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DETAILED EXPL ANATIONS

1. (c)
Given, α = 0.98

β =
0.98 49

1 1 0.98
α = =
− α −

ICEO = (1 + β)ICBO
= 50 × 4 × 10–6 = 0.2 mA

ICQ = βIBQ + ICEO
= 49 × 100 × 10–6 + 0.2 × 10–3

= (4.9 + 0.2) × 10–3

ICQ = 5.1 mA

2. (d)

Cj =
dep

s A
W
ε

Wdep =
2 1 1 ( )s

Rbi
a d

V V
q N N

 ε
+ +  

For p+n diode, Na >> Nd

So, Wdep =
2

( )s
Rbi

d
V V

qN
ε

+

Wdep ∝
1

dN

Cj ∝
dep

1
dNW

∝

2
1

jC
∝ 1

dN

3. (b)
Given for silicon P +N  junction diode,
Carrier lifetime, τp = 10 µsec
Mobility, µp = 3500 cm2/V-sec

p

p

D
L

=
p p p T

p pp p

D D V

D

µ ⋅
= =

τ ττ

∴ p

p

D
L

= 6
3500 0.026 3016 cm/sec

10 10−
×

≈
×

4. (b)
We know that,

Diffusion Current density, J = n
dnqD
dx

J =
18 17

19 10 7 101.6 10 225
0.1

− − ×× × ×

∴ J = 108 A/cm2
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5. (d)
Given, VRB1 = 25 V ; W1 = 10 µm
In linearly graded diode, W ∝ (Vbi + VRB)1/3

Given, Vbi<<VRB

∴ W ∝ 1/3
RBV

1

2

W
W

=
1/3

1

2

RB

RB

V
V
 
 
 

2

10 m
W
µ

=
1/325

50
 
  

W2 = 10(2)1/3 µm ≈ 12.6 µm

6. (c)

Diffusion capacitance, CD =
f

T

I
V
τ

η

or CD =
dr
τ

; where rd = dynamic resistance

or CD = τgd ; where gd = dynamic conductance
∴ 2 × 10–7 = 5 × 10–6 × gd

∴ gd =
7

6
2 10 40 m
5 10

−

−
× =
×

�

7. (a)

Vbi = max dep
1
2
E x

= 6 61 1.801.80 10 0.50 10 0.45 V
2 4

−× × × × = =

8. (b)
Given, two ideal p+-n step junction diodes,
for p+-n step junction diode,

the reverse saturation current, I0 ≅
2
iP

P D

nDqA
L N

∴ I0 ∝ 0
1 ; PP

D P D

D I
N L N

µ
∝

∴ 01

02

I
I

= 2 2

1 1

D P

D P

N
N

µ
µ

also given, I01 = –1.0 mA, I02 = –0.1 mA

∴
1.0 mA
0.1 mA

−
−

= 2 1 2

1 2 1

2D P D

D P D

N N
N N

µ ×=
µ

1

2

D

D

N
N = 0.2

∴ ND1 = 0.2 × ND2
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9. (c)
Given, cross sectional area of copper wire,

A = 7.85 × 10–7 m2

Conduction electron density, n = 8.5 × 1028 m–3

current, I = 1.5 A
We know that, current, I = nAVde
where Vd : drift velocity of electron,

Vd = 28 7 19
1.5

8.5 10 7.85 10 1.6 10
I
nAe − −=

× × × × ×
∴ Vd = 1.4 × 10–4 m/sec

10. (c)
Given, Length of silicon bar, L = 3 mm = 3 × 10–3 m

Cross section area of bar, A = 50 µm × 100 µm
Current through bar, I = 1 µA
Intrinsic resistivity, ρi = 2.3 × 105 Ω-cm = 2.3 × 103 Ω-m

We know that,

Electric field intensity, E =
i

J
σ

E =
1 V/mi

i i

J I I
A A

= × = ⋅ρ
σ σ

∴ E =
6

3
6 6
10 2.3 10

50 10 100 10

−

− − × ×
× × ×

E = 4.6 × 105 V/m
The applied voltage across the bar is,

Vbar = E × L = 4.6 × 105 × 3 × 10–3

∴ Vbar = 1380 V

11. (c)

Jp(diffusion) = p
dp

qD
dx

−

Jp = 1 2

1 2
p p
dp p p

qD qD
dx x x

 −
− = −  − 

p

p

J
qD = 1 2( )

(0 0.01)
p p− −
−

p1 – p2 = 19
19

20( 0.01) 0.0125 10
1.6 10 10−+ × = + ×

× ×
p2 = p1 – 0.0125 × 1019 = 4 × 1017 – 1.25 × 1017

p2 = 2.75 × 1017 cm–3

12. (a)
Given, Acceptor concentration, Na = 1017 cm–3

Cross sectional area of Si bar, A = 0.5 cm2

Steady state excess hole concentration at x = 0 is,
∆p = 5 × 1016 cm–3
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We know that,
the hole current density at a distance ‘x’ in a Si bar by injection of excess carriers,

Jp = p
dp

qD
dx

−

where, p = 0
p

x
Lp pe

−

+ ∆

∴ Jp = 0
p

x
L

p
dqD p pe
dx

− 
 − + ∆ 

= p

x
p L

p

D
q p e
L

−

+ ∆

We know that, hole current, Ip = Jp⋅A

∴ Ip = p

x
p L

p

D
qA pe
L

−

∆

where, Dp : diffusion coefficient of holes
Lp : diffusion length of holes

We know that, Dp = µpVT = 500 × 0.026 = 13 cm/s

Lp = 10 513 10 3.61 10 cmp pD − −τ = × = ×

∴ Ip =

8

5
1000 10

19 16 3.61 10
5

131.6 10 0.5 (5 10 )
3.61 10

e

−

−
− ×

− ×
−× × × ×

×
Ip = 1.092 × 103 A

13. (b)
From the fermi probability distribution function,

f(E) = ( )/
1

1 FE E kTe −+
where, ‘E’ is the allowed energy state.
and EF is the fermi energy state.
Given, E = EC + kT,

f(EC + kT) =
10

( )/
1

1 C FE kT E kT e
e

−
+ − =

+
( )/1 C FE kT E kTe + −+ = e10

( )/C FE kT E kTe + − = e10 – 1

C FE kT E
kT

+ −
= ln[e10 – 1]

EC + kT – EF = kT[ln(e10 – 1)]
EC – EF + kT = kT[9.99]

EC – EF = 8.99 kT � 9 kT
∴ EF � EC – 9 kT
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14. (b)
We know that,
In thermal equilibrium no net current flows in a semiconductor,
i.e., Jn(x) = 0

Jn(x) =
( )( ) ( ) 0n n

dn xq n x E x qD
dx

µ + =

∴ E(x) =
( )1

( )
n

n

dn xD
n x dx

−
µ

given, n(x) = N0 e–αx

( )dn x
dx = –αN0 e–αx

∴ E(x) = 0
1
( )

xn

n

D N e
n x

−α − −α µ

E(x) = 0
0

1 xn
x

n

D N e
N e

−α
−α

 − −α µ

E(x) =
n

n

D
⋅ α

µ

where,
n

n

D
µ =

19

19 19
0.026 0.026 1.6 10

1.6 10 1.6 10
eVkT J

q C C

−

− −
× ×= =

× ×

∴
n

n

D
µ = 0.026 V

∴ E(x) = 0.026 × 4
1

10 cm−

E(x) = 260 V/cm

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

16. (c)
For ideal MOS capacitor, flat band voltage VFB = 0 V

and VFB = ox
MS

ox

Q
C
′

φ −  for Non-ideal MOS capacitor.

17. (c)
Given: Is = 20 × 10–8 A, T = 500° K

VBE = 0.88 V, η = 2

We know that, Emitter current, IE = 1
BEqV
KT

sI e η
 
 −
  

IE =

19

23
1.6 10 0.88

8 500 2 1.38 1020 10 1e

−

−
× ×

− × × ×
 
 × −
 
 

= 20 × 10–8(26981.28 – 1)
= 5.396 × 10–3
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IE = 5.396 mA

18. (d)
For a solar cell, figure of merit is also known as fill factor.

We know that, Fill factor = m m

sc oc

V I
I V

From the given graph, Vm = 3 V, Im = 2 mA
Isc = 4 mA

∴ Voc = (fill factor)
m m

sc

V I
I

Voc =
3 2

4 0.7
×
×

Voc =
3

1.4
∴ Voc = 2.14 volt

19. (d)
Substrate doping concentration,

NA = 1.6 × 1015 cm–3

∈si = 1.04 × 10–12 F/cm
ψs = 0.026 V

As the MOS capacitor is ideal.

∴ VG = d
s

ox

Q
C
′

ψ −

where, dQ′ = 2 si A seN− ∈ ψ

∴ VG =
2 si A s

s
ox

eN
C

∈ ψ
ψ +

1.64 =
12 19 152 1.04 10 1.6 10 1.6 10 0.0260.026

oxC

− −× × × × × × ×+

1.614 =
93.7208 10

oxC

−×

Cox = 92.305 10 ox

oxt
− ∈

× =

tox = 92.305 10
ox

−
∈
×

=
14

9
4 8.85 10

2.305 10

−

−
× ×

×
tox = 1.53 × 10–4 cm
tox = 1.53 µm

20. (d)
The given curve is a high frequency C-VG characteristics curve for p-type.
The gate oxide thickness for the two capacitors are same since they have same value of maximum
capacitance (Cmax = Cox).
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The minimum capacitance corresponds to the series combination of the oxide capacitance and the
minimum depletion capacitance

Cmin =
(min)

(min)

ox s

ox s

C C
C C

⋅

+

For the same Cox, larger Cs(min) results in larger Cmin. Since, capacitor ‘a’ has larger Cmin, it has
higher doping in the semiconductor. (For a higher doped semiconductor, depletion width WT is
smaller and hence, Cs(min) is larger).

21. (c)
Responsivity is given as,

R =
e
hc
η λ

Eg =
1.24
( )mλ µ

λ(µm) =
1.24 1.127
1.1

=

∴ λ = 1.127 µm
For detection, λ < 1.127 µm. The minimum energy signal that can be detected has λ = 1.127 µm.
For maximum responsivity,

η = 1

Rmax =
e
hc
λ

 = 
19 6

34 8
1.6 10 1.127 10

6.6 10 3 10

− −

−
× × ×

× × ×
Rmax = 0.091 × 10–25 × 1026

= 0.91 A/W

22. (d)

Cox = ox

oxt
ε  = 

12
2

4
0.36 10  F/cm
1.8 10

−

−
×
×

 = 2 × 10–9 F/cm2

From the given characteristics, CoxA = Cmax = 10 pF

∴ Channel area, A =
12

2
9

10 10  cm
2 10

−

−
×
×

 = 5 × 10–3 cm2

From the given characteristics,

(min)

(min)

ox s

ox s

C C
A
C C

 
 + 

= 2 pF

G

B

Cs

Cox

By solving, we get,
ACs (min) = 2.5 pF

Cs (min) =
12

2
3

(max)

2.5 10  F/cm
5 10

si

dW

−

−
ε ×=

×

Wd (max) =
12

3
12

1.04 10 5 10  cm
2.5 10

−
−

−
× × ×
×

 = 20.8 µm
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23. (a)
For p+n junction,

2
1

depC
=

2

2 2 2
2( )dep rbi

s sd

W V
A qN A

φ +
=

∈ ∈

∴ slope = 23 2 1
2

2 2 10
sd

F V
qN A

− −= ×
∈

∴ Nd = 23 19 14 8
2

2 10 1.6 10 12 8.85 10 10− − −× × × × × × ×
∴ Nd = 5.88 × 1015 cm–3

24. (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.

∴ 141 0.8 8 10
2
 × ×  = xn × 3 × 1014

∴ xn = 1.067 µm
The depletion width, W = xn + xp

∴ W = 1.067 + 0.8 = 1.867 µm

25. (c)
We know that,

Resistance, R =
l
A
ρ

R ∝ ρ ∝
1

D n A pN q N qµ + µ

∴ R1 ∝ 1
1 1; 0.5
D n A p

R
N q N q

∝
µ µ

From Eienstein relation, T
D V=
µ

D = µVT
∴ D ∝ µ

p

n

D
D =

1
50

p

n

µ
=

µ

∴ 1

10.5
R
R =

A p

D n

N q
N q

µ

µ

⇒ 2 =
1

50
A

D

N
N

×

∴ NA = 100 ND



© Copyright : www.madeeasy.in

15• Electronic DevicesElectronic DevicesElectronic DevicesElectronic DevicesElectronic DevicesEC

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

27. (d)
Given, Dp = 100 cm2/s

τp = 3 × 10–7 sec
base width, W = 2 µm

We know that, diffusion length, Lp = p pD τ

Lp = 7100 3 10 54.77 m−× × = µ

The common emitter current gain,

β ≅
2 4 2

2 4 2

2 2 (54.77 10 )
(2 10 )

pL

W

−

−
× ×

=
×

∴ β = 1500

28. (b)
Given, GL = 1016 cm–3s–1

τn = τp = 10 µs
ND = 1015 cm–3

excess carrier concentration under illumination,
∆n = ∆p = τpGL = τnGL = 10 × 10–6 × 1016

∴ ∆n = ∆p = 1011 cm–3

electron concentration, n = nn0 + ∆n
= ND + ∆n
= 1015 + 1011 � 1015 cm–3

hole concentration, p =
2
i

D

n p
N

+ ∆  = 
10 2

11
15

(10 10 ) 10
10
×

+  = 1011 cm–3

29. (d)

Given, τr =
9 9

19
10 10 sec

10N
=

τnr = 10–7 s
We know that, cutoff frequency,

fc =
1

2πτ

where,
1
τ =

19
10

7 9
1 1 1 10 10

10 10r nr
−+ = + =

τ τ
∴ τ = 10–10 sec

∴ f = 10
1 1.6 GHz

2 10−
=

π ×
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30. (a)

We know that, VT =
2 (2 )

2 s A B
FB B

ox

qN
V

C
∈ ψ

+ ψ +

=
14 19 17

7
2 11.9 8.85 10 1.6 10 10 0.841.1 0.84

6.9 10

− −

−
× × × × × × ×

− + +
×

= –0.016 V ≈ –0.02 V


