EE420 Lab - Week 5

3rd May 2005

1 Overview

This week we will add a second voltage gain stage. One more transistor converts the diff-amp to an op-amp.
We will use a PNP. This simple op-amp can’t drive much of a load, but it should work.

2 Objectives

1. To confirm the DC, AC, and large signal characteristics of a simple op-amp.

2. To compare to simulation and calculations.

3 Background

In this experiment, we add one transistor to our diff-amp, to convert it to a simple op-amp. To make the
bias correct, we will change the current in the diff-amp so we get 0.7 volts across R¢iand Rea, keeping it in
balance. The gain will be high, so some measurements will be difficult.

Here is a schematic: '
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4 Experiment

1.

10.

11.

12.

13.

Modify your circuit as shown in the schematic. If you already are using current mirrors from last week,
leave them as they are. The modifications consist of:

Add the PNP transistor, its load resistor, and compensating capacitor.
Change R, to 12k. Replace R¢with a jumper.

Connect both bases to ground, apply power and measure the quiescent voltages and currents. Adjust
the value of R, so the output is centered, within 1 volt. If the output is positive, increase the value of
R.. If the output is negative, decrease R, by putting a resistor in parallel with it. It will be difficult
to center the output exactly. It is likely that it will drift.

Record all DC voltages.

. Use a voltage divider in conjunction with the function generator to produce approximately 1 mV peak-

to-peak triangular waveform at 10 Hz. Verify that the output looks triangular. Measure the differential
gain as you did last week. Verify also that there is almost no DC offset at the output of your op-amp.

. Change the waveform to sinusoidal, and sweep the input frequency from 10 Hz to 10 MHz. Plot the

gain in dB. Also plot the phase.

. Connect your op-amp for a nominal closed loop gain of 10, inverting, using 10k and 100k resistors.

Remove the voltage divider from the input and connect the signal generator directly to the 10k resistor.
Set the input to .1 volt p-p, and measure the response from 10 Hz to 10 MHz.

. Set the frequency back to 10 Hz, triangular. Increase the level to the clip point, then back off so it is

not clipping. What is the output level?

Set the level to get 10 volts p-p at the output, or just below clipping if it won’t do 10 volts p-p. Set
the waveform to sinusoidal. Sweep the frequency up to the point where the level drops to 7 volts p-p.
Note the frequency. What does the waveform look like?

Set the frequency to 10 KHz, square wave. Set the level to 10 volts p-p, or just below clipping. What
is the slew rate? (both rising and falling) Is it the same both directions?

Set the frequency back to 100 Hz, triangle wave, and the level to 10 volts p-p. Try values for R, that
are about twice and half of the correct value. Does it matter? Why?

If you have time, for extra credit, repeat steps 6-12 for the non-inverting configuration.



5 Analysis

5.1 Manual analysis
Perform a DC bias point analysis and AC small signal analysis, and verify that it works as predicted.

5.2 Simulation

Using a sitnulator, verify the results you calculated and measured. Make all of the same measurements as
you did in the lab. Compare the simulation to what you measured.

6 Report

6.1 Executive summary (on cover)

Show a schematic of your op-amp, with its measurements (gain, gain-bandwidth product, clip level, and slew
rate).

6.2 More detailed summary.

Write a paragraph on what you learned, and point out any surprises. Does it match the simulation? Explain.
Limit this section to one page,

6.3 Journal

Provide a journal of what you did, with enough detail that someone else can reproduce your experiment and
verify your work.

6.4 Analysis

Provide your manual analysis of the circuit.

6.5 Simulation

Provide a the results, including commands and netlists, of your simulation. Print it tiny, so you can fit a lot
on a page. You should be able to print it “4-up” or smaller. Circle important results.
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