Physics 220 Physical Electronics Fall 2009

Lab 9: Operational Amplifiers

Object: To become familiar with the most important builgliblock of linear electronics
— the operational amplifier. This experiment inwgd integrated circuit op amps,
feedback, open/closed loop gains, inverting and-ineerting configurations, offset
voltage, and bias current.

Apparatus: TDS2004B Digital Oscilloscope, HP 260CD Oscilat Simpson 420
Function Generator, Fluke 73 Digital Multimeter retiit Chassis, 741 Op Amp, RCA
3140T Op Amp, Various Resistors and Capacitors,Gatales.

Introduction: Operational amplifiers are employed in abroad spetf analog circuits
designed to amplify, filter, buffer, sum, integratiéfferentiate, and so on. Such circuits
require few external discrete components beyondoiheamps themselves, and they
require very little sophistication on the part bétuser. All op amp circuits fall in either
the “inverting” or the “non-inverting” configuratis. A general form for the inverting
configuration is shown in Fig. 1. Here, as inwaity all cases, if the “open-loop” gain of
the op amp is sufficiently large (10r better), the circuit's behavior depends onlpmp
the external impedanc@s, andZ;. The input/output relations is

w =2t €

If both impedances are resistive, the circuit sympmplifies. But, if one of the
impedances is a capacitor or inductor and henceawive, then the circuit serves as a
differentiator or integrator. Numerous other vao@as exist as well. The circuits
represented by Fig. 1 are best understood by asguimt the op amp senses the voltage
difference across its input terminals and prodwesutput that is just sufficient to pull
the summing point back to ground, ovirtual ground via current drawn through the
feedback elemera;.
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Fig. 1: Layout for inverting op amp circuits. Theipt Sis the “summing point.”

This experiment covers five circuits; various pndigs of op amps are investigated, but
the primary aim of the experiment is to convince #tudent that operational amplifiers
are friendly and easy to use.
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Exercises:

1.

Inverting amplifier circuit construction: Construct the inverting amplifier circuit
shown in Fig. 4.4 (on p. 178) of Horowitz and Hiluse the general purpose 741 op
amp, an input resistd; = 5.1k and feedback resist®&; = 50k. Make use of the pin
diagram on the attached datasheet for the 741.s iBha “top view” of the pin
arrangement; that is, for the pins pointeagay from you. Use the 8-pin socket on
your circuit chassis and note that pin 8 is idesdifoy a small tab on the canister.
Think carefully about the pin numbers when viewsshf the bottom of the socket
where you will solder your connections. Perhapkema pin diagram from the
bottom view in your notebook to make sure you ddenthe connections correctly.
For now disregard pins 1 and 5 (offset null), batken sure you connect your +15 V
and -15 V power supplies to the proper pins a®fhamp is an active circuit element
that requires an external (in this case, splitagd#) power supply. Whenever you are
soldering to the socket pins, remove the op angvtad damaging it.

Gain and frequency response of the inverting ampliér: Measure the gain of your
amplifier by applying a small (100-200 mV peak-wag) sinusoidal signal to the
input of your amplifier. Take measurements atdiertgies ranging from 10 Hz (this
amplifier is DC-coupled, unlike the common-emitsenplifier) to 500 kHz. The gain
should remain flat over a wide range of frequen@esl should agree with the
theoretical-predicted gain (within the propagatedcartainty in the measured
resistance values). Also note that the outputadis 180 out of phase with the input
i.e. it is an inverting amplifier. Show that this flgain plateau intersects the 741’s
open-loop gain curve (see the data sheet) at aidrexy where the gain of your
amplifier begins to fall off i(e. at the half-power frequency or -3dB point).
Determine the approximate “gain bandwidth produfdt the 741 from your
measurements.

Slew rate for the 741 op ampAt the highest frequencies you may notice distartio
in the output signal (as well as phase shift re¢ato the flat gain region). This will

be especially apparent if you increase the inpgadiamplitude. The output signal
should begin to appear like a triangle wave wittedir (rather than sinusoidal) rise
and fall. This distortion occurs because of timidi “slew rate” of the op amp. The
op amp output has a maximum rate of change in Wiempt to measure the slew
rate for the 741 op amp and compare it to the valuthe data sheet.

FET vs. BJT —based op ampsNow replace the 741 with a RCA 3140T op amp.
Whereas the 741 is constructed with bipolar jumctransistors, the 3140T uses field-
effect transistors. The 3140T has the same pimangement. Repeat the
measurements of gain vs. frequency, the gain-battbwiroduct, and the slew rate
for this op amp. How do they compare?

Input offset voltage: Some op amp circuits are sensitive to the preseheesmall

input offset voltage. Ideally, when there is npuhvoltage, the output should be
zero. Real op amps, unfortunately, depart frora itheal. To correct for this non-
ideal behavior one uses an offset compensatingiticomposed of a 10k pot as
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shown in the diagram on the datasheet for the P4anop. This approach lets one
“trim” the offset voltage (at the output) to zerp teaching inside the op amp to make
the necessary adjustments. Implement this vol@ifget null circuit for your
inverting amplifier (using the 741 op amp) and us® trim the output voltage to
zero. To do this, ground the input and adjustgbeuntil the DC output signal is
zero. Make this adjustment carefully, eventualigvancing the gain of the
oscilloscope i(e. the volts per division) to its highest (more stéws) level. Your
scope must be DC-coupled for this procedure.

6. Summing amplifier: Modify your amplifier to make it a summing ampdifi See
Fig. 4.19 (p. 185) of Horowitz and Hill for an expla of a summing amplifier. You
can continue to use the 5.1k input resistor for ohgour input signals and 50k for
the feedback resistor. Couple a second input & siimming point (owirtual
ground) through a second 50k resistor. This will make tlutput a weighted (and
amplified) sum of the input signals. As a firssttef your summing amplifier,
connect the +5 V DC available from the power supplyour circuit chassis to the
second input and apply a sinusoidal input to theoinput. Verify that the output is
the expected (weighted) sum of the input sign&ete that you have constructed a
DC-coupled amplifier. Use the Fluke meter to wetifiat the summing point is a
virtual ground. Next use the Simpson function getwe to add two sinusoidal
signals of different frequencies and observe thplifier behavior.

7. Op amp buffer: Construct a unity-gain follower using the 741 app (see Fig. 4.8
on p. 179 of H&H). This circuit falls in theon-inverting configuration category.
Measure the gain as accurately as you can. Youtnuge the Fluke meter in AC
voltage mode to maximize the accuracy of your atmpdi measurements. This
circuit is useful as a high input-impedance, lowpotrimpedancebuffer between
amplifier stages, or as an output stage to drivlewaimpedance load. Attempt to
measure the output impedance of this circuit uiegoush-button switch and a small
fixed load resistor (try ) as you did for the common-emitter amplifier. Howch
does the output voltage droop when the load is ected? Use the voltage divider
formula to determine the output resistance. Ndig¢ngpt to measure the input
impedance. Insert a 1 ®resistor (in series) between the oscillator arelitiput.
Measure the amplitude of the signal on either sid#is resistor using the 10X probe
(why?) when the circuit is on and use that measantnio determine the input
impedance.

8. Integrator: Construct the integrator circuit shown in Fig. Zhe resistorR; is
included to balance the small (non-ideal) “inpwsbcurrent” to the two inputs of the
op amp. It is often included in the inverting am@l configurations to improve
performance and its resistance should be the phmdimbination of the resistors
connected to the inverting input (including thedieack resistor). See pages 194-195
of Horowitz and Hill for more details. In this cuit, useR,=10k. Begin by
grounding the circuit’'s input. An integrator showlways be initialized by shorting
the capacitor to remove any stored charge. Aftgressing and releasing the push-
button in the discharge circuit you will observe thp amp’s output gradually drift
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away from zero even though the integrator’s ingugrounded. This drift is due to
non-ideal voltages and/or currents at the op armppt&n Adjust the offset voltage null
using the 10k pot (with the integrator input groedpto minimize the rate of drift.
Once you have made this adjustment, the remainiifigisl due primarily to input
bias current. The rate of drift (in V/s) can bediso measure the input bias current
for the 741 op amp. Since the summing point igtaal ground, the output measures
the voltage across the capacitor in this circlihe bias current is the rate at which
charge is being delivered to the capacitod\gg, /At =1, /C. Measure the drift rate

(make sure the scope is DC coupled) and compdeetiite value on the data sheet.
Now observer the integrator action by connectinguaety of input waveforms from
the Simpson function generator (sine, triangulad square waves). You might find
that using the RUN/STOP button is useful for captyand analyzing the integrator
output before the effects of input bias currentseathe output to saturate. Note the
amplitude (and shape) of the integrated waveforra asction of frequency. Why
does the output amplitude vary with frequency? &lakguantitative comparison of
the output amplitude to the theoretical predicfimnfour different frequencies.
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Fig. 2: Op amp integrator circuit.
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GENERAL DESCRIPTION — The uA741 is o higl
constructed using the Fairchild Planar® e,
applications, High common mode voltage
idesl for use as a voltage follower.

performance in i

range and ab:
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HA741
FREQUENCY-COMPENSATED OPERATIONAL AMPLIFIER

h performance monolithic Operationsl Amplifier
pitaxial process. It is intended for a wide range of analog

teristics of the yA741A and E are identical to

NO LATCH-UP

NO FREQUENCY COMPENSATION REQUIRED
SHORT CIRCUIT PROTECTION
OFFSET VOLTAGE NULL CAPABILITY
LARGE COMMON MODE AND DIFFERENTIAL VOLTAGE RANGES
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The high gain and wide range of operating voltage provides superior

lifier, and general feedback applications. Electrical charsc-
MIL-M-38510/10101.

make the uA741
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