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Analog Circuits and Digital Circuits

Q.101 Consider the circuit shown in the figure below:

T2
Vin A
R C
Vb
= .
VCC

In the given figure, biasing conditions are omitted that keeps the transistor in active region.
The transistors are biased such that the transconductance of the transistors are given an
8,1 and g ., the small signal input resistance is given as r_, and r,, and r; = 1, = «. The value

of small signal voltage gain Y is equal to
in

(@) =1 [Re + (2 11 8m2) ] (b) *+&m1 12 11/ & ]

(C) +8m2 [RC + (rnl H 1/8ml )j| (d) —&m2 [Tnl || gml]

Q.102 Consider the circuit shown in the figure below:

The transistor parameter are given as V.= 0.8 Vand u, C,_ =30 pA/ V2. The value of (%J for

the transistor is equal to
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Q.103 Consider the circuit shown in figure

The circuit 2 is equivalent of circuit 1, the M; MOSFET of circuit 1 is replaced by its Thevenin
equivalent in circuit and thus circuit 1 reduces to a common gate circuit. The value of R, will
be. (Assuming the transconductance of the two MOSFET are Sy and Sy and the r,, be "o, and

"o respectively)

1 1
(@) Ry =10 | — (b) Ryy =1y +—
gm1 nn

() Ry, = Toy T 8my (d) Ry, =1, ‘gml

Q.104 Consider the circuit shown in the figure below:

S Re- = 25610 E§4kQ=RL
< .
is CT) < 100 kQ AAAA Rc h
L \AAAJ 1
104kQ = — Vi
R, T I
L

Assuming that the transistor is biased in active region with I, = 1.46 mA at V=26 mV. The
current gain of the transistor is § = 125. Then the value of small signal voltage gain A =V,/V_
for this circuit is equal to V/V.

www.madeeasy.in Day 5: Q101-Q.125 © Copyright:MADEEASY Page 2

Delhi | Bhopal | Hyderabad | Jaipur | Lucknow | Pune | Bhubaneswar | Kolkata | Patna




[FMARDE EASY for K.\ iF¥i{¥¥] | EC

Q.105 Consider the MOS amplifier circuit shown in the figure below:

oV,

-

Assuming all the transistors are operational in saturation region with transconductance
S 8ap and g, - respectively. There is also the presence of an output small signal intrinsic
resistance for the three transistors given as r,, 7, and r,; respectively. The overall small signal
voltage gain for the circuit is equal to

(@) =y (op | 1 70 | 1 700) (®) 8oy | 11/8,2 11 8,0)

(©) =818l | 1 7p | 170 111/8,,) (d) 8 oy [ 70 | 1705 111/8,,0)

Q.106 Consider the differential amplifier circuit shown in the figure below:

The two transistors are matched except $, = 90 and B, = 110 with resistance R = 1 MQ. The
forward cut in voltage of the two transistors V. = 0.7 V. Then the value of input bias current
I is equal to nA.
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Q.107 Consider the field effect transistor connected in the circuit given below

-Vbs +
. o,
M]
L 200 pA Ms }7—{ M, T 8§ kQ
. 25V 25V

The threshold voltage for all the transistor is same V= 0.4 V.
A

0 [for all transistor]

12%
Mncox(Z) =k, = 025mA/V?2
1

2% w
1, Cox (i)z =kn, = W;Cog (5)3 = k,, =0.15mA/ V>
The value of drain to source voltage (VD51) of transistor M, is

(a) 456 V (b) 112V
(©) 219V (d) 18V

Q.108 Consider the circuit shown in the figure below:

vvvy \AAAJ
R R
R
1kQ R -
AAAA AAAA —
Yvvy \AAAJ
< <
Vs =R =R —oV,
< < 0
< <
os

Assume the op-amp to be ideal with resistance R = 10 kQ. Then the value of voltage gain i.e.,

Yo
V_s is equal to V/V.
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Q.109 Consider the sequential circuit with T-flip-flops.

x }T A }y

> clk

Clk reset

The correct state diagram of the above given circuit is
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Q.110 For the logic circuit shown, the Boolean expression in its simplest form at the output A is
P
T
0
A
V4
(a) A=0 (b) A=1
(c) A=2Z (d)A=X+Y+Z
Q.111 A MOD K counter using asynchronous binary up counter with clear input is shown below:
LSB
Qo
A
6-bit Q
CIk Bi
100kt p o QL
Qs
CLR Qs |—>
'-.i MSB
Then the output frequency (f,) is kHz.
Q.112 Consider the logic circuit shown below:
1.1
[
FA |~—C, =1
S
DK .
D 4x1
Cout 7 P MUX | f
DZ
Do—D; g g,
|
B A
Then the logic expression for output fis
(a) AB (b) AB
(© A (d) B
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Q.113 Consider a shift register with feedback.

Q3 Qz Ql
| Qo
J Q J Q J Q J Q
> —P —P —P
K Q K Q K Q K Q
Clk

If the serial output of a shift register is connected back to the input [Q — ]], [Q - K]. Then

which of the following sequence diagram is NOT possible to design with above given circuit.

@ ©

(1o0) (1011)
© (110) (@ (0110) D
ab (1010)

Q.114 Let logic 0 = 0 V and logic 1 = 5 V. Then the output of a 4-bit ladder type digital to analog
converter for an input of 1000 is . (Using Non-inverting op-Amp)
[Assume all resistors are of equal value]

Q.115 For the circuit given below,

Llo Q

]1 Q1 _
> >
1 — 1 —
— Ko Q /K Q

The number of clock pulses required for output Y to be at logic high is
[Assume initially all flip flops are clear.]

(@) 1 (b) 2
(c) 3 (d) 4
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Q.116 Consider the following logic circuit.

D C B A
Clk
- ] ] r°<4
K J K J K J K J
> Clk > Clk > Clk > Clk
Q Q Q Q Q Q Q Q
Q3 QZ Q] QO

The inputs to the above circuit are fixed at ABCD = 1011 and all flip-flops are cleared initially.
After 27 clock pulse, the output (Q,Q,Q,Q,) (in decimal) is

(@) 1 (b) 8

(c) 11 (d) 15

Q.117 Consider the digital adder circuit

PO
00— Py 3 —
P, s
L P, 3, —
Q =y |-
Q
Q (G
Q

J?_—cl

Then the output of the above adder in the order (CO X3 X2 X1 20) in decimal is

Q.118 For the k-map shown below, the minimized logical expression in SOP form is

cD
ABN\_00 01 11 10

00| 1|1 1
01
11 1)1
101 1)1

(a) ABC+AC+BCD+ ABD (b) ABC+BD+AC

(c) ABC+ AC+ ABCD + ABCD (d) ABC+AC+ABD
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Q.119 The number of clock pulses needed to change the contents of an 8-bit up-counter from (10101011),
to (00111010), is

Q.120 Consider a System S as shown in the figure below

System S
Iy Yy
I 1’s 2’s Y;
I, compliment compliment Y,
L Y,

System S performs 1’s complement of the input and then 2’s complement to produce output.
A new System H is designed in which 3 System S are cascaded

System H
Iy — —— 0Oy
I, — — O
1 System System System 1 Output
I, — S S S — O,
I3 — O,

the applied input (I 1, I, 1,) is 1010, then the output (O, O, O, O,) is

Q.121 The percentage duty cycle of the output Y, when the clock frequency is 1 MHz with 50% duty

cycle is
4,_D—o Y
Q
CLK —> >
Qo Q] —‘

Q.122 Assume the Johnson counter is initialized to ‘000". The input-output table of digital to analog
converter is given below. The output voltage of the D/A converter after applying 3 clock

pulses is V.
D/A converter
Digital Input | Analog Circuit

000 ov

001 1V 3 bit

010 oV Johnson D/A V.=2

counter converter 0~

100 4V

101 5V

110 6V

1M1 7V
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Q.123 Consider the 3 frames main memory initially empty with the following page references
e,d h,b,d e daebedebg
The hit ratio using FIFO replacement technique is (in %)

Q.124 Consider a system with 4-way set associative cache of 256 kB. The cache line size is 32 byte.
How many bits are used for set offset of cache mapping if main memory addresses are 64 bits
long?

(a) 13 bits (b) 23 bits

(c) 2" bits (d) 11 bits

Multiple Select Questions (MSQ)
Q.125 Which of the following Boolean identities is/are true?
(a) A®B=AGB (b) A®B=A®B
(c) (A®B)®AB =A+B (d) (A®B)® AB= AB
NN
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101. (c)
The small signal equivalent circuit for the transistor can be given as
O VO

= Em VTE2 Req

- _ng(_Vin) Req

= (ng Req) Vin

Now, R, = R.+K

Where R’ is the small signal equivalent resistance of the transistor.

o< <:< o<
|

Drawing the small signal equivalent circuit we get

Vi
= ——" _gmlvnl
Tn1
I = _+gmlv
Tn1

7 =R'= nl Hl/gml
F = ngl:RC'l'(rnl Hl/gml):l

102. (48.75) (47.5 to 50)

Vog = V=42V
Vps = V=01V
Now, Vs < Veg=Vrp

Thus, the transistor is operating in linear region.
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Wy Cox W 2
Thus, I, = %{Z(VGS_VT)VDS_VDS}
5-01 5-01
_ 201 ~049 mA
and In = J0kQ ~ 10kQ m

30x10°° [ W
thus, 0.49 x 10 = T{ . }{2(4 2-0.8)0.1-(0.1)*]

049 = (%Jlo.osxw‘3

W 48.75
L - .

103. (a)
The above figure can be represented as

< Ry, CJE

For R, we short circuit V and apply V_ at the output

+
Ves ( ; &vacs
rul‘ ii)

a—
lIII—WW—

Vs = -V,
I, = ==+ 8w,V
1"0l
-1
v, (1
I_ - +gm1
0 701
-,
01 gm1

104. (26.07) (24 to 28)
= U2)26) 5 5310

T 1.46
1.
= —=562mA/V
Em 26 /
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v, e
O Z-N o VO
-~
1 e - gm Vn
V, =
+ <;
s Q) Rs Re T Re E: R
1, R
1

R, = (10.4]25.6)kQ

R, = 7.39 kQ
— V
Vﬂ: Rl +7’n S

Vo = -8, Va (RL”RC)

Yo

— = X x| R I R

VS &m R1+1’n ( L” C)
Yo 26.04V/V
Vs

105. (d)

The overall gain of the transistor is given as

AV = 8m R

oV,

eq

Al WW—
=

Vin o—|

now, R, will be equal to the parallel combination of the equivalent resistance seen at the

output terminal.
1. Equivalent output resistance of transistor T is equal to 7,

2. Equivalent resistance due to transistor T, can be calculated as

RN & o

thus =Ty

—~| <<
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3. Equivalent resistance due to transistor T,
I

T3 = VCt> Vgs C*) 8m3 Vgs3

AAAA
VVVV
=
@

1%
\%
I = __“+gm3v
T3
\%
or 7" (ro3 11/ 83)
1
R, = "o 702 703 [|[——
8m3
Vo
v, T T8m (o1 Il 702 11703 11/ 83
106. 70.622 (69 to 72)
Input bias current
I = Ig +1Ipp
2

Now, applying KVL in base emitter loop we get
Iy x 1 %100 - Vo - (I + 1) X1 x10°+15 =0

Now, I, = 911,
and I, = 111 I,
Thus,~I; X 106 = Vg = (911, + 111 I) x 10° = -15
=92 x 106 I, - 111 x 108 I, = =15 + V. (1)
and-Ip, x 10% - V. - (I, + I,,) x 10° + 15 =0
=91 x 108 I, - 112 x 1001, = -15 + V. .(2)
Subtracting equation (1) from equation (2) we get
Iy, = Iy
Dividing equation (1) by 111 x 10° and equation (2) by 112 x 10° we get,
-0.8288 I, - I, = 9.009 x 10-9(-15 + V) ..(3)
-0.8125 I, - I, = 8.9285 x 1079(-15 + V) ..(4)
substracting (4) from (3) we get
-0.0163I,, = 9.009 x 10-(-15 + V) - 8.9285 x 107 (-15 + V)
Now Vee = 0.7
: -0.0163 I, = -1.1511 x 107
Iy, = 70.622 nA

;o= BBt oo na
B ~ 2 :
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107. (c)

L 8 kQ

ref

25V

Iy = I =200 pA [by current mirror action]

~
|

D3 kn3(VGS3 TN)2

/IDS +Vpy = / +04 1.555 V
GS3

V.. =
Vs, = Vs, =1.555V
V.. = ID +Vpy = /02 +04=129V
GS1 K, 0.25
Vps, = "= IpRp - ( Ves,)
= 2.5 0.2 x 8 - (-1.29)
Vps, = 219V

108. (-2.5) (-2.7 to -2.3)
Applying star to delta conversion we get,

ke y 10ke

L
15
I 10kQ

10 =

?kQ =

AvAvAvAv i =

3 VB
—0 VO
1"
now, V, =V, =0V due to virtual ground.
Vs-Ve _ Vs-Vc
hT 0T 433x10°
1+ |x10 :
3]
Ve Ve-Vg __ Ve
I, = 95— = and I,=
105 10° 0,000 O,qq8
3 3
Applying KCL at node C, we get,
Vs -Vc Ve Ve _,
B10> Wyq00 10,40
3
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Vs
13 _ Ve Ve | Ve
3 10/3 10/3 13/3
Vg =36V,
d L - Ve-Vo _ W
an 37 10x10° 10x10°
I, = Yo -
10x10
Vo~V
and 5= Jox10°
Now, applying KCL at node ‘D" we get
W VW VW 0o
10x10° 10x10° 10x10° ~
= V, = 3V,
Ve b
thus, - = 3
10 103 10x10
3
Vs Yo
— s - —0
36><1—3?><103 3x10x10
Vo
Ve T -25V/V
109. (a)
Present state Input Next state Output
A B X A B Y
0 0 0 0 0 0
0 0 1 0 1 0
0 1 0 0 1 0
0 1 1 1 0 0
1 0 0 1 0 0
1 0 1 1 1 1
1 1 0 1 1 1
1 1 1 0 0 0
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110. (a)
Given,
X XY
% L )D Yy
——————9
1
A
Z Y+Z
A=1+YZ
= 1Yz
A=0

111. 5.26 (5.1 to 5.4)
When input to NAND is all one then the given 6-bit binary counter is cleared
ie, Q,Q; Q,is to be 111

Q5 24 Q3 2 Q1
010 01 1-(19),
ie,0-18
The given counter is MOD-19 counter

100K
Output frequency f, = o 5.26 kHz

112.  (c)
For full adder with given input
Sum,S=1and C_, =1

D,=1D,=0,D,=1,D;=0
f = AB(1)+BA(1)
A

113. (d)
ak Q Q Q Q

0 1 0 1 1
1 1 1 0 1
2 1 1 1 0
3 0 1 1 1
4 1 0 1 1
The correct sequence
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114. 5 (4.8 to 5.2)

Given,
V' =25
R |1,/
VO = |:1+?:IV
=[1+1]25=5V
115. (¢)
ak Q Q Y
(initially) 0 0 0 1
1 1 0 0
2 0 1 0
3 0 0 1

116. (a)
Since Q, and Q, are output of D-FF.
Q, and Q, are output of T-FF.

Ck A B C D Qs Q QO Q
Initial 1 0 1 1 0 0 0 0
1 1 0 1 1 1 0 1 1

2 1 0 1 1 0o 0 0 1

So, after 2" clock pulse, (Q;Q,Q,Q,) = (0001), = (1),

117. (23)
For the given adder,

50 = Py+Q,=1+0=1
$1 =P +Q=0+1=1
$2 = P,+Q,=0+1=1

23 = P;+Q;=1+1=0 (carry C,=1)
(€O, 23, 22, X1, 20) = (10111), = (23),,
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118. (b)
The k-map can be grouped as

ABC
cD
ABN_ 00| 01 /11 10
00| [L]] 1] L
01 BD
11 1 |1H—=AC
101 1 |1

F = ABC+BD+AC
119. (143)
Number of states for 8-bit up-counter = 28 = 255
thus the counter ranges from -0 to 255

Hence, to go from (10101011), = (171),, to (00111010), = (58),,
The counter has to go initially from 171 to 255 and then from 0 to 58.

Hence,
from 171 to 255 = 255 - 171 = 84 clock pulse required
from 255 to 0 = 1 clock pulse required
and from 0to 58 = 58 clock pulse required
.. The total number of clock pulse required is
= 84+1+58
= 143

Alternatively
Total number of clock pulse required = [2" - (present state),,] + (desired state),
= (28-171) +58 =143

120. (1101)
Let a number N is given to the system
output after 1's complement = 15 - N
output after 2’s complement =16 - 15+ N=N+1
3 such systems are connected in cascade.
so final output = Input + (3),,=1010 + 0011
= 1101

121. (25)
Assume the output of both the flip-flops is 0 initially.

L

Dy, Q D, Q
CLK > >
60 61 —‘
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Waveforms :
Y Y Y Y L
C:IO(:kI I I I 1 I I I I I I
to— 1 = @ L—
jo—— L 1L
l l b1 : | I l | L1
L0 o 0! o0 o 00 0
Y
T=2T
Ton 1
- ————x100% =——x100%
Duty cycle = Ton + Topr 1+3
1
= —x100% =25%
4
122. (7)
3-bit Johnson counter
CLK Present state Next state
0 0 0 0 000
1 0 0 0 1.0 0
2 1.0 0 11 0
3 110 111
4 111 0 1 1
Hence output of Johnson counter after 3 clock pulses = 111
Therefore, output of D/A converter =7 V
123. (26.67) (26.00 to 27.00)
eld|h|b|d|e|d|a|le|ble|d|el|b]|g
e e|lb|b|b|blalalal|la|d|d|d|d
1 did|d|e|le|le|e|b|b|b|b|b|g
hilh|h|h|d|d|d|d|e|le|le|e]|e
& & k| ok
Page hits = 4
Total pages = 15
Page hi
Hit ratio = — 282 _ 2 _ (2667
Total pages 15
% Hit ratio = 26.67%
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124. (d)
Cache memory size = 256 x 210 byte = 218 byte
Block (line) size = 32 byte = 2° byte
. 2% 13
Number of lines n cache memory [N] = 2—5=2
Number of set = Number of lines in cache memory _ i _ol
P-way 2
Set offset = log,[#set] = log,[2!"] = 11 bits
125. (a, b, )

(i) A®B = (A)B+AB
= AB+AB=AGB

(i) A®B = AB+AB
= AB+AB=A®B

(iii) (A®@B)®AB = (A®B)-AB+(A®B)-AB
= (AB+AB)(A+B) + (AB+AB)-AB
= AB+AB+AB
= A+AB
=A+B

EEEN
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