-

—P—w—av =—F—w—sv
(D) )

‘4|2V >|—www— 12V 0"—[>|—w~w»— 3V
®) (4)
A n-p-n transistor is connected in common emitter configuration (see figure) in which collector voltage

drop across load resistance (800 €2) connected to the collector circuit is 0.8 V. The collector current
is : [NEET - 2020 (Covid-19)]

(1) 2mA (2) 0.1 mA (3) 1 mA (4) 0.2 mA
Which of the following gate is called universal gate? [NEET - 2020 (Covid-19)]
(1) OR gate (2) AND gate (3) NAND gate (4) NOT gate

An intrinsic semiconductor is converted into n-type extrinsic semiconductor by doping it with :-
[NEET - 2020 (Covid-19)]

(1) Phosphorous (2) Aluminium (3) Silver (4) Germanium

The increase in the width of the depletion region in a p-n junction diode is due to: [NEET - 2020]
1) increase in forward current 2) forward bias only

3) reverse bias only 4) both forward bias and reverse bias

For transistor action which of the following statements is correct? [NEET - 2020]

1) The base region must be very thin and lightly doped.
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2) Base, emitter and collector regions should have same doping concentration

3) Base, emitter and collector regions should have same size

4) Both emitter junction as well as the collector junction are forward biased

For the logic circuit shown the truth table is [NEET - 2020]

A—{>o

%
B— >0
)] A B Y 2) A B Y
0 0 1 0 0 0
0 1 0 0 1 0
1 0 0 1 0 0
1 1 0 1 1 1
3) A B Y 3) A B Y
0 0 0 0 0 1
0 1 1 0 1 1
1 0 1 1 0 1
1 1 1 1 1 0

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]

1) current in p-type > current in n-type 2) current in n-type > current in p-type

3) No current will flow in p-type, current will only flow in n-type

4) current in n-type = current in p-type

Consider the following Statements (1) and (2) and identify the correct answer. [NEET-2021]

(1) A zener diode is connected in reverse bias, when used as a voltage regulator.

(2) The potential barrier of p-n junction lies between 0.1 V to 0.3 V

1) (1) and (2) both are incorrect 2) (1) is correct and (2) is incorrect

3) (1) is incorrect but (2) is correct  4) (1) and (2) both are correct

For the given circuit, the input digital signals are applied at the terminals A, B and C . What would be the

output at the terminal y? [NEET-2021]
E B .k B B

t,
ao L1 L1 ] A
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tot, t, t, t t
p Y Il TIT1 ogv

AR
3) 5V

As the temperature increases, the electrical resistance [NEET-2022]
(1) increases for both conductors and semiconductors

(2) decreases for both conductors and semiconductors
(3) increases for conductors but decreases for semiconductors
(4) decreases for conductors but increases for semiconductors

In half wave rectification, if the input frequency is 60 Hz, then the output frequency would be
[NEET-2022]

1) Zero 2) 30 Hz 3) 60 Hz 4) 120 Hz
[P [N [P [NH
| |
' (a)
PN | | NP I
[
' (b)
[ NP
[
"o

[NEET-2022]
In the given circuits (a), (b) and (c), the potential drop across the two p-n junctions are equal in:

(1) Circuit (a) only (2) Circuit (b) only
(3) Circuit (c) only (4) Both circuits (a) and (c)
A
— I
B— !

[NEET-2022]
The truth table for the given logic circuit is:

ABlc  ABIC ABlc A B|C
0 0lo 0 01 0 01 0 ofo
‘0 1l1 0 1|0 0 10 0 111
1 01 1 00 1 01 1 0|0
1)11{} 2)]11 3)1113 4)111
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NCERT LINE BY LINE QUESTIONS — ANSWERS
Db 2)d 3)b 4b 5a 6b 7)c 8c 9b 10)a
11)d 12)a 13)b 14)c 15 b 16)d 17)a 18)b 19)d 20)c

NCERT BASED PRACTICE QUESTIONS - ANSWERS
D1 24 3)2 44 53 64 72 81 91 10)1
1)1 12)1 13)4 14)1 151 16)2 17)4 18)3 19)2 20)4 21)1

TOPIC WISE PRACTICE QUESTIONS - ANSWERS

1) 2]2) 33 3|4 2|5 4]6) 1|7 18 2]9 4]10) 2
11) 2 |12) 4 |13) 1 |14) 4 |15) 1 |16) 2 |17) 1 |18) 3 |19) 4 |20) 4
21) 1 |22) 2 |23) 2 |24) 2 |25) 3 |26) 3 |27) 2 |28) 4 |29) 1 |30) 3
3) 1 |32) 1 |33) 2 |34) 2 |35 3 |36) 3 |37) 4 |38) 4 |39) 3 |40) 3
41) 4 |42) 4 |43) 4 |44) 3 |45) 3 |46) 4 |47) 2 |48) 2 |49) 1 |50) 2
51) 3 |52) 2 |53) 4 |54) 2 |55) 2 |56) 1 |57) 4 |58) 1 |59) 2 |60) 3
NEET PREVIOUS YEARS QUESTIONS-ANSWERS
1) 32 332 [4 45 206 2|7 218 1]9 4
10) 3 |11) 4 |12)3 |13) 1 |14) 3 |15 2 |16)2 |17) 1 |18) 4
10) 320) 3 |21)1 |22) 3 |23) 1 |24) 2 |[25)2 |26) 2 |27) 3
28) 3 |29) 3 |30)4 |31) 3

TOPIC WISE PRACTICE QUESTIONS - SOLUTIONS

(2) The electrical conductivity of a semiconductor at 0 K is zero. Hence resistivity (= 1/electrical
conductivity) is infinity.

(3) majority carriers in both regions

(3) By doping, the band gap reduce from 1eV to 0.3 to 0.7 eV & electron can achieve this energy (0.3eV to
0.7eV) at room temperature & reach in C.B (conduction band).

(2) A solid is not transparent to visible light if the value of wavelength of light is greater than the bond
length between the atoms/molecules/ions of material. Conductivity depends upon the no. of free charge
carriers present in the substance at a given temperature or resistance of that material at that temperature.
(4) As the temperature increases, the thermal motion of electrons also increases which results in increasing of the
conductivity of the Ge crystal.

Also as the conductivity of extrinsic semiconductor is more than that of intrinsic semiconductor, thus the
conductivity of pure germanium increases by doping Ge crystal either with acceptor impurities or the donor
impurities.

(1) The mobility of free electrons is greater than that of free holes because there are light

(2) Ifthe two ends of a p-n junction are joined by a wire then there will not be a steady current in the circuit.
(2) The diffusion current in a p-n junction is from the p-side to n-side.

(4) In extrinsic semi conductor the number of holes are not equal to number of electrons i.e.,

n,#n,

Inp -type np>ne

Inn - type ne > np

But over all both p & n - type semi-conductor are uncharged.

(2) In half wave rectifier, we get the output only in one half cycle 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

(2) The r.m.s. value of a.c. component of wave is more than d.c. value due to barrier voltage of p-n junction
used as rectifier.
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(4) The average value of output direct current in a full wave rectifier = average value of current over a cycle
=2l
(1) Due to strong electronegativity of carbon.

% o
(4) light emitting diode

(1) For LED, in forward bias, intensity increases with voltage.

—34 8
@) XZE: 6.62x10 ><3><10l _207x10°m
E (60><10’3><1.6><10‘9)

(1) In an insulator the forbidden band gap is of the order of >6eV
(3) 8.49x10%m™
(4) It is the wavelength of emitted light, then

E, =m:>7»=m
A E

9

(6.63x10* )x(3x10°)

- =6.5% 107" m=650 nm
(1.9)x(1.60x107)

(4) The band gap Eq

(6.63x10-34)x(3x108)
= ~ =3.2x101°J=20¢eV.
620x10

34 8 0
(1) =00 86210 T30 _ 1 gog
E (1.14x1.60x10™)

(2) Conductivity s = n;ep, =107 x(1.6x10*)x3800 = 60.8 mho/cm

(2) I=nAev, or lcny,
e onyv, ng Loy,

. S 7 4 7
== or =2 x—"T=—x—=—
l, nywv, n I, v, 45 5
(2) Given : e =2.3m> Vst
uh=0.01m?>V1s? ne=5x102/cmd
=5 x 10%¥/m® n, = 8 x 10%/cm® = 8 x 10'%/m®.
Conductivity s = e[Nepte + Nnptn]
=1.6x10°[5x 10'® x 2.3 + 8 x 10'° x 0.01]
= 1.6 x 10 [11.5 + 0.8]
=16x101%x123=1968Wims
3 le_neAv, 7 7 v, 'V, 3

—_— = —X—= — =

L neAv, 4 5 v, v, 4

34 8 0
@) KZE: 6.63x10 ><3><_i|;)0 16500 A
E 0.75x1.6x10

(2) The intensity of electric field E=V¢=0.31x10—6=3x105V/m
The electric field retarded the electron. The retardation a=Eem The speed of the electron on entering p-
side v?=u?—2as=u?—2eEm.d =(5x10°)2—-2x1.6x10"1"x3x1059.1x103'x(1x107) =3.8x10°m/s

(4) Current in junction diode, | =1, (ee‘”kT _1)

In forward biasing, V is positive ; In reverse bias V is negative. Thenl, =1;

|I_F _ I (EEWKT _1) _ (eeV/kT _1)

I
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29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

(1) For transistor as an amplifier, emitter-base has to be in forward bias and collector base has to be in

reverse bias.
0.95 0.95
B)p=—2= - -
l1-a 1-0.95 0.05

1) B="< or 41, =pal, =40x100A
B

19

(1) The phase difference between output voltage and input signal voltage in common base transistor circuit

is zero

(2) the ratio of change in collector current to the change in the base current at constant collector voltage in

a common emitter circuit
(2) electrons move from emitter to collector
(3) length of collector is greater than that of emitter
. 15-10)mA
(3) Current gainp = Ale _ ( )
Aly  (80—40)pA

_ 5x10° 5000
40x10° 40

R

=125

V.,

m in

16x10°
80

16000

V,, =125x x12x107° =300V

i Yy -3
(4) We know that g = A!c _ (3.5-1.0)x10 \\o

Ai,  (80—30)x10°

(4) We know thatp = —% = 996 __ 5,

l-o 1-0.96

.. V. 05 "

The collector current isi, = — =——=0.625x10"°A
R 800

; -3
Base currenti, = 'EC = % =26x10° A = 26pA

(3) Voltage gain in common-emitter configuration is given by
3
A, =pL —50x 210
R, 1x10
(3) No. of electrons reaching the collector

ne =22 %100 =0.96x10'°
100

=300

ng xe
t
nc x e
t
Current transfer ratio,

Emitter current, Ip =

Collector current, Ic =

I
o = =€ _Bc
I ng
10
=0_96xl[] —0.96
1010

(4) Current gain in common emitter mode
o 0.995 _ 0.995 _199

l1-a 1-0.995 0.005
(4) 1t is a p-n-p transistor with R as base. None of the
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43.
44,
45.
46.
471.
48.

49.
50.

51.
52.

53.

54,
55.

56.

S7.
58.

59.

60.

option is correct.
(4) base, collector and emitter
3) l.=1-1;=90-1=89mA
R 5000
3) Voltage amplification A, = —*=60x——=600
©) ge amp =B R =00
(4) Operating point of a transistor is zero signal value of I and Vce.
(2) The power amplifier handles large power
(2) Integrated circuit can act as a complete electronic circuit.
(1) The values of AC+ AB.Cis AC
(2) (A+ B)= NOR gate
When both inputs of NAND gate are connected, it behaves as NOT gate
OR + NOT =NOR

) o— e
(A+F)
(3) When the two inputs of a NAND gate are shorted, the resulting gate is NOT
(2) X=1=AxBx(BC)
Therefore, A=1,B=1,C=0
(4) The logic gate (3) isa NAND gate for which the Boolean expression is X= 0.1

We have X=0=1.
(2) Combination of NAND & NOR gates can produce OR, AND & NOT gates
(2) Truth table is as shown:

A|B A+B|A+B

+
1
1
1

e E=1E=
S| =] —| 2=
o= ~|m
—lo|lo|lo|+

0
1
0
1

1 0

Thus the combination of two NOT gates and one NOR gate is equivalent to a AND gate

(1) A and B are the inputs of an OR gate. If A =1, and B = 0, the output of OR gate will be 1. Now the
output of OR gate along with C make the inputs of an AND gate.

(4) NAND and NOR gates are called universal gates.

1)
Not Gate
A B C
0 0 0
0 1 o A — p
1 0 1

AND Gate
(2) Output of upper AND gate = AB
Output of lower AND gate = AB
.-. Output of OR gate, Y = AB + BA
(3) (W +X) . (W+Y) =W+ (X.Y)

NEET PREVIOUS YEARS QUESTIONS-EXPLANATIONS

(3) On heating, number of electron-hole pairs increases, so overall resistance of diode will change.
Hence forward biasing and reversed biasing both are changed.

(3) The values of g, | and g are given by
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|, =40A 1, =5ma, f=125

Uj = IBRB + VBE
20 = Ig x (500 x 109 + 0

[ ___ 20
8 7 500+10°
Voo =IcRe + Ve

20 = Ic x(4 x10%) + 0
Ilc =5x102 =5 mA

. 5+10°

—40pA

ﬁ‘ﬂ' 40 <10~ =125
2
A = AE
Ba— |
vy Y
—E A-B
Y=(A-B+A-B)
WV, V.

A \N—
(4) L
In forward bias, V1 > V2 i.e., in figure (4) p-type semiconductor is at higher potential w.r.t. n-type
semiconductor.

(2) Given, current gain p= 100, Rc = 3k 2, Rp = 2k Q2
Voltage gain (Av) = B% = 100@) =150

b

Power gain =A = 150 (100) = 15000

?.‘:[)Y' - .
V= A+B

Y.=¥YtY :E:A“‘B
y=Y,=A+Bi.e.,, NOR gate
(2) Since diode is in forward bias, so the value of current flowing through AB
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10.

11.

12.

(1) Transistor is working in common emitter configuration. Hence, input terminal is at base and output terminal is
at collector.

Given:

R=800€, V. =0.8V, Rg=192Q

Current amplification factor =0.96

|
Hence, I—C =0.96
B

Assumption:

Transistor is ideal and working in forward active region (Junction BE is forward biased and Junction BC is reverse
biased).

=Vpe=0 ; Ve=0 =V=0

Collector current is given by 1c=V,/R=0.8/800=10"A

Base current is given by, Is=lc/p=0.9610>A

Applying KVL on Base circuit, input voltage Ves=IgRs

-3
v, =2 192-0av
0.96

1\.-']_1: G—"A__z o =;=_|_
oltage Gain, A. = 7= = = =75
. Ie
Current Gain, A; = Iﬁ = I_C =p =096
m B

Ves

(4) From left side the first gate is OR gate and next one is AND gate. So the out put of OR gate is A+B and the
output of AND gate Y=(A+B).C
We know that for AND gate the put will be 1 if both inputs are 1. So, A+B=1and C=1

In logic gate , 1+0=1 so A=1,B=0,C=1 will be the correct choice for output 1.
(3) Here P-N junction diode rectifies half of the ac wave i.e., acts as half wave rectifier. During + ve half
cycle

5V

o— —0
Diode —forward biased output across will be
During —ve half cycle Diode —reverse biased output will not obtained.

\% (3.5—0.5)
l=—=——"2A
(4) Current R 100

[-.- Barrier potential Vg = 0.5V]
(3) Given : Voltage gain AV = 150
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13.
14.

15.

16.
17.

18.
19.

20.
21.
22.
23.

24,

25.
26.
217.

V, :2cos[15t+5];v0=?
3

For CE transistor phase difference between input and output signal is T= 180°
Using formula

A\,=%2>VO:AV><Vi

:150x2cos(15t+gj or V, :300cos(15t+g+nj

V, =300cos [15t + % nj

(1) The given graph represents V-1 characteristics of solar cell.
A B Y
0 0 1
0 1 1
1 0 1
1 1 0
It isa NAND Gate
For P type

Holes are majority & trivalent atoms are the dopants

4 =22800M _ s 6nm O 654nm
A B Y
0 0 1
0 1 0
1 0 0
1 1 0

In forward bias Vp> Vn
Voltage drop across load resistance = 0.8 V
V, :
8 =—C:%=10’3A=1mA
R. 80
NAND gate and NOR gate are universal logic gates.
For N type semi-conductor intrinsic semi conductor doped by pentavalent impurity.
Height of potential barrier increases in reverse bias only
For a transistor base junction must be very thin and lightly doped

Y=A+B=AB=AB
So the give logic gate acts as AND gate

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

Mobility of electrons > mobility of holes
Potential barrier of p-n junction can be up to 0.7 v

A B C AB BC output
0 0 1 0 1 1
1 0 1 0 1 1
0 1 0 0 1 1
1 1 0 1 1 1
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28

29.

30

31.

For conductors with increase in temperature, resistance increases and for semiconductors resistance

decreases.
For half wave rectifier

Input frequency = output frequency
~.Nn=60Hz

a and c are forward biased

C= (E).(E)

:(K+§).(A+§)=(K.A+A. i A+I§.B) =O+I§(K+A+1):B
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