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1. (@) (i) Consider the circuit shown below. The power supply V* has a dc value of
10 V on which is superimposed a 60 Hz sinusoid of 1 V peak amplitude, i.e.,
has a power supply ripple.

Calculate both the dc voltage of the diode and the amplitude of the sine-wave
signal appearing across it, assuming a 0.7 V drop across it at 1 mA current.
Vvt

R =10 kQ

(ii) For the V-I characteristics as shown below, draw the circuit model using an
ideal diode.

[6 + 6 Marks]
Solution:
(i) DC analysis :

~10-V, _10-07

=0.93mA
10 10

Using diode equation,

V,~ V,= nVinz
I

Letn = 2, V, = 0.026 V
Put V, = 0.7 V, L=1mA
I, = 0.93 mA

—

l
o
oy
|
<
[

2><O.026|r1L
0.93
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= V, = 0.696 V which is nearest to 0.7 V. Hence, we can consider DC voltage
across diode as approximately 0.7 V.

AC analysis :

_ nVr _ 2><O.0263 -5590
I 0.93x10"
r << R = voltage across diode will vary by small amount due to variation in V*.
Hence, we can apply small signal model to find V,, across diode.

1sinot r=Vac

v 1sinotxr _ 1sinwt + 55.9

= = = 5.563 i t \/
©= T TR 559+100kQ sinwtm

o Voe = 0.7V,  Amplitude of V,, = 5.56 mV
(ii) For V=0%1—
= Thee should be a short circuit or an ON diode in parallel to V.

I

I
R/
/ V

For V < O :
I-1, = L”(V—O)
—Iﬁf? —-0
[ = Eﬁ + 11
R

= A resistor ‘R’ and a current source I, should be in parallel

<<
O
A\
AAAA
\AAAJ

R Q Iy

MADE EASY Source
. MADE EASY Classnotes : (Click here for reference)

End of Solution
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1. (b) The circuit shown below is to be used as ramp generator to produce a 1 V ramp
output when the output is 3 V, 0.1 ms pulse with a 1 ms interval between pulses.
The supply voltage is 15 V and a load resistance of 100 kQ is connected at the
output terminals. Assume Q, has hgg...» = 50. Determine values of R,, R, and C,.

———0 V=15V
>
R@; 2
0
G == o
0
[12 Marks]
Solution:
V=15V
Id/'s=IC RZ%LA
0V
R, l l W'—
c, R, =100 kQ
i i 0.1 m sec
f—]
3V 1 msec
2
0
[ | |
t1 tZ
During t, interval: V.= 0 = Transistor is OFF
C, charges through A, and capacitor voltage increases upto 1 V.
1V

Maximum load current is I, . = 100K - 10 nA
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IC1 R, =100 K

Assume minimum charging current as much greater than 1,
i.e., Minimum 1, >> I,

max*

,max

Let Minimum 7, = 100 IL’max =1 mA
Vee — Vermax 15—1
Now, R, = : =
2 prin 1x107®
R, = 14 kQ
Ve = Veina + Vinitial — V|Eina|)e_tmzc1
V. = 15+ (0-15)e /G
t
= T =

Putt=1ms, Vo =1V, R, =14 kQ

= C, = 1.035 uF

During t, interval: V,=3V = Transistor becomes ON.

Now C discharges rapidly through transistor.

Discharging current should be much greater than charging current because capacitor

has to discharge fully in a smaller time interval 0.1 ms.

Let Idischarge = 100 x 11, min
= 100 mA
Collector current, I = Iyiscnarge + 1
=100 + 1 = 101 mA
I 101
Ip= —==—=202mA
5B 50
V,-Vge  3-07
A= "I, T 202x107
R, = 1.14 kQ

End of Solution
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1. (¢) A 40 uF capacitance is charged to store 0.2 J of energy. An uncharged, 60 puF
capacitance is then connected in parallel with the first one through perfectly
conducting leads. What is the final energy of the system?

[12 Marks]
Solution:
Given, Capacitance, C = 40uF
Energy stored, E=02J
but E- love
. =2
0.2 = %x40x10_6><V2
v =100V
The charge stored in 40 uF capacitor
Q=VC=100x40x10%=4x103C
Now, 60 uF capacitance is connected in parallel with 40 uF capacitor.
il
40 pF
11
1
60 uF
The energy stored in the above combination is
1
E' = 5Ce Ve
Q
where, Vo = Coq
2
1 @ 1Q
E/ = —c X— = A A
5 7eq Ce2q 2 Ceq
2 2
_ 1 (axt0®) 1 (axi10”)
~ 27 40pFllGOUF 2 100 uF
2
1 (ax102)
= —X—
2 107
E"=0.08J
MADE EASY Source
. MADE EASY Classnotes : (Click here for reference)
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1. (d) Identify magnitude of the Burgers vector for a material having cubic crystal
structure, if the density, atomic weight and lattice constant are 7870 kg/m?3,
55.85 g/mol and 2.86 A, respectively.

[12 Marks]
Solution:
. Mass
Density = Volume
» Atomic weight
Yernii = Avagidro s N,
a
N .
7870 x 108 = Nx9585 -
(2.86x107)° x6.023%x10
- N=2
Thus, atoms per unit cube is equal to 2. Hence the structure is BCC structure.
|b| = 2R = 2x£xa
4
b| = §x2.86><10‘10=2.476/5\
Thus, magnitude of Burger vector = 2.476 A

1. (e) Calculate V_ in the circuit shown in the figure using the method of source
transformation.
5Q 4Q —13Q

|7

3Q +

<>
1022V,
<>

®
|

20.,-90°, V jaQ

[12 Marks]

Solution:

By using source transformation,
4Q —-13Q
AAAA 11
vvvy [N

=
4.,4-90°A D 50 1003V,
-

j4Q
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130

<
<
<
<

1l
25Q +

s
42-90° A D 1003V,
<

j125Q

6.5Q —11.75 Q

——WW———
-
¥ s
11.18.£-63.435° V (_) 1003V,
<
!
6.5Q -
s
0.833.4-2.386° A D 1003V,
<
T —-11.75 Q B
V. =101

X

0.833£-2.386°x(6.5—j11.75)
HNEE: = 16.5—j11.75

I=0.552£-27.97°A
V. =15.52/-2797°V

MADE EASY Source
. MADE EASY Classnotes : (Click here for reference)

End of Solution
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2. (a) Find the current through the load resistance ‘R,’ using Thevenin's theorem and
hence calculate the voltage across the current source for the circuit shown in

figure.
3Q
AAAA
VVVVY
Fﬁ
AAAA AAAA
Yvvy Yvvy
10 4Q
- Q
L > 2A
3V—= E;ZQ T
[20 Marks]
Solution:
By using Thevenin’s theorem,
3Q
AAAA
VVVVY
4Q
+ Voo —
L& vee MM Vy

I
=
3V—T @ =20 G 2A

AAAA

By applying nodal analysis at node V,,

04 a=3 . Va =@
3 6
-12+2V,-6+V,=0
3V,=18
. V,=6V
Let I, is the current through 2 Q resistor
vV, 6
I = 576" 1A

Voltage across 2 Q resistor V,, =2 x1=2V
By applying kVL in loop

8- Voc=Voe =0
Voc=3-2=1V
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For thevenin’s resistance R, :

3Q
AAAA
VVVyv
Ry, 4Q
R AAAA
— # VVVv
< ¢
=20
< T

R —7lo= %2 _ 45
th = =732 ¢

Current through the load resistance, is I

156 Q
AAAA
\AAAJ
1
>
v 2R
105
1 0.39 A
o 1+156
30
AAAA
\AAAJ
R .
0.39A AAALA A A‘kﬁ !
vy Yvvy

+
+ >
3V > v”( 2A
Io@ vZ2Q Io@ _f

by kVL in loop 1:

3-039-V' =0

V' =261V
2.61
= T =1.305A

Atnode A, -0.39+1305-1"=0
By kVL in loop 2 :
V+4xI”"-V' =0
261+4x0915 =V~
Voltage across the current source of 2 A
V' =6.27V

End of Solution
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2. (b) An abrupt Si p-n junction (A = 10~* cm?) has the following properties at 300 K:

p-side n-side
N,=10" cm™ N, =10" cm™
7,=0.1pus T, =10 us

W, = 200 cm?/V-s u, = 300 cm*V-s
u, = 700 cm?/V-s u, = 450 cm?/V-s

Take n, = 1.5 x 10" cm™=,
The junction is forward biased by 0.5 V. Find
(i) forward current

(ii) current at a reverse bias of -0.5 V.
[20 Marks]

Solution:
(i) The forward current equation of a P-N function diode is given as;

o
I = I,Le"T -1

where I.= Ag |:(DpL(:nO) s (Bn) L':”po )}

2 10\2
I (1.5><10 ) 5 -3

M _ (1.5x10")?
n. =4 _\2% Y ) _2o5.103cm™
e8] NA 1017

KT §
D, =V, = Fup=26><103><450

11.7 cm?/sec on n-side.
D,=V;-n,=26x 103 x 700

n
= 18.2 cm?/sec, on p-side

L,= D,-1, =N11.7x10x107°

=10.8 x 103 cm

L,= D,-1, =18.2x0.1x10°°

=1.34 x 108 cm

- 16x1o_19X10_{11.7><2.25><105 18.2><2.25x103}
.= 1,

+
10.8x 1072 1.34x107°
I,=438 x 1075 A

D [ 05 }
I= Js[ean —1] = 4.38x 10715 g™ 2x107 _4

[,=98 x 107 A
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(ii) The forward current equation can be extended for reverse bias as:
=
T= = [e“VT —1}

05
_ _4.38X1o—15l:e1><26><10‘3 _J
I=437 x 100 A

MADE EASY Source
. Conventional Practice Question Book: Basic Electronics Engineering
(Page No. 24 (Q.20)) (Click here for reference)

End of Solution

2. (c) AnInGaAs pin photodiode has the following parameters at a wavelength of 1300 nm:
Io=4nA;n=090; R =1KkQ; P, =300 nW
where P, is incident optical power. The receiver bandwidth is 20 MHz. Assume
surface leakage current is negligible.
Determine

(i) mean-square shot noise current,
(i) mean-square dark current and
(iii) mean-square thermal noise current.
Which noise is more severe and why?
[20 Marks]

Solution:

The primary photocurrent can be calculated as
A
= il ol el
-19 -6
_ 090610 ) (1.3x107) 5, 167 — 0,282
(6.625x 1077) (3x 10°)

(i) The mean-square shot noise current for a PIN photodiode is

< it > = 2q1, B,
= 2(1.6 x 10719) (0.282 x 1076) (20 x 106) = 1.8 x 1018 A?
(ii) The mean-square dark currentis given as
<iE2)B > = 2qi1,B,
= 2(1.6 x 107'9) (4 x 107°) (20 x 108) = 2.56 x 1020 A?
(iii) The mean-square thermal noise current for the receiver is found from

4KST 4(1.38 x 1072%) (300)
2, - B g _ .20x 108
<> TR 1% 107 -
= 331x 1078 A2

B, (Assuming T = 300°K)

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in @ www.madeeasy.in
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Thus the total mean square short noise is equal to
256 x 1020 + 1.8 x 10718

1.8256 x 10718 A2
From this we can see that the thermal noise is much greater than the short noise by
nearly a factor of 181.

< ifn >

MADE EASY Source
. ESE 2020 Mains Test Series: Test-9 (Q.3(a)) (Click here for reference)

End of Solution

3. (a) The entry point and exit point of X-rays on a power pattern taken from a cubic
crystal material could not be distinguished. Assuming one of the points to be the
exit point, the following S values were obtained:

S values : 311.95 mm, 319.10 mm and 335.05 mm.

The camera radius is 57.3 mm and Molybdenum K| radiation of wavelength 0.7 A
was used.

Determine the structure and the lattice parameter of the material.

[20 Marks]
Solution:
Given, Wavelength, A = 0.7 A
Radius of camera = 57.3 mm
s values : 31.95 mm, 319.10 mm, 335.05 mm
5
The Bragg’s angle of reflection are calculated as 2
So, 31.95 = 77.987°, 319.10 =79.75°, w=83.762°
4 4 4
The Bragg’s diffraction law is
2dsind = na
where, n = 1, 2, 3, ... is an integer
Here, 2dsinG, = A when n = 1 (first order)
2dsin0, = 2A when n = 2 (second order)
2dsinB, = 3A when n = 3 (third order)
n\
Now, d= 2sin0

Here, the values of 6 are experimentally found out as 77.987°, 79.775° and 83.762°.
As per Bragg's equation

1 2sin®

ad A
1 1 1 . . .
—:—:— =8In77.987° : sin79.775° : sin83.762°
d; dy, dj
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0.978 : 0.9841 : 0.994

Hence, it is the interplanar spacing in <111> plane, so structure is FCC.
- a
V2 +K? + 2

Now to calculate lattice parameter, we will consider highest sine angle i.e. n = 3 (third

Now, d,= where a is the parameter

order).
2d,,,8iN0; = 3A
- 2x-2 %siN83.762 = 3 x 0.7 A
J3
- _ 3x07AXV3 o5y 4 1.81865A
2xsin83.762 0.994
a=1829 A
So, structure is FCC with lattice parameter a = 1.829 A
3. (b) (i) Obtain the exact equivalent circuit (per phase) of three-phase induction

motor.

(ii) A 6-pole, 3-phase, 50 Hz induction motor takes 50 kW power at 940 rpm.
The stator copper loss is 1.4 kW, stator core loss is 1.6 kW, and rotor
mechanical losses are 1 kW. Find the motor efficiency.

[10 + 10 Marks]

Solution:
(i) Induced EMF in induction motor
E, =444 f- N, - ¢, x Kw, — in stator winding
E,=444f-N,- ¢, x Kw, — in rotor winding
S M=i]=Ratio of effective turns
E2 N2 * K(l)2 N2
Circuit diagram of induction motor on stator side :
R1 _IX1 — -

+o—MW—T00 - © +
1
18 IU
<>
Vi RcS ngM E;

‘D

3 | -

MMF balance, Ni I, = Ny I, + Nj 1,
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Rotor circuit:

P4 % %
. R
SE, g JS$X, E, ?2
Original Circuit Modified rotor circuit

e The original rotor circuit is drawn at a frequency ‘sf.’ due to which a factor of ‘s’
appears in EMF and reactance so power drawn by rotor is equal to the rotor copper
losses because frame of reference is rotor and we cannot observe rotor rotation.

e The modified circuit is drawn at a frequency ‘f; due to which there is no factor
of ‘s’ in EMF and reactance and the frame of reference is stator. Hence, we can
observe rotor rotation. So, rotor draws a power to drive the mechanical load and
supply its losses as well.

Exact circuit of induction motor is :

[—1 R1 .IX'] 17 2z _[X2
o——MWW—TI0—— o0
i}
+ + L

<
:; E E <: &
Re = Xy = 2 S

- -

o |
Exact equivalent circuit of induction motor refer to stator side is

(Air gap power)

o b5 i ! _ X, 1o ‘. Mechanical
I | Ry | P | ; r P2 P B ‘Rii powerdevelloped
°—>—:‘V\M—:’O'OU‘ v : i HOO T Mv: /
L LT I, ! :
i i i i ) - i (1
vl iRE G R
Stator Stator Rotor
Cu loss core loss copper loss
2
X5 = X, N
No
2
N
Ro = Rp|
No

S = Slip of induction motor
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(ii) Given that, P =6 pole, f =50 Hz, P, = 50 kW
120x 50
N. =940 rpm, N, = Tx=1000 rom
Stator copper losses P (Cu) = 1.4 kW
Stator core losses P (core) = 1.6 kW
Rotational losses P, = 1 kW
= Air gap power, 'Dg = 'Din - Pst(core) - Pst(core) - Pst(cu)
Pg=50— 1.6 — 1.4 = 47 kW
= Rotor copper losses, P, = s - Py
Slip = Ng — N, 100 = 1000 - 940 —0.06
N, 1000

P, =0.06 x 47 kW = 2.82 kW
= Mechanical power developed

P = Pg - P,=47 -282 = 4418 kW

= Shaft power, Py =P.q— Py = 4418 — 1 = 43.18 kW
Percentage efficiency of induction motor = %n
%n = L1100 = 2318 . 100 = 86.36%
R 50

MADE EASY Source
. ESE 2020 Mains Test Series: Test-10, Q.8 (c) (Click here for reference)
. MADE EASY Classnotes

End of Solution

3. (¢) An industrial consumer is operating a 50 kW induction motor at a lagging p.f. of
0.8. The source voltage is 230 V rms. In order to obtain lower electrical rates,
the customer wishes to raise the p.f. to 0.95 lagging. Specify a suitable solution.

[20 Marks]
Solution:
kW rating of induction motor = 50 kW
Operating power factor = cos¢ = 0.8 lag
Supply voltage = 230 V(rms)
Complex power input to the motor is

S, =P+ jQ= P+ jtang
S. =[50 + j50 x 0.75] kVA

S, = (80 + j37.5) kVA
Now consumer wants to obtain lower electrical rates by raising the power factor to
0.95 lagging, this can be done by reducing the kVA input to the motor. Since, input
active power is fix, it cannot be reduced without any additional active power source,
but input reactive power can be reduced using either by static capacitor bank or over
excited synchronous motor installed. Near the induction motor and in this way we can
raised the input power factor of supply.
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Suitable arrangement and location of capacitor bank
Sm =R, +jIQ, - Q]I

_jQC Pin i jQin
Capacitor Induction
Bank Motor

o
Now complex power input flow supply is

§in = P’n + j(Qin - C?c)

=[50 + jP, tand

new]

~ {%W =cos'0.95 = 18.19}

tan¢pey = 0.3285
=50 + /50 x 0.3285
S. = (50 + j16.425) kVA
kVAR rating of capacitor bank :
Q,=37.50 - 16.425 = 21.075 kVAR

MADE EASY Source
. MADE EASY Mains Workbook : Basic Electrical Engg. Page No. 64, Q.14
(Click here for reference)

End of Solution

4. (a) Figure below shows a discrete MOSFET amplifier utilizing a drain-to-gate resistance
R The input signal V; is coupled to the gate via a large capacitor, and the output
signal at the drain is coupled to load resistance R, via another large capacitor.
Analyze this amplifier circuit to determine its small signal voltage gain, its input

resistance, and the largest allowable input signal. Assume V, = 1.5V, K/ (W/L)

process transconductance parameter) = 0.25 mA/V2, and V, = 50 V, where V, is
the intercept on the V¢4 axis of the i, — V5 characteristics when extrapolated.
Assume that coupling capacitors are sufficiently large so as to act as short circuit
at the frequencies of interest.

Vop = +15V

>
> Ry = 10kQ

AAAA
v

’RG—1OMQ Yo
+o—| | R, =10 kQ

r%

Ro L

The effect of channel length modulation on the dc operating point can be neglected.
[20 Marks]

AAAA
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Solution:
DC analysis :
+15V
{ Ips
R, =10 kQ
+
Vps
Since, I, =0
= \Voltage drop across A is 0.
= Vg = Vgg = 15 - 10154
15 - Vg .
- et —— (i)
_ “‘NCOX w 2
Io= 28209 x— (Voo =V,
DS > 1 (Ves = V1)
15— Vgg 0.25 5
= Ve —1.5
o > (Ves )
30 - 2V = 2.5(V5g +2.25-3V)
After solving, Veg =441, 221V
Vg should be greater than V.
Veg =441V
15-4.41
Vog= 15 - 10[55 = 441V
W
Now, Im = MNCOXT (VGS - VT)
g, = 0.25 (4.41 - 1.5) = 0.7275 mU
= Va+Vps _ 5O+4.41_3 _5138kQ
IDS 1.059%x10
Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in @ www.madeeasy.in




MARADE EASY ESE 2020 | Main Examination

India’s Best Institute for IES, GATE & PSUs E 8-T Engineering I Paper_l

Replace MOSFET with small signal model.

+
m Vs s s =
v, C~> Vs nggv, ¢> WS RoE RSV,
I T
. R=ryslI Rpll Ry
= 4.557 kQ
KCL at drain :
Vi_vo = gm\/i"'ﬁ
Re R
i—Q
= Vo _Rg "
v 1.1
R Rg
= A, = -3.313
KCL at Gate:
S V% _Vi-AY,
"~ Rg Rg
— Vl _ RG =R :%
I 1-A, 7 1+3.313
R. =2.138 MQ

To find maximum allowable input :

In given circuit Vg = Vg

. Vpgor V, can decrease upto V;ie., 1.5 V.
Vg or V, can increase upto V5, = 15 V.

Maximum possible undistorted output is 2.91 V.

VO
B |p=ommmsmemmanmanes
441 V[---m--p-m-mmomm-e- DC Vpg =441V
219V
15Vt
291 291

. Maximum allowed peak input =

MADE EASY Source
. ESE 2020 Mains Test Series: Mock Test-1 (Q.1(b))
. MADE EASY Classnotes : (Click here for reference)

End of Solution
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4. (b) (i) Define nanomaterials and classify nanomaterials on the basis of number of
dimensions. What are the different approaches for the preparation of
nanomaterials? Discuss any one method of preparation of nanomaterials from
each approach.

(i) Explain how dislocation density increases on cold working.
[10 + 10 Marks]

Solution:
(i) Nanomaterials : Nanomaterials are the materials which have atleast one of the
dimensions in nanometer range.
Classification of nanomaterials on basis of dimensions :
(a) Zero dimensional : All three dimensions are in nanorange e.g. quantum dots.

(b) One dimensional : Materials where two dimensions are in nanorange and third
dimension is much larger e.g. nanowave, nanotubes, etc.

(c) Two dimensional : One of dimension in nanorange and other two are much
larger e.g. nanofilms, nanosheets.

(d) Three dimensional : All three dimensions of particle are much larger than
nanorange e.g. bulk nanomaterials.

Preparation approaches :

Top down approach Bottom up approach
(i) Ball milling (i) Bottom up appraoch
(ii) Dry etching (i) Inert gas condensation
(iii) Photolithography (iii) Chemical vapour deposition
(iv) Electron beam lithography| (iv) Sputtering
(v) Electro deposition

Ball milling : Itis a high energy deformation process that progressively introduces
defect structures, atomic scale chemical disorder, and elastic strain energy into
initially crystalline starting powders through shearing actions of ball powder collisions.
Milling can be used to produce wide variety of effects in intermetallic alloys due
to complex dependence of nanostructures on milling intensity, temperature and
other factors.

Sputtering :
e |t is a physical vapour deposition process.

e Highenergyions bombard a solid target material to eject its atoms into vapour
phase. The ejected atoms can be deposited in the form of nanofilm on a cold
substrate.

e |ow deposition time and low temperature of the substrate help is preventing
the growth of nanomaterials into larger ones.
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(ii) A lightly cold worked crystal may have a dislocation density of 10" m=, while a
very heavily cold worked crystal may have 10'® m=2 of dislocations. This indicates
that there are sources within the crystal, which generate new dislocations during
plastic deformation. One such source is called the Frank-Read source.

In below figure, a segment AB of a dislocation line lies on a slip plane that is the
most common one for this crystal. A and B are dislocation nodes or points beyond
which the dislocation line does not lie on the slip plane. Only the segment AB is
capable of moving easily in response to an applied stress. Let a shear stress 1
be applied parallel to the slip plane on which AB is lying. The segment cannot
pull itself away from the anchoring points, because of the geometrical requirement
that a dislocation cannot end abruptly within the crystal. It responds to the applied
stress, by bending itself to position 2 about the fixed points A and B and thereby
increasing its length. The total line energy of the segment increases in the process.
The extra energy comes from the work done by the externally applied stress in
bending the dislocation. Between positions 1 and 2, the slip displacement equal
in magnitude to the Burgers vector b of the dislocation occurs over the shaded
area of the slip plane.

As the stress is increased, the dislocation bends progressively to a semicircular
shape as illustrated. The tvector indicated in figure below follows the bent dislocation
line, going from B to A.

l

T
On further increase of the stress, the dislocation bends back on itself and the slip
displacement spreads to regions on the other side of the line AB. In one of these
configurations, the direction of the dislocation line at point C is opposite in sense
to the direction at point C’. The t vectors are in opposite directions at these two
points. As the Burgers vector is invariant, this means that the segment of the
dislocation line near Cis opposite in sign to that near C’. The two segments attract
and annihilate each other. This produces a full dislocation loop and a left-over piece,
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which springs back to the initial position AB. Note that, during this entire cycle,
the direction of dislocation motion at any point on the line is always perpendicular
to the line at that point (except at A and B).

The cycle can now be repeated to produces another full loop and so on. A Frank-
Read source can operate continuously and produce an indefinite number of loops,
provided the loops produces move out and disappear at the surface of the crystal.
If, however, the loops are piled up against an obstacle such as a grain boundary,
back stress will begin to build up at the source, the operation of the source
eventually coming to a halt.

MADE EASY Source
. Conventional Practice Question Book: Materials Science (Page No. 79-80 Q.35 & Q.36)
. MADE EASY Classnotes : (Click here for reference)

End of Solution

4. (c) (i) The Burgers vector of a mixed dislocation line is %[1 1 0]. The dislocation

line lies along the [1 1 2] direction. Find the slip plane on which this
dislocation lies.

(ii) Explain, why end centered tetragonal geometry does not exist.
[10 + 10 Marks]

Solution:

(i) Burger vector ‘b’ %[1 1 0]

Direction ‘T=0112]
Given is the mixed dislocation, it can move only in a plane containing both b and t.
Let the indices of slip plane be (h k /)

Then, tn+ Lk + /=0
= n+k+2=0 (1)
and b,n + b,k + byl =0
= T+ lkror =0 )
2 2
Solving equations (i) and (ii)
-4
h=-k
and, 2l=-n—-k=-n+n=20
= /=0

Slip plane is (h k1) = (1 1 0)
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(ii) This is because if we join all four end centred lattice point to a common lattice
points of unit cells (points joining two unit cells), a new unit cell is formed which
is primitive tetragonal only which has single four fold axis symmetry.

Hence due to symmetry there is no end centred tetragonal unit cell.

End of Solution

5. (a) (i) Sketch the circuit of a one-shot using a 555 timer to provide one time period
of 20 ps. If R, = 7.5 kQ, what value of C is needed? Also sketch the input
and output waveforms, when triggered by a 10 kHz clock for R, = 5.1 kQ
and C = 5 nk.

(ii) The logic OR gate can be used to fabricate composite waveforms. Sketch the
output v, of the gate of figure (a) shown below if the three signals as shown

below in (b) are impressed on the input terminals. Assume the diodes are ideal.
v

T
1
]
i
@

o
N e
.
NS

~

‘
[CY R e
-

w

/’,

g

o1

()

~

%E Yo ¥»
5

[6 + 6 Marks]

Solution:
(i) One-shot is Monostable Multivibrator. Yee
It provides pulse output of duration. J,
Ty=1.1 R, RA5§ 5 A
To ) 6
C- 105 s 5lou
G= o —2
_ 20x10°° L Teer|™y s
T 1Ax75x10° 11
C=2.424nF = T
If R, = 5.1 kQ and C = 5 nF =
then, T,=11R,C = 28.05 usec
. . . 1
Time period of input clock = = ! =100 usec

fock 10x 103
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At the falling edge of clock, output enters quasi-stable state logic ‘1" or V..

Voo |
100 usec
v w
o 1 1 1
Vigomn-- i i o
Vo
(0]
T, = 28.05 usec Ty

(ii) For this circuit, KVL gives

ViR Vo =V = Vo

Vi = V3= Vpy ~ Vps
i.e., the diode voltages have the same ordering as the input voltages. Suppose
that v, is positive and exceeds v, and v,. Then D, must be forward-biased, with
Vp, = 0 and, consequently, v, < 0 and v, < 0. Hence, D, and D, block, while
v, is passed as v,. This is so in general. The logic of the OR gate is that the largest
positive input signal is passed as v,,

v Yo
D1
* D Vs 3 %
D, ~ ;r‘ \%\vz 2 173
a—D—1 iy : y
Vi D 0 ! : : \\ T T 0 T T T T !
g w7 1 2 3\4 5 /|6t t
o Dt ar S
> \
V3 EE Ww o ol S
i b (b) (©

(a)
while the remainder of the input signals are blocked. If all input signals are negative,
v, = 0. Applications of this logic gives the sketch of v, in figure (c).

MADE EASY Source
. MADE EASY Classnotes : (Click here for reference)

End of Solution
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5. (b) A dc voltage of 100 V is suddenly applied in the network shown in the figure. Find
the transient currents in both the loops and obtain the transient voltage across
the capacitor.

5
+ AAvAvAv
100 V R, EE 50 Q = 1uF
l B 5 i
[12 Marks]
Solution:
Initial charge on the capacitoris 0 V
V(©0)=0V
Apply Laplace transform
50 Q V,(s)
‘V‘V‘V‘V
— i
100 > L 10°
O ez T
100
P ACAC)
~ 50 ~ 50 10%/s
100 1 1 s
— — V. (8)| =+—+—=
50s ~ ol ){50 50 106}
100 108 +10°+ 50s
2o = V)|
50s 50x 10°
y 100 10°
48 = (505 +2x10F)
y 2x10°
48) = s(s+40x10°)
S A B
49 = 5 ¥ sra0x10°
50 50
- s s+40x10°
V(s) = 50 — 50 g40000t (t=0)
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(e |100__ 2x10° 11
" s s(s+40x10°) |50
@+L}i
8 = |75 " 5+ 40x10° ) 50
(1) = (1 + 640,000 A (t>0)

[ 2 }i
I(s) = Ls+40x10° [10°

10°/s
Z __ 2
A9 = S a0x10°
i(f) = (2 e40.000) (t=0)
or V(Y =0V
t=0"
50 Q A
AAAA
\AAAJ
—i4(0%) l i,(0%)
+ 500
100 _) 2
. 100
i,(0%) = 0 - 2 A
i,(0Y) = 2A
t— e (Capacitor acts as open circuit)
50 Q
%ﬁh&
—> l iy

\AAAJ

1oov<j) 50 Q 3
=5

Time constant

5
o
o]

AAA

VVVV
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T = 25x 1psec =25 usec
i1(t) = i1(°°) + (i1(0+) _i1(°°)) gt

iy (9

14+(2-1) 11251078

1+ e—40,000[

0+(2- O)e—t/25x10‘6

i(1)
= 2 40,000t ©t>0

MADE EASY Source
. MADE EASY Classnotes : (Click here for reference)

End of Solution

5. (c) Predict and draw the crystal structure of MgO and compute its theoretical density.
(Give lonic radius of Mg** ion, g+ = 0.72 A and ionic radius of O~ ion,
fo— = 1.40 A: atomic masses of ‘Mg’ and ‘O’ are 24.31 g/mol and 16.00 g/mol,

respectively, Avogadro’s Number = 6.023 x 1023 g/mol).

[12 Marks]

Solution:
Structure FCC union packing, cations in the octahedral voids.

Radius of Mg2 ion, e =072 A
Radius of 02" ion, ré =1.40A
Lattice parameter, a= 2[@% + rg‘}

2[0.72 + 1.40] = 4.24 A
Effective number of oxygen unions at FCC positions in the unit cell

= BX%(COFHGF ions) + 6 x % (Face centred ions) =4
Effective number of magnesium cations in octahedral voids
= 1(Body centre) + 12 x % (midpoint of cube edges) =4

Mass of atoms in unit cell  Myg Mg +No Mo

Density = : = -
y Volume of unit cell Volume of unit cell
_ Nvg Mwg + no Mo _ 4(24.31+16) glom’
a>x N, (4.24x1078)% x6.022 x 102

Density = 3.5126 g/cm?3

End of Solution
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5. (d) A digital ramp A/D converter has the following values:
Clock frequency, f, = 1 MHz
Threshold voltage, V; = 100 uV
D/A-V,; = 10.24 V and Number of input bits = 10.
Determine:
(i) Digital/equivalent representation for V, = 4.872 V.
(ii) Resolution of the A/D converter and

(iii) Conversion time required by this digital ramp A/D converter.
[12 Marks]

Solution:
(i) the DAC has a 10-bit input and a reference voltage of 10.24 V
Veis V., 1024
20 g 2P
This means that V, increase in steps of 10 mV as the counter counts up from O.
Because V|, = 4.872 V and V; = 0.1 mV, V| must reach 4.872 V on more before
the comparator switches low.

- 4872V
This will require, T0omv - 487.2 V = 487 steps.

=10mV

Step size =

At the end of the conversion, the counter will hold the binary equivalent of 487,
which is 111100111. This is the desired digital equivalent of V| = 4.872 V, as
produced by this ADC.

Ve  10.24

2/7 - 210 = 001

(ii) Resolution =

(iii) 487 steps are required to complete the conversion. Thus, 487 clock pulses appeared
at the rate of one per microsecond.
Total conversion time = 487 usec

MADE EASY Source
. Theory Book: Digital Circuits (Page. No. 315, Example-9.9) (Click here for reference)

End of Solution

5. (e) For the lattice two port network of the figure shown, find the image impedance
and the image transfer constant.

1 2

[12 Marks]
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Solution:

1" o
In a symmetrical network image impedance and iterative impedances are equal and

also characteristic impedance.
Z, = NZoc " Zsc

Z, is characteristic impedance.

Zy+ 2,
fc= "5
ZZ
= D 12
%o { Zi+2Z, j
O O
§ /Z;:“/ \’11122\
SC
z, z, z,
o] o
Zoc Zsc

7 =2 Z,

Z, = 212>
Z, is also equal to image impedance.
In a symmetrical network image transfer constant is equal to propagation constant.
To determine the propagation apply kVL in a loop

L 4
AAAA
Yyvyvy
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AN
|

= [121 +[HZO +([S —11 +IH)Z1

AN
|

= ISZ1 +IR(ZO +Z1)

When the network is terminated at its Z_. Its input impedance is Z,.

Vs
Z,= 1
= V=1, 2, (i)

Substract equation (ii) in equation (i)
I Z, =172, + I{Z, + Z,)
I(Z, - Z)) =I5 (£, + Z))

I, _ Zy+ 2
[R ZO - Z1
By definition propagation constant
1
P = log, -
Ye I
P = log, Zy+ 24
Zy — Z;
& - Zy + Z,
Zy —Z4
e’ +1 2o
eP/Z _ e—P/Z Z1
2 o - Z_o
tanh2 = 4 = 4
2 2 Zs

MADE EASY Source
. Theory Book: Network Theory (Page No. 245-246) (Click here for reference)

End of Solution

6. (a) A first-order thermometer was dipped in a temperature-controlled water bath
maintained at 100°C and the following time-temperature readings were obtained:

Time (s) 0 4 8 12 16 20
Temperature (°C) | 15 50 70 85 90 95

Estimate the time constant of the thermometer. Determine the steady state error
when the thermometer is required to measure the temperature of a liquid which
is being heated at a constant rate of 0.1°C/s.

[20 Marks]
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Solution:
For fist order system :
Tt)y=T+(T,-T) et
T,=100°C ; T.=15°C
At t = 4 sec, T(t) = 50°C
50 = 100 + (15 — 100) e
50 = 100 — 85 g
T = 7.538 sec
Transfer function of thermometer,
C(s) K 100
Ris) 1+Ts 1+Ts

Input, R(t) = 0.1t
A 0.1
()= "2
0.1
_SR(s) SXS_2
-. Steady state error, CREN % Gl Jim W
1+Ts

SS

End of Solution

6. (b) A quartz Piezoelectric Transducer (PZT) has the following specifications:
Area = 1 cm?; Thickness = 2 mm; Young's modulus = 9 x 10'° Pa; Charge sensitivity
= 2 pC/N; Relative permittivity = 5 and Resistivity = 10'2 Q-cm. A 10 pF capacitor
and a 100 MQ resistor are connected in parallel across the electrodes of the PZT.
If a force F = 0.02 sin (103/)N is applied, determine
(i) the peak-to-peak voltage generated across the electrodes and
(ii) the maximum change in crystal thickness.

[20 Marks]

Solution:
(i) A=1cm?; Charge density, d = 2 pC/N ; Thickness, t = 2 mm
y =9 x 10° Pa
F = 0.02sin(103t)N
Under open circuit condition
Vo= gtp ; g = voltage sensitivity

—~12
go O 2O Ve
EoEr 8854)(10 X5 N

%

0.045 x 2 x 1073 F/A

0.045x%2x107% x0.02sin(10%1)
1x107
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V. = 18 x 107 sin(10%t)
Open circuit peak to peak voltage = 2V, = 36 x 108V = 36 mV
Under load conditions :

20 fpt oC,A,
peaictopesl) = eoer A | 14 0%(C, + CL)PRE

Vi

—12 —4
€oe A _5x8854x1072x107" _, iar oo r

t 2x107°
R, = 100 MQ
C, =10 pF

10° x 2.2135x 1072 x 100 x 108
J1+(10%)2 (2.2135+ 102 x 1072 x 107
= 5048 x 102 V = 5.048 mV

Ve (peak 1o peak) = 36X 1078 I:

Stress  F

~ Strain _A(Att]

where At is the change in thickness.

=3
At = Fmaer=O'O%X2X109 =4.44x10""'m
Ay 107" x9x10

6. (c) (i) Generate the logic function given in the table below using IC74151 8-to-1 MUX.

Inputs Output

C B| A Y
0 0|0 0
0 0 1 1

0 1 0 1

0 1 1 0
1 0| O 0
1 0 1 0
1 1 0 0
1 1 1 1

(ii) Show the states of the five-bit register shown below using waveforms, for the
specified data input and clock signal. Assume the registers to be initially
cleared (all 0s). How long will it take to shift an 8-bit number into a shift register
if the clock is set to 10 MHz?

Pata_ p ol %Ulp | %[p o|%[p o] %fp o] %
Data

”> A ’,> B ”> C ’,> D ”> E sl
CLK
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e || L L L |

ST A R
input | 1T
[10 + 10 Marks]
Solution:
(i) Y=2=m\, 2, 7)
BA
- 00 01 11 10

0| O 1® 3 2®

7

11 4| 5 | @D 6

Y = CBA+ CBA+ CAB
Y= C(A®B)+ CAB

0—1I

1— 1

1— 5

075 8x1 |
0—I,  MUX
0—Is

00—l

1—hs, s S,

C B A
(ii) Clock frequency = 10 MHz
T = T usec = 0.1 usec

The given register is SISO, therefore, the no. of clock pulses required to store
a ‘n-bit’ data is ‘nT,, .
Time taken by the register to shift an 8-bit number = 8 x T,
=8 x 0.1 usec
= 0.8 usec
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Clk ' i L

Input 0

Qa

Qg

Qc

Q

MADE EASY Source
. MADE EASY Classnotes : (Click here for reference)

7. (a) Find v4(?) in the circuit shown in the figure. Assume v,(0) = 5 V.
10Q
VVV%
106 u(t) Ct) 10 QEE V== 0.1F G 25(t) A
[20 Marks]
Solution:
Given, V(0) = 5V, by using Laplace transform approach,
10Q vy(S)
VVV% Py
* 5
B

10 D -
- @ 1003

\AAAJ

v(s) O

1

0|3

by using nodal analysis at node V,(s)

Yol&) 501, Wts), B 2 _g
10 10 10 =
s
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1 1 s 1 1
V/ LI I L
O(S){1o+1o+1o} it 2
S+2 1
V) — | = 25+—
of ){ 10} 25Jrs+1
v B 25 + 10
ols) = s+2 (s+10)(s+2)
_ 25 1010
T s+2 s+41 s+2
10 15
W9 = St

by using increase Laplace transform,
Vi(s) = (10 et + 15 &) (1)

MADE EASY Source
. ESE 2020 Mains Test Series: Test-4 (Q.6(b))
. MADE EASY Classnotes : (Click here for reference)

End of Solution

7. (b) (i) Inacathode-raytube, the electron beam is displaced vertically by a magnetic
field of flux density 2 x 104 Wb/m2. The length of the magnetic field along
the tube axis is same as that of electrostatic deflection plates. The final anode
voltage is 1 kV. Determine the voltage which should be applied to the
y-deflection plats 10 mm apart to return the spot back to the centre of the
screen. Take
Mass of electron = 9.107 x 103! kg and
Charge on electron = 1.6 x 10°'° C.

(i) A moving coil milli-ammeter having a resistance of 20 Q gives full scale
deflection when a current of 10 mA is passed through it. Describe how this
instrument can be used for measurement of
Current up to 1A and
Voltage up to 5 V.

[10 + 10 Marks]

Solution:
(i) Given, Flux density (B) = 2 x 1074 Wh/m?
Anode voltage (V,) = 1 kV
Mass of electron = 9.107 x 1031 kg
Charge of electron = 1.6 x 1071 C
Distance between the plates (d) = 10 x 10° m.
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We know that, the magnetostatic deflection is given as,

The electrostatic deflection is,

ILV,
2dV,

For returning the beam back to the centre, the electrostatic deflection and the
magnetostatic deflection must be equal

LV, _ IBL [q

D:

ie., =
2dv, ~ ,
Therefore, V,= dB 2Vq
m
3 —19
= 10x10° x2x10™ JZMO x1.6x10
9.107x10™
V,=37.49V
.. Deflection voltage, V,=37.49V
(ii) I, =10 mA
R=20Q
I
O
[sh Ifs
O
I=1A
I=1, + I, ()
Iy xRy =I,xR
(- Ifs) x Ry =I,xR (from equation (i))
Iis xR _
HSh - = Ifs L
I
RSh = 17_1 =® —020209
10x 1073
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R Vin

V=5V

V=I,x R, + 1 ;xR

R, = V_IstR=L_R= 5 _
Its I 10x10

-20=480Q

MADE EASY Source
. MADE EASY Mains Workbook : Electronic Measurements and Instrumentation

(Page No. 117, Q.8 and Q.9) (Click here for reference)

End of Solution

7. (c) (i) Draw the oriented graph of a network with fundamental cutset matrix as
shown below:

Twigs Links
e e
12 3 4 5 6 7
10 0 0 -10 O
01 0 0 1 0 1
0 01 0 0 1 1
00 0 1 010

(ii) For the network shown in the figure, draw the oriented graph, obtain the
cutset-matrix and find the number of links.

JVAVAVAV 11 12

10 M

Mg “osn

C~> v . gz H
2F = .
I3
[10 + 10 Marks]
Solution:
(i) Number of links, I=b-n+1
Number of nodes, n=b-1+1=7-3+1=5

f~cutsets are written as,
f-cutset 1: {1, 5
f-cutset2:{2,5,7
f-cutset3:{3,6,7

}
}
}
f-cutset 4 : {4, 6}
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Then oriented graph can be written as,

5 5 |
(5) ) 7) (}/ ) \(\7)
o ) T @
@ @) @ 7 @)
< cr/

Twigs : {1, 2, 3, 4}
links : {5, 6, 7}

(ii) Given, Network

1Q
11 AAAA 12
yvvy
M
Vs
4H g 05H
v ' g
2F = .
]3
1 4
2
We select the tree as 3
N2t
I/ 2 \\|
RO
\\ 3 II
\*W
Number of branches, B=4
Number of nodes, N=3
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. Number of links,
B-N+1=4-3+1=2
.. The f-cutset matrix,

Twigs 1 2 3 4

MADE EASY Source

. ESE 2020 Mains Test Series: Test-4 (Q.5(d)) for Part (i) (Click here for reference)
. ESE 2020 Mains Test Series: Test-14 (Q.8(a)) for Part (ii) (Click here for reference)

8. (a) (i) For the network in the figure shown below, determine
l. r,
. Z
. =
v A,
Repeat parts II, 1ll and IV with rO = 20 kW and compare results.
9V
Rr 10 uF
0
vie—|¢ B =200, ry = =Q
10 uF —2z,
Z

(ii) Draw the equivalent circuit (hybrid-r high frequency model) of the CB amplifier
shown below. Find an expression for the high-frequency voltage-gain ratio.
Also describe the high-frequency behaviour of this amplifier.

—Vee +Vee

[10 + 10 Marks]
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Solution:
(i) DC analysis :

9V
| 16+ 15=2011,
27kQ
180 kQ
s
Vee
KVL 9 =27 x 2011, + 1801, + Vg,

. 9-Ve _9-07

87 7227 7227

Now, p= Y 2MY 5 o5k
Iy 11.4pA

Given, circuit can be analyzed by using feedback approach.

=11.48 pA

Given circuit has voltage shunt feedback. It can be shown as transresistance
amplifier.

I 1
v, b [

1
b= o0k

AAAA
VVVyv
Ry

o
AAAA
VVVv

<
~
AAAA
VVVv
By
2

.“F_

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in

@ www.madeeasy.in Page 41




MARADE EASY ESE 2020 | Main Examination

India’s Best Institute for IES, GATE & PSUs E S.T Engineering I Paper_|

Replace transistor with t-model :

B—1, ©
-
-
Vi CT I %ERF %E In Bly ) %E RF%E Re %E v,
— ~
R=r || Re 1l Rg
%
V.= -BLR i=—BR
I I; Rr Iy Re
b Re+r, I, Re+r,
Transresistance gain is,
foo Vo Vo, ls__ BAR:
I, I, I Re +r,
; = RF” I
5 = | Re| Re =R
Take r, = o :
R = RF|| Re =2.66kQ
R, = —200x2.66 kQx— 189 __
180 + 2.265
Ry = —525.4 kQ
R = 180|| 2.265=2.237 kQ
R, = R = 2.66 kQ
525.4
Desensitivity, D= 1+BRy, =1+ =3.919
180
R, = Ry =—525'4=—134k£2
1+ BRy 3.919
= l’ =E=M=57o_8g
D 3.919
Z =R = R, 2.66kQ 67870

o~ Mot =75 T 73919

poo Vo Vo _Fu_ 134x10° o5, o0
TV LR, R, 570.8
Take r, = 20 kQ : R = 1| Re|Rc = 2.348kQ
R - —200x2.348kQx— 20 __ __46376kQ
i 180 + 2.265
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R = Re|r,=2.237ke

R, = R = 2.348 kQ
D= 14BRy =1+ 26376 _5 576
Z= R =0 287K _ o560
D 3.576
z =R, =Ho 238K _qri60
D 3.576
R,  463.76kQ
_ Ow __205.70K2 159 69KQ
A D 3.576
Ry 12969k
_he __2073
Av= R 62556

=

(ii) Replace transistor with high frequency m-modal and assume r, = e, r, ~ 0

r, . Base spreading resistance

c
B : c
11 o
o 1 ~
= +
s 9V, ,
2% T 1) ImVn R, =R:IIR,
- E
+ >
S
2 2 Re

B —9m Vn
L] ].
Vi ii £ = C <‘ ImVr R, Gy Vo
N - : [-
= S
Vs EE RE ZL
KVL : V.+ V,=0
= Vo=-V_ (i)
|:sz - 10 }
jo
VO:_ngnZL=_ngn 1H
R, + -
oC
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ImValiL )
V = =1L
® 1+ joR; C, (i)
~InVa AL
Vv, 1+ joR G,
Vs - _Vn
A~ _ 9nfl
" 1+ joRC,
p Avm = 9mfL
A = o Oy = L
1412 & R.C,
Wy
A
Ay = e
1+ s
fy
Ay
|AW‘/| = = 2
1+ —
fu
If frequency f increases then voltage gain decreases due to Cp.
A
At f=1, Apl = 2
: Anl = 2
f,; is higher cut-off frequency
fy = 1,
27TRL CH
MADE EASY Source
. MADE EASY Mains Workbook : Analog Circuits (Page No. 49, Q.27)
(Click here for reference)
10 1.5Q
8. (b) Find [Z] and [g] of a two-port network if [T] = [23 4 }
[20 Marks]
Solution:
Gi (7] = 10 1.5Q
iven, = | s 4
V,=10V,-151, (1)
L=2V,-41I, (i)
Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in @ www.madeeasy.in Page 44



https://www.madeeasy.in/Uploads/image/1312imguf_Q7-c-ii.JPG
https://www.madeeasy.in/Uploads/image/1313imguf_Q8-a.JPG

MARADE EASY ESE 2020 | Main Examination

India’s Best Institute for IES, GATE & PSUs E S-T Engineering I Paper_l

From equation (ii), we can write
2V, =1,-41,
V.

1
. 511+212 (i)

by substituting equation (iii) in equations (i)
Vi=51,+201,-151,

V=51 +1851, . (iv)
From equation (iv) and (iii), we write
5 185
A= {0.5 2 }

From equation (i),
10V,=V,+151,
L) V,=01V,+0.151, (V)
From equation (ii),

I,=2[01V,+0157]-41,

=02V,+03L]-41,

L) I, =02V,-371I, ...(vi)
From equation (vi) and (v), we can write,

02 -37
[9=101 015
MADE EASY Source

. Theory Book: Network Theory (Page No. 240) (Click here for reference)

End of Solution

8. (c) For the circuit shown below, identify the logic function performed by it. Also
determine the high level fan-out, if R, (pull-up resistor) = 10 kQ. Compute the
maximum value of R, for a fan-out of 5. Assume that input diode has a leakage
current of 100 pA.

Given: V; = 0.7 V, V, (forward voltage drop) = 0.8 V, Vg{cut-in) = 0.5 V.
Voelsat) = 0.2 V. Transistor leakage current is negligible.

+5V
(o]
L > >
S0k S10ke 2 -
s S S ~p
LIy k Lop
—D— °
D,
_4| T2
2
T 10 kQ

[20 Marks]
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Solution:
+5V
(o]
< = =
I, S 20k S 10k SR
OFF _
A 1ot Pyt Db © Vothigh)
0.8
+
OFF 16V |) 02
B 10— —{, ON ! OFF
Vps = +
0.8 _ 0.2
+ s
=10k
C 1 o_lq— 0.8 ON <
OFF "

fA=1,B=1C=1 V,— high
For output to be high V, can be as low as 1.5 V (belong diode will be OFF till 1.5 V).
Vig=15V (for V,, Vg Vo, V,, =15V)

AAAA
\AAAJ
AAAA
\AAAJ

AAAA
\AAAJ

ON

o—kJ—— L._D'_ o Low

1.0] Ve |/
o—g . L. OFF 7. - ON |02V
0.8 L
S
S
S

_ 1.0V OFF
D1

AAAA

To turn ON T, and D, minimum V,, should be (Vg cut-in + V;) = 0.5 + 0.7 = 1.2.
The above circuit is AND gate.
Fanout calculation in high condition.

AAAA
Yyvy

AAAA
Yyvy

V ON
1—q OFF

1—<t—
ON n devices
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Ioy=n*1,, = I, =n*100 pA
5~ (n* 100 pA) * Ry = 1.5V (minimum high value)

R, =5 kQ
5-n%05=15 n=7
(fanou’[)high =7

Calculation of A if fanout = 5
5~ (n#* 100 pA) * R,=15
5-05mA=* R,=15
R, =7 kQ

End of Solution
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