CHAPTER

SEMICONDUCTOR ELECTRONICS 14

»Semiconductors have a unique property that their conductivity increases with rise in
temperature.

Ey is the top most energy of the valence band and E. is the bottom most energy of't @ction
band then E, = E, — E, represents forbidden energy gap.
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Valence band

In semiconductor E, =leV. Atroom temperature it is about 1-2% filled.

At 0 Kelvin temperature semiconductor is a perfect insulator.
E (forGe)=0.71eV, E, (forSi)=1.12¢V.

In insulators E e = 6eV, for example Diamond has. £ o= 6.3¢eV.

+ Semiconductors are of two types
(a) Intrinsic: No impurity from 3™ or 5™ group of the periodic table has been added. So that the
density of electrons in conduction band is equal to the density of hole in valence band i.e., n. =

Tp.
R (b) Extrinsic: These are of two types
il ] (i) p-type: Here majority carriers are holes ..n; > n.. Third group impurity (B, Al, Ga, I,)
0yl sin 32-',“ | is added here.
AV L Gine (ii) n-type: Heremajority carriers are electrons .".n; < n.. Fifth group impurity (P, As, Bi, Sb) is
=Y v, = % added here.
N\, © 2
= At equilibrium n,n, =n; .
5,"364
:: “:"E‘ Example 1. Pure Si at 300 K has equal concentration of free electrons (7.) and holes () as 2.8 x 1016 J
- m>. Doping by trivalent impurity increases hole concentration to 5.0 x 10 m=>. &
AP - s & . e - > UE.‘_
- b —hﬁ, | Calculate n. in doped silicon.
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Tt - | Solution:  Here n, =2.5x10"m™,n, =5.0x10%m"",
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Example 3: A semiconductor is known to have an electron concentration of 8x10°cm™ and a
hole concentration of 5x10°cm™ (a) is the semiconductor n-type or p-type? (b)
what is the resistivity of the sample, if the electron mobility is 23,000 cm®V's™' and

Solution:

»When p and n type semiconductors of same material either both Si or both Ge are joined to form

hole mobility is 100cm>V's™' ? Take charge on electron, e =1.6x10""°C
Here, n, =8x10"m~ =18x10"m™
n,=5x10%cm™ =5x10"m™
i, =23,000cm’V7's™" =2.3m*V's™
w, =100cm’ V's™" =0.01m*V's™!

(a) Since the semiconductor has greater electron concentration, it is. n-type

semiconductor.

(b) Now, ize(nepe enu) =1.6x107°(8x10° x2.3+5x10" x0:01)

=1.6x107"(1.84x10% +5%10"°) ~29.45 mho m™'

or p= L 3396x102Qm
29.45
: P-N Junction Diode z

a homo junction, called p-» junction.

» During forward biasing potential barrier reduces hence decreases the width of depletion layer.
During reversed biasing potential barrier increases hence increases the width of depletion
layer

I=1]e"" ~1]

where [y — reverse saturation current

Vr

_ KT 0,026V at 300K. (nA)

V' — applied potential
V7 — thermal voltage.

(mA)
Milliampere Ge-diode

V(Reverse bais)

2 -1

V (forward bias)
Cut-in voltage

Breakdown q
Microampere

k — Boltzmann’s constant
T is the temperature of an electron and e is the charge
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Dynamic or incremental resistance
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»1t is a circuit, which converts AC to unidirectional pulsating output. (AC to DC).
(i) Half wave rectifier:
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kS Rectification of efficiency (n) = Loe x100 =40.6%
0 m rms
f(output) = f(input) . (f’is frequency)

(ii) Full wave rectifier:
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N\ [t =

Vo (DC) =

Ripple factor = 0.48

Rectification efficiency n= L 100=81.2%

f (output) = 2f input.

Example 4:

Solution:

Example 5:

Solution:

2V
—2 ¥, (rms) =
T

Tp
V2

The circuit shown in the figure contains two diodes each with a forward resistance
of 50 ohm and with infinite reverse resistance. If the battery voltage is 6V, find
the current through the 100-ohm resistance.

D, 150Q
I Djz 500
100Q

_|

6V

As per given circuit, diode D; is forward biased and offer a resistance of 50 ohm. Diode
D; is reverse biased as a its corresponding resistance in infinite, no current flows through
it. Thus, the equivalent circuit is as shown in the figure. As all the three resistances are
series, the current through them is

6 6

1= = =0.02A
50+150+100 300

AT 1500

100€2

Figure shows a junction diode connected to an external resistance of 100Q2 and a
source of emf 3.0 V. Assuming that the barrier potential developed in the junction
diode is 0.7 V. obtain the current in the circuit.

R =100Q2

Here emf of source £ =3.0V
Barrier potential developed in the diode, ¥, =0.7V
Therefore, potential drop across external resistance, V' =E -V, =3.0—0.7=2.3V

Hence, current in the circuit / = % = % =23%x107%4=23mA
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Example 6: A diode used in the circuit shown in the figure has a constant voltage drop of 0.5V
at all currents and a maximum power rating of 100 MW. What should be the value

of the resistance R connected in series with diode for obtaining maximum current?

Solution:

R

1.5V
Here, emf of source E =1.5V
Voltage drops across diode, V, =0.1V
Maximum power rating of diode, P =100mW =0.1W

Therefore, maximum current through the diode, 7 = i
d

= 0.X =024
0.5

Potential drop across resistance R, V' =E -V, =1.5-0.5=1.0V

_V_1.0_
102

Example 7: In the circuit shown in the figure, a Zener diode of voltage V,(=6/) is used to
maintain a constant voltage across.a load resistance R, (=1000Q2) by using a series
resistance R(=100Q2). If the emf of source (E) is 9V, calculate the value of current

through series resistance; Zener diode and load resistance. What is the power being

dissipated in Zener diode?

21 e, 46, Solution: Here, E=9V; V, =6V; R, =1000Q and R, =100Q
| Ea €
'&. . Potential drop across series resistor V=E—-V,=9-6=3V
=™ Fmd® 2=
- ot v . . )
Toit : Therefore, current through series resistance R, / =—=——=0.034
.g-tf.f,l L R 100
T Y0
Lts . v, 6
Current through load resistance R,, [, =—*=——=0.006 4
M R, 1000

Therefore, current through Zener diode, 7, =7 -1, =0.03—0.006 =0.024 4

Power dissipated in Zener diode, P, =V,1, =6x0.024=0.144 W.
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Example 8: A junction diode of negligible forward resistance is used as a half-wave rectifier. A ""‘Fb':""‘”"’
sinusoidal voltage supply having peak value 50V is fed to the junction diode and !"""'-"
output is obtained across the load resistance R, . Calculate (a) the rms voltage across 3 =" e~
R, and (b) reading of a dc voltmeter connected across R, . "'gh'\' dy
=5key 44,0
50
Solution: (a) Here, E, =50V ; E. =V W l :
E i,
A half wave rectifier gives output corresponding to alternate half cycles of the ac input. po Xelg = Xe ed
Since junction diode is of negligible forward resistance, the rms value of voltage across - Xelle
R, during half cycle of conduction is 50/+/2V . Therefore, rms value of voltage for a I L
complete cycle (including the non-conducting half cycle) is t‘f;p ‘ fek
1’;:‘ ""‘;'Gﬂ
2 2
v :\/(50/\/53 +(0)* _ /1zsg+o _Je35 - 05 e Fual=-25
" Faye[Fy (:33
(b) The dc voltmeter connected across R, would read the average value of voltage across fgf \ :
R, during complete cycle. Therefore, reading of d¢ voltmeter connected across R, -’J ;':—‘
(Zane
y, =2E/m+0 _E, _30_ 1595y
2 T N i s
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: Common Base Amplifier z T

» Input signals are fed into emitter-base circuit. Output signals are taken from collector-base
circuit. High load resistance (Rz).is connected between collector and base. Input circuit is
forward biased while the output circuit is reverse biased. Hence input circuit may be considered
as a low resistance circuit and the output circuit may be considered as a high resistance circuit.
So, the introduction of'a high resistance R; in the output circuit is not going to affect the
characteristics of the transistor. This property, however, enables us to amplify.

= Earth

Common base amplifier (npn)
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The connections for a pnp common base
amplifier are exactly as above except that
the polarities of the batteries are reversed
and the transistor used in a pnp transistor in
place of npn transistor.

Due to the imposition of signal, voltage of
emitter base circuit undergoes a variation
which in turn results in collector current, /c.
Since R; is very high, variation in /¢
produces a large variation in voltage across
it, thus amplifying the input signal.

+ The ac Voltage Gain (Av):

? Earth
Common base amplifier (pnp)

‘x(\g

Let /¢ = incremental change in /¢
E; = input voltage
R; =load resistance

0l¢ = incremental change in /¢
R; = input resistance
Eo = output voltage

Ei=Ri <31 ()

Eo=Ry %8 Ic ...(ii)

voltage gain _ By MGele acxﬁ 8lc -\
E; Rl R | ol

Voltage gain = a,, x Resistance gain |

< The ac Gain (0l.):
As written above, ratio of change.in collector current (6/¢) and change in emitter current. (0/r) at
constant collector voltage (V) is called current gain.

Current gain = Sle at constant Ve.

b

E
Note: dc current gain‘a. was simply (Ic/g) i.e. without Os.
Power Gain:
Power output = £y X 8/¢
Power input = E; x ol

2
Egx8lc _ (R x8lc)xdlc _ ol x&
E x8I; (R, x8I5)x8l, |8l R

i

Power gain =

| Power gain = a2, x Resistance gain |




: Common Emitter Amplifier z

»Common emitter amplifier is used as a voltage amplifier. The connections for a pnp common
emitter amplifier are exactly the same except the polarities of the batteries are reversed.

? Earth

Common emitter amplifier (npn) Common base amplifier (prnp)

() (b)

Take special notices that the phase difference between input and output signals is 180°.

The input signal (to be amplified) is connected in the emitter base circuit and output signal is
taken from the collector-emitter circuit. Imposition of signal results in the variation of base current
Iz and hence a variation in /c. This produces a large variation in'the voltage across R; thus causing
amplification.

¢ Current Gains 3 and Pg.:
Current gain is also called common-emitter amplification factor. It can be either dc gain (B) or ac gain

(Bac)
+ The dc Gain (p):
It is defined as the ratio of the collector current (/c) and the base current (/z)

pole_ e (I/T: _ o
I, I,-Ig V=1./I, 1-a

[ro=1c/1;]

While a is always less than 1 (generally 0.98 or less), then value of B is always higher than 1.

If o=09p=—22 99 _
1-09 0.1

[P0 =095p=—202
1-0.95

If =098 B=—220 _49
1-0.98

Hence, slight variation in o cause large variation in f.
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% The ac Gain (Bu):

It is defined as the ratio of the change in the collector current (6 /c) and the change in the base
current (0 /p) at constant collector voltage

4
Bu =—S, at constant V.
B

Its value lies between 15 and 50 generally for a transistor.

R

% Voltage Gain:
Voltage input =8/ X Ri  yoirage OUtpUt = dlc X Ry

8- xR,

Voltage Gain =
Ol X R,

| Voltage gain =3, x Resistance gain |.

R

< Power gain:
Power output = Ey x dl¢

Power input = E; x d/p

Power gain =

E, x8l (R; x8I5)x 0Ly ol R

1

Eyx8lc (R, x8I)x8l, =(8—IJZXR—L

Power gain = B2 x Resistance gain |

b ""i « Amplifier is a circuit which gives power gain
30; A‘h ?.‘“,—f.
AV L G SL Property CB amplifier CE amplifier CC amplifier
=Y =L : i
s, Input Impedance Low Medium High
S P TS i P Output.impedance | High High Low
"L Eya 46 :
A¥le 3. Current gain (4) | 4 =a <1 A =B>1 A =B+1)>1
4. Volt in (A4,
oftage gain (4) | | _ (R A =pEsy A =@+
R, R, R,
:A,.R—L>1 :AZ.R—L>1 :Ai&d
7, r, 7,
5. Power gain (4 = _ R R
wergain(dy) | 4, =4,4, A, =B>TL s A =B+1)? 2> 1
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: Logic Gates z
» Logic is of two type positive logic and negative logic.
In positive logic high state (+ 5V) is assigned ‘1’ and low state (0V) is assigned ‘0’. In negative
logic low state is assigned ‘1’ and high state is assigned 0.
(a) AND gate:
J I/cc
3 A B Y
P 0 | 0 | 0
1
A °_D_ _ Ao I 0 1 0
B Y=4.B ; 1 0 0
s K}Z oY 1 1 1
(Symbol) (Circuit) (Truth table)
(b) OR gate:
Ao >
A B Y
A —t " [0
] D>— =48 T R
y’ 1 1 1
. 4
(Symbol) (Cireuit) (Truth table)
(¢) NOT gate or Invertor:
b I: Al Y
io-i‘hh_ﬂ,tnf. . V3 '
:4--1\"- é;&n. 4 Y=d4orA4 0 1
UM . 1 0
Evtse, =
=S
B (Symbol) (Circuit) (Truth table)
“Tit 3246,
'—, Eﬂ
d—. * (d) NAND gate:
3 h\-h‘ 1% e e‘ A B Y
=_rf(_ i 0 0 1
™ 1 A —_ 0 1 1
e -Fal 1{—9 B:D_ Y=4B 1 0 1
y* 7 Yoo 1 1 0
(Symbol) (Truth table)
| t
" Sx | Sx
W) =Aea (-
4.4 ,4 b WE T T, e
:ﬁ 4) B ‘:{_\ 3 . A8 :__é ?:“* 4:; Eaght £
g [ T 4 iy <4 =N ™M ot 1 s
b 2 0~~~ _*-_ l 5 a -“
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e) NOR gate:

(Symbol)
(f) XOR (exclusive OR):

A
B Y=A®B

(Symbol)

A B Y
0 0 1
0 1 0
1 0 0
1 1 0
(Truth table)

A B Y

0 0 0

0 1 1

1 0 1

1 1 0

(Truth table)

‘x(\g

Example 12: Express by a truth table, the output y for all possible inputs A and B for the
combination of gates shown in figure. Hence, show that it behaves as a NAND gate.

A i
Y
B
B)
Solution: Here, outputs y, and y, of two NOT gates form the two inputs of the OR gate. Let us
consider in turn the possibilities for A, B of 0, 0 then 0, 1 then 1, 0 and finally 1, 1.
Because of the Not gates, the/column y, contains ones, wherever 4=0 and zeroes,
where 4=1. Similarly, .y, is opposite to B. The output y of OR gate is 1, if y, or y,
is 1 or both are 1. Herice, the truth table for the given combination of gates is as shownin | ©* =
figure. - Aplyelemn
AYB y y |y j=hey!
0 0 1 1|1 ety
1 0 0 1|1 = I '_g-..
01 1 01 *"{“7*7
1 1 0 010 shey b, 0
From the completed table showing the relationship between output y and the inputs A | % =
and B, it follows that it is the truth table for a single NAND gate. Hence, the combination Rex Ua
of gates shown in figure behaves as NAND gate. '
: Jn'_‘ l[}’:: }Jt ‘-.__ - .- y Tt ﬂ__ _ _f : j =t ;: L-,"- 3 _...J /'r‘_.l.fal‘ Te TR
Gulsavid b o -‘f”ﬁ_??” a Hoar 3! g TMVet 'l'"-"’a
ot e Te @) F~—>—A\ a6 22 4 : .
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Example 13: Produce the truth table for the combination of gates shown in figure.
Ae N y

Be
E V2

Solution: Here, the outputs y, and y, of AND and NOR gates respectively form the two inputs of
another NOR gate. Because of NAND gate, the column y, contains 1, when both A and
B arel and the column y, contains 1, when both A and B are zero. Hence, th@h table

for the given combination of gates is as shown in figure.
O

4 B y » | Y 4 B

0 0 1 1|1 0 0

1 01 o1 =10 Q

0 1 1 0]l 0 1 O

1 1 0 0/0 1 1]0 N
From the completed table showing the relationship t@output y and the inputs A
and B.
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PRACTICE QUESTIONS

1.In a common-emitter amplifier, the load resistance of the output circuit is 1200 times the
resistance of the input circuit. If a = 0.98, then voltage gain is

a) 4.8 x 103 b) 2.4 x 102 ¢) 1.5 x 10? d)4.8
2. Current in the circuit will be
150
— AWK
200
A AWM ——
i
— AW ——
100 5V
5 5 5 5
—A b) — — d)—
2) ) A ) A )5 A

3. What would be the behaviour of a germanium sample after adding traces of gallium as an
impurity?

b) A P-type semiconductor
d) An insulator

a) A conductor
¢) An N-type semiconductor

4. If the connection of the Ge diode is reversed in the given circuit, which initially had Ge and Si
diodes conducting at 0.3 V and 0.7V, respectively, how will this reversal affect the value of Vo
in the figure?

Ge v
1av ,J'_r 5 .
L -
a) 02V b)0.4V ) 0.6V d)0.8V

5. The grid voltage of any triode valve is changed from —2 volt to —3 volt and the mutual
conductance is 5 X 10~* mho. The change in plate circuit current will be

a) 0.8 mA b) 0.6 mA ¢) 0.5 mA d) 1 mA

6. Approximately, what is the minimum potential difference between the base and emitter
needed to turn on a silicon transistor?

a) 1V b)3V )5V d)y42Vv
o Cpot < 2 Sah 3 : g L2 i ey 1
so=vd b PO ¥ x g PR P o :
A A 2ele) & =\ 1 A = b !
k { lé.—.!‘ L - | + = t ¢ ‘-—-\-';'.. " ) 5 : = 4
A | P 5 3 b e y™Mp \ma
A 'S i’._‘t. y n " ? $.-““' * _’ it ‘Il .r " 4




7. When testing a functioning transistor with labelled legs A, B, and C using a multimeter, there
is no conduction observed between legs A and B. However, connecting the common
(negative) terminal of the multimeter to leg C and the other (positive) terminal to either leg A
or leg B shows some resistance on the multimeter. Based on this information, what can be
deduced about the behaviour or characteristics of the transistor?

a) It is an n-p-n transistor with C as base

b) It is an p-n-p transistor with C as collector
c¢) Itis an p-n-p transistor with C as emitter
d) It is an n-p-n transistor with C as collector

8. A gate has the following truth table

A 1 1 0 0
B 1 0 1 0
C 1 0 0 0
The gate is
a) NOR b) OR c) NAND d) AND

9. For the transistor circuit shown below, if B = 100, voltage drop between emitter and base is
0.5 V then value of V¢ will be

12w

Q) 24V b)Y 5V ) 4.8V dHov

B b 8E 10. With a semiconductor material having a band gap of 2.5 eV, what is the wavelength of the
.; | =46, signal that can be detected by the p-n photodiode fabricated from this material?
— W 4
d. a) 16000 A b) 4000 nm ¢) 6000 nm d) 4000 A Ley
=™ hm.“zu‘ -.!jlre‘
- —’ﬁ_—d._ 11. Given a Zener diode with a contact potential of 2 V when unbiased, it experiences Zener 1 xt
e -cal x‘_t.. breakdown when the electric field at the depletion region of its p-n junction reaches 10°> V/m. JGL’-;;—:
w* T ”""’*’-f—” If the width of the depletion region is 3 pm, what magnitude of reverse bias voltage should be & SRUSE %
/Xi applied to the Zener diode to trigger the Zener breakdown? . "“’1
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12. The current gain a of a transistor is 0.5. The transistor is connected to common base

configuration. What would be the change in collector current when base current changes by
2.5 mA?

a) 1.2 mA b) 12 mA c) 24 mA d) 2.5 mA

13. A p-n junction in series with a resistance of 3 k() is connected across a 30 V DC source. If the
forward bias resistance of the junction is 60 (), the forward bias current is

{~1- 1
Q
. .
! O\
a) 9.8 mA b) 1 mA c) 2 mA d) 9.9 mA
14. In the given circuit, there are two ideal diodes connected to a battery. Determine the current
provided by the battery.
D, 100
[ AW
D, 200
K] AW
14
I
|1
a) 0.75 A b) Zero ¢)0.25 A d)05A

15. In a triode valve the amplification factor is 10 and mutual conductance is 2 X 10~3 mho. The
plate resistance is
a)2x103Q  b)5x10°0Q

) 2% 10*Q d)2 x 105 Q

16. Why does the resistance of a metal and a semiconductor vary differently with temperature?

a) Crystal structure

b) Variation of the number of charges carries with temperature
c) Type of bonding

d) Variation of scattering mechanism with temperature

17.. The resonance frequency of the tank circuit of an oscillator when L = i—‘j mH and C = 0.5p F

are connected in parallel is

u Uns-

+
—{ L
Ya X X XX
\3\,.3,(1'
I— —-—-"-'-_—'-1‘ A
Y ¥ b '
Q—{-" 1, @

a) 5 kHz b) 50 kHz c) 0.5 kHz d) 5 MHz
- o Wk — I
Jis - l v IJt f'I G ? 4 - _; " j oy = W tiA ERALE Lo 4 : 4
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a) Zener diode

19. What is the difference in energy between the Fermi level and the conduction band in a silicon

20.

21.

22.

23

24. If the voltage between the terminals A and B is 10 V and Zener-breakdown voltage is 4 V, then

. The device that can act as a complete electronic circuit is

b) Junction diode c) Integrated circuit d) Junction transistor

crystal with a forbidden gap width of 2.2 eV when it is converted into an N-type
semiconductor?

a) Greater than b) Equal to c) Lesser than
1.1eV 1.1eV 1.1eV

d) Equal to

gr

.
An amplifier has a voltage gain Ay = 100. The voltage gain in dB is \\
a) 10dB b) 40 dB ¢) 3 dB d) 20 dB

In the circuit, if the forward voltage drop for the diode is 0.2 V, the current will be

0.5V

>~
|1

BY = ; 22K 2

a) 3.25 mA b) 2 mA €).2.5 mA d) 3 mA

For a silicon diode with a 2um wide depletion layer and a knee potential of 0.8 V, what is the
magnitude of the electric field present within the depletion layer?

a) 04Vm™! b)4x10*Vm?! ¢) 4 x10%Vm™?! d) Zero

. In a body-centre packing of sodium atoms, where the distance between two nearest atoms is
measured to be 7.4.A, what is the lattice parameter of the sodium crystal structure?

a)4.8A b)4.3A c)3.94 d)3.34

the potential across R is
A

R
RL
B
a) 6V b) 8V )9V )17V
[} .jL | B 7‘.:-:-1{ e vag = * _5_
<! 2 Malge + Tl =
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25.

26.

27.

28.

29.

The value of current in a triode valve is given by I, = 0.00Z(Vp aF 10Vg)3/2 mA . When

plate potential and grid potential are 100 V and —2V respectively, then the value of mutual
conductance will be

a) 600 mho b) 90 mho ¢) 6 mho d)9 x 10~° mho
For a transistor amplifier in common emitter configuration for load impedance of 1.5 k()

(hfe = 50 and hy = 25 p AV™1), the current gain is

a) —=5.2 b) —15.7 c) —24.8 d) —48.19
The length of germanium rod is 0.89 cm and its area of cross-section is 1.2 mm?. If for

germanium n; = 2.5 X 101 m=3, py, = 0.19 m?V~1s7% y, = 0.39 m2v=ist?!

a) 2.5kQ b) 3.0 kQ c) 5.0 kQ d) 10.0 k(2

Two diodes, one made of silicon (Si) and the other made of germanium (Ge), have identical
physical dimensions. In comparison, the band gap of silicon is larger than that of germanium.
Both diodes are subjected to an identical reverse bias. What are the consequences of applying
this reverse bias to the diodes?

a) The reverse current in Ge is larger than that in'Si

b) The reverse current in Si is larger than thatin Ge

¢) The reverse current is identical in the two diodes

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

Which of the following figures correctly represents the direction of carrier flow in a p-n
junction when it is forward biased?

A Vb Vb Vb
= + - T+
P |-+|n P : ':_ n ﬁ : : n P -:- n
a) — ) c) d)
Ve IVF VE IVF
f d; II 4
30. At what condition, a pure semiconductor behaves like a conductor?
a) ‘Room b) Low temperature ¢) High temperature d) Both (b) and (c)
temperature
31. In NPN transistor, 1.5 X 1010 electrons enter in emitter region in 10~"s. If 4% electrons are

lost in base region then collector current and current amplification factor () respectively are

a) 1.57mA,49 b)1.92mA, 70 c) 2.3 mA, 24 d) 2.25 mA, 100
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32. At what condition, a pure semiconductor behaves like a conductor?
a) Room b) Low temperature c¢) High temperature
temperature

d) Both (b) and (c)

33. In NPN transistor, 1.5 X 101° electrons enter in emitter region in 10~"s. If 4% electrons are
lost in base region then collector current and current amplification factor () respectively are

a) 1.57mA,49 b)1.92mA,70 c) 2.3mA, 24 d) 2.25mA, 100
34. If the reverse bias across a junction diode is increased from 7 V to 13 V, causing the current to

rise from 30 pA to 60 pA, what is the resistance of the junction diode? O)

a) 2 X 10°Q b) 2.5 x 105Q ) 3 x10°Q d) 4 x10°Q
35. The i-V characteristic of a P-N junction diode is shown below. The approximate dynamic
resistance of the P-N junction when a forward bias of 3 volt is applied\
i (mA)

600

300

' 1
)

3 3.1 v(volt)

a)10 b)0.33 Q ¢) 0.5 Q d)50

36. What will be the input of A and'B. for the Boolean expression (A +B) + (A-B) =1
a) 0,0 b)0, 1 &) 1,0 d1,1

37. What causes the rapid rise in current in a Zener diode?

a) Due to rupture of bonds

b) Resistance.of depletion layer becomes less
¢) Due to high doping

d) None of the above

38. At room temperature, the Fermi level of an intrinsic semiconductor is fixed at the midpoint of

the band gap. What is the likelihood of occupation of the highest electron state in the valence
band?
a) Zero b) Between zero half c) Half d) One
A Al Wl | 7 LR Ty g |
LT’ L — L _1 = 4. - S T —
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39. In a hexagonal close-packed crystal structure containing N atoms, how many electronic states
are present in a single band?

a)N b)2 N c)4N d)6N

39. The peak voltage in the output of a half-wave diode rectifier fed with a sinusoidal signal
without filter is 20 V. The dc compound of the output voltage is

a)10/¥2V  b)10/mV c)10V d)20/mV

40. In a transistor circuit shown here the base current is 32 pA. The value of t \QRE, is
E” \C Q
S O
: Rs Ry 6
+ '-L:_ K
: %
A d) None of these

a) 125k b) 250 kQ ¢) 35@

41. In an input characteristics measurement on-emitter transistor configuration, provide
a graph that accurately depicts the variation of the reciprocal of input resistance.

a)

7@

b)

39
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ANSWER KEY

D)) a 2) b 3) b 4) b
S) c 6) a 7) a 8) d

9) ¢ 100 d 11) b 12) d

13) a 14 d 15 b 16) b

17) a 18) ¢ 19 ¢ 200 d

21) a 22) ¢ 23) b 24) a

25) d 200 d 27) b 28) ¢

29) d 30) a 3) ¢ 32) a

33) b 34y a 35) a 36) ¢

37 o« 38) a 39) a 40) d . Q
41) b \
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HINTS AND SOLUTIONS

1. (a)

. Voltage gain
= B2 =4 x 1200 = 4.8 X 103
i

2. (b)

The diode in lower branch is forward
biased and diode in upper branch is

reverse biased
5 5

1T 25420 55

(b)

Gallium is trivalent impurity

When it is added to the

germanium, extra hole is created in
lattice by each gallium atom. Hole is
assumed to have a positive charge on it,
hence germanium will behave like a p-
type semiconductor.

(b)

Consider the case when Ge and Si
diodes are connected as show in the
given figure.

Equivalent voltage drops across the

combination Ge and Si diode = 0.15V

. 10-0.3
= Currenti = ™ . 1.94 mA

=~ Out put voltage Vo = Ri = 5 kQ X
1.94mA =97V

Now consider the'case when diode
connection. is reversed. In this case
voltage drop across the diode’s

combination = 0.7 V

10-0.7 _
g~ .86 mA

oo VO = lR
=1.86mA X5k =93V

Hence charge in the value of Vj = 9.7 —
9.3=04V

= Currenti =

5.

)

By using g,, = 2%’; =>5x107* =
Aiyy

—2=(-3)

= Ai, =5x 1074 = 0.5m4

(2)

The minimum potential difference
between the base and emitter required to
turn on a silicon transistor is typically
around 0.6 to 0.7 volts.

(@)

Since no conduetion is found when
multimeter is connected across 4 and B
it means either both 4 and B are n-type
or p-type. So, it means C is base. When
C is connected to common terminal and
conduction is seen when the other
terminal is connected to 4 and B, so it
means transistor is in p-n with C as
base.

(d)

The Boolean expression for ‘AND’ gate

isC+A.B
=211=1,10=0,01=0,00=0

9. (o)
_ 5-0.5
ih=—"g =057TmA=>1.=p1,
' =100 x 0.6 mA
By using VCE = VCC - ICRL = 12 -
60 X 1073 x 120 = 4.8V
10. (d)

hc 12400 12400
_— A = =
A E(ev) 2.5

= 49604
This is the maximum wavelength i.e.,
the signals having wavelength greater
than this value are not detected by
photodiode.

=




11.

12.

(b)

Reverse biased potential for the Zener
breakdown

V, =Ed=10°x2x3x107° =

6 volt

(d)
The ratio of collector current (1) to
emitter current (/) is known as current
gain (o) of a transistor. Therefore,
a=2 )

Al
Also, emitter current is equal to sum of
change of base current and collector
current. Therefore,
Al, = AL, + Al ...(11)
From Egs. (i) and (ii), we get

Ic
Al + Al
Given, a = 0.5, Al = 2.5 Ma

— IC
0.5 2.5+AI,

= 05Q25+1)=1I,
> 125+051. =1,
=
=

oa =

due to difference in the variation of the
number of charge carriers with
temperature.

17. (a)
1
V=
2nvVLC
_ 1 1
" 2m 20
-z X 103 x 0.5 x 10=¢©
= 5 kHZ
18. (¢
19. (¢)
20. (d)

Voltage gain, A, = 100
In dB, voltage gain
A=10log;, 100 dB
=(10 x 2) log;, 10 dB
=+logp10=1

1.25=0.51,
I. =25 mA 21. (a)
When diode is forward biased, then
13. (a) there is a small voltage drop across it
Total resistance = 60 + 3000 = 3050.0Q P = V-V
- Forward current i = —— = —=9.8 . ,R
mA 3060 £ 15Q Given, V = 8 volt, V' = 0.2 volt,
R=24kQ=24x1030
14. (d) 8-0.2 7.8x103
Here D, is in forward bias and D, is in = =" —=325x10"°A
reverse bias so i = 3.25 mA.
V.5 1 22. (¢)
LS XD —=-A °
R_10 2™ E=-%__098 _ 4y105Vm?
dr 2X1076
E] Ea 15. (b)
d 10 23. (b)
W owE H=T Xgm>T =5 "r3 Atomic radius for bee structure is r =
Fo PO m
s -
sl *“,E" _Ar _ 4(74/2) _ 4x37 _ o
'i::‘ .:,(,ro, 16. (b) or a V3 V3 1.732 8.54
N The difference in the variation of
| 1 resistance with temperature in metal and
._,f_ — semiconductor is caused
X Ex
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24. (a)
The potential across Ris= 10V — 4V =
6V

25. d)

1/2 _ .

I, = 0.002(V;, + 10V,) "~ x 1073 ...(Q)

Differentiating it w.r.t. 5, keeping ¥}, constant,

we have

Al 1 1/2

D _ -3

— =0.002 x = (¥, + 10V x 10 x 10

AVg 2 ( 14 + g)

or g, = 0.002 X % [73 + 10 x (=2)]/2 x 102

=9 x 107° mho

26. (d)

For a transistor amplifier in common
emitter configuration, current gain

30.

31.

(a)

At room temperature some covalent
bonds break and semiconductor
behaves slightly as a conductor

©
I, =15%x10""%x1.6x 1071
1
% 10-6
=24 mA l I
h 2]
t

Since 4% electrons are absorbed by
base, hence 96% electrons reach the
collector, i.e.,a = 0.98

A = e =1, =wl, = 0.96 X 2.4
Y 14 hyeR, = 2.304 mA
where hf, and h,, are hybrid parameters ~ 1.57 mA
of a transistor. Also, current amplification factor
a _ 098
e 50 p= T 50y = 24
' 1+4+25x1076x1.5x103
= —48.19 32. (a)
27. (b) , L AV (13-7)
Rsz:—A ¢~ Al — (60—30) x 10-¢
n;e(pe + in) =2x10%Q.
_ 33. (b)
0.89 x 1072 .
- 2.5%x101° x 1.6 x 1071°(0.39 + 0.19) x 1.2 X 10~ The cqrrgnt at 3V'is 300 mA aqd at
' : B 3;196 Q. : 3.1V itis 600 mA. The dynamic
- resistance in this region
AV (31-3)

28. (9 ~Ai (600 —300) x 10-3
The reverse current is identical in two 1
diodes if the identical reverse bias is =3= 0.33Q
applied across the diodes 34. (a)

29. (d) The given Boolean expression can be
Positive charge (ie, holes) should move in ;vrltt(%) (AB) = (A.B).(A + B)
the direction of current and negative charge - e ( ___) 5 +' 5B
(ie, electrons) should move opposite to the | B+ AB = ;T 5 (B.B)
direction of current. = 4Ll —

A B Y
0 0 1
1 0 0
0 1 0
1 1 0
¢ Qud A /] :l' aad
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35.

36.

37.

38.

(a)

The Zener potential, denoted as V_Z, is
the reverse bias voltage that triggers a
sudden change in a diode's characteristics.
When the reverse bias voltage is
increased, the minority carriers in the
diode gain velocity and kinetic energy,
leading to the generation of reverse
saturation current. Collisions of these
minority carriers with the atomic structure
cause an ionization process, resulting in a
significant increase in current known as
the avalanche current in the avalanche
breakdown region. By increasing the
doping levels in both the p-type and n-
type materials, the magnitude of the Zener
potential can be reduced.

When V_Z decreases to a very low level,
a strong electric field forms in the
junction region, which can break the
atomic bonds, generating charge carriers.
This phenomenon is referred to as Zener
breakdown.

(©

The probability of occupation of the
highest electron state in valence band at
room temperature becomes half according
to Fermi distribution.

(©
Given, ne/nh=8/5
Te/Th=8/4

As we know, I=neAvd

= le/Th=nex(vd)exAe/nhx(vd)hxAe
= 8/4=8/5%(vd)e/(vd)h

= (vd)e/(vd)h=5/8x8/4=5/4

()
THEORY

39. (a)

In a hexagonal close-packed crystal
structure containing N atoms, the

number of electronic states in a single
band is directly related to the number
of atoms in the crystal. In a perfect
crystal, each atom contributes one
electronic state to the band structure.
In a hexagonal close-packed structure,
each atom has a total of three nearest
neighbours. Considering the close-
packed arrangement, each .atom can be
shared among three-unit cells, which
means there are 3N/3 = N electronic
states per atom in a single band.
Therefore, in a hexagonal close-
packed crystal structure with N atoms,
there are'N electronic states present in

a single band.

40: (d)

: v
In half wave rectifier Vgc = — = —

41. (b)

Vb _ibRb = Rb =

20

8

32 x 106
= 250 kQ
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