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1. Characterize your operational amplifier by doing the following. 

a. Construct the inverting amplifier circuit shown in Figure 1, with a gain of -10. Suggested resistances are Rf = 470 kΩ, Rs = 47 kΩ, and RC = 10 kΩ. 

b. Measure the gain and phase shift from 100 Hz to 100 kHz. Use a MATLAB script to make the measurements. Plot the results and tabulate values at decade intervals (100 Hz, 1 kHz, 10 kHz, and 100 kHz). 

c. Measure the saturation (clipped) peak-to-peak level at 1 kHz. Set the input so that the ideal output value would be 25 volts peak-to-peak. Attach an image of the oscilloscope output to the report. 

d. Measure the slew rate by using a square-wave at a frequency that clearly shows slew-limited behavior. Measure the rise and fall times and the peak-to-peak output voltage. Attach an image of the oscillosope output to the report. 

e. Find the frequency at which the gain drops to 0.707 of its ideal value. Measure the phase shift at that frequency. 

f. Ground the input of the OpAmp and measure the output voltage (offset voltage). 

2. Build an integrator circuit as shown in Figure 3. Suggested values are 40-100 kΩ for Rs, 100 nF to 0.01 μF for Cf, and 10-20 kΩ for Rc. Try the ideal circuit first and determine the effects of offset voltage by measuring the rate of change of the output voltage with the input grounded. You may need to short the integrating capacitor before starting your measurement. If the output is unstable, insert a large resistor in parallel with the capacitor, as shown in Figure 4. Then characterize the system as follows: 

a. Measure the frequency response (magnitude and phase) of the system. Compare the results to theoretical expectations. 

b. Show that the output of the integrator is a triangle wave if the input is a square wave. Capture a demonstration oscilloscope trace showing the frequency and peak-to-peak magnitude of input and output. 

c. Capture an oscilloscope image showing the output and input of the integrator if the input is a noise signal from the signal generator. 

3. Build an differentiator circuit as shown in Figure 5. Suggested values are 40-100 kΩ for Rf, 100 nF to 0.01 μF for Cs, and 10-20 kΩ for Rc. Try the ideal circuit first and determine the effects of noise by evaluating the output for a variety of input signals. If the output noise levels are unacceptable, modify the circuit by the addition of Rx and/or Cx, as shown in Figure 6. Then characterize the system as follows: 

a. Measure the frequency response (magnitude and phase) of the system. Compare the results to theoretical expectations. 

b. Show that the output of the differentiator is a square wave if the input is a triangle wave. Capture a demonstration oscilloscope trace showing the frequency and peak-to-peak magnitude of input and output. 

c. Capture an oscilloscope image showing the output and input of the differentiator if the input is a noise signal from the signal generator. 

4. Build a Sallen-Key circuit as shown in Figure 7. Design the filter for a center frequency of 1500 Hz and a Q of 4. Keep resistor values above 1 kΩ and capacitance values above 100 pF. Then characterize the system as follows: 

a. Measure the frequency response (magnitude and phase) of the system. Compare the results to theoretical expectations. 

b. Calculate the observed values of gain, center frequency, and Q. 

c. Capture an oscilloscope image showing the output and input of the filter if the input is a noise signal from the signal generator. 

5. Simulate your passband filter in SPICE and compare the results to your measured frequency response above. Adjust the circuit parameters of your SPICE model to match the measured values of your circuit components.

6. Capture an oscilloscope image showing the input and output of the filter above with the function generator set to sweep from 1 kHz to 2 kHz, assuming your passband filter is centered at 1500 Hz. Discuss the resulting image. Does the modulated sweep have its peak value at a time for which the input is the center frequency of the filter? Is the bandwidth of the modulated sweep what you expected? Are there any unexpected structures?
