Lab Experiments for Op Amps

Wayne M. Hope

Formulations Media Inc
Edmonton / Alberta / Canada



Copyright Policy Warning

Please note that this publisher will prosecute all copyright violations to the fullest extent of the law in any country. Statutory
penalties are $30,000 in Canada and $50,000 in the United States and apply equally to individuals, institutions and corporate
entities. To enable activation of full penalties our copyrights are registered in both countries.

Cover Art Created By

Brian Dyke

Library and Archives Canada Cataloguing in Publication

Hope, Wayne M., 1944-
Lab experiments for Op Amps / Wayne M. Hope.

ISBN 978-1-894848-15-2
1. Operational amplifiers--Laboratory manuals. I. Title.

TK7818.H6764 2009 621.39'5 C2009-902488-8

COPYRIGHT © 2008, Formulations Media Inc.

ISBN: 9781894848152

L |

Created and Printed in Canada

No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, without the prior written
consent of the publisher or a licence from The Canadian Copyright Licensing Agency (Access Copyright). For an Access Copyright licence, visit
www.accesscopyright.ca or call toll free to 1-800-893-5777.

(ii)



0O JON DN B~ WN—

— e e et
NN B W= OO

Table of Contents

Basic Op Amp Circuits

Op Amp Characteristics
Comparators & Multivibrators
Triggering Circuits

Op Amp Integrators

The 555 Timer

Active Filters

Op Amp Oscillators

Inverting Summer
Butterworth Filters

Difference Amplifiers

Bessel, Butterworth & Chebyshev Filters
Offset Compensation
Gain-Bandwidth Product
Sample-and-Hold Circuit
Single Supply Op Amps

(iii)



@iv)



Experiment / Circuit Simulation

1 Basic Op-Amp Circuits

Objectives

1. To study the ac characteristics of the non-inverting op-amp configuration.

2. To study the ac characteristics of the inverting op-amp configuration.

3. To observe the 180° phase shift associated with the inverting op-amp configuration.
4. To simulate non-inverting and inverting op-amp circuits using available software.

Equipment

8 Resistors: 1kQ, 10kQ, 33 kQ, 39kQ, 68 kQ, 180 kQ, 220 kQ, 820 kQ
1 LM?741 operational amplifier

Information

The basic non-inverting op-amp configuration is shown in Figure 1-1. The operational amplifier itself, within the
triangle, has a very large open loop voltage gain, a reasonably high Ri and a fairly low Ro. These are all desirable
characteristics. Resistors R1 and R2 are feedback resistors which generally improve the amplifier’s characteristics
at the expense of voltage gain. At the same time, the voltage gain is stabilized to a particular value, which is also a
desirable characteristic.

I’p
o/p

R2
R1

Figure 1-1. Basic Non-Inverting Amplifier
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The op-amp with feedback will have characteristics determined mostly by the two external resistors. The
characteristics of the non-inverting op-amp are given in Equations 1-1, 1-2 and 1-3.

Ri=oQ . Equation 1-1
Ro=0Q . Equation 1-2

A, = RIL+R2
RL Equation 1-3

Sometimes an additional resistor is connected from (+) to ground in order to set the input resistance to a specific
value. A very common configuration of the non-inverting op-amp is the “buffer” amplifier used to isolate stages.
The buffer is made by replacing R2 in Figure 1-1 with a short circuit, and replacing R1 with an open circuit.
Equation 1-3 will show that this will provide a voltage gain of exactly one.

M
yp Rl R

o—AN— 10))3

Figure 1-2. Basic Inverting Amplifier

Figure 1-2 illustrates the basic inverting op-amp configuration. Again, the characteristics are determined largely by
the external biasing resistors, and are given in Equations 1-4, 1-5 and 1-6.

Bg=RL . Equation 1-4
Ro=0Q ... Equation 1-5

A, = —R2
RL Equation 1-6

Integrated Circuit Measurement Precautions

Set DC power supply voltages without any circuitry connected, then turn the supplies OFF.
Connect the circuit under test. If a generator is connected, be sure it is turned OFF.
Carefully double-check all connections, then switch the DC power supplies ON.

After confirming correct DC operation, the generator may be switched ON.

To make a circuit change, turn the generator OFF first, then turn the DC supplies OFF.

A e e
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Circuit Simulation

If circuit simulation software is not available, the student may complete the required theoretical calculations for Ri,
Ro and Av below using formulae presented earlier.

1. Simulate the circuit of Figure 1-3 using available software. Use a generator set to 100 mV and 1.0 kHz.
2. Complete the circuit measurements of Vg, Vi, Vo and Voc required to calculate Ri, Ro and Av as required for

Table 1-1.

Table 1-1. Non-Inverting Amplifier Simulator Measurements

Vg Vi Vo Voc Ri Ro Av

3. Simulate the circuit of Figure 1-4 using software. Use a generator set to 500 mV and 1.0 kHz.

4. Complete the circuit measurements of Vg, Vi, Vo and Voc required to calculate Ri, Ro and Av as required for
Table 1-2.

Table 1-2. Inverting Amplifier Simulator Measurements

Vg Vi Vo Voc Ri Ro Av
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Procedure
Non-Inverting Amplifier Measurements

1. Connect the circuit of Figure 1-3 using an 8-pin LM741 op-amp.

15V

\t
+ 7
LM741 6
-T,
-15V

| G VY W
68 k
>
‘i 1k

Figure 1-3. Non-Inverting Amplifier Circuit
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2. Using a 180 kQ sensing resistor, and the techniques learned in earlier experiments, complete the four amplifier
measurements required for Table 1-3. Use a generator frequency of 1 kHz.

Table 1-3. Amplifier Measurements

Voc Vo Vg Vi

3. Using the data measured in Table 1-3, calculate the amplifier characteristics required for Table 1-4.

Table 1-4. Amplifier Calculations

li Io Ri Ro

Avo Ap Units

None

dB

4. Check the input signal and the output signal simultaneously to make sure that there is 0° phase shift in this
amplifier.

14



Inverting Amplifier Measurements

5. Connect the circuit of Figure 1-4 using an 8-pin LM741 op-amp.

Wy
820 k
/P
Wy orp
33 k
1 kHz 10 k 3 3
Top View
= = — 1 4

Figure 1-4. Inverting Amplifier Circuit

6. Using a 39 kQ sensing resistor, and the techniques learned in earlier experiments, complete the four amplifier
measurements required for Table 1-5. Use a generator frequency of 1 kHz.

Table 1-5. Amplifier Measurements

Voc Vo Vg Vi

7. Using the data measured in Table 1-5, calculate the amplifier characteristics required for Table 1-6.

Table 1-6. Amplifier Calculations

li Io Ri Ro
Avo Av Ai Ap Units
None
dB

8. Check the input signal and the output signal simultaneously to make sure that there is 180° phase shift in this
amplifier.

9. Ifyou have any time remaining, connect a buffer amplifier using the 8-pin LM741 op-amp, as described in the
information section of this experiment.
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1 Simulation Summary

Name

1. Complete the simulator data required for Table 1-1 below.

Vg Vi Vo Voc Ri Ro Av
2. Complete the simulator data required for Table 1-2 below.
Vg Vi Vo Voc Ri Ro Av

1-7




1-8



1

Data Sheet Name
1. Complete the data required for Table 1-3 below.
Voc Vo Vg Vi
2. Complete the data required for Table 1-4 below.
li Io Ri Ro
Avo Av Ai Ap Units
None
dB
3. Complete the data required for Table 1-5 below.
Voc Vo Vg Vi
4. Complete the data required for Table 1-6 below.
li Io Ri Ro
Avo Av Ai Ap Units
None
dB
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Questions

1. Refer to Table 1-3. Explain why the measurements of Voc and Vo are the same, within measurement accuracy.

2. Calculate the theoretical Ri, Ro and Av for the circuit of Figure 1-3 and compare these values to those
determined from measurements.

3. Calculate the theoretical Ri, Ro and Av for the circuit of Figure 1-4 and compare these values to those
determined from measurements.

4. If you had time to complete step 9 of the procedure, describe your observations.
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