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DETAILED EXPLANATIONS

1. (a)
Zener breakdown voltage is less because in higher doping region, depletion layer width is small

and a small reverse voltage is able to break the covalent bond and gives sudden increase in
current.
Hence, zener breakdown voltage V, corresponds to point A.

2. (c)
We know that,
Collector current, Io = Bl + (1 +B),
I = Bly+Blep + I
B = Ic —Ico
Ic =Ico
but, g = P _ Iptleo _ Ice —Ico
1+ ;,lc=Ico Ip+ico+Ic—Ico
_ Ie-lco
R
3. (b)
Given, Oxide thickness (f, ) = 50 nm
€ 345x107 ! 2 4 2
Capacitance per unit area, C=-"%=—"——F/m =69%x10" F/m
P P e soxa0” ! /
C = 69 nF/cm?
4, (c)

Given, Collector current, I =1 mA
Since, I~ =1 mA > 0 = BJT not in cut-off region.
Emitter current [, = 1.2 mA

But I, = I;+ 1,
= I, = I, -1.=02mA
IC 1 rnA
= — = =5« :
g Iy 02mA Pin

. BJT is in saturation region.

5. (a)
The conductors have the positive temperature coefficient of resistance. The conductors have almost
linear increase in resistivity.

6. (a)
In a forward biased pn-junction diode, the current flow is due to diffusion of majority carriers
and recombination of minority carriers.
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7. (c)
D, Dy _— .
T V, (Eienstein’s equation)
48 12
= Mn - u 14
a3
= 4 =
Hp
W, +u, = 100 (given)
5u, = 100
W, = 20
w, = 80 cm?/V-sec
8. (c)
Given, resistivity, p =15 Q-cm
Hall coefficient, R, = -1250 cm?®/C
Since, Ry, is negative, the charge carriers are electrons.
Mobility, w, = olR,|
= 1|RH|=i><1250
P 1.5
= 833 cm?/V-sec
9. (a)
o =By
L iy 98
Y = emitter injection efficiency, Y= J00° 0.98
99-1.98 2
* = = ———=1-—-=098
* = base transport factor, B 99 100
o. = common base current gain = yf* = 0.98 x 0.98 = 0.9604
10. (b)
1.24 m
< E(inev)"
1.24 2
k(max) = 55 um=0.496 um = 4960 A
11. (b)
Given, MOSFET is operated in saturation region and channel length modulation is present,
: W 2 .
.. Drain current, Iy = MpCox E(VGS - V)" [1+AVps] ..(1)
Drain to source conductance,
ol 2% .
D = 1, Cor o= (Vs = Vr)* (A) (i)

8as T Qupe ML
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From equation (i), we can write,

w

Ip 2
—= = C.—(V-c-V
1+}\'VDS My Cox 2L( GS T)
We can re-write equation (ii) as,
_ _Ip .
8is = 14 AMVps
Ip
or, 8as = 1 v
—+
A DS
12. (b)
5V-16V
The current, D= R
34V
I=—%—
But it is given, to produce 1 mcd,/}, (min) = 4 mA
34V
So, > 4 mA
R < % kQ=850Q
R(max) =850 Q
13. (a)
Pn = PnO eO.S/Vt
2 20
n; 10
P,= ——=——7z =2x10*cm™
n,0 5x10
P, = 2x10*¢* =10 x 10" cm™?
14. (a)
kT N,
The Fermi potential, O, = 7 In W
1
1016 }
= 0.0261n
Osp [1.5><1010
0 = 035V

The maximum space charge width

Y (max) ~ { eN,

=3.02x10° cm

Xy = 0302 um

4850, 1/2_ 4x1.04x1071% % 0.35
L 1.6x109x10°
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15. (¢)

Given current equation of a PN junction diode is,

I(T) =1(T,) exp [0.057 (T - T,)]; T, = 300 K

I(T) =1, (300) exp [0.057 (T - 300)] (1)
At T=300K,

1(300) = 1, (300) exp [0.057 (300 - 300)]

A 1(300) = 1, (300) ...(ii)
It is given that, at a temperature (assume T,) the current is twice its value at T = 300 K.
The new current at T is

I(T,) = 21 (300) .. (iii)
But, I(T,) = I, (300) exp [0.057 (T, - 300)] (iv)
Substitute equation (iii) in equation (iv),

21 (300) = I, (300) exp [0.057 (T, - 300)]
From equation (ii),
I (300) = 1, (300)
21, (300) = 1_(300) exp [0.057 (T, - 300)]
2 = exp [0.057 (T, - 300)]
In2 =0.057 (T, - 300)
T, =31216 K
T, =313K

16. (b)
Given that,
Reverse saturation current density, ], =3.6 x 10! A/cm?
Photo current density, J, =15mA/cm?
The open-circuit voltage of a solar cell is,

3.6x1071

Vo =V ln[1+]—L}=0.0261n{1+
OoC ]

S

15%107° }

Voe = 0516 V

17. (b)
Diffusion potential (or) built in potential,
V,; = Area under the electric field distribution curve

Area under given curve (which resembles triangle)

v, = %x Base x height = %X(Wp + Wy )X (-E)
magnitude of diffusion potential

1
|Vbi| = EX(WP +WN)X(—E)

%x4 umx15x10* V/m

v,,| =03V
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18. (b)
As drain is connected to gate for both MOSFETs, they will be in saturation mode of operation.
ie., Ip; = Ip,
K\(Ves1 = V)P = Ky(Vasy = Vi)
Since, K< W ; K2 = ZK1
K\(Vesr = Vi) = 2K (Vgy = Vi)
But Ve = 5-V,
Vos: = Vo
(5-V,-15)? = 2(V, - 1.5)
35-V, = J2(V,-1.5)
35-V, = V2 V,-212
2414V, = 5.62
V, =233V
19. (b)
1
Cp o« —=——=
VVbi + Ve
Cri Vi +Vepo
Cro Vi + Ve
at VRBl = OV, CTl =1 H.F
at VRBZ = -6 V, CT2 =05 H,F
Cri _ Vb +Vkmo
Cra [V + Vi
1 -6+Vy,;
05  \ Wy
V, = -2V
20. (d)

We know that,

Diode voltage V[, decreases by 2.5 mV per 1°C rise in temperature.

Given, temperature, T,
%
AT
Vb2 =Vp1
(T, -20)
(600 —700)x 107
-25%x107°

T,

20°C
-25mV/°C
-25x107

T, - 20
60°C
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21.

22,

(@)
We know that,

Potential function, 0,

n;
1;

Let potential at 1 um distance is ¢

or, 0,

s1/

_ND2 -

q)sl = VT ln_n—i_
'1016

(I)51 = VT ln ni

Let potential at 2 um distance is ¢ y

¢52 = VTIH[ND :|

n;

It is given magnitude of potential difference,

ie., lo, -0, =012V
N
Vr ln{ﬂ} = 012V
Npq
0.12
Noy | oo
Npq
= Np, = 9.89 x 1018 cm™3

(b)

Since two MOSFETs are operated in saturation mode,

W,
Ipy = MpCox 2_£(VGSN ~Viy)?

W, 2
or, IDN = “ncox Z_E(VOV)

where, overdrive voltage V,, = V.o - Vo

Similarly, Inp = WpCoy Z—LP(VGSP ~Vip)?
or Inp = W,C %(V )?
’ DP p-ox oL ov

where, overdrive voltage V,, = Viop = Vip
given, I,y = Ipp

W 2 W, 2
MnCox - (Vov)™ = MpCon—Lp(VOV)

...(ii)
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W,
Wn = M—p=04
P Ky
In the given question, it is asking that,
4%
po_ L oos
Wn 0.4
23.  (¢)
24. (o)

Fill factor of solar cell is,

Maximum power obtained

F.F. =
VDCXISC
0. 65%x107
' - VDC XISC
_ 65x107° 100 mW
Voc x Isc - W_ m

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

25.  (¢)

w

Given, MnCox 7 = 1.5%x107° A/V?
V, =065V
Ve = 4V
Vpg = 6V

Power dissipation in the MOSFET is,

P = Vps x Ips

where, I is drain to source saturation current.
Since the MOSFET is operating in saturation region,

1 w
Ips = EuncoxT(VGS_VT)Z

%x 1.5%107° (4 - 0.65)

Ips = 842 %107 A
Power dissipation, P = 6x842x103
P = 50.50 mW

26. (b)
The steady state increase in conductivity,

Ac = q(u, +u,)(p)
In steady state, 3p = ¢" 7,
where, ¢’ is the uniform generation rate.

Ac = q(u, + 1) &' T,)
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N
Il

(1.6 x 10-1%) (8500 + 400)g’ x 1077
¢ = 1.404 x 102 cm™3 s7!

27.  (b)
dp
]p - _quE
for x < w,
dp_ pO)=po _=(p(0)=po)
dx 0O-w w
D, (p(0) -
I = szosﬁive constant
P w
for x 2w,
dp
dx 0
= J, =0
28. (a)
q0(x) = Ep - E(x)
Np(0
g 0(0) = E, - E(0) = len(i_F)]
1
kT, [ Np(0)
0) = —In| ——=
oo - 0]
kT, ( Np(5um)
_ _ gy DR
O(c = 5um) = = ”( ; J
kT Np(0)
V, = 9(0)=0(x=5um)=—In| ——=——
0 q | Np(5pum)
1020
29. (a)
¢, = surface potential Electric field
€ox Esi
1
= EES Wdep —e E,,
2 I
. 0, _2x0085, = so, x s
s Waep 0.4 0.= Area
E, = 0.175V/um I ’
Boundary condition of electrostatic field should be satisfied at the interface Waep
So, €, Epr = €4E, SiO, - Si interface
e, E
E _ St s — 3ES
ox eox
E,_ = 0525V/um

ox
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E _ Vox
ox tox
V. =E, t =0525x18V=0945V
Vo=V, _+6¢, =098V
30. (o)
- - - = = = AV, .
Force due to magnetic field, Fu = qvaxB = qu,Eapplied XB = Txx (-10%)
1004, .
F, = force due to induced Hall electric field = —F,,
100gqu, =
= — 2 (-§)=qEuma
L
100
- Py A
As Eind in (—9) direction, V; is +ve
-4
L W(00), W(100)(500x10*)
Vi = WiEid|=———F = T =25V
EEEE
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