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MATERIALS, DEVICES AND SIMPLE CIRCUITS

NCERT EXERCISES

In an n-type silicon, which of the following statement is tru -
(a) Electrons are majority carriers and trivalent atoms are

dopants.

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

(c) Holes are minorily ca rﬁjrs and pentavalent atoms are the
dopants. C’

(d) Holes are majorjtj?gamers and trivalent atoms are the dopants.
Which of the stiﬂements given in Exercise 14.1 is true for p-lype
scmxconducgo;;

Carbgn.\sillcon and germanium have four valence electrons eachd.
These are characterised by valence and conduction bands separate
\‘\DYJcnerg‘_y band gap respectively equal to (E))c. (EJs, and (E)ge- Which

{ the following statements is true?

(@) (E)g, < (BE)g. < (EE™ =R R,

(b) (E)c < (Eg)mf? (E)g, H-.::x’_\_,

(c) (E)q > (E)g, >’(l:g)Ge - -«

d) (E)q = (E)g, = (E) % ‘,fsg;
In an unbiased p-n ]urictxon holes diffuse from the p-region to
n-region because . > 4

*’-’T-_“_._‘

(a) free electrons in the n-region attract them

(b) they move across the _]unction by the Lpot_entlal difference.

(c) hole concentration in 'pr‘rcgnon is {noga as compared to n-region.

(d) All the above. Vel ,*9..\,) u

When a forward bias is a\:)plied/) to’ a p-n junction, it

(a) raises the potentlaI barrler

(b) reduces the rpa_]onty’carner current to zero.

(c) lowers the potentlal barrier.

(d) None Of the above.

For Lransistor action, which of the following statements are correct:

(a) Base, emitter and collector regions should have similar size and
doping concentrations.

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

(c) The emilter junction is forward biased and collector junction is
reverse biased.

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

For a transistor amplifier, the voltage gain

(a) remains constant for all frequencies.

(b) is high at high and low frequencies and constant in the middle
frequency range.

(c) is low at high and low frequencies and constant at mid
frequencies.

(d) None of the above.

In half-wave rectification, what is the output frequency il the input
[requency is 50 Hz. Whal is Lhe outlpul frequency of a Mull-wave rectilier
for the same input frequency.

For a CE-transistor amplifier, the audio signal voltage across the
collectled resislance of 2 kQ is 2 V. Suppose Lthe current amplification
factor of the transistor is 100. find the input signal voltage and base
current, If the base resistance 1s 1 k.
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14.10 Two amplifiers are connected one after the other in series (cascade
X4 The first amplifier has a voltage gain of 10 and the second has a
voltage gain of 20. If the input signal is 0.01 volt, calculate the output
ac signal.
14.11 A p-n photodiode is fabricated from a semiconductor with band
of 2.8 eV. Can it detect a wavelength of 6000 nm<?

gap

ADDITIONAL EXERCISES

14.12 The number of silicon atonfé’;?ér m3 is B x 102%%. This is doped

4 simultaneously with 5 <1022 Atoms per m> of Arsenic and 5 x 10%°

per m® atoms of Indiuﬁﬁdﬁiculate the number of electrons and hol_cs.
Given that n, = bs‘\ic’m\l‘olﬁ m=3. Is the material n-type or p-type?

14.13 In an int.r‘i,nsiéj’;s/é\r,niconductor the energy gap E, is 1.2eV. Its hole

¥ mObil,‘l-X\ﬁ—%i‘nUCh smaller than electron mobility and independent of

te“,peg,at\xre. What is the ratio between conductivity at 600K and

4t-At 300K? Assume that the temperature dependence of intrinsic

. s
carrier concentiration n, is_given by
| g gy,
( E \»f”:::f;,’ A’::::’:"‘\-
n, =ngexp| - 2 )” >
2"CBT' (,7_:..\ ) __.V,‘l-”

T e

where n, is a constan};ﬁ‘-%@},?ﬁ !
14.14 In a p-n junction diode, thé”}c'urrgnt I can be expressed as
] >

X% % ey Lo

\ SR

eV

(
I=I,exp|5——~—1 & ’\{\
LZICBT J i /”9 ‘{\ ()/‘ \y\)

where I, is called the reverse'}satural.ionx\:\pdfi‘énl. V is the voltage

across the diode and is positive I\gg‘?f{)‘fﬁvérd bias and negative for
reverse bias, and I is the curitent through the diode, Ik, is the

\

Bolizmann constant (8,.‘6’3?1\1')‘(_)- 5/ev/K) and T is the absolute

temperature. If for a g;yen\,d'i‘pdé I, =5 x 10712 A and T = 300 K, then

(a) What will bcﬁth\c %&.\Eafa current at a forward voltage of 0.6 V?

(b) What will beithesincrease in the current if the voltage across the
diode i:s."‘;ir\ﬁ():re‘aéed to 0.7 V?

(c) What issthe dynamic resistance?

(d) What will be the current if reverse bias voltage changes from 1 V

to 2 V7?7
14.15 You are given the two circuits as shown in Fig. 14.44. Show that
» 4 circuit (a) acts as OR gate while the circuit (b) acts as AND gate.

A A
Y Y
B B
(b)

(a)
FIGURE 14.44

14.16 Write the truth table for a NAND gate connected as given in

44 Fig 14.45.
>

FIGURE 14.45

Hence identify the exact logic operation carried out by this circuit.
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14.17 You are given two circuits as shown in Fig. 14.46, which consist

K %k of NAND gates. Idenlily the logic operation carried out by the two
circuits.
il =1 >
Y
Y
Be—| me{ [
(a) (b)
FIGURE

i‘;'»

14.18 Write the truth table qr%g cu1t given in Fig. 14.47 below consisting
Xk of NOR gates anq;, den the logic operation (OR, AND, NOT) which
this circuit is(geg'formlng

e

FIGURE 14.47

(Hint: A=0,.B=1 then A and B_inputs of second NOR gate will be O
and hence Y=1. S:rnﬂarjy_ work out the values of Y for other
combinations of A and B. Compare with the truth‘iablc of OR, AND,

NOT gates and find the correct one.) a))

\
14.19 Wrile Lhe truth iLable for the circuxts gwegalnjl?ig 14.48 consisling of

3 A NOR gates only. Identify the logic opcrationé (OR, AND, NOT) performed
by the two circuits. s

(a) (b)

FIGURE 14.48
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