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SEMICONDUCTOR
ELECTRONICS: MATERIALS,
DEVICES AND SIMPLE

CIRCUITS

The conductivity of mtrinsic semiconductor
germaniumat 27°1s 2. 13 mhom ! and mobilities

of electrons and holes are 0.38 and 0.18 m~V~
.1

s ' respectively. The density of charge carriers
15

@) 2.37+10"m™ ®) 3.28-10%m >’
(¢) 7.83x10"mi (d) 847 -109m™

Pure Silicon at 500 K has equal electron (n ) and
hole (n;) concentration of' 1.5 - 10'°m 3. Doping
by mdium increases n, to4.5 10-=m * Then,
i the doped silicon 1s

(@ 9-10° L) 510
(¢) 225 .10l (d) 3 10!

TheI-V characteristic of a P-N junction diode 1s
shown below. The approximate dynamic
resistance of the p-n junction when a forward

bias of 2 volt 1s applied 13

I (imA)
A

SO0

L))

rn

(a) 1€ (b) 0.25Q
ey D50 (d) 50

A zener diode ot voltage V., (= 6V) 15 used to
maintain a constant voltage across a load
resistance R, (= 1000 Q) by using a sertes
resistance R_(=100Q). If thee.m .t of source 1sE
(= 9 V). what 1s the power bemge dissipated n
Zener diode ?

(@) 0.144 watt (b) 0.324watt
(c) 0.244 watt (d) 0.544 watt

The electric conductivity of an intrinsic
semiconductor increases when the
electromagnetic waves of wavelength equal or
shorter than 3895 nm 1s mcident on 1t. The band
gap of the semiconductor 1s

(@) 12eV (b)
(c) 10eV (d)

0.3eV
1.5eV

What 15 the conductivity of a semiconductor
sample having electron concentration of 5 < 10'°
m . hole concentration of 5 - 1017 m—. electron
mobility of 2.0m-=V ! s ! and hole mobility of
0.0lm-V'!g!?

(Take charge of electronas 1.6 - 10717 C)

(a) 1.68(Q2—m)"! (b) 1.83(Q—m)!
(¢) 0.59(Q-m)! () 1.20(Q-m) !



10.

11.

A p-n photodiode 1s made of a material with a
band gap of 2.0eV. The minmimum frequency of
theradiation that can be absarbed by the material
1s nearly

12.
@ 1-10"H: b) 20 10" Hz
(¢) 10- 10" H: d) 5= 10 Hz
Fioure shows a circuit in which three 1dentical
diodes are used. Each diode has forward
resistance of 20 Q and infinite backward
resistance. Rem"mhR =R, =R, =500 Battery
voltage 1s 6 V. The cunent thr [}U_h R s
a) SO0mA [:l YYIVY
(a) m D, R
(b) 100mA _D| m

D, D;

(¢) O60mA
(d) 25mA 6v R
In a transistor, a change of 8.0 mA m the emitter
current produces a change of 7.8 mA 1n the
collector current. What change m the base
current 1s necessary to produce the same chance
i the collector current? 13.
(a) SOpA b) 100 A
(¢) 150pA (d) 200 pA
In a C'F transistor amplitier, the audio signal
voltage across the collector resistance ot 2 kQ
1s 2 V0 Ifthe base resistance 15 1 KQ and the
current amp lification of the transistor 1s 100, the
mput signal voltage 15
@ 01V L) 10V 14.
(¢) 1ImV (d) 10mV
A Zener diode 1s connected to a battery and a
load as shown below:

15.

R, = 2kQ

The currents. I. 1, and I, arerespectively.
(@) 1I5mA.5mA. 10mA

D) 15mA.,7.5mA.7.3mA

(¢) 125mA.5mA.7.5mA

(d) 125mA. 75mA, SmA

In a conunon emitter confieuration with suitable
bias. 1t 1s given than R, 1s the load resistance
and Ry 18 small signal dynamic resistance
(input s1de). Then, voltage gain. current gam and
power gain are given, respectively, by:

(B 1s current gam. [, I . I, are respectively base.
collector and emitter currents)

R Al 5 K
@) Bt S B
Rpr AMp  Rpg
AJ R
(b) B"R!r AIF" Ri
pe Alp BE
Al
C._ [_)- D_ _.
) REP Mfi RFP
AL
d B [5'
(@ RPL Al RBL

The mput resistance ot a stlicon transistor 1s 100
(2. Base current 1s changed by 40 4 which
results i a change i collector current by 2 mA.
This transistor 1s used as a conmunon emitter
amp litier with a load resistance of 4 kQ. The
power cain of the amplifier 1s -

(@ 10° L) 103
(¢) 10° (d) 107

With mcreasing biasing voltage ot a photodiode,
the photocurrent magnitude -

(a) remains constant

(b) mcreases mitially and atter attaming cer-
tam value, 1t decreases

(¢) Increases linearly

(d) mecreases mitially and saturates tfinally

In the given circuit, the current through zener
diode 1s:

(a) 2.5mA R,
L) 3.3mA 15 \V=
(¢c) S5mA
(d) 6.7mA

500 Q)

it \'; =10 %
| 1500 Q$R.




16.

17.

18.

ThelI-\ characteristic of an LED 1s

(a)
V
B
(3
R
(b)
O N
|
(¢)
@ \V
\ |O
R
Y [
(d) G
B

A pure semiconductor has equal electron and
hole concentration of 10'® m *. Doping by
gallium increases i, to5 - 10==m . Then. the
value of n_n the doped semiconductor s

(a) 10%m?° ®) 10--/m’
() 2~10%m? (d 2-10%n’

A diode having potential difference 0.5 Vacross
its junction which does not depend on current.
15 connected m series with resistance of 200
across source. If 0.1 A current passes through
resistance then what 1s the voltage of the source?

(@) 15V L) 20V
(©) 25V (d) SV

19.

20.

21.

22,

23.

A comunon emitter amplifier has a voltage gam
of 49, an mput impedance of 1002 and an output

umpedance of 490Q. The power gam of the
amplifier 15
(@) 500
(c) 490

(b) 499
(d) 301

If the given transistor 1s used as an amplifier
then for mput resistance of 80Q and load

resistance of 16kQ., the output voltage

carresponding to the mput voltage of 12m\V will
be

(@) 37.5mV (b) 37500V
(¢) 300V (d) 300mV

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

—<5

(a) NAND cate
(¢) OR gate

smgle

o}—ae

o l—e
(b) AND gate
(d) XOR cate

The load resistance and the imput resistance of
a CE amplifier arerespectively 10 kQ and 2 kQ . If
B of the transistor 1s 49, the voltage gam of the
ampliier 1s

(@) 125 (b) 150
(¢c) 175 (d) 245

A logic gate and 1ts truth table are shown below:

A

3o +

A 13 Y

() () ()

() 1 I

1 0 1

1 1 ]
The gate 15
(a) NOR (b) AND
(c) OR (d) NOT



24. The given figure shows the wave forms for two 25, To get an output 1 from the circuit shown inthe
mputs A and B and that for the oufput Y of a

figure, the mput must be
logic circuit. The logic circutt 15 a/an.

(A\)

&
(b) OR gate O 1

. (B)»
(¢) NAND : | |
O

J L
- .« 8 {
r]"|-.!I

D

T 1 Ly
- T B {
[T, 4 @ A=0B=1.C=0 () A=1B=0,C=0

(d) NOT gcate (Y) ; _ _
: & i (c) A=1.B=0,C=l (d) A=1.B=1.C=0
o 4

@ T Ty T

ANSWER KEY

d)
(¢)
(a)

3 | (b) 6 (a) | 9 dy| 12 | (d) [ IS D) [ 18 [ (¢) | 21 | (b) | 24




EJI

9.

i |
(a) Conductivity, 0~ E = C(M e+ 0y Ly,
ic.2.13=1.6 x 10717(0.38 +0.18) n,

(Since in intrinsic semi-conductor, n, = 10, = n.)
. density of charge carriers.

. 2.13
= i - X o 3
L 16x107" w056 =237x107m

® n’=n.n
| ¢ h

A 2.1-9
(b) R = : £ ::l:ﬂzﬁgz

Al (800—400)x 1077 4
(a) Here. E =9V. V_=6: R, = 1000€2 and
R = 100€,
Polential drop across scrics resistor
V=E=Ya=9-0=0V
Current through series resistance Rq 1s

vV 3
= R 100 =0.03 A
Current through load resistance R, 1s
vV, ¢ |
I, = E = T000 0.006 A

Current through Zener diode s

I, =1-1; =0.053-0.006=0.024 amp.
Power dissipated in Zener diodc 1s
P,=V,1,=6x0.024=0.144 Watl
(b) Forbidden energy gap

_ he 66107 x3x10°
L 3895x1077 x1.6x 1071
=0.003 x 10°eV=03¢eV
(a) The conductivity of semiconductor
G =€ (MM + 1)
= 1.6 x10719(5 x 10'8 x2+5 x 10" x0.01)
=1.6>1.05=1.68

(d)
(a) Here. diodes D and D, are forward biased
and D, 1s reverse biased. Therelore current

through R,
PRI LI P .
R' 120 20

(d)

10.

11.

12,

13,
14.

Semiconductor Electronics:
Materials, Devices and Simple Circuits

() Given, Rp=2kO

V=2V

Rp = 1kQ

B=100

Ve R 2 )
—L_p=L = Z=100-=
Vi Rp V 1

= V. =10mV

(d) Here. R=4kQ=4x10"Q
I"=60V

Zenervoltage 1. =10V
R, =2kQ=2x10°Q

o 10
Load current. /; = £ = - =5 mA
R, 2x10
[ o
Current through R, [ = = = Z
60 —10 50
= = - - =12.5mA

S 4x100 4x10°
Fom circuit diagram.

I=F4=12.5=1,+5 = L;="7.5mA

Al
() Curent gain p= "
3
Voltage gain A = Current gain < Resistance gain
Iat
Rpi:

Power gain A = (Current gain)® » Resistance
gain

R
—s B?, /.
Rpr:
(a)
(d) I-V charactenistic of a photodiode 1s as
follows : mA

M

48

Reverse bias

LA
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16.

17.

18.

On i1ncreasing the biasing voltage of a
photodiode. the magnitude of photocurrent first

incrcascs and then attains a saturation.

(b)

>
R, $ 5000
15V = g, I,
15000 $R, V,=10V

The voltage drop across R, is Vi =V, =10V

The current through R, is

LRy _ 10V
2R, 15000
=6.67 x 107 A=6.67 mA

The voltage drop across R 1s
Vi, 215V =V, =15V = 1OV =5Y

= (66T TOT 2

The current through R 18

VR, 3V

= e T A
R, 5000

Iy,

=10x 107" A =10 mA
The current through the zener diodce is
I, = IR] — IRE = (10 -6.67)mA = 3.3mA

(a) For samc valuc of current higher valuc of
voltage 1s required tor higher frequency hence

(a) 1S correct answer.

(@) Here.n =10""m™. n =5>10**m™
_ 2

As n.n, =

n’ (l{}16 m- ]"1i 2

_ 1 _ * ; i 9_—_1
N, = = : = 2x10"m

= ¥ e
Ny 5x10 ‘m

€ V'EVHEIR=A )1 X2A=25Y
0.5V 200)

>l

0.1A

VF

19.

20).

21.

22,

23,

24.

g
EJ‘I

(¢) Power gain = voltage gain * current gain

_ - Fo 1y
= bodgr—rr
b oy
2 :
v R )0
— il .R"’ = 49 %49 x 15 = 49()
2 Ry 490

{

Ale (15-10) mA

(¢) Currentgain. (3 = =
Al (80 —-40) pA
5x107° 5000
e T — = =125
10x107" 40
. R,
Voltage gamn, A, =p—=:
) an
Mot e 16x10°
Vi, 80
V. =125x 200 19x1073 = 300V
80
b A A —
o A+B=C
B B ::D
[>o
A B A B A+B C
o 0 1 1 | 0
O 1 1 0 l () = AND galc
1 0O 0 1 ] ()
1 1 0O 0 0 1
(d) Oulput resistance. R, = 10 k€2

Input resistance. X, =2 k{2 and =49

Voltage gain. ;= [} x ?—Sj =49 % = 245
(¢) The truth tablc of OR gatc 1s given as
AIBI|Y
0100
0] 1
1 10
1 |1

(a) Whenboth A and B are hugh between tume
T, and T, the output Y 1s high, othcrwisc zero.
Thus the logic gate 1s AND gale
(¢) AandB arcthecmputsol an OR gate. If A=
. and B =0, thc output of OR gatc will be 1. Now
the output of OR gate along with C make the
inputs ol an AND gate.
Thus output of OR gatc = 1. and C= 1. give the
final output of AND gatc as 1.



