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NCERT 12th Physics Chapter 14, Class 12 Physics Chapter 14 solutions
Question 1.

in an n-type silicon, which of the following statement is true?

(a) Electrons are maijority carriers and trivalent atoms are the dopants.

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

(d) Holes are maijority carriers and trivalent atoms are the dopants.
Solution:

(c) For n-type silicon statement (c) is true.

Question 2.

Which of the statements given in previous question is true for p-type semiconductors?
Solution:

(d) For p-type semiconductors statement (d) is true.

Question 3.

Carbon, silicon and germanium have four valence electrons each.These are
characterised by valence and conduction bands separated by energy band gap
respectively equal to (E). (Ey)s and (Eg)ce. Which of the following statements is true?

@) (Ey)s < (Ege < (Eyc (b) (Egc < (Egdse > (Eg)s
(© (E)e> (B> (Egee (d) (Ep)c = (Ep)si = (Eglee
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Solution:

(c) : The energy band gap is largest for carbon, less for silicon and least for germanium.
So, the correct statement is (c).

(Eg)e > (Eg)si > (EQ)ce

Question 4.

In an unbiased p-n junction, holes diffuse from the p-region to n-region because
(a) free electrons in the n-region attract them.

(b) they move across the junction by the potential difference.

(c) hole concentration in p-region is more as compared to n-region.

(d) all of the above.

Solution:

(c) : In the unbiased p-n junction, holes diffuse from the p-region to n-region because
holes concentration in the p-region is high as compared to n-region.

Question 5.

When a forward bias is applied to a p-n junction, it
(a) raises the potential barrier.

(b) reduces the majority carrier current to zero.

(c) lowers the potential barrier.

(d) none of the above

Solution:

(c) : Under forward biasing the move~ment of majority charge carriers across the
Junctlon reduces the width of depletion Iayer or lowers the potentlal barrier.

tor—electronlcs materlals devices-and-sim Ie circuits/
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NCERT 12th Physics Chapter 14, Class 12 Physics Chapter 14 solutions
Question 6.
For transistor action, which of the following statements is/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 emitter junction is forward biased and collector junction is reverse biased.
(d) Both the emitter junction as well as the collector junction are forward biased.
Solution:

(b, ¢) For a transistor circuit in action, statements (b) and (c) are correct.
Question 7.

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.

Solution:

(c) : The voltage gain in a transistor as amplifier is low at high and low frequencies and
constant at mid frequencies.

Question 8.

In half-wave rectification, what is the output frequency if the input frequency is 50 Hz.
What is the output frequency of a full-wave- rectifier for the same input frequency?
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In half wave rectification, only one ripple is obtained per cycle in the output.

Y ARY

Ot pu I|V\ /\

Output frequency of a half wave rectifier = input frequency = 50 Hz In full wave
rectification, two ripples are obtained per cycle in the output.

v

Output frequency = 2 x input frequency = 2 x 50 = 100 Hz

o

- ANVANER

Output

v

Question 9.

For a CE-transistor amplifier, the audio signal voltage across the collector resistance of
2 kQ is 2 V. Suppose the current amplification factor of the transistor is 100, find the
input signal voltage and base current, if the base resistance is 1 kQ

Solution:
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2 2000
or —=100x ——
7 1000
Here R =2 kQ = 2000 Q, - Input signal voltage, V;=0.01 V.
Rp=1kQ=10009, B=100, V,=2V (i) I V, 001V 001V
. A
_ Rp 1000 Q 3
() Voltage gain, 22 - PRc B 1 11030
Vi Rg =1x10°A=10pn A

Question 10.

Two amplifiers are connected one after the other in series (cascaded). 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.

Ay, =10 Ay, =10

Input v, = 0.01] " MPlifier 1 Amplifier 2 Voutput

Solution:
Total voltage gain can be calculated as
A, = Ay, x A, =10 x 20 = 200
S0, output voltage, Av= Em—qﬂ
v input

or 00 = ﬂ%'llt or Vo,=2V

Question 11.

A p-n photo diode is fabricated from a semiconductor with band gap of 2.8 eV. Can it
detect a wavelength of 6000 nm?

Solution:
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Energy of the incident photon with a band gap of 6000 nm.

-34 8
E=EJ=EE _6.63x107" x3x10

eA 1.6x1071% x6x 1070
=0.207 eV

The photo diode need an energy of 2.8 eV to give response to incident light. As E < Eg,
the given photo diode cannot detect the radiation of wavelength 6000 nm.

Question 12.

The number of silicon atoms per m? is 5 x 10?8, This is doped simultaneously with 5 x
102% atoms per m?® of Arsenic and 5 x 10%° per m*® atoms of Indium. Calculate the number
of electrons and holes. Given that n, = 1.5 x 10'® m3. Is the material n-type or p-type?

Solution:

We know that for each atom doped of Arsenic, one free electron is received. Similarly,
for each atom doped of indium, a vacancy is created. So, the number of free electrons
introduced by pentavalent impurity added n, = Ny, =5 x 1022 m™

The number of holes introduced by trivalent impurity added

n, = Nip =5 = 10* m~
We know the relation, nn, = n} (i)
Now net electrons,
ni=n,—n,=5x107-5x= 10
=4.95 = 10 m™~ (i)
Now using equation (i), net holes

2 16,2
n"h = ”t = ["15}( 10 }_ =4.5% lﬂg m—3-

., 4.95x10%2

Sa, n’, > n’,, the material is of n-type.

Question 13.
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In an intrinsic semiconductor the energy gap E, is 1.2 eV. Its hole mobility is much
smaller than electron mobility and independent of temperature. What is the ratio
between conductivity at 600 K and that at 300 K? Assume that the temperature
dependence of intrinsic carrier concentration n, is given by

{'zfir]

So, conductivity

”:' = .i'I'DE"

_ 2kgT
o =enll, = ey, fge B

where e, = constant o,
E

_ =g
Hence, o =Gﬂe[ EkﬂT]

[_E_.EF_]
Conductivity at 600 K, 0, =0 2k (600}
()
[_ 12eV J
Conductivity at 300K, 6, =oe 2k (300)
.. (i)
Eq
M =Ny 8X R .
1= "o Pk 2kgT | * where n, is a constant.

ks =8.62 x 10-5 eV K-

Solution:

Conductivity is given by o = e (n, Je Ny, My) For intrinsic semiconductor n, = n,, = n; Also
mobility of holes (p,,) « mobility of electrons (pj So, conductivity a = enepe ,,
Temperature dependence of intrinsic carrier concentration
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Dividing (i) and (ii)

_[ﬂ_ﬁe‘u’ ﬂ.ﬁe‘u’-‘ L 06 [11

o 600k, 300k ' 5| 600
1 _p LB Bl _, 862x10
Gy
a
or  —L=p!1b_1570°
G2

5‘}, G{HH.'IK} = 10" GI"H'H'IFC}

Conductivity increases rapidly with the rise of temperature.
Question 14.

In a p-n junction diode, the current | can be

ev . |
expressed as l'-—*.'ﬂ[exp(ﬁ]-ﬂfr where |,
Bl /|

.,

is called the reverse saturation current, V is the voltage across the diode and is positive
for forward bias and negative for reverse bias, and | is the current through the diode, kB
is the Boltzmann constant (8.6 x 10° eV/K) and T is the absolute temperature. If for a
given diode I, =5 x 10" Aand T= 300 K, then

(a) What will be the forward current at a forward voltage of 0.6 V?

(b) What will be the increase in the current if the voltage across the diode is increased
to 0.7 V?

(c) What is the dynamic resistance?
(d) What will be the current if reverse bias voltage changes from 1V to 2 V?
Solution:

The current | through a junction diode is given as
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o

where [;=5x 107 A, T=300 K,
ky=8.6 x 107 eV K
=86x10"°=x1.6x10" JKL

(@) WhenV =0.6 V

eV 16x1077 %06

kgT 8.6 x1.6x1072% x 300
600

= =23.26
8.6x3

-qerlig )

=5% 1072 [exp (23.26) 1] A
=5x107"2[1.2586 = 10" - 1] A
=5x 10712 % 1.2586 x 100 A = 0.06293 A.

(b) WhenV =0.7 V,

eV 16x1071% %07
keT  86x1.6x1072

o]

=5= 10" [exp (27.13) - 1] A

=5x 102 % [6.07 x 10" -1] A

=5x10"12x 607 x 101" A=3.035A
Increase in current,
Al'=3.035-0.06293=2972 A,

=27.13

tor-electronlcs materlals devices-and-sim Ie circuits/
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(c)

ForAV=07-06=01V,Al=2972 A
Dynamic resistance,

AV 0.1
R — . X
4= A7 =797 0.0336

(d) For both the voltages, the current | will be almost equal to |, showing almost infinite
dynamic resistance in the reverse bias. I=-l,=—5 x 102 A,

NCERT 12th Physics Chapter 14, Class 12 Physics Chapter 14 solutions
Question 15.

YOU are given the two circuits as shown in figure. Show that circuit (a) acts as OR gate
while the circuit (b) acts as AND gate.

D

(b)

Solution:

Let us first find the Boolean expression for logic circuit (a)

tor—electronlcs materlals devices-and-sim Ie circuits/
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NOR

A X=A+B Vu=Te=d+R
Y
B
MNOT

S0, above logic circuit provides output as OR
gate.

Here X=A + B and Y=E=(A+B):A+H

Now let us find the Boolean expression for
logic circuit (b)

By De-Morgan’s theorem we know
(ﬁ + E) = AB
so, above logic circuit provides output as AND gate

Question 16.

Write the truth table for a NAND gate connected as given in following figure.
A ._ED,_H

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

Solution:
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The Boolean expression for NAND gate will be

Y=(A-A)=A+A or Y=A

Truth table
A Y=A
0 1
1 ] |

The circuit operates like a NOT gate,

Question 17.

You are given two circuits as shown in figure which consist of NAND gates. Identify the
logic operation carried out by the two circuits.

Ao—-o
Be—

(b)

Solution:

(a) Let us find Boolean expression for given logic circuit

so, output y :{E . HAE} — AB- AB
hence logic circuit operates as AND gate.

A0— Y= AR Y= {(AB)(AB)}
i —
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(b) By De-Morgan’s theorem

(AB)=A+B=A+B

A —

#

b e—

E# %h)
EY
=
It

so, the given logic circuit acts as OR gate.
NCERT 12th Physics Chapter 14, Class 12 Physics Chapter 14 solutions
Question 18.

Write the truth table for circuit given in figure below consisting of NOR gates and identify
the logic operation (OR, AND, NOT) which this circuit is performing.

NCERT 12th Physics Chapter 14, Class 12 Physics Chapter 14 solutions

(Hint: A= 0, B = 1 then A and B inputs of second NOR gate will be 0 and hence Y = 1.
Similarly work out the values of Yfor other combinations of A and B. Compare with the
truth table of OR, AND, NOT gates and find the correct one.)

Solution:

Let us find the Boolean expression for the logic circuit.
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5o, output '1’=:‘_{=(A+ B]=A+ B

Hence, the output of given logic circuit shows that logic circuit act as OR gate. Truth
Table

First NOR gate Second NOR gate

A| BIlA+B|X=4+B |A=X|B=X|YyY=X

0o 0 1 1 1 0

01 1 0 0 0 |

1o i 0 0 0 I

1 1 0 0 0 1
Question 19.

Write the truth table for the circuits given in figure consisting of NOR gates only. Identify
the logic operations (OR, AND, NOT) performed by the two circuits.
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Solution:

Boolean expression for logic circuit (a)

Y =4

Here the given NOR gate with short circuit input is acting as NOT gate. lts truth table is

A Y
) 1
1 0

Boolean expression for logic circuit (b)

So, output by De-Morgan'’s theorem
Y=(A+B)=A-B=AB

Hence, the logic circuit acts like AND gate. Its truth table is
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==
—_— 0 = | R
== E=R

NCERT 12th Physics Chapter 14, Class 12 Physics Chapter 14 solutions
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e Chapter 1: Electric Charges and Fields

e Chapter-2: Electrostatic Potential and Capacitance

e Chapter 3: Current Electricity
e Chapter 4: Moving Charges and Magnetism

e Chapter 5: Magnetism and Matter

e Chapter 6: Electromagnetic Induction

e Chapter 7: Alternating Current

e Chapter 8: Electromagnetic Waves
e Chapter 9: Ray Optics And Optical Instruments

e Chapter 10: Wave Optics

e Chapter 11: Dual Nature Of Radiation And Matter

e Chapter 12: Atoms
e Chapter 13: Nuclei

e Chapter 14: Semiconductor Electronics Materials Devices And
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