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Lab 4 – Op Amp Integrators

[bookmark: _Hlk81487291]In this lab we will use an operational amplifier to build an integrator circuit and then a Miller integrator.  The schematic for the circuit is shown in Figure 1.  Vin is a function generator. V+ and V- are the positive and negative power supplies (+15 volts and -15 volts) to the op amp.  The op amp will probably be an 8-pin DIP.  I will refer to the connections for a 741 op amp in an 8-pin DIP format.  Figure 2 shows the proper connections for this chip.  If you are using a different op amp, refer to the specifications of the op amp that you are using.
Integrator
Build the circuit as shown.  Set the input at 0 volts DC.  Use a 1 kΩ resistor to discharge the capacitor.  Use channel 2 of the oscilloscope to monitor the output and then removing the 1 kΩ resistor.  Watch the output to see if it starts to rise or fall towards saturation.  This can happen if a small offset is continuously integrated.  Adjust the DC input to find a value that balances the circuit as closely as possible, making the output as stable as possible.  Set the function generator to give a sine wave input with a frequency of 100 Hz, a magnitude of 6 V, and a DC offset equal to the value just determined.  Use channel 1 of the oscilloscope to look at the input and channel 2 to look at the output.  Compare the output to the expected output.  Compare the phase of the output relative to the input and compare the magnitude of the output relative to the input.
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Figure 1. An Integrator Circuit
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Figure 2. An Integrator Circuit Pin-out with 741 op amp
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Miller Integrator
Add a 1 MΩ resistor, R2, in parallel with the capacitor as shown in Figure 3.  The arrangement of a large resistor in parallel with the capacitor is known as a Miller integrator.  At low frequencies a Miller integrator acts like a normal inverting amplifier instead of acting like an integrator.  —
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Figure 3. Miller Integrator












Set the input to zero volts, discharge the capacitor as before, and monitor the output to see if rises or falls to saturation.  The output will likely rise or fall, but not to a level to saturate the op amp.  For making output measurements for the rest of the lab it will probably be necessary to supply a DC offset to the input so that the output can accurately be measured using DC coupling.
 Set the function generator to give a sine wave input with a frequency of 1 kHz and a magnitude of 6 V.  Use a DC offset of the input to lower the DC level of the output so that the 1 kHz signal at the output can be measured more accurately.  Use channel 1 of the oscilloscope to look at the input and channel 2 to look at the output.  Compare the output to the expected output.  Compare the phase of the output relative to the input and compare the magnitude of the output relative to the input.  Use the oscilloscope to capture the input and output waves.  Adjust the frequency of the input sine wave and pay attention to the phase of the output relative to the input.  As the frequency of the input is changed, the magnitude will need to be adjusted to keep the magnitude of the output at a reasonable level.  At low frequencies, when the Miller integrator stops acting like an integrator, the phase relationship between the output and the input will change.  Find the frequency where there is a noticeable change in the phase relationship.  Does this agree with the frequency that you would expect to notice a change?  Record the input and output waveforms at frequencies around the critical frequency, showing points where the device is acting like an integrator and points where it is acting less like an integrator.



