SPARAMETER MEASUREMENT TECHNIQUE

The vector voltmeter measures the magnitude of a reference and test voltage and the

difference in phase between the voltages. Because it can measure phasg, it dlows us to directly
measure the S-parameters of acircuit. Unfortunately, the use of directiona couplers and test cables
connecting the measuring system to the vector voltmeter introduces unknown attenuation and phase
shift into the measurements. These can be compensated for by making additional "calibration”
measurements.

A)

Reflection measurements; obtain Si1 or Sy

Set up the experimental arrangement shown in Figure 1. It is seen that the voltage at
channel A of the vector voltmeter (A D) Is proportiona to the amplitude of the voltage wave

entering the device under test (DUT) (af) Similarly, the voltage at channel B (BD) is

proportiona to the amplitude of the voltage wave reflected from the DUT (bf ) Thus, we
can write
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where K, and K are constants that depend on the connecting cables. Since &5 is zero
because of the matched load at port 2, Si1 is given by
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Tofind K, and Kg it is necessary to make a second measurement with a known DUT.
Thisiscaled a"calibration” measurement. If the DUT in Figure 1 isremoved and replaced
by ashort circuit, the voltages at channel A (AS) and channel B (BS) are given by
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where g7 is the amplitude of the voltage wave entering the short and [} is the amplitude of
the voltage wave reflected from the short. However, for a short circuit the ratio of these



amplitudesis-1 (reflection coefficient of ashort). Thus
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Finally, substituting thisinto (2) givesthe formulafor Si1
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Note that since the vector voltmeter displays quantitiesin terms of magnitude and phase, (6)
can be written more conveniently as
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NOTE: The HP 8508A vector voltmeter can perform the calibration calculation (6)

automatically (manual sheets available in the lab).



B)

Transmission measurements: obtain Si2 or Spi.

Set up the arrangement shown in Figure 2 with the DUT connected directly between two
directiona couplers. In this case the voltage a channel A of the vector voltmeter is
proportional to the amplitude of the voltage wave incident on the DUT while the voltage at
channel B of the vector voltmeter is proportiona to the amplitude of the voltage wave
transmitted through the DUT. Thus
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To find the constants a calibration measurement must be made. Remove the DUT and
connect the two directional couplersdirectly together. The known DUT in thiscaseisjust a
zero-length guide with atransmission coefficient of unity. The measured voltages are thus
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Substituting thisinto (10) then gives the formulafor Sp1
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Figure 2. Setup for measuring Sp1.



