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DETAILED EXPLANATIONS

1. (b)
The circuit can be redrawn as

D
Vin(t) Vo(t)
4V

o .|- )
Case (I): when V, (t) >4V
The diode D will be in OFF state and V, (t) = V().
Case (II): when V, (t) <4V
The diode D will be in ON state and V_ (t) =4 V.

2. (b)
By drawing the small signal equivalent model of the transistor by deactivating all the supply
voltages, we get,

RS
A
WW oV,
L L L 5 b
S > S S S
Vs C~> SR SR = In Vi =0 3 Re
< < < < <

| I

Now, the resistance seen by the source is equal to,

Rm = Rs +(R1 HRZ || rn)
2.74 kQ (given)

"n

Thus, R, = 05x10%+(2.74k|/93.7k | 6.3K)

(0.5 + 1.87) x 10> Q = 2.37 kQ

3. (c)
The three figures are equivalent except in the first figure the resistance R, should have been a parallel
combination of R, and R,and in the second figure the direction of dependent current source is not correct
for the V_polarity.

4, (a)
The small signal equivalent of the circuit can be drawn as,

Im VgS Rp Ry
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Now, the time constant for capacitor C. can be calculated by short circuiting the input voltage

source thus the resultant circuit becomes

Req
o I} l”L 0
C
RD RL
Ty = R, Co=(Rp+ R;) Cc
1
Ji = 2m(Rp +R,)Ce
1 1
= Cc = 2n(Rp+Ry) fi = 2m(6.7 +10)x10° %20
C. = 0.477 uF

5. (a)
The basic mode of a phase lock loop can be represented as

Phase Low pass
Input —1 yetector filter —O Output

Voltage controlled

oscillator
6. (b)
The current through base resistor,
Iy =L, -1mA 3kQ 3
-6 1mA =1mA
3k
Apply KVL in base circuit, L mA
-6+0.7+265(1+B);, =0
265 (1 +B)I; = 5.3
5.3
1+f) = ———
D= w107
148 = 5.3
b= 0.265
B=2-1=19
7. (0
R2 CZ
AAF\’AA
R1 \AAA
Vi(s) o—MWW— R
Vi(s) 0 Vy(s)
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So,

R, +—
i) 2T,

Vi(s) R,

Vos) _ _R__,

Vi(s) R

Vos) _ FRoy 1 _

\/I(S) R«] SH«]CZ R«] ST

_ K(Hé)

It works as proportional + Integral controller.

8. (d)

9.  (d)

= I, = K, (VGS _Vt)z
C, W
= “”TOX.T(VGS —Vt)z

0.1(5-22=09mA

_i(‘]‘l'iJ X T=F1)202

In the given circuit, the feedback resistor RF is not directly connected to the output node and
directly connected to the input node. Hence, the feedback topology present in the circuit is Current -

Current - Shunt topology is also known as Shunt - Series topology.

Shunt.
10. (o)
. Yo
Voltage gain, —
Vin
Ay

11.  (a)

Apply KCL at node ‘@’
5-V;

~hp-Re
hie
-150 x 3 kQ
= T akq  ~ 150
1kQ a 1kQ
5Vo—AMW MW
v,
2 kQ Vzl>—o V,
b
= AAAA
VWy
i 2kQ
"
R, Z23kQ

1
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5-V, =V, -V,
-V, = 5-2V,
V, =2V, -5
Apply KCL at node ‘b’
Whh-w _ 0
2 3 2
Vi l+1+l = ﬁ
2 3 2 2
-4
3 2
3
‘/1 = gVO
From equation (i) and (ii), we get
3
v, = g(ZVl -5)
8V, = 6V, -15
2V, = -15
V, = -7.5 Volt
Load S W 2.5 mA
oad current, 1 = 3K 3K & m
12. (a)
For upper MOSFET,
Vps = 8-V,
Veg=Vp =6-V -2=4-V
Upper MOS will be in saturation because
Vs > Ves=Vy
For lower MOS, Vhs =V,
Veg=Vyp =V, =2
So, Vps > Ves - Vr

Hence both MOS will be in saturation

But Iy

|2%
Mncox (T) (VGS - VT )2

Mncox (9)(4 - Va )2

Mncox (4)(Va - 2)2
ID2

Mncox (4)(Va - 2)2
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9 (v,-2Y’

4 \4-V,

3 Va_z

2 T 4-vV,
12-3V, =2V -4

16 =5V,

16
v, = 5 = 3.2 Volts

13.  (b)
At upper Threshold point,

V,=67V

RyVry +6.7(1)
Ry +1
Vin = R,

At lower Threshold point,

RoVp —67(1)
Ry +1
Vi = R_2

Given that, |VTH - VTL| =2

134
R, ~ 2
R, = 6.7 kQ
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14. (a)

@)
10kQ VVVv ! VVVV
Vino—MWW— @ 10kQ

—o V,

Apply KCL at node-1

_O O—V2

in —

10 R

Vin
[ 10 } "
Apply KCL at node-2
Vo Vo Va—V

+ = =
R 10 5 0
V2 l+i+1 = &
R 10 5| 5

From equation (i) and (ii), we get

“Vin-R[1 31 Vo
10 [R 10] 5
R[10+3R] -y, 1
10 1R | = v, "5
10+3R (Y%
20 (Vi
Vo
Given that, W = -6
10+3R ;
20
10 +3R = 120
110
R="3
R = 36.66 kQ
15. (o)
AVout 4109

Line regulation =

mn
By replacing the zener diode with it's equivalent circuit, we get,
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_ Vin_\/zo
I'= 44100
10
Vz = Vzo+I’E’)z = VZO+441O(Vin_Vzo)
1 440 1
=V, +m(\/in_vzo) = 22170t ga7"n
10 kQ 880 2
VOUI = ( +1OKQJVZ=2VZ = m Zo+m in
oV
AV = _—OUut AV
out a\/in in
A\/out _ a\/out =i
AV, — dV, 4M
AV 2
Li lation = —24 %100 = —x100 ~ 0.454%
ine regulation AV, 241
16. (b)
Case I : When V,.,<0V
When V.

input

the output is equal to 0 V, which is shown in figure-1.

<
-
IS)
x
Q
AAA

1]
+

>
>
> 20 kQ Vi

Figure (1)
CaseIl:0<V, <20V
D, is ON and D, is ON.
The equivalent circuit is shown in figure (2).
From the figure it is clear that the output
v = Vin

out

<0V, then the diode D,, will be in forward biased and diode D, will be OFF, hence

Thus it will be a straight line when plotted in the transfer curve [part (2)].

+

<

+
10kQ  =20k0
:: Vout
i 30V
o o

Figure (2)
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17.

Case III : For V. >20V

input

D, = OFF and D, = ON

Thus, the output will be a constant voltage Vo

(.- voltage division)

vV = Ax?)OV
out - 20+10
Thus, Vo = 20V
Hence, the output response can be drawn as
Vout
20V f---7
ol 20v
(c)
Now, L, = ID1 +ID2
and Vp, = Vb,
I I
thus, VT In Dy = VT In Dy
Iy, L,
Ip, Ip,
= I, = I,
Ip
- | =21
Ip, = Llsz] 51
I
= Ip,+Ip,| 2+
NOW’ Im D2 D2[152]
I
= | 1+22 I
Iin - [ 152} D2
I.
= Ip, = ”}
1+-1
L,

(. diodes are in parallel)

Now, I51 and / ,, are reverse saturation currents of the diodes and I o< A.

Thus the above equation can be written as,

I in

Ip, = =
2 A
51 1+71

1+ A,
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18. (d)
4 ;19
AAAA
\AAAJ
1Q
10V 9 :[> Vi L+
1Q 1Q )
N
'VZ
E§ 20
Apply KVL in loop-1,
-10+1+1 =0
21 =10
I =5A
Applying KVL in the loop shown,
we get, V,=-5-5+10-5-5+V,
V,-V, =-10V
". voltage across resistor,
R=V,=V,-V,=-10V
19. (o)
Mncox (VvlJ \V -V 2
Iy o L (Ves1 = Vi)
Iy W,Cop( W 2
D2 HZOX(LZJ (VGS2 _Vt)
Vesy = 3V; Vegy = 2V;
In, = Ip, =120 pA
Lo 3-1)°
Wy(2-1)2
W,
- 5
2
W, = 4W,
“ncox m _ 2
Iy = =5 ( I (Ves1 - Vi)
120p( Wy 2
= —|—1|3B-1
120 p > [mj( )
1 = mxél
2p
W, = 0.5 um
W, = 4xW,=4x05p=2um
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20. (a)
12V
8k 2 4
ICl
I,
12-ix8%x103-07 =0
N o 220 s maA
o PTogx108 ™
i=1q+20,=B+2)I
i 1.4125
I, = =——— =6. A =7 pA
0T Br2 o0 | OFwA=TH
I, = 2001, =200 %7 n
= 14 mA
V, = 30-1,x10k
V, =30-14x10
=16V
21. ()
From the circuit given, after observation, we can conclude that D, will be ON and D, will be OFF.
1kQ
V, =-09-07-18=-34V
22 (@ +15V 15V
Apply KVL in the loop (L,) shown in figure.
4+07+8 -07 =0
8i =4
i = 05mA
Iy, = 1 mA - 05 mA
= 0.5 mA
As, Iy = I,
Vo =15-751,
=15-75x%x05

V, = 11.25 volt

23. (b)
The first step in the analysis consists of determining the quiescent operating point. For this purpose
we assume that V; = 0.
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I =

I =

A =

<

24.  (¢)
For the circuit shown above,

Vg =07 3-07
~ 100k

100k =23 A

100 kQ

BI, =100 x 23 p =23 mA
10-1I.. R.
10-23%x3=31V

Vi 2mY __ _jp50
Ir  (23/099mA

Ie _23mA _ g hayv
T 25 mV

P10 p9ka
g, 92
‘/l' X r—n
Tn + RBB
Vi x 1.09
101.09
_gm Vbe RC
~92 x 0.011 V, x 3
3.04 V,
Vo

y, =-304=3

=0.011 V,

W

-——————

i

Emitter current of both transistors is,

I, =

0.5 mA
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.. Base current of both transistor is,
05mA 05mA
Iy =31 = 1m
Apply KVL in the loop shown in above figure,

= 4.95 uA

V, = 10K x 495 p+ 0.7 + 0.7 + 10K x 495 p + 3
= 4.499
V, =45V

25. (b)
For V, =1V and R, reduced, the lowest value possible for while the output remaining an

undistorted sine wave of 10 V peak can be found from
10V 10V

/ 4 — +
lymae = 20mMA= 2 T o101k
19 mA = 10V
RLmin
10V
Rimin = Tomg = 5269
26. (b)
10V
RD
5kQ
Vcl Rq
R 10
= Vpp X G2 _ x10 =
Vo = "DDXR U RG, T 10410 >V

R; = (10 | 10) =5kQ
Ves = (Vg -1, x Rg) = (5 - 6lp)
Assuming the saturation mode of operation

1. W )
I, = EKnT(VGS_Vt)
5-Ves 1 2
27Ves | o 2 q(Vgg -1
( c j > (Vs —1)

5- Ve = 3V3+3-6Vg

3V3s —5Vgs -2 = 0

VGS 3
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(5—2)_0 A
_6 =05m

Vs = 10-05%x12=4V

: Vs > (Ves= V)
. Assumption is correct.

I

\%

27.  (¢)

Ry +Ry _ 5kQ + 500kQ

V, (offset due to V,)) = V, R, 5kQ

V, (offset due to I)) = IIORf= (150 nA) (500 kQ) = 75 mV

Resulting in a total offset,

(AmV)"—" =22 =404 mV

V, (total offset) = V, (offset due to V,)) + V,, (offset due to V)

404 + 75 =479 mV

28. (b)

We assume that both diodes are conducting, then voltage at point-B, V; = 0 and V = 0. The current

inD, is obtained from

10-0
p1 = "5 = 2mA
The node equation at B is
0-(-10)
I *2 = —5

Which yields I, = -1 mA. Since this is not possible our assumption is not correct. We start again

assumption that D, is off and D, is on. The current I, is given

10 - (-10)
Ip, = 15 =133 mA
and the voltage at node-B is
Vy = -10+10x1.33=+33V

Thus D, is reverse biased as assumed and the final resultis V = 3.33 V.
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29. (d)
2] 2(8mA
S0 = Des — ( 6 ) = 2.67 ms
z
Veso ( (—2.6)]
= 1- =267mS|1-—=| =151 mS
8m ng( VP J (—6) m
r; = 50 kQ
Z; = Ro=1MQ
r; > 10R,
Therefore, Z, = R =33 kQ
With r,
= _ngD
1+ ngS + M
Ta
A = —(1.51mS)(3.3k Q)
y =
14 (151mS)(1k Q) + S0k +1KkQ
50k
—4.983
T T+isi+0086 7
30. ()
The amplifier gain is calculated to be
A = A,
R¢\(-Rf)(-R
Ry )L Ry )\ Rg
( 470)( —470)( —470)
43 )\ 33 33
= (110.3) (-14.24) (-14.24) = 22.2 x 103
So that, Vy = AV, =222 x10° x 80 pV

1.78 V
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