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DETAILED EXPLANATIONS

1. (c)
Given, o =0.98
b - _o 098 _ 9
1-aa 1-0.98
Iego = (1 + B)lcpo
=50 x4 x10°=02mA
leg = BIBQ + Icpo
=49 x 100 x 10° + 0.2 x 1073
= (4.9 +0.2) x 107
Ieq =51 mA
2. (d)
Cc.= & A
! Wdep
2¢.( 1 1
dep — \/ S(_J’-_j (Vbi + V&)
q Na d
For p*n diode, N, >> N,
2¢,
So, Wiep = N, (Voi +VR)
1
Wy

dep
11
C? Ny
3. (b)
Given for silicon P*N junction diode,
Carrier lifetime, T, = 10 usec
Mobility, w, = 3500 cm?/ V-sec

<

|

A T N R
o NPT T Ty
Po= /Mz?ﬁ%cm/see
L 10x10

)

4. (b)
We know that,

e : dn
Diffusion Current density, | = 4D, ir

J=16x10" x 2055 10 ~7x107

J =108 A/cm?
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5. (d)
Given, Vg1 =25V, W, =10 um
In linearly graded diode, Wee (V,; + Vip)t/?
Given, [V, 1<< (Vg |
We Vi
1/3
Wi _ (Ves
W | Vrez
10 um 25 1/3
W, (50
W, =10(2)"/% pm = 12.6 um
6. (c)
TIf
Diffusion capacitance, C,=—7—
T
or Cp = a ; where r, = dynamic resistance
or C, =18, ;whereg, = dynamic conductance
2x107=5x%x10"°x g,
—7
5x10™
7. (a)
1
Vbi = EEmax Xdep
= %x1.80><106 %050x10° =50 _0.45v
8. (b)

Given, two ideal p*-n step junction diodes,
for p*-n step junction diode,

D 2
. p N
the reverse saturation current, I, = gA———
LP ND
I o L&[ o YHP.
’ ND LP T ND
Ion _ Npa [Mpo
I, Np1\up
also given, Iy, =-1.0mA, [, =-0.1 mA
-1.0 mA NDZ Wp1 _ZXNDZ
—01mA  Np; \upy  Npg
NDl 0.2
NDZ
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9. (c)
Given, cross sectional area of copper wire,
A =7.85x 107 m?
Conduction electron density, n = 8.5 x 102 m=
current, ] =15 A
We know that, current, I = nAV e
where V,: drift velocity of electron,

I 1.5

nAe 85x10% x7.85x107 x1.6x10™Y
V,=14x10"*m/sec

V,=

10.  (¢)
Given, Length of silicon bar, L = 3 mm =3 x 103 m
Cross section area of bar, A = 50 um % 100 um
Current through bar, I =1 nA
Intrinsic resistivity, p, = 2.3 x 10° Q-cm = 2.3 x 10° Q-m
We know that,

Electric field intensity, E = Gi
i
J I 1 1
E 0; A O; A Pi /m
-6
E = 10 x2.3%10°

50x107° x100x10°
E=46x10°V/m
The applied voltage across the bar is,

V., =ExL=46x10°x3x107
V., =1380V
11. (o)
diffusi = —gD d_p
J,(diffusion) = —qD, »
dp P1—P2
) ! P dx 7 p(xl—xz
Iy _ = -p2)
gD, ~ (0-0.01)
-p, = (+0.01) 20 00125x10"
Pimha T 16x100 %10
p, = py - 0.0125 x 10%° = 4 x 107 - 1.25 x 1017
p, =275 x 1017 cm™
12. (a)

Given, Acceptor concentration, N, = 1017 cm

Cross sectional area of Si bar, A = 0.5 cm?

Steady state excess hole concentration at x = 0 is,
Ap =5 %10 cm™
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We know that,
the hole current density at a distance “x” in a Si bar by injection of excess carriers,

dp
Ip - _qu dx
-x
L
where, p = po+Ape?
d
J, = ~90p o= po+APe b
D, by _,,
= +g——
q LP pe
We know that, hole current, I = ]p-A

D i
= qA—’[J ApeL”
LP
where, Dp : diffusion coefficient of holes
L, : diffusion length of holes
We know that, Dp = prVT =500 % 0.026 =13 cm/s

= /D1, =V13x107" =3.61x10°em

~1000x 1078
I =16x107" ><0.5><L_5(5><1016)e 3.61x107°
4 3.61x10
I, =1.092 x 10° A
13. (b)
From the fermi probability distribution function,
AE) = 14 JEER/RT
where, ‘E’” is the allowed energy state.
and E, is the fermi energy state.
Given, E = E. +kT,
1 -10
fEc + kT) = T EcrkT-Ep)/kT ~ ©

1+ e(EC+kT_EF)/kT = elo
e(EC+kT_EF)/kT = 610 -1

Ec +kT —-Ep
o Gy S 10 _
T In[e'’ - 1]
E. + kT - Ep = kT[In(e' - 1)]
E.-E. + kT = kT[9.99]
E--E. =899 kT ~9 kT
E,~E.-9kT

www.madeeasy.in © Copyright: MADE EASY



=

MADE EASY E Electronic Devices | 11

Leading Instituta for [ES, GATE & PSUs

14.

15.

16.

17.

(b)
We know that,
In thermal equilibrium no net current flows in a semiconductor,

ie., J,(x) =0
dn(x
] ,(x) = qun(x)E(x) +4D, % =0
D, 1 dn(x)
Fo = ~ Do L)
w, n(x) dx
given, n(x) = Nye™ ™
dn(x)
— 7 — _ —0LX
x N, e
D, 1 _
E(x) = ——%——| —aNge *
0= @l ]
Dn 1 —ox
J— —aNye
E(x) W, Noe ™ [ 0 ]
Dn
=—-0o
E®) =y,
D, kT _ 0026eV _0.026x1.6x107"]
where, W, g 16x10°C  16x10°C
Dy
n, =006V
E(x) = 0.026 x 75—
E(x) =260V /cm
(b)

Depletion charges are negative and metal voltage is positive hence it is P-substrate MOS capacitor
in depletion mode.

()
For ideal MOS capacitor, flat band voltage V,, =0V

’

and Vg = Oms — Cox for Non-ideal MOS capacitor.
ox
(c)
Given: I,=20x10% A, T=500°K
Ve =088V, n=2
qVBE

We know that, Emitter current, I, = I e"KT 1

1.6x10717%0.88
I, = 20x 1078 £500x2x1.38x1072 _ 1

= 20 x 10-8(26981.28 - 1)
= 5.396 x 103
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18.

19.

20.

I, = 5.396 mA
(d)
For a solar cell, figure of merit is also known as fill factor.
I
We know that, Fill factor = i me
sc” oc
From the given graph, vV, =3V, I =2mA
I, =4mA
VI’I’ZIWZ
Voe = T (fill factor)
Vo= 3x2
oo 4x0.7
3
Voe = 14
V. =214 volt
(d)

Substrate doping concentration,
N, =1.6 x 10> cm
€,=1.04x10"2F/cm

v, =0.026V
As the MOS capacitor is ideal.
Q
Ye=Vs7e,

where, Q4 = —\J2€; eN Wy,
v 2 Esi eNAWs

<
Il

G Vst

J2x1.04x1072 x 1.6 x 10712 x 1.6 x 10" x 0.026

COX
1.64 = 0.026 +
3.7208 x 10~
1614 = —————
CDJC
C,o = 2305x107 =20

0x
on
tox -9
2.305% 10
4% 885x107 4
2.305x107°
o = 1.53 % 104 cm
t, =153 um

(d)

COX

The given curve is a high frequency C-V, characteristics curve for p-type.

The gate oxide thickness for the two capacitors are same since they have same value of maximum

capacitance (C_

=C,)-
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21.

22,

The minimum capacitance corresponds to the series combination of the oxide capacitance and the
minimum depletion capacitance

C _ Cox ’ Cs(min)

i Cox + Cs(min)

For the same C,, larger C ., results in larger C, . . Since, capacitor ‘a’ has larger C_,, it has
higher doping in the semiconductor. (For a higher doped semiconductor, depletion width W is

smaller and hence, C,,;, is larger).
(c)
Responsivity is given as,
_ ek
R= hc
1.24
E, =5/"3
&= Mum)
1 24
A(um) = =1.127
A =1 127 um

For detection, A < 1.127 pm. The minimum energy signal that can be detected has A = 1.127 pum.

For maximum responsivity,

n=1
koo 16x10™x1127x107
max - hc 6.6x107* x3x10°
e = 0.091 x 1075 x 102
=091 A/W

(d)

€ 0.36x 10712 )

C,= -2 =—"—"—"1F/em” =2x107F/cm?
tox 1.8x10

From the given characteristics, C_ A = C_ =10 pF

10x10712 e

T 2x107

Channel area, =5 x 1073 cm?

From the given characteristics,

G

A Cox Cs(min) =9 pF ICHX
Cox + Cs(min) I
By solving, we get, I
B

AC. . =25pF

s (min)
£y 2.5x10712
C =

F/cm?
s (mm) Wd(max) 5 % 10—3 /

1.04x 10712

-3
) = myqe 2 <0107 em =208 um

o Copyright: MADE EASY

www.madeeasy.in



14 | Electronics Engineering

E MADE ERASY

Leading Instituta for [ES, GATE & PSUs

23.

24.

25.

(a)
For p*n junction,
2
1 Wiep _ 2(03 +V;)
Cgep A2 Eg qu = A2

slope = #2 =2x102F 2y
qu € A
2
N = 1058 % 1.6x10° x12x8.85x 10 % x10°°

N, = 5.88 x 10! cm™
(d)

According to space charge neutrality, the total negative space charge per unit area in p-side is
equal to total positive space charge per unit area in n-side.

%[0.8X8X1014J =x, %3 x 1014

x, = 1.067 um
The depletion width, W = x, + X,
W =1.067 + 0.8 = 1.867 um

(c)
We know that,

. pl
Resistance, R = —

A
R 1
oc p oc
Npgu, + N aqu,
Npaqu, N aqu,,
From Eienstein relation, D_ Vr
u
D =uV,
Do
Dy M 1
i My 50
R, Nagu,
05R;  Npgu,
Ny 1
= 2=3 "%
Np 50
N, =100 N,
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26.

27.

28.

29.

(c)

For a n-type MOSFET having p-type substrate, in the depletion mode for V¢ > V;, the holes will
be depleted with the increase in electrons causing band bending in the downward direction. In the
accumulation mode for V4 < V., more holes are moved toward the interface causing band bending
in the upward direction. Hence, option(c) is correct.

(d)
Given, D, =100 cm?/s
T, =3x 1077 sec
base width, W =2 um

We know that, diffusion length, L, = JDpTy

L, = V100x3x107 =54.77 um

The common emitter current gain,

2L, 2% (5477 x1074)?

b= (2x107%)?
B = 1500

(b)

Given, G, =10 cm=s!
T, =T, = 10 us

Np =10 cm™
excess carrier concentration under illumination,
_ _ - - -6 16
An —Ap—rpGL—'anL—l()xw x 10
An = Ap =101 cm™3
electron concentration, n = n w0 F An

=Np + An
=101+ 10" ~ 10'® cm™3
2 1042
hole concentration, p= ;—;+ Ap = %+ 10" =101 cm™3
(d)
, 10°  10°
Given, T, = N = NWSGC
7, =107s
We know that, cutoff frequency,
1
Je= e
1 1 1 1 10° . 10
where, p =; 5_10__7—'—?:10
T =10"19 sec
f= _ 1.6 GHz
2nx107"°
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30. (a)
2, iNACY5)
We know that, Vy= Vg +2yp+~— 1
COX
J2x11.9%885x 1074 x 1.6 x1071° x 1017 x 0.84

= -11+084+ 7
6.9x10™

=-0.016 V=-002V
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