Lab 5: Vector Network Analyzer

Vector Network Analyzers (VNAs) are, to a first approximation, instruments that are used to characterize the frequency response of circuits.  They do this by driving a circuit with a known frequency and observing the response.  In this lab, we’ll use what we’ve learned from earlier experiments to develop a system that provides a continuous analog output that drives a circuit.  The response of the circuit will then be measured and compared to the input.  Then we’ll increase the frequency and repeat.  We’ll do this for frequencies from about 10 Hz to 50 kHz.  Your step size need not be uniform, in fact, it’s probably best if it’s not, but should be fine enough to show details of the transfer functions.  I would suggest using the 1-2-5-10 step sequence that we learned in 115.  Once you identify an interesting part of the frequency space, you should take more measurements in that interval to ensure you accurately capture the response.
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Setup your VI to read the computer output that drives the filter as well as the filter output.  By reading the output voltage rather than assuming it, you will be able to verify that the output signal is behaving as you expect it to.  You want to measure the relative magnitude of each waveform, so that you can determine the gain of the filter as a function of frequency.  These tasks will require manipulation of the data in the waveforms (finally we’re doing something with them!). 

If you have time, also determine and plot the phase shift as a function of frequency.  The phase shift will be more challenging than the gain determination.  At the end, the gain data should be displayed graphed (i.e. Bode plots).  Output of data files to a spreadsheet file is also required.  The data files should be submitted with your lab report.


Design and build the following circuits:


1.
First order low-pass with cutoff at 1000 Hz.


2.
Second order low-pass with cutoff at 1000 Hz.


3.
An LRC band-pass filter.  


4.
Active high-pass with cutoff at 1000 Hz and high freq. gain of 5.

5.
Use our TeachSPIN signal processing unit to measure a low-pass filter with a “Q” of 10 and a cutoff of 1000 Hz.


Hints: 

· You’ll want to get rid of express VI’s pretty quickly.

· The order of events is critical!  

· Break the problem into smaller pieces.

· You will want to adjust the waveform sampling rate and number as you go from low frequencies to higher frequencies.  

· Try not to collect transient behavior – you’re looking for steady state response of the filters.

· If you feel particularly motivated, devise a way to measure the phase change introduced by the filter.  This is often a far more useful measurement than the frequency response itself.
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