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Answer Key
1. (c) 7. (b) 13. (c) 19. (a) 25. (c)
2. (d) 8. (c) 14. (c) 20. (b) 26. (c)
3. (a) 9. (b) 15. (a) 21. (c) 27. (b)
4. (c) 10. (b) 16. (d) 22. (d) 28. (a)
5. (b) 1. (d) 17. (d) 23. (c) 29. (b)

6. (d) 12. (b) 18. (a) 24. (d) 30. (a)
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DETAILED EXPLANATIONS

2. (d)
Hall effect is used to determine the following
% type of semiconductor
* carries concentration
*  conductivity
= mobility
5. (b)
AT = 45 - 25 = 20°C
av
W = -25 mV/ C
AV = 25 x 20 = 50 mV
Vo = V- AV =625 mV - 50 mV
= 575 mV.
6. (d)
T{E,) = !
T 1+ ex Eo -
PLU kT
~ exp A& &) =9.69 x 107
KT
7. (b)
According to mass-action law
np = an
2 (15x10°)
n=—=—7-—-"-=1x10°/cm?3
p  225x10
9. (b)
[ 90—25]
Igo = 500x107°[2 10 | =45.25 pA
11. (d)
Photocurrent = 0.65 x 10 x 108 = 6.5 uA
12. (b)
ap
g = T,
Ap
%6 _
10 = 5070
Ap = 2x 10209 m=3

2x 10" cm3
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13. (c¢)
Na X
ND = xp
Na
¥ = (NDJ(XD)
1
X, = EXO5
x, = 0.05um
x = x,+x,=05+005=0.55pum
14. (c)
dp -19 12 1
Jp=—q by = -1.6x107" x20x10 “107% = 3.2 mA/cm?
1, = Jpr =32x10%x125x10% = 0.4 uA
15.  (a)
) < 1.24 um
E4(eV)
For silicon
At T = 300°K Eg = 1.1eV
so, wavelength A at E, = 11eV
= A< %um:tﬂ%um

So clearly option (a) is out of the range.

16. (d)
As doping increases, Fermi level moves closer to the conduction band.
17.  (d)
The percentage increase in the reverse saturation current is
Too = o(T2=T)/10 _ 5(55-25)/10 _ g
1o

Iop — 1,
22__01%100 = (8-1)x 100 = 700%
01

18. (a)
Zener breakdown voltage is less because it occurs in higher doping region.
Hence, zener breakdown voltage V, corresponds to point A.

19. (a)

5%x10"7

1.5><1o‘6J =0.45eV

E-E = len% _ 26x107° ln[

1

Since boron is p-type impurity, therefore fermi level goes down.
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20.

21.

22.

23.

24.

(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.

(c)

I, = QA —Epp+-2n J

’ [Lp O,
As N,>> N,
= Ny is negligible

qAD,

Iy = Pro

0 Lp

0 Np

16x107"9 %1072 x10x 4.5% 10° « 2.25x10%°
3.16x107° 5x10'®

I, = 2278 x 10715 A

|7,

~
i

(1, = 1ol ]
2278 x 10715 A

~
Il

(d)
n = new concentration of electrons at the surface
n, = equilibrium concentration of electrons

n, = i:i:1.8x105 cm™
O po Na
n= et =%T, ¥ = surface potential

10
¥ - ﬂm(ij - 0.026 ln[3x11§ Jzo.612v

g (n
(c)
e = P (s - 1P
4% 103 = W(g(?9;(56;<91§%_8)(5—0.65)2
W = 11.8um
(d)
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25. (c)
In linear region

( ol j
aVGS linear -

In saturation region

( olp J
aVGS saturation

Ip

I = Blg+ (1 +B) o
B - o 0.98 _

1-a 1-0.98
I. =

- = 49%x20+50x0.6=980+30=1010 uA

I, = 1.01mA

[(nere k, = w,C,y) |

1 w
k= EMNCOXT
K=k

2
K, =2k

( olp j
9 Ves linear M
( dlp ) 2k(Vgs = Vr)
J VGS saturation
( olp j
J VGS linear 2k VDS _ VDS
( dlp ) 2k(Ves =Vr) (Vs =Vr)
9 VGS saturation
26. (c)
Coe 1
"Vbi + VRB
(&1 Vi + Viss
Ce Vi + Vhay
at VRB1 =0V, C1 =1 |JF
at VRB2 =06V, Cz = 05 |JF
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1 Vi +6
05 v, +0
o _ 1[\/[3» +6
VWh
4V, =V, ,+6
3V,, = 6
V, = 2V
27. (b)
Given the probability of state being empty is 0.9258
ie. 1-f(E) = 0.9258

The energy level being occupied by electron is f(E)
: f(E) = 1-0.9258 =0.0742

fE) = .
1+e(E"$F)
00742 = 1E_EF
1+e( o j
E-F
1+e(TTF) = 13477
E-E
—7 = 2523

E-E. = 2.52KT
E = E.+252KT
The energy level 2.52 kT above the Fermi energy is occupied by electron with probability 0.0742.

28. (a)
We know that electrical neutrality condition
Ny+P = Ny+n
for lightly doped P-type semiconductor

N, = 0
P= N,+n
N, = P-n
2
= P_ﬁ = ni IJ_n_ ni
P \/Up n Hn
Hp
1 1
2 2
N, = n|| 2 —[”—p] = 2.4x10°|Jo -
Hp Hn 9
N, = 6.4x100cm3
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29. (b)
Phosphorous is a pentavalent atom when it is added as a dopant with Si sample it behaves as a n-type
semiconductor and Boron is a trivalent atom when it is added as a impurities with Si sample it behaves as
a p-type semiconductor. When both the atoms as a donar and acceptor atoms are added together then it
will neutralised to each-other, and as per the given concentration the net charge will be 106 Boron atoms,
so it will behave as p-type, semiconductor with net carrier concentration of 101 /cm3.

30. (a)

0.4mA, V,=05V

VDD — VD

Ro= — 1 =HRp=5ka

Since V, = 0.5 Vs greater than V, this means the NMOS transistor is operating in the saturation region.

1 w

ID = EMHCOXT(VGS_ Vz‘)2
= Ves—V, = 05V
= Vs = V,+056=12V
Vs = Vss _ Vs —Vss 1.3
Rg I I 04 3.25 kQ
EEEE
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