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Detailed Explanations

2. (a)
In the given connection, V. is negative. So, the MOS capacitor is in accumulation mode.

The energy band diagram given in option (a) is in accumulation mode.

3. (a)
L 1+(1¢J 100 5
T}‘ZT
Tr
So, =5-1=4
nr
T = T—Y=E=2.5ns
nr 4 4
4. (b)

We know that, for intrinsic semiconductor,

n, = (NcNye 8/2K
E

Inn, = ln(1/NCNV)—%...(i)

but for intrinsic semiconductor, n = n,

n. =n= Nce_(EC_Ei)/kT
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= E. - kKT[In(N,) - In(n,)]
From equation (i), substituting In(1,)
E, = E--KkT In N + kT In(n,)

E
Ec -kTInN¢ +kTIn /JNcNy -

2
E
i 2 Ny
5. (c)

We know that, when we dope silicon with boron atoms, it becomes p-type silicon semiconductor.

Given,dopant concentration, N, = 10 cm-3.

as!
1l

From the given graph, the resistivity of p-type silicon at 10'® cm™ dopant density is equal to
10% Q-cm.
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10.

)
Resistance, R = B = um; A = 0.1 pm?

A
_ 10°x1
0.1x107*
R =107 Q
(b)
We know that,
ff c -
Diffusion capacitance, = ——
P PonVr
Vi
But, forward current, I ;= Iy e VT
Vi
T 1%
C, = —1Ip-e"'T
Ponp
Vi
Hence Cp o< eV
(c)
Given, doping concentrations, N, = 10 cm™3; N, = 10" em™
We know that, the built-in potential,
v, = Eln N ﬂIZ\] d
q m;
20 17
= 26x10%In %
(10°7)
1037
V, ~ 10V

(c)

From the given energy band diagram, Emitter-Base junction is forward bias and collector-base

junction is reverse bias. So, option (c) will satisfy.

(d)

Given I-V characteristics of solar cell,

At the operating point A, maximum output power, P =V, -1,

Input power of solar cell at point P,
P =V,

m
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Fill factor (FF) of solar cell,
P

,
max

_ VA 'IA _ 03)((—17)
FE = "p " "V, 1, 05x(2)

FF = 0.51

11. (b)
Clearly from the given graph,
Semiconductor potential, ¢, =V.-V =18-12=0.6V
The width of depletion region, under the strong inversion,

1/2
W - {2651' (¢s):|/
max qNa

max

W

max

1.6x1072 x1.5x10%°
0.72 x 10 cm = 0.72 um

1/2
{ 2x1.04x1072 % 0.6 } /

12.  (b)
Given that MOSFET operating in saturation region,

w 2
IDS = Mncox_(VGS_Vth) (1)

2L
The transconductance of MOSFET (g,,) is
dp W .
T T MnCor 7~ (Vs = Vin) ...(ii)

where (Vs - V,;) is called overdrive voltage (V)
Dividing equation (i) to (ii)

Ins  Vgs =V _Vov
&m 2 2
v 2x1x107° _ o
oV 2x107
13. (o)
Given, Responsivity, R = 0.5 A/W
Effici N Iph XhC
1ciency, = o A
y Pyp X qh
- rIe
gr
6.626x104x3x108
n= —19 5 =073
0.5x1.6x10"7 x850x10
n = 0.73
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14. (a)
N, =5 x 10" em™3, N, = 10'¢/cm?, N = 10%/cm3, Base width =1 pm
Now, depletion width of EB junction extended into Base region.
N
W, = | ————[x0.22 um
! ( Ng +Np j g
5x10'
= | ——=——~(%x0.22
{5><1o18 + 1016}
W, = 0.22 um
Similarly, depletion width of CB junction extended into base region
NC 1015
W, = | ——— [ %286 = | —————— |x2.
2 (NC +NB] {1016+1015 x286
W, = 0.26 um
~.Neutral base width, W, = 1-W,-W,=1-0.22-0.26
= 0.52 um
15. (a)
Under active mode biasing
Collector base junction is reverse bias. The punch through voltage,
NcNp
Ves * | Ne + Ny
Clearly [Vigly, o < [Veglrep
and it is limited by Avalanche Breakdown.
16. (a)
(a) Body effect prevents latch up condition
(b)  AVp o< (Vgp
() AVp e /Vgp, if Vg = 0 then increase in threshold voltage is zero.
J2€g; eN t
(d) v= —él L= [egeN,
ox ox
17.  (d)
Dp = w,Vy=0.0259 x 500 = 12.95 cm?/sec
L, = JDptp =41295x107% =3.6x10°cm
Excess stored hole charge Q,= qA(Ap)L,,
= 1.6 x 107 x 0.5 x 5 x 10 x 3.6 x 10~
= 144 x 108
Qp = 144nC
www.madeeasy.in © Copyright: MADE EASY
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18.  (¢)
At flatband voltage, hole concentration is equal to doping concentration.
At the junction, p = N,=10'%cm
At threshold voltage, e~ concentration is equal to doping concentration.

At the junction,  n = N, =10'cm™
nf _10%
i_
p=0) =~ =7
p = 10* cm™
19. (o)
The minority carrier diffusion equation is given as
at n dx2 Tn L

When the sample is illuminated before t = 0, at steady state and assuming spatially uniform
conditions, we have,
An

0= __+GL
n
= An = G, t,=10% x10°=10" cm
When the light is switched off at t = 0, the equation is modified as
JdAn  An
ot T,
The solution is, An(t) = Aet/™
Att=0, An(0) = A=10"cm®
6
Hence, An(t) = 1010 em™

Att=10ps,  An(10 us) = 10™e719 =454 x 108 cm™

20. (b)
The areal density of holes generated in the oxide is
N, = 108 x 25 x 107 = 25 x 10! cm™2
The equivalent trapped surface charge is
Q' = 02x25x10M" x 1.6 x 1017
Q' = 8x108C/cm?
The shift in threshold voltage is,

AVT — _st — _st tox
Cox EOX
8x108x25x1077
AV, = ~14
3.9x8.85x%x10
AV, = -0579V
- |AV,| = 0579V
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21.

22,

(b)
Let the absorption coefficients of materials as o, and o, and respective thickness of the material
blocks are L, and L,.
Given that, o, =5x10*cm™ and o, = 10° cm™!
L, =L,=200nm =2 x 10~ cm
The relation between the incident power (P;) and the power come out from the bottom surface
(P,) can be given by,
Po = Pz e M L1 e 2 Ly
o, L; =5x10*x2x10°=1
o, L, =10°x2x105=2
Given that, P, =10 mW
So, P, =10(e7) (¢7?) = 10e7® ~ 0.50 mW

(a)
The magnitude of electric field distributed in n-side for both the diodes can be plotted as shown
below.

[E®)] |E®)|
E
slope =a

@

0 Y 0 X
w, x (um) 0.5 W, x (um)

When E = critical electric field = 4 x 10° V/cm, the area under the plot of | E(x)| is equal to the
breakdown voltage.

1
Area (1) = EEOWl = Vigray =30V
2x30 60
W. = m=—um=715pum

1T a0 40
Observe clearly the above plots, the slope of the curve | E(x) | is same in both the plots till x = 0.5 um,
but it becomes half in the second plot from x = 0.5 pm.

So, W, = 05 pm +2(W, - 0.5 um) = 0.5 + 2(1.5 - 0.5) = 2.5 um
E, = Eo- 0.5 um E, = 2E,
W 3
Virp = Area (2) + Area (3) + Area (4)

1 4 4x10°) 10
Area (2) = (EXO.5X10 4><T)=?V

5
Area (3) = MxO.leO_‘lz%OV
1 2x4x10°
Arae (4) = —x 2252 X (W, - 0.5p)

2 3
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5
- 1,20 5104 =By
2 3
10+40+80 _ 130
So, Vi = =5 =8BV

23. (o)
From the given energy band diagram, it is clear that,
q(V,-V) = 01eV
where, V= Potential barrier = (¢, - ¢,); V = Forward biasing voltage
Given that, ¢, =47V

To calculate ¢, :

Eﬂ
x g0
EC
E/2
e E.
E, 20, i
B SR R — - == Ep
E'U
Eq
qo, = QX‘F?"'WP
Eg
o, = X+2—+¢F
q
= (4+055)+ Ln[ Na
q n;
= 4.55 + 0.026In (107) ~ 497 V
Vo= ¢.-0, =497-47=027V
V.-V =01V
vV = VO -01=027-01=017V

24.  (b)

From the given graph of v, we get,

107
Electron mobility, n, = 10° =100 cm? /V-s

Assuming that the v, is in linear region for the given supply voltage,

Ve

L
(20 V - IR) = (20 - 10°I) [-- R =1 MQ]

I

ngAp E = nqAp,

Vv

S

o Copyright: MADE EASY www.madeeasy.in



16 | Electronics Engineering A MADE EASYH

India's Best Instituts for IES, GATE & PSUs

6
So, I = 10"°x1.6x107" x0. 25><10—8><100><M
I = (4x107) (20 - 10°I) = (80 x 1076) - 41
51 = 80 x 10
I =16 pA

Verifying the validity of the assumption:

At I =16 pA, the voltage across the semiconductor bar will be,

V,=20V-IR=20-16=4V
E = £=ﬂ=4x1o4\//cm
L 1pm
E = 4x10*V/cm <10° V/cm = v, is in linear region.

So, our initial assumption is correct and hence I = 16 pA.

25. (a)
The concentration of excess electrons and holes generated are,

dp

dn = Generation rate (G,,) X T,
1018 x 10 = 102 cm™

In steady state

Concentration of holes (p’)= p, + dp
2
n; _
where Py = n—’=105cm 3
0

p’ = 10°+ 102 =10"? cm™
concentration of electrons (1n’) = n, + 8n = 101 + 1012 ~ 1 x 10%° cm™?

n’ 10"

So, E, - E = KTIn| *|=0.026In| — | ~03eV
n i n; 101
p/ 012

E -E, = len[”i] 0.0261n| - 7| =012V

26. (a)
Substrate doping concentration,

N, = 1.2 x10% em™
Oxide capacitance, C, = 2x107F/cm?
Surface potential, o, = 0.026 V
gate voltage, Vo =0,+V,,
but, VOX _ \/2‘7 ﬁAga q)s

ox
,o V2x1.6x1079 x1.2x10% x1.04x 10712 x0.026
o 2x107

- vV, =161V
". Gate voltage, Vo = ¢0,+V =0.026+1.611

Ve = 1.637 V=164V

www.madeeasy.in © Copyright: MADE EASY
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27.  (b)
We know that, diffusion current density due to injection of holes,
dP(x)
]n(x) = —qu dx
where, Dp = Viup
D, = 26x 1073 x 500 = 13 cm?/sec
diffusion length, L, = JDpTp
L, = V13x107"° =3.6x10 cm
and P(x) = P, + APe™/!p due to injection of holes
P(x) = P, +5 x 101 ¢*/Lp
d 16 —x/L
]n(x) = —quE[PO +5x107e pj|
Dy 16 19 13 16
atx = 0; J (0) = g=—5%x10" = 1.6x107"" x —=x5x10
g L, 3.6x10
J,(0) = 2.88 x10° A/cm?
28. (b)

If ¢,, < ¢, the energy levels before the contact are shown below:

! T
elpm
B .

Metal Semiconductor
When they come in contact, to achieve thermal equilibrium in the junction, electrons flow from
the metal into the lower energy states in the semiconductor, which makes the surface of the
semiconductor more n-type. The excess charge in the n-type semiconductor exists essentially as a
surface charge density.

When a positive voltage is applied to the semiconductor, (i.e., reverse bias), the energy band
diagram is as below:

o Copyright: MADE EASY www.madeeasy.in
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29. (d)
We have, N, = 10 cm™®, N, =10 cm3
n? = np,=10"x107 = 10" x 10°
n? = 10% = n, =3.16 x 10" cm™[]

According to the law of the junction,

%
antox) = mmess( 2]
kT An(—xp)
= v, = L) 2
q Npo
10
V, = 0.026 l{%} =018V

30.  (d)
Given: 6 =10°/cm at T = 300 K
o = qnu, + 1)

106 = 1.6 x 1019 1,(1600)
n, = 391 x10° cm3
N-N
E = kTln| =Y
8 [ n; j
19 19
= 26x10°In| 10 *10
(3.91x10%)

112 eV

at T =500 K, let conductivity is 6" and intrinsic concentration be n;

o’ = q(n)lm, +u,l

NCNVe*(Ol-'T1423J

(1})*

/ 2.20 x 1013 cm™3

S
Il

o’ = qni(u, +1,) =1.6 x 1071 x 2.20 x 103 (1000 + 600)

Q
Il

" =563 %102 U/cm
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