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EC 207 INTEGRATED CIRCUITS & APPLICATION LAB

The laboratory portion of this course, through theegrated Circuits & Integrated labs, is
designed to give the student practical experiencearking with operational amplifiers & its
various applications, multivibrators. The laborgtimtegrate the theory taught in the lectures with
practical design, and should help the student pydps or her knowledge of electronics.

LIST OF EXPERIMENTS

S. N. Title of the Experiment

To design and verify experimentally the theoretical closed loop voltage gain using 741 Op-
1 Amp for the following:

(a) Inverting amplifier.
(b) Non inverting amplifier

(a) To demonstrate the operation of inverting amplifier using 741 Op-Amp as a
2 Summing amplifier.
(b) To measure the slew rate of 741 Op-Amp IC. timer for given duty cycle.

3 Design an Op-Amp differentiator that will differentiate an input signal using 741 Op-Amp for
multiple inputs.

4 Design an Integrator to demonstrate the operation of an integrator using 741 Op-Amp for
multiple inputs.

5 Design a square wave oscillator and study its performance using 741 Op-Amp.

Design and plot frequency response of a second order low pass filter using 741 Op-Amp. To
6 measure the cut off frequency in each case and verify the theoretical value.

Design and plot frequency response of a second order high pass filter using 741 Op-Amp.
7 To measure the cut off frequency in each case and verify the theoretical value.

3 Design a Schmitt trigger, show its use for generating the square wave output.

9 Design a Wein bridge oscillator and study its operation using 741 Op-Amp.

10 To design & observe the waveforms of a square waveform generator using 555.
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NAME OF THE STUDENT .......cooiviiiiii i ENROLL. NO......coiiiiee e,

Name of the experiment

Date of Date of
allotment | conduction

Sign /grade

To design and verify experimentally the
theoretical closed loop voltage gain using
741 Op-Amp for the following:

(a) Inverting amplifier.

(b) Non inverting amplifier

(a) To demonstrate the operation of inverting
amplifier using 741 Op-Amp as a
Summing amplifier.

(b) To measure the slew rate of 741 Op-

Amp IC. timer for given duty cycle.

Design an Op-Amp differentiator that will
differentiate an input signal using 741 Op-
Amp for multiple inputs.

Design an Integrator to demonstrate the
operation of an integrator using 741 Op-Amp
for multiple inputs.

Design a square wave oscillator and study
its performance using 741 Op-Amp.

Design and plot frequency response of a
second order low pass filter using 741 Op-
Amp. To measure the cut off frequency in
each case and verify the theoretical value.

Design and plot frequency response of a
second order high pass filter using 741 Op-
Amp. To measure the cut off frequency in
each case and verify the theoretical value.

Design a Schmitt trigger, show its use for
generating the square wave output.

Design a Wein bridge oscillator and study its
operation using 741 Op-Amp.

10

To design & observe the waveforms of a
square waveform generator using 555.

Examiner’s Sign:
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EXPERIMENT No. 01.

AIM:

To design and verify experimentally the theoretraked loop voltage gain using 741
Op-Amp for the following:

(a). Inverting Amplifier.

(b). Non inverting amplifier.

EQUIPMENTS REQUIRED:

S.N. | Item required Specification Quantity
1. | Multimeters/ammeter
2.| Bread board and Power supply
3. | Function generator
4.| CRO

COMPONENTS REQUIRED:
Resistors, Op-Amp IC 741, Connecting wires and GRRébes.

THEORY:
Inverting Amplifier :

This is perhaps the most widely used of alap-amp circuits. The circuit is shown in
Fig. The output voltage (is fed back to the inverting input terminal throutle R-R1
network where R is the feedback resistor. Input signal(&c or dc) is applied to the
inverting input terminal through ;Rand non-inverting input terminal of op-amp is
ground. For simplicity, assume an ideal op-amp.\Abk =0, node ‘a’ is at ground
potential and the currentthrough R1 is
1= Ri 1“ l
Also since op-amp draws no current, all the curfiowing through R1 must flow
through Rf. The output voltage,

Vo = @il ARf=@Vi A@ﬂ

Hence, the gain of the inverting amplifier (ateferred as closed loop gain) is,

_ i _
ACL= Vi ‘@m
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CIRCUIT DIAGRAM :
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Fig. Input & Output waveforms

Non inverting Amplifier :

If a signal (ac or dc) is applied to the non-inwggtinput terminal and feedback is given
as shown in fig., the circuit amplifies without arting the input signal. Such a circuit is

called non-inverting amplifier. It may be notedttiias also a negative feedback system
as output is being fed back to the inverting ineuminal.
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As the differential voltage Vd at the ingatminal of op-amp is zero, the voltage at
node ‘a’ in fig. is Vi, same as the input voltaggpked to non-inverting input terminal.
Now Rf and R1 forms a potential divider. Hence

\A:VOBQT?@ﬂ

As no current flows into the op-amp,

i _ iRfi_ mw
vio "tRitltR
Thus, for non-inverting amplifier the voltage gain,

_ Vi _ w
ACL—Vi —1+Rl

SO

CIRCUIT DIAGRAM :

15v
~
Ul
3 \> O,
ou &
Vi1 2 £ o
@ UA741
<
15v ——
-
V3
=0
A%
= Rf
-0
g R1
o

Fig. Non Inverting Amplifier

40V —=

4
utpt N

20v —

input

0.2ms 0.3ms 0.4ms 0.5ms 0.6ms 0.7ms 0.8ms 0.9ms 1.0ms

Time Fig. input & output Waveforms

0s o01ms
o V(ULOUT) o VI(V1)




SPSU, Udaipur

PROCEDURE:
1. Rig up the circuit on the breadboard.

2. Apply the given inputs and observe the outpuC&O.
3. Calculate the amplitude & frequency of the otigmd draw it using graph paper.
4. Vary the values of resistorg R R; to vary the gain and gain observe the output.

5. Calculate the gain for various values @féRR;,

Lab Manual: IC&A

6. Plot the inputs and outputs waveforms for vasimyputs on the graph paper.

OBSERVATIONS:
Inverting Amplifier:
S | Resistors| Input Output
No.
R | Re Voltage | Frequency| Voltage Frequency
1.
2.
3.
Inverting Amplifier
S | Resistors| Input Output
No.
R | R Voltage | Frequency| Voltage Frequency
1.
2.
3.
CALCULATIONS:

Gain Calculation:
Inverting Amplifier:

_ Y _
ACL—Vi =1+

R1

Non Inverting Amplifier

_ Y _
ACL= _@m
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CONCLUSION:

The gain of the inverting and non inverting ameglificalculated practically and
theoretically are as.........ccooeiiiiiiiiiii and the input & output

waveforms are plotted on the graph paper.

REFERENCE:
1. Op Amps & Linear Integrated circuits by Ramakaatly@kwad, Chapter 3, pp90-98

QUESTIONS:

Q.1 What are the various properties which diffaegatan ideal Op-Amp from Practical
Op-Amp?

Q.2.What do you mean by an Operational Amplifier?

Q.3 Why the pin no.1 & 5 N.C. for 741 IC?

Q.4 If Rf =R1 in a non inverting configuration there circuit will behave like?




SPSU, Udaipur Lab Manual: IC&A

EXPERIMENT No. 02

AlM :

(@) To demonstrate the operation of inverting afieplusing 741 Op-Amp as a summing
amplifier.

(b) To measure the slew rate of 741 Op-Amp IC.

EQUIPMENTS REQUIRED:

S.N. | Item required Specification Quantity

Multimeters/ammeter

Bread board and Power supply

Function generator

BN

CRO

COMPONENTS REQUIRED:

Resistors, Op-Amp IC 741, Connecting wires and GRRébes.

THEORY:
Summing Amplifier:
Op-amp may be used to design a circuit whmgput is the sum of several input
signals. Such a circuit is called a Summing Ameiifi
Inverting Summing Amplifier:

A typical summing amplifier with three input voleg V1, V2 and V3, three input
resistors R1, R2 and a feedback resistor Rf is shiowfig. The following analysis is
carried out assuming that the op-amp is an idee) thvat is, A_. = and Ri = . Since
the input bias current is assumed to be zero, tisene® voltage drop across the resistor
Rcomp and hence the non-inverting input terminak iground potential.

The voltage at node i®'zero as the noninverting input terminal is
grounded. The nodal equation by KCL at node ‘a’ is

T
— i i
0 OR Vo=@ RlAVl+R2AV2++R3

i

i il i ber_ A/3

Rl R2 R3 Rf

g

Thus, the output is an inverted, weighted sum efitiputs. In the special case, when
R1 = R2 = R3 = Rf, we have

Vo=@ V1+V2+V3]

In which case the output Vo is the inverted surthefinputs signals. We may also set
Ri=R>=R3=3R
In this case
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T
Vo=@

Thus, the output is the average of the input sgytialerted).
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Fig. Input & Output waveforms
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Slew Rate:

The slew rate is defined as the maximum ratehahge of output voltage caused by a
step input voltage and is usually specified in V/ger example, a 1 V/us slew rate
means that the output rises or falls by 1V in onerosecond. An ideal slew rate is
infinite which means that op-amp’s output voltagewd change instantaneously in
response to input step voltage. Practical IC opsaimve specified slew rates from 0.1
V/us to well above 1000 V/us.

Fig. Voltage follower to measure slew rate

PROCEDURE:
For Summing Amplifier:
1. Rig up the circuit as shown in the Fig.on thedodiboard.
2. Apply the given inputs and observe the outpuC&O.
3. Calculate the amplitude & frequency of the otigmd draw it using graph paper.
4. Vary the values of inputs to vary the gain ahdesve the output.
5. Calculate the gain for various values of inputs.
6. Plot the inputs and outputs waveforms for vagimyputs on the graph paper.
For Slew Rate:
1. Rig up the circuit as shown in the Fig.on thedoiboard.
2.Apply the sine input and increase the frequemty the output gets distorted.
3.Claculate the slew rate by using SR=2h/10°) V/us

Where,Vm=Peak output amplitude in volts

F=frequency in Hz.

4. Vary the inputs (square & triangular wave) andasbee the frequency & amplitude to
calculate the slew rate.

11
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Observation table:

For Summing Amplifier:

Lab Manual: IC&A

S | Resistors| Input Output
No.
R: | Re Voltage | Frequency| Voltage Frequency
1. Vi | V2 Fi R
2.
3.
For Slew Rate:
S Input Output
No.
Voltages Frequency Voltage Frequency
1. V]_ V2 Fl 5
2.
3.
4,
CALCULATIONS:

Gain Calculation:

Inverting Summing Amplifier:

:
Vo=@

i
RlAVl

i

+ S A2 +

R2

R .o
R:_,’AVL%

.
Vo=@ ™

3

Slew Rate:
SR=(2f Vm/10°) V/us
Where,Vm=Peak output amplitude in volts
f=frequency in Hz.

CONCLUSION:

The gain of the summing amplifier calculated pi@dty and theoretically are
.the input & output waveforms are plotted on thapyr paper.

The slew rate calculated valueis..................

(under the condition RR,=R3=Ry)

12
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REFERENCE:
1. Op Amps & Linear Integrated circuits by Ramakaaty&kwad, Chapter 3, pp102-108

QUESTIONS:

Q.1 What is slew rate? What will be the value efistate for ideal Op-Amp?
Q.2.What do you mean by CMRR & PSRR?

Q.3 What is the operating temperature of 741 IQMoitary & Industrial Applications?
Q.4 What are the different applications of summangplifier?

Q.5 What is the practical value of Slew Rate fot 7@?
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EXPERIMENT No. 03

AIM:
Design an Op-Amp differentiator that will differésie an input signal for sine wave
using 741 Op-Amp for multiple inputs

EQUIPMENTS REQUIRED:

S.N. | Item required Specification Quantity
Multimeters/ammeter

Bread board and Power supply
Function generator

CRO

BN

COMPONENTS REQUIRED:

Resistors, Capacitors, Op-Amp IC 741, Connectingsvand CRO probes.

THEORY:
Differentiator:

One of the simplest of the op-amp circuiteat contain capacitor is the
Differentiating Amplifier, or DifferentiatarAs the name suggests, the circuit performs
the mathematical operation of differentiation, that the output waveform is the
derivative of input waveform. A differentiator cuit is shown in fig.

The node N is at virtual ground potential,iVn = 0. The currengthe capacitor is,

cF G d/dt (Vi- V) =G dvildt --------mm-- (2)
The currentsithrough the feedback resistor is Vo/Rf and theread current into the op-
amp. Therefore, the nodal equation at node N is,
1(@Vi/dt) +VyVs =0
From which we have
Vo & C; (dVi/dt )------------------ (2)

Thus the output voltage Vo is a constant (-RfCijes the derivative of the input voltage
Vi and the circuit is a differentiator. The sigrdicates a 180phase shift of the output
waveform VO with respect to the input signal.

The phasor equivalent of Eq. (2) is, V&{s)RfC1 s Vi(s) where Vo and Vi is the
phasor representation of Vo and Vi. In steady stai¢ s = j . We may now write the
magnitude of gain A of the differentiator as,

A=Nb=-] RfCl= RfCl ---------m-mmm- 3)
From Eqg. (3), one can draw the frequency respohdemp-amp differentiator. Equation
(3) may be rewritten as
A =f/fa
Where , fa=1/R C;
f=operating frequency

14




SPSU, Udaipur Lab Manual: IC&A

CIRCUIT DIAGRAM :
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PROCEDURE:

1. Rig up the circuit as shown in the Fig.on thedodiboard.

2. Apply the given inputs and observe the outpuC&O.

3. Calculate the amplitude & frequency of the otitpu

4. Vary the inputs to and observe the output.

5. Plot the inputs and outputs waveforms for vasimyputs on the graph paper.

OBSERVATION TABLE:

S.No Inputs Outputs
voltage | frequency Voltage Frequency
1.
2.
3.
CALCULATION:

Calculate the output for the input using,
Vo =- R C; (dVi/dt)

CONCLUSION:
The out put and input waveforms of the differemthbutputs with the various inputs are
plotted on the graph paper

REFERENCE:
1. Op Amps & Linear Integrated circuits by Ramak@ayakwad, Chapter 6, 250-255

QUESTIONS:

Q.1 What is the difference between a practicakddtiator and ideal differentiator?
Q.2.Give any application of differentiator.

Q.3 The frequency at which the gain is 0 dB is gibg..............

Q.4 What is the condition for which the input sigwdl be differentiated properly?

16




SPSU, Udaipur Lab Manual: IC&A
SNISO0AT

EXPERIMENT No. 04

AIM:
Design an Integrator to demonstrate the operaticanantegrator using 741 Op- Amp
for multiple inputs.

EQUIPMENTS REQUIRED:

S.N. | Item required Specification Quantity
Multimeters/ammeter

Bread board and Power supply
Function generator

CRO

BN

COMPONENTS REQUIRED:
Resistors, Capacitors, Op-Amp IC 741, Connectingsvand CRO probes.

THEORY:
Integrator:
If we interchange the resistor and capaaitthe differentiator, we have the circuit
of an integrator. The nodal equation at node N is,
Vi/R + Cf.dVo/dt =0
or, (dVo/dt )= - (14&:.)Vi
Integrating both sides, we get,
st 1 o
HO UgtE .z vidt

0

R f gt . .

FrEpEETEeeEfeerfee 1 . a a

VA6 mics ZVitd+Vo o

0
Where Vo (0) is the initial output voltage.

The circuit, thus provides an output voltage whilproportional to the time integral of
the input and R1Cf is the time constant of thegrdeor. It may be noted that there is a
negative sign in the output voltage, and therefthis integrator is also known as an
inverting integrator. A simple low pass RC circaén also work as an integrator when
time constant is very large. This requires vergéavalues of R & C. The components R
& C cannot be made infinitely large because of ficatlimitations.

17
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CIRCUIT DIAGRAM :
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Fig. Input & Output waveforms

PROCEDURE:
1. Rig up the circuit as shown in the Fig. on theablboard.
2. Apply the given inputs and observe the outpuC&O.

3. Calculate the amplitude & frequency of the otigmd draw it using graph paper.
4. Vary the inputs to and observe the output.

5. Plot the inputs and outputs waveforms for vagimyputs on the graph paper.

18
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OBSERVATION TABLE:

S.No Inputs Outputs
voltage | frequency voltage Frequency
1.
2.
3.
CALCULATIONS:

Calculate the output for the input using,
t

R f g . .
frEEFEFEFREEFEerff 1 2 a a
VAR Ric ZVitTdi+vo o

0

CONCLUSION:
The out put and input waveforms of the integratetpot with the various inputs are
plotted on the graph paper

REFERENCE:
1. Op Amps & Linear Integrated circuits by Ramak&ayakwad, Chapter 6, pp-245-
249

QUESTIONS:

Q.1 What is roll off frequency?

Q.2.What is the difference between the practicdlideal integrator?
Q.3What is the common applications of an integfator

Q.4 Under what condition an integrator circuit viiitegrate properly?
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EXPERIMENT No. 05

AlM:
Design a square wave oscillator and study its pexdoce using 741 Op-Amp.

EQUIPMENTS REQUIRED:

S.N. | Item required Specification Quantity

Multimeters/ammeter

Bread board and Power supply

Function generator

BN

CRO

COMPONENTS REQUIRED:

Resistors, Capacitors,Op-Amp IC 741, Connectingsvand CRO probes

THEORY:
Square Wave Generator:

A simple op-amp square wave generaoshown in fig. Also called a free
running oscillator, the principal of generationszfuare wave output is to force an op-
amp to operate in the saturation region. In figiagtion = R2/(R1 + R2) of the output
is fed back to the (+) input terminal. Thus thesrehce voltage Vref isVo and may take
values as +Vsat or - Vsat. The output is also fed back to the (-) infgutninal after
integrating by means of a low-passs RC combinatWwhenever input at the (-) input
terminal just exceeds Vref, switching takes plaesulting in a square wave output. In
astable multivibrator, both the states are quasilst

Consider instant of time when the output is at +Vsat. The
capacitor now starts charging towards +Vsat througistance R.The voltage at the (+)
input terminal is held at +Vsat by R1 & R2 combination. This condition con&suas
the charge on C rises, until it has just exceedeWsat, the reference voltage. When the
voltage at the (-) input terminal becomes just gneshan this reference voltage, the
output is driven to —Vsat. At this instant, thetage on the capacitor is ¥sat. It begins
to discharge through R, that is, charge toward +\W&&en the output voltage switches to
—Vsat, the capacitor charges more & more negativelyl its voltage just exceeds —

Vsat. The output switches back to +Vsat. The fregyds determined by the time it
takes the capacitor to charge from \fsat to + Vsat and vice versa.

CIRCUIT DIAGRAM :

2C
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Fig.Input & Output waveforms

PROCEDURE:

1. Rig up the circuit as shown in the Fig.on thealblboard.
2. Observe the output on CRO.
3. Calculate the amplitude & frequency of the otitpu
4. Plot the outputs waveforms on the graph paper.
5.Compare the theoretical frequency with the pcatfrequency of the output.

OBSERVATION TABLE :

S.No. R C; Output

Voltage Frequency
1.
2.

21
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CALCULATE:
Calculate the theoretical frequency using

_ i, F AfRimminer
2RC R2

fo

CONCLUSION:
The theoretical and practical frequency of the otdpis as..................... and the
output is plotted on the graph paper.

REFERENCE:
1. Op Amps & Linear Integrated circuits by Ramakanty&@avad, Chapter 7, pp-301-
305

QUESTIONS:

Q.1 What is the other name of square wave gené€rator
Q.2.What is the maximum output voltage values?

Q.3 What is the operating frequency of square vggresrator?
Q.4 Under what condition the fo=1/RC?

22
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EXPERIMENT No. 06

AlM:
Design and plot frequency response of a second @rdepass filter using 741 Op-Amp.
To measure the cut off frequency in each case anty\the theoretical value.

EQUIPMENTS REQUIRED:

S.N. | Item required Specification Quantity
1. | Multimeters/ammeter
2.| Bread board and Power supply
3. | Function generator
4.| CRO

COMPONENTS REQUIRED:

Resistors, Capacitors, Op-Amp IC 741, Connectingsvand CRO probes.

THEORY:
Second Order Low Pass Filter:

An improved filter response can be obtained bygisi second order active filter. A
second order filter consists of two RC pairs ang &aoll-off rate of -40 dB/decade. A
general second order filter (sallen key filter)sisown in fig. .Second order filters are
important because higher order filters can be aesigising them.The gain of the second
low pass filter filter is set by R1 & Rf while thegh cut off frequencyyfis determined
by R2,C2,R3,C3 as :

fr = 1/2 (RoR3CoCs) *
The voltage gain magnitude is calculated by
[Vo/Vin|=Af/((1+ (f/ £)*) *
where , Af=1+R/R;=passnabd gain of the filter
f = frequency of the input filter
f, = 1/2 (RoR3C,Cs)  =High cut off frequency

CIRCUIT DIAGRAM :
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PROCEDURE:

1. Connect the circuit as shown in fig. using ddsercomponents.
2. Given an input signal Vi of 1V peak to peak andasure the output voltage for

10 kHz).

different input frequencies (e.g. 100 Hz, 200 H2Q %1z, 1kHz, 1.5 kHz, 2.0 kHz, 5kHz,

3. Plot the frequency response 20 log (Vo/Vi) versput signal frequency and find the

3-dB frequencies from here.

4. Calculate the theoretical value of upper cuth@fuency § and the pass band gain Ao:

24
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fh:]./ZRC; (RL:RZZR&C;L:Cz:C)
A, (dB) =20 log (1 + BR)
5. Compare the theoretical and the practical duirefjuency.

OBSERVATION TABLE:

Vi=
SI.No Input frequency Output voltage Gain 20 log VOVi
1.
2
3
4,
5.
6.
7.
CALCULATIONS:

Calculate the theoretical high cut off frequencings
fn, = 1/2 (R2R3C2C3}

CONCLUSION:
The frequency response is plotted on the semi-lagly paper and the theoretical &
practical cut off frequency calculated are ................covcvemeveieineennnn.

REFERENCE:
1. Op Amps & Linear Integrated circuits by Ramakanty&@avad, Chapter 7, pp-269-
276

QUESTIONS:

Q.1 Afilter can also be known as.....................

Q.2.Filetrs may be classified basically into 3 waysat are they?
Q.3What do you mean by cut off frequency?

Q.4 What do you mean by frequency scaling?

Q.5What are the other equivalent terms for cufrefjuency?
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EXPERIMENT No. 07

AlM:
Design and plot frequency response of a second baige pass filter using 741 Op-Amp.
To measure the cut off frequency in each case anty\the theoretical value.

EQUIPMENTS REQUIRED:

S.N. | Item required Specification Quantity

Multimeters/ammeter

Bread board and Power supply

Function generator

BN

CRO

COMPONENTS REQUIRED:
Resistors, Capacitors, Op-Amp IC 741, Connectingsvand CRO probes.

THEORY:

Second Order High Pass Filter:

High pass filter is the complement of low passefiland can obtained
simply by interchanging R & C in the low pass cgofiation & is shown in fig.
An improved filter response can be obtained by gi@nsecond order active filter. A
second order filter consists of two RC pairs ansl &aaoll-off rate of 40 dB/decade. A
general second order filter (sallen key filter)sisown in fig. .Second order filters are
important because higher order filters can be desigusing them. The gain of the
second order filter high pass filter is set by RR&while the high cut off frequency s
determined by R2,C2,R3,C3 as :

fi = 1/2 (RoRsC,Ca)

The voltage gain magnitude is calculated by

[Vo/Vin|=Af/((1+ (fi/ £)*) *
where , Af=1+Rf/R1=passnabd gain of the filter
f=frequency of the input filter
fi= 1/2 (R2R3C2C3¥*=low cut off frequency
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PROCEDURE!:

30KHz

100KHz

Frequency
Fig. Frequency Response Curve

1. Connect the circuit as shown in fig.
2. Given an input signal Vi of 1V peak to peak amelsure the output voltage for

different input frequencies (e.g. 100 Hz, 200 HX) biz, 1 KHz, 1.5 KHz, 2.0 KHz,

5KHz, 10 KHz).
3. Plot the frequency response 20 log (Vo/Vi) versiyput signal frequency and find the

3 dB frequencies from here.
4. Calculate the theoretical value of upper cuth@fuency fand pass band gain Ao

using the formula given below:

fo=1/2 RC; (R=R,=R&C, =C,=C)
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Ao (dB) =20 log (1 + RR)
5. Compare the theoretical cut off frequency wité practical cut off frequency.

OBSERVATION TABLE:

Vi=
SI.No Input frequency Output voltage Gain 20 log VOVi
1.
2
3
4.
5.
6.
7.
CALCULATIONS:

Calculate the theorletical low cut off frequencyngsi
fr = 1/2 (RoR3CoCs)

CONCLUSION:
The frequency response is plotted on the semi-lagly paper and the theoretical &
practical cut off frequency calculated are ................covcvemeeeie e ennnn.

REFERENCE:

1. Op Amps & Linear Integrated circuits by Ramak&ayakwad, Chapter 7, pp-269-
279

QUESTIONS:

Q.1 What is the difference between the Butterw&rtbhebyshev & Cauer filter?
Q.2.What are the advantages and disadvantagesiotAitters?

Q.3 Differentiate between Active & passive filters.

Q.4 What do you mean by low cut off frequency?

Q.5What is the pass band gain of tAtdtder high pass filter?
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EXPERIMENT No. 08

AlM:
Design a Schmitt Trigger, show its use for genegathe square wave output.

EQUIPMENTS REQUIRED:

S.N. | Item required Specification Quantity

Multimeters/ammeter

Bread board and Power supply

Function generator

BN

CRO

COMPONENTS REQUIRED:

Resistors, Capacitors, Op-Amp IC 741, Connectingsvand CRO probes.

THEORY:
Schmitt Trigger:

If positive feedback is added to the comparatorud, gain can be increased
greatly. Consequently, the transfer curve of comoarbecomes more close to ideal
curve. Theoretically, if the loop gain Ag. is adjusted to unity, then the gain with
feedback, Avf becomes infinite. In practical citsyihowever, it may not be possible to
maintain loop-gain exactly equal to unity for adotime because of supply voltage and
temperature variations. So a value greater thaty isichosen. This also gives an output
waveform virtually discontinuous at the comparisaitage. This circuit, however, now
exhibits a phenomenon called hysteresis or backlash

Fig shows a regrative comparator. The circuit is also known as

Schmitt trigger. The input voltage is applied te (R) input terminal and the feedback to
the (+) input terminal. The input voltage Vi triggethe output Vo every time it exceeds
certain voltage levels. These voltage levels allec¢aipper threshold voltage (Y) and
lower threshold voltage (¥). The hysteresis voltage gy is the difference between
these two threshold voltages i.ey7V. V1. These threshold voltages are calculated as
follows.

Suppose the output Vo = ¥ The voltage at (+) input terminal can be obtained
by using superposition

W={R1/ (Rt + R)} (+Vsa)

This voltage is called upper threshold voltager Vs long as Vi is less thanyy¥ the
output regeneratively switches to — Vsat and remairthis level as long as Vi >y¥ as
shown in fig or Vo = -Vsat, the voltage at the i#)ut terminal is,

Vir= {Ri/ (Ri+ R} -V sa)
Vihy=Vur-ViT
={R1/ (Ri + R)H (+V sar(-Vsa))
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CIRCUIT DIAGRAM:
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Fig.Input & Output waveforms
PROCEDURE:

1. Rig up the circuit as shown in the Fig.on thealblboard.
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2. Apply the input & observe the output on CRO.
3. Calculate the amplitude & frequency of the otitpu
4. Plot the outputs waveforms on the graph paper.

OBSERVATION TABLE :

S.No. Input voltage | R R, Output voltage
Vur \ s

1.
2.

CALCULATION:

Calculate the hysteresis voltage using
Vhy=Vur-Vir

={R1/ (R + R} (+V sat-(-Vsap)

CONCLUSION:
The input & the output waveforms are plotted ondghegh paper and the calculated valus
of the iy Vur,Virareas ..........cooeeeeviinnn,

REFERENCE:
1. Op Amps & Linear Integrated circuits by Ramak@&atyakwad, Chapter 8, pp-332-
337

QUESTIONS:

Q.1 What is the other name of Schmitt trigger?
Q.2.Schmitt trigger is which type of comparator?
Q.3What is the maximum output voltage values?
Q.4 What do you mean by hysteresis loop?
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EXPERIMENT No. 09

AlM:
Design a Wein bridge oscillator and study its openausing 741 Op-Amp.

EQUIPMENTS REQUIRED:

S.N. | Item required Specification Quantity

Multimeters/ammeter

Bread board and Power supply

Function generator

BN

CRO

COMPONENTS REQUIRED:

Resistors, Capacitors, Op-Amp IC 741, Connectingsvand CRO probes.

THEORY:

Wein bridge oscillator:
Another commonly used audio frequeasgyillator is a Wien bridge oscillator.

The circuit is shown in fig. It may be noted thhe tfeedback signal in this circuit is
connected to the non-inverting (+) input terminalkisat the op-amp is working as a non-
inverting amplifier. Therefore, the feedback netkvoeed not provide any phase shift.
The circuit can be viewed as a Wien Bridge witteaes RC network in one arm and a
parallel RC network in the adjoining arm. ResisRt and R2 are connected in the
remaining two arms. The condition of zero phasé sinound the circuit is achieved by
balancing the bridge.

The circuit has been redrawn to show theglernetwork in fig. The output ac signal
of the op-amp amplifier is fed back to point A bktbridge. The feedback signal, Vf
across the parallel combination R2C2 is applietthéonon-inverting input terminal of the
op-amp. The gain of the op-amp amplifier is

A=(1+4/R3)=3
Rf = 2R1
The frequency of the oscillation is equal to
fo=1/2RC

CIRCUIT DIAGRAM :
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0 —
Fig.Wein bride Oscillator
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Fig.Wein bride Oscillator

PROCEDURE:

1. Rig up the circuit as shown in the Fig. on theablboard.

2. Set the values of R & C to get the sine waves.

3. Calculate the amplitude & frequency of the otigmd draw it using graph paper.
4. Plot the inputs and outputs waveforms for outguthe graph paper.

5. Compare the theoretical & practical frequency.
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OBERVATION TABLE :

S.No. R C Output
Voltage Frequency
CALCULATIONS:
Calculate the theoretical frequency using,
fo=1/2 RC
CONCLUSION:

The output waveform is plotted on the graph papén&practical & theoretical
frequency calculated iS..........oovie it

REFERENCE:
1. Op Amps & Linear Integrated circuits by Ramak&ayakwad, Chapter 7, pp-295-
301

QUESTIONS:

Q.1 What is the working principle of the oscillag®r

Q.2 What are the various types of the oscillators?

Q.3What is frequency stability?

Q.4Wien Bridge is which type oscillator?

Q.5 In 4Wien Bridge oscillator what phase shift slttee Op-Amp provide?
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EXPERIMENT No. 10

AlM:
To design & observe the waveforms of a square vearefienerator using 555 timer for
given duty cycle.

EQUIPMENTS REQUIRED:

S.N. | Item required Specification Quantity

Multimeters/ammeter

Bread board and Power supply

Function generator

BN

CRO

COMPONENTS REQUIRED:
Resistors, Op-Amp IC 555, Connecting wires and GRRébes.

THEORY:

Square Wave Generator using 555 Timer
An alternative circuit which will allow dutgycle to be set at practically any level is
shown in figure. During the charging portion of ttycle, diode D1 is forward biased
effectively short circuiting R so that
ol =0.69R C
However, during the discharging portion of the eyd¢tansistor Q1 becomes ON, thereby
grounding pin-7 and hence the diode D1 is reveissed.

So T =069RC
TP Tor=0.69 (R +Rs ).C
or, f=1.45 /4R Rg).C

And duty cycle D=R/Ra+Rs

Resistor R & Rg could be made variable to allow the adjustmeriterffuency and pulse
width. However, a series resistor of atleast 1{fixed) should be added to each &
Rg. This will limit the peak current to the dischargansistor Q1 when the variable
resistors are at minimum value. And, if B made equal to &Xthen 50% duty cycle is
achieved.
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PROCEDURE!

1.Connect the circuit as shown in the Fig.on treatiboard.

Time

Fig.Output waveform

2.0Observe and sketch the capacitor voltage wavefpimb6) and output waveform (pin-
3. Measure the frequency and duty cycle of the ui@veform.
4.Plot the output on the graph paper.
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OBSERVATION TABLE :

S.NO. R Rs Ton Torr

CALCULATIONS:

For the given duty cycle calculate the value of R& RB using the formula,
Tot =0.69 R.C

Ton =0.69 R.C

TsH T =0.69 (R +Rs).C
or, f=1.45/(R Rs).C
and duty cycle D=RRa+Rs

CONCLUSION:
The output waveforms are plotted on the graph paperthe duty cycle calculated
theoretical & practical are as .............coviiiiiiiiiiiiii e,

REFERENCE:
1. Op Amps & Linear Integrated circuits by Ramakany&avad, Chapter 9, pp-418-
424

QUESTIONS:

Q.1 Explain the function of reset in 555 timer IC.

Q.2.What are the other modes of operation of timer?

Q.3Discuss some applications of timer in astabldeno

Q.4Define duty cycle

Q.5 How is an astable multivibrator connected enfaulse position modulator?
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