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Section A : Digital Circuits + Analog Circuits

Q.1 (a) Solution:
We have,
F(A,B,C, D) =11(0,1,4,5,6,7,9,13).

F(A,B,C, D) = £(2,3,8,10,11, 12, 14, 15)

L oo o1 |11 10

00 101 BC
01 7/
11| 1 1 (1 AC

o] Jola
! /
AD
F= AC+AD+BC
Implementation using NAND gate:

AB

F = AC+AD+BC

= AC-AD-BC
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Q.1 (b) Solution:

Ip=

2

¥\ ¥

.|||_

Applying KCL at collector of Q,, we get

ez g+

Also,

But,

IBZ

Iy

=]

a -

0

IEl

I, + 2l (. All transistors are identical, I, = I,,)

Ic3 |:1 +%_ = Ic3 ':B-l-—z

Iy =1y (.
B+2]
1151[ B |
(A+P)lcy
B
(1+B)B+2)I4

B

Ve =

BZ
1B’
(1+PB)(2+B)

|

VBEZ

)

()
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But, we know,

ol
Stability factor S” = a—f; (For collector current of Q)

Differentiating equation (i) w.r.t.

oot _  [(+B)2+B)28-B[28+3]
B Ul a+pPeep)
_ [ 2B2 +6B+4-282 - 3B ;
| arpPepy?
" o_ | (3p+4)p
: IO_(1+B)2(2+B)2}

For 3 =100 and I, =1 mA

o = 103 100[300 + 4]
(101)% x (102)?
S” = 2.865 x 10”7
Q.1 (c) Solution:
@ Y=B+AC
+Vee
Aed p—C
+Vee
B— 4
Y
.
A—
= T
c—
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(i) y=A+BC
+Vee
A—d

— pb—c *Vee
+Vee El:s oY

B B —] l:i

T

L

Q.1 (d) Solution:

(i) Thelargesignal DC current, I forward biases the diode and the small signal voltage
doesn’t affect the operating region of the diode. For small signal input voltage V,,
the diode D can be replaced by an equivalent small signal resistance ;.

Thus circuit can be re-drawn as, [i.e., AC small signal circuit]

AMA
VWy i

7 +

V; <~> C= Vo

—

1
Now drawing the circuit in s-domain as
MWW °
Ts +
vis) =1 v
sC

1
Vo(s) _ _sC _ 1
Vi(s sreC+1
( ) rr +-S(: ( f )
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Vo(jo) 1
Vi(jo)  (jorgC+1)

o Phase shift = ~tan™'(wr/C)
@ii) Given, C=25nF, f=250 kHz

and Phase shift = -30°
-30° = ~tan™!(r,C)
1
ﬁ = o)rfC
1 1
= BoC  JBx2nx250x10° x25x1070 147 €
V.
Also, re = L
Ipc
25%x107°
147 = —F/——
Ipc
I, = 1.7mA

Q.1 (e) Solution:

Self Bias circuit,

Vee=12V
<
R E; Rc
R, iE R

Drawing the simplified self bias circuit,

R:R
Ry = Ri[[Ry = 12172
1+ Ry
_ VR,
Vi = IR
1+ Ry
Rp Rq4R,
Now, =
Vin  Vecko
VecRp
R, =
1 Vin )
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Applying KVL in collector emitter loop, we get,
Vep=Vee T IR+ IR, = 0 (Assuming I, = 1)
Vee = Vee~ IR~ IR

Vep = Vee = Ic[Re + Ry
5=12-1[R-+R]
R-+ R = 3.5kQ
Let, R, =1k (Assuming R~ > 2R;)
R = 25kQ
Now, according to the condition of stability of I in self bias,
(1 +B)R; = 10 Ry
(1+120)x1 = 10 R,
Rp = 121 kQ

B
Applying KVL in base-emitter loop, we get,

~Vi T Rylp + Ve + ;R = 0

Vi, = Rg+ R+ IR+ Vi, [l =1, +1]
= 13.1xi+2x1+0.7
120
V,, = 29183 V
o 12x12.1
Now, from equation (i), R, = oI
R, = 49.75 kQ = 50 kQ
R, = Kk ke
BT Ri+R,
R, = 15.988 kQ ~ 16 kQ
12V
R, =49.75kQ £ Ro=25k0
~50kQ T
R,=15988kQ = R,=1k0
~16kQ T
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Q.2 (a) Solution:

(i) Assuming transistor is in saturation,

1 w 2
I, = EMnCox(f) [Ves —Vr] (1)
W
Given: V. =18V, unCox(T) =2mA/V?
Vg=05I, V.=1V
Ves = 1.8- 051,
18-Vas
and Iy = T—z[LS_VGs]
I, = 36-2V, (i)

Now, from equation (i) and (ii)
1 2
3.6-2Vg = 5%2[Vos —1]

3.6-2Vgs = Vis+1-2V;g

Vi =26
Vs = 1.6 Volt
Hence, from equation (ii),
I, = 04mA
Ve =02V
Now, Vp = 33-1I,R,
=33-04x10
Vp=-07V ie, Vo<V,

V[, can’t be negative. It means conditions for saturation are not being satisfied.

Transistor is in triode region.

W V5
5 = MiCo (T) [(VGS ~ V1) Vs —LS}

Ip = 2
i Vps
ID = Z_VGS _VT _Tj|VDS ...(lll)
But V, = 33-10I,, V=05,
i Vo, V.
I, =2 VG—VS—VT—7D+7S}[VDS]

ocopyright: [MADE ERSY www.madeeasy.in



MADE EASY Test No : 8 E & T ENGINEERING | 17

2{1.8 ~0.5Vs — —%}[3.3—10.5119]

2[0.8 - 0.5V - 0.5V,][3.3 - 10.51,)]
(1.6 - V- V,)(3.3 - 10.51,)

= (1.6 - 0.5I, - 3.3 + 101,)(3.3 - 10.51,)
(9.51, - 1.7)(3.3 - 10.51,)

31.35Ip —99.7513 —5.61+17.851

Ip

99.7513 —48.2I +5.61 =0
After solving we get,

I, = 0.28778 mA, 0.1954 mA
Case (I): I, = 0.1954 mA
Ve = 05x1,=0.0977 V
Vp =33-10I,=1346V
Vps = Vp-Vy=12483V
(Ve - Vy) = (1.8-0.0977 - 1) = 0.7023 V

Vs> Vg = Vi which is not valid, as transistor is in triode region.
Case (2): I, = 0.28778 mA
V4 = 0.5x%0.28778 = 0.14389 V
Vp = 33-10I,=04222V
Vps = V- Vy=027831V
(Ves=Vy) = Vo -Ve-V,=18-0.14389 -1 = 0.65611 V
As Vpg < (Vg = Vp) oo I, =0.28778 mA is valid value which confirm that
transistor is in triode region.
Drain voltage V,, = 04222V
(ii) Transconductance: Transconductance is the ratio of change in drain current (dI,) to
change in the gate to source voltage (dV ) at a constant drain to source voltage
(Vg = constant)
_ dlp
S = QVgs

at constant VDS

This value is maximum at V¢ = 0. This is denoted by g, .

¢ = olp _ 2lpss 1__Ves
" dVes  Vesefry|  Vas(off)

ocopyright: [MADE ERSY www.madeeasy.in



18 | ESE 2023: MAINS TEST SERIES MADE ERSYH

where g 0= 2lpss
' "0 Vas(off)
Vs
L= gmo| 1
8 " [ VGS(off)]

Dynamic Output Resistance : This is the ratio of change in drain to source voltage
(0Vp) to the change in drain current (dI,) at a constant gate to source voltage
(Vg = constant). It is denoted as 7.

oVpg
=g I at constant VGS

Amplification factor: It is defined as the ratio of change in drain voltage (dV¢) to
change in gate voltage (dV ;) at a constant drain current (I, = constant)

~ dVpg

M7 Ve

at constant D

There is a relation between transconductance (g, ), dynamic output resistance (r,)
and amplification factor (1) given by

M= 9Ves oIy ~ 0Vis

W=7 % 8,

Q.2 (b) Solution:

3x8
decoder

RRER=R <<=

(MSB)

g (MSB)
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= Truth table:

=
o<
i
=
B
<
S

O 0o oo oo o ~lm
r—\r—\r—\b—\OOOONI\?<
RO O R Rk o o XX
—_ O Rk O R O R o XX

o oo o o~ o oo

_ O O O O O O O o
S PR O O O O O O o
S O R O O O O O o
©C O O R O O O O o
S O O O R O O O O
S O O O O O r O O
S O O O O O O mr| o

Logic diagram:
XZ

>
<
as!

o
N
N
N

9999999

ocopyright: [MADE ERSY www.madeeasy.in



20 | ESE 2023 : MAINS TEST SERIES

Q.2 (c) Solution:
(i) Truth table of J-K flip flop:

] K| Qun
0 0| Q,
0 1 0 L
1 0] 1 Q1 =JQ, +K-Q,
1 1| Q,
Logic Symbol:
lPr
J o—— .0
Clk o JK '
Flip flop _
K o— B
T CLR
JK flip-flop using NAND latch:
Pr
DD
[ [
Clk—+ ><
[ T _
K > l D
CLR
JK flip-flop using NOR latch:
Pr
— )
K n
— ) ©
Clk ——
i _r\
_|_J Q
CLR
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(i) SR flip flop into JK flip flop:

] K Qn+1 Qn Qn+1 S R
0 0 Q 0 0 |0 X
0 110 0o 1 |1 0
Lot 1 0 |0 1
1 1(Q, 1 1 |[X 0
] K Qn Qn+1 5 R
0 0 O 0 0 X
0 0 1 1 X 0
01 O 0 0 X
01 1 0 0 1
1 0 O 1 1 O
1 0 1 1 X 0
1 1 O 1 1 O
1 1 1 0 0 1
K-Map:
KQH K n
] 00 01 11 10 ]Q 00 01 11 10
0 X 0| X m X
D g [ 4
S=]Q, R=KQ,
S Qn ]
]_ )
SR
Flip-flop
K_}R Q.
Clk

Race around condition:

*  When level triggered clock is given to JK flip flop, then for | = K =1, the output
of flip flop may toggle between 0 and 1 for given clock pulse and hence, at the
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end of the clock pulse, the value of output is uncertain. This situation is known

as Race-around condition.
* Toavoid Race-around condition, we use Master-slave configuration in J-K flip-
flop.
Q.3 (a) Solution:
(i) To find the biasing parameters, we carry out the DC analysis. For DC analysis, all

the capacitors acts as open circuit. Therefore, the simplified DC circuit is shown

below.
Vee=30V

6.2 kQ

Ug+10)
220 kQ

470 kQ

AAAA
\AAAJ

1.5kQ

Now, applying KVL to the emitter base loop, we have
Vee = 02) (I +1) + (470 +220) I, + V. + (I, + 1)1.5
30 = (6.2 +1.5)(1 + B)I, + 6901, + 0.7

30-0.7
Iy = 17.7(1+100) + 690]

Iy = 19.96 uA =20 uA
1. I = BI; =100 x 20 =2 mA

I = (1+B)[; =101 x 20 =2.02mA
Ve =1,x15= 202x15=3.03 Volts
3. Applying KVL to the collector circuit, we get
Vet 62(I;+1)+ Vo + V=0
Vep = Ve = Ve -6.2[2.02]
30-3.03 -12.524
14.446 Volt

VCE
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. V= Vee-62%(I,+1)
= 30 - 6.2[2.02]
V. = 17.476 Volt

(i) Given, I, =1mA,g =1mA/V,r,=c

Drawing AC equivalent circuit,

G D _
T +
1
gmv S R
Vi Vgs <> & D VO
4o
From the output circuit,
VO = _gmvgs RD (1)

From input side,
_Vi + Vgs + ngmvgs =0

Vi= Vel *g,R] (i)
-¢. V. .R
Midband gain Vo _ A, = " 8mVgsD
Vi Ves[1+ 8 Rs ]
A = —8ufp
v 18R,

After substituting given values,

~1x107° x10x10°
v 1+10° x6x10°
~143 V/V

B
Il

Q.3 (b) Solution:
CMOS logic:

* A complementary MOSFET (CMOS) is obtained by connecting a p-channel and a
n-channel MOSFET in series, with drains tied together and the output is taken at
the common drain.

* InaCMOS, p-channel and n-channel MOS devices are fabricated on the same chip,
which makes its fabrication more complicated and reduces the packing density.
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Because of negligible small power consumption, CMOS is ideally suited for battery

operated system.

* Speed of conventional CMOS is limited by substrate capacitances and hence, to
reduce the effect of these substrate capacitance, silicon on sapphire (SOS) technology
is used.

e CMOS has become the most popular in MSI and LSI areas and is the most dominant
logic for the fabrication of VLSI devices.

@i 2-input CMOS NAND Gate (ii) 2-input CMOS NOR gate
+Vee T+Vcc
—9— T
Ao—r—d| T; T, |p— b ’
o A q T,
Y=A-B S
| +—— Y=A+B
TZ
T, T.
Bo——| T, _|[; ! 2¢j}—‘
A B T, T, T, T, Y A B T, T, T, T, Y
0 0 OFF OFF ON ON Vpp 0 0 OFF OFF ON ON Vpp
0 Vpp ON OFF ON OFF Vpp 0 Vpp ON OFF OFF ON 0
Vop 0 OFF ON OFF ON Vpp Vop 0 OFF ON ON OFF 0
Vop Vpp ON ON OFF OFF 0 Vop Vpp ON ON OFF OFF 0

(iii) A CMOS transmission Gate

C

T
2 I | DZ

T,(PMOS)
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CMOS Transmission Gate operates as a bidirectional switch between the nodes

A and B which is controlled by signal C.

1. When the control signal is logic high, both the N-MOS and P-MOS transistors
are turned on and provide a low resistance path between the nodes A and B.

2. When the control signal is logic low, both the transistors are OFF and the path
between the nodes A and B will be open circuit. This condition is also called
the high impedance state.

CMOS transmission gate symbol
oC

o
C
Note: —4[: = PMOS logic; —Il:: = NMOS logic

Q.3 (c) Solution:
(i) Excitation table for S-R flip flop:

Qn Qn+1 S R
0 0 0 X

0 1 1 0
1 0 0 1
1 1 [X O
The state table for the counter can be written as below:
Qc Qs Qa|QC Qs Qi|Sc Rc|Sp Rp|Sa Ra
o o o000 1 0|0 X|1 0|0 X
o 1 00 1 1|0 X|X 01 O
o 1 141 o0 1|1 0|0 1T|X O
1 0 1|1 O O0|X 0|0 X|]0 1
1 0 o0 O OO 1T]0 X|]O0 X

Unused states are: 001, 110, 111
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K-Map
QpQa QpQa
Qo~_ 00 01 11 10 Qo~_ 00 01 11 10
5c=Qa Rc=0Q,4
Qla Qla
Qo>~_ 00 01 11 10 Qo~_ 00 01 11 10
ol(1 [ X) X 0 ()T Aﬂ
1 X | X 1| X @ jd X
Sc=0QcQs Rp=0Q,
Qla QpQa
Qo~_ 00 01 11 10 Qo~_ 00 01 11 10
0 X (x_ _q 0 X | X
1 @ J 1 (xX[1 [ x[x)
54= Qs R, =QcorQy
Sc¢ Qe Sp Qs L 54 QAJ
>Rc Qc L>RB Qs >RA Qs
Clk

(ii)

In the below circuit, when A =0, TG1 is closed and passes the logic B to the output.

When A =1, TG2 is closed and the complement of logic B is passed to the output.
The truth table of the logic circuit can be drawn as below which represents the XOR

Gate.

A B| TGl TG2 |O/P(Y)
0 0| Close Open 0

0 1| Close Open 1

1 0|Open Close 1

1 1 |Open Close 0
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B TG1

Do TG2

.

Q.4 (a) Solution:
(i) At the mid-band frequency, the capacitances C, and C. acts as short-circuit.
Drawing AC equivalent model:

C

<> SV ZRe R v,

s
[

Transistor midband voltage gain

v
Yo _ Y
Av= 7T,
be i
From the circuit, Vo= -8,V R:IIR))
4~ Yo_8uRcRs 0
Y Vi (Rc+Rp)
Y
Avs - Vsig
_ Vsigrn . S
V. = W (using voltage division rule)
A = VO _ VO X Tn
” Vsig Vn (Rsig + rn)
A = _gmvn(RC H RL)rn
o Vn(Rsig + rn)
_gm(RC H RL )rn .
Avs = (Rsig + rn) ...(11)

ocopyright: [MADE ERSY www.madeeasy.in



28 | ESE 2023 : MAINS TEST SERIES MADE ERSYH

(ii) Case 1: Thevenin resistance across C_. is calculated as below:

11V

<
|
L
oQ
3
N
[
()

(Rc+Rp)
1
I

R. =

th = (RC+RL)

1
fCC B 2TthhCC

1
fee = 2nCc(Re +Ry)

Case 2: Thevenin resistance across Cpis calculated as below:

I, B C
+
R 2V, P IR R,
_ E
= Ix L —
1%

Applying KCL at emitter,
(L) = 1, *+8,Ve =1, + Bl = L,(1 + B)
Applying KVL in base emitter loop,

Rygl, +rdy+ V, = 0
Ve = LRy, + 1]
R, = Ve _ Lo(Rsig +17)
I, L,(1+P)
Tp + Rsig
Ra = T(1+p)
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1

Jee = 2ar, -C,

PR iE5 )

CE " 2nCp(ry + Ryy)
(1+B)

Jee = ncutr +Ry,)
(iii) Given V; =26 mV, R. =R, =R, =10k, f =100
Io I 1
= —=—"—XPpX—
8w~V (1+P) P Vr

1mAx100 1

= X
101 26 mV
g, = 00380
r. = i = & = 2626 Q
©n g, 0038
V() _ngCRL
From equation (i), A, = —=—-—
auation 0 VTV Re+Ry)
= -0.038 x 5 kQ
A, =-190V/V
. .. _gm(RC H RL)rn
From equation (ii), A .=
1 ( ) vs (Rsig + rn)
—0.038[5%x10%]x 2626
~ [10x10° +2626]

Ay = -3952V/V
(iv) Lower 3 dB frequency is given as 100 Hz. From the expressions of break frequencies

caused by C. and C, obtained in part(ii), we can see that the lower frequency is
due to C.. Hence,

Ix(1+B) 101 _q
fu = N 7, = 100
2nCp(ry + Ryg)  2mCp(2626+10°)
C, = 12.73 uF
Also, £, = 10 x 100 = 1000 Hz
1
= =1000 H

J2 T e R TR “
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R. =R, =10kQ
C. = 7.958 nF

(v) The Bode magnitude plot can be drawn as below:
20log | Ays]|

+20 dB/dec

31.94dB |-

1194 dBF--------

+40 dBE/ dec

100 Hz 1000 Hz
At 1000 Hz,

Midband gain A4 = 20 log,,| A | =20 log,,|39.52]
[Ayq] = 31.94 dB

At frequency 100 Hz, gain is 20 dB below:
[Ayg] = 11.94 dB

Q4 (b) Solution:
Truth Table:

Gray Code Binary Code

>

X, X

2
=

Y, Y

=

o

e e = = R e i o N e R o S e Rl e
R R R R OO0 0O R RP RPR R OOO
_ R OO R R OO R PR OOR R OO
_ O R O R O R O FR O kFR O kF OO
el e e e e = R = R e N e B o B o i e B )
O OO O O R R R R R R R RO OO0 OO
_ om0 0O 0 O R R OO R R R R OO
O R R OFR OO0 R R OO R OR RO
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K-map
For Y3: For YZ:
X, X, X1Xo
X, 00 01 11 10 X, X5 00 01 11 10
00 00
01 01 _ _
Y, =X, o il Yy = X5X, + X3X5
11 |1 1|1 1’ 11 =X30 X,
10‘1 1|1 1’ w1 ]l1]1] 1
For le
X1XO
XX 00 01 11 10
00 B
Y, = X3 X Xq + X5 X, Xq + X3XoXg + X3 X, X4
01 @D =(X3 ®X2)Xl +}_<1(X3 @Xz)
=X, ®X,®X
11 1 1 3 2 1
|| - oo,
0|@ D
For YO:
X1XO
XX 00 01 11 10
3432
00
01 Yy = X3[X, ® X; ® X, ]+ X3[X; © X, 0 X;]
YO =X3 (‘BX2 @Xl @XO
1 Yo =Y19X,
10
= Combinational Circuit:
X5© °Y;
a—
X0 /D_O i
X,0 ,)§ > Yo
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Q4 (c) Solution:

Astable multivibrator using operational amplifier is constructed as shown in the figure

below:
AVAVAVAV
R
Ve Vee
il . K
V +
T Ve
? AVAVAVAV
::R R
s

¢ Output has two quasi stable states i.e., +V_ and -V .

*  Output waveform resembles square wave. It is also called square wave generator
or free running oscillator.

* Because of positive feedback, the output is saturated to +V_, or -V

sat®
Operation of the Astable Multivibrator:

v, = %Vo =BVy
If Vo= +V_,

Vy = BV
If Vo= -V

V, = _Bvsat
The circuit compares capacitor voltage, V. with V,
Case 1: If Vy=+V,

Vy = BV

V= Va-Ve

Capacitor charges through resistance R and V. continuously increases.
V- continuous to increase till +BV_,.

When V .becomes slightly greater than +BV__,, V, becomes negative and then V;changes
to -V,
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yvvy
R
CI Ve Vee
| =
o — VO - Vsat
= Ve
V2 MWW
< R1
=R,
Case 2: If Vo= -V
V2 = _B Vsat
Vd = V2 - VC

Capacitor stops charging and start discharging through R. V. gradually decreases and
continue to decrease till -V,

R
AAAA
\AAA
/
+V
Ve N cc
L o I VO =- Vsat
‘I
= Ve
V2 MWW
< R1
=k,
<>

When V. becomes slightly less than -BV_ ., V, becomes positive and V, changes to

+V_ .. The capacitor again starts charging upto +fV_,, and the cycle repeats generating
asquare wave at the output. As capacitor charges and discharges through same resistance,

the charging and discharging interval will be same and output waveform has 50% duty
cycle.
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Calculation of T,

+V

sat

+pBV

sat

The voltage across the capacitor,

V) = (V= V)e /R + V,
V0) = V;=-BV,
V(o) = W—+V
Vt) = (-BVyy = Ve R+ Vo,
V() =V, -V, (1+B)et/ke
V() = V_[1-(1+p)et/Re]

Att=Ty/2, V(t) = +BV

sat

+BV = Ve[ 1-(14B)e /2]

(L-PB) = (1+pye0/25
1
To/2RC = Eltgi
T, = 2RCh%}1iB{
R,
where 3 = feedback factor, B = Ri+R,

If R, =R,=Rthenf=1/2.

7 - 2RCIn| 1H1/2
1-1/2

~3
Il

, = 2RCIn3
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Section B : Advanced Electronics-1 + Electronic Measurements and Instrumentation-1

Electromagnetics-2 + Basic Electrical Engineering-2
Q.5 (a) Solution:

"~ We have to find the maximum value, thus we will have to differentiate o with respect

to frequency ‘f’
. fa/z
o = -t
\/fz _fc2
do K( 21 WP Jen -y
af - f
. do
Now, for maxima ?— 0.
SR
- My 70
S i A NG
= %fS/Z_%fcz_fl/z_fS/z =0
22t =0
3002 1
_Efcf = —E
f2 = 3fc2

f=3f.

Hence, the value of o will be maximum at f = 3 fe-
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Q.5 (b) Solution:

When the two resistances are connected in parallel, the resultant resistance is
RiR,  200x150

R = - ~8571Q
Ry+R, 200+150

R _ (Ri+R)R,-RiR,  Rj B @zi
R, (R +Ry)®  (Ry+Ry)? (350)* 49
R 9

OR, 49

R (Ry+Ry)Ry-RyR, R} (200)>

0R,  (Ry+Ry)>  (Ry+Ry)*  (350)°

R 16

OR, 49

Hence, uncertainty in total resistance is,

2 2
oR 2 oR 2

Wpy = 0.2 Q, Wpy = 0.04 Q
9\? ) (16)2 )
=+, /| — | (0.2 +| — | -(0.04
o J(@j 022 +( 5] (008
0, = 0.0389 Q

The total resistance can be given as
R = 85.71 £ 0.0389 Q

Q.5 (c) Solution:

Local Oxidation of Silicon (LOCOS) is the traditional isolation technique. At first a very thin
silicon oxide layer is grown on the wafer, the so-called pad oxide. Then a layer of silicon
nitride is deposited which is used as an oxide barrier. The pattern transfer is performed by
photolithography. After lithography, the pattern is etched into the nitride. The result is the
nitride mask as shown in figure (a), which defines the active areas for the oxidation process.
The next step is the main part of the LOCOS process, the growth of the thermal oxide. The
result is the formation of very thick oxide between two regions as shown in figure (b). After
the oxidation process is finished, the last step is the removal of the nitride layer.

The main drawback of this technique is the so-called bird's beak effect and the surface
area which is lost to this encroachment. The advantages of LOCOS fabrication are the
simple process flow and the high oxide quality, because the whole LOCOS structure is
thermally grown.
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Nitride Pad Oxide

Nitride

/\

Silicon Wafer

Thermal Oxidation

ﬁt : ' :

N

"Bird's beak"

Oxide

1 __

©)

Nitride Removal

|

Oxide

Process sequence for local oxidation of silicon (LOCOS)

Q.5 (d) Solution:

A battery is an electrochemical device that can store energy in the form of chemical
energy. It translates to electric energy when the battery is connected in a circuit due to
the flow of electrons because of the specific placement of chemicals. It was invented by
Alessandro Volta, whereas Gaston Plante invented the rechargeable battery.

The battery consists of three elements: the negative side, the positive side, and electrolyte
(the chemical which reacts with both sides). The electrolyte is used as an electron
transportation medium between the anode and cathode.

It works due to electrochemical reactions called oxidation and reduction. In this reaction,

electrons flow from one side to another side when the external circuit is connected to the

anode and cathode.

KF he electrode where\

oxidation occur is called
Anode and where
reduction occur is called
cathode.
So anode and cathode

negative

either positive or

Electrolyte
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Types of Batteries:

Based on functionality, there are two types of batteries available in the market.
1. Primary Batteries.
2. Secondary Batteries.

Primary Batteries: The batteries made for one-time use only and unable to recharge, are
called primary batteries. This type of battery is thrown away after use. It is also known
as non-rechargeable batteries. It's a very simple and convenient source of power for
portable devices like a watch, camera, torch, etc.

These batteries are cheap, small, lightweight, and there is no or low maintenance required.
Some common primary batteries

1. Alkaline Battery

2. Button Cell Battery

Secondary Batteries

The battery which is made for reusable purposes by recharging are called secondary
batteries. They are also called rechargeable batteries. They have the same electrochemical
reaction as alkaline batteries, but the electrochemical reaction can be reversed. This
type of battery is used for portable devices like mobile phones, laptops, electric vehicles,
etc. Also, a rechargeable battery is used with an inverter which stores power to supply
our household devices.

Some common secondary batteries
1. Lead-Acid Batteries

2. Nickel Cadmium Batteries

3. Lithium Ion Batteries
Lithium-ion batteries

Lithium-ion batteries have anode made of graphite and cathode made of lithium metal
oxide. The lithium salt as an organic solvent is used as an electrolyte. When the battery
is connected to the circuit or load, lithium-ion migrates from the negative electrode to
the positive electrode.

Construction: The lithium metal oxide is coated on aluminum foil which is the positive
electrode. The graphite is coated on copper foil which is the negative electrode. Both
foils are rolled in a cylindrical shape with a separator between them. The spectator is
soaked with electrolyte material which generally is lithium salt as an organic solvent.
The outer metal casing is negative, and the top cap is the positive terminal. Both are
separated by a gasket, which is made of insulating material.
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Lithium-ion batteries are used in mobiles, laptops, and many portable devices. It is also

used in the military and aerospace due to its lightweight nature. It has a higher energy
density and low self-discharge compared to other types of batteries. It is also available
in various sizes. Its single-cell voltage is higher. These have a significant risk of explosion
when it is short-circuited or externally damaged.

Q.5 (e) Solution:

Let R, and L, be the effective resistance and inductance of the specimen respectively.

Z, = R, +joL,
Z2 = R2+ - 1
JoC,
Z, = R,
1
Zy = JoCy
At balance, Z,72,= 2,2,
. 1
(Ry + joL,)- = Ry| R, +
JOL, Jwl,
L, = R,R,C, =834 x100 x 0.1 x 10°H = 8.34 mH
R.C
and R = 2o 100X0L_ 5450

1 G 012
Reactance of specimen at 2 kHz
X, = 2mx 2x1000 x 8.34 x 107 =104.8 Q

. Impedance of specimen, Z; = | /Rlz + X12

J(83.33)% +(104.8)> = 133.89Q

Q.6 (a) Solution:

The given circuit can be reduced into

Rab b
E /3

To calculate the resistance R , , short circuiting all the sources,
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AAAA
v
Q
]
2
<

AAAA
VVV
=
Qa1

AAAA
\AAAJ

2

where, R . 18 resistance seen across ab.
Rab - [(R1 + Rz) [ R3] + R4 + R5

_ (Ri +Ry)R3

@ Ry+Ry+R;

R + R4+ R5

Letl be the current in the circuit without meter,
E

L, = R,

Let I be the current in the circuit with meter,
E
I = —=———
R, +R,

Error due to meter loading,

E E
c = Imo_Im — Rab Rab+Rm
Imo Eab
Rab
R
e = —24—
R, +R,,
@ Given,R,=R,=R,=R,=R,=100Q;R_=10Q
R. = (100+100)100 +100+100
ab 300
R, ~ 267 Q
10
= —=0.036=3.6%
CITOr € = 267+10
(i) Given, R, = R,=R;=R,=R,=200;R =1Q
(200 +200)200
= +200+200 ~
R, 0 534
1
= =0.00186 =0.186%
error, € 15534
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Q.6 (b) Solution:
() u,. =

max

—

jUdQ
4m

avg

21

(2m)

Js -sin(0) 46-do
0

(2sinB-cosB)? d(—cos )

O —3

a g"—‘

= 2_[ (cos* B —cos? B)d (cosH)

0
_2[_3 3} 8
5 3] 15

5 3
0.533

5 3
_ 2[cos G_Cos 6}

0

avg

u
= % =1875
b u

avg

(ii) u =4

max
1

U = 22U dgz_—jj

sme do-do
sin?

B 1]‘.d¢nj/.2d(—cose)_ j)‘ dv _1ln{1_v}o
R 20 2_ 14 5 N4
Ty galmcost@ U 07 =1 20 [140 5

= 1 Inl-1n {05} :1ln3
2 1.5 2

U, = 05493
D = Uina = 4 =728
u 0.5493

avg

2

(iii) u

max

1
- 4—nju-dsz

avg

_ 4i [[2sin? 0-sin’ gsin d6do
T

1 n( cos®o e 1
= —— —cosO | =—|-—=+2|==
on 2| 3 4| 3 3

0
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g = 0333
u

D — max :6
uavg

Q.6 (c) Solution:

(i) From the given state diagram and its truth table, only the state A has an outputof 1,
so state A’s encoding must be 00 and output Y = 1 regardless of the input because
it is a Moore machine. From the state A, when IN =1, the machine moves to state B.
According to the truth table, from state 00 (which is state A) when IN =1, it moves
to state 01 (state B). From state B, when IN = 0 it goes to state D so it is state 10.
Similarly, from state B, when IN = 1 machine move back to state A which we know
to be 00. The encoding for state Cis 11. Looking at the state 10 (state D), whenIN =1
the corresponding transition in the state diagram shows that it goes back to state D.
Since the encoding of state D is 10, the Sj entry is 0. Because the output associated
with the current state D regardless of the input is 0, so the missing output entry is 0.

Finally from state 11 (state C), when IN = 1, the state transits to A (state 00).
So, the remaining missing S| value is 0.

The complete truth table:

S, Sy IN S S Y
o0 0 0 0 1
0o 0 1 0 1 [1
0 1. 0 1 0 0
0 1 1 0 [0] O
1 0 0 1 1 0
1011@@
1 1 0 1 0 0
1 1 1 0 [0] 0

—+

(i) In a Moore machine, equivalent states have the same output, and the same input

transitions.
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The state transition diagram:

To reduce the above state diagram,

Present = Output Next State
State Y IN=0 IN=1
A 1 A B
B 0 D A |
D 0 c b
C 0 D . A

For states B and C, output is same and the next states corresponding to a given
input are also same. Hence, state B and C are said to be equivalent and the state C
can be replaced with state B. The resultant state diagram will be

Present  Output Next State
State Y IN=0 IN=1
A 1 A B
B o D A
0 0 B D
B o D A |

Present  Output Next State
State Y IN=0 IN=1
A 1 A B
B0 D A
D o B D
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The reduced state diagram is

Q.7 (a) Solution:
(i) Weight of water available is
W = Volume of water x density
= 5 x 10° x 1000 (- Mass of 1 m? of water is 1000 kg)

= 5x10° kg
W = 5x 107 x 9.81 Newton = 4.905 x 101N
Electrical energy available = WxHxn_

5 x 10”7 x 9.81 x 200 x 0.75
7.3575 x 1012 Watt-sec

7.3575x 1012 y
3600 x 1000
2.044 x 10° kWh

(ii) Weight of water available
W = 94 x 1000 = 94000 kg/ sec
Water head, H = 39 m
Work done/sec = W x H=94000 x 39 x 9.81 W
= 35963.46 x 103 W

= 35963.46 kKW

This is gross plant capacity.

1. Firm capacity = Plant efficiency x Gross plant capacity
= 0.8 x 35963.46 kW
= 28770.77 kW

2. Yearly Gross output = Firm capacity x Hours in a year

= 28770.77 x 10° x 8760
= 252.03 x 10° kWh
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Q.7 (b) Solution:

(i) Galvanometer used as ammeter :

Since galvanometer is a very sensitive instrument, therefore it cannot measure heavy
currents. In order to convert a galvanometer into an ammeter, a very low resistance
known as shunt resistance is connected in parallel to galvanometer. Value of shunt
is so adjusted that most of the current passes through the shunt. In this way a

galvanometer is converted into ammeter and can measure heavy currents without
tully deflected.

Let resistance of galvanometer = R  and it gives full scale deflection when current I,
is passed through it.

Then, Vg = IgRg

Let a shunt of resistance R_ is connected in parallel to galvanometer. If total current

through the circuit is I.
(C)
[ 9
AVAVAVAV
I I s Rs
o o
@

Then current through shunt, L=(I-1)

Potential difference across the shunt :

V,=IR.or V.= (I-I)R,
But, V.= p
(I-I)R =R,
I
R,= —5_R,
I-1,
R T
= . (m—l) ; W erem—I

Galvanometer used as voltmeter:

Since galvanometer is a very sensitive instrument, therefore it can not measure high
potential difference. In order to convert a galvanometer into voltmeter, a very high
resistance known as series resistance is connected in series with the galvanometer.
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(i)

Let,  resistance of galvanometer = R,

and consider a resistance R, (high) is connected in series to it. Then combined
resistance = (R g R))

If potential between the points to be measured = V and if galvanometer gives full
scale deflection when current “I g” passes through it.

) V-V, :E
Then, Ig— Rx Rg
R,(V-V,)
Rx= Vg
1%
= g(m—l); where m = V_g

Full scale deflection current, I, =1mA

Required range is 0 - 10 mA

[=10mA
Multiplying power, m= IL =10
m
(>4
I I

m

R, /) Meter

!.IJW

=
AAAA
\AAAJ

o

The range of an ammeter may be extended by adding a shunt resistance

. Rm
Shunt resistance, Ry, = m—1
Given that, R, =5Q
R, = > . 0.55 Q
sho10-1

By using a shunt resistance of 0.55 Q, we can extend the range of meter to 10 mA.
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Q.7 (c) Solution:
Step 1: Simplification of Boolean function using K-map.

E.: CD
1 AB 00 01 11 10

oM 1[M| D

01](1 1

111 1

o\ W

F,= CD+CD+AB

F.: CD
2 RS 00 01

11
00 1
|

01

11

F
o)

F,= AC+AC
CcD
Fi 5 00 01 11 10
00 a [
01 1

/e
o] [

F,= ABD+CD+ ACD

F: D
& ,p 00 01 11 10
—
00(T| 1)
01| 1

11| 1 m
0] |

F,= CD+ABC+ACD
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Step 2: PLA implementation
A ABB CC DD

A—i5—]
B3
c—1x
Dtz
x x| )P % %
XX D = X
X% Prim
X X [)4c X
X———% P X
XX | x| ) X
X x——x—] AL
%% [ )4 X
X XX :) ACD X
F, F, F, F,

Q.8 (a) Solution:
Field resistance (R;) = 100 Q
Armature resistance (R ) = 0.3 Q
Output power to load (P,) = 30 kW
Terminal voltage (V) = 240 V

(i) Running as a generator delivering 30 kW:

I I +

Iﬂ
ERF @ V=240V
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3
I = % - 30;;)0 =125 Amp
I = RLF:%:ZALAmp
I =1 +1,=125+24=1274 Amp
Now, Eg=Ia-Ra+V
= (127.4)(0.3) + 240
= 278.22 Volt

Armature power developed (P ) = E . L
= 27822 x 1274
= 35.44 kW
(i) Running as a motor taking 30 kW input:

0
I I I +
e ©®
°
I. = 12&22.4Amp
F Ry 100
P,=V-I
30x10°
I = =125A
LT T mp
Now, I, =1 -1
=125-24
= 122.6 Amp

E,= V-1 R, =240 - (122.6)(0.3) = 203.22 Volt
Armature Power Developed (P)) =1 - E,
= 122.6 x 203.22
= 2492 kW

Q.8 (b) Solution:
(i) Since the transmission line is one-quarter wavelength long thus,
_Z5 . (50)°

= 20 _954250hms
in = 7, 50— 50

Z
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Now, to calculate the power dissipated by the load, we must calculate
Vo=V Zi 10 25+]2§

m Z,+7Z;, 50+25+ ;25

As the line is lossless, thus the power dissipated by load will be

P = PL:%Re{vmlfn}=%1{e{vinz'*vi;}

m

}=4+]‘2v

in

_ 1 Re G2 A=) _ 5wy
2 25— 25

(ii) The phasor voltage at any point in the line is given by the sum of forward and
backward wave.

<

—~
¥2)

~—
I

VJe‘jBZ + Vo_ejﬁz
Ve
Z, -7, 50-j50-50

where, Vo

o= 2 52, " 50- 50450 2104
Now, z = 0 is located at the load, thus forz =1 = —%, Bl= g
Vi = VD) = Vg [P 4T e P
= Vy[j+(0.2-70.4) (-))] =V, (-0.4+ j0.8)
Thus, v o= (+)2)

0 (-0.4+70.8)
Now, the voltage across the load will be

Vv, = vy a4r)=—312) o joa
(-0.4+j0.8)
=-2-j6V
Q.8 (c) Solution:
. . 240
(i) Terminal voltage per phase (V,) = f =138.56 Volt
15x1000
Rated armature current (1)) = /3% 240 =36.08 Amp.
We know; Ep = (Vi coso+I,R,)? +(V;sino+1,X,)>

R = 0,cos ¢ =1 (unity p.f.)

EF = Vt2 + (IaXs )2
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Ep = J(13856) +(36.08x2)? ...X, =2 Q/phase
= 156.22 Volt
Er -V,
Voltage regulation = v,

_ 1562213856 _ 1075 _ 10759

138.56
(i) 1. Absolute error = 1.3 - 1.2 = +0.1 kQ
or =11-12=-0.1kQ
absolute error = 0.1 kQ

Largest possible resistance at 40°C:
R=12+01=13kQ
Now, resistance change per °C:
1.3x10°
10°
0.52Q/°C

Here, temperature increase = T, - T, =100 - 40 = 60°C

400 ppm per degree x 400

Total increase in resistance (AR) = 0.52 x 60
= 312Q
Now, the maximum resistance at 100 °C:
R, =R+AR
1300 + 31.2
1331.2 Q

Absolute error

" _ x 100
9. % tolerance Specified value

01 x100 =8.33%
1.2

T

Q000

ocopyright: [MADE ERSY www.madeeasy.in





