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Analog Circuits

(Solutions for Text Book Practice Questions)

01.
Sol: g SV
. |\|D1 5K
3 ! e *Vo=1V
e PID: . R "
L1
Vo 2Ve—/ —
3V, NDs 3ye—/
L1 (1-3)
l 5kQ = D, & Dj are reverse biased and ‘D;’ is
Iy forward biased.
= 1.e., Dy only conduct
5-1
(1_3) Io = K = (0.8mA
1V
2V 53 Vo=3V 03.
Sol: Let diodes D; & D, are forward biased.
3V § = Vo =0 volt
5KQ 10-0
I()* 9 Iz = ? =2mA
3 = 2=C10) A
) ) 10K
= D, D, are reverse biased and D; is Apply KVL at nodes ‘Vo’:
forward biased. “-Li+-L=0
. =1 :—(12—13) =—1mA
i.e., D3 only conducts. .
+10V
oo Ip=3/5K = 0.6mA J
= 5kQ
oy,
0. 1l
I, 9 2
Sol: —
T+5v L
REET L] Z10k0
D S
1Vo i<ll : o, -10V
So, D; is reverse biased & D, is forward
2V, | 1D .
I~ biased
D
3V m : = ‘Dy’ act as an open circuit & D; is act as
short circuit.
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Then circuit becomes Transfer characteristics:
+10V 4V,
5K
I= %A Vo
| >
10K asr Vin
-10V
05.
:Vozlokx(ﬂ ~10 Sol:
15k R
-~ Vo=333V N W | °
Vm
04. < ZAS o
Sol: T o
AN Y
. | I P N For V;<-2Volt, Diode ON
Vmi ) Vi RLV" = Vo =-2Volt
= For V;> — 2Volt, Diode OFF
Apply KVL to the loop: V=V,
Vin—2—-V,=0 ‘
= Vx = V]n_2 """ (1) 4 VO
Given, Vi, range =-5V to 5V
= Vyrange =7V to 3V [’ from eq (1)] RV
Diode ON for V, > 0V
j— V() = Vx —2V
Diode OFF for V4, <0V -5V
= Vo =0V
. Vorange =0 to 3V 06

Output wave form:

Sol: For positive half cycle diode Forward

biased and Capacitor start charging towards
peak value.

= Vc=V,,=5V
= Vo=Vin—-Vc=Vin-5

Vinrange = — 5V to +5V
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Vi range: —12 to +12V
Vj range: 9V to 33V

?
v
00 Vo

-5V --1

. Vorange =— 10V to OV

~10V -~

07.
Sol: For +ve cycle, diode ‘ON’, then capacitor
starts charging

=>Vc=Vu-7=10-7=3V

Now diode OFF for rest of cycle 09.
_ Sol: During positive cycle
= Vo=-Vc +Viy . ’ .
‘ _v. ¢ 3 D, forward biased & D, Reverse biased.
Vi range : —10V to +10V +\ﬁc—
. Vorange: —13V to 7V + |
AV, Vin /‘“) {
VC = Vi, = 6volt
7Volts !
During negative cycle,
D; reverse biased & D, forward biased.
-3Voltsf-==-1-"="=f~"""1"~""1--= —> 6V
e
~13Volts -~ +
6\1@ =T Vo

ch:—6—6:—12V
Capacitor C, will charge to negative voltage
of magnitude 12V

08.

Sol: Always start the analysis of clamping
circuit with that part of the cycle that will
forward bias the diodes this diode 1is

. i . 10.
forward bias during negative cycle. .
Sol: +10V

For negative cycle diode ON, then capacitor 4.7K
starts charging
= Vc=Vp+9 4V

=12+9=21V

B =100

Now diode OFF for rest of cycle.
= Vo=Vc+Vj 3K
=21+ Vi, i
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11.
Sol:

Given,

V=4V

VBE =0.7

VB — VE =0.7

VE = VB -7=3.3V

=lg= 3;2 1ImA

Let transisotr in active region

= Ic=B/(B+1) . Ig=0.99mA

Ig = Ic/B=9.9uA

Ve =10 -4.7x10°x0.99x107 = 5.347V
= Vc>Vp

.. Transistor in the active region.

+10V

6-0.7=5.3V

VE:VB—VBE:6—O.7:5.3V

o= > = 1.6mA
3.3K

Let transistor is active region

__bB
=lc (] N B) Ig
I[c =1.59mA
Ve =2.55V
=>Vc< Vg
.. Transistor in saturation region
= Vcg(sat) = 0.2V
Vc-Veg=0.2
Ve=5.3+0.2
= V=55V

12.
Sol:

13.
Sol:

V=55V
Q

+
VB: 6V K 02V= VCE
I — o

V=53V

10-5.
=Ic= 0=55 _ 0.957mA
4.7K

Ig=1.6-0.957 = 0.643mA

g le _0957mA _ oo
I, 0.643mA

Bforced < Bactive

+10V

Ve=-0.7V 1 2 Vi=-0.7V
Transistor in cut off region
IC:IB:IEZOA 3.3K
VCE =10V
VE =0V =
Ve =10V
VB =0V
+10V

-10V
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Ve=0.7V[. Vg=0V]

_10-07

= Ik = 1.86mA

Let transistor in active region.
=1Ic= LIE =1.84mA
(B+1)

= Ve=-10+ 1K x 1.84m

Ve =-8.16V
VEC = VE— VC =8.86V
VEc> Ves
.. Transistor in active region
14.
Sol: +10V

-10V
Let transistor in active region
Veg=0.7V [ Vg=0V]

10-0.7

I, =
1k

Io=—P 1 -92mA

B+1
= Ve =-10+5K x 9.2m
Ve =36V
Viec< VEB

=93mA

Transistor in saturation region
= Vgc=0.2
VE—VC =02=> Vc =0.5V

_05+10 —5 1mA

f— IC
IB = IE— IC =7.2mA

Brorced < Pactive 1.€., saturation region

15.
Sol:

VE = (VB+O7)

V. = (V5+0.5)

IEzlc+IB
:>5—(VB+O.7) _ (VB+0.5)+5+ Vi
1k 10k 10k

10(5-Vg—0.7) =V + 0.5+ 5+ Vg
43 -10V5=2Vp+5.5
_43-55

=3.125V

B

Ig = 3125 _ 0.3125mA
10K

Ve=Vg+0.5=3.625V

Vi =3.825V
S Ig=1.175mA
S Ie=0.862mA
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16. 2.3V
¢ =1 =E =ImAmp

Sol: Here the lower transistor (PNP) is in cut off

region.

+5V

Apply KVL to the base emitter loop:
5-10K. Ig - 0.7 - 1K. (I1+B)Ig =0
4.3
Slp=—
(10HK +10K

=38.73pA
Ic = 3.87mA
Ir=3.91mA

= VE: V() = IE(lk) =391V

Ve=5V
VBZS—IOk(IB):4.61V

17.
Sol:

Ve, =12V —4x10°x1x107 =8V

V, =8+0.7V =87V

- 12V-V,, _ 12\/—8.7:lrnAmp
: 3.3k 3.3k

V¢, =4k xImA =4V
V,=4V-0.7=33V

Vv, =33-0.7=2.6V

Vo=2.6V

18.
Sol:
]

| 2

AAAA

R,

.|||H

—1/sC

—> sL

7 =

€q

sC +
r+sL

r+sbL
stC+s’LC+1
r+joL
(1-»’LC) + jorC
(r+ j(oL)[l —o’LC— j(orC]

V4

h (1 — coZLC)2 +(@rCY
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_ o’ tLC+r1-o’rLC+ joL[l - ®’LC] - jor’C

19.
Sol:

(1 - (ozLC)2 +(@rC)’
Equate Imaginary terms:
oL - »’L*C —or’C=0

L-o’L’C-’)C=0

o’L’C=L-1C
1 r’C

L
LC LC
1 1r2

0=,—-|—
LC (L

For D.C Analysis:

VB:4V
VB—VE:0.72VE:4—O.7 =33V
IEZEZIHIA

3.3k
LoV _asmV oo

I, 1mA

To apply small signal analysis set D.C

source equal to zero.

:>V() = —icRc
Vin= ibrn = ibBre = icre
V,
LAy = 7?
_~iR, -R, -47k
1.1, I, 25
=—188
20.
Sol: D.C calculation is same as
question
IE =1 mA
r.=25Q
Apply small signal analysis:
47k= =
Vo
Vi _C~> 250
3.3kQ
Vo_ —R, _ —4700
V. r,+R; 25+3300

C Ay =Yy 413
\

i

previous
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21.
Sol: To calculate r. value apply D.C analysis

I. = Vin = Vi
E R
R+
B+1
:3_—0;1(20.991mA
23k +—
101
p=Yi 2 _y5000
I, 0991

Now apply small signal analysis:

Ri=Rg || Pre

R;=1.116kQ

Al Vo R, R

ii R,V R,
~ —39.5x1.116x10°
2x10°

=-22.322

R, =R¢ =2kQ

22.
Sol:

+12V

Apply KVL at input Loop:
6— 10k (Ig) — 0.7 =8 k(1+PB)Ig =0
6-0.7

_ 007 _ca7uA
B 0k +8kx101 H
I = 0.65 mA
n=Yr_ 2 _3850

I, 065

Apply small signal analysis

=Yoo Re
V. . +R;

1

=0.995

Ri=Rp || BR

Eotal

= (RE + I'e)

ETotal

R; =10k || 803.85k
=9.87kQ

Ro=Rg||r.=383Q

=20kQ
Cp
|—
Cg
|[F——o
+ Vv
Vi 20k 8kQ

[
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23. 0-(-12)
Sol: Vo =-1R¢ Il = —1 2k =ImA
0-V,
I, =
3K
VB =-3V
VB — VE =0.7
VE = VB -0.7
Ve =-3.7 Volt
_=3.7+12
© 83k
I, =lmA
[, =0.5mA
25mV
= I, = =50Q
A, = 10k//10k _ 5000 _ 200 0.5mA
25 25 A ~_—R. -2000
R, =R, =10kQ O
Ri:I‘ei:25Q o Ad=_40
A=2= Mo N
L Ryov 26.
_ A x R, 200x25 0.5 Sol: Voltage shunt feedback amplifier and
= Ay X =T = U
A | Vo =Ry _-10k
24, V., Rq 1k
Sol: For the given differential amplifier,
Ig=1mA
vV 217.
_ T _ . .
I, = T 25Q Sol: Current — series feedback amplifier and
E -R., —-4.7k
A _V, _—R__-3000 (or) —gR. Ay~ RC=—3 W =1.4242
v 25 a £ '
Aq=-120 28
25. Sol: MW
Sol: 1kQ
Ak
Using millers effect,
q = Ik _ 9.9Q
1+100
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_1mH -
“4 141000

IuH

29,
Sol:

3kQ Wi

_oVO

, =—=—mA &
Ik 3
10
-2
2=V0_2: 3 :gmA

2k 2k 3
2Ty =1 +1, =4mA

31.

Sol: V= Rz,
Rl

32.

Sol:

Io + Iin+ IL =0

IO+Im+Iﬂ=O

21, +2I, +L, =0

210 = _3Iin
L _-3_ 15
I 2

33.

Sol:

4

Q

L

Vo =-1

Apply KCL:
0-V,

[ +1, =——

1
& + Iz = _Voz
1

V01 +Iz = _Voz

_Il + Iz = _Voz

V,, =, =1,)volt

I, +1, =1,

X 2 l o
,I_ /‘IZZ V()2
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35.
I, +1,=V, { I = %} I .
Sol: Vo =——t = 2 x0.5x10"
L, =V, -1 C 10
Ve =-5Volt
Iy, = _211 [ Vo = Il] ¢
Ly, = _(Iz + Ix) 36.

Apply KCL at V,:
V.-V, j V.-V,
2k 3K
3V, -3V, +2V, -2V,
- 6k
6=5V,—-5V,

6
Va_V = —
*T s

1m

Im

V, -V, =1.2Volt
poVemVe 12
: 2k 2k

L =22_04mA
3k

0.6mA

Vy,=0.4m x 1k = 0.4 Volt
I = Vo= Vo
"0k
0.6m 0.4-V,
0.5k
0.3=04-V,
2. Vo=0.1 Volt

Sol: Given open loop gain = 10

1+&
Rl

Mo _
Vi 1+(1+Rf}< !
Rl AOL
v, _(1+3)
i 1+i
10
V, =V, x !
4
I+—
10
V, = 2% _5.715Volt
4
1+—
10
37.
v
Sol: —2 = :
0 V. +(1+Rf/R1)
AOL
&_ -9
i 1+&
10
|
T —
Vo =—4.5Volt
38.
SO]: SR: 2nfmax VOmax

SR _ 10°

Vo = ——— = ———————==7.95Volt
oM onf o 2mx20x10°

V,
Vo =AxV, =V, =—L=79.5mV
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39.
Sol:
R,
Vin
1 R
2=Ry||— = -2
sC  sCR, +1
VAR R1 +sL
R
Vo|_sCR, +1
V. R, +sL
Vol _ R,
V.| (CR,+I)R,+sL)
It represent low pass filter with
D.C gain = R
Rl
40.
Sol: (i)

RiF

Apply KCL at Vi :

Vﬁzlﬁl1

Vx _\ll_vx +\/i_Vx
sk 10k 20k
V, 3V,-3V,

5 20

Vo= 2V,
7
L= \]1 _Vx
" 10k
V-2V,
= —1
10k
Vi _17.5k0
Ii
(ii)
R 1V
1
R = e—_—
0 Ix
Vp: RS
R, +R
Lo oY, 1V,
R2 Rl
11
¥ 5 (1—Vp)(—+—]
R2 1

R [RRa e
I |R,+R,
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41. Two stages:

Sol: V= Vi Gain=10 [Gain=10
Vce=Vc— Vg fi=1MHz fi=IMHz
Vee=15-Vi, M
given Vi, 0to 5 Volt fi = o 100kHz, f3gg = 100kHz(for
=Transistor is in active region single stage)

V. +15 17
[f=lg=2"2_2C_17A [+Vip=2V] Two stages (Overall):
10 10
9k
_ L 17 ok e
1+ 100 W 1k
V= Vi +0.7=2.7V ", N ;W’” |,
L= Vop -V 1k - +
® 100 1 +
Voo =27 1.7
100 100
Vop =4.4 Volt =
’ Overall BW = f3g5 2" —1
k065
Sol: Single stage:
Gain = 40dB = 100, fr = IMHz = Gain BW g?)l (@)
£, 10° ' .
BWo>f,, . =—Lf =—_=10kHz R=1MQ
* " Gain 100 MW
100 i
< L .
100 ' + Vo
5 +
\/5 Vin
10kHz 1MHz =
—f
99k Gain= —°:1+1M:100:>R1:10.1k§2
MWV in Rl
w18
1k ) 10.1kQ2 MO
+ ’\NV\/I
= —IB 100 —V/
1 =0 n 0
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Vo= Is(1M) - L 100nA(1M)
= 100nA(1M) 10
=0.1V =0.01V
(b) (d)
— op-amp draws current
— op-amp CKT the curve doesn’t pass
through ‘0’ (transfer characteristics)
IMQ
AW
10.1k
100nA|  >——
1 +
_l’_
V()S:lmV
) —0.1+0.01
VO - VOB l‘+ OOff t Volt: :0.11
(1, )+ 1+ X2 v “4. -
R, Sol:  Given
= 1M (100nA) +100(1mV) R =R; = 10kQ
=02V 6=
© R AW
® Vim Ry =
R1 -
i - —e Vin2 AN f Vo
1 + R3
) Ry
Rcomp = R]//R2 =
R
Vo - R_?(\/inz - Vinl)
IM
= = E( in2 inl)
— Reomp = R1//Ry, then Vo = (Ig; — In2) R»
=Ios R2 :
VO — (IBl _IBZ) Rz Given Vos =4mV
=Is Ry I[g=03 pA
=1/10 (IgRy) Iys = 50 nA
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R B
[3+SCR +————]
R SCR
h | |
— p= T 870
< 2 3+ j((oRC - j
) + ®RC
VOS
_ R,
A
R WVV
R3 R4 E; S N
= = +
_ v,
V, = 1+&}VM +I R,
L Rl
_1+ M 4mV +50nA[IM] A= Yo R
| 10k f R
= 434mV Loop gain=1 > A=1/B
45. AB —
Sol:
° [l Vi R Vi R 1
I A X =3 +1 y
1/sC l T e J((DRC chj
+
Vo) R 1/5C Vi 4
_ —‘7 Equate imaginary parts
0=0oRC- ——
oRC
KCL
o’ = !
VX_VO_FL_}_VX_Vf:O (1)
(1/SC) R R
Vf — Vx Vf — 0 (2)
R (1/SC)
From (1) and (2) eliminate V
\Y
B: _f =
VO

Il
W
v

B=1/3

ry

22
R°C
1
f =
27RC
SCR
22p 2
[S?’C?R? +3SCR +1]
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46. -
1 Vin — Ve = 2x10°x1 (I:uJ
Sol: ®wg= — 3k
LC V- Ve =2V
_po_O3k Ve=Vip-2=4V
V0 R, + R_+05 1
9k Vtrigger = g VCC =3V
A=1+—=10
1k Ve=3Vto4V
AP =1 for sustained oscillations
49.
_ 05k x10=1 Sol:
R, +0.5k +4V -
~ Ry=4.5kQ NS "
+
Vi (~
47. _<> I{L Vo
Sol: Given § = 1 -
6 V;=8sint V
A 1_,_& During —Ve cycle, Zener is Forward
R, biased and act as short circuit.
AB =1 for sustained oscillations =Vo=V;
R_ l _ During + Ve cycle,
R, 6 For 0 < V; <4, Zener OFF Since
R, _ Zener is not in break down
R =Vy=0
R,=5R, For V;> 4, Zener is in break down.
=>Vo=Vi—4
48. Vi
Sol:
+9V
R=3kQ VCCV
_ Threshold
R, =2k ) Output
| trigger —
Discharge
+
Ve
2 2
Vth:EVCC:§X9:6V
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50. 30-10
Sol: o = oG 0.22A[ 1, . =0A]
I
— 3’\9\/9/\19 °_|_ Pz = Vz Izmax
P + P,= 10 x 0.22
Vs@ %wv 1K Vo P, —22W
N ° 52. .
= . ot
I,= ImA to 60mA Sol:
=Y.V, 30002
300 E
Vsmin B 10 b V
=500 ———0 L | T 0
- RiZ1k
max Vsmax _ 10 —(II) = =
300 Vi = 10volt
Imin = Izmin + IL [ IL + VZ = lOmA} VE =10-0.7=9.3volt
Tk Ig =9.3mA
Lyin = ImA + 10mA = 1 ImA :
L=l _OSMA o) 07.A
Inax = 60mA + 10mA = 70mA I+p 101
From equation (1) and (2) required range of I, = S =26.67TmA
Vs is 13.3 to 31 volt. 300
[ =1 -1, =26.57mA
51. 53.
Sol: Ry IL=(0-100mA) | g
AW [
i 30Volt R y
Vi=20t030vole (f o 2R, ~ N/ Ji
1 Ill 1kQ $100Q
= N 1
The current in the diode is minimum when lovﬁgj =
the load current i1s maximum and v is - L Vo
minimum. = [ l
1 5kQ2
R = Vsmin _Vz Vp = IOVOlt
L +1 =
Zmin L max Il _ & _ 2mA
__20-10 5k
* (10+100)mA =V, = (6k) [;=12V = Vg
R, =90.9Q Ve = 30volt
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= Vg = Ve — Vg =18 volt. Vb 1g
=1+ —

I = 2m+—2 —122mA Vs —{ M,
100 }
B ¢ 14
I |
=1 1P I | M,
= [c =0.120Amp Vi = Vg -
= Pr=1Icx Ve =
S Pr=217TW
Overall transconductance
54. i oi 1
Sol: gmzv—dz[ﬁ}=%
220Volt & as &
A,
The overall (approximate) transconductance
of the cascode amplifier is equal to the
transconductance of common  source
amplifier g,
AC model of MOSFET
@ © .
n * * n J |—4AM,—0
Vs &m o = Vg gmVgslo
Vp = 10kx [ = 15volt B Vs _
I = 20—V, = 2015 = 5mA @ Thevenin equivalent
1k 1k
B large = I~ 0A Let us find the output resistance R, = v
SoIe=1p=5mA X
@ o2 @ Ix

55. Ans: (¢) T B

Sol: The circuit given is the MOS cascode Voo gm2 Vs To2
amplifier, Transistor M; is connected in = =—g +
common source configuration and provides @
its output to the input terminals (i.e., @ o1 @ 1Lk d
source) of transistor M,. Transistor M, has ° AW ‘_‘

a constant dc Vgltage , Vbias applied at its V:QD \}L y y Zm1 Vs Tor Ro
gate. Thus the signal voltage at the gate of " 8 + =V

M, is zero and M, is operating as a CG " @

amplifier. Which is current Buffer.
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":@~ écp..% 20 Analog Circuits
By KVL Vgsz + Lirg; =0 %Y 1
VA o p— (1) H,Coy (f (VGSI = Vi )VDSI _EVDS12
1
By KVL
1 W
—1+1r02 — gmro2Vgs2 + Ixtor = 0 =3 1,Cox (f) (Vosz = Vi)’
—1 +1xr02 + gmoto2 Ixto1 + Ix 191 = 0 2
. 1 1 \Y% —1V2=(1—V )
- Ix = ~ X 2 X X
Ty + Ty + €010 T, g Tyl
1Ol 02 2702701 2701702 3Vx2—6VX+2:O
R,y = T~ 8mloln V,=0.42V, —1.58V
x Vy cannot be more than 1V, since M, will
become off
56. So, V=042V
Sol: ——33V
57.
Sol: Given Ipgs=10mA, Vp=-5V,
_ Vg =-2V and rg = 30 kQ
A o BV
Vas2 A 10kQ) G D .
R +
+4’ M; lh v, 1MQ’> - §rd:30k Eg Vo
Vasi —
= L o
)T )
2 1 Vo =—8mVes (1dl|Rp)
Vtu= 1V for both M; and M
For M, to be in saturation: . Ay = —gn(rd|Rp)
Vb>Vg— V1 v 2
3.3>2-1 15 =1DSS{1—ﬁ}
33> 1 =
So M, will be in saturation if it i1s ON. Ve=-2V
For M; to be in saturation: Vgs=-2-0=-2V (..Vg=0V)
Vp>Vg— Vru 27
VX >21 ID =10m 1—_—5
Vx >1V but if Vx is more than 1V, Vs> -
. Ip=3.6 mA
becomes less than 1V, Which means M,
will be off so M; can not be in g = 215 s
saturation. " v,
pr, We can gonclude ‘ that M; is in 2./(3.6m)(10m) 2x6m
triode and M, is in saturation = s = =2.4ms
VosiZ2V Av=—(2.4x 1030k || 6.8 k
Vpsi= Vx v=—(2.4x )i | 6.8 k]
Vgs2 =2 - Vx V =Ay=-133
Now, I, =1, Vgs
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10°
Vy=——V
£ 100 +10*
=0.99 V,
\Y
7(: :AVs
= _13.3x0.99
= _13.16

58.
Sol: DC Equivalent

Device equation

2
(1) Ips=Ibss [1 — k}
V,

P

— 0.8 mA=1.65 mA[1 _ Vs

= VGSQ =-0.607V

v
Olos =2lpgs| 1= -
OV A
=2(1.65 mA)[l - M}P
2 2
=1.149 ms
(111) VG = VGS + IDSRS =0
— —0.607 + 0.8 mA(Rs) = 0

1 WG _ 758.75Q
—0.8mA

(iv) Voltage gain (Ay) =— gmRy4
Gain (dB) =20 log Ay

(i) gm=

20 =20 log Ay
=Ayv=10
= 10=gnRy
= 10=(1.149 m)Ry4
.. Rg=8.7kQ

=

|

1

v

\£
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