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DETAILED EXPLANATIONS

Section A : Electronic Devices & Circuits + Analog Circuits

1. (c)
We know that,
the charge carrier density, n = RHlx .
Given, I=50A;,t=033mm; B=13T
BI Vy xt
but T Vytxe . tHT Bl

1.3x50
T (9.6x107°)(0.33x107°)(1.6 x107%)
n =1.28 x 102 /m?

2. (a)
There is significant recombination taking place in the transition region. However, most of the
carriers pass through the transition region without recombination.

3. (c)
When the temperature is maintained at a certain constant value, the generation of minority carriers
is constant. In reverse bias condition, the drift current due to the flow of minority carriers is called
the reverse saturation current and is independent of the value of applied bias voltage.

4. (d)
Once the pinch-off occurs, the current I, saturates at a particular level and the device acts as a
constant current source. Hence, beyond pinch-off, the differential channel resistance becomes
very high.

5. (b)
The channel thickness is inversely related to the square root of the doping concentration of the

channel. This is because the depletion width,
1

Woee ——=—=
/Doping
6. (d)
We know that,
1
The fermi factor, f(E) = TEE\ 0.90
(1+e kT )
E—Ef 1
— = ——-1=0.11
e kT 0.90
E-Br _ 011
kT - n( . )

E = E, + kT In(0.11)
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= 7.06 + xIn(0.11)
11,600
= 7.06+ 1000 In(0.11)
11,600
= 7.O6+—1000 (—2.207)
11,600
=7.06-0.19
E =6.87eV
7. (b)
Given, Ve =18V
W 4
.
p, C,.=70x10°A/V?
A =0.09 V1
V,=03V
For a MOSFET in saturation region, the current is given by
1 w 2
Ip = SWaCor T(VGS ~Vr)" (1+AVps)
dlp
the transconductance, 8=
Vbs
0o [1 w 2
= —U,,Cor —(Vgs = Vr ) 1+ AV,
84 Wps |:2Mn ox [ (Ves = Vr) ™ ( Ds)}
1 w
84~ Ep‘ncox T(VGS _VT)Z)‘
= 1x70%10 x4 x(1.8-03)2(0.09
gd—zx X x4 x(1. .3)7(0.09)
g, =28.35uS
8. ()
2¢( 1 1
The depletion width, = 7 N—A+E v
where, Vj =V, + Veg
e !
\/ doping concentration T
9. (b)

We know that,

€A
diffusion capacitance, C, = W
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1

where, W = m
, ex2A _EX 2A
Therefore, Cp = W W
N
eA
/= 2X——X2
Cph W
Cp =4C,
10. (a)
Ic=PBly+ B+ DIy =PBly+ g

Icpo _ 0.6x107°

nows b+l Icgo  3x107° 200
B =199
I-=199(10 uA) + 0.6 mA = (1.99 + 0.6) mA
= 259 mA
11. (b)
Given, Vin=1V

u,C,. =075 mA/V?
I,=15mA for V=5V

1 2%
In saturation region, I, = Euncox T(VGS _VT)2
15 x 109 = ~x075x107 Y. ()2
2 L
w_1
L 4
13. (b)

Thermal equilibrium minority concentration,

2 2
p0=”_z=”_z=_10 =10%* cm™

n  Np 10%
Excess minority concentration due to light illumination,
Gt = 1010 x 106 = 10* cm™
Steady state minority concentration = p, + GL'cp =2x10* ecm~
14. (b)
When LED becomes OFF, the current flowing through the photodiode will decrease to reverse

3

saturation current and it works as a normal diode.

15. ()
Photodiode is always operated in reverse bias and when light is off, current flowing through it is
reverse saturation current and it works as a normal diode.
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16. (d)
For n-type semiconductor,

2)

2
T, = . Ty (by mass action law, np = n;

17. (b)
Current density, ] = nqu =po
where, p is charge density and v is velocity of carrier
] = 80x10 C/m>x5x10% m/s (-1 cm =102 m)
] =40 A/m?
18. (¢
The concentration of holes in valence band is given as
—(Ep — Ev)}
= N —_—
p v €XP { T

For p to be greater than N, E, < E,,.

19. (b)
Thermal runaway refers to self destruction or self damage of BJT because of overheating which
occurs due to increase in I with respect to I,

20. (d)

= Basic current mirror can be used as active load in an amplifier.
As Ay =< R|
Hence, it can be used to increase voltage gain of amplifier.

= Widlar current mirror is used when smaller current (in pA) is required. It is a slight modification
in Basic current mirror with emitter resistance R, in Q, transistor.

= In a BJT current mirror, transistors are in active region whereas in MOSFET current mirror,
transistors are in saturation region.

21. (d)
Small signal model
B C
+ Ix
RV, g.Vs 21 )2
I
As B and C are connected,
V.=V,
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and output resistance between C and E is

Vx
R,= 7
07 I,
Applying KCL at collector
V. V.
Ve+—2+-L =
8mVn P I
1
V +—+—| =
Jertd]
V. 1
e
x —t "+ 8
" Tn
Ry=—llmlln
m
22, (d)
Vee —Vae
Fixed bias circuit, Iy = R
B
VCC
< Re
3
IB
As Vi, Vg, Ry all are constant values. Hence, I, is also constant. Therefore, the circuit is named as
fixed bias circuit.
For fixed bias circuit, S=1+f
F llector to base bi ircuit, S 1+P
or collector to base bias circuit, =
1+BRc /(R +Rc)
F 1f bi ircuit S 1P
or self bias circuit, =
1+BRg / (Ryy, + Re)

The Self-bias circuit has the least stability factor. It can be used to bias BJT for any configuration.

23. (b)
A, =-126
Input capacitance C;, = C; + C,(1 - Ay)
=100 + 3[1 + 126] = 100 + 127 x 3
= 481 pF
Output capacitance C,, = C,
=3 pF
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24.

25.

26.

27.

(a)

Vps =25V
Veg =1V
Viy =025V
Vs> Ves-Vr
Hence transistor is in saturation.
K, 2 1.2 > 12 3 3
= (Ve =V =—(1-0.25)"=—x—%x—
I, 5 ( GS TN) 5 ( ) IV
I, = 0.3375 mA

(d)
MOSFETs must be operated in saturation region when used as amplifier.
N-channel MOSFET is in saturation when
VDS 2 (Vcs - VT)
Vs 2 Vs
Vo2V,
P-channel enhancement MOSFET is in saturation when
VDS < (Vcs' |VT|)
Vs = Vs
V< Vs
= For a MOSFET with drain shorted to Gate,

VDD

—

Ves = Voo Vos = Vop
Vs> Vos = Vr
Hence, transistor is in saturation region.

(b)

Type of feedback R; R,
Series Shunt Voltage Series Increases Decreases
Shunt-Shunt | Voltage Shunt Decreases Decreases
Shunt-Series Current Shunt Decreases Increases
Series-Series Current Series Increases Increases

(d)

Resistance R and R constitute the feedback network. R is directly connected to input node, hence

shunt mixing and not directly connected to output node, hence current sampling.
Hence, the feedback is current shunt feedback.
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28.

29.

30.

31.

(d)
Using the virtual short concept, V_=V, =0V
Applying KCL at input side

2-0 0-V N 0-V,

1 4 4
2x4=-2V,
V, = -4 Volt

Applying KCL at output side
E+VO—O+VO—O _

2 4 g !
4L,
2 4 4
I=-2-1-1
=-4mA
(a)
If Vy=+10V, D, is ON
Vox3 10x3
= ——=——=75V
Vur 1+3 4
If V,=-10V, D, is ON
Vox3 -10x3
= = =6V
Vir 3+2 5
Hysteresis width V,; = V .- V|,
=75 - (-6)
vV, =135 Volt
(b)
When switch is at position 1, R, = 80 kQ, R; = 5 kQ
-R, _
A = B i —80 =-16
viT Ry 5
When switch is at position 3, R, = 20 kQ, R, =5 kQ
L Re_w0_
3T Ry 5

Hence, the difference = 12

(a)

For a high slew rate, the output voltage of op-amp can change quickly, thereby reducing the rise

time and improving the transient response.

Amplifiers exhibit some non-linear behaviour that causes voltage gain to vary as the input voltage

changes. Op-amp in negative feedback will be less sensitive and this will cause the op-amp to

behave more linearly. Hence, statement 3 is incorrect.
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32. (b)
R, 4 «
K
Rl
Ve —MW— = y
- 0
V2
For the analog multiplier, v, = ?0
KCL at input side,
-V,-0 0-V;
R, ~ R,
Ve W
Ri KR,
+KR,
2 = V,
VO Rl X

KR
V, = —2Vx
0 R1
Hence the circuit is square root extractor.

33. (b)
Case 1: For V, <V

ref/

&

Op amp o/p is -ve. Hence, diode is ON.

Therefore, V, = V

in

Case 2: For V. >V,

ref’

Op amp o/p is +ve. Hence, diode is OFF.

tVee
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34.

35.

37.

38.

Hence, virtual short can’t be applied.

VO = Vref
VO
Vre Py B Vin > Vref
: Vin
Vin < Vref Vref
(a)
For CLC filter,
2
e fact V2 X
T1 e ractorr =
PP Ry X ]

V2 1 1
X X
2000 (20,C)*  2woL

V2 1012 y 1
T 2000 (2x2mx50%x10)*  2x2mx50%0.318
_ 2x10° L
2x4x107 200
r=88.38 x 10~

(d)

Darlington pair — Connection of common collector amplifiers
The cascode amplifier is a two-stage amplifier that consists of a common-emitter stage feeding
into a common-base stage. Since, the current gain of common base amplifier is unity, hence the
current gain of cascode amplifier is equivalent to that of single stage common emitter amplifier.
Also, the common base amplifier has wide bandwidth, hence the cascode amplifier has high
bandwidth.

(b)

In a BJT, the collector current,

L)
I.=Isle"T 1] = I, exp(Vyp/ Vo),
2
B = ApdDunti
’ S NpWp

(a)

The drop against Schottky diode forces emitter base junction to never enter into saturation region,
thus eliminating the saturation delay and reduces reverse recovery time, thereby increasing the
switching speed.
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Section B : Control Systems-1 + Microprocessors and Microcontroller-1

39. (b)
121
We have; T(s) = 57—
s°+13.2s+121
Compare with standard 2nd order system,
w;
fe) =2 20,5+ 02
o, =11 rad/s
28w, =13.2
Ew, = 6.6
3
Settling time (£5% tolerance) = ——
go,
= 3 =0.45 sec
6.6
40. (d)
. A .
For ramp input to a type-1 system, e = k—,‘ when input = Ar(t)
14
where; k, = lims-[G(s)-H(s)]# 0
s—0

41. (0)

* Higher bandwidth leads to lower selectivity, and hence, higher noise.

*  When the bandwidth is increased, then stability is increased and system becomes fast as it
reduces rise time. A closed loop system has lower gain, hence higher bandwidth than open
loop system leading to decrease in rise time. Hence, transient response decays more quickly in
a closed loop system.

* Since, closed loop system is having a feedback so the control action depends on output.

42. (a)
Given system is type-1
k. = lims-G(s)=lims- 2(1+0.25) =10
Vo s=0 s—0  5(0.2+ 5s)(1+ 2s)
Given input is 5 r(f)
Steady state error (e,) = kA = %= 0.5
Vv

43. (d)
R-H criterion is uses to obtain stability of closed loop system as well as open loop system.
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44.

45.

46.

47.

48.

()

Effect of addition of pole:

1.

3.
()

Operating range of ‘K’ decreases for system to be stable as with the addition of pole, root
locus shift towards the imaginary axis making the system less stable.

Since each additional pole contributes an additional exponential term that must die out before
the system reaches its final value, hence addition of pole increases the rise time of the system.
Since, the bandwidth is inversely proportional to rise time, Bandwidth of system decreases.
Settling time increases.

Root locus is defined as a locus of closed loop poles obtained when system gain ‘K’ is varied from
0 to eo. Complementary root locus is defined as locus of closed loop poles obtained when system

gain ‘K’ is varied from -oo to 0.

(d)
Given, input, r(t) = 10u(t)
10
R(s) = o ...Laplace domain
t ot
Given, Output, y(t) = >¢ u(t)
1 1
Y(s) = EX (s +1)2 ...Laplace domain
Y(E)_ s 0.05s
Now, Transfer function H(s) = R(s) = 20(s+1)2 = m
(d)
R-H table:
S| 9
2| 4 -K-4
1| K+40
5
4
¥ | -K -4

For stable system, every element in 1st column must be of same sign.

K+40

From s' row = >0 = K> -40

0

Froms’row = -K-4>0 = K<-4

For range -40 < K < -4, system will be stable.

(d)

8085 is an 8-bit microprocessor.
8085 does not have an instruction queue.
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49. (b)
(55)19 = B7)y
ACI instruction adds the data with the accumulator content with carry.
37H
56 H

ie., + 1
8EH

50. (d)
* Instruction cycle — to fetch and execute a given instruction.
* Machine cycle — to perform an operation eg. memory or I/ O access. 1 machine cycle is equivalent
to 1 memory cycle and consists of 3 to 6 clock cycles.
* Clock cycle — 1 clock period or 1 T-state.

51. (c)
* Maskable interrupts are those which can be disabled or ignored by the microprocessor. Maskable
interrupts are INTR, RST 7.5, RST 6.5 and RST 5.5.
e TRAP is a non-maskable interrupt.

52. (a)
If the service request bit is set, then the I/O port service routing is called.
53. (b)
RST 6
Vector address = 6 x 8 = (48),,=30 H
54. (d)

CMP R/M instruction compares the data byte in the register or memory with the contents of
accumulator.

* If Ais less than (R/M), the CY flag is set and Zero flag is reset.

* If Ais equal to (R/M), the Zero flag is set and CY flag is reset.

* If A is greater than (R/M), the CY and Zero flag are reset.

55. (c)
*  With addition of zero, root locus will shift towards left of s-plane. The system becomes more
stable i.e. less oscillatory.
* Addition of zero, increases bandwidth and hence, rise time of system decreases.

Section C : Network Theory-2 + Digital Circuits-2

* A closed loop or a closed circuit may NOT contain all the nodes of the graph.
* The branches of the tree are represented as the tree branches or the twigs.
*  The branches of the co-tree are represented as link or the chords.
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57.

58.

59.

60.

61.

()

Number of fundamental cut-sets of graph is equal to
*  Number of twigs (n - 1).

*  Number of KCL equations.

*  Number of rows of the reduced incidence matrix.

(c)

Convert the given circuit in s-domain,

0 L
S
210 I
55 lIO(S) 3 Cf ©
Apply current division rule;
1
Iy(s) = Li(s) %
1+—+5s
s

Io(s) s .
= — , where s = jo
L(s) 5s+10+s

(d)

With L-C function, poles will lie on imaginary axis and hence, oscillatory response will be present.

(b)

* The order of reduced incidence matrix is (n - 1) x b.

* This matrix can be utilised to find number of trees in a graph whether that graph is fully
connected or NOT. The number of trees in a graph, n = det (AAT)

(b)
4 1
We have; Vv, = 512 —511
1 4
1 1
V2= 211 +512 (11)
From (i) and (ii)
147
Vil | 3 3|h
L3 I I S | R
L 2]
f 1 4]
{Zn le}_ 3 3
Zn Iy 11
L 2]
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62.

63.

64.

Now, Y-parameter from Z-parameter

{Yn Y12} ~ L{ Zy —Z12}
Yo Y| AZ|-Zn Zn

where; AZ =27, Zyy=21y 2o
-1 1 4(1) 1
= —X—+—|=|==
3 2 3\2) 2
7z _
Y =i:£=_26
2 ANZ 1/2 3
(d)

The condition for two-port network to be symmetric are:
For Z-parameter = Z,; =Z,,

For Y-parameter = Y; =Y,,

My hyy = g iy =1

For g-parameter = ¢, 95 - 81287 =1
5. For ABCD-parameter = A =D

(d)

h-parameters are defined as;

For h-parameter =

LN

Vi=hyl+h,V,
Iy =hy I + hy, V,

_h
hy = 1.
1lv,=0
I
hy = I
1lv,=0
h,, is current gain, hence dimensionless.
hyy = 2
12
Va =0
o= L2
22 Vz oo
1=

h,, is inverse voltage gain, hence dimensionless.

Note: Two quantity can be added or subtracted only when they have same unit OR both should be

unitless.
(d)

711 Zyp ] { 2 _2}
We have =

{Zﬂ Zo | 05 9

To get ABCD parameter from Z-parameter:

A Bl  1[Zy AZ] [4 38
C D| Zy| 1l Zp| |2 18
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65.

66.

67.

68.

69.

ABCD-parameters for cascaded connection:

[A B} {A B} {A B}
C Doverall— C Dl C D2

1 0[4 38 4 38
= {5 2}[2 18}[24 226}
B=38Q
(c)

Short circuit parameter is known as Y-parameter.
L= Y1+ Y15V,
I = YuV1 + YoV

When two networks are in parallel connection, then overall Y-parameter can be obtained by adding

individual Y-parameter of the two-port networks.

(a)

The output of a flip flop changes ‘only once’ in one clock cycle, either at positive edge or negative

edge of the clock.
()

In a parallel counter, all flip-flops changes their states simultaneously i.e., they are all synchronised.

The maximum frequency of operation of synchronous or parallel counter is,

Foo= 1
e tpdﬁ‘ + tgate
where, t,q = propagation delay of one flip flop.
tate = Propagation delay of AND gate.
Froa = 7515 x 1000 MHz
=133.33 MHz
(b)
Given R =10.002
1
K=
M1 = ;:2” =501
0.002
n=9
(d)
Given: Vee =6V, Iy =2mA, I, =4 mA
_lecy I _2+4
Average current, Iectavg) = 2 =5 = 3mA
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70.

71.

72.

73.

The average power dissipation,

Pp = Ve X Iecaug
=6x3

P, =18 mW
(a)

The process of converting an analog signal to a digital form requires four processes:

1. Sampling 2. Holding
3. Quantizing 4. Encoding
(d)

For n-bit sequence detector, Moore machine requires (n + 1) states.
For n-bit sequence detector, Mealy machine requires ‘n” states.

(b)

The output of the state diagram depends on the input also. So, it represents Mealy machine.
From state diagram,

The sequence being detected is 0, 100 or 101.

(d)
Given functions A= XY+ X7’
B=XY+YZ
In PAL structure, AND gates are programmable and OR gates are fixed.

X Y V4
v |V Y
x——x ) xv
X —1) Xz
X * D XY
* D Yz’

vy

A B

Hence, 4 AND gates and 2 OR gates are required.

ocopyright: [MADE ERSY www.madeeasy.in



30 ESE 2023 Prelims Exam e Classroom Test Series MADE EASY

74. (c)

Excitation table for S-R flip flop
Qi Qu|S R
0 0 |0 X
0 1 |1 0
1 0 |0 1
1 1 |X 0

So, S=X,R=0

Qusr =1

75. (a)
The fan out is sometimes called ‘loading factor’ because of the fact that the output of a gate can
supply a limited amount of current, above which it ceases to operate properly and is said to be
overloaded.

Q000
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