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Analog Electronics

Revised Syllabus of ESE: Operational amplifiers — characteristics and applications.

1. Operational Amplifier-Characteristics and Application

m In an ideal operational amplifier, the voltage gain for the common mode signal is
(a) O (b) 0.5
(c) 2.0 (d) infinite
[2 marks : 2002]

Solution: (a)
For an ideal operational amplifier, the voltage gain for the common mode signal is equal to zero.

m The magnitude of the gain in the inverting operational amplifier circuit shown in figure is Y, with the
switch open.

R

v, o—ww—:ID | o,

When the switch is closed the magnitude of the gain is
(a) =Y (b) Y2
(c) 2y (d) -2Y
[2 marks : 2003]

Solution: (b)
For inverting operational amplifier

R
V.= | 2y
° (Fﬁj l
For switch is open, Y = ﬁ:— ﬁ) =-2
V. R

For switch is closed, Y = =
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m The operational amplifier circuitry is given below. Determine its gain and indicate its applicability.

| ::> oV,

AVAVAVAV
v, R,
=
R1:;
-
[7 marks : 2003]
Solution:
Vi=V y Vv,
and v, = Yo xRy v Y%
R+ R, 2
By virtual ground concept, MW
bq = V& L R,
vV = Vo XAy R1E:
T R +R,
R+R
V. = (#J V.
0 i
R
Applications:
1. Used as comparator
2. Asazero crossing detector
3. Used as voltage follower circuit
4. Used in active peak detector
5. Used inrectifier circuit

6. Usedin S-H circuit

m Explain the operation of a Schmitt trigger circuit using an operational amplifier. Discuss the effect of
hysteresis in such a circuit.
[8 marks : 2003]

Solution:
Schmitt trigger or wave shaping circuit:
Itis a switching circuit which converts non-rectangular wave form into rectangular waveform.

R
- _ 2
VUT - B Vsat - R.+R 0 v,
1T —oV,
- s
R
Vo= BV, = - b3
LT sat 0 <
R+ A,

Schmitt trigger circuit:

v, = BY,
Ao

" R+R,

AN
VVVy
Ry

where, B
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Transfer characteristics of schmitt trigger exhibit hysteresis characteristics.
Let us consider voltage V;is less than (V,) we get the output of (+)
remains (+V,,,
this value, as long as (V, > V).

The difference between V ;and V,,is defined as

Vaturation) @nd if V! is increasing, then V)

) until (V; = V,), atthis critical value, output voltage switches to V,; = (V410 @Nd remain at

VO
Vsat
A ?
i i v,
_Bvsat i E Bvsat l
A !
| _vsat.
hysteresis V,,and given as
2R, V,
V, =V, -V, =—=—279
H ur— Vet R, +R,
In such a circuit due to hysteresis loop, no transaction
can takes place when BV_ < V. < BV,
m The most appropriate value of ‘R’ in the circuit shown is
4 kQ 4 kQ
vV,o MW MWW
2 kQ
Vo o—MWW—
oV,
R
[} 0
(a) O (b) 1 kQ
(c) 2 kQ (d) 4 kQ [2 marks : 2004]

Solution: (a)
Ris the dc resistance seen from the —ve terminal by removing all the sources by its internal resistance.
: R=2kQ|4kQ| 4kQ=1kQ

m The correct match between the pin numbers of an Op-Amp pA 741 in the left column and their
functions in the right columns are

Pin number Functions
(A) 2 (P) output
(B) 3 (Q) non-inverting (+1 N)
(C) 4 (R) inverting (-1 N)
(D) 6 (8) —Vee
(M) +Vgo [5 marks : 2004]
Solution:

— (R) —inverting (-1 N)
3 (Q)—non-inverting (+1 N)
4-(S) -
6-(P) - output
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A non inverting operational amplifier summer is shown in the below figure. The output voltage V,, is

2R
AAAA
\AAAJ
R
L AVAVAVAV —_
—oV,
ovo AvAva'Av B4
(2 + sin 100f) V o———AMW——
R "
3 . .
(a)  sin100t (b) 3 sin100t
(c) sin100t (d) 2 sin100t
[2 marks : 2005]
Solution: (a)
R, = 2R
R, =R
According to concept of non-inverting amplifier
R 2R R
Vo = Vg|1+=2| = V[ 1+=| =3V, 2
0 B|: + /:1)1:| ( F],j B AW
R R o
AAAA =
Now, Vg = —2x——+(2+sin100t)x — vy
1414 sin100t _2Vo AW B *
R
(2 + sin100f) V. o——AW—
V. - sin100t
B2

Vo = 3V :SSIMOOI‘

m Describe with necessary diagrams:
(i) an Integrator, and
(ii) a differentiator using operational amplifier circuits. How the offset voltage can be minimized in an
integrator at the output, and what is to be done to reset the integrator?
Discuss how in a practical differentiator high frequency oscillation can be prevented? How the
outputs of a differentiator varies when (a) Ramp input is used, (b) Rectangular input is used?

[20 marks : 2005]

(9}

Solution:

Yo = RCs Vi v o—‘VGW—
" L—ov0

-1
) = —|V =
O() RC'I. in at

Integrator circuit
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Vo R
148 Y
N i MW v a8
C
-6 db/octave o—F—
Vin ——0
Yo 6 db/octave
i i ircui log ®
log ™ Differentiator Circuit A
R 9 ICR
V, = -RCsx V,
d
VO = _F’)CEVin

In integrator, feed back element is capacitor and thus at dc, where the capacitor behaves as an open circuit,
there is no negative feedback. The offset voltage can be minimised using a resistance connected across the
integrator capacitance C.

Practically we consider differentiator circuit as a ‘noise magnifier. This is due to the spike introduced at the
output every time there is a sharp change in V(1).

For this reason it suffers stability problems. Otherwise for high frequency (w,), input applied to differentiator
will get multiple of factor -(RC w,). Hence for a differentiator, level at the output increase immensely. We use
an external circuit to reset the integrator as:

To eliminate the problem of high frequency oscillation in a
differentiator circuit, circuit of differentiator is modified as: Il
and we take R,C, = R.C, Re

1 vy VAV

For this we get,

f. =
o 2rRC v, o—MWW—| >_
So, till frequency f, gain of differentiator increases but as + °

frequency further increases above f,, gain decreases at
rate of —20 dB/decade so problem of instability at high
frequency is solved.
(i) The output of the differentiator due to ramp input will be step signal.
rt) =t
d

Output, c(h) = Er(t) = u(t)

(ii) Forarectangularinput,
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EE] An operational Amplifier is basically a
(a) Low gain A.C. Amplifier
(b) High gain D.C. Amplifier
(c) High gain R.C. coupled Amplifier
(d) Low gain Transformer-coupled Amplifier
[2 marks : 2007]

Solution: (b)
An operational amplifier is basically a high gain DC amplifier.

m Derive an expression for the closed loop gain V,/V; of the circuit shown below. Assume ideal Op-amp.

AAAA AAAA
vvvy vvvy
R, R,

R3

[10 marks : 2007]

Solution:
By applying KCL at node (1)
By Virtual ground concept, voltage atnode 1 =0V

o-V. 0-V
i + = O
node (2)
V _(iJ V. R, % Ry
- R i AvAvAvA' AvAvAvAv
)
Applying KCL on node 2, R, % Rs
_ _ V.
4 O+V V0_+l =0 ! node (1) —oV

Putting value of V;in above expression,

_RZ FI)3F1)4 + FI)2FI)3 + R2R4 _
X R4 -
R, R,RR,

RSN

V, RiRs
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m (i) Draw a single-stage, double-ended, transistorized differential amplifier and define offset and
drift. What are the measures taken to minimize offset and drift?
(ii) Sketch asingle-stage, R.C. coupled, transistorized, common-emitter amplifier using npn transistor.
Draw its frequency response. Why the gain is low at very low and very high frequencies? How
the bandwidth of the amplifier is determined from this response?

[8 + 7 = 15 marks : 2007]

Solution:
(i) Basic building block of op-amp [differential amplifier] TVCC

Common mode gain of the amplifier depends upon the value

of (Rp), where R increases, common mode gain will decrease. Re EE Eé R,

Terminology: | | o, ) 9 v,

1. Input offset voltage: Itis that voltage, which must be applied y K :I y 2
between the input to balance the amplifiers to get output ! 2
voltage zero.

2. Input offset current: It is defined as the two biasing current
entering the input terminal of the balanced amplifier. %RE

3. Input bias current: Itis the average of two bias current flowing =
into the two input terminal of the balanced amplifier.

4. Output offset voltage: It is the voltage at the output terminal, when the two input terminals are grounded.

"

Vi, - output offset voltage because transistor are not identical
VBZ ]B2
V,=0
+
L Vg, a1
V,, = (Input offset voltage) = Vg, — Vj,
. . [B1 + [BZ
Input offset current = I, = 15, — 15, input bias current = 5

Offset: Shift in values of voltages and current in practical circuit with respect to ideal case is called
offset voltage or current. To minimize the effect of offset voltages we add some additional voltage
sources in circuit.

Similarly to minimize the effect of input offset current on output we introduce a resistance at +ve
terminal whose value is equal to dc resistance seen from the —ve terminal by replacing all the
sources by their internal impedances.

Drift: Change in bias current, offset current, and offset voltages due to change in temperature is
called drift.

Offset current drift is expressed as uA/°C.

Offset voltage drift is expressed as uV/°C.

Careful printed circular boards are used to keep op-amps away from heat sources to minimize the
problem of drift.

Sometimes forced cooling is also used to minimize the effect.
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(i)
OVCC
>
S
< ::RC
"R -
< ™M
R c < 0+
s 1
—WW—i d
=R L it
S R —c
E:: - 2

Single-staged RC coupled common-emitter amplifier

aB

[Al

log f
Because of degeneration caused by ‘R, the gain is low at very low and at very high frequency.

Bandwidth = £, = 0.35

g
Where ‘t is rise time of the circuit. Gain is low at low frequencies due to voltage drop across coupling
and bypass capacitors. Gain is low at high frequencies because of internal junction capacitances which
has finite impedance at high frequencies.

m Draw the circuit diagram of a transistorzed collector-coupled astable multivibrator and explain the
generation of square wave. In a symmetrical collector-coupled astable multivibrator R, = R, = 1 MQ
and C, = C, = 0.01 pF find the frequency of operation.

[10 marks : 2007]

Solution:
Circuit diagram:

11
> b >
< > > <R
R EE = R, R = =ne
ot e,
C1 C’l
Q Q,
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Waveform will be as

Vee
Qon. Qoff | 7 _ 569 R,C, | T, =0.69 R,C, | T, =0.69 R,C,
Ve Q, on Q, off Q, on Q@ off Q, on Q, off
VCE sat
Olevel o A o
Voe | : i
Q, on Q, off
T Q, on Q, off Q, off Q, on
VC1 VCE sat

0 level

We consider immediately before t = 0, transistor Q, is in saturation and Q, is below cutoff. Hence for
t<0, V, = Ve, (lowoutput) and V, = V__ (high output).

Now capacitor C, will charge through R, and transistor Q, and voltage Vj, start increasing, when Vj, reaches
cut-involtage V,, Q, starts conducting and draws a large current /; so that V,,, immediately falls to V., s0
that Vg, also falls by amount 7,R,and Vj, < Vy so Q, goes in cutoff and voltage V_, suddenly rises to V..
This charging and discharging of capacitor continuous and conduction transfers from one transistor to another
transistor after a certain time as to produce square wave (duty cycle may or may not be 50%).

We know that, 0.69R,C,

0.69R,C,

R,=1MQ=10°Q =R

= C,=001pF=108F=C

= T,+71,=069(R,C, + R,C,)=069 x2RC=1.38 RC

1 1 1 _ 100
T 138RC 138x10°x10° 138

Now given that,

4O~
I

. Time period,

Hz

m A monostable multivibrator is to be constructed using an OP-AMP. Draw the diagram generating a
positive pulse and explain its working with the help of waveforms. Derive an expression for the period

of the pulse in terms of the circuit parameters.
[16 marks : 2009]

Solution:
I N
Db,
E
o—]
C, 2R,
= R,
AAAA AAAA
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An OP-AMP monostable circuit:

Monostable multivibrator has one stable state and the other is quasi stable state. The circuit is useful for
generating signal output pulse of adjustable time duration in response to triggering signal. The width of the
pulse depends only on external components connected to the OP-AMP.

To analyse the circuit, let us assume that in the stable state, the output voltage is at -V, [For getting
positive pulse]. The diode ‘D" conducts and ‘V,' the voltage across the capacitor ‘C' gets clamped to
(-0.7 V). The voltage at the positive input terminal through R, R, potentiometric divider is -BV,,, or [BLO).
Now if a trigger of magnitude 'V, is applied to the positive input terminal is greater than (-0.7 V).
. The output of the OP-AMP will switch from -V, or L& to V, or L™). The diode gets reverse biased and the
capacitor starts charging exponentially to (+ V) through the resistance (R,). When capacitor voltage (V)
becomes just slightly more positive than (+8 V) or (B L*), the output of the OP-AMP switches back to -V,
The capacitor ‘C', now starts charging to -V, or -L© through R, until V; is (-0.7 V) as capacitor (C,) gets
clamped to the voltage. We observe that a five pulse is generated at the output during the quasi-stable

state. The duration T of the output pulse is determined from the exponential waveform of V.

VB(t) = L+ - (L+ - VD1)e_[/C1R3

By substituting, V() = BL,
BL, = L, = (L, - Vpy)e T/
o Vo - L
which yields, T= CRsln L}
BL+ - L+

for| V,, | << L | this equation is approximately

1
T= CR:In| ——
A, _1_5}

Design a circuit using minimum number of OA to realize the equation:

Solution:

V, = 2V, +5V,
[10 marks : 2012]
10 kQ 10 kQ
AAA
2 kQ
Vo, o—AMA— = %4 10 kQ
AAAA
*—VWy =
V, o—AMA— + —o
5 kQ )

The output of first (OA) will be

G = o Dy |- s1s 219
2 5
The second OA will acts as inverter,
10, ,
= ——V
Yo 10 °
Vo = 2V, +5V,
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EBE A circuit has the following voltage transfer characteristic. v,
Design a circuit to realize this characteristic. 10V

Plot the waveforms for V,; when
(i) V.=5sinwt -3V 0 3V '
(ii) V.= Half-wave rectified of 5 sinwt

-10V

[10 marks : 2012]

Solution:
Circuit for the given voltage transfer characteristic.

10V

From given transfer characteristic,
Upper trip point (UTP) = 3V

B v =3V
Ri+ R,
and Vi = 10V
R, _ 3
R+ R, 10
R 10
1+-2 = —
- R~ 3
R _3
R, 7
We can choose R, = 3kQ and R, = 7 kQ
(i) When, V. = 5 sinwt

When the input voltage exceeds the UTP on the upward swing of the positive half cycle, the output
voltage switches to -V,,. Half a cycle latter, the input voltage become more negative than the LTP, and

the output switches back to + V.

V.

WA £

0

-3V
VO
10V [4--mme-

/
g

~10V | ‘ —
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(i) When V. = half-wave rectified of 5 sinwt
As the input voltage will never become more negative then LTP, the output will never switch back to +V,.

v
5V|--—
i '/\\ [\
i ot
Vot !
i ot
-10 V|

m Determine the output voltage V; of the circuit shown in the figure.

Solution:

z
2R =R
R § R R ¥ R
4V O_AVAVAVAV AVAVAVAV AVAVAVAV AVAVAVAV
R R }»—o v,
2V
R
[10 marks : 2012]
Applying KCL for V., [
Vi-2 v K-V =R 2R
iR = R , 9 R
R R R POV BV LVl P
yvvy Yyvy vvvy \AAAJ
= 3V, =2+V V2 V3
Since, no current flows into the op-amp, R v, R - v,
Vi=V 2V . p
2V = 2 R
= V=1V (1)
Also, due to internal short, V= V=1V =
Applying KCL for V,,,
R R R
3V, =5
5
= V, = =V (2
> = 3 (2)
Applying KCL at node voltage V/,
V' -V, . V' -V, _ o
R R
2V = V,+ V,
= V3 = 2_§
3
VARRY 3)
53
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Now, applying KCL and node V,
vy -1 +£+ Vi -V,
R R R
v

=0
3V,-1=0V

Define slew rate and PSRR of an operational amplifier. Explain clearly the difference between Bandwidth,
transient response and slew-rate of an op-amp.
[4 marks : 2013]

Solution:
Slew rate: It is defined as the maximum rate of change of output voltage per unit of time and is expressed
as volt per micro second. An ideal op-amp has infinite slew rate.
PSRR: The PSRR is defined as the ratio of the change in supply voltage to the equivalent (differential) input
voltage it produces in the op-amp, often expressed in decibles. An ideal op-amp has infinite PSRR.
PSRR = loupsly
AVos
Bandwidth: It is the range of frequency for which amplifier can faithfully amplify the signal.
Transient Response: When the system is subjected to an input, the output tries to reach to steady state
value. This process of achieving steady state value is called transient response.

m Find an expression for the output V,, of the amplifier circuit shown below. Assume an ideal op-amp.
What mathematical operation does the circuit perform?

R
Ve, o—WW—,
V.,
VSZO_M"QA'_ hovo
=R,
[4 marks : 2013]
Solution:
V- Ve, + Vs, R
? 2 Vs, 0—MWW—
. Voo
By virtual ground theory, v, =V, v, 2 v,
VS + VS R <:
Vo= — 2 “=V =R
DVA
R L
V, = 1 V. =
R +R2j 0 j:&
VS1 + \/32 FT)Z + R1 =
- el R,
V, +V, R
= v, = %} (H_?f}
If R, =R,=R
= Vi = VS1 +VS2

So mathematical operation performed is addition.
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m A voltage v, = 1 + 2 sinwt is applied to the circuit shown in figure. Draw the output voltage and
capacitor voltage waveforms. Find the average output voltage. Assuming o = 1 rad/sec.

€ ’ Yo
C
+12V

2 sinwt

-12V

oV,
c
2 sinmt +12V
R
1V
l 12V

At 2 sinmt = —1, the circuit becomes:

<

.|||_|

[4 marks : 2014]

Solution:

oV,

2 sinwt +12V

l 12V

At 2 sinmt = -2, the circuit becomes:

1V

o=
1|
A WA——]
X

oV
Average output voltage = 2 volts






