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Location

Laboratory, B-105

Equipment
Agilent 34401A Digital Multimeter
Agilent E3631A Power Supply

Agilent 33120A Function Generator
Agilent 54624A Oscilloscope
Breadboard

Lead box with leads, plugs, and clips
Parts kit containing 1.5 k( and 3.3 k( ¼-watt resistors
0.1 (F capacitor

TL072 dual op-amp
Semilog paper

Purpose

This lab project has three objectives:

· Enhance your knowledge of operational-amplifier circuits,

· Measure some characteristics of op-amp circuits, and

· Keep a notebook record of your work including an appropriate graph of results.

Prelab

1.
Calculate the DC gain of the op-amp circuit shown in Fig. 1.

2.
Calculate the magnitude and the phase angle of the gain of the op-amp circuit at 100 Hz, 1 kHz, and 10 kHz.  (Don’t forget to use 2( properly!)

Procedure
1.
DC Characteristics of the Op-Amp Circuit
The goal of this part is to measure some characteristics of an op-amp circuit using a DC input.  We can make all of the measurements using the digital multimeter.

1.1
Build the circuit of Fig. 1.  The pinout of the TL072 is shown in Fig. 2.

1.1.1
Supply power to the TL072 op-amp using the E3631A Power Supply.  Use the “+25 V” and “-25 V” supplies set to the values shown in Fig. 1.  

If you press the “Track” button on the E3631A you need only set the “+25 V” supply to the desired value.  The “ -25 V” supply will automatically be the negative of your “+25 V” setting.


Make sure that the voltages are set correctly before connecting the supply to your circuit; verify the voltages using the DMM.  Don’t forget to connect the power supply’s “COM” terminal to your circuit.  By definition the circuit ground is located wherever the COM terminal is connected.  The input signal, the non-inverting terminal of the op-amp, and the output signal all have connections to the circuit ground.

1.1.2
Use the E3631A Power Supply’s “6 V” supply as the signal input to your circuit.  
1.2
Measure the gain of your circuit at VIN = 1 V and 5 V.  (i.e. Measure 
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 and compute the gain.)
1.3
With VIN = 1 V, measure the voltage between the noninverting and the inverting terminals of the op-amp as carefully as you can.

1.4
Disconnect the “6 V” power supply from the circuit input when you are done.



2.
AC Gain of the Op-Amp Circuit
The goal of this part of the lab is to measure the gain of the op-amp circuit as a function of frequency and create a plot of this gain versus the log (base 10) of the frequency.

2.1
Set the AG33120A Function Generator to provide a 100 Hz sinusoidal signal of 0.5 volts peak amplitude (that is, 0.354 V RMS).  Using a probe, connect this signal to channel 1 of the scope.  Obtain a stable display of about two cycles duration on the screen.  Do not rely on the function generator display when setting the signal amplitude.  Use the oscilloscope to obtain the required 0.5 V peak.  
2.2
Apply the sinusoidal signal to the input of your op-amp circuit.

2.3
Using a probe, connect the output signal from your op-amp to channel 2 of the scope.

2.4
Check to make sure the input is still 0.5 V peak.  Then record the amplitude of the output voltage.

2.5
Now vary the frequency in appropriate steps until you have enough data to plot the gain of the op-amp versus frequency from 10 Hz to 10 kHz.  Check the input waveform each time to make sure it is staying at 0.5 V peak.  Since you are using a logarithmic scale for frequency, linearly spaced steps make little sense and much work.  Consider using steps like 10, 20, 50, 100, 200, 500, 1000, 2000, etc.  These are spaced at roughly equal intervals on the log axis of the graph.

2.6
Record your data in a table in your lab notebook and plot the points on the supplied semilog paper as you go along.  This way you can see where one piece of data might be wrong or where you might need to choose more closely spaced frequencies.  When you are finished, tape the graph into your notebook.
2.7
Your graph must conform to good engineering practice.  Here are some tips:

· The horizontal axis must be the logarithmic axis.
· Make your graph large enough to be easy to read.  Choose a vertical scale that uses most of the graph paper.
· The vertical axis must be a linear axis with intelligent divisions.  Steps of 1, 2, or 5 are intelligent and intelligible; steps such as 3, 4, and 7 make the graph very hard to read.

· The vertical axis must not have its zero point suppressed.  (Note:  This is not true for the horizontal axis, as zero cannot be shown on a log scale.)
· Axes must be labeled with sensible numbers, the name of the variable, and the units.

· Data points must be shown.  A smooth curve must join the points reasonably well.

· Do not force the curve to pass through points that are clearly “bad.”
· The graph must have a title that tells what is being presented.

3.
Phase Angle of the Op-Amp Circuit Gain

Here we will use the scope to determine the phase angle of the op-amp circuit gain at three frequencies.  We will intentionally ignore the fact that the circuit inverts the signal and therefore ignore the minus sign associated with the gain.  In other words, if you have a choice between reporting the phase angle as 210( or 30(, go for 30(.

3.1
Use the same set-up as you had in the previous part.  The input signal should continue to be 0.5 V peak.

3.2
Measure and record the phase angle of the output with respect to the input at 100 Hz, 1 kHz, and 10 kHz.

Report

Complete the work in your lab notebook.  Have your instructor check your results before you leave the lab.  You should show what your graph looks like at that time.


One lab notebook from each group will be collected for grading at the end of the lab period.  Be sure that the notebook conforms to the format specified in the SEC Guidelines and Standards for Writing Assignments and in the handout The Lab Notebook.  The group will share the lab notebook grade.  Make sure that the notebook you turn in contains at least the following:

· a complete schematic drawing of the op-amp circuit with all signals, components, and pins labeled.

· a block diagram showing the measurement setup for each set of measurements taken.
· a tabulation of the DC gain, the predicted gain, and the error.

· a graph of the gain versus frequency.

· a tabulation of the gain and the phase angles and the predicted values.

Your notebook is not going to be graded on the number of words it contains!  Your schematic diagram, tables, and graphs tell a lot of the story.  Clarity, brevity, and completeness are going to count.

Acknowledgement

This lab project is a combination of several projects developed by Professor Wm. J. Eccles.
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Figure 1:  The Inverting Amplifier





Figure 2:  Pinout for the TL072 Op-Amp
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Note:  These batteries represent the power supply’s internal function.  They are not additional components.
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