Leading Institute for ESE, GATE & PSUs

Detailed Solutions

ESE-2025 E & T Engineering
Mains Test Series TestNo: 1

Section A : Network Theory + Electronic Devices and Circuits

Q.1 (a) Solution:

Method I:
For t <0, the switch is closed. At steady state, the capacitor acts as an open circuit to dc
and the inductor acts as a short circuit to dc, as represented in the below figure.

i(07)

AAA

évvv i i +
VT 20 o)
2 20
A\ = 10x—=—— =22
2/0) 5+2 7
i(0)=0A
At t=0%
50 i)
1 L 000 i)
10V 20 »
7

Since current through the inductor and voltage across the capacitor cannot change

instantaneously,
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20
0,09 = 0,0 = 5V
i(0") = i(0)=0A
. 20 ., .
From the circuit at t = 0%, v,(0%) = — V,i(0"=0A
For t > 0:
R=2Q,L=5H,C=1F
103
s i(t) .
5H T
20 EE 1F =0/t

i . . . R 1
The characteristic equation of the system can be obtained using KVL as s> + IS + e 0
The roots of the characteristic equation are given by

2
R, RV 1 R
S N [T P
2L (2L) LC 0

9
|

h — E—L—O
where, = oL 2x5
1 1 1

= — = — = d
o, NN \/gra /sec

As a < w,, the response is underdamped.

i(t) = e *“[By cosw,t+ By sinw,t] (i)

2
Joi—a? = \/(%j ~(0.2)*> =0.4 rad/sec

where, o,

From equation (i),

i(f) = e%2[B, cos 0.4t + B, sin 0.4¢] (i)
Asatt=0", currenti(0") =0 A
= B, =0
On differentiating equation (ii),
di(t
% = B,[e0%(-0.4 sin 0.4¢) - 0.2¢7%% cos 0.4f]

+ B,[e70%(0.4 cos 0.4t) - 0.2¢70% sin 0.41]
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At t=0%
di(0™)
i = -0.2B, + 0.4B,
-20
di(0") o (0") (7 ) 4
We know that, Franlie i 5 7
-4
= -0.2(0) + 0.4(B,) = Ea
= B, = -1.429
The required values are, a = 0.2, w, = 0.4 rad/sec, B, =0, B, = -1.429
Method-II:

For t <0, the switch is closed. At steady state, the capacitor acts as an open circuit to dc
and the inductor acts as a short circuit to dc, as represented in the figure below:

S5Q i(0)
+
=10V 2Q 0,(0)
10x2 20
v(0) = ) =7Volt
i(0) =0A

Since current through the inductor and voltage across the capacitor cannot change
instantaneously,

v(07)=1v,07) = 27—0V01t and i(07) = i(0%) = 0A.

Considering the initial conditions, the circuit can be drawn in s-domain for ¢t > 0 as
below:

AAA
VVVy
N
~
=z
N
RIS
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On applying KVL in the loop, we get

, (20/7s)
i) = 7
(+2+55J
S
o 20 20
9 = 7 14513552 3552+ 1ds+7
Note:
We know that,
352+ 14647 and 24+, L
S S an 35 35

both get the same roots but 35s% + 14s + 7 will affect the gain factor of current.
Make sure that coefficient of “s?” is always 1 before taking inverse laplace

transform.
)
. —20 _ 35
o) = 35(52+M5+7)_(s+0.2)2+0.16
35 35
20
is) = ( 5 j :
(s+0.2)" +(0.4)
)
. ) = L3 [ 0.4 ]
(04) | (s+0.2)* +(0.4)°

On taking inverse Laplace of i(s), we get
i(f) = -1.428 [e"%? sin (0.41)]A

On comparing we get,

0.2

0

-1.428

o, = 0.4 rad/sec

Nou o) Q
o
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Q.1 (b) Solution:
We have,

t = 0 ll(t)

The inductor current is,

. V., -t/ |.
i () = Es[l—e Jit=0
. L
where, time constant, T = R

The voltage across inductor is,

P () = V (t)xi.(t)
2
= —t/t E _,t/T _V_s ~t/T _ -2t/
Vse X R [1 4 ]— R |:€ e :|

Energy stored in the inductor,

%f[e—t/r_e—Zt/r]dt

Il
o—3

E (t) = [P(t)dt
0

V—SZ_e—t/'c_e—%/T >
- R|-1/t -2/t 0
- R| 2| R|2] RI|2R
r 2
1 [V
E (= L f} (@)

The resistor current is,

ocopyright: TMNIADE EASY www.madeeasy.in



MRADE EASY Test No : 1 E & T ENGINEERING | 19

vp(t) = Rxip(t) =V [1-e/T]
Pr(t) = vg(t) x ig(t)

=V, |:1_e—t/Tj|x%|:1_e—t/T:|:%52[1_6—13/T]2

Energy dissipated in the resistor,

[}

<172
Byt = [Beldt=[ 1= T dt =
0

. R
EO EO
. = —x100% = —————x100%
Efficiency, E,, E, + Losses

= EL—(t)xwo%

Ep(t)+Er(t)
2
un
= n=—2LRJL 100%=0%
1 L |:‘/5 + oo
2 | R
Q.1 (c) Solution:
Given circuit is
2 1
o ﬁhhh MVV» MVV» o
+ +

=
S)
AAAA
Yyyvy
(6¥]
\F)
AAAA
YVvvy
(6¥]
q
S

e °

Applying KVL to Mesh 1,

vV, = 2L, + 3(I, - I,) = 51, - 3I, (i)
Applying KVL to Mesh-2,

V, =4I, + 3I, .. (i)
Applying KVL to Mesh 3,

-3, +3I,+8I, = 0
I = %Irgfz ...(ii)
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Substituting the equation (iii) in the equation (i)

3 3
V1 511—3(—11—512)

8
31 9
V1 = ?Il +§IZ

Substituting the equation (iii) in the equation (ii),

3 3
=4I, +3| =1, —=1
V2 2 (8 1 3 2)

9 23
A Sl |
v, gi1tgh
8 23
= SV, -2
I 927912

Substituting the equation (v) in the equation (iv),

VvV, = £(§Vz —§12j+§lz

L 819 9
31 79
= —V,——1I
1T g
Comparing equation (v) and (vi) with ABCD parameter equations,
vV, = AV, -BI,
I, = CV, - DI,
3 g,
W A B 19 9
© get c p| |8, 23
2 £
9 9

Q.1 (d) Solution:
Given, doping concentrations,
Source/Drain Doping concentration,
N, = 10 cm™

Channel doping concentration,

N = 10! cm™
Channel length, L = 1.2 um
Vgl = 0

..(iv)

...(vi)
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At punch-through, x,, +x, = L
Where, x,,: Zero-biased source-substrate pn junction width.
x,, : Reverse biased drain-substrate pn junction width.
The zero-biased source-substrate pn junction width is,
2e€, Vi e
Ydo [ gN, )

Where,

N, N
built-in potential, V,; = V,In [ﬂ_Zd}
n

i

1016 1019
v, = 00259 In {;2
(1.5x10")
V, = 0874V
14 y
L~ 12x117x8:85x10"" x0.874 2
a0 1.6x107" x 10"

X4 = 0.336 um
The reverse biased drain-substrate pn junction width,

2¢, (Vy; +Vps) /2
xdr = qN

where V|, is punch-through voltage.
X+ Xy = L
0.336 um + x, = 1.2 um
X, 0.864 um

T

2 —4\2 _
From equation (i), V., + V., ~ 3N, (0864x1074) (16x107%)(10%)

2€; 2x11.7x8.85x107*
=577V
The punch-through voltage,
Vps =577 -V,
=577-0874V
Vps =49V
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Q.1 (e) Solution:

(i) From the given plot, we can define common emitter current gain, 3 as
Al 10%-10° 1072[1-10"]

Aly 107 -10" " 107[1-107]

B =100

(@ii) In NPN BJT, the collector current density due to the excess electron concentration

B:

profile in the base region is given by

1n’(0)
Jo = qDBWB

2
1; . .
Where, n’(0) = —Z(quBE/ KT —1) is the excess electron concentration at the base-
B
emitter junction and W; is the base width

Dg ”1'2 Ve / kT
Jo = a— (e —1
S NB< )
At VBE =03V; ]C =10 A/cm2 (from the graph)
10 10 03
6 = -19 X 00.026 _1
10 1.6 x 10~ x N, 0.2><104[
19,1021 ( 03
N = 1.6x107 x10 0026 _1
p 0.2x107"°
NB = 82 x 1017 Cm—3
Wy
(iii) Base transit time, T, = ﬂ
4\2
. (02x10*)" g 04x10°
b 2x10 20
= 2x103x108=2x 10" sec
T, = 20 psec.

Q.2 (a) Solution:
To calculate Thevenin equivalent, Ry, and V., across AB, we remove 5 € resistor.
Calculation of R, :

All voltage source will be shorted,
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oA
1002 R,
o B
Hence, Ry, = 10 Q
Calculation of V., :
d
100V
D MW oA
ov
—WW——
0V 6Q 40V
VTh VAB
10Q 7Q 20V
—WW——
50V
i} o B
30V
—MWW—
4 Q
Applying KVL in the path shown,
V,-100-20+50 = V,
Vi, = V=V =70V
Thevenin’s equivalent circuit:
Ry, =10Q
AVAVAVAV
+ =
Vi, =70 V=T SR=5Q

The current through 5 Q resistor is given by,

70

= —=4.667 A
Ir 15

Verification by superposition theorem: According to superposition theorem, in any
linear and bilateral network having multiple independent sources, the response of an
element will be equal to the algebraic sum of the responses of that element by considering
one source at a time and deactivating all other sources.
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Current due to E_,

Il
AAAA
T YWy _
+
100V TE;
- 10
AV‘V‘V‘V
100
= —=667A
L 15
Current due to E,,
L=0 5Q
+ AVAVAVAV _
C —E,=40
6
10Q
AVAVAVAV
Current will flow through shorted branch. Hence,
I, =0A
Current due to E,, * Current due to E,,
13 ?AE} 14 =0 ?AE}
+ yvvy _ - J + Yyvvy _
TS
L iZTQ
— MWW Lo 10
20V 10Q MWW
20
L= =134 I,=0A
Current due to E,, * Current due to E,
5Q I
I5 T MWW —
+ AV‘V‘V‘V_ J_
X Fs @
5V 2@l
) 40
vin 10
yyvy AAAA
Yvvy
-50
15= F=—333A I6=OA

Note: Resistance in parallel to the ideal voltage source has no effect on current I.

ocopyright: MMIADE ERSY

www.madeeasy.in



MRADE EASY Test No : 1 E & T ENGINEERING | 25

Applying superposition theorem:

Current through 5 Q resistor,
I=L+L+L+1,+I+I
6.67+0+133+0-333+0=4.67A

Thus, same results are obtained using both Thevenin and superposition theorem.

Q.2 (b) Solution:

Given, N, =10 cm?®
t =750 A =750 x 108 cm
Ve = -15V.

(i) Threshold voltage of n-channel MOSFET,

[Qsp (max)

v C

= Vgt 20+

ox

Where, Q' (max) is the maximum amount of space charge in the channel, given by

|Qéo(maX)\ = N, x,;

Here, x;; is the maximum space charge width

1
. ‘ | 4€. 04 2
dT |0,=20;, = N

15
Where, q)fp = V,In & =0.0261n|:L10}
n; 1.5x10
1
Thus - 4x11.7x8.85x107"* x0.288 |2
' a 1.6x1079x10%
x,; = 0.863 um
|Qsp (max)| = 1.6 x 10717 x 10° x 0.863 x 10
Qsp (max)| = 1.38 x 10 C/cm?

1.38x1078

Threshold voltage, V, = -1.5 + (2 x 0.288) + C

ox
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3.9x8.85x107 14

€
Where, C =—-% = = =4.6 x 108 F/cm?
R 750x10
1.38x1078
VT =-15+2(0288) + ———— =-0.624 V.
46x10

(ii) To achieve a threshold voltage of V= 0.9 V, acceptor impurities are implanted
into the channel region to increase the threshold voltage by an amount,
AV, =09-(-0.624) =152V
The threshold voltage shift due to ion implant is given by
gD
AV, = o

ox

Thus, Ion implant density required,

(AV;)xC,,  1.52x4.6x107°

p Tox10°0 =437 x 1011 ¢m™3

(iii) Given, Vg =2V
Then the change in threshold voltage due to V/

SB’
J29€, N,

AV, = Ci(\/z% Ve = 20,)
ox
~19 -14 15
_ 2x1.6x10 1161.7;;285“0 %10 [(2(0258) 72 V2<0355
6%
AV, = +0335 V

The threshold voltage with V, =2 V is,

V,=+090+0335=1235V

Q.2 (c) Solution:

i 29 p-o5. 29
@ I—2 ~—5o0
Z¥9) 9Q
100£0° V <~)

pRveLE
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Mutual inductance = k\/L1L, =0.5v4x9 =3 H

Using the dot convention, the equivalent circuit can be drawn as below:

]zL

Thevenin voltage: To calculate Thevenin voltage V,,, we disconnect the load
impedance Z,.

2Q 2Q
{l B0 .
4Q 9Q
3L
Vth

100£0°V (>) /D , 0
1 L =
Ba

Applying KVL in loop 1, we get,

100 = (2 +4j+2+3)[
) 21-?2]' =18.57£-68.19°A
Vi = 3L+ (2+3)
Vin = 2+]0);
Vin

I

(2 +6) x 18.57 £-68.19°
V,, = 117.44 /336°V

Thevenin impedance: To calculate Thevenin impedance Z,, we replace the

independent voltage source by short-circuit. Applying 100 V at the terminals of Z,
the Thevenin impedance is given by,
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(:) 100.£0° V

Thevenin impedance: Z

Applying KVL in loop 1, we get
(-2 + )L, + 3L, + 2+ B)(I, + 1) = 0
2+5)] = -2 +jo)L,

__@2+j6),
= N 2
b (24)9)
Applying KVL in loop 2, we get
(2+j3)(I, + 1) + ;3L +j11I, = 100
(2+j6)[, + (2 +j14)I, = 100

[ 2+76 )
(2+]6)[2+—;5]IZ +(2+714)I, =100

; -100
2 = - \2
CHIO 24 j1a)
2+75
100 . -32+24j
= —=02+j14)———
Zo = =@
Zy, = (0.068 + 6.828j) Q
Thevenin equivalent circuit is
I °

Z,, = (0.068 + 6.828j) Q

+
Ve, <~ 117.44./3.36°V
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(ii) For maximum power transfer, according to maximum power transfer theorem,

Z, = Z
Z; = (0.068 - j6.828)Q
—
Zy, = (0.068 + 6.828)) Q
+
Vi (5) 117.44.3.36°V H ZL=Zin
- = (0.068 - 6.828j) Q

The maximum power transferred to the load Z, is thus,

2
v,
p o Vol M74001744 e i 507w
max = 4R, 4x0.068

Q.3 (a) Solution:
(i) In a MOS structure (with P-substrate), the electric field in the semiconductor is

given by

p(x)dx

E =

O — R

Where, p(x) is charge density.

The charge density within space charge region in the semiconductor is

p(x) = -gN,
x_qN
E() = |- x
0 si
= —qu+c
c

at the end of the space charge region, electric field will be zero.

EW) = —q&W+C=O

S1
Nga
e

w

= cC=1

st

Na Na
- g AxtglAW
E(x) 48651_ q c.

S

E@) = g oA W -x]

si
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(ii)

(iii)

From the given electric field graph, the maximum value of the field E__ =30kV/cm
atx=0.
Ny €., E
Emax = qgw = I\IA= ?ﬁ
1072 30x10°
19 % =
1.6x10 0.6x10

In the bulk, the hole concentration will be equal to N ,.

N, = =3.125 x 10" cm™3

Vg
N,=mne'r
_ Nj) _ 3.125x10"%
= Yy, = -V ln(n—i) =-0.026 11r1(—1.5><1010
v, = -0318V

Potential drop in the semiconductor is the difference between the potential at the
surface, y, and the potential at the bulk semiconductor .

Le, Ve = W, - Vg
E. W
where, VSC = J‘E-dx=% +0.2me20><103
= %x0.6><10_4><10><103+0.2><10_4><20><103
Vee =07V
Yo = Vet y, =07V +(-0318V)
v, = 0382V

Threshold voltage, V.

Vi = ~ZEe2lw

Qjp = Charge in the space charge region of semiconductor, is gN,Wand Wis width
of space charge region.

26si Xz‘WB‘
q N,
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B \/2esi XqN X2y |

v, = c +2)wg|
12 -19 15
_ V2x10712 x1.6x10 ><3._1925><10 x2x0.318 +2x0.318
15x10
V= 2317V

(iv) The applied potential at the gate will be the addition of the potential drop at the
dielectric and the potential drop in the semiconductor.

e, Vo=V, + Vs

= 30><103Lx0.2x10_4cm+lx10x103 xlxo.6x1o—4cm
cm 2 cm

V +Ve=06+03=09V

Ve
Q.3 (b) Solution:

(i) Given circuit is

Switch Ammeter [ oad
t=0 i(t) | :
! 12'mH
Current Shunt L : i
Source 2 ACD Capacitor 100 pF | !
| 8 kQ
In s-domain, the circuit can be redrawn as below,
P @
A 1(s) \/
R
2 L 1
CTD S T Cs
Ls

On applying KCL at node A,

We oot 2 V), Ve
¢ 8 s 1/Cs R+Ls
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2
S V(s){Cs+R+LJ
V) = _2/s
Cs+
R+1Ls
_ (2/9)(R+Ls)
V) = T2+ RCs+1

o) = V(s) _ (2/s)(R+Ls) 1
®) = R+Ls LCs?> +RCs+1 R+Ls

2/LC

I(s) = 5 R 1
S| s“+—s+-——
[+ Do)

12mH; C=100pF, R=8x10°Q

Given, L

Comparing the characteristic equation s* + %s + % =0 with s +2Ew,s+w0> =0,

n =
R [C 8x10° [100x107'?
we get, E = E\/%: > 12%10= =(0.365

Thus, the response is under-damped. Hence,

1 & 0.3657
[\/1—8} _[ [ 2 ]
Maximum over shoot = e =e 1=(0:365)" ) _ 0.29

At steady state, the inductor acts as short circuit and the capacitor acts as open
circuit. Thus, the circuit at steady state is drawn as below,

i) =2 A

®2a

=R=8kQ

AAAA

i(t — (o0
Maximum overshoot = % =0.29
(), = 2+2%029 =258 mA

Thus, the maximum ammeter reading that will be observed after the switch is
closed is 2.58 mA.
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(i) Given circuit is

2V,
\/<_>
I, 1Q _<> @ .2. Q I .
+ 3, . +
Vi /I_1> 2Q §§ Vs @ vy
° °
Applying KVL to Mesh 1,
V,-1,-3L-2(I;,+1,) = 0
V, =3I, +5I, (1)
Applying KVL to Mesh 2,
V,=2(I,-1)-2(I; +1,) = 0
V,=-20,+2[, -2, -2, = 0
V, =2l +4I, - 2I, ..(ii)
Writing equation for Mesh 3,
I, =2V, ..(iii)
From figure, Vo =2, +1,)
I, = 2V, =4l +4l, Y
Substituting the equation (iv) in the equation (ii),
V, = -6l -4, (V)

The z-parameter equations of a two-port network are given by
Vi = Zyl + 2,5,
Vy = Zyly + Zyl,

Comparing equation (i) and (v) with z-parameter equations, we get
Zy Zp| |6 —4

The Y parameters matrix of a two-port network is given by the inverse of the

Y-Parameters:

Z parameters matrix i.e. [Y] = [Z].
We have, AZ = 72,1 Zoy = 2152,
= 3(-4) - 5(-6) =18
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Zyy 4 -2
thus, [ VAT
Zy _~(-6) _1
= —:—:—U
Y%n= "2z 18 3
_ =21 _ S
Y= a7 T8
Zy 3. 1
s W | SN §)
Y2 =27 180 6
Hence, Y-parameters are
2 5
Yy Yo | 9 18
Yoy Yo |1 1
3 6

Q.3 (c) Solution:

(i) A solar cell is a pn junction device with no voltage directly applied across the
junction. The solar cell converts photon power into electrical power and delivers
this power to a load.

Consider the pn junction solar cell shown in figure with a resistive load.

hy
p § E-field ! n
: I
IF 1 1
1%
_>I * AVAVAVAV -
R

Fig.: A pn junction solar cell with resistive load.

Even with zero bias applied to the junction, an electric field exists in the space
charge region as shown in the figure. Incident photon illumination can create
electron-hole pairs in the space charge region that will be swept out producing the
photo current I, in the reverse-bias direction as shown.

The photo current I, produces a voltage drop across the resistive load which forward
biases the pn junction. The forward-bias voltage produces a forward-bias current I,
as indicated in the figure. The net pn junction current, in the reverse-bias direction,
is
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\%
A il )

where the ideal diode equation has been used.

As the diode becomes forward biased, the magnitude of the electric field in the
space charge region decreases, but does not go to zero or change direction. The
photocurrent is always in the reverse-bias direction and the net solar cell current is
also always in the reverse-bias direction.

There are two limiting cases of interest. The short-circuit condition occurs when

R =0, so that V=0. The current in this case is referred to as the short-circuit current.
I=14=1I

The second limiting case is the open-circuit condition and occurs when R — <. The

net current is zero and the voltage produced is the open-circuit voltage. The photo

current is just balanced by the forward-biased junction current so we have,

0= Vo
[=0=1 -1 {exp(ﬁl—l}

We can find the open circuit voltage V__as,

v, =V, ln(1+ij
oc IS

A plot of the diode current I as a function of the diode voltage V from equation (i)
is as shown in figure.

I I-V characteristics of p-n junction solar cell

|

0 —V Voc
(ii) Let I represents the current due to electrons and I , represents the current due to

holes.

The total diode current is given by

qADnnpO n qADppnO (eqv/kT 1

I=1,+I,=
B n? B n?
where My = N, and p,, = N,
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. In
Given, I,+1, = 0.9
(c,lADnnP0 } D, D,
L, L,N L
. n-Va = 1 =0.95
WD, @07, ~ b, , D, D, D, N,
Ln LP LHNLI Lde Ln P Nd
We have,
L = \/Dnrno = 25%0.1x10°°
= 1.581 x 10~ cm
L, = JDyT, = 10x01x107
=1x103cm
D, 25
L 1.581x10°°
n _ 1.581x10 -
&4_&.& - > ) 10 (N, 0.95
L, L, Ny 158x10° 1x107° | N,
15813
N S 0.95
15813+10000(”
N,
No) 0.0832
= Nd -
Q.4 (a) Solution:
Given circuit is
6Q3 260
VAVAVAV lt A1 l
‘ (1) =< F
t=0 S H
30V 10V

For t <0: Atsteady state, the capacitor acts as open circuit and the inductor acts as short
circuit. Thus,
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6Q§ §6Q
fiAA
\AAAJ :ve(o_)
(07
30V (iR 10V
i(0)=0A
VO)=10V

For t > 0: Since the inductor current and the capacitor voltage cannot change
instantaneously, thus

(07 =1(0)=0A

V(") =V,0)=10A

For t > 0, the circuit in s-domain can be drawn as below,

6 Q3

\AAA
AAA
vy
[@)

>
>
>
>

<
<
<
<

1(s)

Applying Delta to star transformation,

AAAA 14 AAAA
VVVY \AAAJ
3

3Q

Qg

®
@
m|5 tn|00

ocopyright: [MADE ERSY www.madeeasy.in



38 | ESE 2025: MAINS TEST SERIES MADE ERSYH

KCL at A
30 10 10
VA(S)_? VA(S)_? VA(S)_?
+ + =0
3 3+5 3+§
2 S
VA(S)F+—2 42 }: E+ 20 + 10
3 s+6 35+8 s s(s+6) 3s+8
V(o) (s+6)(3s+8)+6(35+8)+3s(s+6) | 105(s + 6)(3s +8) + 205(3s + 8) + 1052 (s + 6)
A 3(s+6)(3s +8) - s2(s+6)(35+8)
Ve 2 X1Os(s+6)(3s+8)+205(3s+8)+1052(s+6)
Al) = 2 (5+6)(35+8)+6(3s +8)+3s(s + 6)
10
VA(S)_?
We have, I(s) = S
3+~
2
3 X1Os(s+6)(3s+8)+205(35+8)+1052(s+6)_E
52 (s+6)(35+8)+6(35+8)+35(s+6) s
- s
3+—
2

3052 (s +6) (35 +8) + 605> (35 +8) + 305> (s + 6)

— 105 (s+6)(3s +8) — 6052 (35 + 8) — 305> (s + 6)
- 3
S

—(s+6
- (s+6)
40(3s+8)
6) = —eve)
s(s+6)
From partial fraction expansion,
o AL B
() = s s+6
h A = lm40(35+8)_40><8_160
where =50 (s+6) 6 3
B = lim 40(3s+8) _ 40x10 _ 200

s——6 S 6 3
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_ 4074 5
Is) = 3ls s+6

Taking Inverse Laplace transform, we get

i(t) = t—0(4+5e_6t)u(t)A

Q4 (b) Solution:

Given circuit is

410 12V
Q Iy ) 12
A'A'A'A' AvAvAvAv
1202 280
P PR
N6 n) @uv

(©) B L3)
m . 5 .
1 15 ;
4) ) L) ®) /
N\ J/ Tieset: {1, 4, 6}
(6) 3 ©
) @ o | /e 2,56
(3,5, 4)
4 4
Tie set matrix (B),
1 23 4 5 6
11 0 0 1 0 1
B=2/01 0 0 1 1
310 01 -1 10

The KVL equations in matrix from is given by
BZ, BTl = BV -BZ,1I,
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Here,

0011_._10 o o o o o ¢
S - O O o OOOOHO
_100101_ o O O o0 O O
I o O <+ O o o
I~
/M o w o o o o
o\
| | _100000_
o o o o o < I
— - O
o o o o o o
— o —
o O O w o o 104
o O < o o o
o o -
© w O o o o
T _ o - O
IS STETI P
_100000__21_ | —_ o o
e — |
I I I
= w -=
N ~ N
0 [Sa}
o -
—
b
S
)
O
c
<
o)
)
3
L
v 5}
mu &0
E =

|
|

4

0

12 0 0 8

|
|
|

0 8 0 0 12 4
0 0 4

-8 12 0

001_10

O~ O O =

_100101_

4
0 8 0 0 12 4

0 0 4

0
-8 12 0

12 0 0 8

BZ,BT

-8
4 24 12
-8 12 24

24 4

www.madeeasy.in
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"0 ]
10
10010112 20
BVS=0100110:10
001-110 -12
0
_0_

Hence, the KVL equation in matrix form is given by

24 4 -87[1,] [20
4 24 12| 1, |=| 10
8 12 24| I5]| |-12

Solving this matrix equations using Cramer’s rule, the loop currents can be obtained as,
we get,

20 4 -8
10 24 12
12 12 24| 3840 1
_ RGN
In= T2 =8 7630 2
4 24 12
8 12 24

24 20 -8
4 10 12
L -8 =12 24=5120:g=0.667A
12 24 4 -8 7680 3
4 24 12
-8 12 24

24 4 20
4 24 10
8 12 -12| 5120 -2
_ _ A0 =2 heera
Iy ="Ta 1 -8~ 7630 3
4 24 12
8 12 24
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Q4 (c) Solution:

@ 1. We know, current density in an n-type semiconductor,

3 dn
] = nqu E +anE
At thermal equilibrium,
J=0
dn
= 0 = ngu E+ anE
Here, n=N,= Ndoe_o‘x
= N, e *qu,E+¢D i[N ]
= 0= doe iy qln dx doe
= 0= Nye *qu,E+gD, [—ocNdOe_“x]
= N, e “qu,E = gD,oN, e
= wE =D o
D
= E=——Fo=Vro= k—Toc
w, q

2. The potential difference between x =0 and x = o is,

<<
1l
|
DN
™
Y
=)
1l
|
AN
7\
= |>‘N
N
R
S
=

Il
|
7\
|>\~
H
N—
R
~
[«
~
Q
|
|
|>\~
pﬂ

= V = _VT:__:__

(ii) Let us consider two materials in intimate contact at equilibrium.

There is no current, and therefore no net charge transport, at thermal equilibrium.
There is also no net transfer of energy.

Therefore, for each energy E in the figure given, any transfer of electrons from
material 1 to material 2 must be exactly balanced by the opposite transfer of electrons
from material 2 to material 1.
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Atenergy E, the rate of transfer of electrons from material 1 to 2 is proportional

to the number of filled states at E in material 1 times the number of empty states at
E in material 2:

Fermi-Dirac distribution function f(E) provides the probability of electron occupying
a certain energy level E and N(E) represents the number of available electron states
at energy level E. Thus,

Rate of transfer of electrons from material 1 to material 2 < N, (E)f,(E) - N,(E)[1 - £,(E)]
Similarly,
Rate of transfer of electrons from material 2 to material 1 =< N,(E)f,(E) - N;(E)[1 - f,(E)]
At equilibrium, these rates must be equal, i.e.

Ny(E)A(E) - Ny(E)[1-f(E)] = No(E)fH(E) - Ny(E)[1 - f,(E)]
= Ny(E)Ny(E) f1(E) = Ny (E)Ny(E) A(E)(E) = Ny (E)N,(E) fo(E) = Ny (E)N,(E) fo(E)fo(E)

= NL(E)NY(E) A(E) = Ny(E)N,(E) /(E)
= H(E) = H(E)
1 ~ 1
= 1+ e(E—EFl J/kr 14 e(E—EF2 )/kT
= Er = E

1 2

No discontinuity or gradient can arise in the equilibrium Fermi level E;. More
generally, we can state that the Fermi level at equilibrium must be constant
throughout the materials in intimate contact, (or) no gradient exists in the Fermi
level at equilibrium:

dEp
dx

Section B : Network Theory + Electronic Devices and Circuits

Q.5 (a) Solution:

(i) The Hall voltage, Vy = EJW
-165 %103 x5 x 102
-0.825 mV

(ii) As V,, is negative, it is n-type sample.

=0

(@iiij) The hall voltage is given by
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The majority carrier concentration,

I
qdVy
i (0.5><10‘3)><(6.5><10‘2)
B _(1.6><10‘19)x(5x10‘5)><(—0.825><10‘3)
= n = 4.924 x 1021 m=3
= n = 4.924 x 10 cm™3

(iv) The majority carrier mobility,

The conductivity of n-type semiconductor is given by

o = nqu,
Also, we have J, = ok,
L L
= °= Wi v,
L
We get, Mo = gnv wd
(0.5><10‘3)><(O.5><10_2)
 (1.6x107%)x(4.924x10% ) x(1.25)x(5x 107 ) x (5% 10
= 0.1015
= w, = 0.1015 m?/V-s = 1015 cm?/V-s

Q.5 (b) Solution:
@@ The built-in potential for the photodiode is given by

Vi, = Vr ln[N”Nd}

2
i

2x10% x10'8
2
(1.5 x 1010)

= V, = 0.0259 In

= V, = 0832V

The space charge width is,

e \/28(Vbi+VR)(NQ+Ndj

q NaNd
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\/2 x11.7%8.85x 107" ><(0.832+5)(2><1016 +1018]

(1.6x10™) 2x10' x 101
= 0.6205 um
The prompt photocurrent density is,
]Ll = qGLW
= 1.6 x 107 x 10?! x 0.6205 x 10
= 9.928 mA /cm?

Note: Prompt photocurrent is the component of photocurrent that responds very
quickly to the photon illumination and arises from electron-hole pairs generated
within the depletion region width W.

(@ii) The total steady-state photocurrent density is,

gW+L +L,)G,

P'\‘
I

where, L, \/Dn'cn = \/25>< 2%107 =224 um

» = D,7, =V10x107 =10um

= 1.6 x 1071° x[0.6205 + 22.4 + 10] x 104 x 10%!
0.53 A/cm?

h
I

h\th\t
I |

Q.5 (c) Solution:
The Fermi dirac distribution function, f(E) gives the probability that an energy level is
occupied by an electron.

(i) Given, AE) = 10
E-E. = 055eV
The Fermi dirac distribution function is given by,
0) = ey
1+l BT
106 = e
T 14 QOB/AT
N 1 + ¢055/kT = 106
N 20-55/kT ~ 106
= 05 In(109)
kT
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0.55

= T 13.82
0.55eV
= T = 5
8.62x107 eV/Kx13.82
= T = 461.69 K
s 1y e . NaNd
(ii) Built-in potential, V,; = kTIn 2

If the doping in the p-region increases by a factor of 2,

len(zNﬂNd) kT1n2+kT1n(N“Nd)

V, (2N,) 2 2
Vi (N,) kﬂn(wj mn(Nafde
n; n;

We can write this as,

Vii(2N,)  kTIn2+V,(N,)
Vbi (Na) - Vbi (Nﬂ)

= V,(2N) = kTIn2 + V,(N)

= AV, = kT In2 = (0.0259)In2
= AV,; = 0.017953

= AV, =~ 17.953 mV

(i) We have,
vV, sino ; 0<e<g

\/5 T T
= —V, ; —<06<—=
v 2 m3 2

V., sinb; §<9<n

The rms value of the voltage is given by,

1 Y
v = |=[o*©)d0
rms T[ 0
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2
[j V2 sin? 040+ f (‘/2— ] 40 + j V2 sin? ede}

n/3 n/2

va ___sm26T/3 ]n/2+[g_sinze]“
n w32 4 L

1]
QQ_

1 J’ 1
=V |J=-2Z =\0473 V,,
\/6 81 8 4

The power dissipated in the resistor is,
2
p = V}g“ 0473 W

(ii) For t < 0: The network has attained steady-state condition. Hence, the capacitor
acts as open circuit and the inductor acts as short circuit.

a 1Q
b woy |
2Q
VT 10 I+
] 0((0)
T _
10 10
W) = 7= 70
L,(0) =0A
0 (07) = 10><11?=%=5V

10V =

- Supermesh
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KVL around loop-1:

i+ (i, - i) +0,(0") = 0

But i -

=

i, =5A

i, +5+0,(0" =0

KVL around the outer loop,

i, +2i,+5=0

= ip = -(5+2i)
. , =10 .
= 5+i,=-6+2) = lz=TA=lz(0 )
i, = —| 5+2X —10 :§A
! 3 3
From equation (i),
§+5+0L(0+) =0
=20
= v, (0%) = TV
Ldi; (07)  Ldi;(0)
We know, 0f) = —L—==
e know v, (0) it i
20
di;(07)  v;(07) 3 -10
— = = A
= L 2 T3 A

Q.5 (e) Solution:

For the given branch currents, the current flows into the dotted terminals. From the dot

convention, the mutual inductance is positive. The oriented graph and its selected tree

are shown in fig.

Links : {1, 3}
Tieset1:{1,2}
Tie set 2: {3, 2}

ocopyright: MMIADE ERSY

www.madeeasy.in



MRADE EASY Test No : 1 E & T ENGINEERING | 49

Tie set matrix (B)

1 2 3
L1 1 0
B =
|0 -1 1
The KVL equation in matrix form is given by
BZ,B'I = BV_-BZ,]I

Here, I.=0
BZ, BTl = BV,
[3+j4 j3 0
Where, Impedance matrix, Z, = 3 5 0
0 0 -8
1 0 50.£45°
BT = |1 -1 V.= 0
1 0
_ 4
SN R
BZ, =10 -1 1| °
- 0 0 -8
3+j7 j8 0 ]
"L -3 -5 8]
_ 41 0 : .
3+;7 j8 0 3+j15 —j8
BZ, BT = _in _is _ig 1 -1|= 8 -3
L 7J J Je ] 0 1
_ 50£45°
1 1 0 0 | 50£45°
BVe=lo 11 o

Hence, the network equilibrium equations in matrix form is given by,

3+j15 —8 1| _ {504450}
-8 -B3JL] L 0
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Q.6 (a) Solution:
(i) Series RLC Circuit:

C") sL
T

s-domain

For series RLC circuit,

1
= R+sL+—
Z(s) oC

20((s+1)* +10%) _ 20(s* +25+101)

Given, Z(s) =
iven (s) s 5
2020
= 20s+40+
Z(s) s ; -(2)
Comparing (1) with (2), R = 40 Q
L=20H
C = . =495 x10*F
S 2020
R ¢ _ 1
esonant frequency, w, = Jic
W, = ! =10.05rad/sec

J20%4.95%107
oL 1 1L

| Qfactor,Q = 7~ = yyrC _ RVC
1 20
= —X,[———=5.02
Q= 207V 295x107
Bandwidth, B = E—Q—Z d
andwidth, B = == =2ra /sec
¢ For series RLC circuit, Z = R +j(X, - X,).
At resonance, X, = X.
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Thus,
Impedance under resonance condition,
Z,=R=40Q

(ii) When a capacitance C_, is added in series with the capacitor C, the equivalent

parallel RLC circuit is given by

=

AAAA
VVV
=
h(
11

where R =40Q
L=20H

o (4.95x1074C,,,) .
~ ] 4.95x107 +C,

With capacitor C_,,, new resonant frequency,

Wy = 50,

0y = 5x10.05 = 50.25 rad/sec

1 1
Here, Y= —+——+joC
ere R joL
1 / /|
and at resonance, — = |wpC
woL
T
Wy ~ LC’
c !
= ,72
(0p)"L
On substuting the values, we get
1
€= (50.25)2x20) = 198 uF
| 495x107°C,y
As C = 4osx107+C

ext
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(4.95%x1074)(C,)

Q.6 (b) Solution:

()

(ii)

(4.95x10°1C,,) ~ OBHF
25C,, = 495 x 10+ C_,
= . = 20.625 uF
Given: T =550 K
n, = 3.20 x 10 ¢cm™3

1
For the intrinsic carrier concentration to contribute no more than 5 percent of the

total electron concentration, we set the minimum donor concentrationasn =1.05 N ..
We have,

2
. N N
Electron concentration, n Td + (Td) + niz

_ 2 142
= 105N, = 05N, + \/0.25Nd +(3.20x10™)
2
(055 N,)? = 0.25N7 +(3.20x10™)
2
0.0525N? = (3.20x10")
(3.20x10")
- Na = ™ l0.0525)
= N, = 1.4 x 10® cm™®

If the temperature remains less than T = 550 K, then the intrinsic carrier
concentration will contribute less than 5 percent of the total electron concentration
for this donor impurity concentration. For T> 550K, the intrinsic carrier concentration
increases.

The depletion layer capacitance per unit area for a p-n junction is given by

C, = eS

2¢,( 1 1
|V, +V
\/ q (Na NdJ( bi R)

For a p*n junction, N, >>N,
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eS
Thus, C = e
—=(V,; +V,
\/qu ( bi R)

We get L 2 = 2 (Vi + V&) i

e get, c N, <. vi T VR ..(i)
Hence, the slope of the curve is,

Sl .2
ope qgsNd
N 2 2
= = =
" ge.xslope  (1.6x1071%)x11.7x8.85x107* x1.32x 10"

= N, = 9.15 x 10'° cm™

Also, from equation (i),

We get the intercept of the curve on the voltage axis as V;; =-0.855 V.

N N
We know, vV, =V ln( > d)
n;
(W) N
= e 2
1
1%
2 lﬂ
= Na = n_le[vt
N,
2
(1.5><1010) (0.855)
_ VT ) 00259
(915x10“)
= N = 5.34 x 108 cm™3

a

For the given p*n junction,
N = 534 x 10'® cm™
N, = 915 x 10° cm™®
Q.6 (c) Solution:
Given,
Substrate doping concentration, N, = 10'/cm3,

oxide thickness, t . = 50 nm
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()

(ii)

(iii)

(iv)

At flatband,

The hole concentration at x = 0 is equal to the doping concentration in the
semiconductor.

ie., p(x=0) = N =10%/cm?

At threshold voltage,

the electron concentration at x = 0 is equal to the doping level of the substrate.
n(x=0) = N, =10%/cm?
Using the mass action law,

np = n

~

n?  (10M)?

1

p(x=0) = n(x:())_ 106

= 104/cm3

Using the Boltzmann relation to relate carrier concentration across the depletion
region of a MOS structure under bias, we get

kT
O =0)-olr=x) = 7“{%]

p(x=0) = p(m)exp(;—iwx=0>—¢<x=xd>]j
= 10'° exp(%}
p(x=0) = 45 x 107 cm™

Given, capacitance per unit area of the MOS structure, C = 50 nF/cm?

The capacitance of oxide,

o - Coside _ 3.45><10_1:F/cm
ox oy 50x107" cm
C,. = 69x10®%F/cm?
(or) C,. = 69 nF/cm?

Since the oxide capacitance, C_ is higher than the given capacitance of MOS structure.
Hence, the MOS structure is in depletion mode.
If C, is the depletion capacitance of the MOSFET,

1 1 1

JR— = +
We have, C c.'C.
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11
=7 1°-1 1

cC C, 50 69
C. = 182 nF/cm?

S

Width of the depletion region,

-12
x, = iz% = 5.8X1O_6C1T1
¢ C, 182x10
x; = 58 nm
The built-in potential across this depletion region (x) is

gN, x5 1.6x107°x10' x (5.8 x107°)?

T 2x1.05x10
V,, =26x102V
The hole concentration at oxide-semiconductor interface (x = 0) is
Vi
p(x=0) = plxg)e KT
Since p(x,) = N, =10' cm™
p(x=0) = 10 exp(%;{bi) = 10 exp(%}

p(x=0) = 3.67 x 10°/cm?
Q.7 (a) Solution:

The steady state excess carrier distribution in a p-n junction is given by

n

is,

P+ Py ..(i)
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~x/L
=~ pu(0)e o Py
where Ap (0) is the excess hole concentration at the junction (x = 0)

On differentiating equation (i) with respect to “x’,
— /L
dp,(x) _ Apu@e 77 i
I L,

Diffusion current due to holes on n-side is,

dp,, (x)
- —gAD. ZFnl%)
5 dx

Using equation (ii),

-x/L

Ap, (0 P
Ipn(x) = —qADp [Pn( )e ]
P

qADp

Atx=0: 1,0) = — 20

_ gAD

p LP

Py €T 1] .. (i)

(Using Law of junction, Ap,, (0)=p,, [ev/ Vr 1})

Similarly,

qAD vV ,
1,0 = T e -1] - (iv)

n

u

2
MpVT -
= ND}(LH) (From Einstein's relation, D_ Vr J
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_ MpNALn
MnNDLp
LN RN
q NDMn Lp Gy Lp
Inp(o) Gn Lp

Q.7 (b) Solution:
For drawing the oriented graph,

1.

2.
3.
4

(i)

Replace all resistors, inductors and capacitors by line segments.
Replace all voltage sources by short circuits and current source by an open circuit.
Assume directions of branch currents arbitrarily and

Number all the nodes and branches.

5
6 7
//;\\
1 3
1 2
4 3 /5
4

Complete Incidence Matrix (A ):

The elements of the complete incidence matrix are obtained using,

1, if branch jis incident at node i and is oriented away from node j

a; = 11, if branch jis incident at node i and is oriented towards node j

0, if branch j is not incident at node j

Nodes Branches ——
' 1 2 3 4 5 6 7
1 1 0 0 1 0 1 0
2 -1 -1 -1 0O 0 0 O
3 0o 1 0 o 1 0 1
4 o 0 1 -1 -1 0 0
5 0 0 O 0o 0 -1 -1
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1 0 0 1 0
1 -1 -1 0 0
A=]|0 1 0 0 1
0 0 1 -1 -1
0 0 0 0 0 -1 -1

S O O =
S = O O

The reduced incidence matrix A is obtained from the complete incidence matrix A
by eliminating one of the rows.

Eliminating the last row from the matrix A , we get the incidence matrix A as below,

1 0 0 1 010
1 -1 -1 0 0 0
A=10 1 0 0 1 0
0 0 1 -1 -10

S Rk O

(ii) Tie set Matrix (B)
Consider the tree with branches 1, 3,5 and 6 i.e. branches {1, 3, 5, 6} represent Twigs
and branches {2, 4, 7} represent links. The tie-set is defined as a set of branches that
forms a closed loop in a graph containing one link and remaining twigs. Thus, for
the given graph, we have three Tie sets or independent loops as given below,

Twigs : {1, 3, 5, 6}
Links: {2, 4, 7}
Tieset2:{2,3,5}
Tieset4:{4,1, 3}
Tieset7:{7,6,1,3,5}

The elements of the tie set matrix are obtained using,

1, if branch jis in loop i and their orientations coincide

b= -1, if branch jis in loop i and their orientation do no coincide
0, if branch j is not in loop i

1 2 3 4 5 6 7

200 1 -1 0 -1 0 O

Tie set matrix, B=4-10 1 1 0 0 O
7117 0 -1 0 -1 -1 1
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(iii) f-cutset matrix (Q)

A fundamental cut-set of a graph with respect to a tree is a cut-set formed by one
twig and a set of links that, when removed, disconnects the graph into two or more
parts. Thus, for the twigs {1, 3, 5, 6}, the fundamental cut-sets are as below,

f-cut set1:{1, 4, 7}
f-cutset3:{3,4,7, 2}
f-cut set5: {5, 2, 7}
f-cut set 6 : {6, 7}

The orientation of each cut set is given by the orientation of the corresponding
connecting twig. Thus, the f-cutset matrix is obtained as,

1 2 34 5 6 7

117 0 0 1 0 0 -1
0=3011-100 1
50 1 0 0 1 0 1
6|0 0 0 0 0 1 1
Q.7 (c) Solution:
(i) From circuit: Ry = Ry +[R, || 5]
From voltage division rule:
V,= V,x Ry [I5
1+R;+R, |5
Vo _ Rol5
Vs 1+ Req
R,-5
0.05 = Ry +5
ST 1+39
5 - 5R,
Ry +5
2R, +10 = 5R,
10
R, = ?=3.33k£2
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10
3 x5
o = R +[Ry ||15] = Ry + 35
—+5
3
39 = R +2
R, = 37 kQ
@) Att=0",
Inductor was connected to source for a long time. So it acts as short circuit at steady
state.
2a(®) i (0)=12A
Given, V(©0)=0

Since the inductor current and capacitor voltage cannot change instantaneously,

thus
(07 =17,(0)=12A

VO =V0)=0V
For t > 0, the circuit in s-domain can be drawn as below,

3Q

MW 4
Li0) =6 13
T 4s Vout(s)
0.5s
O
3

Vo - —6x— -8

out 3 05543 3+25°+12s
4s
-9 -9

> +6s+15 (s+3)2-75
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Vo J7.5
S N (s+3)2 - (7.5)?

Vout(t) = \/;%(e_?’t Sil’]h\/ﬁt)

Thus, at t = 1.5 sec

9 .
1.5) = ﬁ(e 3545 Ginh 7.5 ><1.5)

= -0.524 V

Vv

out( :

Q.8 (a) Solution:
(i) Given, A = 1cm?
N, = 10 ecm™
Ap = 3 x10'° cm™
x =500 A=05x10"cm
kT

— ... using the Einstein's relation

q
= 0.0259 x 500

= 12.95 cm?/s

Diffusion length, L, = /DTy = {/12.95x107'0 =3.6 x 10 cm

The excess carrier concentration will decay exponentially with distance due to

Diffusion constant, D )

recombination. Thus, at a distance 'x/,

-x/L
Hole concentration, p = pg +Ape /1y

05x107°
107 +(3X1016)e 3.6x10™

1.2611 x 107 cm™3

We know, p = nie(Ei_EFP )/kT

= (1.2611 x 1017) = (1'5X1010)e(5i—EPp)/kT

- (Fi=Fp) = kT(ln%Jz 0.025915.945
- (E;- Ep) = 0413 eV
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(@ii) We know, conductivity in a semiconductor is given by,

G = nqu,+pqgu,
With excess carriers present,

n = n,+ on
p=py*dp
For uniform excess generation rate,
dn = dp
= G = qu,(my + dn) + qu,, (p, + 8p)

= qu, (g + 3p) + qu,, (p, + dp)
= qu, 1y + qu,pe+ g (U, + 1,)0p
= qu,ny + qup,+ Ac
Where, Ac = q(u, + up) dp is the change in the semiconductor
conductivity.

In steady state, dp = g"cpo
Where ¢’ is the generation rate and Ty, is the hole lifetime before recombination
Ac = g(u, * 1) 8T,
Q.8 (b) Solution:
(i) Since the switch in the position 'a' for a long time before t = 0,

At t = 07, the network has attained steady state condition. Hence, the capacitor C;
acts as an open circuit and is charged to V, volt. Thus

V,(00) =V,
Att=0"

Since the voltage across the capacitor cannot change instantaneously. Thus,

V,(0%) =V,

V,(01) =0

h 0) = 2
W , 0 = %
e have i(0™) R,
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For t > 0:
AFAlA
C = i(t) =G
Writing KVL equation for ¢ > 0,
1 17
-—|idt+Vy—Ryi——|idt = 0 (i)
Ly -ri- L
Differentiating the equation (i), we get,
LA S S
C, ‘dt C,
di +i Ci1+G, i< 0
at Ry GG,

The solution of this differential equation is given by

1 [c1+c2j
i(h = ke M1l G122

Vo
Att=0, i(0) = R—1
Vo
We get, k = R_1
1 G+C
Yo d GG ]
it) = R,
V S Cc.C
_ VYo, RC Yl
1 1 by e
Vy(t) = = idt = _[ 0p RIC gt
C, 0 C, 5 Ry
_1,
RiC,
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Yo “RiC GG
= —C|1-e ™ = ——=
V,(t) c, e where, C C, +C,
@ii) The given network in s-domain is drawn as below,
—1 2Q ~—1
fo AvAvAvAv AvAvAvAv o
+ +
v, % 2s g 25V,
o o
The h-parameters are described by the following equations:
Vi = hyly + g,V
I = hyly + 1V,
To calculate i, and h,,, we put V, = 0.
1 20 2 L 1
o A'A'A'Av A'A'A'A'
* I=0
v, § 2s g 2% |V,=0
o
Applying KVL, we get
V, = (2+2s) +2sl, (1)
and (2+2s)[,+2sI, = 0
o 2sl) s
L= 2(s+1) s+1" ~(2)
Put value of I, in equation (1)
2s?
V., = (2+2s)[; ———1
1 ( ) 1 s+1 1
W _2(s+1)2 =257 2% +45+2-25°
Iy = I, B s+1 - s+1
1y, =0
L= 2(25+1)
o s+
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Using equation (2),
12 =S
h,, = = =—
21 Il Vo =0 s+1
To calculate 1, and h,,, we put I, =0
)
h —=
2"y, Lo
Il N 0 AAAA AAAA 12
o VVVv VWy o
+ 20 + +
Vi v, g 2s g 2s v,
o °
Using KCL, we can write
Voa-Vi Vo
= +—=
I, > e ~(3)
Thus Voo x2S ose 4 (4)
’ 1o 27542 2(25+1) 2
Put value of V, in equation (3),
Lo s 0
272 25417 2s
2
s s+1
I, 1+ = S
2{ 25+1 VZ( 2s j
2
s”+2s+1 s+1
)| ——| = 2=
2( 2s5+1 B VZ( 2s j
.. I _(s+1)(2s+1)  (2s+1)
2 Vallg  2s(s+1)?  25(s+1)
Vi
hy, = o
' V2 I1=0
From equation (4),
2s+1
b=
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Put value of [, in equation (3), we get

2s+1 V. s+1
Vi+—L = V| —
222 12 2( 2s j

25+1+5°
17

hy, = V_2

I
N
VR
N“”
w |+

—
N—

s(s+1) s

I=0 (s+1)% s+1

In matrix form, the h-parameters can be represented as below:

2(25+1) s
s+1 s+1
[n] = -s (2s+1)

s+1 25(s+1)

Q.8 (c) Solution:
(i) The cutoff frequency of the BJT is,

1
fr 2nt,,
Where, T, =T, +T,+T,+1T,
T,. = emitter-to-collector time delay

T, = emitter-base junction capacitance charging time.
T, = base transit time

T, = collector depletion region transit time

T = collector capacitance charging time.

Given, T, = 100 ps,

= 25 ps

Collector depletion region transit time,

A
|

x; 12x107*
Td = ==

= -11
2, 107 1.2 x 10~** (or) 12 ps.

Emitter base junction capacitance charging time,
r,c,=(10) x (0.1 x 1072 =107'%s = 1 ps
25+100+12+1 =138 ps

TE

TEC
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1
Thus, Cut off frequency, f. = X 1381012
fr = 115 GHz.

(i) Given,

doping concentrations, N = 10'® cm

N, = 107 cm™
N. = 106 cm™

Ty = Tpo=Teo =2 % 107 s.
D, = 10 cm?/s; D, =20 cm?/s; D = 15 cm?/s.
Area, A = 107 cm?

The collector current, [ = ( Joe t] pc). A

C
where: | _: Collector junction current density due to electrons.
], - Collector junction current density due to holes.

In the inverse-active mode, the collector base junction is forward biased. Thus, the
diffusion current density due to electrons in the base region is given by

]nc = Xp

|
-
)
9
=
o)
(e}
]
pe
i°)
N
=
@)
~

Where, n =225 x10° cm™

BO NB - 1017

1.6x107" x20x2.25%x10° ( 0.6 j
] = ") Xexp

J..= 0.829 A/cm?

The electrons from collector diffuse through the base and towards the collector

region. Since the recombination factor is unity, thus | constitute the emitter current.
Similarly, there is a component of collector current due to injection of holes from

base to collector given by,
D
_ qLcPeo exp h
pe Le Vi
where p -, is the concentration of holes in the collector at the edge of the depletion

region, D is the diffusion coefficient for holes and L.is the diffusion length for
holes in the collector. We have,
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and

02 (1.5>< 1010)2

! =

pcO = NC 1016

LC = ”DCTCO = ”15)(2)(10_7 = 1.73 X 10_3 cm

1.6x1079 x15%2.25x10* 0.6
— exp
1.73x10 0.0259

J,e = 0.359 A/cm?
(e + ,)A = (0.829 + 0.359) x 10
1.19 mA

=225 x 10* cm3

—
e =
I I I I

The emitter Current, Ip=],.A

(0.829) x 103
0.829 mA

Q000
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