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Chapter Diode Circuits
(Solutions for Text Book Practice Questions)

Objective Practice Solutions 5V
01. Ans: (d) ;14
Sol:
1V Vo=1V
o— (1-2)
2Ve—/ —
2V, N D2 ° Jye— —
'/'D v, (1-3)
3V M > = D, & Dj; are reverse biased and ‘D’ is
forward biased.
l 5kQ i.e., D; only conduct
L 5-1
- o Ip = —— =0.8mA
[ 5K
(1-3)
v 03. Ans: (d)
2Ve 53 V=3V Sol: Let diodes D; & D, are forward biased.
= V=0 volt
3V 12:lO—O:2mA
25K0 K
Io ¢ T _(_
' N = N
= 10K
Apply KVL at nodes ‘Vy’:
= D,, D, are reverse biased and Dj is -L+L-L=0
forward biased. =l =~(L-L)=-ImA
i.e., D; only conducts. f+10v
- Ip=3/5K = 0.6mA £ 5k0
v

02. Ans: (b) —1,
Sol: _L_._._

o =

5V L| S0k

Iol = 5k
° 10V
1V, L1 . . _
° °V, So, D; is reverse biased & D, is forward
™~ )
biased.

3V |_-1Ds = ‘Dy’ act as an open circuit & D, is act as
° N short circuit.
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Then circuit becomes
°o+10V

I—ﬂ ! Vo
15k
$10K
_Tov

:VO:Ika(%j—IO

o Vp=333V
04. Ans: (¢)
Sol:
2V
e N
[ O
A :
Vo
Vm ) VX RL
- T
Apply KVL to the loop:
Vin—2-Vx=0

= Vx = Vin_2 _____ (1)
Given, Vj, range = -5V to 5V

= Vyrange =-7Vto 3V [." fromeq (1)]

Diode ON for V, > 0V
= V() = Vx

Diode OFF for V, <0V
=Vo=0V

. Vorange =0 to 3V

Output wave form:

Transfer characteristics:

A VO

05. Ans: (b)
Sol:

AMM
VVVY

For V;<-2Volt, Diode ON
= Vo=-2Volt

For V;> - 2Volt, Diode OFF
= Vo=V,

A VO

+5V

-2V
-5V

06. Ans: (¢)

peak value.
= Vc=Vp=5V
= Vo=Vin—Vc=V; -5

Vinrange =— 5V to +5V

Sol: For positive half cycle diode Forward
biased and Capacitor start charging towards
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07.
Sol:

08.
Sol:
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. Vorange =— 10V to OV

V()?
0

-5V --1

—10V - -1

Ans: (d)
For +ve cycle, diode ‘ON’, then capacitor
starts charging

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

Now diode OFF for rest of cycle
= Vo =-V¢ +Viy
=Vin-3
Vin range : —10V to +10V

.. Vprange: —13V to 7V

4V,

7Volts

=3Voltsf~==-1~-==~"----

—13Volts

Ans: (a)

Always start the analysis of clamping
circuit with that part of the cycle that will
forward bias the diodes this diode is
forward bias during negative cycle.

For negative cycle diode ON, then capacitor
starts charging

= Vc=Vp+9
=12+9
=21V

Now diode OFF for rest of cycle.
= Vy=Vc+ Vi
=21+Vp
Vin range: —12 to +12V
Vy range: 9V to 33V

09. Ans: (b)

Sol: During positive cycle,
D; forward biased & D, Reverse biased.
LYoo
1l
aF 3

Vi)

V¢, = Vin = 6volt
1

During negative cycle,
D; reverse biased & D, forward biased.

6V
-

6v(®) =Vo
+ —

ch:—6—6:—12V
Capacitor C, will charge to negative voltage
of magnitude 12V.
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Conventional Practice Solutions v v [T [ e Sl xif x << 1]
m m RC
01. L
Sol: R _VmT
W + "L RC }
D/ D, I
viu® 2 Vi=to
2V T T3V
- 03.

For positive cycle: Sol:
o If Vi, is lie between 0 and 2V i.e 0< Vi, <2V, Dlﬁ/\ D,

D, and D, are off, so Vo = Viu

| | N Vi) g

e If Vi, is greater than 2V D; is short circuit and

D, is open circuit, then Vo =2V 4 D;
For negative cycle: R,

e [f Vi, is lie between 0 and -3V 1.e. -3V < Vj,
< 0V both D; and D, are off. Both are acts as
open circuit, so output Vo = Vi,

If we interchange the given circuit as the
load at transform and transform at load

nodes. A
e [fV;,is less than -3V 1.e Vi, <-3V diode D; D
is open circuit and diode D is short circuit, so Dlﬁ/\ 2
output Vo=-3V. +V, q\
P § 22999, D

B T
02. \ '::8‘;@/
Sol: D4Q\/ D;
| \ C

During positive cycle of Vy in the circuit all
diodes [D;, D, D3, & D4] are ON

But, when we check in negative cycle of Vi
all diodes are OFF.

% / Positive cycle of Vy [D, Dy, D3 & Dy are
NS ON]

ov= \:;0 R §

[T<<RC = —— <<1] =
RC

Ripple amplitude = V, = [Vm _ Vme—T/RC]
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Negative cycle of V [All diodes are OFF]

Vo= 0\% QE/)%
B ~

Vo =0V

Conclusion:
We should not interchange the positions of
the transformer and the load positions.

04
Sol:
1€ o
; D D i
+ 1 2
. Vo
V”‘—<> R 2R
+10V
VinT
0
-10V
l«— Imsec —
Vi
VX \VXI *Vxl
T T 20,
VO 20v |
0 l A
l V! v,
-V, -V,

Vil = (V) = ViV, ) =20V (1)

T
vV, =Ve t:E:O.Smsec
-T
= V eRC&q L = —T
i RC 2RC

Req =2RC [FB]

V=V |1-——— |[RC>>T
1= [Re>>1]

* 4RC
| Reo
Vy :—Vye
-T
Vyl - Vyechm, [Req = RC (D,FB)]
-T
=V, e2RC
y
T
=V | 1-——
Y 2RC
Let T =a
4RC
V., =V [1-d]
V,' =V, [1-20]
Sub in (1)

Sub in (1)

V' +V, =20

—>Vx— Via + Vy =20

— Vi +V,=20----(4)
[Vx=Via=Vyas RC>T a << 1]

From (3) and (4)
2Vy+V,=20—->3V,=20
— V,=6.66V

- V,=20-V,=1333V

For RC >> T, the output wave form is as
shown below

V,=13.33V
Vs T Vim Vi
0 - V,=V,
V=6.66V | _____
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05. b) Tano = 19 | Vi
Sol: Consider a half wave peak detector the (b) Tan (T/4)L At
calculate average value for triangular

waveform disch 10 0.93
charges 1Scharges _—
N /

/ T025m At
LA At=0.023 msec
+ ) \‘/ /

Vin _
O oouc S R =100Q o1 _cAY
Clvey E
~ 100 0.93
10Vp-----; v 0.023m
9.3V|--- NX Vy L —aa

V., 93
g S ]
\ @ I =2 =T00

Total Ip(max) = Ic+ I

0.7V ; v
-10V ;

T=1/f msec
9.3
=4+ —
When diode is OFF, the capacitor discharges 100
through the resistor =4.093 A

V, =V,e "

t=T

Im 06.

V, =93 1-—|=837V
Y 100 %100

DD, - FB
Sol: Case1: V;,>5V

D,D, > RB
Ripple amplitude, V.= V-V, =9.3 - 8.77

=093V
+10.7
1K
T / 0.93 (ripple)
0.7V
9.3V
l // f.:wv X . \ "
Vin 0.7 1K Vo
e——— Imsec — E é 1=
1K
1
3(1m)—-—(0.93)(1
(@) Vy, = Area _ 9.3(Im) 2 (0.93)(tm) -10.7V
Base Im
~93- 9P _gaay \'A =I(lk)=(wjlk:5\/
2 2k
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D,D, > FB 07.
Case2: V;,<-5V Sol:
DD, - RB rKl—’
AN o
R +
+0.7V n 1
IK Vin_() R, Vo
0.7V: Case 1: o
0.7 . V. R
—nl 0.7
N 1K Vo R,+R,
Vin -
_ 1 = R .
L -V, < —{1 + —2}0.7 [Diode FB]
107V R,
—> VQ = 0.7 + VlIl
10.7-0.7 y=mx+C
V, =—I(IK)=-| ——~ |IK = -5V Slope(m) = 1
2K - }0;7’\/
AW o,
+
Case3: —-5V<V;, <5V Vin O Vo
[DD,;D3D4s— FB] Case 2: o
- V,=Viy —\/ian >—0.7
R, +R,
+10.7V R
SV, >-{1+—2 0.7 [Diode RB]
1K R,
_ VinRZ
° R,+R,
R
AW o
_|._
OVin Rz Vo
y = mx o
Slope(m) = 2
pe(m) R,
OV
Vo i
T ' 7[0A7][1+—2} R,
75V : ! R1+Rz
| SV,v |
i a -%[07]
------- -5V !
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08.
Sol:
R=1puF
1 o,
_l’_

Vin C) C=1kQ Vo

+5V

VinT

0
-5V |
Vi

/Vv
l«— 10msec —»

Vy — Vxeft/RC
t= I = Imsec =0.5msec
2 2

-V, =V " s (1) RC=1K(lp)=1m

t/RC=0.5

from the fig
Vi—(=Vy) =10

Sub (1) in (2)
Vit Ve ™ =10
— Vy[1+e *71=10

—>V, = 10_05 =6.22V
I+e
S Vy=10-V,=10-6.22
=3.77V (from 2)

5 ,
=377V A

- 6.22V
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Chapter > Bipolar Amplifiers

Objective Practice Solutions

01. Ans: (¢)

Sol: LloV
4. 7K
4V
B =100
3K
Given, -
VB =4V
VBE =0.7
VB — VE =0.7
V=V -7=3.3V
- 33 o
3.3KQ

Let transisotr in active region

= lc=p/(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.

02. Ans: (b)

Sol:
0 110V

6-0.7=5.3V

VE:VB*VBE:6*O.7:5.3V

le= > = 1.6mA
3.3K

Let transistor is active region

__B
:>IC (1 N B) Ig
IC =1.59mA
Ve =2.55V
=>Vc< Vs
.. Transistor in saturation region

= Vcg(sat) = 0.2V

Ve-VEg=0.2
Ve =5.3+0.2
= Vc=5.5V
V=55V
+

Ve=6Ve——— 02V=V
V=53V

= Ic= e B 0.957mA
4.7K

Ig=1.6-0.957=0.643mA
B= lg :w:1_483
I, 0.643mA

Bforced < Bactive

03. Ans: (¢)
Sol:

+10V
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+10V

-10V

Vg =-0.7V
Transistor in cut off region
IC = IB = IE =0A
VCE = 10V
Vg =0V
VC =10V
Vg =0V
04. Ans: (¢)
Sol:
Ve=0.7V [ Vg=0V]
1= 10797 ) gema
Let transistor in active region.
=Ic= LIE = 1.84mA
(B+1)
= Ve=-10+ 1K x 1.84m
Ve =-8.16V
Vic=Vg— Ve =8.86V
VEec> Vis
.. Transistor in active region
05. Ans: (d)
Sol:

+10V

-10V

06.
Sol:

Let transistor in active region

Ve=0.7V [ Vg=0V]
I, = 10=07 _g3ma
1k

=P 1 -92mA

B+1
= Ve=-10+5K x 9.2m
Ve =36V
VEec< Vip
Transistor in saturation region
= Vgc = 0.2
Ve=Vc = 02 = Ve = 0.5V
1= 2310 5 A

Ig=Ig—Ic =7.2mA

Bforced < Pactive 1.€., saturation region

Ans: (¢)

Vi = (V+0.7)

VC = (VB+05)

IEzlc+IB

:>5—(VB+O.7) _ (V3+0.5)+5 N
1k 10k

VB
10k
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105~ Vg—0.7) =V + 0.5+ 5+ Vg
43-10Vg = 2Vt5.5

_ 435 =3.125V

B

Ig = 3125 _ 0.3125mA
10K

Ve=Vp+0.5=3.625V
Vg =3.825V

o Ig=1.175mA

S Ie=0.862mA

07. Ans: (b)

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

region.

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

4.3

Slp=—"
(101K +10K

=38.73pA

Ic = 3.87mA

Ir=3.91mA

= Ve= Vo =Ig(1k) =3.91 V

Ve=5V
Ve=5-10k (Is) =4.61 V

08. Ans: (a)
Sol:

Analog Circuits

Ve, =12V —4x10° x1x107

—8V
V, =8+0.7V =8.7V
_12V-V,
2 33k

_12v-87
3.3k

=ImAmp
Ve, =4k x1ImA =4V
V., =4V -0.7=3.3V
V., =33-07=2.6V

Vo=26V
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01
Sol:

Conventional Practice Solutions

(i) The variation of I with the variations in Vgg  at a constant Ico and [ is considered as sh,

BE

st = (;IC J with Ico and B Constant.

Derivation of Stability Factor (S):

Consider the collector current equation of a BJT in CE configuration:

[.=BIg+ (1+P) Ico

Differentiating equation (1) w.r.t. I¢
1=p ol +(1+B)—81C0

E ol, ClIC
ol
1-8l &8
aIco — B(alcj —»B
o, (1+p) s
- ol. __1+B E
aICO 1_[36173
ol
. ol _ 1+
Ol o 1-p 517]3
ol
Fixed bias:
+Vee

Stability factor S = Il __1+p

Leo 1-B 8178
ol
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KVL for the input section

I. = Vee = Vi
’ R
B

<

:>aIB—O

a.

S S=1+B

Voltage-divider bias or self-bias:

ol 1+

Stability Factor S =
ol o {GIB }
1-B —
ol

KVL for the input section of fig.10
Vg —1Ig Rg —Vge —-IgRg =0
Ve —Ig Rg —Vge —IcRE — IgRE =0 ( Ilg=1Ic+15 )

+Vee

Iy = VB _VBE — ICRE
R; +R;
oy, -R,
ol. R,+R,
1+
S=
R
+ B(E
R; +R,
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Collector-to- Base bias or Collector feedback bias
I 1+

<

Stability factor S=—5 =
v J Ao | _gl 0l
ol
+Vee
RCl(Ic+IB)
Jie
+
VCE

KVL for the input section of fig.8

Vee— (Ic + IB) RC—-IgRg— V=0

= Vee—IcRe—- IB(RC + RB) — V=0
Vcc — VBE N ICRC

=1, =
R.+R,
DOIB _ -R.
ol. R .+Ry
.S= 1+p

RC
+B[RC +RBJ

(i) Vc = (Ic + Ig) Rg + Vg + [gRg
1+

S=

Fo

R; +R¢
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02.
Sol: DC Analysis:

Capacitor are replaced with open circuit and ac source Vi, with short circuit]

Given 3 =100
+lov VeE=4-0.7=3.3V
L=vr =22 A
3.3k 3.3k
I. = B I; = (100j1mA =0.99mA
B+1 101

_ I _0.99m

S V, 25m
= £ 100 ~ 2.5kQ

L =—=——
g 0.99
25
AC Analysis:

[Capacitors are replaced with short circuit and 10V, 4V DC source with short circuit]
V,=—100i,[4.7k]

Vin = 15(2.5k)
Voltage gain
V.
O + AV = °
+ ib Vin
Iy 9 -
Vm b Blb 47k Vo — 100 [47k]
- o =25k T= 100, o _ 2.5k
=—188
The negative sign in the voltage gain indicates that the output voltage V, is 180 out of phase

with Vi,.
03.
Sol: DC Analysis:
[Capacitor are replaced with open circuit and ac source Vi, with short circuit]

Given 3 =100
+10V VE:4*O7:33V
L= Ve 233
4.7k 33k 3.3k
I. = B I, = 100 ImA =0.99 mA
B+1 01
@ g _ I 0.99m
— "V, 25m
w ! 100
I <33k _ P ~ 2.5kQ
g
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ﬁ; En ginearm‘Pnbll ations
Capacitors are replaced with short circuit DC sources are replaced with short circuit

(e‘.

N

AC analysis:

Vo =— 100ip[4.7k]
i, (2.5k) + 101iy[3.3k]
vV,  -100f47k] _
2.5k +101(3.3k)

Vin =1
The negative sign indicates the output voltage V, is 180 out of phase with input voltage Vi,

Voltage gain (A,) o

04.
Sol: DC Analysis: [capacitors are replaced with open circuits]
+9V

2k

3k 2.3k
+9V

The circuit can be redrawn as shown below
+9V

2k

R, =6k|3k =2k

% k -
= = g L

-|||—||—

\Y/
L 6k+3k
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Apply KVL at input loop
~Vun+ 1 Rth+0.7+IE(2 3k)=0---(1)
I I
po )
Bp+1 100+1 101
Sub (2) in (1)
I = V“‘_(i': == Ozk =0.991mA
23k +—H  23k+
B+1 101
I = iI (100)(0991 )=0.9816mA
B+1 101
I B 100 2.546kQ
&n {09816m}
25m

Small signal model of BJT (VA = )

% ~ 546k = 1001b

) Cap —> SC
AC equivalent

+
Vln @ %
L[ I
+ > i © +
Vin 6k 3k 2.546k 100i; 2k 2%k V,
L= o ha -
R, |

DCsources — SC

| K

2k 2k 'V,

..|J1
|

7 1

|

| Rin

Input resistance (Ri,) = 6 k || 3k || 2.546k
=1.12kQ
V, =—100i,[ 2k]|2k]
Vin = 1,[2.546k]

V, _ —100[2k || 2k]
V. 2.546k

n
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(V,/2k) A, R,

Current gain (Ay) = I—L =

1in (Vin /Rin) 2k
A - -39.2[1.12k] _ 0
2k

Output resistance (R,) = 2k ifVih=0,1,=0

05.
Sol: DC Analysis: [Cap — OC]
+12V

20k

20k 8k

12(20k)

Vy =0 ————=6V R, =20k || 20k =10k
20k +20k

KVL at i/p loop: [Given B = 100 Vgg(ON) = 0.7]
— Vi + IgRin + 0.7 + 1g(8k) = 0 ----(1)

L=t =t o)

B+1 101

Sub (2) in (1)

I, = Vi _1(1).7 = 6_?'071( = 0.654mA

8k+—"  8k+-———

B+1 101

I, = B I, =(100]0.654m: 0.6479m
B+1 101

p o B 100 100 5 eseka

g, (I1.) (0.6479m
Vt 25m
AC analysis: [capacitors are replaced with SC 12V DC source is also SC to ground]

+
@ V., <20k <20k Vo
- 8k
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iin
20Kk|[20k
=10k
Ry

v
-

Vo = 101ip(8k) - (1)

Vin = ip[3.86k] + 1011y, (8k) ----- (2)

vV,  101(8k)

V, 3.86k+101(8k)

[Note: CC Amplifier is a voltage buffer]

=0.995

Voltage gain (Ay) =

io=—0 4
in 10 b
V.

in

= +
10k 3.86k +(101)8k

V.

in

Input resistance (Ri,) = Yi“ < ! 1 =98780Q2 =9.878kQ)
1

m

+
10k  3.86k +(101)8k
[Note: Ry, = 10K || [r; + (1+B)Rg]

For calculating R,

R
V:@ Amp
R,
Set V=0
I
——o +
‘i R Amp ( )V=1V
R,
R - _IV
° It It

Connect 1V source at the output terminals

FindI, R, :%:111

t t

Set Vin =0
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N
® 386k 3.86k

KCL i, +100i, +1, = —
8k

I, =i—[101 il
8k 3.86k

Output resistance (R,) = Il
t

1
S
— . + -
8k 3.86k
[NoteRO = 8k || = }
1+
06.
Sol: DC Analysis: [Cap — OC]
L =1mA T, = P,
B+1
10k = @ Im
101
=0.99mA
== IKZEZ&:z.SkQ
g {0.99m}
ImA i
25m
%zlbsk 1001, [small signal model of BJT]
®
. Cap - SC
AC equivalent:
DCsources — SC

X0 OB 03 T TR P IO IS0 N Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada ¢ Vizag « Tirupati « Kolkata « Ahmedabad




o
/4 “u
v w 2 2
v v
NN %Y E gnunn. Pnbll ations

Analog Circuits

+

100i, %Iij 10k V,
1, _

®) 101i, =

V, =— 100i,[10k||10k]
KVL  iy(2.5k) + Viy =0

Vin = —ip[2.5k] --(2)
V,  —100[10k || 10k]

Voltage gain (A )=—>= =+4200
ge gain (A )= " =05
Input resistance (R, )= Yi“ = M
i —-101i,
=24.7Q
Output resistance (R,)
‘itest
+
100, 10k v
3 R, =1V
= ltest
1b(2.5k) =0 —> i, =0 — 1001, =0
output resistance R = E = IV =10kQ
i, [1/10k]
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Chapter > MOSFET Amplifiers

Objective Practice Solutions

01. Ans: (¢)

Sol: The circuit given is the MOS cascode
amplifier, Transistor M; is connected in
common source configuration and provides
its output to the input terminals (i.e.,
source) of transistor M,. Transistor M, has
a constant dc voltage, Vpi,s applied at its
gate. Thus the signal voltage at the gate of
M, is zero and M, is operating as a CG
amplifier. Which is current Buffer.

VD 14 D

VBias _{

|

Overall transconductance

oo [ G|
"V, |0V | V

gs 851

M,
¥ig
M;

=g

The overall (approximate) transconductance
of the cascode amplifier is equal to the
transconductance of common  source
amplifier g

AC model of MOSFET
© © .
n * * n * |—4AM,—0

Vgs Q?gmvgsro

Thevenin equivalent

Let us find the output resistance R, = lll

X

aQ
3
-
(=)
Il

«f\?\}»@“_r

J’_ —
Vst gm1 Ves1 To1
_ + =0V

02.
Sol:

By KVL Vo + Lo = 0

VgsZ = —Iro1

By KVL

—1+1xro2 — gmro2Vgs2 + Ixto1 = 0

—1 +Iiroz + gmoroz Ixro1 + Ix 11 = 0
1 1

Il = ~
ZmaToiToz

=
Loy T T + 8maloalnn

1
R, = I_ = Emaloilon

X

Ans: (d)
3.3V
v T 1 lelz
Vas2 _| y
b Mllh
J’_
Vasi—

o))

Vtu= 1V for both M; and M,
For M5 to be in saturation:
Vp>Vg— V1
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Analog Circuits

33>2-1

33>1

So M, will be in saturation if it is ON.
For M, to be in saturation:

Vp>Vg— V1

Vx >2-1

Vx >1V but if Vx is more than 1V, Vgs»
becomes less than 1V, Which means M,
will be off so M; can not be in
saturation.

Now, we can conclude that My is in triode
and M, is in saturation

Vgsi1=2V
Vpsi= Vx
Vgs2 =2 - Vx
NOW, I] = Iz

W 1
1, Co (fj |:(VGSI ~ Vin )VDSI - EVDS12:|

1
1 %%
= E 1, Co, (fl (VGsz = Vi )2

V- VE=(-V.)

3V -6V, +2=0

Vy=0.42V, —1.58V

Vy cannot be more than 1V, since M, will
become off

So, Vi=042V
Ans: (a)
@ +
+ gmvgs RD VO
Vs _

V.

mn

Vo = _nggSRD V. .
=V,

gs

04. Ans: (b)

Sol:
V, _ —Drain resistance
V.. Source resistance
- RD
RS
05. Ans: (¢)
Sol:
I 1
+ > 0
I 8m Vs
|
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A%

[ _ng
\/in ° 9 _ V5g+ S
= —gm(1/gm)
=—1 Vln C) Em ng
- D
Vo
RD ?

Common source

06. Ans: (b)
®

Sol:
: |
m— —0 Vo= m ng Rp
= S
M —oy/ = gm(*vin)RD
0
nggJERS Yo — _g R
L Vin m~ D
Vo= Zm Vgs R
Vin= Vgs * 8m Vgs Ry 08. Ans: (a)
Sol:
Vo _ ngS _ RS
\/in 1+ ngS RS + lgm VO
gmvin
J’_
Rp

Ans: (¢)
The correct circuit diagram is

+V

07.

Sol: In volume-I book, the diagram is wrong.

VO = Em Vin ><1{D

+ ———©°V,
Vin
- V,
= _0=ngD

<

n
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Analog Circuits

09. Ans: (d)
Sol:

VO = —IDRD
V — \/in —
GS 2 - \]in » 2Vgs

Vo LRy Ry g.Ry

o

Vi 2V 4%) 2

10. Ans: (¢)
Sol:

‘|||_
/
£

1/ Zm2

‘|||_/ \

Rou = To1 + (1+gmi 1o1) L

gm2
=101 t y + o1
ng

:21'01
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Conventional Practice Solutions

01.

Sol:
=

| «—
my
J’_

Vin

iﬁb‘b i

<n

MOSFET ac equivalent is same both for NMOS and PMOS

G4 D T
+

Vs gmVes it

- )

S

.|”1
.lp
ji

1
J“
J

1
— I,

m

R

eq

II_
O'Q

The given circuit can be redrawn

Vg it

+

Vin l

— 1 id

- Hrcﬂ

Rou 02 || H 03 H
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Vin=— ng

. V. 1
Vo =1d I.02 H_Hro} = VO :_gml roZ H_Hr03

m3 n ng

02.
Sol: AC equivalent:

To4 g m3

|||
;_
F
I\)

) 1
Vour =141 T,

O

Vin= Vgsl
Vv

1
\;utl = gml — || I‘02

in gm2

) 1
Vouar = —1g| Ty [|—IT,

o 03
m3

Vout 2

1
V- :_gml I.04 ||_||r03

i m3
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gs

R,

W\~ —

N LA =)
_VS Em2 ” i =
o—

Sub in (1)

1 1

i

\/ g

. o gmz ml
=2 =[g R,
Vv m 1 1
s Rs+ ||r02 ||

ng gml
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<

1
Ro :r01+(l+gmlrol{ || 2||Rj|
ng

04.
Sol: Given Ipss = 10mA
V(}s = _VGG = — 2V
VP =-5V
2
V.
ID = IDSS|:1_ VGS}
_ o,
gn = aVGS DSS|: }{ }
=2(10m 1—(—2j {—}
=5)1 -5
= 2.4m(éJ
v
Cap — SC }

AC equivalent
DCsources — SC

Rs = 10k

+

R, Vo

+
nggs Tas

Vo = —gmVgs[ras|/Rp]
Vin R G

V, =
¥ Rg+Ry
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\V4 IM
Vo Vo Yoo R, Re =—2.4m[30k||6.8k]{—}
V. V. V R, +R, 1M + 10k

in gs in
=—13.17

05.

Sol: Given Vp=-2V
IDgs = 1.65mA
I[) =0.8mA

2
) V
1 I, =IDSS|:1_ VGS}

P

2
—0.8m = 1.65m[1+%} — Vs =—0.607
. ol, V, -1
11 = =20 | 1-=—S5 || —
(i) g, ans DSS|: v, j‘[vp}

=21 .65m){1 + 0‘6207}[:_;}

= 1.149m(A/V)

(ii1) DC equivalent

KVL

IG[lzG] + Vgs +IpRs =0
0-0.607 + 0.8m(Rs) = 0
Rs=758.75Q

I=0
|—>

10 = — 1.149m [Rop]
—> RD = 8.7kQ)
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Chapter

Cascode Amplifiers, Current Mirrors
& Differential Amplifiers

Objective Practice Solutions

01. Ans:(d)

Sol: For the given differential amplifier,
IE = 1mA

I, = % =25Q

€

A=

E
V. -R -3000
70 I (or) —gmRc¢

] 25

Aq=-120
02. Ans: (a)

Sol: I,

L]
= 230

Vs
9k 8.3kQ

o —12V

I :—0_(_12):1mA
: 12k

0-Vg
[ =—01t
3K
VB =3V
VB — VE =0.7
VE = VB —-0.7
Vg =-3.7 Volt

I, = -3.7+12 CmA
8.3k
I, =0.5mA
r = 25mV _
° 0.5mA
_—R. -2000
50

€

A, =-40

50Q2

Ay

03.
Sol:

04.
Sol:

Ans: (a)

Since,

Vg = Vg, + R, =Vy +LR,

Since in current mirror,

Transistor default must be perfectly
matched

" IBl =132
& IBEl :VBE2

IlRl = IQRQ
et R = Icopy R

gy = L

**“copy — “ref R
2

Ans: (¢)

VO
0 —_g RC
vV, m
== 8m (3k)
— IC
m v,
I = 12-0.7+12 _ 233 —133mA
10k 10k
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@éﬂgg 33 Postal Coaching Solutions
I, 233 07. Ans: (b)
IC(DC) 3 —TmA—ll6mA Sol:
Ad=_1.16uAX(3A)=_1.16X3(k) <‘|
25uV 25 Tol
=—-139.5
0s. Ans: (d)
Sol: |+12V
To2
3k Lo 3k
Vo
+ = 1
Vin 7
_ 1 Rout = To1 + (+€miTo1)
= 3mA ~ (I‘oz//l‘nz)
1 =To1 + Tm2 t gmi To1 T2
T 12 =101 + P 101
3mA = (B+1) ros
¢(DC) = T = 1 SmA ~ Br01
_ Ic(Dc) _1-_5
En = vV, 25 08. Ans: (a) .
Ad=—gnR. Sol: Q; — I(V o1 gain)
:-2)(31( QZ - : :_ngRC
25 re,
=_180 LAY, =1x(—gmch)= g, R¢
06. Ans: (a) Ay = 8 R
Sol: ic
09. Ans: (d)
Sol: Q; — Actas CC [Ac circuit - [—>open]
Q;—> Actas CB

Y

oQ
=]

I
<

v,
ICRC —_—

Mo _

Vin

V.,
X0 OB 03 Ty} T 01 @ IO ITE T Nl Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow ¢ Patna « Bengaluru « Chennai « Vijayawada ¢ Vizag « Tirupati « Kolkata « Ahmedabad

C




gﬁu L AN Ld 34 Analog Circuits
Since for CC —»VO0l.gain=1 11. Ans: (d)
Sol:
For CB —» V0l1.gain=—¢ ) G D
re Vi—> —_
L _\
Vigs Iy
SAv=1 R._R _R. _guRe r f Sm Vs
L & 2Ye 2 Ri 1 S
1
2 _ ,
R, = L, where 1, = gm\/gs +—1
R L I
AV — gm c V d
2 i =g,V +—
Iy
10. Ans: (b) ~R, =¥= 1 __ I :L
SOI: 11 gmrd + 1 gmrd + 1 gm
Iy
Rt 1
+V0 | | gmrd +1 gm
Vi .—( Ml M,
12. Ans: (b)
5 Sol:
Iy
C
-V
. R R
For M;—>Vj.gain=-g_—*=g —LV
2 L2 Rin
. R
For M|—M; —Vj.gain=+1x 4 Eno
=+ ngD
2
ngD T
=V .
oo Ro=Yio Vi
n ii V [g . 1 :|
R R i| &dm T
Vo=V, =V, =g g, — |V m
1 2 1 2 2 2 1
“R, =
v, g +1
:>_ = _ngD m I'T[
) 1
= Vor.gain=—-g, Rp ~R, =1, //g—
.\ @ OB ) Tl TI0 g1 @ Qi) iE:N1 (1) Nl Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada  Vizag « Tirupati  Kolkata - Ahmedabad
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Conventional Practice Solutions

01.

Sol: The differential gain is defined as the difference between the outputs divided by the difference

between the input. As such, this gain is equal to the single-ended gain of each half circuit.
The symmetry of the circuits establishes a virtual ground at point "P".
Let us check the axis of symmetry

AV R, R, AV

° AMW—e—\WW\, o

®

Voltage gain (Av) = _gmlRout
- AV = gml [r01”r03HR1]

Sol:

?qu 1/gm
?eq =1/gm

The given circuit can be redrawn

ACE Engineering Publications
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":ﬁu éﬂg% 36 Analog Circuits
Vout = _ic|:RC +L+ RB2 :|
RB2 gm2 1+B
1+
B Vm:Vbe+ie[RE+L+h}
gml 1+ B
VOU
Vout Av :Tnt
—1{RC +L+—R*32 }
_ ng 1+ B
R - 1 R
1+ Vbe+i{RE++ Bl}
gml 1+B
Divide N; and D; by i
—{Rc +L+—R‘32 }
AV — ng 1 + B
N g
gml 1+B

= RC + L + h
gm2 1+B
03.
Sol:

Differential gain (Ag) for full circuit
= Voltage gain (A,) of single ended circuit
[Assuming symmetry]

o
m3
.\ @ OB ) Tl TI0 g1 @ Qi) iE:N1 (1) Nl Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada  Vizag « Tirupati  Kolkata - Ahmedabad
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Vin = Vgs
i { L }
dl 1173
V gm3
O _A —A. =

\/m ’ ‘ Vgs VO

1 +
- Il t,s Vin
m3 1 _

Ad 1 = _gm1|:_ || I.03::| L
- gm3 =
gml

If m; transistor also has early effect

1
Then Ad = _gml |:_ || r03 || r01:|
m3
04.
Sol:
— = + °
|_( - ) Vs gmVes To
) = Req=r, C = %L‘q

r‘ oMy r'

1 Req =102 + (1 + gmalo2)ro1

Iy My

q

- ®

|—( m;;l = ) Vgs2 ngVgs2 To2
1 R

The above circuit can be redrawn

Io2 I,

AA
I

4—|
R, =

t
t

Vg52+ItR=0—)Vg52=—ItR ______ (1)
KVL

— Vi + I((to2) — gmalo2Ves2 + LR =0
Vi=Ii[roz + (1 + gmaro2)R]

X0 OB 03 Ty} T 01 @ IO ITE T Nl Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow ¢ Patna « Bengaluru « Chennai « Vijayawada ¢ Vizag « Tirupati « Kolkata « Ahmedabad




<<

& ACE 3

e m
!”4__ mLReq2

¢
&
7

em "R,
[

Rout = RequReq2
Where Reql =TIyt (1 o gm2r02)r01

=To2 T To1 T+ Zm2l02161
R Zm2lo2l01

Req2 =To3 + (1+gm3r03)r04
=To3 + To4 + gm3ro3ro4

X Zm3lo3lo4
Rouwt = Req1||Req2

Rout = gm2r02r01Hgm3r03ro4
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Chapter > Operational Amplifiers

Objective Practice Solutions

01. Ans:(d)

Sol:
300Q2
MW

°+

10V 1K Vo

1,
N
Vs &

_|§c+_

.|||}_

I, = 1ImA to 60mA

_ Vs _Vz
300
V. —10
I . — Smin I
m =T 500 (@
V. —10
I — Smax II
max 300 7( )

Imin = Lmin + I [ IL + VZ = 101’11A:|
1k

Lpin = ImA + 10mA = 1 ImA
Imax = 60mA + 10mA = 70mA

From equation (1) and (2) required range of
Vgis 13.3 to 31 volt.

02. Ans: (a)
Sol: I (0-100mA)

R
AV 2l
+
Vs:20 to 30V01t@ 10V Ry
-

The current in the diode is minimum when
the load current is maximum and v is

minimum.
Vo~ V.
— s min z
=
zmin + L max

_20-10
* (10+100)mA
Rs =90.9Q
zmax 30 — 10 = 022A[“ ILmin = OA]
90.9
PZ = VZ Izmax
P,=10x0.22
P,=2.2W
03. Ans: (d) .

Sol:

Vo
I, l 10
) RL?H(
Vg = 10volt = =
VE=10-0.7=9.3volt
I =9.3mA
_ I, _93mA — 92.07uA
1+p 101
I = 18710 6.67ma
I,=1-1,=2657mA
04. Ans: (b)
Sol:
30Volt g v
3000 7 lIL
I ‘l 1kQ 21000
* =
-1 v,
Ill 5kQ
V, = 10volt =
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Analog Circuits

=19 _oma

Sk
:>V(): (61{) I]ZIZV = VE
Ve =30volt

= Vcg=Vc— Vg =18 volt.

=1+

Ig= 2m+£= 122mA
100

_ By
1+p ©

= Ic=0.120Amp

=1

= Pr=1I¢c x Vcg
S Pr=217TW
05. Ans: (¢)

Sol:
?20Volt

=—mA
10k 10

Vp =10kx [ = 15volt

20—V, 20-15

I
¢ 1k 1k

B large = Iz = 0A
IC = I() =5mA

Sm

A

06. Ans: (b)
Sol:

using millers effect,

“ 14100
50
1mH

o
1ImH

L

= ~ luH
‘4141000 H

07. Ans: (b)
Sol:

08. Ans: (d)

Sol: V, = (1 + &jvi
Rl
V, = (1 + éjz
3k
V, = 1—Ovolt
3 2O
3kQ

— L,

—_—

»> oV,
Tzv 1kQ
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Postal Coaching Solutions

09.
Sol:

10.
Sol:

11.
Sol:

[=—2=—mA &
Ik 3
10
V0 -2 ?_2
I, = =
2k 2k

Ans: (¢)
-R
0= 2 \]in
Rl
Ans: (¢)
+
Iin
Vo = —IinX 1K
[ xIK I
IL = = —
2K 2

Ip+ L+ I.=0
I

[+, +—=+=0
2

21, +2L +1. =0

210 = _3Iin

L _-3_ -15
L. 2

Ans: (a)

Apply KCL at V,:

0.5k

12.

Sol:

13.

Sol:

_ Va _Vb + Va _Vb
2k 3K
1m < 3Va =3V, +2V, -2V,
6k
6=5V,— 5V,

6
Va*V - —
* s

1m

V, -V, =1.2Volt
=YY 12 660

2k 2k
L= 12 =0.4mA

3k
V, =0.4m x 1k = 0.4 Volt
I = Vb — Vo
'0.5k
0.6m = 04-V,
0.5k

03=04-V,
.. Vo=0.1 Volt

Ans: (¢)
-1 ~10x107°
RS- B &
c C 107
Ve =-5Volt

x0.5x107°

Ans: (d)
Given open loop gain = 10

Rl

V. —
' 1+(1+Rf}<1
Rl A0L

<

v, _(1+3)
Vi 1+i
10
V, =V, x 4
4
I+
10
v, =24 5715Vl
4
1+—
10
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14. Ans: (¢) 17. Ans: (b)
-R / Sol:
A/ R
Sol: —* = !
V. 1Jr(1+Rf/Rl) L v,
AoL Vi o—— L
IdZ20k0
vV, -9 i
— = MW— Vi
Vi .10 L 10kQ
10 2=5kQ
Vo _ -9 & F
Vi o2 Apply KCL at Vy :
Vo=-4.5Volt pply RLL at Vs
v
=1 +1
15. Ans: (¢) Sk
Sol: SR = 27tfimax Vomas Ve ViV, ViV,
€ 5k 10k 20k
y, = SR _ 10 _;95vol
max 2nfmax 2nx20%x10 Vx i 3\]1 = 3Vx
AV 5 20
VozAXVi:Vi:—°:79.5mV 3
A VX = _\]l
7
16. Ans: (d) V.-V
Sol: h—
10k
R, V, - é V,
+ i = 1
Vid 10k
= % =17.5kQ
1 R, i
2, =Ry||— =
C sCR,+1
18. Ans: (d)
z1=Ry+sL Sol:
R,
V,|_ sCR, +1 h
V.| R,+sL
Vol _ R,
Vil (sCR, +1)(R, +sL) Rg IRY
It represent low pass filter with i v
1
D.C gain = —2 Ro=—
R, I,
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Postal Coaching Solutions

Vp= R,
R, +R

L= 1-V, +1—Vp
R, R,

19. Ans: (b)
Sol: At Low frequency capacitor is open

AN\
R
R, y
VO - _& X \]in
Rl
Vol _Ry
\/in Rl
R,
1{1
frequency
LF HF ]

Low pass filter

At high frequency capacitor is short

yyyw—

OV DA
Vin
Y% ——VOZOV
1
HSC
WW
R,
Vin _VO
1
sz; R,
<= =Z, ... (1)
R, + 1+scR,
SC
V4
V,=——=2xV._ ...... 2
0 Zl in ()
_ Rz
Vo=~ 1rser, < Voo @)
Rl
Vo Ry 1
V.| R, 1+sCR,
Rz
Vol R, _ b
Val fl+0’CR2 V2 V1417
(DCR2:
1
W=
CR,
Vol 1
\/in 1+L
M35
o =1
3dB RZC
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Analog Circuits

20.
Sol:

21.
Sol:

ACE
Ans: (¢)
R,
MW

R

Vao—Wih

R F@—WW%+ oV
id

Vl R1 R2
To find input resistance Rjq (differential
input resistance) look from input port.
Connect a voltage source Vr &indicate

current It from positive terminal of Vr as
shown.

53

Ri

L

+
R»

Op amp in negative feedback virtual short
valid.

Writing KVL :>VT = IT R] + ITRl

in loop = 2I1R;

MY

T

Rig= 2R,

Ans: (d)
To find common input resistance (Rem)
connect a know voltage source Vr as
shown.

R

V)

Virtual short

22.
Sol:

Due to virtual short Two R; resistors are
looking as in parallel
R;

Ri 11/

—V,

Writing KVL; V, = I?Tx R, +-+xR,
1
= ?T(Rl + Rz)
ﬁ ~ R, +R,
L; 2
Ans: (¢)
Vin +Vsat
=8sint Vo
_Vsat

4V T

Vin> 4= VO » +Vsat
Vin< 4 :>V0: _Vsat
Vin=4 = 4 =8 sint
sint=1/2
t=30

!

;

et B bk

Vo
+Vsat I_
j 750 180 360 g
Vel -«—>
TON
TON: 1200, T =360°
Duty cycle Toy 120 1
T 360 3
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23.  Ans: (0 Case(i) Vo=+4
Sol: :
o V = ﬁ
3
_4xl1 N Ix2 6 _
To1+2 142 3
v (super position)
* V>V
3k
2> h
L 3
Case (i) Vo=+10 N Vin<6
V_=V; +10 .
3 > > Case (i1) Vo=—+4
V+ = 10 X PN Y V
10 V_ =
=3 — 4 3 3
V.>V_ 3 5 - v :—4><1+1><2:—_2
Vi<3 -10 o142 1+2 3
Upper trip point V>V, > +4,
Vin 7 2 Y
Case (ii) Vo= -10 373 Y -
V-=Vi Vin>-2 4 -4
V= —10x— R
10 Hysteresis width = UTP — LTP
=3 = 6-(-2)=8V
V_>V,
Vi3 25.  Ans: (d)
Lower Trip point Sol: V=10 sin(2mx60t) — 0.1 sin(2x1000t)
S V,= 10 sin(2nx60t) + 0.1 sin(2mtx1000t)
Hysterias is width = UTP — LTP
=3-(-3)=6V o
R
24.  Ans: (d) R=1k 2
Sol: Vie-ww—— -
R
V, \ H Vo
1k
R2=10k
Given circuit is a difference amplifier
Tk Vo :%(Vz _Vl)
1
'V = 10(V> V)
_Vuxl VY, =10 x[2x0.1sin(27t x1000t]
142 3 Vo= 2 sin(2rx1000t)
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Conventional Practice Solutions

01.
Sol:
+5V

Virtual short is valid only when the base to emitter function is forward biased. It is true only when

Vop 1s positive. Let us check.

Vin
(0103V) ) A\ b %}
V,, 18 positive and B-E function is FB

-15V

.. By virtual short Vg = Vi,
Vce=Ve— Vg
= 15 B Vin

Vinrange=0to 5V
Vg large = 10V to 15V
As Vg is positive. It means the collector to base function is RB and the transistor is in

Active region.

_ _V,—(=15) _2+15

©r 10 |y _,y 10
=17A
I, 1.7

I; = =—
B+1 100

> V=V, +07=2+0.7=2.7V
V-V, 17

I, =
100 100
V. -27
o _17 SV, =44V
100 100 P
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02.

Sol:

()

47

Postal Coaching Solutions

R,=1MQ
AW
R,
4 -
N + Vo
_l’_
Vin
Gain =—% :1+M =100
Vin Rl
= R;=10.1kQ
I p——
10.1kQ2 IM€2
M @ -
A - ¢
i =0 IBF 100n Vo
Ima + ko= 100nA
IM+ 0=100nA = IB
Vo=1g (IM)=100n(1M) =0.1V
(b) — op-amp CKT the curve doesn’t go through ‘0’ in transfer characteristics
IMQ
10.1k
AW —5
‘ 100nA —
1 +
_l’_
()VOSZImV
Vo=V,

1L

/ (Vos=1mV) — Vid
VO
Offset Voltage
= IM (100nA) +100(1mV)
=0.2V
Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow ¢« Patna « Bengaluru « Chennai « Vijayawada « Vizag « Tirupati « Kolkata « Ahmedabad
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v
W

0‘\ (4
R,

Rcomp =Ri//R;

_|_
Vin

—> Rcomp = R]//Rz, then V() = (IBI — IBQ) R2 = Ios R2
Vo= (Is1 —Ig2) Ro = Ios Ry = 1/10 (IgR3) = %IOOnA(lM)

=0.01V

(d)

R,
_.VO

=0.1+0.01

+|V,
Bias current

0 Offset Voltage

V, =V,
=0.11

03.
Sol:
‘ IMQ
10k
— VW ;
g
- Vo
= 10k
IMQ
X0 OB 03 T T R R IO ITE T N Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada « Vizag « Tirupati « Kolkata « Ahmedabad
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04.
Sol:

Calculation of V_ due to Vs and I

error

1MQ
L0k VWV
+
= L— o
_ v,
error
+
Vos
10K 1IMQ

6
vV, = {1 + 110%}]“ +1, [IMQ] = {1 + %}m +50nA(IMQ) = 0.454V

error

If the circuit has to oscillate and generate a sine wave, it should simulate a 2™ order differential
equation(two pole system). This is possible by a minimum of two RC networks or one LC
Network if op-amp open loop gain is real. In the problem given, op-amp is a single pole system.
So with a single capacitor externally connected, it should sustain a sine wave when the loop gain is
equal to one [Barkhausen’s criterion]

If a circuit has to oscillate, loop gain = 1

Ve Vi Mo _
VO Vf Vx
Vf— VORI
R, +R,
Vi R
V, R,+R,
v, e
sC, v,
Vi= 1 1+sC.R
R,+— +T5LoRy
sC,
V,
V_j:1+SC0RO
V
Vf—Vx:Vd:XO,
Vt X VO
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Ry J 1R, +R2)}[1+SCORO] =1
R, +R, Ro,

S(Rl +R2) i s’CiRy (Rl +R2)
Ro, Ro,
s = jo and equate real and imaginary parts on both sides Equate imaginary parts

R, +R
{CORO_I_{:O
1(’01

=1

R
! {1 +sCR, -

Equate real parts

R, 1+ CozCoRo(Rl +R,) —1
R, +R, R0,
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Postal Coaching Solutions

LR (LK
.. R, 1K
(i) o = = =10K rad/sec

C,R,  0.IuF(10K)

R, [9K
R 7R
L= K _ 3K rad/sec

0)0: =
C,R, O.IpF.10K
0s.
Sol:
I R
AW
+
Vin
- + §R2 \j;
—wwW— b
R3
R4

While calculating the output resistance short circuit the input voltage and apply 1V source at output.

59

= N £R2

DVX
R3
R, =
Ry

_ VR, =
R, +R,

V,=1+—2 el (1)
4

Ix—l_VX+1/R1 ----- )

2
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Substitute eq(1) in eq(2)

-1+ R

R
=—L adi R,
R

2

For output current to be independent of output voltage, the circuit should be a current source(with
grounded load) with Ry = oo (ideal)

-1 =0
_ _F% _l_
R4R2 Rl
—-R,R, =RR;
06.
Sol: Given R4 = 1kQ .
I, = 1kQ
Ay =10

KCL

-V, i+L+L +V, -1 :3
Ik 1k 3k 3k | 1k

—>V{3+3+1}+V0[_—1} _6
3k 3k 3k
S5 Vo [7]+ Vo[=1] = 6 —(1)
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KCL
V,—(20-10V,) V-V, V,

1k 3k 1k

v, L+L+i +V, &—L ZE

Ik 3k 1k Ik 3k 1k

v, 3+1+3 iV, 30-1 :@

3k 3k 3k

TV, +29V, =60 ----(2)

~Vo+7V2=6 (1)  [multiply by 7]

—7V,+49V, =42

102

78V, =102 > V, :§:1.307

-V

o

_60=29V; sy
7
07.

Sol: The given filler is a bandpass filter with lower cutoff frequency (f) = 20 Hz and upper cutoff
frequency (fi) = 20 kHz with a gain =20 dB = 10

1

R, ——

| Tse,

R+ L {R}

V,(S) _ SC, | _ [1+SC,R,

Vv, (S) R, b 1+SCR,

SC, SC,

V,(8) _ ~-SCR, _-R, SCR,
V,(S) (1+SC,R,)1+SCR,) R, (1+SC,R,)1+SCR,)
_—R, JoCR,

R, (1+joC,R,)1+joCR,)
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Analog Circuits

Given oy >> o,

At m:mL—>‘

08.
Sol:  Op-amp gain is 60 dB = 1000 at
f=10 kHz
.. unity gain freq (f;) = Gain .BW
=1000. 10k
=10’ Hz

(a) DC gain=120dB = 10°
ft =DC gain f3db
d 107 = 106, f3db 4 f3db =10Hz

(b) unity gain freq (f) = 10" Hz

(c) fi = Gain .(1KHz)
— 10" = gain .10’ > Gain = 10*
— Gain = 80 dB
09.
Sol:

T=10m—t
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Vin = Vpsinot + Vpe
= VuSin2zrft + Vpc

. 2r
=V _sin—t+V,
m T DC

=lsin2—nt+l
10m

=1 + sin200mt

R
c MIR
| | N
|| oV L o
+ — _ v
IC:IR
Cdv, 0-V
dt R
cav, AN Syl pedVe
dt R dt
R =100k S
RC=10".10" =Imsec
C =10nF

V, = —1mi(1 +5in 2007t )
dt

=—-Im 2007 cos2007t
Vo, =-0.628 cos 2007t (V)

le——T=10ms—

0.628
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10.
Sol: Chork Qution = 1
W Cimrg
AW
—- R,
Low ®» N 5w
+
V-
KCL -
0-V, V,-V_  V,-V
R, R, R,
VX = V2 Vl +V2 L+L
R2 RG Rl Rz
Vo V{L+L+L}V{_ﬂ_“m
R2 Rl 2 1{G G
KCL
11.
Sol:

|<—Schmitt trigger —>|<—Miller integrator —>|

A triangular wave generator is designed using a Schmitt trigger and miller integrator
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Operation of miller integrator
T v, 1
0

+
-, ov L o i
Vo m= _ vsal
—I: CR,

T I

I — Vsat _O Vsat
R3 R3
\A _ljldtz(ljt [ Yy
C C CR,
VO =— VC
V, = Via t—y=mx
CR,

Operation of Schmitt trigger

Case 1.
Let V, =+V,, >V, = ~Va |y
CR,
ker eV YV ey g
Rl RZ

-V,

., I R2V01

1

IfV,<0then V4<0

_R.V _
S IfV, <—22L(or)If V, <%then
1

1
Va<0so V, switches from +Vgu to — Vgat

Case 2:
Let V, =<V, -V, =| Ve |
CR,
KoL oV NV ppy Zg oy, = Ra Ve
Rl RZ RZ

If Vi > 0 then V,; switch from — Vg to +Var

-R R
>V, > A(or)Vo S RoVar gy v,
2 Rl
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To switch from — Vg to + Vgat

Vit /'V"l
RZV\IH ____________
R, /,’ N e
4
’ \\ ’
0l ~< G N ; —
-R,V, \\\ " NP t
2 Vsar oo = - = > Vo
R\
7V>ml

Calculation of Time period and frequency of triangular wave

T
V, T "
le———>»
|
1
0 ' \/
1
_RZVnm =" ____I‘ ‘I
R, I~ T 7|
7V§Bl
m= t
&)
Y =mx
B RZVsat — J Vsat I
R, CR, | 4
T_ARRC L R
R, 4R,R,C
12.
Sol: 1< o
+1I- +
+ Ve
V‘“ C) § R Vo = Vin - VC
=
Vi is a step input Vi, is a pulse input
v v (RC<<T)
Vin Vin . | T=Pulse
4 p [ T— width
0 t \}) ------ A —t
—
_____ V, - |
Ve v ¢ ? '
t 0 .
1
0 ot V, TV !
V“TV \ 0 K
0 -V Lo________
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Postal Coaching Solutions

Vi is a pulse input
(RC>>T)

T = Pulse

‘T ——T—> width

0 [ —»t

—>t

Vin is a square wave input (RC >>T)

17
2V
0 =t
T2 l
v

From (1)

—>t
l V" -V

_Vl _VI
v’ Ytilt =~V 100 %
V= Ve fre =T/ SV'=Ve ()
RC>>T

V' —(-V')=2V
S V' +V"=2V-(2)
Sub (1) in (2)
V' Ve /R 2y

, 2V
Vis——— 4

l+e 72RC

Ve _yreire (3

e_%RC
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Analog Circuits

Sub (3) in (2)
" ]/ "
V'e/RC 4 V" =2V

, 2V
V= T ---(5)
1+e/2%¢

T
2RC

I+e /R 41—

.2V
et

2V

~4RC

}

} x100% = T x100%
4RC

2[1 +

V’ V” V{
' x100% =

Yotilt = ———
2V

13.
Sol: Given V., = 3V
V4= 10sinwt (mV)
Vi=Vem+ Va/2=3+5 sinot (mV)
V2 =Vem—Vg4/2=3-5sinot (mV)

V00—

10K

10K

—OVO

10K

Vi=V;=3+5sinot
Vy=V,=3 -5 sinmt
[= ViV, _ Va—V,
1k 50k
10sinwt 'V, —[3+5sin ot]
1k 50k
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— V4 =3+ 505 sinmt
_ V, =V, _ V.-V,
50k 1k
Vy — Vg =[10 sinot]50
— Vg =3 - 505 sinwt
10K

vV, = VvV, -V,

PLLIAD

=1010 sinot (mV)

=1.01 sinwt (V)

61

Postal Coaching Solutions

14.
Sol: Case 1:
If Vi, positive then output of first op-amp is positive. Therefore D, is RB and D, is FB

[ 3K

=
I

WW

IK 2K

—'vvv»

+
V‘

mn

O_Vin _ Vin _Vo
3K 1K + 2K

Vo =2 Vin

I=

Case 2: If Vj, is negative then output of first op-amp is negative. Therefore D; is FB, D, is RB

[ K

_>I

WW WW
IK —» 2K

&)

Vo

%41(9
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Analog Circuits

KCL at the inverting terminal of second op-amp:

V=0 0-V;
1K 2K
:>V0:*2 Vin

Vin Pos — V() =2 Vin

Vin Neg —> V() =-2 Vin

2V |
Vin I
0 \/ i \/ —
e I AR
AV : i i |
v] (N NN
0 —
15.
Sol: Case 1: V;, >-5V — Output of op-amp is negative
Therefore D; FB, D, RB
—>I
MWW
2R

R
WW

|
WAY

_|._

By virtual short

Vi=V_=-5V
Vo=-5-1(2R)
—> V() =-5

[As I =0 in open circuit]
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Postal Coaching Solutions

Case 2: Vi, <-5V — Output of op-amp is positive

Therefore D; RB, D, FB

— I

R
YWW
—1 (=
n 5V .
Vin

2Vin +10=-5-V,
Vo :—(2 Vin + 15)

WW
2R

I
I
0.7

v

Vo
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Chapter

Feedback Amplifiers

& Oscillators

Objective Practice Solutions

01. Ans: (b)
Sol: Given f} = é
A= 1+&

1
AB =1 for sustained oscillations

&:5
Rl
R2:5R1

02. Ans: (¢)
Sol: 1oV

VeV
Threshold
Output

| trigger

Discharge

9-6
Vth—VC:2X103XI (123—1(}
Vth—Vszv
Ve=Vp—-2=4V
1
Vtrigger: EVCC =3V
Vec=3Vto4V

03. Ans: (b)

Sol: ®= L

JLC

&_B_ 0.5k

v, R _+0.5

A= 1+%:10
1k

AB =1 for sustained oscillations
0.5k <10 =1

R, +0.5k
s Ry=4.5kQ

04. Ans: (a)
Sol:

For sustained oscillations

Loop Gain=1 =Y xZxX =1
Xy z

sCR +1 -1 1
X X =1
sCR sCR ) 1+sCR
S’C*R*=-1
j2 o?CRY = _1
o’ CR*=1
ne
RC

w=
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Conventional Practice Solutions

01.
Sol:
e
R
| WW —
= +
R C
l MWW |}
1 %R
. . V,
Gain of Amplifier (A) = S =1+—=
f
Vf
Feedback factor (B) = —
0
1/SC @ R
|} AWM o
+
+
Vo) RE 1/SC Vi
)
KCL
V.=V, +Vx +VX ~Vi =0
O
SC

KCL
V., -V,
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From (1) and (2), eliminate Vi
B= Vi SCR
V,

0

" S’C’R? +3SCR +1
1
B:

Analog Circuits

3+SCR +L
SCR
PutS=jo

1

. B= 0
3+j[coRC—j

oRC

> 1+— =3+ j(@RC—1/0RC)
Equate real terms:

Rx

To sustain sinusoidal oscillations the loop gain AB=1—> A =1/p
R
1+—=3

— Rx=2R
Equate imaginary terms:

O:coRC_—1 > 0= 1
oRC

RC
This is the frequency of oscillations
1
2nRC
02.
Sol: Given
C
i C
[ C
——MWW— H [ |
R Ry AW '
! R —MW—
W - R, ' Rr
t '\/W\/ - Rl
-+ @ e AW -
7 ©
@' = f+
3-¢ Oscillators
_ Vo _=[Re/(USC)] _ -Ry /R,
V. R, 1+SCR,
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03.
Sol:

()
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Loop gain=1
Yy V. Ve
V.V, V,

[_ISFT =(1+SCR, )

1
Equate real and imaginary
Rr=2R,
w=+/3/CR,

NE)

" 2nCR,

An electronic circuit which generates an AC output signal or an electronic circuit which provides
AC output signal without any AC input signal is called an oscillator.

TDC

—o AC output

Oscillator

An electronic circuit which converts DC signals into AC is called as an oscillator.

An amplifier with sufficient gain or suitable gain is required

For an oscillator, as there is no external AC input signal, positive feedback is required i.e feed
back signal must be in phase with the input terminals of the amplifier (or) The phase difference
between feedback signal and the input terminals of amplifier should be either zero or 360° so that

oscillations are initiated.

Vo

V

Vi

+

Barkhausen-criterion is to be implemented 1.e the loop gain of the system should be equal to 1 (or)
|AB| =1, so that the oscillations are sustained.
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Analog Circuits

Classification of oscillators:

1. Based on active device used

(a) BJT based oscillators

(b) FET/MOSFET based oscillators
(c) Operational Amplifier based oscillators

2. Based on the mechanism implemented
(a) Positive feedback based
(b) Negative feedback based

3. Based on frequency range

(a) Audio Frequency oscillators

(b) Radio frequency oscillators

(c) Ultra high frequency oscillators

(d) Micro wave oscillators

4. Based on feedback network used
(b) LC oscillators

(a) RC oscillators

(b) To overcome loading. Effect, we will push the resistor in the below manner.

—————eX

Jr
Vin

&

+
40V,

R;

1kQ
V
A=—2 =40
Vin
p= V.

1kQ

20002
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R;+200Q2
A\/\N\I _|._

+

Vo O Ik gL —C 1k Vi

KCL

Vi~ Vo, Vi +V, [SC+1/SL]=0

R, +200 0.5k

PutS=jo

1 1 ( 1 ) Vv,
V., + +tjjoc—— | |=——
R, +200 0.5k oL )| R;+200

Barkhavsens criterion for oscillation
AB =1 £0° (or) 1£360°

1/(R, +200)
[40] 3 -
1/(R, +200)+1/0.5k + j (0C —1/oL)

Equating imaginary parts
oC— 1 0

oL

1 1

- =
~JLC 2nvLC

Equating real parts
40 1 N 1
R,+200 R,+200 0.5k
39 1
R, +200 0.5k
39 x 0.5k =Rz + 200
R3 =19.3kQ
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Analog Circuits

04.
Sol: Given

Rp

Here, we have to consider loading effect

Vo

R,
MW Io
+ +
_|._
Vs Q V_d R Ao V4 Ry
- >
h11—R1//R1: .
A — T 1 Loading effect
s i
thi; V7 > Ri+R,
B Neglected in problem

h, B & hL will load the basic Amp [op-amp]

22
Vi=h L1 +h;, V,
L=hy 1 +hy Vs

I

—WwW—s

I
AW—— +
Rp

R V,

U

_l’_
Vi
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Ry #Ry Ry Vy

V.
h11 = I_l = R1 || RF
1lv,=0
V R
ho=B=31 “Rar ™
2101, =0 F 1
— =R, +R,
22
Calculation of A:
T
AW AW | '
+ Rs + + %
A/ .
" RyRET 0 S0V R+R; ER,
+
hiVo
h12 = Rl
R +R,
Rs To
WVAV
_V, * + +
A= VSVS_ ) VdéRid Aor Vg
|_> WVAV
| RJR
V :AOLVd[(R1+RF)//RL] h AOL[(RI +RF)//RL] VsRid
0

r,+[(R, +R)/R,] 1, +[R,+R;)/R, JR,+R +R, /R,

_Vo _ Aq[R; +R )/ R Ry

A =
TV, T (R, R)IR R, Ry +R, /R ]

Desensitivity factor =1+ A}

=1+ Vo | Ry B
V., |R: +R,

. A
Gain (Af) = ———
1+AB
:> RinBaslc AMP - RS + Rld + Rl // RF

= R;, =R+ Rig+ R //Rg) [1 + AB]
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+ R
Vs Amp — R, = [Rs + Rig + Ri//Re][1+AB]-R;
B ™~
Rint
Excluding source resistance
R, =[Rs+ Rig+ Ri//Re][1+AB}-Ry
- R, =1//(RitRp)//Ry
R _ /(R +R)IR,
Otoverall 1 + AB
05.
Sol:

i

. . G N\
<—‘ R of (excludingR | ) R

3k

IL, of (overall)
Ror
Rof (Excluding Ry) (overall)
12V
Sok %% ok 3 %&
I I oV
r d
Iy Iy
%§ 1k 1

—AWW
;
AF—AWW

|
11
+
Vi

.|||
U

@) OB D T TSR L T IS ) (T Hyderabad ¢ Delhi » Bhopal « Pune « Bhubaneswar ¢

=
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DC circuit Analysis: [capacitor replaced by O.C]

I, = Vin = Ve 12V
+
R, + Ry

B+1 é
12(3k) o7 ok 2k
_ 9k +3k

Y

101

=2.29mA lIE
B 100 3k 1k

.= — =——(2.29mA

C (B"‘lj E ( )

101
=2.26mA

Small Signal model Equivalent :

+)BL=1001, Zry=c0

Iy
1.1k <1001,

AC circuit analysis: [capacitor replaced by S.C]

©
VSG‘“) ok 3k ;.lkﬂ 1001, 32k ok 3k 1.1kQ 1001, £2k

®9kE + ®

MW

Q
@

\J

||||—

k

"'M_Mr
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Analog Circuits

~1001,

Calculation of A

Vi

)

1k+9k 2 2k
=10

9k 3k 1001y,

h;,=1k//9k=0.9k

Vo=-100 I, [10k/2K]
~1001,,[1.05k]

* 1.05k +1.11k
v

S

1.11k + 0.9k

I, 1

Vo _ Vo Toa To 4030.77

Vs Ibz Ibl Vs
R, T
R,+R, 10

= Desensitivity factor =1 + AP
— 1+ 4030.77 (1/10)

=404.077

= Gain with feedback A, = S r 9.97
1+AB 404.077

I,

L,

= A

=B=

= Rmf =R, [1 +AB]
= 9k//3k//[1.1k + 0.9k] [404.077]
=427.8kQ)

10k//2k 10k //2k

R, = = = 4.124Q
1+AB  404.077

§2k—‘

4.124Q2

Ro

1

=+

RO

11

=——-Q
2k 4.124

Ro=4.133Q
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06.
Sol:
T+12V
3k
10k
Vo
[l
N
1k =
_l’_
Vi

— Here, given circuit is shunt-shunt. So, it is Transresistance amplifier.

DC Analysis: [capacitor replaced by O.C]

KVL
12 = (Ic + Ig) 3k + Ip (10K) + 0.7 (1)
I I
- )
B 100
Sub (2) in (1)
IC:u_—?;(:&mmA
3k+-—
100

I, 36lmA B 100

gm ’rn_
vV,  25mV g (3.61)

Small signal equivalent
Ly

6930 l 1001,
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AC circuit analysis:

GF T

AMA
W
(98]

—\

E

[y]
L=ynVitynV,

I A R T )
10k 10k 10k
L=yu1 Vityn Vs
= Izz—VZ_VI :VI(__I]—FVZ(L)
10k 10k 10k

Iy
Is#) %k %6939 100, ;31(
AY A
J J
l/y”:lok 1/y22:10k
Y12\/2 Y21\71

Calculation of A:

+ I +
L® 1k Z10k 6930 Hroor, Sk 3k v,
vl °
Tk

| %K_J
R, 9090
Vo=— 100 I, [10k//3k]

_1,[909]
" 693 +909
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A:&:EI—I’:—BOﬁxlO3
I I, I
-1
B=y, = 10k

Desensitivity factor =1 + A
=1+ (-130.6k) (-1/10k)

=14.06
_ 3
Gain (V/Iy) = Af = A _ZB306x107 45584107
1+ AB 14.06
MoV 1o
VS IS VS
=-9.288x10" (1/1k)
=-9.288
in _ 90911693k _ 11 gery
' 1+ AB

(D § 1kQ Amp
.

27.95 Rint
1 1 1
= + N
27.95 Rinf(without]k) 1k
Rinf(withoutlk) = 287SQ
of = M (including load)
=163Q
Amp ,_I §RL=31< —‘
|
Ry 163Q
1 1 1

_—t =
Rof(Excluding load) 3k 1 63
Rof(Excluding load) = 172.36€2
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07.
Sol:

©
L1 i
®

Gain of Amplifier (VO j —A=1 +&

V; |
Vf
Feedback factor (B) = —
VO
X AMN P,
- N
( A 1
e y
O
£= Z, where Z, :R+L
Vo Z,+Z, SC
1
7 —R|—
» =R]| sC
_ R
1+SCR
By substitution
S/ SCR - 1 B 1
TN Ql2p2 = =
Vo SCR43SCR+1 3 q0py L 5 fpeo 1
SCR ®RC
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To sustain oscillations AB=1—> A = 1

" 1+&:3+j(coRC—Lj
R, oRC

Equate real parts:

1+&=3 — Rp=2R;

1

Equate Imaginary terms:

0= wRC—L—> ®’R*C* =1
oRC

—_

" 27nRC
This is the frequency of oscillations.
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Conventional Practice Solutions

01.
Sol: 2
(i) Series - fed Class - A power amplifier:

+Vee

Conduction angle

. The conduction angle of a transistor used in class A Power Amplifier is 360° i.e., the transistor is
biased to conduct current for full cycle into the load over the entire full cycle of input signal.

Operating point [Q-point] analysis:

A IC

-- -\ _Q(VCEq.Iq)

> VCF
VCE(max)

Vcemin VCEQ Vce(maX)

. In a class A Power Amplifier, the operating point is established at the middle of DC load line or at
the centre of active region, so that amplifier can provide full cycle of output signal with negligible
amount of distortion.

Over all conversion efficiency:

Stepl: Py = V. lge ------ (2)

". Pge = Ve Ieq - 4)
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Step22 Pac = Vims. Lrms

<

Where,
‘V];Il — ]:rn
ms \/5 rms \/5
Pac VmIm
2
el
Pacmay = L2 5 [ A _Vee &I, =ICQ}
_Veelg
4

P, (max e
Step3: %nz%xloozélvi;lwxmo:zs‘%
de X

cccQ

- % M =25 % [maximum]

(ii) Transformer coupled class-A Power Amplifier.

+VCC

R;3

Cs
R, R,
Vs

Conduction angle and operating point analysis is same as series - fed class A Power Amplifier.

AMA

Efficiency (n):
Step 1: Py = Ve - Lae
Where, Vic = Ve & e = e
= P4 = VchcQ
Step 2: Pac = Vims Lims

|
Where, V,  =—4& 1  =—F
2 5

=P, = AL
2
V..l
P = %[ V= Vee &1, =1g,]
V.l
Step 3: %m = Paom _ Vecleq x 100

P, 2V Igq
% n =50 % [max]
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(iii) Class - B push pull power amplifier
[double - ended]:

IL:IC 1 'ICZ

N

@RL

Note: Conduction angle and operating point analysis for Class — B push pull power amplifier is
same as that of Class - B power amplifier.

Vi

Overall conversion efficiency:

Pac(max)
%n = —" % 100
Stepl: Pdc = Vdc . Idc
Where, Vgc = Vee & T o = 21—“1
T

StepZ: Pac = Vrms- Irms

Vv 1
Where, V_ =—4=& 1 =—"F%
5=
|
= Pac = \/m_m
2
A2 |
P _ _‘cetm
ac(max) 2

VI
%F%xloo:%xloo

2)( cc’
T

=% m =78.5 % (max)

Amplitude
A

Operation: Vi /\
Case (i): 0 to m [+ve half cycle of input] /\ /\ .

T '2TC \/ > it
Q;-ON & Q- OFF
Q-0
Q-0

Case (ii): m to 2x [-ve half cycle of input] — > ot
Q,-ON,
Q1 - OFF, & Q, - ON \/
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02.
Sol:
0 + 24V:VCC
§RB 8Q l Ic
+
| |
1
+
Vin

Power dissipation (Pp) = Vg Ic

=(Vee—IcRe) Ic
= Veele —Ic°Re
To findIc at P,
Condition

........ (1)
=0

D

dI,

L4 \ —IczRC]z 0
d C

—> Vee — 2lcRc =0

- 1. = Ve

2R,
Sub in (1)
2 2
V V, V,
i =VC{21§C }[21? } Re=ur
C C C
2
p gy
4(8)
03.
Sol:
+Vce
+
Vce

l +
IC RL

—Vee
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AVerage power input (Pin(avg)) = 2"/CCIC total(avg)
Icmax
]
0
ICmax
ICtotal(avg) = n
| P
Pin — ZVCC Cmax
T

P. =2V | 20
m(avg) CcC |:RL }

For max power efficiency
VCC

RL

Pin(avg) = 2VCC

_ 2 VCC2
TR,

Power output is the average of ac power dissipated in load Ry
II R, d a)t)

T
I M smo;)t ‘R, d(mt)

0

Pout avg

IZ
= MR (T/2)

RL

. V
For max efficiency I,,, = —¢
RL

2
ILM

t\)|~H

]n

| =

- Po(avg) =

lV
2 R,
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Efficiency (n)

m

—2x100%
P.

85
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2
1/2 VRCC
= L %100%
2V
R,
= T%100%
4
=78.5%
04.
Sol:
+Vce
+
Rp Vo
—Vee

Pp =Pin— Py

I
i
T

To Find Ic at P,  Let

(1)
dpP, 0
C
dp, 2V,
P=""CC_I.R, =0
dl. s
2R, = Ve

I

2V e
C =

R |

sub in (1)
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Analog Circuits

" n | nRy | 2| nR,

2
P, = 2Ve¢c |:2Vcc}_l{2vcc} R

max power dissipation per BJT

2V
(5
=
Ve
= K
0s.
Sol:

AV ~ 2Vie  2Vee

L™ 2 2 2
n'R, 7w'R, =n'R,

100
+

V,, =100V, - V_]
Vop =100 [ Viy — V]

Vin POS:
Vop _ 0.7 = VO
100 Vi, — 100 Vo - 0.7 =V,

100V,
V, = = —0.0069
101

Vo =0.99Vi, - 0.0069

Vin Neg:
Vo—0.7=V,,
Vo—0.7=100 [Vin — Vo]
101 Vo=100 Vi, + 0.7
Vo =0.99V;, + 0.0069

Vo

slope = 0.99
(m)
—0.0069

.
5

0.0069 —*
m=~0.99

:
24
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06.
Sol:
@ Y

A0 O

-1V

vy

v

]
<

2Vf -7
V=== ===~

A

«— 2 —

ZSint:1—>t:%:6

{&)

21

x100% = 33.33%

% of output voltage = ;—6 x100 =
T
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