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Electronic Devices and Signals & Systems

Q.176 A Si diode has a forward current of 1 mA and carrier life time t = 10”7 sec and maximum
diffusion capacitance of 1 nF. The above Si diode is operating at a temperature of
(Assume m = 2 for Si)
(a) 480 K (b) 580 K
(c) 680 K (d) 693 K

Q.177 Consider an n-type silicon semiconductor at T =300 K in which N, =10 cm= and N, =103 cm™3.
The intrinsic carrier concentration is assumed to be 1, = 1.5 x 10!° cm™. Then the equilibrium
hole concentration is
(a) 1.50 x 10* cm™ (b) 1.75 x 10* cm™
(c) 2.25 x10* cm™ (d) 2.75 x 10* cm™

Q.178 A silicon pn junction diode has acceptor concentration of 10'°/cm?® and donor concentration of
10'/cm?. The reverse bias voltage across the junction is -4.5 V. Then the maximum electric
field | E__ |at the junction is equal to kV/cm.

(Assume, 1, = 1.5 x 10%/cm®, & = 11.7g, V. = 26 mV)

Q.179 For an intrinsic semiconductor, assume the effective mass of hole is 0.5 times the effective mass
of electron. Then how far is the intrinsic Fermi energy from the midgap energy.
(Assume kT = 0.0259 eV)
(a) 0.024 eV above (b) 0.024 eV below
(c) 0.013 eV above (d) 0.013 eV below

Q.180 An NMOS device operating with a small drain-source voltage serves as a resistor. If the
overdrive voltage is 1.8 V, then the minimum on-resistance that can be achieved with

144
U, Cox T 4mA/m? is

(a) 139 Q (b) 239 Q
(©) 278 Q (d) 340 Q

Q.181 The conductivity of two sides of a step graded silicon diode is 0, = 0.25 §/cm and
6, = 0.55 G/cm. Then the potential barrier height is equal to
(Assume, p, = 500 cm?/V-sec; u, = 1300 cm?/V-sec, V=26 mV,
intrinsic concentration, 1, = 1.5 x 10°/cm?)
(a) 0.50V (b) 0.63 V
(c) 0.75V (d) 0.86 V

Q.182 A MOSFET carriers a drain current of 1 mA with V¢, = 0.6 V in saturation region. If V, is
increases so that the corresponding increases in drain current is 50% above the previous value.
Then new value of V. is V.
(Assume, channel length parameter A = 0.1 V1)
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Q.183 Consider two p™n silicon junctions at T = 300 K reverse biased at V, = 10 V. The impurity
doping concentrations in junction A are N, = 10! cm=® and N, = 101> cm, and those in junction
B are N, = 10'® em™ and N, = 10'® cm™. Then the maximum electric field |E__ |ratio for
junction A to junction B is
(Assume V,, << [V, |)

Q.184 An NMOS device has oxide capacitance C, =10 F/m? W=5um, L=0.1umand V- V,,=1V.
Then the total charge stored in the channel of NMOS is equal to
(Assume, V¢ = 0)
(a) 25uC (b) 50 uC
(c) 75uC (d) 100 uC

Q.185 The excess hole population in an n-type silicon sample is shown below. The minority carrier

life time in this sample is 10~ sec, the hole mobility is 640 cm?/V-sec, and cross section of the

sample is 10 cm?.

P(x) (cm )

5x10"

O 1 2 xm)
The hole current in the above silicon sample is x 10 A.
(Assume, V=26 mV)
(a) 3.33 x 10 A (b) 1.66 x 10+ A
(c) 975 x10* A (d) 6.66 x 10+ A

Q.186 An ideal n-channel MOSFET is first operated in saturation region with threshold voltage of
0.8 V, the transconductance is found to be 2 mS. If the same MOSFET is operating in linear
region at V,; = 2V, then transconductance is found to be 1.5 mS. Then the value of Gate to
source voltage (V ;) when MOSFET operating in saturation region is V.

Q.187 The fill factor in a solar cell will depend on which of the following
(a) Open circuit voltage
(b) Short circuit current

(c) Area of maximum power rectangle in I-V characteristics
(d) All of the above
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Q.188 Consider two p'n diodes which are identical except for the fact that in diode A the minority

carrier life time is infinite making L, >> WW,, while in diode B the minority carrier lifetime is
finite and small enough that L, < W), where W, is the width of the n-type side and L, is the
minority carrier diffusion length.

Then which of the following statements are correct?

S1: diode B has large saturation current compared to diode A.

S2: diode A has wide space charge layer under thermal equilibrium.

(a) only S1 (b) only S2

(c) Both S1 and S2 (d) Neither S1 nor S2

Q.189 Two ideal p*n junction diodes maintained at room temperature are identical except that
Ip, =25mA and I, =2mA. If the diffusion lengths of the diodes be L, and L, Then the ratio

Q.190 In a semiconductor, the effective density of states in valence band at 300 K is 1.04 x 10" ecm™.

The fermi level is 0.27 eV above the edge of valence band (E ). Assume that effective mass of
hole equal to effective mass of electron. Then the hole concentration in the valence band at
400 K is x 10%° em=.

Q.191 A Schottky barrier is formed between a metal having a work function of 4.7 eV and a p-type
silicon having electron affinity of 4 eV. The acceptor doping concentration in the p-type silicon
is 10'7 em™. The device is operating at 300 K, where kT = 0.026 eV and intrinsic carrier
concentration in silicon is 7, = 10’ cm™. For a particular forward bias, the simplified energy
band diagram of the device is shown in the figure below.

E?J
/ 0.1eV

— Metal —>{=— p-type silicon —
If the energy gap of silicon is 1.1 eV, then the magnitude of the forward biasing voltage is

equal to V.

Q.192 In a step-graded p-n junction with ideality factor of 1 at T = 300 K, the magnitude of the
reverse-bias voltage required to reach 50% of its reverse saturation current is mV.
[Assume that, k = 1.38 x 102 J/K and g = 1.6 x 107 C]
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Q.193 An intrinsic silicon sample is doped from two different impurity sources whose concentrations

vary along the length of the bar as shown in the figure below:

I Silicon |

Boron atoms i

10"cm™ ;
0 1| x (um)

Arsenic atoms i

1017Cm~3_\&nei
0 1 x (um)

After the process of doping, the bar is kept under equilibrium at room temperature. There
exists a built-in electric field inside the semiconductor due to the variation of resultant doping
profile. The peak of this electric field (magnitude) exists at x equal to pm.

Q.194 The output of a causal LTI system is related to the input x(¢) by the equation,

) 0y eyt

—oco

where z(t) = e"'u(t) + 38(t). Then the impulse response of the system is

(a) %e_tu(t) +%e‘10tu(t) (b) %e—tu(t) +%e—10tu(t)
(0) %e‘tu(t)+%e_wtu(t) (d) %e_tu(t)"‘%e_wt”(t)

Q.195 The energy of the signal x(t) = 2e s

sin t
o Assume that x(t) is real and X(») = 0 for | |> 1, then the Fourier

Q.196 Let g(t) = x(t) cos?t *
transform of g(t) is G(w) equal to

(@ X (v) 5%

(€) X(w-2) (d) iX(m—Z)

n
Q.197 An LTI system with impulse response h;[n] =(%j u[n] is connected in parallel with another

causal LTI system with impulse response /1,[n]. The resulting parallel interconnection has the
frequency response

~12+5¢ 7/
12-7¢71% 47720

Then the system h,[n] at n = 0 is equal to

H(e) =
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Q.198 Consider the cascade of two LTI systems as shown below.

xln] T[] fn] ]

1Y 1

where, I, [n] = sindn and h,[n] = (Ej u[n] and the input is x[n] = 5[71]—5 8[n—1]. Then the
output y[n] is

(a) sindn (b) 2sindn
(c) sin2n (d) 2sin2n

Q.199 Consider a discrete time signal x[n] whose discrete time Fourier transform is X(e/®) where

.3
1 sin—

+5nd(w) ;-t<w<mn

Then the value of x[n] at n =3 is

Multiple Select Questions (MSQ)

Q.200 A Ge sample at room temperature has intrinsic carrier concentration n; = 1.5 x 1013/cm? and is
uniformly doped with donor of 3 x 10'®/cm3 and acceptor of 2.5 x 1015/cm3.
The correct statements is/are
(a) Majority charge carrier concentration is 3 x 1016/cm3.
(b) Minority charge carrier concentration is 0.818 x 1010/cm?.
(c) Majority charge carrier concentration is 2.75 x 101¢/cm?.
(d) Minority charge carrier concentration is 2.5 x 10'5/cm?.
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Detailed Explanations
176. (b)
Given, I p = 1 mA
Diffusion capacitance, C;, = 1 nF
n=2
Tl
- £
but, Cp = _
Tl 7 x11600 T
Ch = ——F T = 77200
D nT 11600
-7 -3
109 = 107" x107° x 11600
2xT
T = 580 K
177.  (c)
Given,
donor concentration,
N, = 10'¢ cm™
acceptor concentration,
N, = 108 cm™
We know that, the charge neutrality condition
n+ Na = p + Nd
From mass action law, np = niz
2
n.
d = -
an p "
2
n+ Na = n—l + Nd
n
n*+nN, = n? +nNy
niz +(Ny —Nu)n—n2 =0
or n*-(N;-N,)n-n?> =0
2
0 o= Z\Ivul _'PJa + Z\Ivul _'bJa __nZ
2 2 1
2
16 _ 1013 16 _ 1013
g o= 2077107 P00 g 501002
2 2
n = 9.99 x 101
‘ n?  (1.5x101)?
. Hole concentration, p = —=-—"—""——5
n 999x10
p = 225x10*cm™
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178. 38 (37 to 39)
We know that,
Maximum electric field in the reverse biased pn junction is
2
Enax = v (Voi = V&)
where, W = width of the depletion region ; V,. = built-in voltage at the junction
15, 1016
v, = Vpln| Neld | o6y | 10 X10
1; (1.5x10™7)
vV, = 0637V
Width of the depletion region,
(2e[ 1 1 2
€
= | —|—+—|(V -V
W K |:Na NJ( bi R)}
[2x11.7x8854x107[ 1 1 2
= — [ =t ¢ } (0.637 +4.5)
i 1.6x10~ 10 10
W = 27 um
. Maximum electric field at the junction,
—-2(0.637 +4.5) —2(0.637 +4.5)
Fimax = w 2.7x107*
|Emax| =~ 38kV/cm
179. (d)
For intrinsic semiconductor, CEB
Intrinsic fermi energy, : Ec
3 7 1l E,
EFi = Emidgap + ZkT In m;: Egf-------------1 midgep
* % Ey,
Given, m, = 05 m, V.B
m*
= L =05
mi’l
3
& = Emidgap +Z(0.0259) In(0.5)
Epi = Eiggap — 0013 eV
180. (a)
We can use NMOS device as resistor in linear region of operation.
In linear region,
W V5
Drain current, I, = W, Cox T (Ves =Vru)Vps _%
For small drain-source voltage,
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4%
Iy = MCox T(VGS =V )Vps

On-resistance of NMOS device can be written as,

R _ VDS _ 1

on I - W
D o Cox T (VGS - VTH )
Given, Veg= Vg = 1.8V
w
Hy Cox T =4 mA /m?

R = +=138.89Q =139 Q

on 4x107 x1.8
181. (b)

We know that,
Conductivity in p-type material,

o, = Nu,
op 0.25
T, 1.6x107 %500

=z
I

N, = 3.125x10"/cm®
Conductivity in n-type material,

G, = Naqh,

N, = o, 0.55

g, 1.6x107% %1300
o 2.64 x 101 /cm?
. The potential barrier height,

30

Z
I

=~
Il

2 2.25%10%

i

=~
[

0.63V

182. 5.9 (5.50 to 6.50)
We can write, drain current in saturation region as,

1 w
I, = EMnCoxT(VGs—VTH)Z (1+AVps)
.. Iy e (1+AVy)
Iﬂ 1+)\’VD51
ID2 = 1+)\,VD52
Given, I, = TmA
Iy, = 15(y) =15mA
A =01V
Vphe = 0.6V
1 1+(0.1x0.6)
1.5 1+(0.1xVpsy)
Vphey = 59V
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183. 0.32 (0.25 to 0.40)
We know that, maximum electric field,
= —2(Vyi +VR)
max W
1/2
2qVr | N, Ny
or, E .=V = | v i~
x € Na + Nd
(. by neglecting V)
IE .= Ny (for p*n junction)
M _ NdA — 1012 =032
|EmaX|B Ny VlO
184. (b)
For NMOS, the charge stored in the channel is
Q =CVv
where, C is the gate capacitance per unit length
C =WC,
where, V = V4 - V;, because no mobile charge exists for Vo < V.
Q = WC(Vis = Vin)
=5x10°x10x 1
Q =50uC
185. (d)
We know that,
Hole current, Ip = A]}7
dp(x)
D, = W,V =640 x 26 x 1073 = 16.64 cm?/ sec
B 14
[ = -16x107 x16.64x 5X—104
P 2x10”
J, = 6.66 A/cm?
The hole current, Ip = A]}7
I, = 6.66 x 104 A
186. 3.46 (3.20 to 3.80)
First MOSFET operating in saturation region,
1 2%
Drain current, Iy, = EMnCox T(VGS _VT)2
K 2
Ip; = 5 (Ves =Vr)
aIDl .
Transconductance, g, = =k(Vgs = V1) (1)
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[FMARDE EASY for K.\ iF¥i{¥¥] | EC

Hence, MOSFET operating in linear region,

. C w (Vs = Vi)V, _V_E%S
Drain current, I, = Mntox 7 |Ves VT )lVps ==,
Transconductance, g, = =kVpg

&m _ Ves=Vr)
8m?2 Vbs
2 V5s-08
- 15 2
= Vog = 346V
187. (d)
I - V characteristic curve of solar cell,
I
Dark Voc v
D Maximum
Light power
rectangle

Area under maximum power rectangle

Fill factor, FF = Voc Ioc

Where, V- = open circuit voltage, I~ = short circuit current

188. (a)
S1: Because the saturation current varies inversely with the effective width of the diode given,
L}7 <Wy in diode B, hence it has smaller effective width and thus the large saturation current.
S2: Incorrect
Both the diodes are similar, because the space charge layer width does not depend on 7.
i.e., space charge width of diode A is same as diode B.

189. 0.8 (0.7 to 0.9)
We know that,
Diode current equation is,

v
D, n? 2 || =D
I, = Aq E_ +—D”nl eV -1
L,N; L,N,
for p™n junction, N, >> N,
v
D 2 YD
Iy = Ag [T 1
Ly Na
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V
D,n? | -
.. pt nr _
Similarly, Iy, = Ag—— e 1
Lpsz
Iy _ Ly
IDz LP1
- Ly _ 2mA _og
ng2 2.5 mA

190. 6.43 (6.00 to 6.60)
Given,
Effective density of states at 300 K
N, (300 K) = 1.04 x 10 cm™

3/2
an;kT /
We know that, N, =2 5
h
Nz; oc T3/2
N,(400K) (40012
N,(300K) = (%)
3/2
_ 19( 400
Nv(400K) = (L04x10 )(300J
N,k = 1.60 x 10" cm™
—(Er - E
.. hole concentration, P = N, exp( ( l;{T U)J

-0.27
0.03453

p = 1.60x10" exp( j at T =400 K

P = 643 x 10 cm™®

191. (0.17) (0.15 to 0.19)
From the given energy band diagram, it is clear that,
qV,-V) =01eV
where, V= Potential barrier = (¢, - ¢,,); V = Forward biasing voltage
Given that, o, =47V

To calculate ¢, :

ED
ax 95

EC
E./2

——————————————————————— E;
E, 20,

et -——Ep

ET)
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Eg
q0, = QX+7+CI¢P

Eg
o, = X+2—+¢F
q

= (4+0.55)+k—T1n(&j
q m

1
= 455 + 0.026In (107) ~ 4.97 V
V,o=0,-0, =497 - 47 =027 V

V-V =01V
V=V -01=027-01=017V

192. (17.935) (17.80 to 18.10)

For a diode, L = Io(eVAK/VT -1)

When I, = -0.50I ,-0.50 = [ (e"AK /Vr -1)

eVak/Vr = 050

Vi = VrIn(0.50)=-VrIn(2)

-23
Vo= KT _1.38x10 ?9300 _138x30 o oegos v
T q 1.6x10~ 6
So, V. = —(25.875) In(2) = -17.935 mV
Ve = |Vag|=17.935mV

193. (0.90) (0.88 to 0.92)
N,(x) = mx + C

m = 104 em ™ =-10"'em™ (x is in cm)
C = 107 ecm™
So, N,(x) = -10?x + 107 (x is in cm)
N, (x) = 10 cm™

The peak of the built-in electric field exists at the junction, which is the point where N (x)
is equal to N (x).
So, -10%x + 107 = 10%°

1017_1016

105 (10 - 1) = 9 x 10 cm = 0.90 pm

194. (b)

Given, % +10y(t)

T x(7) z(t — 1) dt — x(t)

By taking Fourier transform, on both sides
joY(w) +10Y(w) = X(0) Z(m) - X(m)
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1

But, Z(o) = 1+jm+3
Y(@)[10 + jo] = X(@)[Z(0) - 1]
_ Y(0) _Z()-1
H®) = Xo) 10+ jo
1
riot ! 1+2+2j0 3+2jm
H) = _ jo j

10+jo  (1+jo)(10+jw) (1+ jo)(10+ jo)
By taking partial fraction expansion of H(w),

A, B
H) = 7570 10+ jo
3+2jo 1
A = ' )
10+ jo P
3+2jo 17
B= 1+i0 )
1+jm jo=-10 9
1/9 . 17/9
H(w) = /.+ A
1+jo 10+ jo

1 _ 17 _
-. Impulse response, h(t) = 5¢ tu(t)+?e 1081y
195. 2.83 (2.50 to 3.00)

(1) 2 X(o)
(,02

ze—ntze FT s D.e 4m

15 2
Energy, E = ﬂ_‘[JX(mﬂ do

1 2 —
= — | 4?2 do
E 21t_-[°

oo (O]
_ 1 4-¢ 21 do
2n -

¥2

Compare with J. e_P dx=oVJ2n; o6>0

—oo

X =W
c = n
E = l4\/%>< 271
2n
E = 242]=283]
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196. (b)

int
x(t) cos? t# 20
Tt

Given, g(t)

X(w) = 0for o]>1
Let y,(f) = cos’t
1+ cos2t
yl(t) = 2

By taking Fourier transform,
Y (0) = md(w)+ 38(03 -2)+ gS((D+ 2)
Let y,(f) = x(f) y,(f) = x(f) cos?t

Y,(0) = Z—Z[X(‘D)*Yl(‘”)]

- 21 {X(m) * [n&(m) + 26((»— 2)+ gé‘)(u) + 2)ﬂ

T

Y, () = %X(m)+%X(m—2)+iX(m+ 2)

sint
Let ys(f) = nt
1
Yi(w) =
1 0 1 ®
Now, g(t) = y,(t) * ys(b)
G(w) = Y, (0) Y;(m)
G(w) =
Y3(0)
1
EX((DH%X(OJ_ZH%X((DJFZ)J x
1 0 1 Q]
1
Gw) = 5X(®)

197. -2 (-3to -1)
Given, frequency response of interconnection is
~12+5¢7
1277 4720

When two LTI systems are connected in parallel, the impulse response of the overall system

H(el®) =

h[n] is the sum of the impulse responses of the individual systems.
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. hln] = h[n] + h,[n]
By using linearity property,
H(el®) = H,(e/®) + H,(e/®)

1 n
Given that, hy[n] = (5) u[n]
By taking DTFT,
, 1
Hy(e®) = ——
1--¢/®
3
P £
Hye'®) = 57 o 2o L1
3
Hy(e) = — - ——
1_16—1‘0 1_16—1‘0 1_18—]00
4 3 3
, -2
Hye"®) = —4——
1-=¢1®
4
By taking inverse DTFT,
1 n
hy[n] = —Z(ZJ u[n]
atn =0, h,[0] = -2
198. (a)
Given LTI systems
x[n] y[n]

—— Mn] hy[n]  ——

yln] = xn]*[hy[n]*hy[n]]
or = [x[n]*hy[n]]* hy[n]

xfn]#haln] = Gj u[n]*(&n]—%ﬁ[n—u)]
n n-1

= %j u[n]—%(%) uln-1]

= %jﬂ u[n]—(%)ﬂ u[n—-1]

= lj [u[n]-u[n-1]]

2

x[n] * hy[n] = §[n]
y[n] = d[n] * sindn
y[n] = sindn
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199. 4 (3 to 5)

1 sinﬁm
Given, X(efw) = 1_6_],00 % +5ﬂ8(0)) ; -M<WET
sin —
.3
' sme
Let X, (e/®) = o
sin—
2

X, (e/®) (IPTET o x [n]

.3
SO prEr {1, |n|<1
si:nE 0, ‘n’ 1

Using the accumulation property,

n . i oo
3 (k) %ﬁxl(dw)mxl(eﬂ)- 3 §(-2mk)
k=—eo —e P

Therefore in the range -1 < w < 7.
n
Y xy[k] _ DTFT 1 X, (e1®) + 378(w)
k=—e 1-e/°
Also, in therange -t <w<m

15 2md(w)
s Intherangeof -n<w<m
L 1

x[n] = 1+ kz [kl X3 (¢1°) + 5m3(0)
.. The discrete signal x[n] may be expressed as,
" 1, n<-=2
x[n] = 1+ 2 x[k]=1n+3, -1<n<1
k=—eo 4, n=2

oo x[n] at n =3 is x[3] = 4.

200. (b, 0)
Majority charge carrier concentation of a compensated semiconductor is
3 x10%-25x 101 = 2.75 x 10'*/cm?

n? (1.5x10%%)?

1 —

Minority charge carrier concentration =
y chats Np-N, 275x10'

= 0.818 x 101%/cm?

www.madeeasy.in Day 8 : Q.176-Q.200 © Copyright:MADEEASY Page 16

Delhi | Bhopal | Hyderabad | Jaipur | Lucknow | Pune | Bhubaneswar | Kolkata | Patna




	EC_RTQ_GATE-2022_Day 8.pdf
	1: EC




