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DETAILED EXPLANATIONS

1. (a)
Iego = lego(1+P)
107"x 1038 = (1 +B)x 106
B =99
2. (a)
o = By
Ty . 98
y = emitter injection efficiency, Y = ﬁ=0.98
99-1.98 2
*_ o T =1-—_=0.098
* = base transport factor, B 9 100
o = common base current gain = y* = 0.98 x 0.98 = 0.9604
3. (b)
Lo — 2t o
= Einev)"
1.24 o
x(max) = 2—5um=0.496 um = 4960 A
4. (d)

Hall effect is used to determine the following
% type of semiconductor

* carries concentration

* conductivity

= mobility
5. (c)
6. (b)
[ 90—25}
Ilpo = 500x107°[2 10 | =4525puA
7. (b)
8. (b)
Given, optical power incident on photodiode is,
Py, = 3uW
Photocurrent, I, = 4 pA
Ip 4
Responsivity, R = FP =3 A/W=133A/W
0
9. (c)
Flat band voltage of MOS capacitor is,
Qs
Vg = Oms Cc

ox
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Given, Vg = -15V
Q, = 45x% 108 C/cm?

€y _ 4x885%x107*
%ty 400x1078

C_= 885x108F/cm?

Given, MOSFET is operated in saturation region and channel length modulation is present,

15 = 4 45x107°
' " 885%107
0, = -0992V
10.  (b)
. w 2
- Drain current, Iy = MCox Z(VGS - Vi) [1+AVps]

Drain to source conductance,

o, W
= = C —_—
85 aVDs My Cox oL

From equation (i), we can write,

Ip 14% )
—_— = C.—(V~c-V
T+ AVos 1y, Cox ZL( Gs —Vr)

We can re-write equation (ii) as,

__Ib
8ds = T4 AVps
Ip
ot 8as = 1 v
—+
A DS
11. (b)
P
Fill factor, FE = %
oc*sc
P e = (FF)(V, I,.) =58.22mW
12. (a)
Vg = Vot 0
Given, o, = 0.035V
v - %
’ ox
Coo = 32 =2 10° Flom?
ox
V., =191V
V, = 1.945V

(Ves = Vr)* (4)
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13. (c¢)
. . — g - e - “‘p Vx ~ S
Force due to magnetic field, Fm = qvaxB = quyEapplied xB = . $x(-102)
100gu,
= L y
F. = force due toinduced Hall electric field = —F,
100 . -
= ﬂ(—y)qumd
L
. 100u N
Einda = Tp(_y)

As Eng in (-) direction, V, is +ve

W(100)u,  W(100)(500x10™)

V, = W|End|= - =25V
H ‘ ind [ oW
14. (c)
0 1 1
T Omin (2GMatp)
O = 2aNUolp = 2x1.6x107 9 x ), x+/1600x 400
= 256 x 10" xn,
o= — 1
T 25.6x107 xn,
1017 ~ 1017 Cm_3
i = 256Xpye  25.6x5x10°
no= —x10 = 1999 4g1 gpe
! 128 128
n = 7.8125x 10" cm=
15. (a)
o
= _=99
B 1-a
I, = Blg+(1+B)go
= 2.495mA
By neglecting leakage current,
I, = Blg=2.475mA
) , 2.495-2.475
Percentage error in the collector current calculation = o495 % 100=0.8%
16. (b)
W = K{Vy +Vgs; Kisconstant
Wo Vet Ve
W, Vi + Vi

=
1l

N
=
3

www.madeeasy.in © Copyright: MADE EASY



=

MADE EASY E Electronic Devices | 11

Leading Instituta for [ES, GATE & PSUs

17.

18.

19.

20.

21.

22,

(c)
ap d X
= _eD T = — —_— 16 _——
J Py eD, dx(m (1 LD
_ e10°.D,  1.6x107°x10° x10
- L 10x107
J = 16 Alcm?
(d)
Iy = Ky(Vas- VW)2(1+}»VDS) ... as transistor is in saturation
Vs = Vos
So, Iy = Ku(Vias = Vi) (1+ A Vag)
Let, Vpgy =9V, Vpe, =3V, I, =2mAand I, = 1 mA.
Given that, Viy = 0.5V
. Ior (Vosi=05)(1+AVs)
, Ins = (Vpse —0.5)(1+AVpsy)
4.5(1+51) 5
25(1+30)
18+9A =2
3A =020
5= 2290067V
3
(d)
Photocurrent = 0.65 x 10 x 10° = 6.5 uA
(d)
As doping increases, Fermi level moves closer to the conduction band.
(b)
For n-type substrate, inversion occurs for higher negative voltage. So, point 1 corresponds to inversion.
For low negative voltages, first the substrate becomes depleted of charge carriers and then inversion
starts. The point at which inversion starts is threshold point i.e. point 2.
Point 3 corresponds to depletion region.
For positive voltage accumulation of electrons occurs in n-type substrate. Hence point 4 corresponds to
accumulation.
(d)

n = new concentration of electrons at the surface
n, = equilibrium concentration of electrons

mw_n

- 1 =18x10°cm™
0T oy Ny 8
n o= ne'’M =%T, ¥ = surface potential
10
¥ = EZn(i)=o.0261n(3><10 Jzo.mzv
q Ny 1.8
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23. (¢)
In linear region

( ol )
aVGS linear -

In saturation region
1

( alp )
aVGS saturation

( olp )
aVGS linear

( ol )
aVGS saturation

( olp )
aVGS linear

( ol )
aVGS saturation

24.  (¢)

at VE’B1

at Viago

D =

= 2k(Vgs= V)

kn Vos
2k(Vgs = Vr)

2k Vg

2k(Vgs = Vr)

(Vas = V1)

1 pF.
0.5 uF.

[(here k, = w,Coy) |
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Area under the electric field distribution curve
Area under given curve (which resembles triangle)

25. (b)
Diffusion potential (or) built in potential,
Vi =
Vv, =

bi

%x Base x height = %X(WP + Wy )X (-E)

magnitude of diffusion potential

V| =

v, =

26. (a)
We know that,

X (Wp + Wy)x(-E)

%x4um><15x104 V/m

03V

the net hole density varying along “x” is

P,(x) =

D
Il

but,

P,(x)

Pno * GLTP

X
Gro [1 - z}

P,, +GroTp [1 —ﬂ

At the middle of the silicon bar, the hole density (i.e., atx = %)

Po(x)|x:% =

Given Py(x)| Atxol
2

p

no

10° =

_ 10°-10°

27.  (b)

P, +Gio1p [1 —ﬂ

10° cm™3
108 cm™

8 15 1
108 +10 rp[1—ﬂ x=4(L)

I =1.8x107° sec
~x10%°
2

Given, MOSFET operating in saturation region,

—
|

Drain current,

Transconductance, S =

_ Mncox w

2
oL (Vgs - Vth)
alp

A
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d My Cox w

S = 9V | 2L

(Vgs - Vth )2

w,C, W
8m = %(Vgs_vﬂz)

Now divide equation (i) by equation (ii),

I_D _ Vgs - Vth
8m 2
= V -V, = zi = & =2V
gs th D 1
28.  (¢)
29.  (¢)

Fill factor of solar cell is,

FE = Maximum power obtained

VOC X ISC
0.6 65x107°
' - VOC X ISC
_65x107° 100 mW
Voc x Isc - 0.65 - m

. Option (c) satisfies the result (V. x I.. = 40 mA x 2.5V = 100 mW)

30. (¢)

2%

Given, WiCox 7 = 1.5x107° A/V?
V, =065V
Veg = 4V
Vps = 6V

Power dissipation in the MOSFET is,

P = Vpg x Ipg

where, IDs is drain to source saturation current.
Since the MOSFET is operating in saturation region,
1 w

IDS = E Mncox T(VGS - VT)2
_ %x 1.5x1073 (4 - 0.65)2
Ips = 842 x 107 A
Power dissipation, P = 6x%x842x 1073
. P = 50.50 mW
HEENR

...(ii)
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