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INTRODUCTION
This document will describe the procedure to collect differential S-parameter
measurements using the Keysight N5231A PNA-L Microwave Network Analyzer (13.5 GHz).
It is a 4 port VNA so measurements up to two differential lines can be made at the same
time. For an 8 or longer (16, 24, 32, etc.) port measurement there are software options
available, although this document will not focus on this topic.
The Device Under Test, known as DUT can be either a passive object or an active one
although until this point it has only been used to test flex tapes, PCBs and cables. It is
preferable if the device has symmetrical ends so there will be no differences while
connecting it to the VNA.

RECAPITULATION ABOUT S-PARAMETERS
The scattering matrix is a mathematical construct that quantifies how RF energy
propagates through a multi-port network. The S-matrix is what allows us to accurately
describe the properties of incredibly complicated networks as simple "black boxes". For an
RF signal incident on one port, some fraction of that signal gets reflected back out of the
incident port, some of it enters into the incident port and then exits at (or scatters to) some
or all of the other ports (perhaps being amplified or attenuated). What's left of that incident
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power disappears as heat or even electromagnetic radiation. The S-matrix for an N-port
contains N2 coefficients (S-parameters), each one representing a possible input-output path.
S-parameters are complex numbers, having real and imaginary parts or magnitude
and phase parts, because both the magnitude and phase of the incident signal are changed
by the network. Quite often we refer to the magnitude of the signal only, as it is frequently
of most interest. Who cares how the signal phase is changed by an amplifier or attenuator?
You mostly care about how much gain (or loss) you get. S-parameters are defined for a given
frequency and system impedance, and vary as a function of frequency for any non-ideal
network.
S-parameters are usually displayed in a matrix format, with the number of rows and
columns equal to the number of ports. For the S-parameter Sij the j subscript stands for the
port that is excited (the input port), and the "i" subscript is for the output port. Thus
S11 refers to the ratio of the amplitude of the signal that reflects from port one to the
amplitude of the signal incident on port one. Parameters along the diagonal of the S-matrix
are referred to as reflection coefficients because they only refer to what happens at a single
port, while off-diagonal S-parameters are referred to as transmission coefficients, because
they refer to what happens at one port when it is excited by a signal incident at another
port. Here are the S-matrices for two, three and four-port networks:

Figure 1. S-parameters matrixes for two, three and four-ports

2

Leyre Flores

S-parameters documentation
REQUIRED EQUIPMENT
If you buy a Keysight network analyser it comes with Physical Layer Test System
(PLTS) software, which is a powerful signal integrity tool for high-speed digital designers. It
allows doing an extensive analysis of the results as well as running the measurements.
Therefore the recommended list of equipment in order to take a s-parameter measurement
is:






The Network Analyser.
Electronic Calibration Module: N4431-60006
An extra screen to connect to the VNA so the results can be visualized bigger and
better.
Additional Keyboard and mouse to control the VNA from the screen.
Windows based computer running PLTS software (it is recommendable to have the
software in another computer than the VNA itself).

PROCEDURE: HOW TO TAKE A NEW MEASUREMENT
In the following section, it will be detailed how to take a new s-parameters
measurement with Keysight N5231A PNA-L Microwave Network Analyzer.
1. Double-click the launch Physical Layer Test System icon on the PC desktop
2. A “Welcome” menu will pop up. Choose “New measurement” and click in Next.
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3. Select if you want to perform a new calibration or to load an existing one. Calibration
is a tool for correcting imperfections and mismatches in frequency and time. With
the setup presented, as it is very easy, it is recommendable to perform a new
calibration every half day (morning and afternoon). Perform a new calibration will be
chosen option and then click in Next.

4. Select the main characteristics for your measurement: frequency range and step and
rise time and click the Next button.

5. Define the calibration settings corresponding to the equipment you have
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6. The calibration menu will ask you to connect the Calibration Module to the VNA ports
according to the scheme presented in step 5.

Some pictures of how to correctly perform a calibration will be shown. Half an hour before
the first measurement wants to be taken (before starting following the steps described
above) connect the Calibration Module to the VNA via USB as shown below. A red light
saying “wait” will light and the module will start performing some internal tests until it is
ready to do a calibration.
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Figure 2. Connect the Calibration Module to the VNA via USB

Once the Calibration light has changed to Green, it says “Ready”, you can proceed to follow
the steps which describe how to take a new measurement and when you get to number 6
you have to connect the calibration module to the VNA ports exactly the same way that you
described it in the step number 5. That means for the example used, you will connect PORT1
of the VNA to port A in the calibration module, PORT2 of the VNA to port B in the calibration
module, PORT3 of the VNA to port C in the calibration module and finally PORT4 of the VNA
to port D in the calibration module. The pictures below show a clear example of how to do
this.
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Figure 3. Calibration Module ready to use

Figure 4. Connection of the VNA ports to the
calibration module

7. Once the connections have been done as shown in Figure 3. Click in Next button
from step 6, the software will guide you till the calibration is ready and it will ask you
to save it. The standard for saving the calibration files is naming them
Calibration_date_am/pm so it will be easier to know if there is need to perform a
new one or if we can use a previous one.
8. A new menu asking to connect your DUT will appear. Now it is time to measure your
device so you have to connect it again in the same way as you connected the
calibration Module see Figure 4. It is advisable that before connecting the DUT all the
traces/lines that are going to be measured have been beeped with the multimeter to
ensure that there are no shorts in the circuit.
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Figure 5. Connect the DUT to the VNA following the same scheme as in step 5

Then you have to choose which measurements you want to take. Tick the boxes of
“Reflection”, “Transmission” and “Customize” and select all the parameters in the sparameters matrix that you would like to analyse. Finally click in “Single” so the
software will test if the connections have been done properly and if it is ready to
take a measurement, the box in the status should be green.
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9. Click in the “Next” button and in the next menu you will be ready to measure your
device. Click in “Measure” and once the software has finished all the results will be
available to view after clicking again in the “Next” button.

ANALYZING RESULTS
When all the steps above have been done, the results will be available to analyse.
Some of them will be shown in this document but this is up to the user to decide what they
need.
Basically PLTS let the user choose what they want to see: frequency domain single
ended, frequency domain balanced, eye diagram single ended, eye diagram differential,
time domain single ended and time domain.
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Figure 6. Differential transmission parameter S21 of 8 meters of twinaxial cable with AWG30

Figure 7. Time domain reflectometer of an 8 meters twinaxial cable with AWG34
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