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OPERATIONAL AMPLIFIERS

An operational amplifier is a direct coupled high gain,
amplifier consisting of one or more differential amplifiers,

Non-inverting

usually followed by a level translator and an output stage.
The output stage is generally a push—pull or push—pull com-
plementary—symmetry pair

input Input Intermediate Level Output  [OutRut
stage stage shifting stage
Inverting stage
input Dual input Dual input Emitter follower Complementary
balanced output  unbalanced using constant symmetry push-
differential output differential  current source pull amplifier
amplifier amplifier

Figure 1 Block diagram of a typical op-amp

Differential Amplifier
Symbol

Circuit Diagram

Rs

Vint

Modes of Operation

1. Single ended: Either of the input is grounded.
2. Double ended: Opposite polarity signals are applied

at fvin 1rniifo

3. Common mode: Two similar input signals are applied
at both inputs.

DC Analysis

(a) Make the AC sources ground.
(b) Replace the coupling capacitors open.

Equivalent Circuit

Ve
/2 L
Ie l/ Re

Ig/2

—Vee



3.532 | Part Il  Unit5 e Analog Circuits

KVL at input side gives
0=V =Ve=0
Ve =-0.7volts
Ve—Ig R+ V=0

Vi —0.7
L=~
R

Solved Examples

Example 1
Determine /; and V. for the given circuit.
+9V

Rs
Vin1

(A) 4.1 volts, 5 mA (B) 5volts, 2.5 mA
(C) 5 volts, 5 mA (D) 4.6 volts, 2.5 mA

Solution
1 — VEE _0.7
E —RE
9-0.7
I;=—— =25mA
3.3K
1
Vc = VCC - 7E
Vo =4.6votls.
Single-ended operation
Vee
Rc
Vin15‘ -
= e
—Vee
. R VC1
Voltage gain 4, = — = —
Y T o T
Input impedance Z, = 2f3r,
Double-ended operation
Vee
Rc Rc
C‘] 02
Vin1 Vine

°—Vee

Vd = Vinl - Vin2
v
Ay = 20 _ R
Vd Zre
Common-mode operation
Vee
Rc
Ci
_|
Vint Re
—Vee
_ N _ BRc

© Vi Br+2B+DRg
In all IC design application, ‘4’ (common-mode gain)
must be as small as possible. Hence, Ry has to be so large.
Therefore, Ry is replaced by a constant current source to
achieve smaller ‘4 .

Vee
Rc Rc

Vin1 Re

—Vee

CMRR (Common-mode rejection ratio)

CMRR = 4
4

CMRR indB = 2010g(%)
Where 4 ; = Differential gain
A, = common mode gain
In all practical applications, CMRR should be as high as
possible. Ideal value of CMRR = oo

Example 2
Calculate the single-ended voltage gain for the given circuit?

+9V

(A) 100 (B) 91.2 (C) 87.4 (D) 83



Solution
4 = X
v 2’/,8
. 26mV _26mV
¢ Iy, I,
I= Ve —0.7V 193 WA
Rg
E
I, = — =96.5mA
_ 26mv ~969 O
¢ 96.5uA
A = & =874
v 2re

Level Shifter

The purpose of the coupling capacitor in any amplifier is to
block DC and allows AC. In the absence of a capacitor, level
shifter circuit is used to block DC.

Simple Level Shifter

Vee
Vi
a
Vo
(2]
VO = I/m L
R +R,
Resistor R, not only level shifts DC by an amount R,
R +R,

but also attenuates the AC signal. Remedy is to replace R,
with current mirror circuit.

Current Mirror Circuit

lout I in
2]
Ie ==
; I Is
Vee

If both transistors are assumed to be symmetrical,
2lc
]out =lc+—r
=I.[1+2/B]
If B is designed to be so large, then
Loy =1c =1

ou
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Advantage

1. 1. depends only on base current but not on the
collector—emitter voltage.

Example 3

Find V| — V, level shift in the given circuit, if V5 = 0.7volts
and f is assumed to be so large?

10V
/ \1/ Rc
10KZ v
3K
Vo
j B
| ev
(A) 4.52 (B) 5.23 (C) 4.99 (D) 6.25
Solution
Ve=07+5=0
V= —4.3 volts
=0 43ma
10K

.. Current through 3 kQ resistor is 1.43 mA.
V,=V,=0.7+13 kQ)
V,=V,=4.99
Vo o— |

oOutput
Vo= A(V1-Va)

A
Vie 1,

Figure 2 Schematic symbol for op-amp

Example 4

Two perfectly matched silicon transistors are connected as
shown in the figure. Assuming S of the transistors to be very
high and forward voltage drop in diode will be 0.7 V, then
the value of current I is

1kQ 5V
N Vi
%
Qs Q
| °©_5V

(A) O0mA B) 3.6mA (C) 43mA (D)57mA
Solution
Since both are perfectly matched

Vee1 = Veea
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I [VBEI - VBEZ }
Soexpl M d=e0 =1
Ic,
1 +5V
M le2 2
= In le
Q1 Oz
Is1 Is2
0 -5V
Since f3 is the same for both transistors, I, =I5, =1
_ 0-0.7-0.7(-5)
ByKVLinloopatQ, Iy = ———————~>=3.6 mA
1 kQ
KCL at point, M
ey
=1 +205=1,+2 7
[C = ﬂ . IR
'op+2
For large
I, =1 =3.6 mA

Direction for questions 5 to 7:

The differential amplifier as shown in figure has element
values R = 50 kQ, . =1 mQ, R, =2 kQ, R, = 200 kQ,
B,=2x 10

Vee

Example 5

Differential mode voltage gain is

(A) -300 (B) —200 (C) —100 (D) 50
Solution

he=B=2x10% 7, =1mQ
R.=R, =50kQ, R, =200 kQ, R, =2 kQ

h.R 3 3
A= e I, :_ZXIO x50x10 ~ 100
Ty 1x10°
Example 6
Common-mode voltage gain is
(A) -0.5 (B) -0.25 (C) -0.125 (D)0

Solution
R
ACM =— —L when r.>Rg
E
S L0 B VY
2%x200kQ 8
Example 7
The value of CMRR in dBis
(A) 800 (B) 60 (C) 58 (D) o
Solution
CMRR = AD;M - ﬂ =800
Acy 0.125

CMRR in dB = 20 log (800) = 58 dB

ELecTRICAL PARAMETERS oF OP-AMP

Input offset voltage is the voltage that must be applied between
the two input terminals of an op-amp to null the output.

The algebraic difference between the currents into the
inverting and non-inverting terminals is referred to as input
offset current I, = |l — I,

Input bias current, I, is the average of the currents
that flow into the inverting and non-inverting terminals of
op-amp.

I = I +1p)

B2
Common-mode rejection ratio is the ratio of differential
voltage gain 4 to the common-mode voltage gain 4.

CMRR = =

M
The higher the value of CMRR, the better is the matching
between the input terminals.

The change in an op-amp input offset voltage V, caused
by variations in supply voltages is called the supply voltage
rejection ratio (SVRR), PSRR.

Slew rate is defined as the maximum rate of change of
output voltage per unit of time and is expressed in volt per
microseconds.

_
di

SR V/ms

maximum

Slew rate indicates how rapidly the output of an op-amp can
change in response to the changes in the input frequency,
slew rate changes with change in voltage gain, and is nor-
mally specified at (+1) unity gain

The characteristics of ideal op-amp are as follows:

1. Infinite voltage gain (4).

2. Infinite input resistance (R,).

3. Zero output resistance (R,y).

4. Zero output voltage when input voltage is zero.



5. Infinite bandwidth.
6. Infinite CMRR.
7. Infinite slew rate.

Equivalent Circuit of an Op-Amp

Vo=AViy= AV, = V3)

Positive saturationp_ _ _
voltage ’ é Slope A’
Vi

JL_ Negative

saturation voltage

OrPEN Loor OrP-AMP
Differential Amplifier

+ Vcc

Vo = A(Vin1—Vin2)

The Inverting Amplifier

+ V(;c

Vo=-AVi,

Non-inverting Amplifier

+ Vcc

VO = AVin

Very small values of input voltages can drive the open op-
amp into saturation, as gain is very high, and this prevents
the use of open loop configurations of op-amps in linear
applications.
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Very high gain of open loop op-amp as well as its vari-
ation with temperature, power supply, and production yield
makes the open loop op-amp configuration, unsuitable for
linear applications

CLosebp Loopr Opr-AMP
CONFIGURATIONS
Inverting Amplifier

This is voltage shunt feedback circuit

Non-Inverting Amplifier

R
A,=1+ L

i

This is voltage series negative feedback configuration.

Voltage follower

Vin Pz

Vo= —in RF
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The introduction of negative feedback stabilizes the gain;
however, it is also smaller than the open loop gain. On the
other hand, positive feedback is necessary in oscillator
circuits.

The use of negative feedback in a non-inverting ampli-
fier increases the input impedance, and bandwidth, and
decreases output resistance, total output offset voltage.

The input resistance of the inverting amplifier is rela-
tively smaller because it depends on the resistance con-
nected in series with the input signal source.

A special case of non-inverting amplifier is voltage fol-
lower, while the current to voltage converter is the special
case of inverting amplifier. The voltage converter produces
output voltage proportional to input current.

Differential Amplifiers

Figure 3 Differential amplifier with one op-amp

Vo = (1 + &] ny
R,

—0

Figure 4 Differential amplifier with two op—amps

Negative feedback is also used in differential amplifier. The
differential amplifier with one op-amp has the same charac-
teristics as inverting amplifier, while the amplifier with two
op-amps has the same characteristics as the non-inverting
amplifier.

AC Amplifier — Inverting Amplifier

The coupling capacitor not only blocks the DC voltage but
also sets the low-frequency cut-off limit.
1

f= 27C,(Ry + R,)

The high-frequency cut-off f,; or high end of the bandwidth
depends on the closed loop gain of the amplifier.

_ (unity gain bandwidth) <k

-fi: AF
and k= R—F,
R +Rp
Y . .
A= 2 (inverting amplifier)

i

R
=1+ —£ (non-inverting amplifier)

The Peaking Amplifier

o Vo

Rf
ﬁ Peak
Vin & Amplitude
Gain{--------y

Frequency

fa

The peaking response, that is, the frequency response that
peaks at a certain frequency, can be obtained by using a par-
allel LC network with the op-amp.

1
fo= —F—,ifQ_, =10
P o /LC coil
The gain of amplifier at resonance is maximum and is given
—Rp || Rp
byAd,= ————
Y ¥ R

R, = equivalent resistance of the tank current = choﬂ R,

R = internal resistance of the coil

f R
=L, 0 =R.| L

BW = ,
9, X
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Weighted Amplifier Solution

A
CMRR = | 2 =100= 4, =L =10
4, 100

V=V, V,=40 uv

VC:L2V2:100MV

V.=A, Vy+A,.V,=10° x40 x 10+ 10
x 100 x 106 = 41 mV

Example 10
Summing Amplifier The current I through resistance  in the circuit is
-R
R,=R,=R =R, then V= TF V,+V,+ V)
Averaging Amplifier
R 1
If =£=— for n inputs, then output is average of input
n
voltages.
Subtractor v v v v
A) — B) — C) — D) —
W ) Tr ® % ©%r P3%
R
+Va Solution
R Vo= W-Va Vo VoV Vo=V,
W 2R 2R R
R R
4V, =2V, +V (1)
A .
Example 8 R 2R 2R
The output voltage of the circuit So we get V7, = ¥, = %
= 2R v
R | |- [= —.
VB4 ° vy 12 R
2 oW
-1 oW Example 11
R R Assuming the op-amp to be ideal, the gain V /V; for the
circuit shown is?
= 10k 10k
(A) 1.0V B) 1.5V (©) 20V D)3V A w
. 1k %k
Solution o— A . L
2R R R " > Vou
V,={1+— X2+ x (=1 1
R R+R R+R =
) 1 A) -1 (B) —20 (C) —100 (D) -120
3|:—><2——:|=1 5V
° Solution
Nodal equation at V>
Example 9 10k v 10k
An op-amp has a differential gain of 10° and a CMRR of W ;vlz\’
100, the ouptut voltage of the op-amp with inputs 120 uV 1K > 1
and 80 pV will be Vin D
(A) 26mV  (B) 4lmV  (C) 100mV (D) 200
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V-0 V V-V,
+—+

10 1 10
2v=v,,

=0

Nodal equation at inverting node, we get
Ve =0 0=V -V
= =Vin="=
1 10 10
Vout 12

=—= =-120
Vv,  —110

Example 12
Input resistance R, = (0,/i ) of the circuit is
R1 = 10 Rg = 100

S > Re=1MQ

(A) +100 kQ (B) —100 k2
(©) + 1 mQ (D) -1 mQ
Solution
Using KCL at inverting terminal, we have
v, =V N Ve =0 _ 0
R, R
o R
V. R+R

Using same at non-inverting terminal

)

(&+&
Ve = Vx| — 5
Pl R
* R3 R3
. TV R2
ORR
—R R
Iy R2

The Integrator

R Cr

|. Basic Integrator
Vin Vin

ol

o

3

2. Input—output Wave Forms

Gain(dB) )
Basic
integrator

response

Practical
& integrator
' > freq

A

1

h=3re,

The stability and low-frequency roll off problem can be cor-
rected by the addition of a resistor Ry, as shown in the practi-
cal integrator.

Re
— AW —
CF
)
>— Vo' [V, dt
= R
o 1
The gain-limiting frequency f = ———
Y 27RyCp

R.Cp and R, C, values should be selected such that f, < f,
The input signal will be integrated properly if the time
period ‘7" of the signal is larger than or equal to R.Cy

T>R.C;

_r
2rf,

where R.C. =

The Differentiator




The output V|, is equal to R;C, times the negative instanta-

neous rate of change of input voltage V. with time.
Differentiator performs the reverse of the integrator’s

function, a cosine wave input will produce a sine wave out-

put, or a triangular input will produce a square wave output.
The frequency at which gain is zero is

1
 27R:C,

Ja

The gain —— of the circuit increases with increase in
cl
frequency at a rate of 20 dB/decade. This makes the cir-

cuit unstable, also the input impedance X, decreases with
increases in frequencies.

Both the stability and the high-frequency noise prob-
lems can be corrected by the addition of two components R,
and Cp.

2

+Vin

—©° Vo = —-R:Cy %

if RFC1 > H1C1 or RFCF

Figure 5 Practical differentiator

gain open loop

Practical
differentiator

| A f Frequency

Frequency response
The gain-limiting frequency f, is given by

1
© 27RC

Ty

Generally the values of £, £, . are

1 1
Sa= 27R:C, o= 27RC,, f.
1
fl=r
¢ 27R;Cp

J. = unity gain bandwidth

The input signal will be differentiated properly if time
period (7) of input signal 72 R.C,
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Vi Vi

Figure 6 Input—output wave forms

Example 13
A unit positive step is applied at the input of the circuit
shown in figure. After 20 sec, the output ¥, will be

1uF
||
Al

+10
o—A—
A

-10V

(A) 20V (B) +10V  (C) =10V (D) 20V
Solution
Vy = %Vi :%%(Vi is unit step)

s’RC
-1
Vo = ——t after 20 seconds
RC

-1
Vo =——x20=-20V
1x1

ButtV_, =%£10V so output is —10 V.

Example 14
The current L, is

Vs

R V.
A . L B) =X
(A) ¥, R R ® 2
V. 1 1
©) = D) V. (_+_)
R, \Rs R,
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Solution
o V
No current flows into input /, = ﬁ
R(s)
Vs
A l !
Vs

Example 15

The open loop voltage gain of an operational amplifier
is 240. The noise level in the output without feed back is

. . . 1 . .
100 mV, if negative feedback with 3 = — is used, the noise
level in the output will be 60

(A) 1.66mV (B) 24mV  (C) 40mV (D) 20 mV

Solution
Nf _ N _ :00 _ 100mV —20mV
R PR RN T
60
Example 16

For the operational amplifier circuit shown in the figure,
what is the maximum possible value of R, if the voltage
gain required is between —10 and —25? Upper limit of
R=1mQ.

Re
AV
R
VA R oy,
o /_ out
(A) oo (B) 1 mQ (C) 100kQ (D) 40 kQ
Solution
4 ote ke
Vin Rl

-R
Ford, =-10= —X = R =100 kQ
Ry
_RF
For4,=-25= R = R, =40 kQ
1

The maximum possible value of

R, =100 kQ

Voltage Limiters

<
=

-
>
—

N

( Vz+ V«j)

[
]::!
||

N

—(Viz+ V)

(Vz+Vy)

o
[ |

L

Ve

[l

|
]

L
L,

If Vier is zero it acts as half
wave rectifier

~

~

~

t



Clamper
Ci B R=R
Vo
+Vin +Vc(‘j W--.
L o | t
R
+Vre1 -

Log and Antilog Amplifier

In logarithmic amplifier, output signal is logarithm of the
input signal which can be obtain by using non-liner devices
such as diode, transistor, etc.

[ Ip
R, + Ww _

— AN
Vi i oV

If we apply KVL, then V_ =-V
Y
As we know I, = I e

I
= V,=nV,In (_D) =V,
[S

1
= Vy=nV; ln[—s‘}
I

Where I, :% =1
1

=V,=nV; [[nlS —Inﬁ}
R
Antilog amplifier
In this configuration, output voltage is an antilogarithm of
input voltage.

R
A\N\’ >I
VI ID —e Vo
From KCL
Vi

Iy=1=1I, e

From KVL, V =-V,
=—RI

n
= _R IsenVT
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= —RIgIn™! (L)
nvr
FILTERS

An electric filter is a frequency-selective circuit that passes
a specified band of frequencies and blocks or attenuates sig-
nals of frequencies outside this band.

Filters can be classified in a number of ways:

1. Analog or digital: Analog filters are designed to
process analog signals, while digital filters process
analog signals using digital techniques.

2. Passive or active: Elements used in passive filters
are resistors, capacitors, and inductors. Active filters
on the other hand employ transistors or op-amps in
addition to passive components.

3. Audio or radio frequency filters: The type of element
used dictates the operating frequency range of
the filter and RC filters are used for audio or low-
frequency operation, whereas LC or crystal filters
are employed at RF or high frequencies, especially
because of their high Q value.

Most commonly used filters are shown below.

First-Order Low-Pass Butterworth Filter

Re

Voltage gain

A

0.707A[~""=""=""=7=====- —20dB/decade

<— Pass band —><_

fy ~ Frequency

&0

f=frequency of input signal

= ﬁ = high cut-off frequency of filter
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Second-order Low-pass Butterworth Filter

Rr
AL
Voltage gain
/
A
0.707A[~""""""""TTTTTTTo —40dB/decade
"4
fu > Frequency

1

fuam ——
H 2r R2R3C2C3

Ar

2
in 1+[f)
fu

R
Ag=1+ ?F pass band gain
1

First-Order High-Pass Butterworth Filter

Re

gain

+20dB/decade
N N
0.707A[~~~""""""7 i
Stop nd95<— Pass band —>
| fL “ Frequency

4 [f) 1

wlo \n)

Vi, > 7L 27RC

2
f}i

Vo

Second-order High-pass Butterworth Filter

Re
R4
F Vo
+Vin RL
gain
0.707A
Frequency
o |_ Ap _ 1
Z0)_ . fi=
g 7Y 2R R,CC
1+ —=
A
Wide Band Pass Filter
V. First-order First-order
—s|high-pass low-pass | —s v,
filter filter
f fu
gain
A | r200B/ecade.  poBidecade
0.707A === f==-===-==-=- |
Stop bdnd E(—Pass band >t
< Stopban _>E Stop band->
fL fu Frequency

If figure of merit or Q factor Q < 10, then the filter is called
as wide band pass filter.

_ b
Q BW  fu—11

ﬁ)= \/foL

J; = high cut-off frequency

J, = low cut-off frequency
J, = resonance frequency

Narrow Band Pass Filter

_
C




Y
Vin
Al
0.707Ag[~"""""7 A
fi fo fu Freauency
ifC,=C,=C
R B
1 sy T 2
2r f,.CAr 2nf-C(20* — A4r)
0 Ry .
R,=—=—— A4,= —,A.=gain at
3 n:f‘c F 2R1 F g J(C
A, <2Q?

Another advantage of the multiple feedback filter is, its
centre frequency f,, can be changed, to a new frequency
fcl, without changing the gain or bandwidth, this is accom-
plished by changing R, to Rzl so that

2
()

Wide Band Reject Filter

high-pass
filter

Summing
amplifier

——Output

Input

low-pass
filter

band 7

fu fo f ~ Frequency

Wide band stop or wide band elimination filters have lower
(O < 10); narrow band reject filter or notch filter will have
higher 0.
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Narrow Band Reject Filter

R R

A
0.707 Aq

Frequency

All Pass Filter

_1-jerfRC
1y j2rfRC

The phase shift between ¥, and V, is a function of input
frequency ‘f

¢=—2tan""! (M)
1

OSCILLATORS
Theory of Sinusoidal Oscillators

To build a sinusoidal oscillator, we need to use an amplifier
with positive feedback, to use the feedback signal in place
of the input signal. If the feedback signal is large enough
and has the correct phase, there will be an output signal
even though there was no external input signal.

| Vou(

In any oscillator, the loop gain 4 f3 is greater than 1, when
the power is first turned on. A small starting voltage (ther-
mal noise) is applied to the input terminals and output volt-
age builds up, after the output voltage reaches a certain
level, A4 B automatically decreases to 1, and the peak-to-
peak output becomes constant.
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Gain without feedback = 4,

. . A
Gain with feedback 4= y Vﬁ
y

If4f=1=4;=c
which means we can get the output with no input.
However, oscillator works on circuit transients.

Barkhausen’s Criterion

1. Magnitude of loop gain is unity.
2. Phase angle of loop gain is 0° or 360°
Steps to solve an oscillator problem are as follows:

(a) Find B, B= & A v
Vo
Vi
ﬂ = ﬁ real + B imaginary 8
(b) Find 4 = 0
Ve
Equate=A48=1

Equate real parts and imaginary parts to get the frequency
of oscillations and conditions for sustained oscillation.

The Wien Bridge Oscillator

The Wien bridge oscillator is standard circuit for low to
moderate frequencies in the range of 5 Hz to about 1 MHz.

Lag Circuit

R
Vin C:[ Iout
Vout _ XC
Vo JR2+ X2

The phase angle

= — -1 i
(1)

Negative sign in phase angle represents the output voltage
lags the input voltage.

ﬂ %

Lead Circuit

— tan-1 [ Xe
o= tan (R)

The phase angle is positive, which means that the output
voltage leads the input voltage.

Lead-lag Circuit

Wien bridge oscillator uses resonant feedback circuit called
a lead-lag circuit.

o AN {| o

l‘” R —=c Vou

Figure 7 Lead-lag network
At very low frequencies, the series capacitor appears, open
to the input signal, and there is no output signal, at very
high frequencies, the shunt capacitor looks shorted, and
there is no output. In between these extremes, the output
reaches a maximum value at resonant frequency f;, and at
this frequency, the feedback fraction B reaches a maximum
value of 1/3.

e O

1

Resonant frequency = ———
q v 2nRC

—_—

B (gain) = )

Xz/R-R/IX
¢ = tan_l Q
3
Positive
feedback w
+
_ VOLIK
R
Negative -
feedback 2R1 1
R! B
_C R
f} AN
C R
f = L
2nRC

Figure 8 Wien bridge oscillator



It uses both positive and negative feedback.

1
The gain of the amplifier(4,) =1 + 2}% =3.

1 At resonance (X, = R), the gain of lead-lag network f3 =
3 The loop gain=4,, f=1.

The Wien bridge acts like a notch filter, a circuit with
zero output at one particular frequencies, for a Wien bridge,
the notch frequency equals to,

Chapter 5 e Operational Amplifiers | 3.545

1
= 2xRe
Although it is superb at low frequencies, the Wienbridge
oscillator is not suited to high frequencies (well, above
1 MH,). The main problem is the limited band width of
op-amp.

RC-Phase Oscillator

f Lo e

AV AN M

HF RF RF
:\/@\’ |_ R - Vo

R >
Vi

=

Properties

1. Each section gives 120°phase shift.
2. Frequency of oscillations required is

Y

 27R,C

3. Condition for sustained oscillations R.=2R.

4. Minimum gain required is |A| =2

Phase-Shift Oscillator

—o Vout

Figure 9 Phase-shift oscillator with three lead circuits in the
feedback path

At some frequency, the total phase shift of the three lead
circuits is 180°. The amplifier has an additional 180° of
phase shift, because the signal drives the inverting input. As
a result, the phase shift around the loop will be 360° equal
to 0°.

Figure 10 Phase shift oscillator with lag circuits

Properties

1. Each RC section does not produce 60° phase shift
due to loading effect. However, three RC sections
combinedly produces a phase shift of 180°.

1
27RCJ6

Condition for sustained oscillations was R, = 29R,
4. Minimum gain required was |4| = 29

2. Frequency of oscillations f'=

(98]

Twin-T Oscillator

c C

1
2nRC

The positive feedback to the non-inverting input is through
a voltage divider. The negative feedback is through the twin
T-filter.

To ensure that the oscillation frequency is close to the
notch frequency, the voltage divider should have R, much
larger than R|. This forces the oscillator to operate at a fre-
quency near the notch frequency.

It works only at one frequency is the limitation, and it
cannot be easily adjusted over a large-frequency range.

fr:
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The Colpitts Oscillator Hartley Oscillator

© O
VOLIt VO
L L
=C 1
Lp
CE connection, Colpitts oscillator Hartley oscillator
1
resonant frequency f, = _ 1 _ _ L _ L
2nNLC A 2 LC s L=Ly+ L, B L ’AV(min) L
cC
C+GC,
C C Al V.
Ford,B>1,B= - 4,= = Vi W7 °
C, G _f‘
+VDD - 11
L 10 C
R.F. 1 L,
7000 500
Choke
c, L
v TG Figure 11 Hartley oscillator by using op-amp
R4
R: 1 S 1
; c |=t % R Frequency of oscillation f= ———
= L =C> 271'1[Leq -C
= Leq =L, + L, +2M (series aiding)
1 =L, + L, — 2M (series opposing)
JFET oscillator has less loading effect on tank circuit. Clapp Oscillator
1
Resonant frequency f =
" 2rJLC
GG G G
= » b= "= ’AV(min): =
C+G, G, o
Armstrong Oscillator
_ 1
Nl
1 o
— 1 B_M A — L :]/Cl+]/C2+1/C3’B:C_2
S i BT L e ™ oy

) AV(mid) =G/C,
M-Mutual inductance at output.



Crystal Oscillator

Piezoelectric crystal exhibits extremely stable resonance
characteristics and very high Q factor.

L
|- Cs - Cr
r
Crystal
circuit

Equivalent circuit of
crystal oscillator

— Input impedance of crystal oscillator

1
1
SCo+————
SL+1/SCq
— Crystal oscillator has two resonance frequencies
1
LCq
1

e
Cs+Cp
— Crystal oscillator resonance frequencies range is of

few kilo hertz to 100 mega hertz.
— Crystal oscillators are fixed frequency circuits.

7=

A series resonance is at g =

Parallel resonance is at ®, =

Example 17

Relation between R, and R, for sustained oscillations if §=

% £0° for the following circuits.

R

Ry
MW - Yo

il +

+ ﬁ1=
T
10
(A) R, =4R, (B) R.=10R,
(C) R,=2R, (D) R,=9R,
Solution
A=1+%e
R
AB=1
= 1+& i40" =1£0°
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Example 18

A Colpitts oscillator has a coil with an inductance of 50 uH
and is tuned by a capacitor 400 pF across amplifier input and
200 pF across the output. What are the frequency of oscil-
lation and the minimum gain for maintaining oscillations?
(A) 1.95MHz, 3 (B) 1.95 MHz, 2

(C) 29 MHz, 3 (D) 2.9 MHz, 2

Solution

For Colpitts oscillator
1 cC
fO = ’ Ceq = —

27 JLC,, G+G

C = 400x 200

— 13333 pF
«a” " 600 P

1

Jo= =1.95 MHz
* 2aJ50x133.33%10-18

For maintaining oscillations, A8 > 1
G

Aloop :AVO'F1 =1
_ G400 _
e, 200

Example 19

A clapp oscillator has the following circuit components
C, = 5,000 pF, C, = 500 pF, L =50 puH, and Cj is a 50 to
250 pF variable capacitor.

Cs L

— 00—
iy

C1 Cg
Find out the tuning frequency range?
(A) 1.98 to 10.34 MHz (B) 2.34to 11.56 MHz
(C) 3.35t0 12.5 MHz (D) 5.34to 15.4 MHz

Solution

1 1 1 1 1

fi=——, —=—+— +
0 2r LCeq Ceq Cl C2 C3

c - 5000 %500 x50
€4 5000 x 500+ 5000 x50+ 500 x 50
=45.045 pF for C; =50 pF
_ 1
 2m50x45.045x10°18
C,, = 161.29 pF for C, =250 pF
Then, f,=12.5 MHz

=3.35 MHz
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WAVEFORM GENERATORS AND
WAVE-SHAPING CIRCUITS
Comparators

An analog comparator or simply comparator has two input
voltages V| and V, and one output voltage V. Often one of
the input (V) is a constant reference voltage ¥}, and the
other is a time-varying signal.

Vo

+Veat V(1 )

V(0)y— —Vsat

1. Transfer characteristics of ideal comparator
V1 oA+

Vo

o=

V2

2. Op-amp operated in open loop becomes a comparator.

Vo

410 v,

45
T 1 T 1 Vi
-3-2 —1 1 234N
Vo— 110

3. Transfer characteristics of practical comparator.
The input is compared with the reference, and the output is
digitized into one of two states: ¥, = V(0) when v(i) < V}
and V= V(1) when V; > V7.

W(i)yo—— + R
. B Vo AN —o V01
VR
V22
Vz1
Vo B
- =W
v [
(1] V'

«— Non inverting

comparator
Amplifier
V(0)
- = V'

Practical comparator and transfer characteristics
To obtain limiting output voltages that are independent of
the power supply voltages, a resistor R, and two back-to-back
zenar diodes are added to clamp the output of comparator.
One more advantage of adding the zenar diodes is that the
limiting may be much sharper for V', than for V, and dis-
advantage is poor transient response of the avalanche diode.

Square wave generation from sinusoid.

The comparator performs highly non-linear wave shaping
because the output bears no resemblance to the input wave
form.

Ve C 1+ D
Vi * 0 v ™~ o
_ 1 L1 Vi
L L
2R 2R

A zero crossing detector converts the sinusoid input (V)
into a square wave (V).

The pulse wave forms, V! and ¥, result from ¥, being
fed into a short-time constant RC circuit in cascade with a
diode clipper.

~

Vo

%

-

—

W

-

Here, a sinusoid has been converted into either a square
wave or a pulse train.

Spurious positive and negative voltage spikes called noise
super imposed on the input signal in the neighbourhood of
the amplitude (V) may cause the output to chatter (change



from one binary voltage to another) several times before set-
tling down to the correct level. This difficulty can be avoided
if positive feedback or regeneration is added to a comparator.

Regenerative Comparator (Schmitt Trigger)

V2

V1

Schmitt trigger

Vo=V, + Vp

Assume v, <v,

So that Vj=+V,,

and the voltage at the non-inverting terminal (v, ) is

R
——(V,=V
R +R, (Vo= V)
If v, is now increased, the V|, remains constant at ¥, and v,
=V, =constant until v, = V', and at this threshold critical, or
triggering voltage, the output regeneratively switches to v, =
—V,, and remains at this value as long as v, > V|

The voltage at the non-inverting terminal (v,) for v, >V,

Vi=V,+

. R,
isv, =V, — V,+Voy=V.
1 A R +R, 0 A 2
Vo
Vo
t Vo
VR V1
Sz i Transition from
Vo +Vo to -V
+V4
t Ve
Va WR 1 ?
Ve Transition from
i —Vo to +vo
+Vo p
Vs Ve |V ve
-Vo Hysteresis

If we decrease v,, the output remains at —V, until v, equals
the voltage at positive terminal, or until v, = V,. At this
stage, regenerative transition takes place and the output
returns to +V,, almost instantly. One of the most important
uses made of the Schmitt trigger is to convert a slowly vary-
ing input voltage into an output wave from displaying an
abrupt, almost discontinuous change.
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It is noted that V, < V|, the difference between these two
values is called hysteresis.

2RV,
1 2

UTP: (V,) Output changes form+ V,,to—V,,,
LTP: (V,) Output changes form -V, to+V,,

Example 20

Find UTP, LTP, and hysteresis width for the following circuit
assuming diodes are ideal.

+12V

+
—12v
V. R1 L—1
" Yioka
- 4\/"32 ~

A
300kQ

TRL: 120kQ

Solution
UTP: V,,=+V_,,; Upper diode is ON.

sat ?

R
VUT = +Vsat‘ L
12(120K
uTP = 12(120K) = +4volts
(360K)
LTP: V,=-V, ; Lower diode is ‘ON’
_ Vsat ><RL
P R, +R,
-12(120K
TP = # = -3 4volts
(420K)

Hysteresis width = V{1, — V| 1p = 7.4volts

Emitter-Coupled Schmitt Trigger

+Vee

let
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The basic emitter-coupled pair can be converted into a
regenerative comparator. The resistances R, and R, are une-
qual (R, > R,), and hence, O, and Q, have different currents
when saturated. This difference results in the hysteresis as
different input voltages are required to saturate and cut off

0, and Q,.

Square Wave Generator
(Astable Multivibrator)

R
M
Vo
Bvo [--->>
Vo / Ve /
T2 T
L Bvo
— _VOI .
= T
A square wave generator Output & capacitor voltage
wave forms

The inverting Schmitt trigger can be used to obtain a free
running square wave generator by connecting an RC net-
work between output and the inverting input.

R,
Vi=vc_ﬁv0=VC_Rl+R2 VO
2R 1
T=2RCE [1+=—L|,f,=—— forR,=1.16R

Triangle Wave Generator

Square wave

generator or Integrator > Triangle

Schmitt trigger wave

c
Vo= VR > Rs Ve R |_'
+ W B —Vo (t)
V4 R Vs *
R

Vo(t)

Vimin

Output wave form,
T=T,ifV =0,

R
Vmax - Vmin = 2V0 =
1
o ARRC 1
R T

The frequency is independent of v,. The maximum fre-
quency is limited by either the slew rate of the integrator or
its maximum output current, which determines the charging
rate of C.

If unequal sweep intervals T, # T, is required apply V,# 0
for integrator.

Then L Vol
I, W+l
T 1
duty cycle =~ == — 1—&

Sample and Hold Circuit

The sample and hold circuit as it name implies, samples an
input signal and holds on to its last sampled value until the
input is sample again.

+Vcce

input

——voltage Vs~ =
Sample & Hold
= Co

ntrol voltage

The analog signal V;_ to be sampled is applied to the drain,
and sample and hold central voltage (V) is applied to the
gate of E-MOSFET.

During positive portion of ¥, the MOSFET conducts
and acts as a closed switch. This allows the input voltage to
charge capacitor C, that is, input voltage appears across C
and in turn at the output.

When V_ is zero, the E-MOSFET is off (non-conductive)
and acts as an open switch, the only discharge path for C is
through op amp. However, the input resistance of op-amp is
very high, So voltage across C is retained.



_

MOSFET ON

y MOSFET, OFF

VO:W

Figure 12 Input and output waveforms

To obtain close approximation of the input wave form, the
frequency of the sample and hold control voltage must be
significantly higher than that of the input. The sample and
hold circuit is commonly used in digital interfacing and
communications.

Monostable Multivibrator

Monostable multivibrator has one stable state and other is
quasi stable state. The circuit is useful for generating single
output pulse of adjustable time duration, in response to a
triggering signal.

R
Wy
> Rs
M \"
+
D, IC
- BVea g,

Vi l

in C4 D2 v —

R4 Mono stable multivibrotor
Vi
—>| Tr |[€—  Negative going triggering
signal
%)
Ve / ¢
\/CapaCitor voltage
+Vsat BVeat + Veat
«—T—>

% t

0 Output voltage

waveform

_Vsat

V, — diode forward voltage

T:RCEH (1+VD/Vsat)
1-B
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p= Lo
R +R,

if V, >>Vp, R, =R, So that $=0.5, then 7= 0.69 RC

Let us assume that in the stable state, the output is at
+V,, The diode D, conducts and V the voltage across
capacitor gets clamped to 0.7 V.

The voltage at (+) input terminal through R,, R, poten-
tiometer divider is +BV,. Now, if a negative trigger of
magnitude V, is applied to the (+) terminal. So that the
effective signal at this terminal is less than 0.7 V. That is,
([B Vg, + (V) < 0.7V). The output of op-amp will switch
from +V_ to =V through the resistance R. The voltage at
the (+) input terminal is now —V_,, when capacitor C volt-
age becomes just slightly more negative than this voltage.
The output of op-amp switches back to +V,,. The capacitor
C now starts charging to +V,, through R until V, clamped
to 0.7V.

Example 21

The op-amp has a slew rate of 1//u second. The unity gain
frequency is 1 MHz and the output saturation levels are of
114 V. What is the maximum output frequency at which
undistorted output can be obtained?

Ry

R

Vo
?Vm sin wt

(A) 15.4kHz (B) 13.8kHz
(C) 12.39kHz (D) 11.36 kHz
Solution
dv
Slew rate = — =0V
t
max
27, Vi = Slew rate
_ slew rate
T 27V
Here, slew rate = 1 V/us
V.,=14V
1/107¢
= —— =11.36kHz
Smax 2 x 14
Example 22

The values of R;, R, for a non-inverting amplifier to provide
maximum low-frequency gain for a bandwidth of 100 kHz
are

(A) 9kQ, 1 kQ
(C) 29kQ, 1 kQ

(B) 19kQ, 1 kQ
(D) Cannot be determined
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Solution
For 1 MHz bandwidth, gain = 1 (unity)

For 0.1 MHz, gain = % =10

. Rf‘
Closed loop gain=10=1 + ?
=R, =1kQ, R,=9kQ.

Example 23

The maximum peak-to-peak amplitude of the input signal
of frequency 100 kHz for undistorted output?

(A >0 (B) 3.18V

© 212V (D) Not possible

Solution

Slew rate =2nf, .V

Peak amplitude of input = S0 1€
27tfmax

A 159V
T 2wx100x103

Peak to peak (P-P)=2x1.59V=3.18V

Example 24

The switch S in the circuit was initially closed and opened at
time ¢ = 0, you may neglect the zener diode forward voltage
drops. What is the behaviour of V_  for ¢ > 0?

out

+10 V
1 kQ
0.01 uF Vo
S
50V
50V
-10V —
(A) It makes a transition from —10 V to +10 V at
t=12.98 uS.

(B) It makes a transition from -5 V to +5 V at t=2.57 uS.

(C) It makes a transition from +5 Vto =5 V at t=2.57 uS.

(D) It makes a transition from +10 V to —10 V at
t=12.95pS.

Solution
It is a limiter circuit
It makes a transition from +5 Vto -5V

20 (1 —e "Ry =5x 100
110
= Voltage across 100 kQ
RC=0.01x10"°x 103

t=2.57uS

Example 25

In the circuit shown, the output voltage is
100 Q

Vo
100mA

>

§1kQ

(A) 9V (B)-10V  (C) +l0V  (D)+9V

Solution
We can observe the current source 100 mA, in parallel with
resistance 1 kQ as

100 Q

So ¥, =100 00 =—10v
1000

Example 26

In the active filter circuit, if Q = 1, a pair of poles will be
realized with ®_, equal to

R = 200kQ2

(A) 1,000 rad/s

(B) 100 rad/s

(C) 10 rad/s (D) 1rad/s
Solution
Vo (s) _ sIR,Cy
v, , , G +C, o4 1
RGGC  RRGG
0,/
4, (5)=— (2 s
52+ (") s+’
0
o, C+G

By comparing we have —2
R C G

0,=0 G+G ), (1+1)x107
? R C G, 200 x10° x 10718
=1000 rad/s.




Example 27

For the circuit with an ideal op-amp, the maximum phase
shift of the output ¥, with reference to input V, is

R
R
Vin VOUt
R
I C
(A) —90° (B) 0° (C) +90° (D) +180°
Solution
__h
" 1+ joRC

V_=V, (as its ideal op Amp)
V=V _ V=V,
R R
V,=2V_-V, =2V, -V, =

1 — joR
1} _L-JjorC

2
|:1+ijC_ " 1+ joRC
Z(V/V)=-2tan @ RC
for —90° < 0 < +90°, phase shift £ (V /V;) =+ 180°

POWER SUPPLIES

The function of voltage regulator is to provide a stable dc
voltage for powering other electronic circuits.

Vin VO
Qi 7 I

Un-
regulat R R
ed Z (Load)
power Error amplifier
supply o

+ N R,

Vet _0\

-<

Figure 13 A regulated power supply
The circuit consists of the following four parts:

1. Reference voltage circuit
2. Error amplifier

3. Series pass transistor(Q,)
4. Feedback network.

The power transistor (), is in series with the unregulated dc
voltage V; and regulated output V. So it absorbs the differ-
ence between these two voltages, for fluctuations in volt-
ages. (), is connected as emitter follower, and it provides
sufficient current gain to drive load. The output voltage is
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sampled by R, — R, divider and feedback to the (-) input
terminal, of the error amplifier, The sampled voltage is
compared with the reference voltage V. (obtained by a
zener diode). The output of error amplifier drives the Q,
transistor.

Ry
R +R,
This in turn, reduces the output voltage V), of the diff amp
(v =PBv,), so ¥, follows v ) , so V also reduces. Hence, an

increase in ¥ is nullified, and reduction in output voltage
also regulated.

B=

IC Voltage Regulators

78xx series are three terminal, positive-fixed voltage regula-
tor available in 05, 06, 08, 12, 15, 18, and 24V.
The last (XX) two numbers indicate o/p voltages.

Un
regulated —— Regulated
Ingut 1 IN ouT 2 outg%t
Vin GND
p—e —Co
3

The three terminal regulators have the following limitations:

1. No short circuit protection.
2. Output voltage (positive or negative) is fixed.

These limitations have been overcome in 723 general-pur-
pose regulator.

Advantages
Adjustable to wide range of both positive and negative volt-
ages. It can be boosted to provide 5 A or more current.

Limitations

No built-in thermal protection.
No short circuit current limits.

R;|_|Load
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Example 28
An op-amp circuit is shown in the figure, the current ‘I’ is

+12V

1kQ

+12V
+2V
-12V 1

1kQ
(A) 0 (B) 5mA (C) 10mA (D) 12mA
Solution

, (12-2)v

The current through emitter /; = Ta =10mA

The current through collector =1, = I = 10 mA

Example 29

A regulated power supply, shown in figure below, has an
unregulated input (UR) of 15 V and generates a regulated
o/p V. Use the component values shown, the power
dissipation across the transistor Q, in the figure is

15V Q,
O
10Q |+
UR) 2 ka Z | v,
12kQ
6V
§24kQ
(A) 48W  (B)50W (C) 54W  (D)6.0W
Solution

The zener is in break down region

V.=V,=+6V=V_

RF
VOZ Vin (14‘?1)

12 k
Vout= Vo=6 (1+m]=9v

The current in 10 Q resistor is very high when compared
with current in 12 kQ + 24 kQ resistor, so it is negligible

ICzIEz @:2:0_9/;

Veg=15-9=6V
The power dissipated in transistor is P
=V X[=6%x09=54W

Example 30

The Schmitt trigger circuit is shown in the circuit if £V
== 10V, the tripping point for the increasing input voltage
will be?

+12V
Vi~ 10 kQ
o Vout
+
Ty SATKe
1kQ
N/ V=07V
(A) 1V (B) 0.893V
(C) 0477V (D) 0416V
Solution
Tripping point = By fo y
R+R, " R+R,°
1 4
= —><10.7+—7><O.7 =0.893V
48 48
Example 31
The pole frequency and Q of the filter shown in figure is
330pF
I
47kQ
o—AW—

L oVo

(A) 0.6, 10.3 kHz
(C) 0.5, 5.15 kHz

(B) 0.5, 10.3 kHz
(D) 0.6, 5.15 kHz

Solution

A =—+1=133

= 0.6 (Same for LPF & HPF)
3-1.33

1

1
f =-—-—m =
" on/RRCC, 27RC

worth filter.

= 10.3 kHz for butter-

Pole frequency is same as cut off.
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Practice Problems |

Direction for questions 1 to 41: Select the correct alterna-
tive from the given choices.

1. Calculate the output V of the figure given.

10mH
1mH
5 sinot
2 sinot 1mH
(A) 7 sinwf Volt (B) 3 sinm Volt
(C) =70 sinwt Volt (D) —10 sinwt Volt

2. An op-amp integrator with R = 10 MQ and C=0.1 pF
is shown below. An input of 4sin 1007 V is applied.
Calculate the time in which output ¥ reach 20 mV.

C
[E—
R
Lo
Vin
(A) 1.047sec (B) 10.47sec
(C) 10.47usec (D) 10.47msec
3. What is the output V| of the figure given below.
1,
B
r - 2R
Vi §Fw’
+ >
r 2 2R

iﬁ

A) V-V, (B) V| +V,
©) 2(V,-1,) D) 2(V,- V)
4. What is the output V' of the figure given.
4K
T
2V —
4K Vo

;1 v

(A) 10V (B) -6V (C) -4V (D) -10V

5. What is the current in R,. Given R, =1 k€, R, =2 k€

and € = 1volt

Ri Ry
1

Vo

Ry
Rs R

(A) =05mA (B) -ImA (C) 2mA (D) None

6. Calculate " of the figure given

1

R R R
M M
7 [
Vo

+

Vi

A) 4 B) -8 C) 4 (D) None

. What is the output V?

4K
AW
+ Vo
2v
(A) 2V (B) 4V ©) 6V (D) 0V

. What is the output wave form for the input sinusoidal

for the circuit given. Assume the forward voltage drop
of diode is 0.7V

Vi e — Wy Wy * v
1K 1K °
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9.

10.

11.

12.

13.

A Wien bridge oscillator is shown below with R =2 kQ,
C=0.16 pF.

L

C R»
AN
R

R

%R_—L]— C

If R, = 0.5 kQ, the value of R, to sustained oscillations
is

(A) 0.5kQ (B) 1kQ
(©) 2kQ (D) 1.5kQ
The frequency of o/p is
(A) 50Hz (B) 1kHz
(C) 5kHz (D) 500 Hz
The CMRR of the figure given is
9K
M
1K
Vi e— W\ -
—L o
1K
10K
(A) 900 B) 9
©) 90 (D) Infinite
Given op-amp is ideal R=g. What is the phase
1
angle between V_and V. at o= ?
¢ A NTS
R C
L R
Vi
Vo
(A) 180° (B) 270°
©) 0° (D) 90°

The op-amp shown is ideal. The V'-I characteristic of
diode is given by

Va
=1, |:e %VT —l] where

Ve=26mV, I =10 uA, and V; = voltage across diode.
The output V,, for V,=-2V is

14.

15.

16.

17.

18.

19.

2K
Vi=-2V I;
A —<—
50K
Vo
(A) 0.122V (B) 0.6V  (C) 12V (D) None
What is the output V of the figure given.
1K 1K
5K 2% W—
1K
- 1K
2v Wy -
+
+ Vo
(A) 8V (B) -8V (C) 10V (D) -10V

An op-amp has open loop gain ‘4’ of 2 x 103, the input
impedance Z = 100 k€ and output impedance Z =
2 kQ. The op-amp is used in non-inverting mode with
closed loop gain 100. The effective input and output
impedances are

(A) Z;=2.1mQ, Z ;=42 kQ

(B) Z;=48kQ,Z=95Q

(C) Z,;=21mQ,Z .=95Q

(D) Z;=4.8KkQ, Z ;=42kQ

A differential amplifier has a typical common mode
gain 30db and CMRR of 70dB. What is the output volt-

age V_ when Input voltages are 0.14 mV and 0.16 mV
(A) 2.047V (B) 1.99V (C) 474V (D) 44V

An op-amp voltage regulator is given below:

Vi = 30V ~
~— QA Vo

R
1K 12K 00Q

Vz =6V 6K

The regulated output V_ is

(A) 10V (B) 20V (C) 9V (D) 18V
The power dissipation by transistor is
(A) 1.08W (B) 2.16W (C) 4W (D) 32W

For a non-inverting amplifier R, = 20 k€2, R.= 100 k€2,
is used. A peak-to-peak voltage of 2 V is applied at I/P.
Given slew rate = 0.5 V/usec, what is maximum operat-
ing frequency?
(A) 6.66 kHz
(C) 16kHz

(B) 13.33 kHz
(D) 8 kHz



20. An op-amp circuit given below:

21.

22.

23.

R = 80K
M

*Vo

The feedback implemented is
(A) voltage series (B) voltage shunt
(C) current series (D) current shunt

Feedback ratio S is

(A) 95.2% (B) 5.2%

(©) 5% (D) 4.7%

Consider diodes and op-amp are ideal, calculate UTP

and LTP.

Vipp=-8V

Vip=-96V

©) Vyrp=4V Vigp=—24V

D) Viyrp=—4V  Vip=24V

An op-amp has unity gain frequency of 400 MHz with
band width of 60 kHz. Calculate gain in dB

(A) Vyp=8V
(B) Vyrp=9.6V

(A) 56.5dB
(C) 76.48dB

(B) 20dB
(D) None

Direction for questions 24 and 25:
A square wave generator (astable) using op-amp is shown

below.
C=0.05uF R = 10kQ
I
- +10V
ey,
Ry = 10kQ —10V
= M
Rz =11.6kQ
24. The frequency of the square wave output is

25.

(A) 500 Hz (B) 2.5kHz
(C) 1kHz (D) None
The feedback ratio S of the circuit is

(A) 0.463 (B) 1

(©) 0.72 (D) 0.537

26.

27.

28.

29.

30.

31.
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Calculate the o/p V_ of the figure given. Given V =
25mV

10K
10K
A -
Vo
N
(A) =173 mV (B) 17.3mV
(C) 0.69 mV (D) —0.69 mV

A comparator is shown below. A sinusoidal input of
peak value 6 V is applied. The length (in degrees) for
which the output high is

Vi— +
)
V.
V| °
(A) 180° (B) 60° (C) 120° (D) 150°

Calculate the output voltage of the figure given below if
the digital input 0101 =.

i)
2k

A
4k

B —eo g

k

c 8

16k

D —

Digital I/pis 0 V (or) +5V for 0 (or) 1, respectively
(A) =781V (B) 487V
(C) -587V (D) -3.87V

Consider the op-amp and diode are ideal

£ 1kQ
®

1K +Voo

1

Vo

|||—2|

What is the output ¥ when switch ‘S’ is open?

(A) 0.7V (B) +V,,

© oV (D) —Vig

What is the output V| when switch S is closed?

(A) =60V (B) 0V (C) -6V (D) Vi
In an inverting op-amp, the input bias current is —2 HA.
The input and feedback resistance are both 50 kQ.
Calculate the output voltage for input voltage of 1.5 V.
(A) 1.6V B) 2V

©) -15V D) 3V
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32.

33.

Assume that V, =3V, R =20 Q, B of a transistor is 80,
Ve =12 v. Calculate Io)

+Vcc
+Vcc
Vi b
L
R
(A) 38mA (B) 1.8mA (C) 0.15A (D) 4mA

The feedback network of Hartley oscillator have L, =
10 mH, L, =5 mH, and C = 100PF. The mutual induct-
ance between L, and L, is 2.5 mH. The frequency of
oscillation is
(A) 0.13 MHz
(C) 0.113 MHz

(B) 11.3kHz
(D) None

Direction for questions 34 and 35:
The feedback network used in Colpitts oscillator is given

below.
C1 Cz
4pF =
20mH
34. The value of C, to have frequency of oscillation 1 MHz
is .
(A) 0.8PF  (B) 4PF (C) 1.8PF (D) 2.2PF
35. Feedback ratio [ is .
(A) 045 B) 0.2 (C) 09 (D) None
36. The RC network of wien bridge oscillator has R, = R, =

37.

80 k€, let us assume C, = C, = C then what is the value
of C required for the frequency of oscillation 5 kHz?
(A) 200pF (B) 400pF (C) 50pF (D) 1pF
The current mirror in the figure is designed to provide
I.=05mA, V=10V, B=100, Vg = 0.7 V. The
value of R is

Vee +1cc
R \LI c1
fe2 Is2 I1
<« -
VBe VBE

I

(A) 18.23kQ
(€) 12.9kQ

(B) 8.5kQ
(D) 15.3kQ

38. If Vg changes by _p oy /oc What is the permissible

temperature range if /., is to remain within 1% of its
normal design value of the above problem?

(A) 21°C (B) 42°C

(C) 93°C (D) 12°C

39. Match List-I and List-1I.

List-I

Wien bridge oscillator 1.

List-ll

Low-output Impedance

Q. Voltage shunt feed- 2.
back amplifier

RF frequency range

R. Crystal oscillator 3. Audio frequency range

S.  Current shunt feed- 4.
back amplifier

High-input impedance

5. High-output

impedance
P Q R S
(A) 2 1 3 5
B) 5 4 2 1
) 3 4 2 1
(D) 3 1 2 5

40. The slew rate of an op-Amp is 0.5 V/micro seconds.

The maximum frequency of a sinusoidal input of

2V(rms) that can be handled without excessive distor-
tion is

(A) 3kHz (B) 30 kHz

(C) 200 kHz (D) 2 MHz

41. In the Active filter circuit, if O = 2, a pair of poles will

be realized with o, equal to

R = 200k

(A) 2000 rad/s
(C) 20rad/s

(B) 200 rad/s
(D) 2rad/s



Practice Problems 2

Direction for questions 1 to 39: Select the correct alterna-
tive from the given choices.

1. An op-amp has a open loop gain 60dB and common
mode gain is 1.2. Calculate CMRR in dB

(A) 50dB (B) 58.42dB
(C) 72dB (D) 58.8dB
2. What is the output ¥ of the figure given
1K
1K Wy
.
1K
2V Lo
1K Vo
2V
1K
v 1kQ
(A) -1V (B) 41V (C) 0OV (D) 2V

3. What is the output ¥ of the figure given

10K
5K
-3V
2K
+2V Lo
1K Vo
-1V

(A) 0V B) 6V © -6V (D) -14V
4. What is the current I of the figure given

1kQ 1kQ
2ve—Wy AW
2K

/

—o

%K

Vo

(A) 3mA  (B) 2mA (C) 1.5mA (D) 0

5. What is the value of R as if the magnitude of gains in
inverting and non-inverting modes are equal. (R, = R,)

4K
M
Ry
Vi &—\W\, —
SE Y
Vo Vo
Ro >

R

(A) 4kQ  (B) 2kQ (C) 1kQ (D) 8kQ
6. What is the cut-off frequency of the figure given.

C,=C,=0.08uF

R, =7.07kQ

R,=14.14kQ
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C C | o
Vi 0—| Vo
H1 Rg

(A) 2kHz (B) 20kHz (C) 02kHz (D) None

7. In the circuit given below, 1 /I is

Ro
AV~
h Ry
/ifE 3
+ I&o
L R
Ry R R, Ry
A 1+—= @®B 1+— (©) —= D) —
(A) R B) R © R (D) R

. What is the ratio of gain of the circuit given below

when switch open to switch close condition?

(A) —Ry/ Ry B) R+

(C) —Ry/ Ry D) Ry+—

. Calculate the output V_ of the figure given.

0.5uF 1mH
50kQ
- 10kQ
W B

+
v + Vo
Where V; = 10cos100z Volt
(A) 0.04cos100t mV (B) 0.2sin100¢V
(C) —4cos100f mV (D) —4 sin 100V

Direction for questions 10 to 12:

A differential amplifier is given has following specifications

r.=2mQ, f=4x10°
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17. The change in the op-amp input off set voltage V|
caused by variation in supply voltage is 60 pv. Calculate
the change in supply voltage. Given
SVRR =104dB
(A) OV (B) 95V  (C) 2V (D) None

18. For non-inverting amplifier how much is the feedback
resistance required to produce an output of 10 V for
input of 1.5 V. Given input resistance is 2.5 k€.

(A) 2.26 kQ (B) 0.37kQ
(C) 14.2kQ (D) 0.37kQ
19. An amplifier using op-amp with a slew rate 0.5V/
10. The differential mode gain is usec has a gain 20dB. If this amplifier has to faithfully
(A) 100 (B) 80 (C) 90 (D) 50 amplify sinusoidal signals from dc to 30 kHz without
11. Common mode gain is any distortion, what is the limit of the input signal level?
(A) 0.125  (B) 005 © 1 D) 0 (A) 266mV (B) 26V  (C) 26.6mV (D) None
12. CMRR in dB is 20. Recognize the type of filter shown below:
(A) 64.08dB (B) 21.8dB (C) 41.3dB (D) None Re
—I\/\/\,_
13. What is the output V_ of the figure given
° 10kQ _| ¢
M Ry
1K ~ vi, v
—E —L o
= A
2V oK + |
RA R (A) low-pass filter (B) high-pass filter
2K (C) band-pass filter (D) None

= 21. IfR, = 10 kQ, R, = 1 kQ and C = 0.01 pf, the cut-off
(A) 11V (B) 33V (C) 22V (D) 55V frequency £, is

14. The CMRR of a differential amplifier is 60dB. If the (A) 1.6 kHz (B) 1.45kHz
differential mode gain is 1,400, what is the common (C) 160 Hz (D) None
mode gain 4.7 .

@A) 14 ®) 2.1 ©) 08 (D) None 22. Calculate R_of the figure given

| 20K Vv, 20K

15. An op-amp shown below give output is x when the switch
S is open. What is the output when switch S is closed.

S
Vo
1K 1K
1K
= Vo —
Ny + 40K 30K J__
(A) x (B) 2x (©) %x (D) %x (A) 20kQ (B) 60kQ
16. Calculate the power rating of R, if the maximum input (C) 23.3kQ (D) 40kQ
voltage is 15 V. 3
R1=50Q 23. Calculate ¥, of the given circuit

Vz=5V Rs

AW
20K 10K

. AW oV, 50K
Vi=15V
1K R ReZe sV
K B
5K

(A) 45W  (B) 3.1W  (C) 27W (D) None (A) 15V (B) 0V (C) -5V (D) 5V



24. What is the value of R to get V, =—4.5V

25.

26.

27.

28.

29.

3K
MW
1mA
—— —e
= V.
4K
R«
(A) 2kQ  (B) 1kQ (C) 15kQ (D) 4kQ
What is the output V' of the figure given
+12V
L | —e
2V._WV_ + Vo
1K —12V
M
2K
(A) +12V  (B) 12V (C) -12V (D) 6V

What is the very low-frequency gain of low-pass filter
shown in the figure given below.

50K

_|’\6/.\'1|F

10K
o——AW—
Vi Y
Vo
(A) o (B) 6 © 5 D) 0

An op-amp based non-inverting amplifier has a gain of
20 and bandwidth of 200 kHz. If the gain of the ampli-
fier is reduced to unity, the band width will changes to

(A) 200 kHz (B) 4 MHz
(C) 1 MHz (D) 10 MHz
In the op-amp circuit shown, the voltage ratio V_/V; is
4K
2K +10V
v Y
2K 2
2K —-10vV
(A) 0.5 (B) -1 (©) 0.5 (D) 4

An op-amp has offset voltage of 1.2 mV and is ideal in
all other respects. If this op-amp is used in the circuit
shown in the figure what is the output voltage
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10MQ
M
10kQ
I *
1 e
- 1P
(A) 12mV (B) £12V (C) 0.6V (D) OV

30. In the figure given calculate /_from the source

31.

32.

33.

R = 5kQ

W\
— R =5kQ
C =5uF

(A) 31.4 mA lead by 90°
(B) 31.4mA lag by 90°
(C) 62.8 mA lead by 90°
(D) 62.8 mA lag by 90°

The feedback network of Hartley oscillator is shown
below. The minimum gain of a transistor required for
oscillation is

Ly Lo

(A) 0.02 (B) 1 (€) 50 (D) None

The resonant circuit oscillator has a frequency of
5 MHz. If the capacitance is increased by 50%, the new
frequency of oscillation is
(A) 5MHz

(C) 2.5MHz

(B) 10 MHz
(D) 4.08 MHz

For low collector current /., = 50 WA, this circuit is
used. Determine the value of Ry, given /., = 0.5 mA, j3
=100, V;=25mV.

Vee +Vee
é R \1//01
/cz\l’ <£2 Is1
Q: + + Q
_VBEZ VBE1 HE
L
(A) 1.139kQ
(B) 4.34kQ
(C) 7.57kQ

(D) Its not possible to calculate
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34. An amplifier of gain A is bridged by a capacitor C as
shown. The effective input capacitance is

¢
Ae; -
Vi LA v,
C ’
A — B) CA-A)
A
(C) C(1+A) (D) CA
35. What is the output voltage V_ of the given circuit? 12V
250 kQ
50 kQ N
Vo N Vo
" i
50 kQ
50 kQ (A)
(A) =5V, +25V, B) =5V, +3V,
N
(C) =25V, +25V, (D) =25V, +5V,

36. Consider the following statements for the circuit shown
in figure?

Ry R>

(1) ForR=1kQ,C= (ZLJMF,fﬂkHz
T

(2) forR=3kQ,C= (LJHF,f:.%kHZ
187

Which of the statements given are true?

(A) (1) only (B) (2) only

(C) both (D) Neither (D)

37. For the given sinusoidal input voltage, the voltage

waveform at point P of the clamper circuit shown in
figure is.

©

() £

C +12V

SR

12V T

+12V ]

LomIn N g
VY,

-07V I_

0.7V — —

-12V

WV
~
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38. A general filter circuit is shown in the figure if R, = R, (B) gain
=R,,and R, = R, = Ry, then the circuit acts as N
R
Vio Ry ~_C
S v
Rs N
R. o
- (C) gain
(A) All pass filter (B) Band-pass filter A
(C) High-pass filter (D) Low-pass filter
39. The output of the above filter is given to input of the
circuit shown in this figure.
Ra/2
M o
! I
% l Vo
|
© N
The gain Vs frequency characteristic of the output V_ o
will be
(A) gain (D) gain
\ A
A,('O A,
(O]
PRreEvious YEARS’ QUESTIONS
1. An ideal op-amp is an ideal 2004 1K guike
n ideal op-amp is an idea [ ] i AW
(A) Voltage-controlled current source =
(B) Voltage-controlled voltage source
(C) Current-controlled current source
(D) Current-controlled voltage source
2. The Circuit in Figure is a [2004]
R R J) S V,
Vin AAAA MW + out
=—C —C 1
A) —UF B) 2w uF
| (A) 5-u (B) 27u
1 Jo
(A) Low-pass filter (B) high-pass filter ©) 276 HF (D) 2mV6uF
(C) band-pass filter (D) band-reject filter
3. The value of C required for sinusoidal oscillations of | 4. In the following op-amp circuit, the load current /| is

frequency 1 kHz in the following circuitis  [2004]

[2004]
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R, R,
WA WA
VS
+
A c
L
W
R2
2 2
@ -5 ®) &
Ry R,
© -5 o %
iL, RL

. The input resistance R. of the amplifier shown in fig-

ure is [2005]
30K
VWY
10K
W -
; ———0
i +
’* ideal operational amplifier
= R, =
(A) ?kg (B) 10 kQ
(C) 40kQ (D) Infinite

. The voltage e, indicated in figure has been measured
by an ideal voltmeter. Which of the following can be

calculated? [2005]
M
VWW
S eo
—L 0
+
1M

(A) Bias current of the inverting input only

(B) Bias current of the inverting and non-inverting
inputs only

(C) Input offset current only

(D) Both bias currents and input offset current

. The op-amp circuit shown in figure is a filter. The
type of filter and its cut-off frequency are respectively.
[2005]

10kQ2
VWW

(A) high pass, 1,000 rad/sec
(B) low pass, 1,000 rad/sec
(C) high pass, 10,000 rad/sec
(D) low pass, 10,000 rad/sec

. In an ideal differential amplifier shown in figure, a

large value of Ry [2005]

O Ve

Vi Vo

—Vee

(A) increases both differential and common - mode
gains.

(B) increases the common-mode gain only.

(C) decreases the differential-mode gain only.

(D) decreases the common-mode gain only.

. Given the ideal operational amplifier circuit shown in

figure indicate the correct transfer characteristic ideal
diodes with zero cut-in voltage. [2005]

+10V
Vi

2kQ



(A) Yo
+10V
-8V +5V
Yi
10V
(B) e
+10V
-5V +8V
Yi
-10V
© Vo
+5V
-5V +5V
Yi
—-10V
v,
(D) Y
+10V
-5V +5V
Yi
-5V

10. For the op-amp circuit shown in the figure V| is:

1Ve—tp

(A) -2V

1kQ
NN

AN
1kQ

(B) -1V

[2007]
2kQ
. 1.
+
1kQ
(C) =05V (D) 0.5V
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11. In the op-amp circuit shown assume that the diode
current follows the equation I = Iexp(V/V7). For V=

2V, V,=V,,and for V;=4V, V,=V,,. The relation-
ship between ¥V, and V{, is [2007]
N
L1
2kQ
Vv, —AN\N—
—oVo
(A) Vo =2y, B) Vp=eVy,
©) V=V n2 (D) Vo=V =VyIn2
Direction for questions 12 and 13:
Consider the op-amp circuit shown in the figure.
—NV\N\—
R, Ay
Vie—1t ——V;
AN\ +
R
—C
12. The transfer function V(s)/V(s) is: [2007]
1-sRC 1+sRC
(A) (B)
1+sRC 1-sRC
1 1
C D
© 1-sRC ®) 1+ sRC

13. If V; = V| sin(w?) and ¥ = V,sin(wt + ¢), then the
minimum and maximum values of ¢ (in radians) are

respectively. [2007]
—Tr T T
A) —and— B) O0and—
(A) 5 an 5 (B) Oan 5
-
(C) —wand 0 D) TandO

14. Consider the following circuit using an ideal OPAMP.

The I-V characteristics of the diode is described by
4

the relation = I e —1 where V. =25mV, [ =

I LA and V is the voltage across the diode (taken as
positive for forward bias).

D 4kQ
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15.

16.

17.

18.

For an input voltage V', =—1 'V, the output voltage V;

is [2008]
(A) OV (B) 0.1V
©) 07V D) 1.1V

The op-amo circuit shown above represents a

[2008]
(A) high-pass filter (B) low-pass filter
(C) band-pass filter (D) band-reject filter

Consider the Schmitt trigger circuit shown below.

A triangular wave which goes from —12 V to 12 V is
applied to the inverting input of the OPAMP. Assume
that the output of the OPAMP swings from +15 V to
—15 V. The voltage at the non-inverting input switches
between [2008]
(A) -12Vand +12V (B) 7.5V and+7.5V
(C) -5Vand+5V (D) 0Vand5V

In the following stable multivibrator circuit, which
properties of V(¢) depend on R,? [2009]

(A) Only the frequency

(B) Only the amplitude

(C) Both the amplitude and the frequency
(D) Neither the amplitude nor the frequency

In the circuit shown below, the op-amp is ideal, the
transistor has ¥y, = 0.6 V and B = 150. Decide
whether the feedback in the circuit is positive or nega-
tive and determine the voltage 7 at the output of the
op-amp. [2009]

19.

20.

10V

5kQ

1.4kQ 5V

(A) Positive feedback, V=10V
(B) Positive feedback, V=0V

(C) Negative feedback, V=5V
(D) Negative feedback, V=2V

Assuming the op-amp to be ideal, the voltage gain of

the amplifier shown below is [2010]
Ry
I\/\/\’ —
Y%
R +
@ ]
ReS
R R
(A) ——2 ®B) -2
1 1
© Ry|Rs D) _(R2+R3)
| Ry

The transfer characteristic for the precision rectifier
circuit shown below is (assume ideal OP-AMP and

practical diodes) [2010]
R
_Hl/\’
4R D,
o =
7 Vg* >—>|—-o Vo
™ =
(A) e

-10 5 0




21.

22.

(B) &
5
10 5 0 Vi
(©) Vo
5
0| +5 Vi
(D) Vo
10
0 +5 Vi

The circuit below implements a filter between the
input current i, and the output voltage v . Assume
that the op-amp is ideal. The filter implemented is a

[2011]
L
YY)
Ry
I
= +_
L %
(A) low-pass filter (B) band-pass filter
(C) band-stop filter (D) high-pass filter
The circuit shown is a [2012]
R
C R i
4+ — Outpui
lnjut Y i‘
(A) Low-pass filter with f; ;= ;rad/ s

(R +R)C

(B) High-pass filter with f;,, = % rad/s
1

(C) Low-pass filter with £, = ﬁ rad/s
|

. . 1
(D) High-pass filter with f, ., = ————rad/s
3dB (Ri+Ry)C /

Chapter 5 e Operational Amplifiers | 3.567

23. In the circuit shown below, what is the output voltage
(V0 if asilicon transistor O and an ideal op-amp are

used? [2013]
1 kQ
M

5V

(A) -15V B) 0.7V

(©) +0.7V D) +15V

24. In the circuit shown below, the op-amps are ideal.
Then, V_ , in volts is [2013]
1kQ 1kQ

(A) 4 (B) 6 ©) 8 (D) 10

25. In the low-pass filter shown in the figure, for a cut-
off frequency of 5 kHz, the value of R, (in kQ) is
[2014]

26. In the circuit shown, the op-amp has finite input
impedance, infinite voltage gain, and zero input offset

voltage. The output voltage V_  is [2014]
(A) ~I(R, +R,) (B) LR,
(C) IR, (D) —-,(R, +R,)

27. In the differential amplifier shown in the figure, the
magnitudes of the common-mode and differential-
mode gains are 4 and 4, respectively. If the resist-
ance Ry, is increased, then [2014]
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—Vee

(A) A4, increases

(B) common-mode rejection ratio increases
(C) 4, increases

(D) common-mode rejection ratio decreases

28. Assuming that the op-amp in the circuit shown is

ideal, V_ is given by [2014]
M
3R
V,
i R v,
ZRj e R
5 5
A) -3, B) 2N -1
2 2
3 7 3 11
C) —=N+=V. D) =" +—V;
©) KA D) L=
29. The circuit shown represents [2014]
vio—| C, ~_ [+12V
—OVo
+
Ry -12v
R1 | |
—2V J__ W\I LA C1

(A) aband-pass filter

(B) a voltage-controlled oscillator
(C) an amplitude modulator

(D) a monostable multivibrator

30. In the circuit shown, assume that the opamp is ideal.
The bridge output voltage ¥, (in mV) for § = 0.05 is
[2015]

1000 +I:o 1v
A=

250 (1+8) Q 250 (1-8) ©

250 (1-8) Q

500 %

31. In the circuit shown, ¥, =V, , for switch SW in posi-
tion A and V, =V, for SW in position B. Assume that

o Vog .
the opamp is ideal. The value of —22 is

0A
[2015]
1kQ
1kQ
v e |
Bl A 1KQ — %
M +
SW  1kQ
1V 1kQ

32. In the bistable circuit shown, the ideal opamp has
saturation levels of = 5 V. The value of R, (in kQ) that

gives a hysteresis width of 500 mV is . [2015]
R, =20 kQ
VWA
R1
———oVy
Vi —,__+ out

33. Assuming that the opamp in the circuit shown below
is ideal, the output voltage V/_ (in volts) is

[2015]

2kQ
—AAA——
1kQ 12V
W L
-12V

1V

34. In the circuit shown using an ideal opamp, the 3-dB
cut-off frequency (in Hz) is [2015]

10kQ 10kQ

35. In the circuit shown, assume that the opamp is ideal.
If the gain (v /v,) is —12, the value of R (in kQ) is
. [2015]
36. The following signal V; of peak voltage 8V is applied
to the non inverting terminal of an ideal opamp.
The transistor has V. = 0.7V, B=100; Vo, = 1.5V,
V.=10Vand -V _=-10V [2016]




37.

10V

The number of times the LED glows is

Consider the oscillator circuit shown in the figure. The

function of the network (shown in dotted lines) consisting

of the 100k(2 resistor in series with the two diodes con-

nected back to back is to [2016]
1nF 158kQ

1nF

(A) Introduce amplitude stabilization by preventing
the op-amp from saturating and thus producing
sinusoidal oscillation of fixed amplitude.

(B) introduce amplitude stabilization by forcing the
op-amp to swing between positive and negative
saturation and thus producing square wave oscil-
lations of fixed amplitude.

(C) introduce frequency stabilization by forcing the
circuit to oscillate at a single frequency.

(D) enable the loop gains to take on a value that
produces square wave oscillations.
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38. Anideal opamp has voltage sources V', V5, Vs, Vy
connected to the non inverting input and V,, V,,
V¢, Vy connected to the inverting input as shown in
the figure below (+V = 15 volt, -V = -15 volt)

1 1
the voltages V,, V,, V3, V,, Vs, V, are 1, =303

3
-1 1 -1 .
= ?Volt respectively. As N approaches

5 =

4
infinitely, the output voltage (in volt) is
[2016]
10 kQ
V. —ANNA 10 kQ
10 kQ
v AV
10 kQ v,
v, EAAAA Ve
1
1kQ
AVAVAYS
7 1 kQ
(i VAVAYSS =
1kQ

39. A p — I — n photodiode of responsivity 0.8 A/W is
connected to the inverting input of an ideal op-amp
as shown in the figure +V_ =15V, -V = -15V, load
resistor R =10k€Q. If 10uW of power is incident on the

photodiode, then the value of the photocurrent (in LLA)

through the load is [2016]
1 MQ
\}{ +Vee
I VO
1 MQ | v,
10 kQ

40. In the opamp circuit shown, the Zener diodes Z1 and
Z2 clamp the output voltage V), to +5 V or =5V. The
switch S is initially closed and is opened at time ¢ = 0.

[2016]



3.570 | Part Il e Unit5 e Analog Circuits

closed and is opened at time t = 0. 42. In the astable multivibrator circuit shown in the figure,

the frequency of oscillation (in kHz) at the output pin 3 is

[2016]
VCC
R,=2.2kQ ; 8 4
o Ve Res
’ Disch
o o R, = 4.7 kQ § _
555 Timer
The time ¢ = ¢, (in seconds) at which ¥, changes state 6 | Thresh out] 3
is .
41. An opamp has a finite open loop voltage gain of 100.
Its input offset voltage V, . (= + SmV) is modeled as 2 i
shown in the circuit below. The amplifier is ideal in all
other respects. ¥, is 25mV. [2016] == Gnd
1
1K 15K C 0.022 uF

43. For the circuit shown in the figure, R, =R, =R, =1
Q,L=1uH and C=1 puF If the input V; = cos(10°t),
then the overall voltage gain (V_ /V; ) of the circuit is
. [2016]

The output voltage (in mill volts) is



Chapter 5 ¢ Operational Amplifiers | 3.571

EXERCISES

Practice Problems |

1. C 2. D 3.D 4. C 5. B 6. B 7. C 8. D 9. B 10. D
11. C 12. D 13. A 14. A 15. C 16. A 17. D 18. B 19. B 20. B
21. D 22. C 23. C 24. C 25. A 26. B 27. C 28. A 29. D 30. C
31. A 32. B 33. C 34. C 35. A 36. C 37. A 38. B 39. D 40. B
41. A
Practice Problems 2

1. B 2. A 3.B 4. A 5. A 6. C 7. A 8. A 9. A 10. B
11. B 12. A 13. B 14. A 15. D 16. A 17. B 18. C 19. A 20. A
21. A 22. C 23. A 24. A 25. A 26. C 27. B 28. A 29. B 30. B
31. C 32. D 33. A 34. B 35. B 36. C 37.D 38. C 39. D
Previous Years’ Questions

1. B 2. A 3. A 4. A 5. B 6. C 7. A 8. D 9. B 10. C
11. D 12. A 13. C 14. B 15. B 16. C 17. A 18. D 19. A 20. B
21. D 22. B 23. B 24. C 25. 3.1t03.26 26. C 27. B 28. D 29. D
30. 249 to 251 31. 1.5 32. 1 33. 11to 12 34. 159to 160 35. 1 36. 3
37. A 38. 15V 39. 800 HA 40. 0.798 sec 41. 413.8 mV 42. 5.67KHz

43. -1
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TEST
ANALOG CIRcUITS Time: 60 Minutes
Direction for questions 1 to 30: Select the correct alterna- lowt —
tive from the given choices. Vou
1. A JFET has =200, r, =300 K, and ry = 1 K. It is set M,
up as a source follower. The output resistance is (R,). Veias
(A) 1000 kQ (B) 333kQ
(C) 501 kQ (D) 600 kQ 3—| M
2. A bipolar transistor operating in active region has I.= —
2mA, B=100, and ;=25 mV. g, and input resistance The equivalent g_ of the pair is
r, in common emitter configuration is (A) the sum of individual g _ of the transistors
(A) g,=25mA/V and r, =15.625 kQ (B) the product of individual g_ of transistor
(B) g,=80mA/V andr, =4kQ (C) nearly equal to g_ of M,
(©) g,=25mA/Vandr, =125kQ (D) nearly equal to g_ of M,
(D) g, =80mA/V and r, =1.25kQ 6. A junction transistor operating at room temperature
3. o5V with /=1 mA, KT _ 22 mV and = 50. The value of
q
g,, and r_in mhos and ohm are, respectively,
(A) 0.0454, 1,100 (B) 0.0384, 1,200
‘: T (C) 0.08, 5,000 (D) 0.08, 1,250
Vo 7. In a full wave rectifier using centre tapped transformer
R, =1 kQ, each diode has a forward resistance of
l; 300 Q and the applied voltage is V(¢) = 240 sin 50¢. The
T2 ripple factor 7 is
| (A) 0481 (B) 0.54 (C) 0.367 (D) 1.27

- 8. The cut-off frequency of a bipolar junction transistor
increases with

(A) increase in base width

(B) increase in emitter width

Both transistors are having V. = 1 V. The device param-
eters K, and K, of T, and T, are 24 uA/V? and 6 HA/V?.
The output voltage is

C) increase in collector width

A)IV B2V (©)3V  (D)4V (

(A) (B) © (D) (D) decrease in base width

4. The high frequency capacitance—voltage characteristics (A) all (B) BC () D (D) B,C,D

of metil—Sizoz—Si (MO.S).crdpacitor having an area of 9. AnFET exhibits an /)4 value of 10 mA when the drain
1 X 107 ¢cm*. The permittivities of Si and SiO, are 1 X voltage is 5 V and at a g_, value of 5 mA/V. The value

1072 F/cm and 3.5 x 107!3 F/cm. The maximum deple- of V- is
c 10. Which of the following is correct?

(A) Zener breakdown voltage increases with tempera-
ture, while avalanche breakdown voltage decreases
with temperature

2pF- (B) Both Zener and avalanche breakdown voltage

v increase with temperature.
(C) Both Zener and avalanche breakdown voltage

(A) 0.143 um (B) 0.357 um decrease with temperature.
(©) 1um (D) 1.143 um (D) Zener breakdown voltage decreases with tempera-

ture, while avalanche breakdown voltage increases

5. Two identical NMOS transistors M, and M, are con- .
1 2 with temperature.

nected as shown in the figure. V. is chosen so that

both the transistors are in saturation. The equivalent g = Direction for questions 11 and 12:

Consider the CMOS circuit shown where gate voltage V
of the n-MOSFET is increased from zero, while the gate

- o1
of the pair is defined to —2% at constant Vot

1



voltage of P-MOSFET is kept constant at 3 V. Assume that
for both transistors, the magnitude of the threshold voltage
is 1 V and product of transconductance parameter and the
(WIL) rate, that is, quantity of pc_ (W/L)is 1 mAV—2,

11.

12.

13.

14.

15.

5V
SVJ

Vo
Ve

For small increase in V; beyond 1V, which of the fol-

lowing gives correct descrlptlon of region of operation

of each MOSFET?

(A) Both the MOSFETs are in saturated region.

(B) Both the MOSFETs are in triode region.

(C) n-MOSFET is in saturation and P-MOSFET in tri-
ode region.

(D) n-MOSFET is in triode region and P-MOSFET in

saturation.

Estimate the output voltage V| for V;=1.4 V.
(A) 491 (B) 4 (C) 42 D) 3

The circuit shown is

(A) bridge rectifier
(B) ring modulator
(C) frequency discriminator
(D) voltage doubler

In the voltage regulator, load current can vary from
200 mA to 500 mA. Assuming Zener diode is strictly
ideal. The minimum value of R is

ik

R
AW
+ P Variable load
200 to 500 mA
129 5V
(A) 35Q (B) 70 Q (C) 70/3Q (D) 14Q

In a full-wave centre tap rectifier, V; and V,_ are the

DC and peak values of voltage, respectively, across
a resistive load. If PIV is the peak inverse voltage of
diode then

16.

17.

18.

Test | 3.573

y

(A) Vye= -2 PIV=2V_
T

B) V.= Zm pry= 20
T

©) v..=2m pry= v
T
Vi

(D) Vpe= -2, PIV=V_
T

The Zener diode in the regulator circuit has a Zener
voltage of 5.8 V and a Zener knee current of 0.5 mA.
The maximum load current / drawn from the circuit
ensuring proper functioning over input ¥ range from 10
to 20 V is

1000Q /
AW O
1 o-2ovI 58 Load
O O
(A) 13.7mA (B) 14.2 mA
(C) 3.7mA (D) 24.2 mA

In the following circuit, switch was connected to posi-
tion 1 at#< 0 and at =0, and ¢ is changed to position 2.
Assume diode has zero voltage drop and a storage time
t. For 0 <t < 1, Vy is given by

'\I O
12 L] s
4v
T 1kQ Y
o
(A) Vy=—4 B) Vy=4
(C) 0 <V <4 (D) 4 <Vx <0

The waveform obtained across R is

5v(/|

12sinwt

de—x —0

v awa

B)

A%

-112v
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(C) 22. The voltage across the secondary of a transformer in
\ / sV half wave rectifier with shunt capacitor filter is 50 V.

The maximum voltage that will occur in reverse biased

(D) 112v diode will be
(A) 100V (B) 88V
(C) 50V (D) 25V

23. Identify the circuit

-7V

Ciy,
[
19. In the limiter circuit, an input voltage V, =10 sin2 7t is i
applied. Assume that the diode drop is 0.7 V when it is b D> Ds
forward biased. The Zener breakdown voltage is 5.6 V. ) )
':
C

The maximum and minimum values of output voltage,
respectively, are

2

o AA%A% 0
/1\/5vv D1 (A) voltage doubler (B) pulse train generator
v b2 v (C) Darlington amplifier (D) voltage tripler
z 5.6 _ ’ 24. The current through the Zener is
O 4 O N N
i —_

Il
(A) 6.1V,~0.7V (B) 0.7V,~-7.5V 2V 4’ .
(©) 63V,~0.7V (D) 63V,-7.5 V 10002
20. In the circuit, diode is ideal. The voltage V is 1
V- 10
1Q
vi (A) 89 mA (B) 109 mA
1A (C) 78 mA (D) 0.78 mA
25. Identify the output waveform.
(A) min (v, 1) (B) max (v, 1) v vi— |
(C) min v 1) (D) max v 1) v A
21. Two Si diodes are used to protect a delicate micro- ~Vim Va l
ammeter from damage by excessive current. The meter
shows full scale deflection when / =150 uA and meter (A) (B)
resistance R is 4.5 k€. The diodes can be represented oOf——mmm Ve
in this low current application by a piecewise linear VR zTVm . 2V
model with ¥, = 0.7 V and /; = 0 Q. What bias V" will s }
appear across the diodes when meter show full scale
deflection? © A (D) None of these
A
||<|| 2V,
Vi \
N !
= 26. Identify the output.
VNN "
O AV A o ,
L— |, An v [— + Viis Vi,
Vo
(A) 0.03V (B) 0.675V o T-

(C) 0.675mV (D) 0.7V



(A)
Ve

(B)

Pa—

© v

i/ANA

Vil 1

(D) None of these

Direction for questions 27 and 28:
For input of V, = Ssinwtz.

27. Find the output waveform.
(A) Y

28.

29.

30.

Test | 3575

©

Vo

-3 [

(D) None of the these

The plot of ¥, versus V, for the abovementioned ques-
tion is

(A) oL Vo (B) Vo
<—_3I—£Vi 2 ": y
— a5l 2 2 i

©) +oviVe (D) None of these

3
" s v,
— _2__ 3

A voltage source V,, = 2 sinwt is applied to the input
terminals. The impedance by the circuit across the ter-
minals 4 and B are

A N
) e
10k
B

(A) 5kQ

AN

210kQ

(B) 10kQ (C) 15kQ (D) 20kQ

Current through 48 Q resistor in the following circuit.

D,
D
20 ——
48Q

2 / $D4 Dy
t
-5 \/ (A) 152mA (B) 162 mA
(C) 0mA (D) 182 mA
ANSWER KEYs

2.D 3. C 4. B 5.C 6. A 7. A 8. D 9. C 10. D
11. D 12. A 13. D 14. D 15. B 16. A 17. A 18. B 19 C 20. D
B 22. A 23. A 24. D 25. B 26. A 27. A 8. A 29. B 30. C
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