
EE 321 Op-Amps 2 Fall 2008

EE321 Lab

Operational Amplifiers, Part 2 — Non-Ideal DC Characteristics

In this lab we will investigate some of the non-ideal DC characteristics of op amps. These
are the effects of input offset voltage and bias currents, output voltage and current saturation.
Throughout the experiment we will be comparing the 741 and 411 op-amps.

Input Offset Voltage

1. Construct a single-stage 741 amplifier having an inverting gain of 1000 using a feedback
resistor of 100 kΩ. Sketch the circuit. (Be sure to draw a complete schematic, with pin
numbers.) With the input grounded (zero input voltage), what is the DC level at the output?
What ‘offset voltage’ in series with the non-inverting input would account for the output
level? How does this compare with the spec for the op-amp?

2. Add a 10 kΩ pot as shown in Figure 1 and null the offset voltage to zero by adjusting the
pot setting.
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Figure 1.

3. Change either power supply voltage by 1 Volt to determine the effect of supply voltage changes
on the input offset voltage. How much does the input offset voltage change per volt of supply?
Express this in dB. Compare this to the spec.

4. Remove the offset nulling circuitry. Briefly repeat part 1 for the 411 op-amp. Are the two
amps comparable with respect to input offset voltage?

Input Bias Current

5. Measure the bias current IB at the inverting input of the 741 op-amp by inserting a large
(10-30 MΩ) resistor in the feedback of a unity gain follower, as shown in Figure 2. (Connect
the input to ground so vi = 0 V.) Measure the output DC level. What bias current does
this imply from the inverting input (magnitude and direction)? Both input bias current and
input offset voltage contribute to this output voltage. How much contribution to this output
offset voltage would you expect from your measured input offset voltage? Compare IB with
op-amp specs.
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Figure 2.

6. Replace the 741 with a 411 op-amp. What is the DC output voltage now? Can you determine
how much is due to input offset voltage and how much is due to input bias current? (Find
IB for the 411 from its spec sheet.)

Output Voltage and Current Limitations

7. Connect the 741 in a inverting amplifier with a gain of 10. At about 1 kHz frequency, vary
the output amplitude into and out of saturation while observing the voltage at the (-) input.
Why does the voltage at the inverting input suddenly depart from virtual ground? (Hint:
Simultaneously display the (-) input and output waveforms.)

8. How much output current do you think your 741 op-amp can deliver? 1 Amp? Investigate
this question by applying a 100 Ω load resistance to the output of the op-amp. Increase the
output voltage until the waveform becomes noticeably affected. What peak output current
does this imply? What does the spec sheet say about output current capability? Do the same
for the 411 op amp. Which op-amp delivers more current?

Comparison of op-amps

9. From the data obtained so far, which type of op-amp, the 741 or 411, is better, closer to
ideal? Which has a more informative spec sheet?

Extra Credit

10. Op-amps do not like to have their (-) and (+) inputs shorted together. Try it for one of your
op-amps. What happens? Can you explain?
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Pre-Lab

Read the lab before answering these questions.

1. Design an inverting amplifier with a gain of 1000 using a feedback resistor of 100 kΩ.

2. If there were an input offset voltage (as in Sedra and Smith figure 2.29) of 5 mV on this
amplifier, what would the output be?

3. Find the specs for offset voltages and bias currents for both the 741 and the 411.

4. Find the specs for the effect of changes in power supply voltage on the output. What is
∆Vsupply/∆Voffset? Why is it called supply voltage rejection ratio? Why is it in dB?

5. Now consider a voltage follower circuit. What happens to the gain of a voltage follower if the
feedback connection is replaced by a resistor? How does input bias current affect the output
in either case (with or without the resistor)? The input offset voltage will also make a small
effect on the output in both cases. How?

6. In the specs find how much current each op-amp (741 and 411) can deliver to a load.
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