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Full Syllabus Test (Paper-I)

Q.1 (a) Solution:

For a magnetically coupled circuit, the mutual inductance M is given by

M = K.[5(10)

X, = KyXp, X1,
= 0.85(10) =5.66 Q

Based on the dot convention, the current I, enters the dotted terminal of L, and I, leaves
the dotted terminal of L,. Thus, the mutually induced emf opposes the self-induced
emf. Hence, the equivalent circuit in terms of dependent sources can be drawn as

5 Q 15.661 10 Q 15.661
] @] 2 J @] 1
3Q §
50.20°v (%) ) ) 350
L _|_ -4Q L

Applying KVL to Mesh 1,
50£0° - j5I, - 3(I, - 1) + j4(I, - 1) +j5.661, = 0
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50£0° = (3 +;1)I, - (3 +j1.66)I, (1)
B+ DI + (-3 -j1.66)I, = 50£0°
Applying KVL to Mesh 2,
jAl, - 1,) - 3(I, - I) - j10I, + j5.66I, - 51, = 0
j4l,-j4 1, - 31, + 3, - j10I, + j5.66I, - 51, = 0
—j4l, + j4lI, + 31, - 31, +j10I, - j5.66I, + 51, = 0
(-3-j1.66)I, + (8 +j6)I, = 0 (2
By Cramer’s rule,
‘ 3+j1  50£0°
-3-j1.66 0

27 | 341  -3-j1.66
3-j1.66 8+j6

150+ j83 150+ 83

T (18+j26)—(6.244+ j9.96) 11.756+ j16.04
8.62 £-24.79° A

51, =5(8.62 /-24.79°) = 43.1 /-24.79° V

Thus, %4

Q.1 (b) Solution:
The Miller indices (hkl) are formally defined as the reciprocals of the fractional intercepts
that a plane makes with the crystallographic axes (x, y, z). Thus,

*  The (100) plane intersects the x-axis at 1 and is parallel to the y and z axes, effectively
forming a face of the unit cell.

*  The (110) plane intersects the x and y axis at 1 and is parallel to the z-axis, forming
a diagonal plane through the unit cell.

*  The (111) plane intersects the x, y, and z axes all at 1, forming a triangular cross-
section as shown below.

c c [

a a a
(100) Plane (110) Plane (111) Plane

Since (100) plane represents a face of the unit cell, there are six equivalent (100) planes in

a cubic crystal: (100),(100), (010), (010), (001), (001)
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In a face - centerd cubic structure.
61\/5 =4r

where a

side of unit cell

r = ionic radius

Given:r=1.06 A

_ 4r 4x1.06 5998 A
a \/E \/E .
The interplanar spacing for a cubic lattice with given Miller indices (hkl) is given by,

a

Ay = ———
B

Thus, Inter planar separation for (111) planes is

Q.1 (c) Solution:
When two coils are connected in series aiding configuration,
L =L, +L,+2M=0.60 H (1)
Loubtractive = L1 ¥ Ly - 2M=040H -..(ii)
When two coils are connected in series opposing configuration,

additive

By adding equations (i) and (ii)

2(L,+L,) = 1.0
L,+L,=05
Given, L,=015H
: L,=05-015=035H
(i) Substituting the values of L, and L, in equation (i)
2M = 0.60 - 0.50
M = —0'210 =0.05H
M 0.05
(@ii) The coefficient of coupling, K = L = N R ETES

K =0.22

Q.1 (d) Solution:
The circuit is a 4-bit shift register with a parallel load feature controlled by 2:1 MUX.
-When Load =1, the MUX selects the external inputs X.. The next state becomes Q, = X..
-When Load =0, it works as a right-shift register and the serial input to Flip-flop 1is X .
-When CLR =0, the flip-flop outputs are set to 0.
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Inputs Next State
CK CLR  Load| Q3 Q Q Q
X 0 X 0 0 0 0
f 1 0 0 0 0 0
f 1 1 0 1 0 1

Q.1 (e) Solution:

Each transistor is biased at an emitter current of 0.5 mA. Thus,

Vy 25mV
fa = 2777 7705
E . mA

In differential analysis, as the circuit is symmetric and V, = -V, the node joining

=50 Q

two emitter resistances can be assumed as AC ground. Thus, R would be dead
resistor. The input differential resistance can now be found as

Ry = 2(B + 1)(r, + Rp)
= 2 x 101 x (50 + 150) = 40 kQ
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(@ii) From the given circuit,

Did . _ Rig
vsig Rsig + Rsig + Rid
_ 4 08V/V
5+5+40
The voltage gain from the bases to the output is
Yo Total resistance in the collectors
vis ~ Total resistance in the emitters
_ 2R 2x10 _50V/V

2(r,+Rg)  2(50+150)x107°
The overall differential voltage gain can now be found as

A, =~ =S 0 _08x50=40 V/V

vsig vsig Uig

Voo Vi Rer Req
see = - =— +
(iiij) We have, A V. Vv 2Rpr  2Rpp

cm cm

Common mode gain in worst case is equal to maximum possible common mode
gain. A, is maximum if R, = R; + AR-and R, = R - AR .. Thus,
A - 2ARc _ R¢ AR
@ 2Rpp Rgp Re
Given AR-/R- = 0.01. Thus,

10 4
= —x0.01=5x10" V/V
Ao 200 /
: Ay
(iv) CMRR = 20log—*
Acm
40
= 20lo =98 dB
E5x10
Va 100
i = = =200 kQ
(v) For transistor, =] /2 05x10°
Using eq., R, = (B+1)(REE | %0)

= 101(200 kQ || 100 kQ) = 6.7 MQ
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Q.2 (a) Solution:
100 A 98 A
+ o
2A 03Q
+
400V
g 2000
) E, 1500 rpm
- 2)
. T 2V (Brush Contact drop)
Field current = 1 F= @ =2A
200
At full load, armature current,
Iﬁ,1 = IL—If= 98 A
By applying KVL:
-400+ (98 x03)+E,+2 =0

E
For DC motor, E, =< N¢. Thus,

b1

400 - (98 x 0.3) -2=368.6 V

E, =< N (as ¢ is constant)
_ N

(i) Athalfload, I
I

a3

N2
50 A

IL—If=5O—2=48A

E,, = 400- (48x03)-2=383.6V
Substituting all values in equation (i), we get

368.6

1500

383.6

N. =

2
@) At150% of fullload, I,
I

]

E. =
b3
Substituting all values in equation (i)

368.6

3536

N,
1500x383.6
368.6

150 A

150 -2 =148 A
400 - (148 x 0.3) -2 =353.6 V

=1561rpm

1500
N3
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N, = %:1439 rpm
Q.2 (b) Solution:
We have; W=2L = 5um
ie., L =25um
W =2
L

DC Analysis: For DC, the capacitors act as open circuit. Since, no current flows through
gate, hence current through R . =10 MQ is zero. We have, V|, = V-, hence the transistor
is in saturation. Therefore,

1 4% 5
D Euncox T(VGS - VT)

Vg = Vs =Vp =V,

n

I = %xO.lZSxe(VD -1.5)
but V, =15-1,-R,=15-10I,
81, = [15-10I, - 1.5]2

10013 — 2781, +182.25 = 0

On solving, we get I, = 1.06 mA, 1.72 mA
o I, = 1.06 mA ..... for MOS to be in saturation region.
[ForI,=1.72mA, V_¢=V,=15-101,< V]
Thus, Vp =15-(10x1.06) =44V
The small signal parameters of the MOSFET can be obtained as below,
dlp 144
= = WU, Cor — Vs =V
8 aVGS MinCox I ( GS T)
= 0.25x (4.4-1.5)
= 0.725mA/V
VatVp 50+44 ( 1 )
= ;= =51.32kQ Va=—=50V
and I 1.06 A7
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Small signal model of amplifier is given as:

i VVVv " +
Vz(") Vgs gmvgs §§70 §§RD %%RL VO
ls
(i) KCLatnode’D’:
Vi_VO = gmvgs—i_&
where R, =r IR, IR, =51.32]|10 || 10 = 4.55 kQ
V=V,
1 1 1
we get, V|—- = Vy| —+—
8 I(RG gm] O(RG ij
= 8 1 0.725
A oY Rs 7" _10x10°
7 U S S
R; R, 10x10° 455
- B 55
0.22
(@ii) To get input resistance:
o2 VitV _Vi-Vi(Ay)
i Rg Rg
;= Vid-4v)
1 RG
R=Yi- R _ 10 _r3mme
! 1 1—AV 1+3.
(iiij) Current gain:
Apply KCL at drain:
Vi
ll = nggS+_0
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But V, =i, R,
io 1-g,Re _ 1-0.725x10*
Hence, 1_ = R, = 10
i R, +-L 0.725x10+ ——
EmEL TR 455

X

Current gain (A)) = -767.27

Q.2 (c) Solution:
There are three types of cubic crystal structures:

Simple Cubic Crystal structure (SCC):

In this structure, there is one Lattice point at each of the eight corners of the unit cell.
It has a coordination number of six.

Each corner atom contributes (1/8) atom to the unit cell. Hence,

1
Number of atoms/unit cell = §X8 =1

For simple cubic crystal,
a=2r
where a is the unit cell radius and r is the radius of atom.

i \

J
A |

Atomic Packing Factor (APF) of the crystal structure is defined as the ratio of total

edge length

volume of the atoms per unit cell to the volume of the unit cell. It is also known as
packing efficiency (1)

Number of atoms/unit cell x Volume of atom

Here, APF = Volume of unit cell

1><é7tr3 3
73 _ Ix(n/6)a” _m 0504
8 a 6
% APF = 52.4% filled
Body Centered Cubic structure (BCC):

In this structure, in an unit cell, there are eight atoms at corners and another atom is

at the body center. It has a coordination number of eight.
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E F

AN
i--

(a) (b)
Body centered cubic structure

From the figure, GD = Na* +a* =2a
Along the body diagonal,
AG?>=AD?+GD? = (4r)?=a*+ 242
a~'3

4

. 1
Number of atoms/unit cell = §X8 +1=2

N APE _ NXxVolume of each atom
ow, (APF)pcc = Total volume of unit cell

3
2)(%7-[ & 2)(7[\/5 a3
St ) 16 T _mB
3 = 3 - -
a a 8
% APF = 68% filled

Face Centered Cubic structure (FCC):

In this structure, one atom lies at each corner of the cube in addition to one atom at
the center of each face. The coordination number of FCC structure is (4 + 4 + 4 = 12)

] s

| a

(@) (b)
Face centered cubic structure

L
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From the figure, a2 + a2 = (4r)?

a2

Radius of atom, =r= —

4
and for FCC,

i 1 1
Number of atoms/unit cell = §X8 + EX6 =4

N x Volume of each sphere

Now, (APF)gec = Total volume of each cell

3
4><41'E><(a\/§) 4 \/EMS
3 4 X

a - a
% APF =74 % filled
Q.3 (a) Solution:
(i) Given:
Total current, I, = 60 mA
Dark current, [, =1.5 mA
Light intensity, E = 10 W/m?

Circular window diameter, d = 10 mm = 0.01 m

Radius 7 g=5mm =5%x10°m

1. Photocurrent,

Iph = Itotal - Id
I, = 60-15=585mA

2. Power of the incident light

Area(A) of photodiode window given as circular,

A = mr?
A = n(5 x 10%)?
A = mx25x%x10°=7854 x 10> m?

Power incident on the photodiode:
P=ExA
P =10 x 7.854 x 107
P =7854x10*W
P = 0.785 mW
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3. Responsivity,

I
ph
R=-
P

Converting current into ampere,
I 58.5 mA =0.0585 A

ph
0.0585
K= 7 gsax10
R = 745 A/W
(i) From part (i), the results are:
Incident optical power, P = 7.854 x 104 W
Photocurrent, [ oh = 58.5 mA =0.0585 A
Given, Wavelength, A = 510 nm =510 x 10 m
1. Number of photons falling per second,
P
N = E,,

where E,,, Energy of one photon,

he  6.626x107*x3x108

P 510%107°
E,, = 3.90x1079]
7.854x107*
Therefore, N= ——75
3.90x10
N = 2.01 x 10

2. Quantum efficiency

Number of electrons per second

Ly 00585
T e T 16x107"7
n, = 3.66 x 107

e

Electrons emitted per second n

- _ = e
Quantum efficiency, 1 = "ppoion<incident per second N

3.66x10"7
2.01x10"
182 (= 1.82 x 102 or 18200%)

n:

i

Quantum efficiency
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Note: A Quantum Efficiency (QE) greater than 1 indicates that each incident photon

is producing multiple electrons.

Q.3 (b) Solution:
For the two-winding transformer, rated current for 11500 V winding
100x1000

= —————=869A
11500
and rated current for 2300 V winding
_ 100x1000 _ 4348 A
2300

It is to be noted that if the windings of the 2-winding transformer are connected in series
to form an autotransformer, the rated currents are not exceeded.

In series aiding connection, the voltages of the two windings add together to produce a
higher output voltage. There are two possible configurations for autotransformers:

(i) First Configuration (High-voltge winding as common winding)
The winding AB is for 2300 V and winding BC for 11500 V as shown in figure (a).

Here, Vg = 2300V, V,.=11500 V
Vy = Vg + Vg =2300 + 11500 = 13800 V
V, = Vpe=11500 V

Therefore, the voltage ratio for the autotransformer of figure (a) is
_ Vy 13800

H™ 'y, 11500
By KCL at point B,

I, =1, +15,=4348+8.69=5217 A
The current distribution is shown in figure (a)

kVA of the autotransformer of 13800/11500 ratio:
Vil 11500x52.17

= =600 kVA
1000 1000
or _ Viylg _13800x43.48 _ 600 KVA
1000 1000

The weight of copper in a transformer is proportional to the volt-ampere rating of
the windings. In an autotransformer, the saving in conductor material compared to
a two-winding transformer is defined by the reciprocal of the transformation ratio.
Thus, saving in conductor material
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1 11500
= —= =0.833 pu
ag 13800
= 83.3 percent
[H A 1H A
O
Vap I;=4348 A Y
= 2300V %l“ 11500V gllH—S.@A
Vi I, =5217 A _
=13800 V B L v, B 5217 A
8.69 A = 13800 V 1348 A
14
- 11500 v % 1 i LOAD 2300 V g v, LOAD
A 11500 V 300y
(o
C e °
Fig. (a) Fig. (b)

(i)

Second configuration (Low-voltage winding as common winding)
Here the winding AB is for 11500 V and BC for 2300 V, as shown in fig. (b). Therefore,
V5 = 11500 V and V- = 2300 V. Thus,

Vy = Vgt Vg =11500 + 2300 = 13800 V

V, = Vp-=2300V
_ Vy 13800

L v, 2300

By KCL at point B,

I =1, +15,=869+43.48=5217 A
The current distribution is shown in figure. (b)

kVA of the autotransformer of 13800/2300 V ratio

Vi I, 2300x52.17
1000 1000

_ Vyly  13800%8.69
© 1000 1000

1 2300

Saving in conductor material = E = 13800

=120 kVA

=120 kVA

=0.166 pu =16.6 per cent

Q.3 (c) Solution:
(i) Single Slope Type ADC/Counter Type ADC:

e It is the simplest type of ADC which employs a binary counter, an analog

comparator, a control circuit (an AND gate) and a DAC as shown in below figure.
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* The counter type A/D converter is also known as a digital ramp ADC, because

the waveform at the output of the DAC is a staircase waveform (step-by-step

ramp).

Analog input Start
Y
Va© ¥ EOC

binary counter

CLK o
Latch by

© b,

© by

Digital to Binary output
analog
Vet converter

Logic diagram of a counter type ADC

Operation:

* In a counter type ADC, the analog voltage (V) which is to be converted is
applied to the non-inverting terminal of the comparator. The output from the
DAC (V) is applied to the inverting terminal of the Op-amp.

* The counter is used to count the number of clock pulses applied. A start pulse
is applied to reset the counter to zero. Initially, V =0 V.

* Aslongas the analog input signal is greater than the reference voltage provided
by DAC, the output of the comparator is HIGH (logic 1), the AND gate is enabled
and, so, the clock pulses are transmitted to the counter and thus, V' isincreased.

*  When the output of DAC V_ becomes greater than V , then the comparator
output become LOW (logic 0) and the counter will stop counting. At this time,
the output of the counter will provide the digital output proportional to the
analog input. The control logic loads the binary count into the latches and resets
the counter. Thus, beginning another count sequence to sample the input value.

Conversion Time:
The conversion time is the time interval between the starting of the conversion and
the time the comparator output is LOW (stopping the counter). The maximum
conversion time of a counter-type ADC is determined by the maximum count of
the counter, which is (2N - 1) for an n-bit counter. The maximum number of clock
pulses required for N-bit conversion is (2N - 1). Thus,

tc(max) = (2N - 1) x tCLK

te (max)

2

Average conversion time =
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(ii)

where, N =number of bits in the counter.
Note that the conversion time depends upon input analog voltage V.

Disadvantages:

* It has large conversion time (essentially doubles for each bit that is added to
the counter).

* The resolution can be improved only at the cost of a longer “t .

* Itis used for low speed application.

From circuit: R, = Ri+ [R, || 5]
From voltage division rule:
V, = V,x Ry II5
1+R;+R, [|5
Vo _ RIS
Vs, 1+ Req
R, -5
0.05 = R, +5
T 1+39
) SRy
Ry +5
2R, +10 = 5R,
10
R, = 3 - 3.33 kQ
Ry = Ri+[Ry 5]
39 = R, +2
R, = 37kQ

Q4 (a) Solution:
Kelvin’s Double Bridge:

Resistances having a value under 1 Q are known as low resistances. The resistance of

leads and contacts, though small, are appreciable in comparison in the case of low

resistances. Kelvin double bridge is a modification of the wheatstone bridge and

overcomes these difficulties by eliminating the effects of lead and contact resistances.
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The Kelvin’s Double bridge incorporates the idea of a second set of ratio arms - hence
the name double bridge and the use of four terminal resistors for the low resistance
arms. The first of ratio arms is P and Q. The second set of ratio arms R and R, is used to
connect the galvanometer to a point d at the appropriate potential between points m and
n to eliminate the effect of connecting lead of resistance r between the known resistance
R, and the standard resistance S.

The ratio R /R, is made equal to P/Q. Under balance conditions, there is no current
through the galvanometer, which means that the voltage drop between a and b, E , is
equal to the voltage drop E__ ; between a and d.

p
Now, E, = P10 E_,
i (R +Rb)7’ .
= [|R+S+—"—7—
and E, _ R +R,+7 . (i)
i R,r
and E,,= IR+ R, Ry +R)r |} _ I{R+7a} .. (ii)
an | R,+R, |R 4R, +7 Ry +Ry+r
For zero galvanometer deflection, E , umdle
P g|R+s+ Bt R
P+Q R, +Ry+7 "RARtr +Rb+r
R P R
or L gy o fer (PN ... (i)
Q R +Rb+7’ Q Rb

p
Now if — = &, equation (iii) becomes

Q R,
R =

Q=
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As the expression of R does not involve r, hence the effect of r (contact resistance of

leads) is eliminated, provided the two set of ratio arms have equal ratios.

For the given Kelvin Bridge, the two set of ratio arms should have equal ratios i.e.

Ry U Ry
RZ Ra
R 1
Therefore, Ry o B 1 (given)
R, R, 1000
Given, R, =05R, and R, =5
5
Thus, R, = —=10Q
e 2~ 05
Theref Ry 1
eretore 10~ 1000
1
= 10x =0.01Q
R, 1000

Q4 (b) Solution:
Observations:
* Input applied to gate (via C,)
*  Output taken from drain (via C))
e Source is AC grounded (through C,)
Thus, the given circuit is a Common Source (CS) amplifier
DC Analysis (Q-point)
Given:
Vip=-15V,K, =2 mA/V?
The gate is connected to ground through R .. Therefore, V=0

Thus, Voo = Vs-V=V,
We have,

Vo =-9+I,R,=-9+2I, (1)
For pMOS to be in saturation,

Vsp 2 Vsg + Vip
Vo=V, 2 V-0+V,,

Vp 2 -V = V<15V

Thus, the highest voltage that keeps the transistor in saturation region is,
Vomax = 1.5V
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If V> 1.5V, the transistor enters the triode region. The lower limit of the drain voltage

occurs when the transistor cuts off completely (I, = 0). From equation (i),
V = -9V

Dmin

Therefore the midpoint of the saturation region is:

_ VDmax +VDmin _ 1.5-9 __

Vpg = > = =-375V
We have,

Vpo=-9+2,, = -375=-9+2I,,

Ing = 2.625mA
In saturation region,

Kp 2 2
I, = 7(V5G _‘VTP‘) =(Vs-1.5)" mA
For IDQ =2.625 mA,
2,625 = (VSQ -15)? = #1.62= Vso-15

Since V¢ >| V|, thus

Ve, = 312V

Q
Small-Signal Parameters:

Transconductance (g,

g, = 2K, Ipg =y2x2mA/V>x2.625mA =3.24 mS

Output Resistance (r,)

1 1

- =38.1kQ
°  AMpg 0.01x2.625x107°

The voltage gain of the Common source amplifier is given by
A, = =8, (IR IIR))
Case 1: When R, is Disconnected (R, = o)
A, = -8, (IR, =-324(38.1]2)=-6.14
Case 2: When R, is Connected (R, = 20 kQ)
A, = -8, (rIIRyIIR)=-324(38.1] 2] 20) = -5.62

ocopyright: [MADE ERSY www.madeeasy.in



MADE EASY Test No : 12 E & T ENGINEERING | 31

Aya|=[Au|
Thus, % change in gain = %xwo
(%
% change in gain = %Xloo =8.47% decrease

Q4 (c) Solution:
() R=209Q L=200uH; f=10°Hz V=230V; Ry=8000<Q
At f=10°Hz, X, = 2nfL =2 x m x 10° x 200 x 10-° = 1256.6 Q

For a tank circuit, resonant frequency,

_ 11 R
fo 2n\LC 12

To achieve resonance at 10° Hz,
1 1 (20)?
106 = -~ 6o~ ~6\2
21\ 200x107° xC (200x107°)
C = 126.65 x 10712 F = 126.65 pF

. 2nfoL
Quality Factor Qy = R
6 -6
_ 2mx10”%x200x10 —62.83
20
D ic Imped Z = L
ynamic Impedance, = R
-6
_ 200x10 78058 O

126.65x10"% %20
Total equivalent impedance of the circuit at resonance
Z,, = 78958 + 8000 = 86958 Q

Total circuit current at resonance

vV 230
Z, 86958
= 2.645x 102 A
= 2.65mA
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(@ii) The transformed network in s-domain is shown in figure below:
Iy
I 1 I:) 1 I
1 I I S 3 I I S 2
) ID 10 Q 10
Applying KVL to Mesh 1,
1 1
v, = (;"'1)11 th-"h ..(0)
Applying KVL to Mesh 2,
= Il+(2+1)12 +113 ..(ii)
s s
Applying KVL to Mesh 3,
= —111 +112 +(3+1 I
s s s
Writing these equations in matrix form,
1 +1 1 -1
! 101 |
o= 1 2+= = ||],
0 s s |
_ 3
12y
L s s s ]
: , A
Using Cramer’s rule, = A
1 +1 1 -1
s s
1 1
where = 24— =
s s
__1 1 % +1
s s s
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1 1 2 1 2 1
= (1+—J[(2+—J(1+—)——2}—1{(1)(1+—j+—2}
S S S S S S
A
s s s s
B s2 +55+2
$2
v, 1 L
S
1 1
and Al — 0 2+§ g
0 1 %+1
s s
(1 2) 1 252 +55+1
= Vl 2+ 1+— 3 =V1 - >
| s s) s s
v 252 +5s+1
! ! s +55+2
Driving-point admittance
v I 2% +55+1
1) = Y T s
Ay
We have, I, = N
1+1 Wi -1
S S
1
AZ = O g
- 0 %+1
s s
2
= —V1[%+1+l2}=—v{5 +223+1)
S S S
2
s“+2s+1
I, = V——"7—
2 1(sz+5s+2)

Transfer admittance, Y,,(s)

I,  s*+2s+1

71_ s> +55+2
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Q.5 (a) Solution
Given data:
Anode voltage, E, = 2000 V
Length of deflecting plates,/, =1.5 cm =15 x 10 m

Distance between deflecting plates, d =5 mm =5 x 103 m
Distance between screen and the center of the deflecting plates,
L=50cm=05m

(i) When electrons are accelerated through the anode voltage V , their potential energy
is converted entirely into kinetic energy. Thus,

1 5
evﬂ = Emvox

2¢E, \/2><1.6><10_19><2000

Velocity of beam, v = =26.5 x 10° m/sec
Y o\ m 9.1x1073! /

o Defloct - . Ll _ 05x15x102 0375 mm/V

(ii) Deflection sensitivity, 20E,  2x5x10-3 %2000 375 mm

: _1_ 1

(iii) Deflection factor, G = ST 0375 2.66 V/mm

Q.5 (b) Solution:
Absorption coefficient (o) of a semiconductor is the measure of how far into a material
light of a particular wavelength can penetrate before it is absorbed.
It is defined as the fractional decrease in light intensity per unit distance inside the
material given by Beer-Lambert’s Law,

ie., I(x) = Ie=™

where, I, = incident light intensity
I(x) = intensity after travelling distance “x’
o = absorption coefficient (cm™)
Given data:

Thickness, t = 0.46 um = 0.46 x 10~* cm
hv = 3 eV
o =6x10*cm™!

Incident power, P, = 11 mW = 0.011 W
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(i) Total energy absorbed per second,

P, = Dy(1-e

where at = 6 x 10* x 0.46 x 10 = 2.76
P,. = 0.011[1 - e276] = 0.0103 W

(or) P,.~103mW

So, energy absorbed per second = 10.3 m]J/s.
(@iij) Each absorbed photon has energy,

hv = 3 eV
For GaAs, E ¢ = 1.43 eV
Excess thermal energy per electron,
EEXCQSS = hv - Eg
=3-1.43
E = 1.57 eV

excess

Fraction converted to heat,
Eexcess 1 57

. '3 =0.523
Thermal power released,
Pyormal = 0523 x10.3 mW ~ 5.4 mW
Q.5 (c) Solution:
@i From the figure, I, =40A (i)
Meshes 2 and 3 form a supermesh. Writing current equation for supermesh,
I,-1, =5V,
But V. = %(12—11)
I, = 2I,- 1 ..(ii)
Applying KVL to supermesh,
—1(12 —11)—112 —l% —1(13 ~I4) =0 = 12I,-15,-34[,=-1200 ..(iii)
5 20 15 2 1 2 3
Applying KVL to Mesh 1,
- L L~ L) -2 ~1,) =0 = 141, - 6I,= 20 )
10 5 6 1 2
Solving Egs (i), (ii), (iii) and (iv), we get
I, =10A
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I, =20A
I, = 2(20)-10=30 A
I, = 40 A

@ii) Applying KVL to Mesh 1,
=961, - (100 + 4 +j200)(I, - I,) + 10£0° =0

(200 +;200)1, - (104 + j200)I, = 10£0° (1)
Applying KVL to Mesh 2,

-(1-750 +100)I, - (100 + 4 + j200)(I, - I,) =0

-(104 + j200)I; + (205 + j150)I, = 0 ..(ii)

Writing equations in matrix form,

200+7200 —(104+j200)1[ I, 10£0°
—(104+7200)  205+j150 || I,| | O

By Cramer’s rule,

10£0° (104 + j200)

‘ 0 205+ 150 ‘
i = 2004200  —(104+ j200)
‘—(1o4+ j200) 205+ 150 ‘

10(205 + j150)
1~ (11000 + j71000) — (-29184 + j41600)
_ 10(205 + j150)
40184 + j29400
5.102 x 10-220°A
‘ 200+200  10£0°
~(104+j200) 0 10(104 + j200)
L= ‘ 200+ j200 —{104-+j2001 " 40184+ 29400
~(104+ j200) 205+ j150
4.53 x 102/26.33° A
5 = 100L, - (4 + j200)(I, - L)
4.53./26.33° - (4 + j200) x 1072 x (5.102 - 4.06 - j2)
= 4.53./26.33° - 200.04 /£ 88.85° x (1.042 - j2)
4.53/26.33° - 2./88.85° x 2.255 /-62.48°
0
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Q.5 (d) Solution:

In the matched transistor, the reverse saturation currents are equal. Applying KVL

considering v, = 0 (virtual short).

Vy = Ugpy — Uppy ..(i)
A grounded BJT can also be utilized, since its emitter current and base-to-emitter voltage
are related by

I = IseZ’BE/VT ...(id)

Taking the logarithm of both sides of Eq. (ii), we get

v = VpIniE (i)
Is
Using equations (i) and (iii), with I . = I,
Is I Ieo

According to Eq (i), v, is the difference between two small voltages. If V, is several volts
in magnitude, then v, << V.

Ve—v, V
Iy = Ipp=-R72 7R
o2} E2 R2 R2 (V)
V. — 70 0 .
ICl = IE1: SRl 1 zR_Sl (Vl)

From equation (iv), we get

v —Vrln UsRy =Vr| In R —Inv,
? VrRq VirRq

The second op-amp is a non-inverting amplifier with,

v, = (1+%]vz
3

vy = [1+%JVT(IH(VRIZQ J—lnvsJ
3 R™M

Since R, R,, Ry, R, V and V. are constant, we can write

vy = Kl—Kzlnvs

Hence, the output voltage v, is proportional to In v_.
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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

ocopyright: [MADE ERASY www.madeeasy.in



Test No : 12 E & T ENGINEERING | 39

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}.

ocopyright: [MADE ERSY www.madeeasy.in



MRADE EASY Test No : 12 E & T ENGINEERING | 43

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
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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

ocopyright: [MADE ERSY www.madeeasy.in



50 | ESE 2026: MAINS TEST SERIES MADE ERSYH

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
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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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