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Q.5 (e) Solution
The magnetization for a paramagnetic spin system with N spins is given by,

M = Npipo H
kT
Magnetization per spin in Bohr magnetons becomes
B
Where, pp = Bohr magnetron
= 9.27 x 1072* Am?
B, = 4n x 107 H/m
H = 10°A/m

k - Boltzmann’s constant = 1.38 x 10-2 J/K
T - Temperature = 300 K (given)

9.27x10 % x4nx 1077 x10°

So, M = >
1.38x107"° x 300

2.81 x 103 Bohr magneton

Q.6 (a) Solution:

Ramp type DVM

The operating principle of a ramp type digital voltmeter is to measure the time that a
linear ramp voltage takes to change from level of input voltage to zero voltage (or vice-
versa). This time interval is measured with an electronic time interval counter and the
count is displayed as a number of digits on electronic indicating tubes of the output
readout of the voltmeter. At the start of the measurement, a ramp voltage is initiated
(counter is reset to 0 and sample rate multivibrator gives a pulse which initiates the
ramp generator). The ramp voltage value is continuously compared with the voltage
being measured (unknown voltage).

At the instant the value of ramp voltage is equal to that of unknown voltage, a coincidence
circuit, called an input comparator, generates a pulse which opens a gate. The ramp
voltage continues to decrease till it reaches zero voltage. At this instant, another
comparator called ground comparator generates a pulse and close the gate. The time
elapsed between opening and closing of the gate is ‘t” as indicated in figure. During this
time interval, pulses from a clock pulse generator pass through the gate and are counted
and displayed. The count is a measure the magnitude of the input voltage, which is
displayed by the readout. Therefore, the voltage is converted into time and the time
count represents the magnitude of the voltage. The sample rate multivibrator determines
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the rate of cycle of measurement. The sample rate circuit provides an initiating pulse

for the ramp generator to start its next ramp voltage. At the same time a reset pulse is

generated, which resets the counter to the zero state.

Input voltage
o
Input
Ranging and comp.
attenuator
= Start
pulse
(;LK — Gate Counter Read out
oscillator ] 00 o0 O
Stop
Ramp pulse
Generator
Ground
comp.
Sample
Rate MV
Block diagram of a ramp DVM
+12V Start of measurement
Coincidence
Unknown voltage .
| :
i — Time
T AV) S |

Gating time
interval

Clock
pulses

e

L

Timing diagram showing voltage to time conversion
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Q.6 (b) Solution:
(i) Oxide thickness

30nm =3 x10°cm

Substrate doping N, = 10'® cm™
Flat-band voltage Vg = 2V
Gate work function (Al)
¢, =41V
_ , €y 3.45x107"°
Oxide capacitance C = —"=—"=%"

0x tox 3x107°
= 1.15 x 107 F/cm? = 115 nF/cm?

0x

16
Fermi potential Op = Vrln Na =0.0261n %
nl' 10
= 0.026 In(10°) = 0.026 x 13.82
¢op = 036 V
2ge,N 4(2
Threshold voltage Vo= Vip+20r+ 9¢sNa(20)
ox
2(1.6x107%)(1.04x1072)(10'€)(0.72
- 240724 Y2LEXI07)(L04X10 )10 072
1.15x10
Vy=-2+0.72+0425
V,=-086V

Construct C-V curve (High-frequency)
Regions
1. Accumulation region (V < V;): Capacitance is maximum
C = COX
2. Flat-band voltage:
Ve=Vyp=-2V
Depletion region: Capacitance decreases with increasing gate voltage.
Threshold voltage, V.= -0.86 V

Inversion Region: At low frequency, beyond the threshold voltage V, the MOS
capacitance increases back toward the maximum oxide capacitance C, because
minority carriers respond to the AC signal. At high frequency, the capacitance
remains at the minimum value C_. . and does not increase.The low frequency
and high frequency C-V characteristics curves of a MOS capacitor are shown.
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To find the minimum capacitance C_, . for the high-frequency MOS C-V curve,

use:
Coxcd(

max)

min

Cox + Cd(max)
where C d(max) 1S the maximum depletion capacitance.

The maximum depletion width:

-12
W _ 4e 0 _ 4(1.O4><1019 )(0@6) 3.06x10" cm
d(max) aN 4 (1.6x1077)(10™)

Thus c _ & _1.04x107"
' A Wiimaxy  3.06x107°

=3.40x107° F/cm?

(1.15x1077)(3.40x107%)
Hence, Coin = = 3
1.15x107" +3.40x10
2.63 x 108 F/cm? = 26.3 nF/cm?

C(F/cm?)

0

C,, = 115nF/cm?
Low Frequency

C.i, =263 nF/cm?

High Frequency
Vig=-2V Vr=-086V V (in volts)
(ii)) We know that,
Flatband voltage,
Qox i
VFB = q)ms Cox .”(1)

For Si:

P,
Work function difference,

o =0 -0, =41-497=-087eV

From equation (i), Vg = 2V

E
X+7g+¢1: =4.05+0.56+0.36=4.97V
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- 0872
ox
QOX
= =113
COX
Q, =113 x1.15 x 107
Q,, = 1.3 x107 C/cm?

Q.6 (c) Solution:

(i) First, writing the complete incidence matrix A such that the sum of all the entries
in each column of A , 18 zero, we have,

Nodes
l 1 2 3 4 5 =—— Branches
110 -1 1 0 O
Au = 2]0 0 -1 -1 -1
3 (-1 0 0 0 1
411 1 0 1 0

For the incidence matrix,

1, if the branch j is incident at node i and is oriented away from node i
a. = +—1,if the branch j is incident at node i and is oriented towards the node i
0, if the branch j is not incident at node i

The oriented graph can be drawn with the matrix A as,

1 3
3) ®)

(2) 1)

The number of possible trees = ‘AAT‘

A tree is a connected graph containing no cycles. Consider the tree with branches
{3,4,5}.
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0 0 -1
0 -1 1 0 0]-1 0 0
AAT=10 0 -1 -1 -1||1 -1 0
-1 0 0 0 1[0 -1 0
0 -1 1|
(2 -1 0
|1 3 4
0 -1 2
2 -1 0
aa’| = |1 3 -1=2(6-1)+1(-2)=8
0 -1 2

The number of possible trees = 8.
Tieset Matrix (B)

A tieset is formed by adding a link to the tree to create a fundamental loop. The
reference direction of the tie-set (loop current) is established by the direction of the

link.
1 2 3 4 5
B = 11 0 0 -1 1
21011 -1 0
2
Te »3
©) () I
~ @
@ @ Twigs: [3,4, 5]
Links: [1, 2]
Tieset 1: [1, 4, 5]
W Tieset 2: [2, 3, 4]
4

f-cutset Matrix (Q)

A cutset is formed by removing one tree branch and some links such that the removal
of these branches causes the graph to be cut into exactly two parts. The reference
direction of the cut-set follows the direction of the tree branch.
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1 2 3 4 5
3]0 -1 1 0 O
Q=41 1 010
5-1 0 0 0 1
. 2
1 ie— #: 3
) G
N @
&) AN 1 f-cutset 3: [3, 2]
N I fcutset 4: [4,2,1]
o f-cutset 5: [5,1]

(@ii) The transformed network is shown in figure below:

2Q
MWW o
+
4
v ) == V)
°
V(s) = 1 s
) = 252 +1
By voltage-division formula,
4
< 2V, (s) S
Vi@s) = Vi(s)x—2F = —-=
’ T, 542 (S +1)(s+2)
s

By partial-fraction expansion,

As+B C
Vol®) = 241 s+2
s = (As+B)(s+2)+C(s*+1)
s =s%A+C)+sA+B)+ (2B + ()

Comparing coefficients of s?, s and s°, we have
A+C=0
2A+B =1

ocopyright: MMIADE ERSY

www.madeeasy.in



E & T ENGINEERING I 45

Solving the equations, we get

Q.7 (a) Solution:

0.4s+02 04  04s

Test No : 12
2B+C =0
A =04
B =02
C=-04
Vos =

0.2

0.4

41 s+2 41 s241 s+2
Taking the inverse Laplace transform,

v(f) = 04 cos t+0.2sint-0.4e? fort>0

(i) Using the given information, the circuit can be obtained as below:

Jo

TQo

CLK

h
>

1K,

le

Q

2-Stage synchronous counter

Present state | FF, inputs | FF;inputs | Next State
Q h K e K A Q
0 0 0 1 1 1 0 1
0 1 1 1 1 1 0
1 0 0 1 0 1 0 0

So, state diagram of the counter can be drawn as below:

Since the counter cycles through 3 unique states, the given synchronous counter is

3 :1 counter (MOD 3 counter).
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(ii) Consider the below 2-bit comparator circuit,

Ny st Fiy (N1 <Np)
-bi

comparator Fog (N1 =Ny

N, Fo (N1 > Ny)

N, and N, are two inputs for which the output of the comparator is specified by
three binary variables that indicate whether,

N; >N, N; =N, or N, <N,
denoted by F , F,, and F, respectively. The truth table of the circuit is as shown
below. From the truth table, we obtain

Fop = D(my, mg, mg, 1y, 3, 1myy)
F,, = 1if the MSB is strictly greater, or if the MSBs are equal and the LSB of N, is
greater. Thus, we can write

th = Algl +(A1 @Bl)A()BO

Simﬂarly, Flt = 2 (ml, my , My, Mg, My, mll)
= AiB; +(A; ©By) ABy

Feq = Z(mo’mS’mlome)
= (A; © By) (A, © By)

Minterm| A; A, B, B, | F, e F,
m, 0 0 0 O 0 1 0
my 0 0 0 1 0 0 1
m, 0 0 1 0 0 0 1
m, 0 0 1 1 0 0 1
m, 01 0 0 1 0 0
ms 0 1 0 1 0 1 0
mg 0 1.1 0 0 0 1
m, 0 1 1 1 0 0 1
g 1 0 0 O 1 0 0
My 1 0 0 1 1 0 0
my, 1 0 1 0 0 1 0
My, 1 0 1 1 0 0 1
my, 1 1 0 0 1 0 0
My 1 1 0 1 1 0 0
my, 1 1 1 0 1 0 0
My 11 1 1 0 1 0
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Logic circuit:

Y

Y
Hf?f

)
D)

Ay -
By >

Al

B, — Do

Q.7 (b) Solution:

Fy (N7 <Np)

Feq (Nl = NZ)

For (N; > Ny

(i) 1. Given a circuit where V, = KV, and Z is connected between nodes V, and V,,
then using Miller's Theorem Z can be replaced by grounded impedances Z,

and Z, at node V, and V, respectively where

Z
A ——

1 1_K and Zz=

zZ

1-1/K

For Z =1 MQ, employing Miller’s theorem results in the equivalent circuit in

Fig. (a), where

sig 1 2
AVAVAVAV . o . vo)
+ +
Viig z, V. 100V, 4 £
() '
7 = Z =1OOOkQ=9.9k§2
1 1-K 1+100
z, = 21 _ 1M? —0.99 MQ
T-& 1+
K 100
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The voltage gain can be found as follows:

Vo _ Yo Vi :—100><—Z1
Vsig N Vz Vsig Zl+Rsig
= —100x 29 =-49.7V/V
9.9+10

2. For Z as a 1-pF capacitance—that is, Z = 1/sC — applying Miller’s theorem
allows us to replace Z by Z, and Z,, where

Z 1/sC 1

Z1= 1-K 1+100 s(101C)
, . Z 11 1
27 % 1.01sC _ s(L01C)

It follows that Z, is a capacitance with C; = 101C = 101 pF and that Z, is a
capacitance with C, =1.01 C=1.01 pF. The resulting equivalent circuit is shown
in figure (b), from which the voltage gain can be found as follows:

, )
+ +

]

(b)
Vo _VoVi_ 100 1/5Cs

Vsig Vi Vsig 1/(sCq)+ Rig
100
~ 1+sCiRg,
100
T 1+5x101x1x10 2 x10%10°
100

1+5x1.01x107°
This is the transfer function of a first-order low-pass network with a dc gain of
-100 and a 3-dB frequency f, ,, of

foap = L =157.6kHz

21x1.01x107°
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(i) Atan emitter current of 1 mA, Q, and Q, have

B I_C_ ImA
Sm = VT 25mv

=40mA/V

Considering the input signal source v, having resistance R;, = 4 kQ and the load
resistance R; = 4 kQ, the ac equivalent circuit can be obtained as below:

Rsig Oy
—'WW—O—':Ql 0
Vo (+ rﬂJ v |:
sig C_) ’—32 Q2
=T= Rin Rin2 =
1 1
We have, r,= —=——"—=2=25Q
8m 40x10
ro= B _100_ 2.5kQ
g, 40
Using the small signal model of BJT as shown below,
—
r, DB
ib Vbl
Vsig ’—' §§ Te1
N Rin ° VO
+
. Vbz §§ Yo 8me2 %é RL

=
I

1o =2.5kQ

in (Bl + 1) (rel + Rin2)
101(0.025 + 2.5) = 255 kQ

=
I
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Using voltage division rule,

vbl Rin 255

_ - =098 V/V
Vg R +Ryy 255+4
and %2 _ _Rina __ 25 _j99yyy
Op1 Rinz + Y1 2.5+0.025
Also, 0= g R =40 x 4 = =160 V/V
b2
0 0 0 0
Thus, c = Y0 _ % Uy U

Usig  Up2 Up1  Usig
= -160 x 0.99 x 0.98 = -155 V/V
For comparison, a CE amplifier operating under the same conditions will have
R, =71 =25kQ
R

in
= — i (—¢ R
Gv Rin+Rsig( 8m L)

2.5
25+4

615 V/V

(—-40x 4)

Q.7 (c) Solution:

Open-circuit test: The open-circuit test results are used to find the core loss components:
magnetizing resistance (R,) and reactance (X,,).

V, =250V, I,=1A,P,=80W

pP. = V,I, cos ¢,
cos ¢, = i = 80 =0.32
O v, 250x1

I, =1I,cos9,=1x032=032A

I, = Iysin gy = I3 -1, =12 - (0.32)? =0.947 A
R o= 20 5050
07 I, 032
X, = A=29 _ra0
I, 0.947
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Short-circuit test

The SC test is used to determine the equivalent resistance R, and leakage reactance X,
of the transformer. The results of the short-circuit test are given in terms of the h.v. side,
while the results of the open-circuit test are in terms of low-voltage side. The results
obtained in short-circuit test are, therefore, converted in terms of the l.v. side.

Viye =20V, P, =100W, I, =12 A
T, _ Vi _250 _
T, Vs 500
Short-circuit voltage referred to the L.v. side
T; 250
=V =20x—=10V
Vie = Vase - T, 500

Short-circuit current referred to the l.v. side

T, 500
IlSC = IZSC Tl =12x ﬁ_24A
We have, P, = I%SCK,2 ;
P
R, = =19 —017360
‘ Ilsc (24)
z, = Yise 1064170
! Ilsc
X, = \/Z 0417) ~(0.1736)* =0.379 Q
The equivalent circuit is shown in figure below:
Rel Xel 24 A
° MWW 000
Li1A  01736Q  0379Q .
Vl
250V Ry Xo V)
781.25Q 264 Q
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Q.8 (a) Solution:

Given: Vs(t) = 50cos 2\/§t +10 cosit \Y4

V2

Since circuit is linear and has two source frequencies, we can use superposition theorem.

Taking V, = 50cos 22t Volt; we have W = 22 rad/sec
Series L-C branch of circuit where C=0.25 F and L = 0.5 H is having resonance frequency,

1 1

_ = =2./2 rad/sec
o= JIC J025%05 /
that is equal to source frequency.
So, LC branch will act as short circuit at frequency ;.
1Q 4Q
- AVWAV AVAVAVAV
N
p: , joy L=
o I 1 .1
O (~ S 4 —_— - —1 — Q
]
>H

Due to short-circuit, No current flows through 4 Q resistor.
Iig =0 (1)
S Il = 20 __50
ource current, Iy = 2x1 2

Source Power, P = (V] )yms - I5 - cos ¢,

[cos ¢, =1 as the circuit becomes resistive]

50 y 50 1250
Now, taking source voltage,

vV, = 10COSLtV01t

V2
1
thus, W, = ﬁrad/ sec

Here, parallel branch of L-C in the circuit, having L =4 H and C=0.5 F is having resonance
frequency

L1 —Lrad/sec
@07 JIC ax05 2

ocopyright: [MADE ERSY www.madeeasy.in



Test No : 12

E & T ENGINEERING | 53

that is equal to source frequency. So, parallel LC branch acts as open circuit. The

equivalent circuit is thus obtained as below,

ro1Q 4Q
= 025F
1 o
V, =10 cos -t (~
s COS\/2> C) 30‘51{ 0O/C
No current flows through 4 Q resistor
Iio =0
S t, I Ly
ource current, Iy =
TN2(Zy)
where Zeq = R+j(X; - Xp)
= 1+ ] (,OzL - L]
,C
1 1
= 1+j| —=x0.5~-
oo L 005
L 2
= 1+ '_—1 -42 }
IR PN
= (1-;5.303) Q
- 10
s J2[1-75.303]
= 1.310£79.31° A
Power delivered by source,
Ps” = (V2)rms 'I;,COS(DS
10
= —=x%1.31¢c0s79.31°
V2
= 1.718 W

So, using superposition theorem, current through 4 Q resistor
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Power delivered by source

P.= P+P/

1250 +1.718
1251.718 W

Q.8 (b) Solution:
Given: R; =100 Q and R, = 50 Q. The uncertainties in resistance values:
wep, = 01 Wand w, =0.03 Q
1 2
When the two resistances are connected in series, the resultant resistance is

R, = R, + R,
oR, _ 1, dR, _1
oR, dR,

Hence uncertainty in the total resistance

2 2
oR ) dR ’
= + Sl wy | —= | w
R \/(aRl J Ry (aR2 j Ry
= +(1)2 (0.12 +(1)? (0.03)> =+0.1044 Q
Thus, the combined resistance in series can be expressed as,
R, = 150+ 0.1044 Q
When the two resistances are connected in parallel, the resultant resistance is

_ RyR, _100x50
P R+R, 150

R =33.33 Q

Now, R, = (R;R)) (R; + Ry™

aRP = -1 -2
. (RZ) (Rl + RZ) - RlRZ(Rl + RZ)

_ R,  RR, 50 100x50

Ri+R, (R +R,)> 150 (150)*

R
—F =0111
R, R, RyR, 100 100x50
O0R, Ry+R, (R;+R,)*> 150 (150)
dR,
—F = 0.444
OR,
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Hence, uncertainty in total resistance is,

R, \ R, Y
— p 2 p 2
wR = i\/(ﬁj le +(Ej ZUR2

= +(0.111)2 (0.1)> +(0.444)? (0.03)?
w, = +£0.01734 Q

Thus, the combined resistance in parallel can be expressed as,

Rp 33.33 £ 0.01734 Q

Q.8 (c) Solution:
Given,
Mobility, u = 700 cm?/Vs
Gate length, L = 0.3 um =3 x 10 cm
Gate width, W = 1.0 um =1 x 10 cm
Threshold voltage is to be shifted from, -0.20 — +0.30 V
AV, = +050V

(i) Implant dose required

Threshold shift due to oxide charge:

R Qimpl
N
where Q, ., is the implant (Boron) charge density
Qi = Cox X AV
Given, t =5nm=5x10"7cm
c = Sero —3'45X1(_);13 ~6.9%107F/cm?
ox Eox 5x10
Q= 69 X107 x 0.5 = 3.45 x 1077 C/cm®
Q 3.45x107
Thus, required Boron Dose, = ; = Tex10 D = 2.16 x 1012 cm™2

(@ii) Drain current using square-law,

W
Let k = Mcox -
L
W 1x107*
Here, — = —~=3.33
L 3x10
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Thus, k =700 x 6.9 x 107 x 3.33
k=161x10°A/V?
For V., =2V, Overdrive voltage,
Vo, =Ve-V;=20-030=17V

00

1. Given, Vo =1V

Since, Vps < V,, = MOSFET is operating in linear region
V2
ID = k|:(Vov)VD _TD:|

= 1.61 x 10-3[1.7(1) - 0.5]
= 1.61 x 103(1.2)

I, = 1.93mA
2. Given, V=2V
Now, Vps > V,, = MOSFET is operating in saturation region
1.2
ID = Ekvov
1 3 2
= E(1.61><1O )(1.7)
= 2.33 x 107
I, = 233mA

3. Given, Vo =3V: Vo>V,

Thus, MOSFET is operating in saturation region.
I, = 233 mA

Q000
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