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DETAILED EXPLANATIONS

1. (d)
When D, is ON then the value of V|, will be
V,=3-07V=23V
Hence, D, will be OFF.

53

23—-(-3 _ _
Thus, The current, I = %X 107 = ?X 107 = 1.06 mA
2. (d)
The circuit can be redrawn as,
Dl
DF—
+ +
Vm(t) Vm(t) Vm - Cl
- \ .
+
vV, =GV,
o+
DZ

The circuit represents a voltage doubler circuit, if the voltage was taken by adding voltages of
both the capacitors, but to calculate V|, we have to find the voltage stored on a single capacitor.
Thus, comparing from the above figure,

VO = —Vm
3. (b)
The early voltage V, can be calculated as
Va = Tolc
: 1
where 7, = output resistance =
slope of I~ — Vg curve
1
07 3x107
1 -3
thus, vV, = x3x107° =100 V - 1.=3x10° A
4 3x107 (e )
6. (a)
Since, the op-amp represents a closed loop unity gain amplifier.
B Aor
Thus, ACL = 1+ AOL
P 0.999
1+999
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7. (c)

In the given circuit

\AAA -
V01: -4 Vin
LIP

+
Vin ~ VO
= + -
= m V02= 5 Vin
) 4R
Vo = V01 - VOZ
= 4 Vin -5 Vin
=-9 Vin
\%
o] — _9
Vin

8. (b)

Since, negative feedback is applied to the op-amp, thus the concept of virtual ground is applicable.
2V

I, 6 kQ
v, >
v, + +
5V Vo2 2kQ
Thus, v, =V,
now, since the op-amp is ideal thus I, =0
Hence Vo=V, -2V
=5V-2V
=3V
9 (c)
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mane Bnsg
Now, I, = 1276, 107 22727 ma
o277 1
B 30 11
0.7 - (-12)
Now, [, = —————==0127 mA
o 27 T100kQ
o I, = I, +1,= 0218 mA
thus, V., =1 x15x103Q+0.7
V., =398V =397V
10. (o)
9kQ
VAVAVAV
1kQ —oVy
+ V' R
= VAVAVAV
1V 2R
VAVAVAV -
= —oVp
- +
9kQ
Vo= [1 + @Jx 1v (. non-inverting amplifier)
V=10V
now, Vo = V=10V (. it is a voltage buffer)
R _ .
and Vo = IR (. inverting amplifier)
1., 10V
Vp = 5V = _T__5V
Vip-Vy = -5V-10V=-15V
11.  (a)
The current of both the transistors are equal since they are perfectly matched.
I 1 w
Thus, E = Euncox (TJ(VGSI_Vt )2
: 1 -6 2
10 x 10 3 = EX 500x10 XlOO(VG.Sl —05)
o Vs = Vg = 1132V
Thus, Vo=V, -Vey =3-1132=1.868V
www.madeeasy.in © Copyright: MADE EASY
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12.  (b)
The small signal r, equivalent circuit can be drawn as

—a(Re | Rp)i, .. (i)

V, =
—V.
and i, = T ...(ii)
RSig + 1,
Combining equation (i) and (ii), we get,
_ a(Rc||Ry)
0= . Veig
Rsig +7,
Vo o(Rc || Rp)
thus, =
Vsig Rsig T
13. (a)
Yo
71‘ = _ngC
-3
now, S = dle _Ic __1x10 —=20mA/V
oVgr 2Vr 2x25x10
Yo
V. = -20x 103 x1x103=-20V/V
in
14.  (¢)

Applying KVL in base-emitter loop, we get,

372kQ E§ o v,
V, o It m B=100
C, d\b
I, = 10-0.7 =25uA
372 kQ

To draw the small signal we need to calculate 7,
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oV,
L +
Vin 2 Vin &nVin Ro=4kQ
372 kQ -
-3
r= Vr _25x10 § ~10°0
Ig . 25x107
B 100
now, = —=——=01A/V
S = T 10°
now, A, = ‘¥—0=—ngC=—O.1x4x103=—400
i
15. (o)
The small signal equivalent model can be drawn as
W 1
—WW——0
Vin E§ R v,
o

.. The output can be expressed as,
R v R

R+vr i”_R+r v
f f

g (i)

V, =

Thus, the slope of line in the graph of the input output curve can be written

o R 12 12 ‘ : .
ope = R+7; = 5-07 13 ...from equation (i)
Thus, 1 = 83.33 Q
16. (b)

In the transistor Vo = V|,
Since, the gate and drain terminals are shorted,
the transistor will always be in saturation mode.

HaCox [ W 2
thus, I, = %{TJ(VGS—VO
Vo 3403 _
now, I, = ?—gxlo =1mA
50107 (W
thus, 1x10° = ————| — [x(2-1)
2 L
13%
2l Loom
L 25
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17.  (¢)
Ve= V. +Vy (Vb1 = Vp)
and I =1 +1I,
VD1 . Vb1
- -3
thus 2 x 10_3 _ 10—12 €26X1O -1 +10—10 6’26X10 -1
VD1
2x10° = 109710( 01).¢ 207107
Vb1 > = In(1.9801 x 107) = 16.801
26 x10™
Vpy, = 0437V
Now, Vx=2><10“3><1><103=2V
V.=V +V,, =2+0437
= 2437V
18.  (b)

Case -I: When V, > -10 V, then the voltage across diode D, is positive so diode D, is in ON
state, and therefore the equivalent circuit can be drawn as

Vvt =
Due to virtual ground, V* =
and V, =
V, =
Case -II : When V,<-10V

VO = +Vsat
Thus,

© Copyright: MADE EASY www.madeeasy.in
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5kQ

5
V, = —gx Vin ==Vin (for V, < -10V)
Alternately, we can write the equation of the graph by applying KCL at node V-
& V-=V"=-10V
-10-V,, N -10-V, _ 0
5kQ 5kQ
-20-V, -V, =0
VO = ~Vin T 20
VO
\ -10V
' Vin
20V
| -10V

19. (o)
Drawing the small signal equivalent model of the transistor, we get,

L
r =:+ ngVTQ?
™ s Vie
" oV,
. @
Via @ Vi Tm 8V
Now, Vi, =V,
and Vo = -V,

Applying KCL at node-2 we get

V.
&m1Vm "‘r_o = 8mVm

o
= gml‘/in + r = —gm2V0

www.madeeasy.in © Copyright: MADE EASY
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1

Vo |:_+gm2:| = _gmlvin
[£%)

Yo
V.

1

__ 8miln2

1+ 80t
Since B >> 1 for both the transistors.
Thus, the above expression can be approximated as

Al =

~ 8ml
|A‘U| ~ oml
m2
20. (b)
For transistor Q,, we can calculate the equivalent resistance as
I I
O
+
Vin ° } [l Vi Vi EE o C‘ 8mVn
= = = L
I = —=+8nVy
n2
Now, Vi, = V.
I 1 ‘g
- = = )
Vin Tn2 "
[
or R = T2
m2

Now, the circuit can be redrawn as

—
|

- “131 - BlIBl
"'(1 + B1) IB1
-V
In r,+R|IR,

—
I

Now,

v r. +R|IR,
I B, +1

© Copyright: MADE EASY www.madeeasy.in
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1 (1
R, = Bl+1krn1+gm2 IR Rz]

where, B, = 99

1 1
R. —| 1 +—||rn||R
in 100( Thg

21. (a)
In the circuit, the capacitor starts charging from 0 V (as the switch was initially closed) towards
the steady state value of 20 V.
Now, when the switch is flipped open, the capacitor will charge upto 20 V.

V(t) = V() = [V,(0) - V(eo)]e”/RC
RC = 1x10%x 0.01 x 10 = 10 psec
V() = 20 (1 - e/RC)

Voltage at non-inverting amplifier is obtained as
0oV

1kQ 10V
v

ﬁovfaw

E 10kQ 07V

+

S0k & V70V
-0V h }
100 kQ
vt = VoXo——
(10 +100) kQ
100 V,x10
+ = V X——= 0
v 110 11

. Initially V-~ was equal to -10 V, thus V|, = +5.7 V.
Thus, now capacitor will start charging as soon as the switch is opened.

Thus, Vo= V.10V
or, Ve =V +10V
5.7 Vx10 o
now, V- =V"= 11 [. the op-amp will switch]
10x5.7
thus, Ve = 11 +10
now, Ve = 20(1 - e/RC)
57
_ o /RCY = 10422
20(1 - e~/RC) 0
1 57
_ “t/RC = —+—
L-e 2 220

1 - e /RC = 0.7590
e t/RC = 0.2409
T = 14.23 psec
Hence, the output voltage wave will be,

www.madeeasy.in © Copyright: MADE EASY
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+5.7
0 t
5.7 1
22. (o)
For negative cycle V, < 3.2V always, thus the MOSFET M, will be OFF and diode D, will be ON
C
= o
VC
® (V]
°J
I
\V4 c = Et
I I
= VC = E.Toﬁc = E(l—D)T
Now, when V, > 3.2V, thus the MOSFET transistor will be switched ON and hence
VC
|
11
@ 7

Now, since R is very large, thus, V, will not reduce substantially and thus, V. will not change
during the positive going pulse.
Hence, after 5 clock pulse value of V,

51
- 2 (1-D)T
v, - =(1-D)
23. ()
Now, g = 2knlp =2v/05x0.2x10° =0.632 mA/V
and 2o = 2Jkualp, =21/(0.2)(0.5)x10° = 0.632 mA/V

Now, drawing the small signal equivalent circuit, we get,

o Copyright: MADE EASY www.madeeasy.in
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R,
1
1
Rg; i + -
AMMW— o o Ve o oV,
1 +
= ‘> <> <>
V. Ci) = V < < <
i RilR, = 851 * S Vst < Rpy 8m2Vgs2 < Rs, < Ry

Now, Vy
Also, Vg52 +V,
and Vgsl

Putting values of V , and V
Yo

8y (Rszl |R1)

14

Now, R, || R,
R, IR,

A

24. (b

= 8w (RelIR).V - ()
= —gmlvgis . (11)
__RIR, . (i)

R,|IR, + Ry

gs2 from equation (i) and (iii) in equation (ii), we get
R, |IR
= ~8uRoi| 57— |V
R, IR, +Rg;

_ Yo _=8m 8u2Rp1 (Rsy IRy) % R,|IR,

Vi 1+8,2(Re,l IR;) R, IR, +Rg;
= §kQ

3
= 99.8 kQ = 100 kQ
_ Vo _ —(0.632)(0.632)(16.1)(8/3) XFOO}
v 1+(0.632)(8/3) 104
=~ -6.14

Applying KVL in the circuit shown below, we get,

2VBE1

(. both the transistor are matched with negligible base current thus V., =

Now, Ve
VBE3

Ire I
2V, ln( Isff )— v, ln(f)

2
I reff

V. In
! (11

0

|

R

S

E

=V

BE3 + IORE

Vg, for same I ).

I

= V; ln( ZT)
reff
I
s VT ln[I_OJ |j10
s F T,
BEl VBES -
= IORE Iy
T R
= IORE BE2
<
v, (12 '
= —LIn| 2 | = 0.208In L3 =15.638 kQ
Iy | I, 10x120x 10~
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25. (d)
Ip = k(Vgs = Vip)* (1 + AVpy)
AVps 1
'o T Al (3Ip /0Vps)
alp )
Vpg = k,(Vgs = Vi)™ A
at Veg = 05, I, =1mA
so, 1mA =k (Vg - Vth)2 (1 +0.05)
1
ky(Vos = Vin)® = 1.05 m0
0 0.1
26. (¢
Assuming all the diodes are forward biased,
Vy, = -07V 10V
V, =0V 2
10 kQ
10-0
I, = 10k =1mA 0.7V 07V g 07V
| [ o M|
b | )y 1" |
-0.7 - (-10) Ipt A Ip I, [D?’J_
and [, = ———— =0.93mA =
! 10k 10kQ 10kQ
[2 = IDl +ID2
-20V -10V
and [1 = ID2 +ID3
applying KVL in the outer loop, we get,
10].(12 +O‘7+1OkID1 —20 = 10
10 k(ID1 +ID2)+1O kID1 = 30-0.7=29.3
201<ID1 +1Ol<ID2 = 293
2ID1 +ID2 = 293 mA (1)
also, Ip, +Ip, =1,=1mA ..(if)

from (i) and (ii)
Ip, =193 mA and Ip, =-0.93 mA
ID2 +ID3 = 0.93 mA
= ID3 = _ID2 +093 mA=186 mA
Here I D, is negative, Hence, our assumption is incorrect.
Therefore, D, is reverse biased
and - Ip, and Ip, are positive,

D,, D, are forward biased.

o Copyright: MADE EASY www.madeeasy.in
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27.

28.

29.

(d)
By applying superposition theorem, we get,
When V, at non-inverting terminal is shorted

40 .
VOl = —%V1=—2V1 (1)
When V, at inverting terminal is shorted, then
40 30 3
V. = |1+— x| —— |V, = 3x=V, =15V, ...(ii
02 { 20} [30+30} 1 6! ! (if)
Combining equation (i) and (ii), we get,
Vo = Vg + Vi, =-2V, +1.5V,
_
2
(b)
Vp_p =8V
Thus, v(t) = 4sin(wt)
V- =2V
T 0
Duty cycle = —2-=—"1- o(t)
Ttotal etotal 4)--_
. 1(2 21/
now, 0, = sin 1(—) | P\ TT 2m
4 ol 6 6 |
T | Do |
o =% o s
\V4 . | 1
q 0 a2 T 5m = ! !
an S : :
6 6 0
0] 8 6,
5T m
thus, 0, = ?—g and 0, =21
Sm_m
(0)
10kQ v, 100kQ
0 Vou
Vin
= Ri.n
_Va—W .
now, I, = 1Mo ..(1)

Applying KCL at inverting terminal, we get,

Vg0, V-V
10kQ 100 kQ

www.madeeasy.in
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Vs Vo—Vg
10kQ ~ 100kQ
now V, =V, due to virtual ground
Vv Va—%
thus, A = -
- 10 kQ [ 100kQ
Vi _ “linx(IMQ)
10 kQ 100 kQ
Vin _ -
o -100 kQ [ V=V

m

30. (b)
For the transistor

due to virtual ground,
thus, Ve =0V

Hence,

V

Ve =2V

For the MOSFET to be in saturation region
Vps 2 Ves = Vr

. at the edge of saturation
Vps = Ves=Vp =2V

GS ~

Ve =0
- V, = Vo-V,
= Vpp = 2V
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